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Unusual serological response to hepatitis E virus in plasma
donors consistent with re-infection
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Vox Sanguinis

Hepatitis E vitus (HEV]-p ositive plasma donations, identified by a plasma mini-poel

screening approach, were analysed using serological methods for the presence of
anti-HEV IgM and IgG. Avidity testing was performed on the IgG-reactive dona-
tions. Anti-HEV IgG with high avidity was observed in two donors together with
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been reported.

high viral loads, but with the absence of anti-HEV IgM, These data are siggestive
of re-infection in a small proportion of plasma donors, which has not previously

Key words: avidity, HEV, NAT testing, reinfection.

Introduction

Screening studies for hepatitis E virus (HEV) in blood and
plasma donor populations have demonstrated that there is
a high prevalence of viraemic donors in several different
countries in Europe including Germany, Sweden, the
Netherlands, UK and France as well as Spain [1-8]. The
rate of HEV RNA-positive donations in Europe has been
reported to be as high as ~1 per 1000 donors or more in
parts of Germany for example [2], with the rate being
dependent upon the analytical sensitivity of assays, pool
sizes and local epidemiological factors. Thus far, in this
region, the HEV RNA-positive donations have been iden-
tified as zoonotic genotype 3, with the majority being
window periods, that is negative for anti-HEV IgM and
IgG [1, 2, 4,6,7]. Plasma viraemia may last up to
~2 months, and where it has been possible, to follow up
such HEV viraemic donors, there has been evidence of
seroconversion {4; K. Matsubayashi, personal communica-
tion). In our study, we have investigated the serological
response in a group of HEV RNA-positive plasma donaors,
and using antibody avidity assays, we have identified
donors with high viral loads in the presence of high avid-
ity anti-HEV IgG.

Correspondence: Sally A Baylis, Viral Safety Section, Paul-Enrlich-
Institut, Paul-Ehrlich-Strasse 51-59, D-63225 langen, Germany
E-mail: SallyBaylis@pei.de
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Materials and methods

Sequience analysis

HEV RNA was extracted using the MinElute Virus Spin
kit (Qiagen GmbH, Hilden, Germany); sequencing of a
partial region of the HEV RNA-dependent RNA polymer-
ase (RdRp) gene was performed as previously described
[3]. Phylogenetic analysis was performed using MEGA6
(www.megasoftware.net),

Viral loads

For viral load determinations, HEV RNA was extracted as
described above and quantitative real-time PCR was per-
formed as previously described [1] or else using the Real-
Star® HEV RT-PCR Xit 1.0 (Altona Diagnostics GmbH,
Hamburg, Germany)} in accordance with the manufac-
turer’s instructions. Calibration was performed using a
standard curve prepared by dilutions of the World Health
Organization (WHO) international standard for HEV ENA
(6329/10).

Anti-HEV antibody testing

Anti-HEV IgM and IgG assays were performed using kits
from Wantai (Wantai, Beijing, China) and used in accor-
dance with the manufacturer's instructions. Anti-HEV 1gG
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Fig. 1 Partial RdRp phylogeny of genotype 3
HEV strains, Phylogeny was conducted in
MEGAG {www.megasoftware.net) using the
neighbour-folning algarithm. Filled circles, at
deep nodes, represent bootstrap values
exceeding 0-7 of 1000 repetitive analyses far
confidence testing. Scale bar indicates genetic
distance. The seqguences that correspond to
samples Oct1-17 {Oet1-12 [1] and this paper)
are given in bold and underlined and are
compated to other HEV strains identified in
other German blood donors [3] marked with
asterisks. Human genotype 1 strain 'Burma’
{GenBank AceNo M73218) was used as an out-
group. Accession numbers available for the
sequences are as follows: Oet1-0ct12
carrespond to JN995562-73 and Qct13-Cct17

ABS591734 Mongoose, Japan

Qci16, Human, Sweden
AF080869 Human, USA '

JQ034521 Human, Germany

‘ AF082843 Human,Meng, Germany
JX110667 Human, Germany

-{ i JX110866 Human, Germanys

—AB443624 Swine, Japan

LI:ABZQ'IQSG Human, Japan
AB291951 Human, Japan

AB630970 Human, Japan
"‘l EABO&9824 Human, Japan
AB221625 Human, Japan
HQ388543 Human, United Kingdom
ABO73912 Swine, Japan
AB189071 Deer, Japan
AB301710 Human, Japan

ABB630971 Human, Japan

F.J228008 Wild boar, Germany
Oct5 H d

|

Oct2 Human, Germany
JQ034519 Human, Germanyse
Oct10 Human, Sweden
JQ034512 Human, Germanyse
JQ034515 Human, Germany+e
Oct17 Human, Germany
JQ034522 Human, Germany+e
Oct? Human, Germany
JQ034513 Human, Germanyse
JQ034516 Human, Germanysg
Qct6 Human, Germany
FJ705359 Wild boar, Germany
JQO034514 Human, Germanys
Qct8 Human, Sweden

Genotype 3

(GUB37805 Rabbit, China
' °| l FJB068895 Rabbit, China

FJO06886 Rabbit, China
EU375463 Swine, Thailand
FJ956757 Human, Germany
EU723512 Swine, Spain
Octi1 Human, Sweden
Oct12 Human, Sweden
Qct15 Human, Sweden
Oct1 Human, Sweden

Oct4 Human,.Sweden
Oci13 Human, Sweden
Oct9 Human, Sweden

Oct3 Human, German
AB248521 Swine, Japan

AB248522 Swine, Japan

Octld Human, Sweden

JQ084520 Human, Germanysk
EU4985143 Human, France

AB261858 Human, Japan

]

correspond to KP994449-KP994453, 0.02

antibody titres were detérmined using the WHO international
reference reagent (IRR ~ 95/584) for anti-HEV IgG. The Wan-
tai anti-HEV IgG assay cut-off equates to 0-25 WHO Ufml

© 2015 International Society of Blood Transfusion
Vox Sanguinis (2015) 109, 406-409

M73218 Human, Burma

[9], although the linear range of the assay extends from 0.3
WHO Ufml to 5 WHO Ufml {S/Co 0-721-14-079). Antibody
avidity testing was performed as previously described 3],
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Results and discussion

Seventeen HEV RNA—posi‘t:ive plasma safnples from Ger-
man and Swedish plasma donors some of which had been
previously characterized, were genotyped {1]. The dona-
tions were collected between 2010 and 2012. Sequence
analysis confirmed that the HEV RNA-positive donors were
all infected with HEV genotype 3, of unigue sequence and
clustering within several different subgenotypes. Phyloge-
netic analyses of the HEV-positive donations are shown in
Fig. 1. Analysis of a partial sequence of the RNA-depen-
dent RNA polymerase (RdRp) gene and the differences
observed in these sequences suggest that HEV infection,
presumahly via zoonotic transmission routes, originated in
the majority of cases, from multiple and diverse sources.
Four of the viragmic donations were reactive for anti-
HEV IgG, and two of these wete also anti-EV IgM posi-
tive (1; S. Baylis, unpublished observations); these data
were confirmed by independent laboratories. Acute hepa-
titis E infection is associated with low avidity anti-HEV
IgG; high avidity antibodies are observed during conva-
lescence [9, 10]. Acute HEV infections presenting with
HEV RNA, anti-HEV IgG and absence of ant-HEV IgM
are suggestive of re-infection, and antibodies produced
during re-infection are usually of high avidity {9]. There-
fore, we investigated the antibody avidity of anti-HEV
IsG in the HEV RNA-positivefanti-HEV IgG-positive
donations (Table 1). The two HEV RNA-positive plasma
samples, positive -for both anti~HEV IgG and IgM, had
respective antibody avidities of 14-89% and 11.34%; the
low avidity is consistent with primary infection with
HEV. However, the HEV RNA-positive plasma samples
containing only anti-HEV TgG had respective antbody
avidities of 99-16% and 70-75%. The high avidities point
to re-infection of these donors. In the case of sera from
convalescent hepatitis E patients (>6 months after onset),
avidities exceeding 50% are normally observed with
lower avidities {<25%) seen during. the acute stage of
infection [9]. There is ample opportunity for re-exposure
to the zoonotic HEV genotype 3, for example via con-
sumption of pork and pork-derived products or direct
contact with infected animals, and donors, where immu-
nity has waned may potentially become re-infected with
HEV. An alternative possibility to re-infection in the
viraemic plasma donors with high avidity ant-HEV IgG
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1201. Hepatitis E (HEV)-Infection as Reason for Elevations in Liver
Transaminase (ALT-flares) in Transplantation patients

Part of Session: 157, Transplant: Epidemiology of Infections in Transplant Patients and Other Patients with
Impaired Immunity

LOUISE LUNDGREN, PREGRADUATE RESEARCH FELLOWY, LENE HOLM HARRITS Hg|, MD2, HENRIK ULLUM, MD PHD?,
AMANDA MOCROFT, PROFESSORY, CASPAR DA CUNHA-BANG, MD PHD?, NIKOLA! KIRKBY, MSC PHDY, SEREN SCHWARTZ
SERENSEN, MD, D.M.SC., PROFESSOR!, JENS LUNDGREN, MD, D,M,SC, PROFESSOR?, MARTIN IVERSEN, MD, D.M.SC.1, ALLAN
RASMUSSEN, MDL, FINN GUSTAFSSON, MD, PHD! and HENRIK SENGELaV, MD, D.M.5C.5; 1Rigshospitalet, University of
Copenhagen, Copenhagen, Denmark, 2Department of Clinical Inmunology, Copenhagen, AL, Denmark, 3Department of

Clinical Immunology, Copenhagen, Denmark, 4University College London, London, England, SUniversity hespital,
Rigshospitaiet, Copenhagen, Denmark i

Background In recent years several reports suggest that acute and chronic hepatitis E virus (HEV) infection may
complicate the course after both solid-organ (SOT) and hematopoletic stem cell (HSCT) transplantation. We have previously
reported that ALT-flares occur frequently In transplant-recipients and multiple episodes were associated with excess n«/ ¥
death (adJUStEd incidence rate ratio for =2 versus no ALT-flares=5.1 (3 2-8.1), p>0.0001). Underlying reaseon for the AL~
flares was only known for a fraction. While patients experienced on-going ALT-flares, we assumed that the chance of
detecting HEV RNA was most optimal, and prevalence of acute and chronic HEV infection is reported here.

Methods: Analysis included 1002 SOT {kidney (n=328), liver {170), lung (120), and heart (47)) and HSCT (337) recipients at
our hospgital, all consecutlvely transplant between September 2009 and July 2013, All available plasma samples collected

during periods of ongoing ALT-flares were screened for the detectlon of HEV RNA (Grlfols Procleix " HEV) [95% detection
probability in pools of five: 39.5 1U/ml].

Results: 502 of 1002 patients experlenced >1 AlT-flare (fotal number of ALT-flares 1197). The underlying reason for ALT-
fltares were often unknown (50%)}, due to infection (12%), drug-induced-liver-injury (DiLY) (11%) or other reasons. Among 215
of the 502 {43%) recipients a total of 661 plasma sampies taken during 487 individual ALT-flares were screened for
presence of HEV RNA, and one positive sample was detected. Additional examination of other available samples suggested
that the person was acutely infected prior to the transplantation, but had spontaneously cleared the infection when
experiencing the next post-transplant ALT-flare (Figure).

Conclusion: Whereas ALT-flares often develop during the post-transplant course in approximately 50% of transplant -
recipients, and develeps mostly for unkhown reasons, HEV infection is a rare cause of these ALT-flares. Therefore, our
data suggest that primary routine screening for HEV is not indicated to investigate the cause of ALT-flares after
transplantation. Also, as multiple ALT-flares are associated with excess mortality, concerted action is required to identify

e e e : rp— e " e e other ALT-fl
FIGURE: At HEV Iifoctloniis w HECT tetlplant (A8 yames ol Resiet fronv e A4k teiing of ibroe semplis {diag fstwo LTS s tng inducing are
- af tene af teansplontition) ard frortdonos priorio tonsplantolion factors than.
i - - : . HEV.
Patlen fpra:Td]: HEV pot Patieis s HEW pos Polent | HEV neg
Days 48 1ot AtT-flnga 2red ALTHpre
; - Bay= +58 Gias =147
Lorea ——
‘ Findings in
- ' the
Daner {TH) s HEV neg abstracts
Qay=-28 are
embargoed
HACT patient, bornin 1985 ' until 1%-, 01
a.m. PDT,
. Oct. 7th
with the exception of research findings presented at the IDWeek press conferences,

1202. Epstein Barr Virus (EBV) DNAemia and Post-Transpiant
Lymphoproliferative Disorders (PTLD) Among Transplant Recipients

Part of Session: 157. Transplant: Epidemiology of Infections in Transplant Patients and Other Patients with
Impaired Immunity
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Abstract

Background

In recent years various studies showed, that hepatitis E virus (HEV) is a growing public
healih problem in many developed countries. Therefore, HEV infactions might bear a trans-
mission risk by blood transfusions. The cliriical relevance still requires further investigations,
The aim of this study was to provide an overview of acute HEV infections in Upper Austrian
blood donors as well as a risk estimation of this transfusion-related infection.

Methods and Findings

A fotal of 58,915 blood donors were tested for HEV RNA using a commercial HEV RT-
PCR Kit. 7 of these donors (0.01%) were PCR-positive with normat laboratory parameters
in absence of clinical signs of hepatitis. Viral load determined by quantitative real-time
PCR showed a HEV nucleic acid concentration of 2,217 293,635 1U/ml, At follow-up test-
ing (211 weeks after donation} all blood donors had negative HEV RNA results. Addition-
ally, genotyping was performed by amplification and sequencing of the CRF1 or ORF2
region of the HEV genome. All HEV RNA positive donor samples revealed a genotype 3
isolate. For the antibody screening, anti-HEV IgM and IgG were detected by ELISA. Fol-
low up serological testing revealed that no donor was seropositive for HEV IgM or 1gG anti-
bodies at time of donation. Moreover, we verified the pravalence of anti-HEV 1gG in 1,203
of the HEV RNA negative tested blood donors. Overall 13.55% showed positive resuits for
anti-HEV lgG.

Conclusions

In the presented study, we investigated HEV infections in blood donations of Upper Austria
over 1 year. We concluded that 1 out of 8,416 blood donations is HEV RNA positive. Sero-
prevalence of anti HEV IgG results in an age-related increase of 13.55%. Therefore, hased
on this data, we recommend HEV-PCR screening to prevent transmission of hepatitis E
virus by transfusion.

PLOS ONE | DOK10.1371/journal.pona.0119576 March 89,2015
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Introduction -

Hepatitis E Virus (HEV) is a spherical, single-stranded, positive-sense RNA virus without ari
envelope that belongs to the genus hepevirus in the hepeviridae family [1,2]. Until recently,
HEV was mainly recognised as an infection in tropical countries with high endemism andasa
travel-associated disease with a low mortality rate [3]. Nowadays, in developed countries, more
HEV infections are autochthonous than clearly travel-associated [4]. HEV strains are divided
into four major genotypes [5]. HEV genotypes 1 and 2 are restricted to humans and transmit-
ted from person to person via the faecal-oral route e.g. contaminated water. These genotypes
mainly occur in developing regions and are associated with epidemic and sporadic hepatitis E
infections, HEV genotypes 3 and 4 represent a zoonotic disease and were found in several non-
human primates, as well as in pigs, cows, wild boars, deers, rabbits and rodents {5-7]. Genotype
3 is common in industrialized countries, especially in Europe, in North America and in Japan,
whereas genotype 4 was mainly identified in China. In Europe the most prevalent (sub) geno-
types are 3¢, 3e, and 3f [8-11]. In general, HEV genotype 3 and 4 infections are less pathogenic
than genotype 1 and 2, they are often anicteric and asymptomatic self-limiting infections in an
apparently healthy population like blood donors [12,13]. Transfusion-transmitted HEV infec-
tions are rarely reported. However, there is a broad variety of clinical courses in patients who
received HEV positive blood products [14,15]. By now, some cases of transfusion-transmitted
HEV infections are reported in industrialized countries, for example the first reported case in
Japan 2004 [16], or cases in the UK since 2006 [14,17], as well as in Germany 2013 [18]. The
usually absence of symptoms and commonly viral clearance often leads to unrecognized trans-
fusion-transmitted HEV cases [4,5]. Caution should be taken in risk groups like pregnant
women, children, immunocompromised and transplanted recipients, where HEV-infections
may take a deleterious path and pose as a rare, but hazardous transfusion-associated disease,
with symptoms like jaundice, abdominal pain, hepatomegaly and splenomegaly, elevated trans-
arminases and nansea [1,4,14-17]. In some cases HEV infection can lead to fulminant liver fail-
ure and particularly solid organ transplant recipients often develop a chronic HEV infection,
which can lead to liver cirrhosis and usually has to be treated with anti-viral therapy [19-21].
HEV cannot be inactivated in blood products and detection by antibody screening of [gM is
not safe enough to exclude HEV in blood products [4,15,22]. Vollmer et al reported that in 4
out of 10 HEV RNA-positive samples HEV-Ag was detectable and HEV-specific IgM antibod-
ies were only detectable in 7 out of 10 HEV RNA-positive donors [23]. Consequently, HEV an-
tibody screening cannot reduce risks of HEV infections and therefore nucleic acid testing
(NAT) becomes a gold standard to prevent active viral transmission to a growing recipient
population with higher risks [23,24]. Data about IgG seroprevalence in different European
countries are available and vary widely (Austria 14.3% [25], Sweden 9.3% [26], France 3.2%
[27] and Southwest France 52.5% (28], United Kingdom and North Wales 10% [29], Germany
16.8% [30]). With respect to the seroprevalence, HEV is a widely spread infection among the
European population and therefore represents an easily avoidable risk for transfusion-trans-
mitted diseases, regardless whether there are frequently occurring transfusion-transmitted
HEYV infections or unrecognized, asymptomatic infections. To our knowledge, there are no
data about the HEV RNA prevalence in Austria so far. In order to determine the current actual
distribution of viremic persons by HEV RNA in the Austrian population, especially in blood
donors, 58,915 donors from Upper Austria were tested by PCR and subsequently genotyped.
Additionally, 1,203 blood donors as a subset of this population were randomly selected and
tested for HEV IgG antibodies in order to find the prevalence of persons who have had a HEV
infection in their history and moreover to determine possible differences in relation to different
geographical regions, The results of this study allow an estimation of the occurrence of

PLOS ONE | DOI:10.1371/joumnal.pone.0118576 March 9, 2015 2/12
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autochthonous, asymptomatic HEV infections in Upper Austria in respect to consider the im-
plementation of HEV RNA screening of blood donations.

Materials and Methods
Ethics statement

Informed consent is obtained in the donor questionnaire and signed by the donor. All ques-
tionnaires are scanned in an automatic reading system and those with a pasitive tick are re-
leased for further testing. The central ethics committee of Upper Austria released a statement
in which it indicated that as long as samples are residual material anyway obtained by donation
procedures and where these samples are not used for donor release criteria or further therapeu-
tic use, there is no requirement for an ethics committee vote. Anyway, we still have the require-
ment of informed consent by the donor questionnaire.

Sample collection

Voluntary blood donations of the Upper Austrian Red Cross Transfusion Service were tested
by PCR for the presence of HEV RNA. Between February 2013 and April 2014, samples were
tested in pools of 96 donors, representing a total of 58,915 donations, Samples which were test-
ed positive for HEV RNA were subsequently genotyped and tested for anti-HEV 1gG and anti- -
HEV IgM antibodies at time of donation and at a follow-up appointment (2-11 weeks after do-
nation). Further, HEV RNA positive blood donors were asked to complete a questionnaire to
find out if they were travelling abroad in the last year and if they noticed symptoms like diar-
rhoea, nausea, abdominal cramping, jaundice or colour changes in urine and stool, They were
also asked whether they were occupationally in contact with animals or if they have recently
eaten raw meat, game or offal. Additional, women were asked whether they were pregnant and
have had abortion or other problems in pregnancy in the last year, Furthermore, in the period
of October 2013 to January 2014, a subsct of the original samples were randomly selected and
tested for anti-HEV IgG antibodies. . :

HEV RNA detection in blood donors

Blood denation samples were pooled by 96 samples on a Freedom EVQ Clinical system
(Tecan, Minnedorf, Switzerland). HEV RNA was extracted from 1 m! EDTA pooled plasma
using the MaglNA Pure Compact system (Roche Diagnostics, Mannheim, Germany) and the
Nucleic Acid Isolation Kit I—Large Volume. Reverse transcription, amplification and detection
were performed on the LightCycler 480 system (Roche Diagnostics) using the RealStar HEV-
RT PCR Kit (Altona Diagnostics, Hamburg, Germany). 5 pl of an Internal Control {IC) con-
taining in the kit was added at extraction. A positive IC is required for a valid result, RNA was
reverse transcribed for 10 min at 50°C. Denaturation was performed at 95°C for 10 min fol-
lowed by 40 amplification cycles. Amplification constituted a denaturation step at 95°C for 15
sec, an annealing step at 55°C for 45 sec and an ¢longation step at 72°C for 15 sec. The sensitiv-
ity of the assay, calculated by Probit analysis, was validated on the World Health Organisation
(WHO) international standard (IS) strain 6329/10 and showed a 95% detection limit of

11,6 IU/ml {CI 7.48--25.09) HEV RNA and a 99% plausibility of 21,0 IU/mi {C] 12.01-58.70)
HEV RNA. Pasitive pools of 96 samples were tested in subpools of 12 samples and consequent-
ly those were deconstructed to confirm the individual HEV RNA positive blaod donor, A posi-

" tive blood sample was retested and confirmed using an additional blood sample. HEV virus

load of positive samples was calculated from the Ct-values based on a calibration curve of the
first WHO IS strain 6329/10.

PLOS bNE | DOL10.1371/joumal.pone.0119576  March 8, 2015 . 312
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HEV genotyping and sequence analysis of the HEV RNA ORF2 region

HEV genotyping was performed by sequencing the ORF2 region of the genome adapted from
Baylis et al [31). HEV RNA was extracted using the MagNA Pure Compact System, Reverse
transcription and amplification was performed on a Veriti Thermal Cycler (Life Technologies,
Darmstadt, Germany) using the OneStep RT-PCR Kit (Qiagen, Hilden, Germany) and the fol-
lowing primers: HEV_fw_int (5-GTYATGYTYTGCATACATGGCT-3’) and HEV_rv_int
(5-AGCCGACGAAATYAATTCTGTC-3") [31]. HEV RNA was reverse transcribed for 30 min
at 50°C and a following initial polymerase activation step for 15 min at 95°C. PCR amplification
is composed of a denaturation step for 30 sec at 94°C, an annealing step at 48°C for 30 secand
an elongation step at 72°C for 1 min. HEV RNA is amplified with 45 cycles, Final extension was
performed for 10 min at 72°C, The amplification products were analyzed by an agarose gel elec-
trophoresis with GelStar as a Gel Loading Solution (Biozym, Hessisch Oldendorf, Germany)
and a peqGOLD Low Range HT DNA-Ladder (Peqlab, Erlangen, Germany). If genotyping of
the ORF2 was unsuccessful, the ORF1 region was sequenced using the following primers ac-
cording to Vollmer et al [32,33]: HEV_ORF1_F_in (5'-CTGCCCTGGCGAATGCT-3') and
HEV_ORF1_R_in (5'-AGCAGTATACCAGCGCTGAACATC-3). A specific PCR product on
the gel was finally purified with ExoSAP-IT as described and sequenced using the BigDye Cycle
Sequencing Kit (Life Technologies) on a Genetic Analyzer 3130x] (Life Technologies). Sequence
analysis and phylogenetic analysis were assessed using the DNAStar Lasergene 8 software and
alignment was done by using the BLAST service from NCBL

Serological testing
Serum samples were tested for anti-HEV IgG and anti-HEV IgM antibodies by anti-HEV IgG

* and anti-HEV. IgM ELISA kit (Wantai Biological Pharmacy Enterprise Co., Ltd,, Beijing,

China). The test and the calculation of the results were performed according to the manufac-
ture’s instruction. The absorbance was measured using Tecan Infinite 200 pro (Tecan). Positive
blood donors were tested for anti-HEV IgG and anti-HEV IgM antibodies at time of donation
and at a follow-up appointment after donation. To determine the occurrence of past HEV in-
fections in Upper Austria randomly selected blood donations were tested for anti-HEV IgG
only. Borderline results in this group were retested. The results were finally reported as positive
or negative for presence of anti-HEV IgG or anti-HEV IgM antibodies.

Statistical analysis

Data analysis and collection was performed using MS Excel 2007 and IBM SPSS Version 21 for
Windows. Categorical variables were compared by Chi-Square test or Pisher's exact test. A p-
value of <0.05 was considered as statistically significant. Data were represented including de-
scriptive statistics as means, 95% confidence intervals (CT’s), standard deviation (SD) as wells
as total and relative frequencies. Age-dependent risk factor for presence of anti-HEV IgG was

constituted by the calculation of odds ratios and a correlation was calculated for age and the

presence of anti-HEV IgG.

Resulis
Characteristics and clinical markers of HEV infected blood donors '

Iri the period of Februafy 2013 to April 2014, 58,915 blood donations in Upper Austria were
screened for the presence of HEV RNA and resulted in 7 {0.01%; incidence 1:8,416) HEV RNA
positive blood donations (Table 1). The age of positive donors ranged from 21 to 52 years witha
mmean of 35 and there was one woman among the 7 HEV RNA positive donors. All 7 positive

PLOS ONE | POI:10.1371/joumnal.pone.0119576 March 8, 2015 4/12
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Table 1. Characteristics of HEV RNA positive blood donors.

Donor  Age®  Sex

HEV RNA {IU/mi] Antl-HEV Anti-HEY Follow up appointment [weeks after donation] HEV genotype

[at time of [follow-up
donation] control]®

96  IgM  lgG g

1 a3 F 2.2x% 10° . * + 6,1 3f
2 44 M 29x10° - + + 4,1 3f
3 52 M 33x 10 - - * - 11,0 ‘ 3
4 23 M 25x10° - - + + 5,1 3
5 40 M 8,0x f0t - - + A 3
6 21 M 2,1 x 10t - + + 20 3
7 32 M gix10f - - + o+ 52 L 3

F: famale; M; male;= no antibody; +: positive

2age at time of donation

beontrol at least 2 weeks after donation

doi10.1371/journal pane.0119576.1001

blood donors were confirmed shortly after the positive result to report the HEV infection to the
Ministry of Health. The donors were retested for HEV RNA at a follow-up appointment to ex-
clude a chronic HEV infection. The donors were asked to participate to the follow-up testing
after 6 weeks. Unfortunately, the testing actually was performed 2-11 weeks after donation. One
week after the donation all blood donors were confirmed as positive for HEV RNA. At follow-up
appointment all blood donors were negative for HEV RNA. Testing for anti-HEV IgG and IgM
resulted in negative results for both anti-HEV IgG and anti-HEV IgM antibodies at time of dona-
tion, which implies that these donots were in the seronegative phase of infection. At the follow-
up appointment all donors were anti-FEV IgG positive and 6 of 7 had positive results for anti-
HEV IgM. HEV RNA concentration was calculated by a standard curve ( = 0.9995) and corre-
sponds to a HEV nucleic acid concentration of 2.2 x 10° to 2.9 x 10° IU/ml (mean 11.1 x 10*
[U/ml). Al of the HEV RNA positive blood denors showed normal results for alanine amino-
transferase (ALT) and normal C-reactive protein (CRP) at time of donation, Detailed results are
supported in §1 and 52 Tables. '

Analysing the questionnaires, there is no- cornmonality between the HEV positive blood do-
nors. 3 of 7 donors stated that they had diarrhoea or colour changes in stool in the last 6
rmonths, which unfortunately are unspecific symptoms especially during a period of 6 months.
Actually they didn’t present any symptoms and didn "t have health problems at time of infec-
tion, respectively. One of the 7 positive blood donors is occupationally in contact with animals.
5 of 7 blood donars had a trip abroad for holidays in the recent 6 months and visited Croatia,
Italy, Spain, Portugal, Russia, Turkey and Germany. One donor had eaten some game, but no
donor claimed that he/she was eating raw meat. On the basis of these results there is no refer-
ence to the source of the infection. The questions asked are only related to gastrointestinal
problems, the occupational contact with animals and the eating habit. For further investigation
of the possible source of the infection a more detailed questionnaire has to be prepared for the
time of donation and fer the follow-up testing.

Sequence alignment and pyhlogenetic analysis of the HEV RNA ORF2
region ‘

AlLHEV RNA positive donor samples were genotyped and revealed genotype 3 isolates. To de-
termine the relatedness between HEV isolates, a nucleotide alignment was performed (Fig, 1).

PLOS ONE | DOIN 0.1371/journal.pone.0119576 March 9, 2015 5/12
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Fig 1. Sequence alignment. Comparison of a partial genome sequence in ORF2 from HEV positive samples. Dots indicate identity to the

€onsensus sequence.

doi:10.137?ﬂoumal.pbne.011 9576.00H

Sequence homologies were between 80.9 and 99.3%. Sequences #1, #2 and #3 show the highest
concordance with genotype 3f with nucleic acid identities ranging from 95.1-99.3% homology.
A phylogenetic analysis of these sequences is iltustrated in Fig, 2. Several attempts were made
to obtain the sequence of ORF2 region of sample #7 with no success. Therefore, #7 was identi-
fied in the ORF1 region as genotype 3 (sequence and phylogenetic data not shown).

Seroprevalence of anti-HEV igG in Upper Austria

In total, 163 samples of 1,203 donations were tested positive for anti-HEV IgG antibodies,
which relates to a seroprevalence of 13.55% (95% CI 11.6-15.5). Blood donors were set in rela-
tion to their place of residence in Upper Austria. The distribution of anti-HEV IgG positive do-
nors over the districts of Upper Austria is shown in Table 2 and Fig. 3, There are no results for
the districts of Wels, Wels-Land and Grieskirchen, as these districts are not tested by the local
blood bank.

Regarding these results, there is a higher seroprevalence in the east {Perg, Steyr-Land; mean
20.01%} than in the north-western (Schirding; Rohrbach; mean 6.80%) part of Upper Austria
(p < 0.05). The mean seroprevalence of all districts is 12.79%, within a range from 0% to
21.01% and a standard deviation of +5.13. Steyr shows a seroprevalence of 0.00%, whereas this
result might be misleading due to the low amount of only 10 participating donors.

The mean age of the tested blood donors is 40.49 years, within a range of 19 to 69 and the
median age is 42. Mean age of the donors tested positive for anti-HEV IgG is 50.14, range 22 {0
69 years. Categorized age groups revealed an age-dependent increase of HEV infection (r =
0.81; p < 0.01) (¥ig. 4). Only 1.91% (95% CI 0.7-4.1) of the blood donors show positive results
for anti-HEV IgG at the age of 19 to 29, whereas there are 41.33% (95% CI 30.1-53.3) positive
for anti-HEV IgG at the age of 60 to 69 (chi-square p < 0.01).

"These results show that there is a 20 fold increase of the risk to undergo a HEV infection at
an advanced age (> 50) than at an early age (OR = 21.62). There is no trend of different distri-
butions between nale and female donors. 13.85% male and 13.08% female blood donors were
positive for anti-HEV IgG (p > 0.1), Detailed results are supported in S3 Table.

-
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Fig 2. Phylogenetic relationship between genotype 3 HEV strains derived from Ahstrian biood donors (#1~6) and HEV reference siralns {GenBank
sequences are cited by their respective accesston numbers), The trae was constructed by the Clustal W methed on the basis of 2 304-nt sequence
fragment of ORF2 region.

doi;10.1371/journal pone.0119576.9002

Discussion

The seroprevalence of anti-HEV 1gG in the period of November 2013 to January 2014 amounts
to 13.55% and our data reflects a cumulative increase with age. This confers to the wide range
of seroprevalences in other European countries {25-27,29,30]. Lagler et al published the first
Jarge seroprevalence study of Austria civilians and military professionals and reported a sero-
prevalence of 14.3% with a very low representation of women (1.7%). Our findings are in line
with this published data and we could confirm this seroprevalence rate in men (13.58%; n =
101) and women (13.08%; n = 62). However, differences in other countties may be influenced
by different test systems with varying sensitivities, effects of sample selection e.g. age, exposure
to contaminated food sources (uncooked meat) and contact to certain animal species e.g. pigs,
wild boar and deer [25]. Possible differences in provinces in Austria published by Lagler et al
could be explained by the diversity of farming, especially by the density of pig farms {25), Near-
ly 40% of Austrians’ pig herds are situated in Upper Austria, where the most pig husbandries
are located around the centre of Upper Austria and south of the Danube [34,35). This distribu-
tion is not exactly in concordance with the distribution map of the appearance of anti-HEV
IgG antibodies in this study, where the east of Upper Austria shows the highest seroprevalence
and the north-western the lowest. It is controversiaily discussed, that living in high pig density
areas is associated with a higher risk to undergo a HEV infection, but there are many studies
that confirm that there is a tendency to higher seroprevalence in these regions [36-38].

pLOS ONE|DOI:10.13?1/ioumal.pone.0119576 March 9, 2015 - 7112
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Tahle 2. Comparison of HEV seroprevalence in all districts of Upper Austria.

Distrigt Number of donors Anti-HEV IgG positive donors % of antl-HEV 19G positive donors
Braunau am n 50 ' 6 12.00%

Eferding 47 7 14.89%

Frelstadit 121 15 12,40% :
Gmunden 43 8 13.95%

Kirchdorf 36 5 ‘ . 13.89%

Linz : 107 13 12.15%

Linz-Land 97 16 16.49%

Perg 138 29 21.01%

Ried im Innkreis 103 13 ‘ . 12.62%

Rohibach 138 9 . ,6.52_%

Schérding 68 5 7.35%

Steyr 10 0 0.00%

Steyr-Land 65 12" , 18.46%
Urfahr-Umgabung 95 13 13.68%

Vacklabruck ' 85 14 16.47%

3 1203 163

doi:10.1371ljoumaf.pone.0119576.t002

The prevalence of HEV RNA in 58,915 blood donors in the Upper Austrian population re-
sulted in 7 HEV RNA positive blood donors {0.01%). A questionnaire on behavioural aspects
followed by an interview and liver-specific blood tests {e.g. alanine aminotransferase) have
shown no significant symptoms or clinical findings, therefore there is no surrogate marker to
indicate a hepatitis E infection in blood donors. Serological testing revealed that no donor was
positive for either anti-HEV IgM or anti-HEV IgG antibodies at time of donation. At a follow-
up testing all donors showed negative results for HEV RNA and anti-HEV 1gG were positive,
With the exception of one donor, all of 7 positive HEV RNA donors were anti-HEV IgM posi-
tive at follow-up appointment. The donor who showed negative results for anti-HEV IgM was
tested 11 weeks after the donation, when IgM was already negative. The combination of PCR
and serology reveals that all of the HEV RNA positive donots were in the seronegative phase of
infection, and therefore posed a transmission risk without testing for HEV RNA. The normal
ALT and CRP levels of the HEV RNA positive donors and the absence of any symptoms and .
antibodies at time of donation, confirm that a HEV infection in developed countries is difficult
to diagnose without molecular methods. The serological testing of all HEV RNA positive do-
nors implies negative results, which means that the only way to detect an HEV infection at an
early stage is to perform a HEV RNA PCR. _

Our findings for HEV imply a relative risk to find a viremic donor as in 1:8,416 (0.01%) do-
nors, which is in line with data from some European countries like England 1 in 7,000 [39] and
Sweden with 1 in 7,986 {40] donations. Lower rates were found in Scotland with 1 in 14,520 do-
nations [41], A far higher rate was found in Germany with 1 in 1,240 donations positive for
HEV RNA [32]. On the one hand, these results can be explained by the variations of the occur-
rence of HHEV infections within different regions and countries, The occurrence of HEV RNA
positive blood donations was lower from May to mid- September 2013, which could be ex-
plained by the Jower donation frequencies in this period or by different eating habits during
the summer months than during fall and winter, On the other hand increasing the sensitivity
of the assay by lowering the pool size to less than 96 samples could lead to a higher rate of de-
tected HEV infections in blood donations. The nucleic acid concentration of the samples in

PLOS ONE | DOI:10.1371/joumal.pone.0119576 March 9, 2015 ‘ 8/12
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/\) ' this study ranged from 2.2 x 10% to 2.9 x 10° TU/ml with a mean of 1.1 x 10°. This is why we re-
garded the 95% limit of detection (LOD) of 11.6 TU/ml {7.48-25.09), which results in a LOD
for a single sample of 1,113.6 IU/m}, adequate to detect HEV viremia in pools of 96 donations.
Rased on our HEV RNA screening data of 58,915 samples with HEV RNA positive attack
rate of 0,01%, there is a high risk of HEV infection from a blood product which might be given
to immune compromised patients, a fact that might have been neglected. To ensure that at
least these patients receive HEV free blood products, mandatory HEV screening should be con-
sidered in blood centres serving many yousg or immune compromised patients, In two pub-
lished cases HEV was transmitted by transfusion of platelets, red cells and even Intercept-
treated fresh frozen plasma and verified by 100% sequence homology of the transfusion-related
isolates [15,22,42]. Despite of a few confirmed and published cases of transfusion-transmitted
HEV infections consequences for young or immune compromised patients or those in poor
health should be considered.
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Abstract

The importance of fransmission of occult HBY infection (OBI) via transtusion, organ trans-
plantation and hemodiélysis has been widely recognized. However, data regarding the
transmission of OBl through close contact remain limited. in this study, serum samples
regimen at birth and produced protective antibody. Sera were tested for HBV serological
markers. Nested PCR assays were used to detect HBY DNA and the amplicons were
cloned and their sequences subjected to phylogenetic analysis. The results showed that
both parents had occult infections while the child had an overt infection. Twelve, eleven and
nine clones, from the father, mother and son, respectively, were sequenced. Serotypses
adrg+, ayw1, ayw and ayr were found in the father and ayw1, adw2 and adwg+ in the
mother; adra+ was the only serotypein son, Genotype B, subgenotype C2and a reccn‘( )
nant were identified in the father and genotype B, subgenciype C5 and three recombinants
were found in the mother. Subgenotype C2 was the only genotype identified in the child,

A phylogenstic tree showed that all of the child's sequences and most of the father's
sequences clustered together. However, none of mother's sequences clustered with those
of the child. The surface gene from the child and his father had the same amino acid substi- .
tution pattern (T118K, T123N and G145A). We concluded that the father was the source of

the son's HBY infection, suggesting that oceult HBY infection may be transmitted through
close contact and manifest as an overt infection.

PLOS ONE | DOI:10.1371/joumal.pone,0138552  October 12,2015
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Transmission of Occult HBY Infection in Guangsxi

'Introduction

Persistent infection with hepatitis B virus (HBV) remains a major global public health problem.,
Infection with hepatitis B virus may lead to a wide spectrum of liver disease that range, in acute
infection, from mild, self-limited to fulminant hepatitis and, in persistent infection, from an
asymptomatic carrier state to severe chronic hepatitis, cirrhosis and hepatocellular carcinoma,
More than two billion people, one third of the world’s population alive today, have been
infected with HBV at some time in their lives and around 240 million of them remain infected
(chronic HBsAg carriers) [1]. However, these classes do not include ali HBV infections; there is
another form of HBV infection, occult HBV infection {OBI), This was first reported by Tabor
et al. 36 years ago in a case report of HBV infection following blood transfusion with bload
from donors positive for anti-HBc only [2]. OBIis defined by the absence of HBsAg despite the
presence of HBV DNA in the liver, blood serum, or peripheral blood monoenuclear cells, jrre-
spective of the presence of other hepatitis B vital antibodies and antigens [3].

The prevalence of OBI vaxies widely across the globe and ranges from 1% to 95% worldwide,
N depending on the level of endemic disease, the assays used in the studies and the various popu-
<.,./"' lations studied [4, 5]. However, it is well khown that certain groups of patients are at a much
higher risk of having occult HBV infection, regardless of the geographical location, such as
those with chronic HCV infection and HIV infection, hemodialysis, liver transplant and hepa-
tocellular carcinoma (HCC) patients and injection drug users [6]. Occult infection may be
reactivated, leading to acute and severe forms of classical hepatitis B. The long-term persistence
of the virus in the liver may favor the progression of the chronic liver disease to cirrhosis and
HCC[7]. .
One of the major public health problems of occult HBV infection is the potential for trans-
mission, Blood transfusion and liver transplantation remains the major routes of transmission,
although the risk of HBV transmission through blood transfusion has decreased following the
introduction of sensitive and specific diagnostic assays [8). In additional, it has also been
reported that intrauterine HBV infection is possible in pregnant women who are HBsAg and
- HBeAg negative [3]. The possibility of horizontal transmission of HBV from individuals with
occult infection to close contacts does exist [10]. When occult viruses are transmitted to other
individuals, the outcomes in terms of liver disease are the same as those following transmission
from overt cases [8].

Ithas been reported that the prevalence of OB is higher in HBV endemic areas such as East

O Asia and lower in low endemic areas such as North America [5]. Guangxi is one of the prov-
inces in China with the highest prevalence of persistent HBV infection, affecting 9.2% of the
general population {11}. We reported previously that the prevalence of ORI among family
members of children from Long An county, Guangxi who were positive for both HBsAgand
anti-FBs after vaccination is 11.5% [12), suggesting that occult HBV infection is common in
Guangxi. In this study, we provide evidence of transmission of occult HBV from a family con-
tact to a child who was vaccinated successfully at birth but became infected overtly.

Materials and Methods
Study population and sample design

The study subjects were a three member family, a boy and his parents. Serum samples were
obtained from the three individuals in April, 2015,

The father is 44 years old. He was given a full course of immunization (10 pg doses of vac-
cine given at 0, 1 and 6 months) in1994. He was negative for serclogical markers of HBV infec-
tion before vaccination and after the last dose. He was vaccinated again in 1999 according to

PLOS ONE | DOI10.1371foumat.pone.0138552  October 12, 2015 2112
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the same program but the doses were 30 pg, 20 pg and 10 g, respectively. He remained nega-
tive for all of HBV serological markers after the last dose. He became weakly positive for anti-
HBc in 2004 and positive for both anti-HBe and anti-HBc in 2008. He was vaccinated again in
2009 with one 60 ug dose. He was positive for anti-HBc only after vaccination.

The woman is also 44 years old and had married in 1999. She was found to be positive for
anti-HBs in 1996. She was immunized with a full course of vaccination (10 pg doses of vaccine -
given at 0, 1 and 6 months) in 2004 when she found to be weakly positive for anti-EBs. She
was positive for anti-HBs (298 IU/ml), anti-HBe and anti-HBc in 2008.

The child was born in 2001. He received in time a full course of vaccination (10 pgdosesof .
vaccine given at 0, 1 and 6 months). He was anti-HBs positive with a titer of >10 TU/L after the
last dose. However, he became positive for HBsAg in 2004. He was positive for HBsAg, anti-
HBe and anti-HBc in 2007.

All vaccines used above are yeast-derived recombinant hepatitis B vaccine (National Vac-
cine and Serum Institute, Beijing, China).

Informed consent in writing was obtained from the parents and that of the child was fror‘w
the parents in his behalf. The study protocol conforms to the ethical guidelines of the 1975 ( /
Declaration of Helsinki and has been approved by the Guangxi Institutional Review Board.

Serological Testing

Sera were tested for HBsAg/anti-HBs, HBeAg/anti-HBe, anti-HBc and anti-hepatitis C virus

- (HCV} using enzyme immunoassays (Zhong Shan Biological Technology Company, Limited,
Guangzhou, China). Alanine aminotransferase (ALT) levels were determined using a Reitman
kit (Sichuan Mike Scientific Technology Company, Limited, Chengdu, China).

Nested polymerase chain reaction (PCR) for HBV DNA and nucleotide
sequencing '

DNA was extracted from 85 l serum by pronase digestion followed by phenol/chloroform
extraction. In order to avoid false positive, two regions of the HBV genome were amplified
using nested PCR, from PreS1 to the X gene and a smaller region covering the S gene only.

For PreS1 to the X gene, the first round PCR was carried out in a 50 4l reaction using prim-
ers LSOB1 (nt 2739-2762, 5-GGCATTATTTGCATACCCTTTGG-3") and P2 (nt 1823-1806
5-CCGGAAAGCTTGAGCTCITCAAAAAGTTGCATGGTGCTGG-3) [13), with 5 mi{\ )3
start followed by 30 cycles of 94°C for 30 sec, 50°C for 30 sec, and 72°C for 90 sec. Second
round PCR was carried out on 5 il of the first round products in a 50 pl reaction using primers
LSBI1 (nt 2809~2829, 5'-TTGTGGGTCACCATATTCTT-3") and POLSEQ2 (nt1168-1188, 5'-
AGCAAACACTTGGCATAGGC-3") and the same amplification protocol as first round,

For the § gene, the first round PCR was carried out in a 50 pl reaction using primers MD14
(nt 418-433, 5-GCGCTGCAGCTATGCCTCATCTTC-3') and HCO2 (nt 761776, 5-GCG
AAGCTTGCTGTACAGACTTGG-3'), with 5 min hot start followed by 35 cycles of 94°C for
45 sec, 45°C for 45 sec, and 72°C for 120 sec. The second round PCR was carried out on 5 wof
the fixst round products in a 50 ¢ reaction using primersME15(nt 455-470, 5-GCGCTGCAG
CAAGGTATGTTGCCCG-3') and HDO3 (nt 734~748, 5-GCGAAGCTTCATCATCCATA
TAGC-3") with 5 min hot start followed by 30 cycles of 94°C for 45 sec, 55°C for 45 sec, and
72°C for 120 sec. :

Amplicons from the second round were confirmed by agarose gel electrophoresis and
cloned inte the vector pUCm-T (The Sangon Biotech (Shanghai, China)). Plasmid DNA was
extracted using a SK1191 UNIQ-10 kit (The Sangon Biotech (Shanghai, China)) and the puri-
fied DN'A was sequenced using a BigDye Terminator V3.1 Cycle Sequencing kit (Applied
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Biosystems, Foster City, USA) with sequencing primer PSISEQ2F (nt 65-84, 5-GGCTCCA
ATTCCGGAACAGC-3') and POLSEQ2. Meanwhile, PreS1/52 region of HBV from each sam-

ple was sequenced directly without cloning using sequencing primer LSBI1 in The Sangon Bio-
tech (Shanghai, China), -

Measurement of Viral loads

Serum HBV DNA concentrations were quantified by real time PCR using commexcial reagents
(Shanghai ZJ Bio-Tech Co., Ltd. (Shanghai; China)) in an ABI Prism 7500 sequence detection

system (Applied Biosystems, Foster City, CA, California, USA), using HBV primers and a dual
labeled TagMan probe, as described previously [14].

HBV serotyping ,
C o Serotypes were determined according to a single amino acid at the following position: adrg-
(122 K+ 127P + 134 F+ 159 V + 160R +177A +178P), adrq + (122K + 127P + 134 F + 159A
+160R + 177 V +178P), adw2 (122 K+ 127P + 134 F +159A + 160 K + 177 V +178P), adwq+
(122 K+ 127 L +134 F+ 1594 + 160 K + 177 V +178P), ayr (122R + 127P +134 F + 159A +
160R + 177 V +178P), aywl (122R +127P + 134 F+159A+ 160K + 177 V +178P), ayw2

(122R + 127P + 134Y + 159G + 160 K+ 177 V +178P), ayw3 (122R + 127 T + 134 F + 159G +
160 K+ 177V +178P) [15-17].

HBV genotyping

HBV genotypes were determined using phylogenies reconstructed on the basis of the complete
S region (678 nt) of the viruses. The sequences were alighed to 21 HBV sequences of all known
genotypes retrieved from GenBank using Clustal W and visually confirmed with the sequence
editor BioEdit [18]. The reference sequences were Al_M57663_Philippines, B1_D23677 Ja-
pan, B2_AY217358_China, B2_AF121249_Vietnam, B3_AB033555_Sumatra, B4_AB073835_
Vietnam, B5_AB2 19427_Philippines, B6_DQ463801_Canada, C1_AF4586 64_China,
C2_AY217371_China, C3‘_X75656_P01ynesl.ia, C4_AB048704_Australia, C5_JN827415_
. Thailand, Di_AF280817_China, E_ABO91255__Ivory Coast, F_AY090458_Costa Rica, G_
AF160501_USA, H_AY090460_USA, 11_AB231908_Vietnam, I1_FR714504_Longan_China,
I2_F]023664_Laos. Neighbor-Joining trees were reconstructed under the Kimura 2-parameter
substitution model with the program MEGA [19]. The reliability of clusters was evaluated

using interior branch test with 1000 replicates and the internal nodes with over 95% support
were considered reliable.

~
.,

Sequences that were not determined by phylogenies were genotyped using the NCBI Geno-
typing Tool (hitp://www.ncbi.nlm.nih.gov/projects/genotyping/formpage.cgi).

Identification of MHR mutations and overlapping polymerase mutations
Amino acid substitutions in the major hydrophilic region (MHR; aa 99-169) were originally

evaluated using the Genafor/Arevir-geno2pheno drug resistance tool (ﬂp_:ﬂhbv.gencaphem;
org/index.php). Those identified as MHR substitutions by the tool were then aligned to HBV
reference sequences (JQ688404, EU410081 and AB776908), which were obtained from Gen-

Bank and used to exclude subgenotypes and polymorphisms. The mutations were categotized
into general mutations and escape mutations.
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Table 1. Serological characterlstics of the study subjects.

Samples Ages HBsAg Antl-HBs HBeAg Antl-HBe Anti-HBe Viral loads ALT (IU/mi)
Faiher 44 . . B . . + 8x10% 1U/mi <40
other 44 - + : ' + 353107 IUjm. <dg
“Son 14 + - + - & 5.42x10° Ufm! 170
doi;10.1371/jouwmal.pone.0138552.4001

Resulis

General information

Successful PCR amplification of two regions of the viral genome was achieved for all three indi-
viduals. Both parents have OB, the father is positive for anti-HBc only and the mother is posi-
tive for anti-HBs and anti-HBe. The ALT levels of the parents are normal but that of the child
is abnormal. The viral load of the father is the highest and that of the mother is the lowest
(Table 1). All three individuals are negative for anti-HCV. Complete PreS1/$2 sequences wi"\)
obtained for the three individuals; 12, 11 and 9 clones were constructed from the father’s, ™ -
mother’s and son’s amplicons, respectively. The S-gene was sequenced in both directions, cov-
ering the entire MHR (GenBank accession number: KT585753-KT585784).

Serotypes in different clone sequence

Sérotypes adrq+, ayw1, ayw and ayr were predicted from the father’s twelve sequences. Four
serotypes, including ayw]1, adw?2 and adwq+ were predicted from the mother’s sequences. All
nine sequences from the son’s sample predicted serotype adrg+ (Table 2). These data suggest
that transmission between father and son is possible because they have the same serotype adrq
+ and the transmission is from father to son because the father lias more serotypes. Transmis-
sion between the father and mother also is possible because they share serotype: aywl. How-

ever, transmission between the mother and son is not possible for because they do not share
any serotype.

Table 2. Serotypes and genotypes predicted from the sequences from each study subject.

Study subject Number of clones : " Serotypes Genotyp.;r' .
gors — , — N -
| 9 s G
1 ) ayw1 B
T | By 5
1 ayr Recombiriarit (B/C)
Tatah 12
Mather
7 adlvige - cs
1 aywl B i
1 ' aywi Recombinant (B/6)
1 aidwz Recombinant (B/C)
‘ 1 adivig+ " Recombinant (G/6)
Total 11
Soh :
8 adrg+ cz2
Total, .9
405101371 Joumal pone.0138652.1002
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Genotypes in different clone sequences

Using phylogenetic analysis and the NCBI genotyping analysis, three genotypes, subgenotype
C2, genotype B and a recombinant were identified from the father's sequences. Subgenotype
C5, genotype B and three recombinants were identified in the mother. Subgenotype C2 was the
only genotype identified in the son (Table 2 and Fig 1). The phylogenetic tree shows that all of
the son’s sequences and most of the father’s sequences cluster fogether. However, none of the
mother’s sequences cluster with herson’s sequences (Fig 1). Clearly, the transmission was from
father to son. There is no evidence of transmission between the mother and son. It is also possi-
ble for transmission to have occurred between the parents because some of their sequences
cluster together, supported by a 77% bootstrap value.

Amino acid substitutions within the “a” determinant and MHR

Amino acid substitutions in the major hydrophilic region predicted from twelve clones of HBV
from the father’s sample include T1151, T116A, §117G, T118K, 123N, Q129L, T131N, M133L,
M1338, F134L, G145A and 1152V. Half of them are located within “a” determinant (aa 124
147). Five of the twelve substitutions, including T118K, T123N, T131N, M133L and N 145A, are
associated with antibody escape: The T118K and N145A substitations may result in vaccine
escape. T118K and T123N may result in failure to detect of HBsAg. The 123N and 145A muta-
tions may result from escape from immunoglobin therapy. Seven clones have the same amino
' acid substitution pattern as that in the son: T118K, T123N and N145A. Twao clones have T118K

and N145A substitutions, two other clones have T131N and the final clone has M133L (Fig 2).

Amino acid substitutions in the major hydrophilic region predicted from nine clones of HRV
from the san’s sample include L104S, T118K, T123N, $143L and G145A. Only two of them are
located within the “a” determinant. Except for L1048, all are escape substitutions. All of the nine
clones from the son have the same amino acid substitution pattern (T118K, T123N and G1454)
as seen in his father. Furthermore, one of the nine sequences has an amino acid substitution at
position 143, which may result in vaccine escape and failure to detect HBsAg (Fig2).

Amino acid substitution mutations in the major hydrophilic region predicted from eleven
clones of HBV from the mother’s sample include D99N, T131N, F161S and V1684, Only the
T131N mutation causes detection failure and this mutation could be seen in ene do

ne only
(Eig2)

Clearly, the frequency of amino acid substitution mutations within the “a” determinant and
MHR is highest in the father’s sample, The next is that from the son. It is possible that there
was transmission between father and son because they have the same amino acid substitution
pattern. The transmission was from father to son because the father has a more complex pat-
tern of mutations. Transmission between father and mother or mother and son is impossible
because they do not share the same amino acid substitution pattern.

)

C

Mutations in the preS1/preS2 region

PreS] contains 357 bases, encoding 119 amino acids and PreS2 contains 165 bases, encoding
55 amino acids. No deletion was found in either PreS1 or PreS2 from the three samples. No
point mutation was found in the initiation codon of preS2 in the three samples,

The impact of mutations inthe 8 gene on the overlapping polymerase
region

Mutations leading to amino acid substitutions in the small § protein may produce amino acid
changes in the overlapping polymerase. In this study, there are eleven amino acid substitutions
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29



O PLOS | one

Transmission of Oceult HBV Infection in Guangyi

Son_3 ']
Father_8

Son_1

Sor_6

Father 2

Son_9

Father 9

=
Father_10

L_‘: Son_2

5% Son_8 B o]

Son_10
o8 Sen_4
L__E Son_5
Father_3
{ Father &

Father_12
— Father_4

87 b— Father_11

C2_AY217371_China
— C1_AF458664_China

.

78— C3_X75856_Polynesia

Father 5

C4_ABD48704_Australia

Mother_1

C5_SN827415_Thailand '{
Mother_6

Mother_4

Mather_10

Mother_3

Wother_12

Wotiser_5

Mother 11

Mother_9

Mother_8

Il

Mother_7
B1_D23677_Japan
B2_AY217358_China
B2_AF121249_Vietnam
B&_DQ463801_Canada
B5S_AB219427_Philippines
B3_AB033555_Sumatra
B4 ABO73835_Vietnam
Father_1

Father 7
A1_M576863_Philippines

pil

I__————-—--—- G_AF160501_USA

’ [i_AB231908_Vietnam
jE 11_FR714504_Longan_China
§1L—12_FJ023864_Laos

E_AB091255_tvery

D1_AF280217_China
—E F_AY080458_Costa
100l H_AY090460_USA

)

()

PLOS ONE| DOL10.1371/journal.pone.0138552 October 12,2015

30

7/12



B PLOS | one

Transmission of Occult HBY Infection in Guangxi

Fig 1. Nelghbor-Joining trees. The trees wers reconstructed on the basis of the complete 8 region (678 nt)
of the viruses under the Kimura 2-parameter substitution model with the program MEGA [18], The branch
lengths represent the number of substitutions per site. The reliability of clusters was evalugted using the
interlor branch test with 1000 replicates and the intemal nodes with over 95% supportare considerad reliable.

doi: 10.1371]ournal pone.0138552.9001

in the ovetlapping polymerase in all clones from the son’s sample, including R15L, V231,
T38A,T38K, H55Q, $57F, L72P, L7785, H126Q, V1911 and H197R. There are twenty-one
amino acid substitutions in the overlapping polymerase in all clones from father's sample,
including F468, R51K, H55Q, H55R, $57F, P109S, N118T, N124R, Y124H, Q125R, H126Q,
127R, N134D, C136R, N139K, Y141F, S143T, HI60R, A211T, $213T and Q215H. Amino acid
substitutions in mother include T16], R41S, V44A N535, H55R, W58R, N76D, S81T, V1031,
GI107E, N1211, 11221, N123D, Q125K, H126Y, N134D, N139H, N1 39Q, Y158H, 1163V,

F178L, §185N, V207M, Q215L,Y221F, A222T, 1224V, G232R. However, none of these is asso-
ciated with drug resistance.

Discussion

The major finding in the study is that the son has one serotype (adrq+) only and this was seen
in the father but not the mother. The son also has one genotype (subgenotype C2) only and
this could also be seen in the father but not the mother. All sequences from the son clustered
with that from father in the phylogenetic tree. All of the sequences from the son have the same

a1 1is 123 145 180
} 1 It 1 ) i
JOE88404 (Subgenotype C5) InIFLLVLLDYQMWCPLLPGTS‘I‘TS'I'GPCKTCTIPAQGTSME‘PSCCCTKPSDGNCTCI PP SSWARARFIWEWASVRF SWLESLIVEPEY
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Son 2 8 ~Km = N - —— A - _—
Son_3 —— K- -~ - L B e e e e e e e e e
Son_4 - et ) B ey — A ————
Son 5 ———— K~ — =3 - A- -—
Son_& - —_—— Koo =l o P
Sen B8 00 o~eeemmeo s ) S - B T T a— P e e e e e e e e e
Son_B - g T & T p——— y. 0 -
Son 10 - S i .Gl - =2 ————
Father 2 = = o K- —-— A e e
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Fig 2. Frequency and distrlbution of amino acld substitutions It the MHR of HBsAg from each clone.
doi:10.1371/journal.pone.0138552.g002
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amino acid substitution pattern in the § protein as that seen in the father. Furthermore, the son
was found to be positive for HBsAg when he was tested prior to entrance to kindergarten, sug-
gesting that household contact is the only likely pattern of transmission. These findings provide
strong evidence of transmission from father to son. The father shares one serotype and geno-
type with the mother but not the amino acid substitution pattern in the 8 protein. Meanwhile,
it also is suggested that the mother became infected outside the family. The strength of the
study is that detailed medical records are available for the study subjects, which may provide
additional evidence of transmission. The weakness of the study is that we did not test HBsAg
with different commercial diagnostic kits, which may provide information about the associa-
tion of amino acid substitutions with detection failure,

The recognized patterns of spread of HBV include perinatal, sexual and parenteral/percuta-
neous routes. Routes of parenteral transmission include injection drug use, transfusions and
dialysis, acupuncture and tattooing; household contact with infected individuals and working
in a health-care setting also are risk factors for horizontal transmission [20,21). Compared to
overt HBV infection, the routes of transmission of occult HBV have been studied less. Mos
these studies focused on blood transfusion and liver transplantation because these may trans- -
mit hepatitis B [8]. In addition, it has also been reported that intrauterine HBV infection is pos-
sible in pregnant women with OBI [9].

Occult HBV infection may be common in household contacts of individuals with chronic
hepatitis B {22]. A study from India found that sequences from both occult HBV and overt
HBYV are similar in terms of genotype and surface variants or non-variants (wild-type) and
clustered together in the phylogenetic tree. The authors considered the possibility of horizontal
transmission of HBV from individuals with occult infection to their contacts [10]. However,
this claim is nof strong enough because it remains possible that the transmission of HBY was
from individuals with overt infection but resulted in occult infection. In our study, with cloning
and sequencing, we found that the father has more serotypes and genotypes than that of the
son, suggesting that transmission was from father to son.

Immunization with hepatitis B vaccine is the most effective means of preventing acute infec-
tion by HBV [23]. However, the titer of vaccine-induced antibody decays exponentially over
time, irrespective of the population immunized [24]. It has been claimed that neonatal HBV
immunization is efficacious in inducing long-term immunity and cell-mediated immune mem-
ory for up to two decades and booster vaccinations are not required [25]. The fact that the ,
child produced protective levels of anti-HBs after immunization but became infected by H.. )
clearly challenges these findings, suggesting that the monitoring of the level of anti-HBs among
vaccinated subjects for booster vaccination is necessary. Our findings also suggested that oceult
HBV infection may be transmitted through close contact. Therefore, susceptible individuals
should be vaccinated against hepatitis B in endemic regions. Nucleic acid testing for OBI is nec-
essary for the staff in some occupations, such as nursery teachers, in regions where HBV is
endemic. ,

Currently, many HBsAg immunoassays use monoclonal antibodies with epitopes directed
against the MHR, in particular against the “a” determinant, and amino acid substitution in this .
region may result in changes to critical epitopes and account for false-negative results in immu-
noassays [26,27], The T118K, T123N and N145A substitutions in the MHR have been reported
to lead to failure of detection [26, 28— 30]. In this study, ten of twelve clones from the father
have these mutations, The remaining two also have detection escape mutations (T131N and
M133L) {26, 29]. The father tested negative for HBsAg, All of son’s clones have the same muta-

tions. However, he is positive for HBsAg. It is not clear why the same diagnostic assay pro-
duced different test results.
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A study from Taiwan showed that most non-responders among anti-HBc positive subjects
apparently had occult HBV infection [31]. However, this finding was not supported by a subse-
quent study from Iran [32). In our study, the father was negative for all HRBV serological mark-
ers before and after the first two full courses of vaccination. He became weakly positive for
anti-HBc many years later. Then, he was immunized for the third time but remained negative

for anti-HBs. Clearly, our data suppott the result from Taiwan and suggest that nucleic acid
testing should be considered for non-responders to exclude OBI, es

pecially in regions where
HBV is endemic. '
The predominant genotype in Guangxi is genotype C, followed by genotypes Band I (a
_recombinant) {33]. In the study, both parents ate infected with genotype B and C and recombi-
nants (between genotype B and C). In the future, we will determine whether the recombinant

 sequences are from genotype B and C in the same person or from outside sources, which may
provide more information about the occurrence of recombination.
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Recommendations for Donor Screening,
Deferral, and Product Management to
Reduce the Risk of Transfusion-
Transmission of Zika Virus

Guidance for Industry
()

This guidance is for immediate implementation.

FDA is issuing this guidance for immediate implementation in accordance with
21 CFR 10.115(g)(2) without initially seeking prior comment because the agency has determined
that prior public participation is not feasible or appropriate.

FDA invites comments on this guidance. Submit one set of either electronic or written
comments on this guidance at any time. Submit electronic comments to
http://www.regnlations.gov. Submit written comments to the Division of Dockets Management
(HFA-305), Food and Drug Administration, 5630 Fishers Lane, Rm. 1061, Rockville, MD
20852, You should identify all comments with the docket number listed in the notice of
availability that publishes in the Federal Register. FDA will review any comments we receive
and revise the guidance when appropriate. _

Additional copies of this guidance are available from the Office of Communication, Outreach

and Development (OCOD), 10903 New Hampshire Ave., Bldg. 71, Rm. 3128, Silver Spring, _
MD 20993-0002, or by calling 1-800-835-4709 or 240-402-8010, or email ocod@fda hhs.gov, or ( )
from the Internet at

bttp://www.fda. gov/B1010g1csBloodVaccmes/GuldanceComphanceRegulatogglnfonnatlonf(}uld

nces/default.htm.

For questions on the content of this guidance, contact OCOD at the phone numbers or email
address listed above.

U.S. Department of Health and Human Services
Food and Drug Administration

Center for Biologics Evaluation and Research
February 2016
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Recommendations for Donor Screening, Deferral, and Product
Management to Reduce the Risk of Transfusion-Transmission of
Zika Virus

Guidance for Industry

This guidance represents the current thinking of the Food and Drug Administration (FDA or
Agency) on this topic. It does not establish any rights for any person and is not binding on FD4
or the public. You can use an alternative approach if it satisfles the requirements of the
applicable statutes and regulations. To discuss an alteérnative approach contact the FDA staff

responsible for this guidance as listed on the title page. (j

I INTRODUCTION

We, FDA, are providing you, blood establishments that collect Whole Blood and blood
components, with recommendations for donor screening, donor deferral and product
management to reduce the risk of transfusion-transmitted Zika virus (ZIKV). The
recommendations contained in this guidance apply to the collection of Whole Blood and blood
components intended for transfusion. This guidance does not apply to the collection of Source
Plasma.’

EDA’s guidance documents, including this guidance, do not establish legally enforceable
responsibilities. Instead, guidances describe the FDA’s current thinking on a topic and should be
viewed only as recommendations, unless specific regulatory or statutory requirements are cited.
The use of the word should in FDA’s guidances means that something is suggested or
recommended, but not required. :

)

IL. BACKGROUND

ZIKV is an arbovirus from the Flaviviridae family, genus Flavivirus. It is transmitted to humans
primarily by the Aedes aegypti mosquito, but it may also be transmitted by the dedes albopictus
mosquito (Refs. 1, 2). In addition, intrauterine, perinatal and sexual transmission of ZIKV has
been reported (Refs. 3, 4, 5). It was first isolated in 1947 from a rhesus monkey in the Zika
Forest of Uganda, and isolated from a human in 1968 in Nigeria (Ref. 2). Epidemiological
studies showed that the virus has circulated in humans between 1951 and 1981 in African and
Asian countries (Ref. 6). ZIKV illness was first recognized. outside of Africa and Asia in 2007

! This guidance does not apply to the collection of Source Plasma, which is used for further manufacture of plasma-
derived products, Viral inactivation and removal methods are currently used to clear viruses in the manufacturing
process for plasma-derived products.
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during an outbreak on Yap Island, Micronesia (Refs. 7, 8). An outbreak of ZIKV was next
reported in French Polynesia from October 2013 to February 2014, when about 11% of the
population had symptomatic infection (Refs. 9, 10).

Recent outbreaks of arboviral disease in the Americas have included large dengue and
chikungunya virus outbreaks. ZIKV reached the region of the Americas in early 2015 with local
transmission first reported in Brazil (Refs. 11, 12) and as of February 10, 2016, there are 30
countries and territories worldwide with active local transmission of the virus (Refs. 13, 14).
Outside of the Americas, Jocal transmission of ZIKV has been reported in the Pacific Islands of
Samoa, American Samoa and Tonga, and Cape Verde in Africa. As of February 10, 2016, local
mosquito-borne transmission of ZIKV has not been reported in the continental United States, but
cases have been reported in travelers returning to the United States from areas with local
transmission (Ref. 14).

In February 2016, the World Health Organization (WHO) Director Dr. Margaret Chan declared

that “the recent cluster of microcephaly cases and other neurological disorders reported in Brazil
constitutes a Public Health Emergency of International Concern.” In January 2016, Zika virus
disease was added to the list of nationally notifiable conditions in the U.S. as a subtype of
Arboviral diseases (Ref. 15).

ZIKV disease symptoms include: fever, arthralgia, maculopapular rash, and conjunctivitis. Less
frequently, observed symptoms include digestive problems (abdominal pain, diarthea and
constipation), mucous membrane ulcerations (aphthae), and pruritus (Refs. 16, 17). In addition,
neurological manifestations and congenital anomalies have been temporally and spatially
associated with ZIKV disease outbreaks (Ref, 17). Association of ZIKV infection with Guillain-
Barré syndrome cases has been reported during outbreaks in Polynesia (Ref. 18) and in Brazil
(Ref. 19). In Brazil, there has also been a marked increase in the incidence of microcephaly in
regions most affected by the ZIKV epidemic (Refs. 19, 20). ‘

Sexual transmission of ZIKV has been reported (Refs. 4, 5). The two reported cases involved.
transmission of the virus through sexual contact. In a separate report, ZIKV was isolated from
semen at least two weeks and possibly up to 10 weeks after illness onset (Ref. 21). The duration
of persistence of ZIKV in semen remains unknown. Data are currently not available regarding
the presence of ZIKV in vaginal fluids. Sexual transmission of ZIKV from infected women to
their sexual partners has not been reported.

Two instances of possible transfusion-transmission have been described in media announcements
in Campinas, Brazil (Refs. 20, 22). In French Polynesia, 3% of samples from asymptomatic
blood donors contained detectable ZIKV RNA during the outbreak in French Polynesia in 2013-
14, indicating the likelihood of transmission by blood transfusion (Refs. 9, 23, 24). For these
reasons, measures should be taken to prevent transfusion-transmission.

Regarding measures to help prevent ZIKV transmission through blood products, ZIKV is likely
cleared by the existing viral inactivation and removal methods that are currently used to clear
viruses in the manufacturing processes for plasma-derived products. For example, these viral
clearance steps for various products may include pasteurization, solvent/detergent (S/D)
treatment and incubation at low pH (Refs. 25, 26, 27). These methods are highly effective in
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clearing lipid-enveloped viruses in plasma-derived products, but are not generally applicable for
use in blood and blood components intended for transfusion. However, an 8/D treated pooled
plasma product has been FDA-licensed and is commercially available.

A pathogen reduction device (amotosalen + UV illumination) for plasma and platelets has
recently been approved by the Center for Biologics Evaluation and Research (CBER), FDA
(Refs. 28, 29) and demonstrated effective reduction of a panel of viruses, including flaviviruses,
such as dengue and West Nile virus. A recent publication showed that the same pathogen
reduction technology (PRT) can effectively reduce ZIKV in plasma (Ref. 24). These devices
have been used to reduce the risk of ZIKV infection by plasma or apheresis platelet components
that are collected in areas experiencing ZIKV outbreaks (Ref. 9).

Risk of ZIKV Transmission by Blood Transfusion

The risk of transmission of ZIKV by blood transfusion is considered likely based on the ()
following evidence: .

(a) two possible cases of transfusion-transmission in Campinas, Brazil (Refs. 20, 22);

(b) there have been documented transfusion-transmissions of other flaviviruses such as West
Nile virus, dengue virus and Yellow Fever vaccine virus (Refs. 30, 31, 32), all of which
have been shown to produce detectable viremia (the presence of virus in the blood)
during asymptomatic and symptomatic infections; '

() ZIKV infection produces viremia with up to 8.1 x 10° copies/m} that may last up to (and
possibly beyond) 14 days, with varying reports of viremia from 2 days before to 11 days
after onset of symptoms (Refs. 3, 7, 23, 33);

(d) the pre-symptomatic period for ZIKV infection varies (if symptoms develop) from 3 to
: 12 days, during which viremia may occur (Refs. 34, 35);

(e) an estimated 80% of ZIKV infections remain asymptomatic (Refs. 8, 9);

(f) perinatal transmission of ZIK'V, most likely by transplacental transmission or during ( )
delivery, has been reported (Ref. 3); and, :

(g) blood donations positive for ZIKV viral RNA by nucleic acid testing (NAT) were
detected during the French Polynesia outbreak in 2013-2014 (Refs. 9, 23).
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III. RECOMMENDATIONS

Consistent with existing regulations and applicable guidance, donors must be in good health at
the time of donation (21 CFR 640.3(b)) as indicated by, among other things, freedom from any
disease transmissible by blood transfusion, as can be determined by history and examination

(21 CFR 640.3(b)(6))*. Standard operating procedures that are already in place should result in
the deferral of individuals who have symptoms consistent with ZIKV at the time of donation.
The following recommendations are intended to reduce the risk of collecting blood and blood
components from at-risk donors who could be potentially infected with ZIKV and do not display
clinical symptoms during the incubation period or have an asymptomatic infection.

For the purpose of this guidance, an area with “active transmission of ZIKV” is an area included
on the CDC website listing of countries and U.S. states and territories with local vector-borne
(i.e., mosquito-acquired) transmission of ZIKV: http://www.cdc.gov/zika/ eeofindex html.?

A. Recommendations for Areas without Active Transmission of ZIKV
1. Donor Educational Material and Donor History Questionnaife
a. Donor Educational Material-

i. We recommend that you update your donor educational matetial to
include the risk factors for and signs and symptoms of ZIKV infection so
that donors can self-defer. Relevant information on the signs and
symptoms of ZIKV infection can be found on CDC’s website at:
http://www.cdc.gov/zika/symptoms/index.html.

ii. The educational material should instruct donors as follows:

a. A donor with a history of ZIKV infection should self-defer for 4 weeks
after the resolution of symptoms.

b. A donor who exhibits signs and symptoms of ZIKV infection within 2
weeks of departure from an area with active transmission of ZIKV
should self-defer for 4 weeks after the resolution of symptoms.

2 Under 21 CFR 630,10(a), which will replace 21 CFR 640.3 and will be effective May 23, 2016, (80 FR 29842,
May 22, 2015), a donor must be in-good health and free from transfusion-transmitted infections as can be ]
determined by the processes set out in the new rule. Additionally, under 21 CFR 630.10(a) a donor is not eligible if
you identify any factor(s) that may cause the donation to adversely affect the safety, purity, or potency of the blood
or blood component. Such factors inctude travel to, or residence in, an area endemic for a transfusion-transmitted
infection (21 CFR 630.10(e)(2)(iii)). Accordingly, the recommendations in this guidance will continue to apply
under the new rule when it becomes effective.

3 In general, an area is considered to have active transmission of ZIKV when locally transmitted, mosguito-borne
ZIKV has been reported.
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¢. In addition to the above instructions, a donor should self-defer
for 4 weeks after the last sexual contact with a man who has
been diagnosed with ZIKV or who traveled to or resided in an
area with active transmission of ZIKV in the 3 months prior to
that instance of sexual contact.”

iii. In addition, we recommend that the educational material instruct donors
with a history of recent travel to or residence in an area with active ZIKV
transmission to inform the blood collection establishment promptly if they
are diagnosed with ZIKV infection or if they develop symptoms
suggestive of ZIKV infection within 2 weeks following donation.

b. Donor History Questionnaire

i. We recommend that you update your donor history questionnaire,
including full length and abbreviated donor history questionnaires, and
accompanying materials and standard operating procedures, as necessary,
to incorporate the recommendations provided in this guidance.

ii. We recommend that your donor history questionnaire assess prospective
donors for a history of residence in or travel to an area with active
transmission of ZIKV in the past 4 weeks.

iii. We recommend that you refer to the CDC website for a listing of countries
and territories with active transmission of ZIKV:

http://www.cdc.gov/zika/peo/index.html.

iv. Blood collection establishments that use capture questions (e.g., “Have
you traveled outside the United States within the past 3 years?”’) should
review these questions to ensure they are adequate to identify travel to or
residence in areas with active transmission of ZIKV, including U.S.
territories. As necessary, capture questions may be revised or followed up
with questions specific to areas with active transmission of ZIKV.

* Male donors with a history of sexual contact with another male would already be deferred for 12 months from last
sexual contact consistent with the recommendations contained in the FDA Guidancs, “Revised Recommendations
for Reducing the Risk of Human Immunodeficiency Virus Transmission by Blood and Blood Products,” dated
December 2015.
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2.- Donor Deferral

We recommend that you defer for 4 weeks’ donors at risk for ZIKV infection as
follows: -

a. Defer for 4 weeks after the resolution of symptoms-a donor with a history of
ZIKV infection.

" b. Defer for 4 weeks after the resolution of symptoms a donor who reports
symptoms suggestive of ZIKV that arose within 2 weeks of departure from an
area with active transmission of ZIKV.

¢. Defer for 4 weeks after the last sexual contact a donor who has had sexual
contact with a man who has been diagnosed with ZIKV or who traveled to or
resided in an area with active transmlsswn of ZIKV in the 3 months prior to
that instance of sexual contact.®

d. Defer for 4 weeks from the date of his or her departure, a donor who has been
a resident of or has traveled to an area with active transmission of ZIK'V.

e. A deferred donor may be considered eligible after the deferral period has
lapsed provided that all donor eligibility criteria are met.

B. Recommendations for Areas with Active Transmission of ZIKV

For areas with active transmission of ZIKV, we recommend the following strategies to
reduce the risk of transfusion-transmitted ZIK'V:

» Obtain Whole Blood and blood corhponents for transfusion from areas of the
U.S. without active transmission of ZIKV to fulfill orders, except that you may,

o Collect and prepare platelets and plasma locally if you implement
pathogen reduction technology for platelets and plasma using an FDA-
approved pathogen reduction device as specified in the Instructions for
Use of the device, ot

o Collect blood components locally and test blood donations w1th an FDA-
licensed blood donor screening test for ZIKV, when available.®

Note: Use of an investigational donor screening test under an investigational new drug
(IND) application or investigational pathogen reduction under an investigational device

% The deferral for 4 weeks provides a margin of safety in excess of the known incubation period of 3 to 12 dayé plus
14 days of viremia post symptom onset.
$ Note: An FDA-licensed blood donor screening test for ZIK V is not currently available.
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exemption (IDE) may be permiited in situations where approved technologies are
unavailable. *

Specifically, we recommend the following:
1. Whole Blood and Red Blood Cells (RBCs)

e Obtain Whole Blood and blood components for transfusion from areas of the
U.S. without active transmission of ZIK'V to fulfill orders, except that you
may, '

o Collect blood components locally and test blood donations with an
FDA-licensed blood donor screening test for ZIKV, when available.®

2. Platelets and Plasma

e Obtain Whole Blood and blood components for transfusion from areas of the
U.S. without active transmission of ZIKV to fulfill orders, except that you
may,

o Collect and prepare platelets and plasma locally if you implement
pathogen reduction technology for platelets and plasma using an FDA-
approved pathogen reduction device as specified in the Instructions for
Use of the device, or

o Collect blood components locally and test blood donations with an
FDA-licensed blood donor screening test for ZIK'V, when available.®

NOTE: Pathogen reduction may only be applied to products as specified in the
Instructions for Use of the relevant device. At this time, PRT has only been
approved by FDA for the treatment of plasma and certain apheresis platelets.

3. Donor Educationai Material, Donor History Questionnaire and Donor
Deferral

If you continue to collect blood components locally because you have implemented

FDA-approved pathogen reductlon technology or an FDA-licensed blood donor
screening test (when available),® we recommend the following;
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a. Donor Educational Material

i. We recommend that you update your donor educational material to include

ii.

iii.

the signs and symptoms of ZIKV infection. Relevant information on the
signs and symptoms of ZIKV infection can be found on CDC’s website at:
http://www.cde.gov/zika/symptoms/index Jitml.

The educational materials should instruct donors as follows:

a. A donor that exhibits signs and symptoms of ZIKV infection or has a
history of ZIKV infection should self-defer for 4 weeks after the
resolution of symptoms.

5. In addition to the above instructions, a donor should self-defer for 4
weeks after the last sexual contact with a man who has been diagnosed-
with or had symptoms suggestive of ZIKV infection in the 3 months
prior to that instance of sexual contact.?

In addition, we recommend that the donor educational material instruct
donors to inform the blood collection establishment promptly if they are
diagnosed with ZIKV infection or develop symptoms suggestive of ZIKV
within 2 weeks following donation.

b. Donor History Questionnaire

i

il.

We recommend that you update your donor history questionnaire,
including full length and abbreviated donor history questionnaires, and
accompanying materials and standard operating procedures, as necessary,
to incorporate the recommendations provided in this guidance.

We recommend that your donor history questionnaire assess prospective
donors for: :

a. A history of ZIKV infection or symptoms suggestive of ZIKV in the
past 4 weeks;

b. A history of sexual contact in the past 4 weeks with a man who has

been diagnosed with or had symptoms suggestive of ZIKV in 3
months prior to that instance of sexual contact.”
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¢. Donor Deferral

We recommend that you defer for 4 weeks donors at risk for ZIKV infection as
follows: :

i. Defer for 4 weeks after the resolution of symptoms a donor who reports a
history of ZIKV infection.

il. Defer for 4 weeks after the.resolution of symptoms a donor who reports
symptoms suggestive of ZIKV.

- iii, Defer for 4 weeks after the last sexual contact a donor who has had sexual
contact with a man dlagnosed with or had symptoms suggestive of ZIKV
infection in the 3 months prior to that instance of sexual contact.*

iv. A deferred donor may be considered eligible after the deferral period has
lapsed provided that all donor eligibility criteria are met.

C. Post-Donation Information and Product Management

Except for blood components that have been pathogen-reduced, we recommend that you
take the following actions if you determine that blood or blood components have been
collected from a donor who should have been deferred accordmg to the recommendations
in Section ITL.A.2 or Section III.B.3.

1. If you collected blood or blood components from a donor who should have been
deferred according to the recommendations in Section II[.A.2 or Section ITL.B.3,
or who has reported post-donation symptoms or diagnosis of ZIKV infection
within 2 weeks of collection, we recommend that you quarantine and destroy any
undistributed in-date blood or blood components collected from that donor.

2.. If you distributed blood or blood components collected from a donor who should
have been deferred according to the recommendations in Section IIL.A.2 or
Section III.B.3, or who has reported post-donation symptoms or diagnosis of
ZIKV infection within 2 weeks of collection, we recommend that you advise the
transfusion service to quarantine and destroy any in-date blood or blood
components collected from that donor.

3. Additionally, if blood components collected from a donor with a history of ZIKV
in the past 4 weeks or from a donor who reports post-donation symptoms or ZIKV
infection within 2 weeks of donation have been transfused, we recommend that
you advise the transfusion service to inform the transfusion recipient’s physician
of record regarding the potential need for monitoring the recipient for a possible
ZIKV infection.
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D. Product Disposition and Labeling

1. We recommend that you destroy or re-label blood and blood components that
were collected from a donor who should have been deferred according to the
recommendations in Section III.A.2. or Section IILB.3. of this guidance =
document.

2. We recommend that you destroy or re-label blood and blood components that
were collected from a donor who reports post-donation symptoms or diagnosis of
ZIKV within 2 weeks of donation.

3. If you re-label such blood or blood components, they may be released for
research, or for manufacture into non-injectable products or in vitro diagnostic
reagents for which there is no alternative source, if labeled appropriately as
described below.

4. You should use the following statements to prominently re-label the blood and
blood components:

a. “NOT FOR TRANSFUSION: Collected From A Donor Determined To Be:
At Risk For Infection With Zika Virus™

and
b. “Caution: For Laboratory Research Only”
or

“Caution: For Further Manufacturing into In Vitro Diagnostic Reagents For
Which There Are No Alternative Sources”

You should not label these products with a U.S. license number unless FDA
specifically approves such action.

IMPLEMENTATION -

A. Recommendations for Areas without Active Transmission of ZIKV

We recommend that you implement the recommendations in this guidance as soon as
feasible, but not later than 4 weeks after the guidance issue date.

Consistent with 21 CFR 601.12, licensed establishments implementing these
recommendations should update their annual reports indicating the date that the

establishment revised and implemented their standard operating procedures consistent
with these recommendations. These changes do not require our prior approval.

10
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B. Recommendations for Areas with Active Transmission of ZIKV
We recommend that you implement the recommendations in this guidance as follows:

¢ Tor collections intended for intrauterine transfusion, transfusion in pregnant
wormen, or transfusion in other at-risk recipients when requested by the
prescribing physician, we recommend that you implement the recommendations
in the guidance immediately, and use locally collected blood components only if
blood components from an area without active transmission or pathogen-reduced
blood components are unavailable and the urgent need for transfusion is judged
by the prescribing physician to outweigh the risk.

e For all other collections, we recommend that you implement the
recommendations in the guidance as soon as feasible, but not later than 2 weeks
after the gnidance issue date. ' (.\

e We recommend that in-date blood components (e.g., red blood cells or frozen
plasma) collected in areas with active transmission and remaining in inventory
after you implement the recommendations be destroyed or re-labeled consistent
with the recommendations in Section III.D. above.

Consistent with 21 CFR 601.12, licensed establishments implementing these
recommendations should update their annual reports indicating the date that the

establishment revised and implemented their standard operating procedures consistent
with these recommendations. These changes do not require our prior approval.

11
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1. Introduction
1.1 Background

These guidelines have been developed in recognition that
infection with Zika virus may preseat a risk to blood safety,
and in consideration of the declaration on 1 February 2016
by the WHO Ditector-General of 2 Public Health
Emergency of International Concern with regard to clusters
of microcephaly and other neurclogical disorders,
potentially associated with Zika vitus. Currently there is
limited knowledge of Zika vitus biology and lack of
definitive evidence of a link between infection and potential
complications. These guidelines will be regularly reviewed
and updated a5 new information becomes available.

Zika virus is 2 mosquito-borne flavivirus, related to dengne.
It is transmitied to humans through the bite of an infected
mosquito from the eder genus. This mosquito also
transmits dengue, chikungunya and yellow fever viruses
[23].

Zika virus infection is followed by an incubation period
ptiot to the development of clinical symptoms, which
occur in only 2 minotity of infected individuals. '
Asymptomatic infections are common, as described for
other flaviviral infections $uch as dengue and West Nile
fevers. It has been reported that only one in five individuals
infected with Zika virus develops symptoms [4, 13]. The
symptoms of Zika virus infection are similar to those of
other arboviruses such as dengue, and include fever, skin
rashes, conjunciivitis, muscle and joint pain, malaise, and
headache. These symptoms are nsually mild and typically
last for 2—7 days. The incubation period is likely to be 4 few
" days to a week [4, 24], with some publications suggesting
that it may be as long as twelve days [9]. Zika virns RNA
has been detected in blood, urine, and saliva during the
acute phase of the disease, and in seminal fluid after acute
iliness; infectious vinis was detected in semen more than
two, and possibly up to ten weeks, after recovery from
clinical symptoms of Zika virus infection, and probable
cases of sexual transmission have been descrdbed [7, 8, 14,
15].

A link between Zika vitus infection during pregnancy and
mictocephaly in neonates is suspected and cutrently being
investigated for causal association [12, 21]. An association
of Zika virus with Guillain-Barré syndrome (GBS) and

56

other autoimmune neurological complications was
suspected during a 2013-2014 outbreak in French
Polynesia and remains under investigation [6, 16].

During the Zika virus outbreak in French Polynesia
between November 2013 and Febtoary 2014, a total of
1,505 healthy blood donors wete tested by nucleic acid
amplification technology (NAT) -based assays, with 42

(2.8 %) confirmed positive for Zika virus RNA. Blood
donors positive for Zika virus RNA wete contacted [~
tettospectively to investigate the occurrence of “Zika fever-
like syndrome’ (rash and/ot conjunctivitis and/or arthralgia)
after their blood donation. Of the 42 donors that tested
positive, 11 declared that they had a Zika fever-like
syndrome from 3-10 days after they gave blood. No
transmission of Zika virus through transfusion was
documented in this study [3, 13]. However, transmission
of related flaviviruses (dengue and West Nile viruses) by
blood transfusion: has been documented [2, 18, 22,
Recently two probable cases of Zika virus transmission by
blood transfusion have been reported from Campinas,
Brazil [19].

1.2 Target audience

This guidance is intended for use by national health
authorities and blood transfusion services, to provide a
generic basis on which guidelines applicable to their 0w~ -
. T
citcumstances and local context may be developed. -

2. Maintaining safe and adequate blood
supplies in countries with ongoing Zika virus
transmission

2.1 Ensuring blood supply through reinforcing blood
collection in non-affected areas

Blood supply during a Zika virus outbreak should ideally be
mainitained by incteasing blood collections in non-affected
areas. In non-affected areas, consideration may be given to
defet donots who have tecently visited ateas with ongoing
transmission of Zika virus for a period of 28 days after -
their departure from the area (twice the assumed maximum
incubation period [9]). It is crucial that public health
authorities work with the blood transfusion service (BTS)
to establish mechanisms to access regular, up-to-date



epidemiological information on Zika virus transmission in
the countty.

Effective public awareness campaigns on the need for
blood donation, and education and motivation of potential
blood donots are important elements in Jow risk areas,
along with strategies to apptopriately defer donots recently
exposed to Zika virus in an affected area.

2.2 Measures to reduce rlsk to blood supply in areas
with active transmission

Blood collection may need to continue in affected areas
during a Zika virus outbreak in order to ensure ongoing
and timely access to sufficient blood and blood
components. This may be necessary when an outbreak
affects most of or the entire country, or when it is
logistically impossible to source blood from non-affected
regions of the country.

(\.following measures for reducing the tisk of Zika virus
tradsmission through transfusion may be consideted in
areas with active Zika vitus transmission.

a. Temporary donor deferral
The following donors should be deferred for a period not

less than 28 days following the full resolution of symptoms: .

i, donors with confitmed recent Zika virus infection; and

ii. donots with a recent clinical history consistent with
Zika vitus disease, for example 2 combination of fever
ot tash with conjunctivitis, or arthralgia, or headache
ot mzlaise [17].

Sexual partners of men with confirmed or suspected Zika
virus infection in the last three months should be deferred
for 28 days after their last sexual contact.

‘Blood donors must be informed and encouraged to

L -wde post-donation information and asked to report to

/BTS if they subsequently become unwell with signs and
symptoms suggestive of Zika virus infection, or if
diagnosed with Zika virus infection within 14 days after
blood donation. Implicated blood components that have
not been transfused should be tecalled. Tracing of patieats
who have already received blood or blood components
from implicated donations should be performed, and
evidence for transfusion-related transmission collected.

b. Testing of blood donations

Blood donations may be tested for the presence of Zika
virus by appropriate tests.

Viral RNA is the first detectable marker in Zika virus
infection. NAT-based tests are therefore the most
appropriate for donor screening. Howevet, there are
cutrently no commercially available NAT assays for Zika
viras RNA detection designed to screen blood donors.
Sensitive NAT tests designed for diagnostic purposes may
be used for small-scale screening of blood donors after
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respective validation. In-house developed NAT tests may
also be suitable, but should be propetly validated for donor
screening,

Theoretically, viral antigen is another marker potentially
detectable in the viraemic period of incubation and during
asymptomatic infections. However, antigen tests are
generally associated with lower sensitivity when compared
to NAT, and commercial Zika virus antigen tests axe not

yet available. Zika virus antibodies become detectable at the
later stzge of infection and ate not estimated to be
indicative for active infection. A potential problem is the
cross reactivity of antibodies dgainst related flaviviruses (e.g
dengue, yellow fever} in anti-Zika virns assays.

WHO is currently wotking on the provision of
international reference preparations for Zika vimas RNA
and for Zika virus antibodies to be used for comparative
evaluation of both diagnostic and screening assays.

¢. Pathogen reduction of blood components

Pathogen reduction technology (PRT) may be implemented.
PRT is currently available for plasma and platelets, but not
for whole blood or red blood cells. Different PRTs have
been shown to be effective against other flaviviruses (e.g.
West Nile, dengue) [10,11,20] and, in the absence of Zika-
specific information, are presumed as equally effective
against Zika virus,

d. Quarantine of blood components

Blood components of appropriate sheif-life (e.g. red blood
cells) may be quarantined for a period of 714 days, and
subsequently released following confirmation from the
donor that they have not experienced symptoms consistent
with the acute phase of Zika virus infection during the
quarantine period. Despite the majority of Zika virus
infections taking an asymptomatic course, this measure
could prevent at least a proportion of viraemic blood
components from being transfused. As platelets are
characterized by a more restricted shelf-life, a quarantine
period of three days may be considered.

2.3 Selecting an appropriate risk-reduction strategy

The decision to stop donation activities in affected areas or
to proceed with appropriate risk-reduction strategies should
be based on epidemiology and risk assessment. In addition,
a numbet of factors should also be taken into consideration
in decision-making [1].

Donor deferral to reduce the risk of transmission of Zika
virus has low sensitivity and specificity. The sensitivity of
donor deferral procedures is a particular problem due to
the high rate of asymptomatic infection [13]. .

Implementation of additional testing is expensive and is
likely to be difficult for some countries. Development,
validation and implementation of in-house developed RINA
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tests will be challenging, particulatly for countries with
limited BTS laboratory infrastructure or capacity.

Pathogen reduction technology involves additional steps in .

processing which could lead to possible delays in release of
components. Its impact will be very limited when most
transfusions are whole blocd or red cells. The benefit of
this technology should be balanced against both cost and
the overall risk of Zika virus infection in the area.

Quarantine of blood components is sometimes already in
place for other pathogens, such as chikungunya. This
measure could thus be easily adapted to quarantine for Zika
virus infection, A quatantine period of 7-14 days for red
blood cells is proposed, based on the limited scientific data
cutrently available regarding the incubation period of Zika
vitus infection; however; 4 quarantine measute is expected
to be less effective for Zika virns infection due to the
relatively high proportion of asymptomatic infections.

2.4. Potential high-risk blood recipient groups

According to current evidence, Zika virus infection in
pregnant women may be potentially associated to severe
complications for the pregnancy and fetus. Until more is
known and based on precautionary principles, risk-
reduction strategies should be applied to pregnant women
and other groups who may be at higher rdsk of severe
complications following Zika virus infection.

3. Measures for blood transfusion services in
“countries without active Zika virus transmission

In countties without active Zika virus transmission,
consideration may be given to the temiporary deferral of
potential donors who have recently visited areas ot
countties with ongoing Zika virus transmission, fora
period of 28 days (twice the assumed maximum incubation
period) after their departure from the affected area. A
temporary deferral also should be considered for sexual
pattners of men previously infected or potentially exposed
in the previous three months [15].

In some countres the existing donor deferral policy may
already involve tempozary deferral of donors who have

" travelled to countries with mosquito-borne pathogens
associated with a transfusion-transmission risk, such as
dengue virus ot malaria parasites. Thus donors returning
from many countries currently affected by Zika virus
transmission will already be deferted by a pre-existing
temporary donor deferral policy. Countries with many
visitors to affected countties may need to assess the impact
of deferral on blood supply availability and weight the risk-
benefits of implementing this measure. Selective testing of
bloed donors returning from affected countries may be
considered as an alternative to deferral,
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BTS in all countries should monitor epidemiological
information and strengthen haemovigilance to identify any
potential transfusion transmission of Zika virus. It is
recominended that countries with a likelihood of future
Zika virus transmission (e.g, countries with Aeder
mosquitoes) consider developing a preparedness plan to
ensure maintaining safe and adequate blood supplies during
a period of Zika virus transmission.

4. Guidance development

4.1 Acknowledgements

This intetim guidance has been jointly developed by the
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(Argentina, Brazil, Ecuador, Mexico), National Health
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4.2 Guidance development methods

Drafts of this interim guidance wete developed by WHO
and circulated for feedback to external experts with
recognized expertise and interest in the field, including
members of the Blood Regulatory Network (BRIN), Ibero-
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(G-CIAMT) and Ministries of Health/National Blood
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Thete is currently limited available evidence on Zika virus
biology, incubation pedod, viraemic peried of infection,
and causal link with potential severe complications. The
evidence on the effectiveness of measures to ensure blood
safety and supply during Zika virus outbreaks is limited and
recomtnendations are drawn from best practice during
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Zika outbreaks in the Americas and the potential link to microcephaly and Guillain-Barré syndrome: Risk assessment
11 Dec 2015

Following the Zlika virus outbyeak evolving rapidly In the Americas and the South Pacific and the potential association of the virus to
microcephaly, Gulllain-Barré syndrome and other neurological complications being investigated, ECDC assesses the risk of Zika virus

transtnission [n the EY, as well as the risk to EU travellers to the affected countries,
ECBC risk assessment

With the Zika outbreak In the-South Pacific and Amerfcas evolving, the risk of imported travel-related Zlka cases in the EU Is increasing,

while the risk of onward local transmissicn in the EU by the Aedes mosquitods — potential vectors of the virus, remalns extremely low
during the winter season, states the ECDC risk assessment.

Public health authorities in EU/EEA should consider mitigation options. The authoritles In the Member States should enhance their :
vigllance 1o detect Imported Zika ceses In travellars from affected areas, increase the awareness of dinidans and travel health clinice about the ou
well as advise travellers to affected areas to take personal preventive measures against mosquito bites.

threak and the endemic areas ag .

Travellers to affected countries are at risk of getting infected with Zlka virus through mosquito bites. Since nelther treatiment nor vacclines are avallable for Zika, preventlon s based
on personzi protection measures against mosquito bites. These should be taken during the day, as the Aedes mosqultoes, vectors of Zika, bite during daytime.

2ika outbreaks In the Pacific reglon and the Ameticas Ty

Tn 2013 and 2014, Zika virus outbreaks were notifled In several Islands of the Pacific reglon: French Polynesia reported an outbreak with 8 750 suspected cases, the autonomws
transmission further spread to other Islands In the Pacific reglon.

In 2015, avtochthonous cases of Zika virus Infection have been reported In the Pacific region (Samoa and Solomon Islands, New Caledonia,

Fil, Vanuatu) and info the Americas, with
autonomous transmission In Brazil, Cofombla, El Salvador, Guaternala, Mexico, Panama, Paraguay, Vaneruela and Cape Verde.

Possible link of Zika virus infection to microcephaly and other complications - under investigation

Since October 2015 an unusual Increase In microcephaly cases was reparted by the Brazilian Ministry of Health In the north-eastern states of Brazii: 1 248 suspected caseé of
microcephaly In 2015, compared to 150~200 children with microcephaly born per year in Brazil between 2010 and 2014. On 11 Novemnber 2015, the Brazilian Minlstry of Health
declared the event a public health emergency and {s since investigating the possible finks between Zika virus infection in pregnancy and microcephaly.

In parallel, Investigations are ongoing in Brazlf and French Palynesia to estsblish if a link exists between the Zika virus Infection and other neurologlcal syndromes, in particular

Guiliain~Barré syndrome. During the Zika virus outbreak in French Polyaesla, 74 patiants which had had Zika symptoms, [ater developed neurclogical or autoimmune syndromes -
out of them, 42 were diagnosed as Guillain-Barré syndrome. In Brazll, 121 cases of neurological manifestations and Guillaln-Barré syndrome (GBS) were reported, all cases with a
history of Zika-like symptoms.

2":. Rapld risk assessment: Zika virus epidemic In the Americas: potentiai association with microcephaly and Guillain-Bares syndrome, 10 December 2015 - 10 December 2015

More information

Zika virus infection: Epidemiofoglcal updates
Zika: Factsheet for health professionals
Zika: Countries reporting local transmisslon of ¢confirmed Zika virus infections in past nine months

Rapid Risk assessments:Rapid Risk assessments: : i ( )

{Tir Microcephaly In Brazil potentizlly linked to the Zlka virus epldemic, 24 November 2015
g.. Zlka virus infection outbreak, Brazll and the Pacific ragion, 26 May 2015
;_!:f:'; Zlka virus infection outbresk, French Polynesla, 14 February 2015

62



R . RAPID RISK ASSESSMENT
O R N 0 S A e e e

R

e

f.the 2
LRy, ;f:e“l‘%l}‘t“ id

ttributable to-dengtt
R "-‘-fi b ;

g

volution o
theltdi

1K Viri

Wt e

E55:

Suggested cltation: European Centre for Disease Prevention and Control, Rapid risk assessment: Zika virus epidemic in the
Americas: potential association with microcephaly and Guillain-Barfé syndrome — 10 December 2015, Stockholm: ECDC; 2015,

® European Centre for Disease Prevention and Confrol, Stockholm, 2015
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Source and date ‘@ﬁ reguest

ECDC internal decision on 3 December 2015; request from the European Commission on 4 December 2015,

Public bealth issue

This document assesses the risks associated with the evolving Zika virus epidemic in the Americas, and in particular
the possible association between Zika virus infection and congenital microcephaly; the association between Zika
virus infection and Guillain-Barré syndrome; and other severe outcomes possibly linked to the disease. We further
assess the potential risks associated with Zika virus infection for travellers to affected areas.

Previous ECDC rapid risk assessments on Zika virus outbreaks:

. *Zika virus infection outbreak, French Polynesia’, 14 February 2014 {1];
. *Zika virus infection outbreak, Brazil and the Pacific region’, 25 May 2015 [21;
. *Microcephaly in Brazit potentially linked to the Zika virus epidemic’, 24 November 2015 [3].

Detailed information on the epidemiology of the Zika can be found in an ECDC factsheet for health professionals [4].

Consulted experts

ECDC intemal response team in alphabetical order: Kaja Kaasik Aaslav, Sergio Brusin, Denis Coulombier, Niklas

Danielsson, Dragostav Domanovic, Romit Jain, Thomas Mallet, Joana Revez, Bertrand Sudre, Wim Van Bortel and
Hervé Zeller,

Consulted external experts and acknowledgements. The following experts contributed to this risk assessment‘

. WHO Regional Office for Europe, WHO Reglonal Office for America/Pan American Health Orgamzahon and
World Health Organization Regional Office for the Weastern Pacific

° Fernando Bozza, MD, PhD, National Institute of Infectious Disease, Oswaldo Cruz Foundation, ministry of
health, Rio de Janeiro, Brazil

» Vanessa Field, National Trave! Health Network and Centre (NaTHNaC), Public Health England.

Acknowledgements: ECDC acknowledges the valuable contributions of all experts. The experts have submitted
declarations of interest which were reviewed by ECDC and found not to be in conflict with the comments and

suggestions made. The opinions expressed by individual experts do not necessarily represent the opinions of their
institutions,

Diseanse background nformation

LI

==

Zilta virus disease

Zika virus disease is a mosquito-borne viral disease caused by the Zika flavivirus {5]. There are two main lineages of
Zika virus, the African lineage and the Asian lineage [6-8].

The disease symptoms are usually mild and last for 2 to 7 days. Infection may go unrecognised or be misdiagnosed
as dengue, chikungunya or other viral infections giving fever and rash. Asymptomatic infections are common, as

described with flaviviral infections such as dengue and West Nile fever, and only one in four people infected wnth
Zika virus are believed to develop symptoms [9,10].

An association with Guillain-Barré syndrome (GBS) and other autoimmune neurological complications was suspacted
during the 20132014 cutbreak in French Polynesia and remains under‘investigation [11-14]

There is some evidence that mother-to-child transmission can occur, most probably transplacental or during the
delivery of a viraemic mother [15]. On 2 December, the National Institute of Women's Health, Child and Adolescent
Fernandes Figueira, the Oswaldo Cruz Foundation, and the Brazilian Network of Human Milk Banks, released a
statement providing guldance on Zika virus and breastfeeding. The document states that there is lnsuﬁ‘ cient
evidence to madify current breastfeeding practices [16].

Transmission of Zika virus via transfusion of Infected blood or biood products remains a possibility. Three percent
(3%) of asymptomatic blood danors (42/1 505) were found positive for Zika virus by PCR during the Zika virus
outbreak in French Polynesia between November 2013 and February 2014, but there are no documented cases of
infections via transfusion. The presence of a viable virus was detected in semen more than two weeks after

recovery from an illness consistent with Zika virus infection [9,17]. Possible cases of sexual transmission of Zika
virus have been reported [17,18].
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Aedes aegyptiis considered the most important vector for Zika virus transmission to humans, but other Aedes

mosquitoes can also transmit Zika virus, Aedes albopictus has been identified as a potentlal vector of Zika virus
[19,201. ,

More information on Zika virus disease can be found in the previous risk assessment and in the ECDC factsheet for
health professionals [1-4].

Laboratory diagnosis mainly consists of detection of viral RNA genome through polymerase chain reaction (PCR),
virus isolation, or the detection of specific Zika virus IgM or IgG antibodies through serological tests. Mote detailed

information on laboratory diagnosis is provided in the Rapid Risk Assessment dated 25 May 2015 [2] as well as in
the PAHO epidemioiogical alert of 1 December 2015 [21]. '

Event background information

Zilca epidemic evolution

In 2013 and 2014, Zika virus outhreaks wera notified in several islands of the Pacific region:

French Polynesia reported an outbreak with 8 750 suspected cases of Zika virus infection, identified by the
‘syndromic sutveillance sentinel network of French Polynesia. There were 383 confirmed cases, and Zika virus

disease may have been the cause of an estimated 32 000 patients presenting to healthcare facllities between
October 2013 and April 2014 [22)]. .

Further spread to New Caledonia, the Cook Islands and fater to Easter Isiand (Chile) has shown the
propensity of this arbovirus to spread in the Pacific region, outside its usual geographical range in Afiica and
south-east Asia [23]. The virus found on Easter Island was closely refated to the virus identified during the
French-Polynesian outbreak, and cases were reported until June 2014 [24,25],

In 2015, autochthonous cases of Zika virus infection have been reported from Samoa and Solomon Islands (3i0
cases from February to May), New Caledonia (January to early August), Fiji (August), and at least one confirmed
case in Vanuatu [26-28]. In 2015, Zika virus infections have spread to the Americas {251

. Brazil: Zika virus infections have been laboratory confirmed in 18 states in Brazil since February 2015. The

following states and regions are affected: northeast (Bahia, Maranhio, Pernambuco, Rio Grande do Norte,
Paraiba, Alagoas, Ceard and Piaui), north (Amazonas, Paré, Rondania, Roraima and Tocanting), midwest
{(Mato Grosso), southeast (Espirito Santo, Rio de Janeiro and Sio Paulo) and south (Parana), see Figure 1.
The Brazilian National IHR Focal Point also reports that cases of rash illness without tahoratory confirmation
have been notified in the state of Sergipe, The samples were negative for dengue and chikungunya.
Investigations in Sergipe by the Field Epidemiology Training Program (EpiSUS/FETP-Brazil) are ongoing. In
May 2015, autochthonous transmission of Zika virus was confirmed in the states of Bahia and Rio Grande do
Norte [29). The surveillance model for Zika virus in Brazil is based on a sentinel network. Laboratory
conflrmation is done by RT-PCR in order to confirm autochthonous circulation as there are no standardised

specific serological tests for Zika virus IgM or IgG antibodies available (cross-reaction with other flaviviruses
especially with dengue fever).

In a study conducted by the Salvador Health Authorities, twelve health districts in Salvador City — the third-
largest city in Brazil — reported 14 835 cases of exanthematous illness between 15 February and 25 June
2015, with a peak incidence in May and an overall attack rate of 5.5 cases/10 000 inhabitants {301, The
authors suggest that the outbreak was caused by Zika virus because the number of confirmed dengue cases
did not vary substantially during the period; only 58 cases were diagnosed as chikungunya, and confirmed
Zika virus infections occurred at the same time in other cities within metropolitan Salvador [30-32].

A phylogenetic analysis of serum samples from patients hospitalised in March at Santa Helena Hospital in
Camagari, Bahla, showed that the Identified Zika virus sequences belonged to the Asian lineage and were

99% identical with one partial Zika virus envelope gene region from a Zika virus Isofate from French
Polynesia (KJ776791) [32].

According to preliminary estirates from the Brazilian rministry of health, between 440 000 to 1 300 000 cases
of Zika virus infections may have occurred in 2015 in Brazilian states with laboratory-confirmed
autochthonous cases of Zika virus [33]. As of 4 December 2015, the Brazilian ministry of health reported

9 300 suspected cases of chikungunya and approximately half a million probable cases of dengue to PAHO
[34;35]. -
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Figure 1. States with [aboratory-confirmed cases Zika virus disease, Brazil, 2015, as of 23 November
2015

[55d Yes
(T2 No

Ministrative boundaries: ©EuroGeographics, ©UN-FAD
of MoH Brazil {VS/MS — Last Update: 23 Nov 2015)
Colombia: In September, the state of Bolfvar reported nine confirmed autochthonous cases of Zika virus

disease. As of week 47, Colombia has reported 578 confirmed and 3 700 suspected cases, from 26 of
Colombia’s 36 tertitorial entities [36],

El Salvador: On 24 November, the IHR National Focal Point of El Salvador notified three confirmed

autochthonous cases of Zika virus infection. On 3 December, the media reported 240 cases across the
country {37].

Guatemala: On 1 December, the media, quoting authorities, reported 17 suspected cases of Zika virus
infection, 14 of which were among hospital employees. Blood samples were collected and sent to the US
CDC for analysis [38]. So far, one of the samples has been reported as positive,

Mexico: On 26 November, the Mexican ministry of health acknowledged three Zika virus cases, including

two autochthonous cases reported from Nuevo Leén and Chiapas. The imported case had a recent travel
history in Colombia [39].

Panama: On 3 December, the local health authorities reported three autochthonous cases among residents
of the district of Ailigandi, in the north-eastern province of Guna Yala. [40].

Paraguay: On 27 November, Paraguay reported the confirmation of six Zika virus cases in the city of Pedro
Juan Caballero, which borders Brazil, after an increase in the number of notified fever cases [41].

Venezuela: On 27 November, the Venezuelan IHR National Focal Point notified seven Zika virus cases
(autochthonous transmission is suspected), four of which were confirmed by RT-PCR [42].

On 3 November 2015, the Cape Verdean ministry of health reported that 17 out of 64 blood samples sent
for confirmation to Pasteur Institute in Dakar were positive for Zika virus. According to the ministry, - -
approximately 1 000 suspected cases with symptoms consistent with Zika virus infection were recorded as of
1 November 2015 [43].The overall distribution is reported in Figure 2 below (as of 4 December),
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Figure 2. Countries with reported confirmed autochthonous casés of Zika virus infection in 2015, as of
4 December
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Undate on microcephaly and certral nervous system
malformations increase in Brazil

In Qctober 2015, following reports of an unusual increase of cases of microcephaly among newborns in the state of

Pernambuco, an analysis of data from the Brazifian live birth information system (SINASC) identified a significant
increase in the number of microcephaly cases compared with previous years [44].

Possible links betweenZika virus infection in pregnancy and microcephaly of the foetus have been under
investigation since October 2015 when the Brazilian ministry of health reported an unusual increase in cases of
microcephaly in the north-eastern states of Brazil [21]. On 11 November 2015, the Brazifian ministry of health

declared a public health emergency in response to the dramatic increase aver the expected incidence of
microcephaly In Pernambuco state [45]. '

On average, between 150 and 200 children per year were born with microcephaly in Brazi! between 2010 and 2014
(Figure 3 and Table 1). In 2015, as of 28 November, 1 248 suspected cases of microcephaly have been identified in
311 municipalities across 14 of the 26 states and one federal district of Brazil, of which 509 cases were reported
between 21 and 28 November 2015 [46]. Pernambuco state has reported the highest number of cases (646),
followed by the states of Paraiba (248), Rio Grande do Norte (79), Sergipe (77), Alagoas (59), Bahia (37), Piauf
(36), Ceara (25), Rio de Janeiro (13), Maranh#io (12}, Tocantins (12), Goids (2), Distrito Federat (1) and Mato

Grosso do Sul (1) (see Figure 4) [47,48]. This is a significant increase compared to previous years (see Table
1) [46].

Brazilian health authorities have established an emergency operations centre for public health (COES, Centro de
OperagBes de Emergéncias em Salde Pdblica) and deployed rapid response teams to the affected states to suppork
the investigations, provide guidance on the notification and survelllance processes, establish prenatal monitoring,
and issue recommendations on prevention and control measures. The ministry of heatth of Brazil emphasises the
importance of recommendations for pregnant wormen to avoid the consumption of alcohol; drugs, medications
without prescription, and contact with people presenting with fever or infection. In addition, specific
recommendations were issued relating to protection from mosquito bites, such as keeping doors and windows
closed or screened, wearing trousers and long-sleeved shirts, and using repellents authorised during pregnancy.,
Clinical, laboratory and ultrasound analyses of pregnant women, mothers and newborns are being carried out,

PAHO/WHO published an epidemiological alert on the increase of microcephaly in the riortheast of Brazil asking

Member States to report similar events though the channels established under the International Health Regulations

(IHR) [49]. On 1 December, PAHO/WHO issued an updated alert on neurological syndromes, congenital
malformations, and Zika virus infection [49].
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Figure 3. Notified cases of microcephaly In Brazil from 2010 to 2015, with 14 states under
investigation, as of 28 November 2015
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400 -
200 -
0 pormen By o B | P b
2010 2011 2012 2013 2014 2015
. Year reporting
Baseline of notification of microcephaly for Brazl: 2010 (n=153), 2011 (n=135), 2012 (n=175), 2013 (n=167) and 2014 (n=147), (j
Adapted from [98]

Parafba 47 998 4.2 0.09 248 547 57

Ri Grande'do Norte 47 698 1.8 0.04 79 1.66 42
Sergipe - 34 477 1.6 0.05 77 2.23 45
Alagoas o 44 331 34 0.08 59 1.33 17
Bahia 211 660 10.6 0.05 37 0417 3
Piauf 48989 3 0.06 36 0.73 12
Ceard 128 112 6.6 0.05 25 0.2 4

Rio de Jangiro, 219 876 124 0.06 13 0.06 1)
Tocantins 24 586 1.2 0.05 12 0.49 0
Maranhgo 119069 3 0.03 12 0.1 3
Goids 90 559 3 0.03 2 0.02 0.7
Distritd Federal 43 935 26 006, 1 0.02 0.3
Mato Grosso do Sul 41421 0.8 0.02 1 0.02 1
Total " 1243975 62.8 0.05 1248 1 20
Adapted from [48]

* The denominator used for this calculztion js the average number of live births per year (2009-201 3)
Data source: g) [50], b) (48]
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Figure 4. Reported cases of microcephaly in Brazilian states under investigation in 2015, as of 28
November
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On 17 November, the Brazilian ministry of health reported the presence of Zika virus RNA in amniotic fluid samples
collected from two pregnant women with foetal microcephaly from the state of Paraiba. This finding was confirmed
by RT-PCR, at the Flavivirus laboratory of the QOswaldo Cruz Institute [51]. The two mothers had symptoms
compatible with Zika virus disease at gestation weeks 18 and 19. Foetal Zika virus infection was confirmed through
detection of Zika virus genome by RT-PCR in amnictic fluid from the two children born with microcephaly.
Ultrasonography done at gestation week 20 revealed calcifications in the foetuses’ brains, and a repeat scan at
gestation week 28 confirmed the diagnosis of microcephaly. Urine and serum samples from the mothers were
negative for Zika virus genome detection at gestation week 28 but amniocenteses were positive, with a viral ioad 10
000 times higher than what is normally found in blood from adults with acute infection and exanthema.

On 28 November 2015, the Brazilian ministry of health reported the presence of Zika virus genome in the blood and
tissue samples of a baby from the state of Para with microcephaly. The newborn presented with microcephaly and

other congenital anomalies and died within five minutes of being born. The confirmation of the presence of the viral

genome was provided by the Evandro Chagas Institute, the national reference laboratoty for arboviruses in Belém,
Para [21]. .

On 24 November 2015, the health authorities of French Polynesia reported an unusual increase of at least 17 cases
of central nervous system malformations in foetuses and infants during 2014-2015, coinciding with the Zika .
outbreaks in the French Polynesian islands, Investigations are stili ongoing, Based on the temporal correlation of
these cases with the Zika epidemic, the health authorities of French Polynesia hypothesise that Zika virus infection

may be associated with these abnormalities if mothers are infected during the first or second trimester of
pregnancy [3).

Update on Guillain-Barré syndrome

During the Zika virus outbreak in French Polynesia with 8 750 suspected cases, 74 patients pr‘eséﬁted with:
neurological syndromes or autoimmune syndromes following an illness with symptoms compatible with Zika virus
infection in previous days. Of these, 42 were diagnosed as Guillait-Barré syndrome, 37 of which had presented with

a previous viral syndrome [3,22]. Investigations are still ongoing in Brazil and French Polynesia to establish if Zika
virus infection increases the risk of developing Guillain-Barré syndrome.

In Brazil, 121 cases of neurological manifestations and Guillain-Barré syndrome (GBS) were notified. All 121 cases

had a history of rash illness and had been notified in north-eastern states between January and July 2015 [52].

Investigations are ongoing to assess a possible association between Zika virus infection and neurological
manifestations and GBS [25]. :

According to the PAHO/WHO alert on 1 December 2015, 76 patients with neurclogical syndrome had been identified
up to 13 July, the majority in the state of Bahla: 42 cases were classified as GBS, five were diagnosed as other

neurological conditions, and 29 were either discarded or remain under investigation. Among patients with GBS, 629
(26/42) had symptoms consistent with a Zika virus infection preceding the onset of the neurological symptoms [21].
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According to news reports guoting the Brazilian ministry of heafth on 1 December, 28 cases of GBS reported in
Sergipe State were potentially linked to dengue or Zika infection [53)]. According to media reports, seven cases of
Guiltain—-Barré syndrome (GBS) repoiied from Pernambuco State last week were linked to Zika virus infection [54].

Fatalities p@t@ﬂiﬁﬁ&ﬁﬁv linked to Zika virus infectien

On 30 November 2015, the COES (Centro de OperacBes de Emergéncias em Satide Pliblica sobre microcefalias)
reported three deaths attributed to Zika virus infection;

. A newborn with congenital anomalies (micracephaly, fetal anasarca and polyhydramnios) who died within the

first five minutes of life was tested positive for Zika virus genome in Ceara State the 18 of November.
Analysed samples were blood and tissue samples.

. An adult male with co-morbidities and immunosuppressive treatment. Zika virus RNA was identified in blood,
brain, liver, spleen and viscera pool {kidnay, lung and heart). RT-PCR for dengue genome detection was

negative. Results of the other tests performed are not reported (chikungunya, West Nlle fever, Saint Louis
encephalitis, and yellow fever).

. A 16-year-old female from the city of Benevides (state of Para) with onset of symptoms on 29 September
2015 (headache, nausea and petechiae) and notification on 6 October 2015. The patient was initiatly thought
to have dengue fever, however further laboratory testing confirmed Zika virus infection by RT-PCR on a

blood sample collected seven days after onset of symptoms. Further laboratory tests are ongoing (dengue
fever and chikungunya infection).

Seven deaths were reported with a potential link to Zika virus infection and are now being investigated by the
Brazilian ministry of health in Rio Grande do Norte (n=5), Ceara (n=1) and Piaui (n=1) [47].

ECHC threst essment for the EY

itisk of il virus importation and transmission in the
cotitinental BU

Few travel-associated cases of Zika virus infections have been reported in the EU. Infections followed exposure in

Asia or in French Polynesia [55-58]. With the spread of the Zika virus epidemic in the Americas, the likelihood of
travel-related cases of Zika virus infection in the EU is increasing.

The Aedes albopictus mosquito species is established in many parts of the EU, primarily around the Mediterranean
[59]. Onward transmission from imported cases within the continental EU is possible because Aedes albopictusis
probably a competent vecior for the transmission of Zika virus, even though this has not been confirmed for
European mosquito populations [19,201. The risk for transmission of Zika virus infections is extremely low in the EU
during winter season as the climatic conditions are not suitable for the activity of potential vectors.

Risk of Zila virus imgortation and transmission for EU
Overseas Countries and Territories and Outerntost Regions

The probability of introduction of the virus from Zika virus-affected countries to EU Overseas Countries and
Territories and EU Outermost Regions, especially in South America and in the Caribbean, has increased since the
rapid risk assessment published on 25 May 2014 [2] as the epidemic is currently spreading in South America.
Considering the presence of Aedes aegyptiand Aedes albopictus - two competent vector species in these Overseas
Countries, Territories and Outermost Regions — the establishment of local transmission is possible once the virus is
introduced. This risk also includes Madeira because of its close relationship and intense trade and travel with Brazil
and Cape Verde, whete Zika virus is currently circulating, and the presence of competent vectors (Aedes aegypt)).
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Risk of Zika virus infection for travellers to affected regions
Travellers to countries where Zika virus is circulating are at risk of developing the disease through mosquito bites,

As neither treatment nor vaccines are available, prevention is based on personal protection measures similar to the

ones against dengue and chikungunya. Aedes mosquitoes bite during the day as well as in the late afternoon and
sarly evening. '

Rislc of Zilca virus infection associated with blood donations

According to Musso et al,, 42 of 1 505 (3%) blood donors in French Polynesia, although asymptomatic at the time
of blood donation, were found positive for Zika virus genome by PCR, supporting a potential risk of transfusion-
derived transmission [9]. Transfusion-transmitted Zka virus infection has not been reported. However, transmission
is possible through blood donated by viraemic, symptomatic residents or travellers returning from affected areas

[9,60,61]. Therefore, EU blood authorities may consider a temporary deferral from blood donation of persons with a
travel history to affected areas (14 days as used for dengue).

Blood safety strategy in affected areas entails the deferral of donors with a diagnosis of Zika infection for 28 days
from cessation of disease symptoms, pathogen inactivation of platelets and fresh frozen plasma, and enhanced
post-donation reporting from donors who develop symptoms compatible with Zika fever [62].

In areas endemic for Aedles species, a preparedness plan to respond to future outbreaks of Zika virus infection
should consider to include emergency plans to sustain biood supply.

Potential association bebween Zika virus infea:&ﬁ@m and severe
gutcomas '

Epidemiological data available as of November 2015 indicate, on average, a twenty-fold increase (range 0-77) in

the incidence of microcephaly among newborns in the fourteen Brazilian states with Zika virus circulation that
investigate microcephaly.

Initial reports of increased numbers of newborns with a low head circumference detected in the Brazilian live hirth
information system were a strong alert signal.

The case definition of microcephaly used so far stated a head circumference at birth of 33 centimetres or below
(newborns after 37-43 weeks of gestation), However, the use of a single head circumference cut-off point for male
and female newborns is not a very effective tool to assess the extent of microcephaly and establish a possible link
with central nervous malformations in newborns. Investigations and follow-ups of newborns with a low head
circumference will allow a more precise quantification of the malformations.

According to a protocol published on 8 December 2015, the Brazillan authorities are implementing a new case
definition for microcephaly based on a head circumference for newboms of 32 centimetres or below. The new
protocol will result in a decrease in the number of newborns suspected of microcephaly, Previously reported cases

of microcephaly with head circumferences of up to 33 centimetres will remain under surveillance and may be
reclassified [331.

Zika virus genome has been detected in the blood and tissue samples of a baby from the state of Para. The
newborn presented with microcephaly and other congenital anomalies and died. In addition, foetal Zika virus »
infection has been confirmed through detection of Zika virus genome by RT-PCR in the amniotic fluid of two children
born with microcephaly. These observations support the conclusion of the rapid risk assessment of 24 November

that a causal association between microcephaly in newborns and Zika virus infection during pregnancy is plausible
[3). However, more evidence is heeded to confirm this association.

On 1 December, the PAHO/WHO issued an epidemiological alert noting that according to the preliminary analysis of
the investigation conducted by the Brazil health authorities, the risk of microcephaly or congenital anomalies in

newborns that is possibly associated with Zika virus infection is likely to be greatest in the first trimester of
pregnancy.

In addition, investigations are still ongoing regarding a possible association between Zika virus infection and

Guillain-Barré syndrome (GBS) in Brazil and French Polynesia. As of 1 December 2015, three additional fatal cases
of Zika virus disease have been reported by Brazil.

In conclusion, there is limited but increasing knowledge about Zika virus infection in humans [63,64]. The disease
symptoms are usually mild and last for 2 to 7 days. However, important uncertainties remain about disease
complications, genetic susceptibifity and tevels of risk for pregnant women, newborns or patients presenting with
specific co-morbidities. The spread of Zika virus infections to South, Central and North America constitutes a
significant development in the epidemiology of this emerging vector-borne disease.
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Conclusions and options for mitigation

The Zika virus outbreak in the Americas and the South Pacific is evolving rapidly, and its spread is likely to continue
as the vector species Aedes aegypt/and Aedes alboplctus are widely distributed there. While a significant increase in
the number of newborns presenting with a low head drcumference seems established in the north-eastern states of

Brazil, the magnitude of the increase cannot be precisely estimated. Similarly, a link with Zika virus infection cannot
be conf‘rmed until the ongoing investigations are completed,

In the light of the current disease trend ~ and the possible association with severe complications ~ public health
authorities in EU/EEA Member States should consider the following mitigation options:

. Enhance vigilance towards the detection of imported cases of Zika virus infection in EU Member States,
EU Overseas Countries and Territories, and EU Outermost Regions, in particular where vectors or potential
vectors are present, in order to reduce the risk of autochthonhous transmission.

. Strengthen laboratory capacity to confirm suspected Zika virus infections in the European region in order to
differentiate Zika virus infections from other arboviral infections (e.g. dengue, chikungunya).

) Blood safety authorities should consider the deferral of donors with a relevant travel history to areas with
active Zika virus transmission, in line with measures defined for dengue virus,

. Increase awareness of clinicians and travel heaith clinics about the evolution of the Zika virus outbreak and

the endemic areas so that they'can include Zika virus infection in their differential diagnosis for travellers
from those areas. Fever andfor macular or papular rash not attributable to dengue or chikungunya infection
among fravellers returning from areas currently experiencing a Zika virus outbreak should be considered
indications for further investigation of Zika virus infection.

. Advise residents and travellers visiting affected areas, particularly pregnant women, to take individual
protective measures to prevent mosquito bites all day round as Zika virus disease, chikungunya and dengue
are fransmitted by a daytime-biting moseuito. Consequently, protective measures should be taken, especially
during the day.

o Ensure that Zika virus-infected patients in areas with Aedes mosquitoes avoid getting bitten during the first
week of illness (mosquito net, screened doors and windows as recommended by WHO/PAHO).

. Increase awareness among health professionals who provide prenatal care of the possible association of Zika
virus and microcephaly and adapt prenatal monitoring in accordance with the level of exposure to the vector.

Information for travellers to areas with cw@maﬁza@a’a of Zilkka
virus diccase

. Travellers visiting countries where Zika virus is circulating should be made aware of the ongoing outbreak of
Zika virus infection.

. Travellers visiting these countries should usa personal preventive measures based on protection against
mosquito bites. As Aedes mosquitoes bite during the day, both indoors and outdoors, personal protection

measures should be applied all day long, especially during the hours of highest mosquito activity (mid-
morning, late afternoon to dusk).

. Personal protection measures to avoid mosquito bites should indude the following:

- Using mosquito repellents in accordance with the instructions Indicated on the product label, DEET*-
based repelient use is not recommended in children under three months of age but can be used in
concentrations up to 50% in pregnant women,

- Wearing long-sleeved shirts and long pants, especially during the hours of highest mosquito activity.

- Using insecticide-treated mosquito nets is essential if accommaodations are not adequately screened or
air conditioned.

. Travellers that are pregnant, have immune disorders or severe chronic illnesses, or are accompanied by
young children should consult their doctor or seek advice from a travel clinic before traveliing in order fo
receive recommendations on the use of repellents and other preventive measures.

. Travellers showing symptoms compatible with dengue, chikungunya or Zika virus disease within three weeks
after returning from an affected area should contact their healthcare provider,

s Pregnant women who have travelled to areas with Zika virus transmission should mentlon their travel during
antenatal visits in order to be assessed and monitored appropriately.

* DEET: N,N-Dlethyl-meta-toluamnide or diethyitoluamide, a common active ingredlént in insect repellents.
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Evidence of Zika Virus Infection in Brain and
- Placental Tissues from Two Congenitally Infected
Newborns and Two Fetal Losses — Brazil, 2015

Roosecelis Brasil Martines, MD, PhD'; Julu Bhatnagar, PhD;

M. Kelly Keating, DVM!; Luciana Silva-Flannery, PhDY; Asis
Muehlenbachs, MD, PhDY; Joy Gary, DVM, PhD; Cynthia Goldsmith,
MSY; Gillian Hale, MDY; Jana Ricter, DVMY; Deminigue Rollin, MD!;

Whin-Tu Shieh, MDD, PhDY; Kleber G. Luz, MD, PhD? Ana Maria
de Oliveira Ramos, MD, PhD3; Helaine Pompeia Freire Davi, MD,
PhD%; Wanderson Kleber de Oliveria, MDS; Robert Lanciom, PhDS;
Amy Lambert, PhDS; Sherif Zaki, MD, PhD!
On February 10, 2016, this report was posted as an MMWR
Early Release on the MMWR website (http:/fwww.cde.govimmuwr).
Q Zika virus is a mosquito-borne flavivirus that is related
to dengue virus and transmitted primarily by Aedes zegypti
mosquitoes, with humans acting as the principal amplifying
host during outbreaks. Zika virus was first reported in Brazil
in May 2015 (). By February 9, 2016, local transmission of
infection had been reported in 26 countries or territories in
the Americas.* Infection is usually asymptomatic, and, when
symptoms are present, typically results in mild and selflimired
illness with symptoms including fever, rash, arthralgia, and
conjunctivitis,. However, 2 surge in the number of children
born with microcephaly was noted in regions of Brazil with
2 high prevalence of suspected Zika virus disease cases, More
than 4,700 suspected cases of microcephaly were reported
from mid-2015 through January 2016, although additional
investigations might eventually resultin a revised lower number
{2). In response, the Brazil Ministry of Healthi established a
task force to further investigate possible connections between
the virus and brain anomalies in infants (3).

Since November 2015, CDC has been developing assays
Jfor Zika virus testing in formalin-fixed, paraffin-embedded
(FFPE) tissue samples. In December 2015, FFPE tissues

samples from two newborns (born at 36 and 38 weeks gesta-
tion) with microcephaly who died within 20 hours of birth
and rwo miscarriages (fetal losses ar 11 and 13 weeks) were
submitted to CDC, from the state of Rio Grande do Norte in
Brazil, for histopathologic evaluation and laborarory testing for
suspected Zika virus infection. All four mothers had clinical
signs of Zika virus infection, including fever and rash, dur-
ing the first trimester of pregnancy, but did not have clinical
signs of active infection at the time of delivery or miscarriage.
The mothers were not tested for antibodies to Zika virus.
Samples included brain and other autopsy tissues from the two

*Updated information about local transmission of Zika virus is available online
(huep:/fwwwe.cde.govizika/gen/index. hml),
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newborns, a placenta from one of the newborns, and products
of conception from the two miscarriages.

FEPE tissues were tested by Zika virus revesse transcription-
polymerase chain reaction (RT-PCR) targeting the nonstruc-
tural protein 5 and envelope genes using general methods for
RT-PCR (4), and by immunchistochemistry using a mouse
polyclonal anti-Zika virus antibody, using methods previously
described (5). Specific specimens from all four cases were
positive by RT-PCR, and sequence analysis provided further
evidence of Zika virus infection, revealing highest identities
with Zika virus strains isolated from Brazil during 2015. In the
newborns, only brain tissue was positive by RT.PCR assays.
Specimens from two of the four cases were positive by immu-
nohistochemistry: viral antigen was noted in mononuclear cells
{presumed to be glial cells and neurons within the brain) of
one newborn, and within the chorionic villi from one of the
miscarriages. Testing for dengue virus was negative by RT-PCR
in specimens from all cases.

For both newborns, significant histopathologic changes were
limited to the brain, and included parenchymal calcification,
microglial nodules, gliosis, and cell degeneration and necrosis.
Other autopsy tissues and placenta had no significant find-
ings. Tests for toxoplasmosis, rubella, cytomegalovirus, herpes
simplex, and HIV were negative in the two mothers who
experienced miscarriages. Placental tissue from one riscar-
riage showed heterogeneous chofionic villi with calcification,
fibrosis, perivillous fibrin deposition, and patchy intervillositis
and focal villitis, while tissue from the other miscarriage had
sparsely sampled normal-appearing chorionic villi.

This report describes evidence of a link between Zika virus
‘infection and microcephaly and fetal demise through detection
of viral RNA and antigens in brain tissues from infants with
microcephaly and placental tissues from early miscarriages.
Histopathologic findings indicate the presence of Zika virug
in fetal tissues. These findings also suggest brain and carly
gestational placental tissue might be the preferred tissues
for postmortem viral diagnosis. Nonfrozen, formalin-fixed
specimens or FFPE blocks ate the preferred sample type for
histopathologic evaluation and immunchistochemistry, and
RT-PCR can be petforined on cither fresh frozen or formalin-
fixed specimens. To better understand the pathogenesis of Zika
virus infection and associated congenital anomalies and fetal
death, it is necessary to evaluate autopsy and placental tissues
from additional cases, and to determine the effect of gestational
age during maternal illness on feral outcomes,

MMWR / February 19,2016 / Vol.65 / No.§ 159
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Zika Virus Spreads to New Areas — Region of the Americas,
May 2015-January 2016

Morgan Hennessey; DVM!; Mare Fischer, MD'; J. Exin Staples, MD, PhD!

On January 22, this report was posted as an MMWR Early )

Release on the MMWR website (http:/fwww.cde. govimmur).

Zika virus is a mosquito-borne flavivirus that was first identi-
fied in Uganda in 1947 (J). Before 2007, only sporadic human
disease cases were reported from countries in Africa and Asia.
In 2007, the first documented outbreak of Zika virus disease
was reported in Yap State, Federated States of Micronesia;
73% of the population aged 23 years is estimated to have been
infected (2). Subsequent outbreaks occurred in Southeast Asia
and the Western Pacific (3). In May 2015, the World Health
Organization reported the first local transmission of Zika virus
in the Region of the Americas (Americas}, with autochthonous
cases identified in Brazil (4). In December, the Ministry of
Health estimated that 440,000-1,300,000 suspected cases
of Zika virus disease had occurred in Brazil in 2015 (5). By
January 20, 2016, locally-transmitted cases had been reported
to the Pan American Health Organization from Puerto Rico
and 19 other countries or tertitories in the Americas™ (Figure)
(6). Further spread to other countries in the region is being
monitored closely.

Although local transmission of Zika virus has not been docu-
mented in the continental United States, Zika virus infections-

have been reported in returning travelers (7). In light of the
recent outbreaks in the Americas, the number of Zika virus
disease cases among travelers visiting o returning to the United
States is likely to increase. These imported cases might result
in local human-to-mosquito-to-human spread of the virus in
limited areas of the continental United States that have the
appropriate mosquito vectors.

Zika virus is transmitced primarily by Aedes aegypti mosqui-
toes (1,7). Aedes albopictus mosquitoes also might transmit the
virus. Aedes aegypti and Ae. albopictus mosquitoes are found
throughout much of the Americas, including parts of the
United States, and also transmit dengue and chikungunya
vituses. In addition to mosquito-to-human transmission, Zika
vitus infections have been documented through intrauterine
transmission resulting in congenital infection, intrapartum
transmission from a viremic mother to her newborn, sexual
trahsmission, blood transfusion, and laboratory exposure (5).
There is a theoretical concern that transmission could occur

* Barbados, Bolivia, Brazll, Colombia, Ecuador, ! Salvader, French Guiana,
Guadeloupe, Guatemala, Guyana, Haiti, Honduras, Martinique, Mexiceo,
Panama, Parzguay, Puerto Rico, Saint Martin, Suriname, and Venezuela.

US Department of Health and Human Services/Centers for Disease Control and Prevention
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through organ or tissue transplantation, and although Zika
virus RNA has been detected in breast milk, transmission
through breastfeeding has not been documented (5).
During outbreaks, humans are the primary amplifying host
for Zika virus. An estimated 80% of persons who are infected
with Zika virus are asymptomatic (2). Symptomatic disease
generally is mild and characterized by acute onset of fever,
maculopapular rash, archralgia, or nonpurulent conjunctivitis.

Symptoms usually last from several days to 1 week. Based on (*)
information from previous outbreaks, severe discase requiring' -

hospitalization is uncommon, and fatalities are rare. During the
current outbreak in Brazil, Zika virus RINA has been identified
in tissues from several infants with microcephaly and from
fetal losses in women who were infected during pregnancy
(5,7.8). The Brazil Ministry of Health has reported a marked
increase in the number of infants born with microcephaly in
2015, although it is not known how many of these cases are

* associated .with Zika virus infection (8). Guillain-Barré syn-

drome also has been reported in patients following suspected
Zika virus infection (5). Studies are under way to evaluate
the risks for Zika virus transmission during pregnancy, the
spectrum of outcomes associated with congenital infection,
and the possible association berween Zika virus infection and
Guillain-Bazré syndrome.

Zika virus infection should be considered in patients with
acute onset of fever, maculopapular rash, arthralgia, or con-
junctivitis, who traveled to areas with ongoing transmission

in the 2 weeks preceding illness onset. Because dengue a.n<— R
chikungunya virus infections share a similar geographic distri=-

bution with Zika virus and symptoms of infection ate similar,
patients with suspected Zika virus infections also should be
evaluated and managed for possible dengue or chikungunya
virus infection (9,10). Other considerations in the differen-
tial diagnosis include malaria, rubella, measles, parvovirus,
adenovirus, enterovirus, leptospirosis, rickettsia, and group A
streptococeal infections.

There is no commercially available test for Zika virus. Zika
virus testing is performed in the United States at CDC and
four state health department laboratories, and CDC is work-
ing to expand laboratory diagnostic testing to additional
states. Health care providers should contact their state or
local health department to facilitate testing. To evaluate for
evidence of Zika virus infection, reverse transcription—poly-
merase chain reaction (RT-PCR} testing should be performed

MMWR / January 29, 2016 / Vol.65 / No.3 55
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FIGURE, Countries and territories with documented lacal transmission of Zika virus infection reported to the Pan American Health Organization —

Region of the Americas, 2015-2016
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on serum specimens collected within the first week of illness
'(11). Immunoglobulin M and neutralizing antibody testing
should be petformed on specimens collected 24 days after
onset of iliness; however, these serologic assays can be positive
because of cross-reacting antibodies against related flaviviruses
(e.g., dengue and yellow fever viruses). Virus-specific cross-
neutralization testing can be used to discriminate between
cross-reacting antibodies in primary flavivirus infections,
although neutralizing antibodies might still yield cross-reactive

56 MMWR / January 29, 2016 / Vol.65 / No.3
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results in persons who were previously infected or vaccinated
against a related flavivirus (i.¢., secondary flavivirus infection).

No specific antiviral treatment is available for Zika virus
disease. Treatment is generally supportive and can include
rest, fluids, and use of analgesics and antipyretics. Aspirin and
other nonsteroidal anti-inflammatory drugs (INSAIDs) should
be avoided until dengue can be ruled out to reduce thie risk
of hemorthage. Febrile pregnant women should be treated
with acetaminophen. Persons infected with Zika, dengue, or

US Department of Health and Human Services/Centers for Disease Control and Prevention
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chikungunya virus should be protected from further mosquito
exposute during the first few days of illness to reduce the risk
for local transmission,

No vaccine to prevent Zika virus infection is available. The
best way to prevent Zika virus infection is to avoid mosquito
bites by using air conditioning or window and door screens
when indoors, wearing long sleeves and pants, using perme-
thrin-treated clothing and gear, and using insect repellents when
outdoors. Most Environmental Protection Agency (EPA)-
registered repellents, including N,N-diethyl-m-toluamide
(DEET), can be used on children aged >2 months (£2). When
used according to the product label, EPA-registered insect
repellents also are safe for pregnant and lactating women. All
travelers should take steps to avoid mosquito bites to prevent
Zika virus infection and other mosquito-borne diseases.

Until more is known, and out of an abundance of caution,
pregnant women should consider postponing travel to any area
where Zika virus transmission is ongoing.! Pregnant women
who do travel to one of these areas should talk to their health
care provider before traveling and stricely follow steps to avoid
mosquito bites during travel. Pregnant women who develop
a clinically compatible illness during or within 2 weeks of
returning from an area with Zika virus transmission should
be tested for Zika virus infection (13). Fetuses and infants of
women infected with Zika virus during pregnancy should be

.evaluated for possible congenital infection,

Health care providers are encouraged to report suspected
Zika virus disease casesS to their state ot local health depare-
ments to facilitate diagnosis and mitigate the risk for local
transmission in areas where Aedes species mosquitoes are cur-
rently active, State health departments are requested to report
laboratory-confirmed cases to CDC. CDC is working with
the Council of State and Territorial Epidemiologists and other
partners to develop a surveillance case definition, to provide
further guidance and mechanisms for evaluating and reporting
cases, and to track the outcomes of pregnant women infected
with Zika virus and their babies.

1 CDC. Traveler's health notices. hup:/fwwwne.cde.govitravel/notices/.,

$The interim case definition for suspected Zika virus disease is an illness
characterized by acute onset of two or more of the following: fever, maculopapular
rash, arthralgia, or nonpurulent conjunctivitis not explained by other medical
conditions, in a person who resides in or has visited an area with ongoing Zika
virus wransmission within 2 weeks before the onset of symptoms.

IDivision of Vector-Borne Diseases, National Center for Emerging and Zoonotic
Infectious Diseases, COC.

Corresponding author: Marc Fischer, mfischer@cde.gov, 970-221-6400.

US Department of Health and Human Services/Centers for Disease Contral and Prevention
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Interim Guidelines for Prevention of Sexual Transmission of
Zika Virus — United States, 2016

g

Weekly/ February. 12, 2016/ 65(5);120~-121

On February 5, 2016, this report was posted as anMMWR Early Release on the MMWR website
(httprwww.cde.gov/mmwr (http://www.cdc.gov/mmwr) ).

Alexandra M. Oster, MD%; John T. Brooks, MDY; Jo Ellen Stryker, PhD?; Rachel E. Kachur, MPH;
Paul Mead, MD?; Nicki T. Pesik, MD*; Lyle R. Petersen, MD? (View author affiliations) O

View suggested citation

Zika virus is a mosquito-borne flavivirus primarily transmitted by Aedes aegyptimosquitoes
(2,2, Infection with Zika virus is asymptomatic in an estimated 80% of cases (2,3), and when Zika
virus does cause illness, symptoms are generally mild and self-limited. Recent evidence suggests
a possible association between maternal Zika virus infection and adverse fetal outcomes, such as
congenital microcephaly {45}, as well as a possible association with Guillain-Barré syndrome.
Currently, no vaccine or medication exists to prevent or treat Zika virus infection. Persons
residing in or traveling to areas of active Zika virus transmission should take steps to prevent

Zika virus infection through prevention of mosquito bites (http://www.cdc.gov/zika/prevention/
http://www.cdc.gov/zika/prevention/)).

Sexual transmission of Zika virus is possible, and is of particular concern during pregnancy.
Current information about possible sexual transmission of Zika is hased on reports of three @[
cases. The first was probable sexual transmission of Zika virus from a man to a woman (8),in
which sexual contact occurred a few days before the man’s symptom onset. The second is a case
of sexual transmission currently under investigation (unpublished data, 2016, Dallas County
Health and Human Services). The third is a single report of replication-competent Zika virus
isolated from semen at least 2-weeks and possibly up to 10 weeks after ilness onset; reverse
transcriptase-polymerase chain reaction testing of blood plasma speci'mens collected at the
same time as the semen specimens did not detect Zika virus (7). The man had no sexual contacts.
Because no further testing was conducted, the duration of persistence of Zika virus in semen
remains unknown.
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In all three cases, the men developed symptomatic iliness. Whether infected men who never
develop symptoms can transmit Zika virus to their sex partners is unknown. Sexual transmission
of Zika virus from infected women to their sex partners has not been reported. Sexual
transmission of many infections, including those caused by other viruses, is reduced by
consistent and correct use of latex condoms. '

The following recommendations, which apply to men who reside in or have traveled to areas

with active Zika virus transmission (hitp://wwwnc.cdc.gov/travel/notices/
(httg:/{wwwnc.cdc.goy[travei[notices[l} and their sex partners, will be revised as more

information becomes available.

Recommendations for men and their pregnant partners ~Top

Men who reside in or have traveled to an area of active Zika virus transmission who have a
pregnant partner should abstain frorm sexual activity or consistently and correctly use condoms
Oduring sex (i.e., vaginal intercourse, anal intercourse, or fellatio) for the duration of the
pregnancy. Pregnant women should discuss their male partner’s potential exposures to
mosquitoes and history of Zika-like illness (hitp://www.cdc.gov/zika/symptoms
htto://www.cdc.gov/zika/symptoms)) with their health care provider; providers can consult
CDC's guidelines for evaluation and testing of pregnant women (8.

Recommendations for men and their nonpregnant sex partners ~1on

Men who reside in or have traveled to an area of active Zika virus transmission who are
concerned about sexual transmission of Zika virus might consider abstaining from sexual activity
or using condoms consistently and correctly during sex. Couples considering this personal
decision should take several factors into account. Most infections are asymptomatic, and when
illness does accur, it is usually mild with symptoms lasting from several days to a week; severe
disease requiring hospitalization is uncommon. The risk for acquiring vector-borne Zika virus in
areas of active transmission depends on the duration and extent of exposure to infected
mosquitoes and the steps taken to prevent mosquito bites (htip://www.cdc.gov/zika/prevention
(http://www.cdc.gov/zika/prevention)). After infection, Zika virus might persist in semen when it

is no longer detectable in blood.

Zika virus testing has been recommended to establish & diagnosis of infection in some groups,
such as pregnant women (8). At present, Zika virus testing for the assessment of risk for sexual
transmission is of uncertain value, because current understanding of the incidence and duration
of shedding in the male genitourinary tract is limited to one case report in which Zika virus
persisted longer than in blood (7). At this time, testing of men for the purpose of assessing risk
for sexual transmission is not recommended. As we learn more about the incidence and duration
of seminal shedding from infected men and the utility and availability of testing in this context,
recommendations to prevent sexual transmission of Zika virus will be updated.
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WHO | Guillain-Barré syndrome — France - French Polynesia

WORLD
IMMUNIZATION

WEEK 2016
Emergencie&paredness, response

Guillain-Barré syndrome — France - French
Polynesia

Disease Quibreak News
7 March 2016

On 24 November 2015, health authorities in French Polynesia reported
unknown and unspecified causes of morbidity and mortality in the
context of concomitant outbreaks of Zika and dengue (serotypes 1 and
3) viruses. This update provides additional information on the clinical
findings as well as the epidemiological and laboratory investigations of
these cases.

Between October 2013 and April 2014, French Polynesia experienced
the largest Zika virus outbreak ever recorded in the country. During this
period of time, 32,000 patients (11.5% of the population) were assessed
for the infection and 8,750 suspected cases were reported by the
national surveillance system. Of the suspected cases, 383 were later
laboratory-confirmed by reverse transcription polymerase chain reaction
(RT-PCR). '

During the Zika virus outbreak, 42 patients were admitted to hospital with
Guillain-Barré syndrome {GBS). This represents a 20-fold increase in .
incidence of GBS in French Polynesia compared with the previous four
years. Of the 42 patients, 16 (38%) required admission to an intensive
care unit (ICU) and 12 (29%) received mechanical ventilation. The
duration of hospifal stay for patients that were not admitted to ICU
ranged between 7 to 20 days (median=11). The duration of hospital stay
for patients that were admitted to intensive care went from 16 to 70 days
(median=51). No deaths were reported. The majerity of these cases
(88%) reported symptomatic Zika virus infection in the days (median=6)
that preceded the onset of neurological symptoms. '

Further investigations were carried out to identify the potential role of
previous infections known to be associated, or potentially associated,
with GBS. The investigations carried out by the Bureau de Veille
Banitaire-Direction de la Santé de Polynésie Francaise showed that 41
of the 42 cases of GBS (98%) had IgM or IgG antibodies against Zika
virus; furthermore, all GBS cases (100%) had positive seroneutralisation
against Zika virus. Results for the matched non-febrile iliness control
group were significantly different: elevated IgM or IgG antibodies were
detected in 35 of the 98 control patients (36%); additionally, neutralising
antibodies against Zika virus were detected in 54 control patients (56%).

Analysis of dengue serology (immunofiuorescent assay, microsphere

immunoassay, and seroneutralisation) did not support recent dengue
infection, even though most cases (95%) had pre-existing dengue

hitp://www.who.int/csr/don/7-march-2016-gbs-fr8hch-polynesia/en/
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immunity. Other known causes of GBS were investigated and excluded,
including Campylobacter jejuni, Cytomegalovirus, HIV, Epstein-Barr and
Herpes simplex viruses. .

WHO risk assessment

This is the first report of a large number of patients who developed GBS
after contracting Zika virus. The study provides strong evidence of a
possible causal refationship between Zika virus infection and GBS. Since
all 42 cases had serological tests suggesting successive dengue and
Zika virus infections, this association might be a predisposing factor for
developing GBS. Further investigations are needed to understand the
implications of pre-existing dengue infections, together with recent Zika
infections, in the pathogenesis of GBS.

Similarly to French Polynesia, it is likely that countries that are currently

reporting autochthonous Zika virus transmission will face a rise in the

number of GBS cases in the coming months. A number of countries in

Latin America have already started to report an increase in the incidence _

of GBS while experiencing a rise in the cases of Zika virus infection. (j
Nevertheless, it is critical to ensure that in all these countries, the

reported increases in the incidence of GBS are the result of a real

change rather than enhanced surveillance. WHO continues to monitor

the epidemiological situation and conduct risk assessment based on the

latest available information.

WHO advice

WHO recommends Member States affected or susceptible to Zika virus
outbreaks to:

« monitor the incidence and frends of neurological disorders, especially
GBS, to identify variations against their expected baseline values,

« develop and implement sufficient patient management protocols to
manage the additional burden on health care facilities generated by a
sudden increase in patients with Guillain-Barre Syndrome;

. raise awareness among health care workers and establish and/or
strengthen links between public health services and clinicians in the - !
public and private sectors. ~

The prox’imity of mosquito vector breeding sites to human habitation is a
significant risk factor for Zika virus infection. Prevention and control relies
on reducing the breeding of mosquitoes through source reduction
(removal and modification of breeding sites) and reducing contact
between mosquitoes and people. This can be achieved by reducing the
number of natural and artificial water-filled habitats that support mosquito
larvae, reducing the adult mosquito populations around at-risk
communities and by using barriers such as insect screens, closed doors
and windows, long clothing and repellents. Since the Aedes mosquitoes
(the primary vector for transmission) are day-biting mosquitoes, it is
recommended that those who sleep during the daytime, particularly
young children, the sick or elderly, should rest under mosquito nets {bed
nets), treated with or without insecticide to provide protection.

During outbreaks, space spraying of insecticides may be carried out

foliowing the technical orientation provided by WHO to kill flying
mosquitoes. Suitable insecticides (recommended by the WHO Pesticide

http://www.who.int/csr/don/7-march-201 6-gbs-fr8fich-polynesia/en/
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Evaluation Scheme) may also be used as larvicides to treat relatively
large water containers, when this is technically indicated.

Basic precautions for pretection from mosquito bites should be taken by
peopie traveling to high risk areas, especially pregnant women. These
include use of repellents, wearing light colored, long sleeved shirts and
pants and ensuring rooms are fitted with screens to prevent mosquitoes
from entering.

WHO does not recommend any travel or trade restriction to France and
its overseas departments based on the current information available,

Related links

More GBS outbreak news
Zika situation report — 4 March
Y 20186
N o
More on Zika virus

PAHOMIHO Algorithm for
detecting Zika virus

WHO Pesticide Evaluation
Scheme

France country profile

http://www.who.int/csr/don/7-march-2016-gbs-fr8fch-polynesia/en/
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“Chikungunya virus—assoctated

“encephalitis

'_ A cohort study on La Réunion Island, 2005-2009

ABSTRACT

Objective: To estimate the cumulative incidence rate {CIR) of Chikungunya virus ({CHIKV)~associ-

ated CNS disease during the La Réunion outbreak, and assess the disease burden and patient
outcorme after 3 years.

Methods: CHIKV-associated CNS disease was characterized retrospectively in a cohort of pa-
tients with positive CHIKV reverse transcriptase PCR or anti-CHIKV immunoglobulin M antibod-
ies in the CSF and fulfilling International Encephalitis Consortium criteria for encephalitis or
encephalopathy. Neurologic sequelae were assessed after 3 years.

Results: Between September 2005 and June 2006, 57 patients were diagnosed with CHIKV-
associated CNS disease, including 24 with CHIKV-associated encephalitis, the latter corre-
sponding to a C'R of 8.6 per 100,000 persons. Patients with encephalitis were observed at both
extremes of age categories. CIR per 100,000 persons were 187 and 37 in patients below 1 year
and over 85 years, respectively, both far superior to those of cumulated causes of encephalitis in
the United States in these age categories. The case-fatality rate of CHIKV-associated encepha-
litis- was 16.6% and the proportion of children discharged with persistent disabilities estimated

between 30% and 45%. Bayond the neanatal period, the clinical presentation and outcomes
were less severe in infants than in adults.

Conclusions: In the context of a large outhreak, CHIKV is a significant cause of CNS disease. As

with other etiologies, CHIKV-associated encephalitis case distribution by age follows a U-shaped
parabolic curve. Neurology® 2016;86:94-102

GLOSSARY ' )

ADEM = acute disseminated encepha'.orhyeﬁtis; CHIKY = Chikungunya virus; CFR = case-fatality rate; CIR = cumwlative
incidence rate; DQ = development quotient; DWI = diffusion-weighted imaginig; ECSA = East Central South African; IEC =

International Encephalitis Consortium; 1gM = irmmunoglobulin M; LP =-lumbar puncture; NECACD = nonencephalitic Chi-
kungunya virus-associated CNS disease; WNV = West Nile virus.

()

Chikungunya virus (CHIKV) is a re-emerging alphavirus.! Alphaviruses are divided into arthri-"

togenic viruses (old world) and encephalicogenic viruses (new world) including equine enceph- ™
alids viruses. '

Until its reemergence in the Indian Ocean in 2004 and the worldwide spread that followed,
beyond the burden of arthricis, known for lasting weeks to years,? Chikungunya was considered

as a nonfaral disease with spontaneous resolution, not causing lifelong disabilities, even though
rare cases of CNS disease had been reported.*3

The major outbreaks that have occurred since 2005 in the Indian Ocean islands were attrib-

utable to a new Indian Ocean lineage that evolved from the East Central South African (ECSA)

lineage and selected the mutation E1-A226V, which favors transmission by Aedes albopictus.®’

1Deceased.

From the Centre Hospitalier Universizaite (CHU) (P.G., M.B,, P.T., MR, J.1.,, V.B,, GB., AM)) and Centre dTnvestigation Clinique~
Epidémiologie Clinique {CIC1410) de La Réunion (Inserm, CHU, Unlversité de La Réunion, Union Régionale des Médecins Libéraws de la
Reéunion) (P.G.), Saint Pierre, La Réunion; UMR PIMIT (Inserm U 1187, CNRS 9192, IRD 249, Université de La Réunion) (P.G., AM.),
CYROY, Saint-Dents, La Réunion; Biology of Infection Unir (T.C., M.L.), Institat Pasteur, Patis; Inserm U1117 (T.C., M.L), Paris; CHU Henri
Mondor (F. Staikowsky), Créreil; Universitt de Strasbourg (F. Schramm), EA 7290, Faculté de Médecine, Strashourgs and Universicé Paris
Descartes (M.L.), Satbenne Paris Cité, Division of Infections Diseases and Tropical Medicine, Necker Enfants Malades University Hospical,
Institut magine (M.L.), Pacis, France,

Coinvestigatars of the Encephalchik Srdy Group are listed on the Newrolsg® Web site 2t Newology.org,

Ga to MNeurclogy.org for full disclosures, Funding infosmation and disclasures deemed relevant by the authors, if any, are provided ar the end of the article.
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Recently, Asian lineage CHIKV emerged in -

the Caribbean and expanded to the Americas,
and recent clinical and experimental data indj-

cate differences in the pathogenicity between
Asian and American lineages.®-1°

The 20052006 epidemic on La Réunion
Island affected 300,000 persons and enabled
the observation of severe forms of the dis-
ease.!! These included rare severe or fatal cases

with CNS involvement, in both adults and
neonates,12-16

We report the results of an ambispective
cohort study aimed at characterizing clinical
and biological features of CHIKV-associated
CNS disease, disease burden, and 3-year

neurologic outcome of patients with this
condition.

METHODS We conducted this study in the Groupe Hospital-

fer Sud Réunion, the largest hospital on the island, which coversa
population of 277,602 inhabitants.!?

Retrospective cohort study. We considered all patients hospi-
talized berween Seprember 1, 2005, and June 30, 2006, with
CHIKYV infection and neurologie symproms that led <o lumbar
puncrure (LP) eligible for the study. Patients with positive CSF
for CHIKY RNA or anti-CHIKV immunoglobulin M (IgM)
antibodies were studied further. :

Anti-CHIKV IgM assay in the CSF was petformed by ELISA
vsing the ETIMAX 3000 (Diasorin, Iraly), A one-step TagMan
real-time guantitative PCR. was performed from CSE samples

using the LightCyeler 2.0 system (Roche Diagnostics; Basel,
Switzerland).

Standard protocol approvals, registrations, and patient
consents. Each patient provided oral consent for the use of eliss-
ical, biological, and imaging data, in accordance with the recom-
mendations of the Jocal Commiteee for Clinical Research,

Case definition, We wed pasivive CSE findings (CHIKV RNA
or IgM) to provide the more specific case definirion, Additionally,
we used Internatonal Encephalitis Consortium {IEC) criteria to
classify our patients according to an up-to-date definition of
encephalitis.'® These combine the major criterion altered mental
status (defined as decreased or altered level of consciousness,
lechargy, or personality change lasting 224" hours with no
altemative cause identified) with  ser of minos crtera: fever
(=38°C) within the 72 hours before or afier presantation;
génf.ral or pardal scizures not fully anziburable to epilepsy; new
onset of focel neurologic signs; CSF leukocyte count =5/mm?;
brain parenchyma on newroimaging suggestive of encephalitis

either new from prior studies or appearing acute in onse; EEG

consistent with encephalitis and not attributable ro another cause.,

Exclusion criceria were the main canses of encephalopathy
and of noninfectious encephalitis: pasitive HIV status, Pyogenic
meningitis, thrombophlebids, brain abscess, empyema, cerebral
malaria, acuse disseminated encephalomyelitis, voleage-gated po-
tassium channels, NMDA receptor antibodies, systemic vasculi-
ts, muldple sclerosis, paraneoplastic-refared encephalitis, prion

disease, encephalopathy of primary tnmor, or hematologic, toxic,
or mewbolic origin.!?

© 2015 American Academy of Neurclogy. Unauthotized reproduction of this article is prohibited.
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“Thus, we defined probable CHIKV-associated encephalitis in
the presence of the major criterion and at teast 3 minor criveriz,
possible CHIKV-associated encephalitis in the presence of the
major criterion and 2 minor criteria,® and nenencephalitic
CHIKV-associated CNS disease (NECACD) in the presence of
major criterion alone or with one minor criterion, or in the pres-
ence of 2 minor criteria other than fever.

Prospective follow-up study. We followed up each patient
with CHIKV CNS disease to search for neurologic sequelae aver
a 3-year period using the framework of the exrended Glasgow
Outcome Seale {adult and pediatric versions).?® For children,
trained psychometrists assured neutepsychological evaluartion
using the revised neurodevelopmental scale of Brunet-Lézine, 2
standardized psychometric test routinely used in francophone
countries. For adults, neurologises performed clinical and EEG
examinations. CT or MRI scans were performed on clinjeal
indication.

Statistical analysis. We compared characteristics of CLIKV-
assoclated encephalitls and NECACD globally and berween
aduls and children using ¥ or Fisher evact test for
proportions, We compared distributions using Mann-Whicney
tests. We tested correlations berween CSF and serum viral loads

in children, or berween CSF and serum IgM levels in adulss, using,
Spearman correlation coefficients,

We provided cumulacive incidence rates {CIR) for CHIKV-
associated encephalitis (probable, possible, or both), overall and
by age groups, applying weights for subpopularion structute using
data from the 2006 census.'” We then compared these estimates
to US standards

We assessed the range of neurologic sequelze in applying the
same actual rate or null for the missing observations, this assump-
tion being likely conservative, given the low probabilicy of loss to
follow-up due to dzath or sequelae in our insular population.

We used Stara (v10.0, StaraCorp., College Station, TX) for
comparisons. Seatistical significance was serat p = .05,

RESULTS Retrospective cohort study, CHIRV acute
patients with newrologic symptoms. Among the 129
CHIKV-infected patients with CNS disease, biologi-
cal analysis of the CSF was positive for 55 CHIKV
RNA or 30 anti-CHIKV IgM in 78 patients and neg-
ative in 51 patients (figure 1).

We cxcluded 9 patients because they exhibited
additional conditions, which invalidated CHIKY as
a unique cause for the neurologic symptoms. Briefly,
these consisted of encephalopathy of primary meta-
bolic origin (n = 3), alcohol-refated encephalopathy
{n = 3), posterior reversible encephalopathy syn-
drome in systemiic lupus erythematosus (n = 1),
Streptococeus pueumonize meningits (n = 1), and
neurocysticercosis {n = 1), The 69 remaining pa-
tients showed ar least one IEC encephalitis criterion
but 12 of them were excluded because incomplete
charts did not allow definite classification, Thus, 2
total of 57 parients dispnosed with CHIKV-
associated CNS disease were enrolled in the study.
Among thern, 24 (42,1%) patients with altered men-
tal status matched IEC encephalitis definition,
wheteas 33 (57.9%) others did not and were desig-
nated as NECACD in further analysis.

Neurology 86 January 5, 2016 g5



rFig'ure 1 Study population of CHIKV-assoclated CNS disease, Réunion Island {2005-2006) 1

Retrospective CHiKV infectlon
cohort study with neurclogic signs
(Sept 2005 - June 2006)
' (N=129)
|
[ |
: Exeiudecl
CSNFAPDS;W%ﬁEg':IKJ CSF negative for CHIKV
RNAor or g RNA and fdr CHIKV igM
(f=78) (n-51) ‘
l..
Pattents matching 21 i
IEC eriteria fgr encephialitis exdisdifa o dnﬁons
(n-SQ) ol
! ( '
m_cai plcture
L —
Probable CHIKV-associated Possibie CHIKV-associated
éncéphalitis encephaliis
(=6} L {n=18)
Prospective Excluded: Patients efigible
follow-up study In-hospital deaths to follow-up (
(n=6} (n=51) -
Excluded:
Lostio follow-up |
{n=22}
Three-year
follow-up
(n=28)

The flow chart classifies the Chikungunya virus (CHiKV)-associated CNS disease cases at inclusion and at follow-up. !EC =
immunoglobulin M.

Consortium; lgM =

26

We identified 6 confirmed cases of CHIKV-
associated encephalitis (i.e., altered mental status plus
at least 3 minor criteria), while 18 patients were clas-
sified as possible cases (i.e., 2 minor criteria). Both
groups shared the same clinical and biological pro-
files, which confirmed the appropriateness of the

Neurology 86  January 5, 2016
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IEC classification that allow these groups to be pooled
for case registration (data not shawn).

CHIKV encephalitic cases were more likely to
exhibit severe CNS disease than were cases of NE-
CACD, which consisted almost exclusively of mild
to moderate behavioral changes (table 1). Two

© 2015 Amerlcan Academy of Neurology. Unauthorized reproduction of this article is prohibited.
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Table 1
{2005-2008)

Variebles
Ag"e"'g'l'réup. y
A
1-19
20-44
45-54
265
Férale $ex
History of fover {x 38°C)
Onset of fevér <7 d
Altered mentsl statis®
bicreased conscldiisnese®
Coma®
f\/;‘i@hqlf;‘l ar p:aﬂ;?aj sdlzures
Foral neurologle sighns.
Other ehavleral charigss’
Skin régh
iﬁf’éﬁiﬁ\g@_'gar’a"shhéoﬁ: :
Lehgth of stay >4

Déaths

Abbreviations: CHIKV = Chikungunya virus; IgM

Clinical features of CHIKV-associated CNS d!séasi itnLa Réunion island \‘

Prabable or possible NECACD" i
ancep[-lalltia h=24,n0e) (= 33) N (%) pValug
' 0.003®

@78, 27 g5

0 (0] 0{o

2(83) 1(3.0)

4(18.7) 1i30)

§{a7.5) 4 (124

11 (25.8) 16 {48.5) 0.843
2400y 33 (200), 1

i2 {50.0) 18(85.7) G063
24{100) “#3 {100 1
81333 261} . 0d12
4(167) 1{3.0). 0,151
3 (125 i(30) 0300
5 (20.8) o 0020,
islgzs) 32187.0) 601
B (33.3) 17.(54.5) 0.190:
10417 3(0.1) 0,008
14 [58.3) ‘13 {38.4) 0,187
4 (187 3{04) 0448

= Immunoglobulin M; NECACD = ronence-

phalitic Chikungunya virus-associated CNS dizease. ,
"Unless stated, the data were avallable for 24 encephalitic cases and 33 cases of
NECACD. The onset of fever was available for 20 encephalitic cases and 21 cases of

NECACD.

®Fisher exact overall p value testing the 5 age tategories.
¢Decreased or altered level of consciousness, lethargy, or personality change (disorlenta-

tion, agitation).

9Glasgow Coma Scale score <15,
* Glasgow Coma Scale score =9.

f Attention disorders, memory traubles, excessive pain feeling (irritability).

O

indicators of CSF inflammation, leukocyte count and
protein level, were higher in patients with encephalitis

- than encephalopathy, but viral loads or IgM titers in

© 2015 American Academy of Neurology. Unauthorized reproduction of this ariicle is prehibited

serum or in CSF were not significamtly different
between these groups of parients (table 2). Impor-
tantly, encephalitic cases required more intensive care
support than did NECACD cases (table 3).

The cohort contained 21 adults (mean age, 63.9
years; SD, 15.6 years; range, 33-88 years) and 36
infants (mean age, 1.6 months; SD, 1.15 months;
range, 4 days—5.4 months).

Five infants were in the early neonaral period (<7
days) and 4 in the late neonatal period (7-28 days),
corresponding to cases of mother-to-child and pose-
natal mosquito-borne transmission, respectively.

Infants were more likely to experience a recent
onset of fever prior to hospitalization, behavioral
changes, skin rash, or survival and adults were more
likely to experience decreased consciousness, coma,

103

focal neurologic signs, seizares, or a fatal issue (cable
e-1 on the Neurology® Web site at Neurology.org).

Protein, glucose, and chloride CSF levels were higher
in adults than infants (table e-2). CHIKV loads in the
CSF or serum were higher in infants than adults,

~ whereas it was the opposite for IgM. These results

are in Jine with the fact that adults were observed later
than infants in the course of the CHIKV-associated

" CNS disease. CHIKV loads in the CSF and serum for

infants and between IgM levels in the CSF and serum
for adules were positively correlated {data not shown).
In infants, CHIKV loads in setum negatively corre-

lated with age, while in adults IgM levels in serum

positively correlated with age (data not shown).
Except for one neonate exhibiting cerebral edema
MRI features, no early (<7 days) diffusion-weighted
imaging (DWI) MRI scan was available for CHIKV-
associated encephalitic cases, although DWI s
increasingly recognized as the most sensitive tech-
nique for timely diagnosis of acute brain parenchyma
inflammation.* Subsequently, no radiologic image
evocative of acute stage of CHIKV-associated enceph-
alitis was observed among the 22 other parients sub-
mitted to brain CT scans, late MRI scans, or both.

Cumulative incidence rates of CHIEKV-associated
encephalitis. The overall CIR estimate of CHIKV-
associated encephalitis was 8.6 per 100,000 persons
(95% confidence interval 6.9-10.4). Importandly, the
age distribution pattern of CHIKV-associated CNS
disease (figure 2A} or CHIKV-associated encephalitis
incidence (figure 2B) exhibited a U-shaped parabolic
pattern with a clear trend 1o the highest incidence

towards the youngest age than the oldest.

Prospective cohort study. Six adult patients died (mean
age 67.5 years; SD 15.7 years; range 41-83 years) dur-
ing hespitalization (case-fatality rate [CFR] 10.5%),
Detailed cause-specific mortality were cardiac filure
{n = 2), septic shock (n = 2), respiratory failure
(n = 1), and sudden death (n = 1). Death
certificates mentioned Chikungunya as the primary
cause for degradation in each case. As a consequence,
51 patients were eligible for the follow-up study.
Eight adults were discharged with neurologic
sequelae (table e-3). One died 3 months after dis-
charge (case 6). He was a 72-year-old man free from
medical history presenting with altered mental status,
classified as NECACD. He deteriorated gradually
towards dementia and died in a clinical picture of
metabolic encephalopathy due to dehydration and
hypernatremia. EEG revealed a global slowdowsn
without spike. Subacute stage CT scans showed
extensive demyelination and cerebral subcortical atro-
phy. Four adult survivors were lost to follow-up and
the 10 others were assessed clinically at 3 years, Of
these, we diagnosed 3 patients with neurologic

Neurclogy 86 January 5, 2016 97
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[ Table 2 Blolagical pararnaters of CHIKV-associated CNS disease In La Réunieon Island [2005-2006) 1

‘Vg'l'rl_;b"lla.i ‘ -E@E;gﬁl?lzli;'sgg:] NECAC i = 38) p.Valus
CSF leukocytes 25/, p (%) . 1708 4(i21) <0001
CSF proteins 240 mighL, n (%) 21-913) 18(50{G) G0l
CSF fedkocytésiini?, tiehn (SD) 126 {21.9) 1727 <0.001
CSF.protstis, mafdl mean (30 753 (64 w78 BT <6061
fC)S'Flg'It‘:cds»a;( fimoliL, téan (SD) 4213 3.7 (1.0) 0.088
"CSF chibrid; mmoliL, mean (SD). 1233 [4.3) 1211 (5.8) 0.039
CSF BRIV load, cpimL, mean (S5} 676,815 (i,787,072) 221,914 (796,673) 0126
Serum CHIKV load, cpfmL, mean (SD) 12%208{2.2 x 108 8.0 % 107 (1.7.x 485 9,330
CSF anti-CHIKY fgM, UL, imésn (SD) i0io(e30) 143.7 (16877) 0885
Sériim at-CHIKV IgM; UL, maan (DY 1303 (1158 57.3(929) 0218
 CoFlsariin CHIKV ioaila Fatis, fean (D)™ 0.63 (014 0.55 [0.20) 0,055
CoElssrin ted Tarels'rati, mean (S 0.41.{0.33) 0.96 (0:57) 0082

Abbreviations: CHIKY = Chikunguriya virus; 1gM = immunoglobulin M; NECACD = nonencephalitic Chikungunya viru{

associated CNS diseass.

{)

CSF proteins were available for 23 encephalitic cases and 32 cases of NECACD. CHIKV loads were measured in the CSF
available for 52 patients {36 Infants and 16 adults). CSF of all infants, of whom Q are encephalitic, and CSF of 4 adults
with encephalitls are positive. Among the 12 CSF-negative adults, & were encephalitic. CHIKV loads were measured in the
serum available for 37 patients (32 infants and 5 adults). Among infants, 31 were positive and 9 of them were ancephalitic,
while the 5 adults were negative. CHIKV Igh were searched in the CSF for 52 patients and in the serum for 37 patients.
CSF was positive for 21 of 52 patients (2 weakly positive infants with NECACD and 19 highly positive adults, of whom 1.0
had encephalitis) and serum was positive for 32 of 37 patients (13 weakly positive infants 6f whom 6 had encephalitis; 19

highly pesitive aduits, of whom 10 had encephalitis).

®Daté are complete for 9 infants with encephalitie, 22 infants with NECACD,
®Data are complete for 12 adults with encephalitis, 4 adults with NECACD.

sequelae (epilepsy, postinfectious dementia, cognitive
disorder, respectively) and 4 with an absence of
detectable sequelae.

Nineteen infants were lost to follow-up, and 17
were evaluated at an average of 38 months of age.
One developed severe cerebral palsy and blindness.
He was a full-term normal for gestational age boy free
from obstetrical history presenting with hemorrhagic
fever on day 4 of life (case 2, table &-3). Subacute and
late-stage MRI  findings evidenced progressive
decrease of cerebral and cerebellar hemorrhages and
replacement of brain edema features by subsequent
demyelination of the whire marter, whose evolution
contrasted with monophasic or multiphasic patterns
of acute disseminated encephalomyelitis (ADEM).
Four infants exhibited poor neurodevelopmental per-
formance (Brunet-Lézine development quotients
[DQ) =85), irrespective of prenatal aleohol exposure;
the other 8 had age-appropriate skills {mean DQ 98,
SD 9, range 86-120). Of these 5 children, 2 were
infected verticaily and 3 in the postneonatal period
(day 17, day 35, and day 73, respectively) (table e-3).
The medical history of the lost-to-follow-up infants
was uneventful, except for one who developed Lan-

gherhans histiocyrosis.

Given the high attsition in the follow-up and the
risk for information bias, the burden of neurologic
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sequelae resulting from CHIK V-associated CNS disease
could not be calenlated precisely and was estimated 1o be
in the range of 17.6% (9/51} to 43.19% (22/51). Never-
theless, lost-to-follow-up children cotresponded to the
milder forms of CNS disease, so that our estimates are
likely conservative owing to the fact that the incidence
of sequelae often correlates with the intensity of b~
acute stage of infection in a previously healthy popuﬁ\._\
tion. For CHIKV-associated encephalitis, the CFR
was 16.6% (4/24) and the 3-year burden of neurologic
sequelae in the range of 30% (6/20) to 45% (9/20).
Importantly, we observed an age difference in 3-year
outcome of CHIKV-associated encephalitis, poor prog-
nosis (ie., death or sequelae) being predominant in
adults (52.6% vs 18.29%, p = 0.020),

DISCUSSION This smdy reports findings on
CHIKV-associated CNS disease (encephalitis and
encephalopathy) using both CSF examination
findings and IEC criteria for encephalitis. Our data
reveal that during the 2005-2006 CHIKV outbreak
in La Réunion Island, the incidence of CHIKV-
associated encephalitis contributed to a twofold
increase of the regional overall incidence (14.6 vs
6.0 cases per 100,000 persons per year at baseline)
of all encephalitis. Remarkably, this burden far
exceeds the annual rate of encephalitis calenlated

- © 2015 American Academy of Neurclogy. Unauthorlzed reproduction of this article s prohibited.
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Table 3 Qutgomes of CHIKV-associated CNS disease in La Réunion Island ]
{2005-2009) !
L Probable or possible NE_#A&D“ . .
Variables encepHalitle (h'=24),n (%) (n = 334 p (%] p Valiie
Intarsive éate suppért i0 {4:_1.7i 3(od) 0.009
Langth of stay >4 d: 14 (54:3) 13 {ag.4) oien
Extended Glasgoiy Outcomie Seals 0:846°
 besd Ly 4210y
Vedetative state 0 0 {0)
Loiwer seyerp'#fg@!ii‘!jiyv‘_'_ 1 {63y 2[108)
Uppier sevére disabliity o) 2(10.5)
Lavier modérate disability 1{6.3) 1153
Upper modérate disatility 3(187) 2(108)
Lowér goad recovery 16,3) 1(5.3)
Upper gogd fecovery 7143.8). 7 (368
Not assissed ‘B | 14

(\/reviatinns: CHIKV = Chikungunya virus; GOSE = Extended Glasgow Outcome Scale;

igM = immunoglobulin M; NECACD = nonencephalitic Chikun

disease.

gunya virus-associated CNS

®Unless stated, the data were évailable for 24 encephalitic cases and 33 NECACD cases.
The GOSE was assessed at discharge for nonsurvivers and at 3 years postinfection for the

« slirvivors. We used both adult and pediatric versions of the GOSE. Percentages are
calculated on a total of 35 patients.

BFisher exact averall p value testing 7 of the 8 cutcome categories,

O
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for mainland France in 2000-2002 concerning
encephalitis of infectious or specified etiology,? as
well as the rate reported in the United States
between 1998 and 2010 for all encephalitis® Of
note, the CIR of CHIKV-associated encephalitis in
La Réunion Island was also superior to those observed
with West Nile virus (WNV) and other neuroinvasive
arboviral infections in the United States between
1999 and 2007, or to the global incidence
observed with Japanese encephaliris.?s

Though no similar study has been reported previ-
ously to our knowledge, our findings are consistent
with carlier reporc of CNS conditions complicating
CHIKYV infection, ranging from mild neurocognitive

.or behavioral disorders to severe neurologic syndromes

including acute stege encephalopathy/encephalitis,
postinfective ADEM (encephalomyeloradiculitis), and
postinfective Guillain-Barré syndrome {polyradiculo-
neuritis).”7 They are also in agreement with earlier
observational studies, even though the criteria used to
define encephalids differ from those we used 5262
CHIKV-associated CNS disease prognosis seems sim-
ilar to that of other viral etiologies. It was associated in
our setting with more pejorative figures than previously
reported in India, 6?7 or even recently in Thailand2
This substantial toll is comparible with that of other
virus-associated encephalitis,?®-3! _

The age distribution of encephalitis incidence was
U-shaped, with 2 peaks observed in young infants
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and older adults, consistent with the distribution of
encephalitis in general populations?2%0 or with
overall neuroinvasive disease of viral origin reported
in the United Srates® The CIR of CHIKV-
associated encephalitis in these extreme age groups
is 25-fold higher for children under 1 year and 6-
fold higher for people over 65 years than those found
for encephalitis of specified etiology in the United
States.? This also contrasts the bimodal age distribu-
tion of herpes simplex virus encephalitis, which peaks
between 60 and 64 years®?; that of WNV, which hasa
greater effect on the elderly®®*; or that of La Crosse
virus, which targets young children#** Higher sus-
ceptibility of children to CHIKV-associated enceph-
alitis is also supported by the cerebral edema featuses
observed in a neonate infected by mother-to-child
transmission. Accordingly, young mice are more
susceptible to CHIKV than adult mice3 CHIKV tas-
gets the choroid plexuses and meningeal and ependy-
mal envelopes, but does not invade brain parenchyma
of adult mice deficient for type 1 interferon and adult
monkeys,?** despite the presence of viral RNA or
infectious virus in the CSF of animals during the acute
phase of infection, whereas CHIKV infects neurons of
neonatal/suckling mice” A defective host response
may contribute to the higher susceptibility of neonares
to CHIKY, as suggested by studies showing that the
neonatal immune response is quantitatively and qual-
itatively distinct from that of adules 8 Thus, in contrast
to New World alphaviruses that cause encephalitis in
humans and in animal models as a consequence of viral
invasion of the brain parenchyma,® CHIKV is not a
neurotropic virus in experimenrally infected adult ani-
mals, although it dissemninates and replicates in the
meningeal and ependymal envelopes.?

In conrast to what is observed in adults, CSF and
serum of infants contained CHIKV RINA, which is
likely explained by their earlier presentation to the
hospital in our cohort. Moreover, the higher the
CHIKY load was in the serum, the higher it was in
the CSF, and we made the same observation in adulr
CHIKV-specific IgM (CSF/serum ratios smaller than
1). Therefore a passive diffusion of viral RNA or IsM
from the serumn to the CSF, either by traumatic LP or .
as a result of a leekage in the blood-brain batrier,
rather than CHIKV replication or IgM production
in the CNS, cannot be excluded,

Importandy, although infants appear more
susceptible to CHIKV-associated encephalitis, the
clinical presentation and 3-year outcome of
CHIKV-associated encephalitis were more severe in
adults than in infants, except for one neonate. As also
observed in the CHIMERE cohort study, they con- -
sisted exclusively of behavioral changes and neuro-
cognitive impairment in infants, while they affected
cortical functioning and led to disabling sequelae in
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Figurae 2 CHIKV infections with neurologle signs by age categorles, Réunien
Island {2005-20086)

-

60
B CHIKV-associated encephalitis

50 = Nonencephalitic CHIKV-associated CNS disease
BCHIKV-asseciated CNS disease with negative CSF

CHIKV infections with
neurologic manifestations (n}

{1 b

Wil

1-4 5-18 20-44 45-p4 265

Age (years)
B . )
~——CHIKV-assoclated encephalitis,
, 200 187.3 - La Réunion island, 2005-2006
4 S 100 ——Encephalitis of all causes, USA,
"é‘u: 19988-2010
- 1§ 37.1
o
gg 10
E£
28
85
=T=1
ET
o8
0.1 -
<1 1-4 5-19 20- 44 45 - 64 265
Age (years)

(A} Total case reports (probable + possible} of Chikungunya virus {CHIKV)-associated
encephalitis, nonencephalitic CHIKY CNS disease, and CHIKV-associated CNS disrase with
negative CSF {i.e., CHIKY infections with neurologlc manifestations compatible with afore-
mentioned diagnoses but negative CSF for immunoglobulin M and PCR) by age categories.
(B) Age-stratified cumulative incidence rates of CHIKV-associated encephalitis {probable +

possible} in La Réunion or the age-stratified cumulative incidence rates of all encephalitis in
the United States.

adults. These data are in line with French national
data and WNV encephalitis in the United States
showing milder presentation and better outcomes in
children 201,53 :

Our study has some limitations. First, we have not
searched for CHIKV RNA and IgM systematically in
patients presenting neurologic manifestations. Sec-
ond, LP was not repeated in the absence of clinical
deterioration. We may therefore have missed patho-
logic changes in CSF protein level or leukocyte count,
notably in neonates who are prone to prohemorrhagic
conditions.’* Third, we have not performed neuro-
radiologic examination routinely, so that patients
with mild neurologic forms were probably underesti-
mated, while in turn, cases of major CNS disease
could be unstable to undergo timely MRI scans.
Thus, as our study was not population-based, we
may have underestimated the real burden and slightly
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overestimated the CFR and incidence of neurologic
sequelae. Fourth, the data collection was partially ret-
rospective and we . may have missed some minor
symptoms, such as tremors or other movement dis-
orders indicative of thalamic or basal ganglia involve-
ment.2 We focused on the symptoms whose presence
was constantly noted, so that our description of
CHIKV-associated CNS disease is likely conservative
and limits information bias. Fifth, our study was
restricted to a fairly localized area, so-we cannot rule
out that the extent of CHIKV-associated CNS disease
in recent years may reflect a stronger neurovirulence
of the ECSA sublineage. Encephalitis has not yet been
described everywhere the ECSA genotype has circu-
lazed. The occurrence of encephalitis may depend of
the magnitude of the outbreak, by rargeting suscep-
tible hosts to CHIKV-associared CNS discase, The
study of host and CHIKV genetic factors underlying
CHIKV-associated CNS disease may Hélp berd )
understand the pathogenesis of CHIKV-associated ™~
CNS disease. In this regard, we have much to learn
from current outbreaks throughout the world due to
Aftican and Asian lineage viruses.

CHIKV-associated CNS disease, including encepha-
litis as defined by the IEC, may complicate CHIKV
infection, Altogether these dara contribute to improve
the knowledge' of CHIKV-associated neuropathology
and [lustrate the clinical neurotropism of CHIKV and
its deleterious consequences, especially in neonates.
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During the recent chikungunya fever outbreak in
French Polynesia in October 2014 to March 2015, we
observed an abnormally high number of patients
with neurological deficit. Clinical presentation and
complementary exams were suggestive of Guillain~-
Barré syndrome (GBS) for nine patients. All nine had
a recent dengue-like syndrome and tested positive for
chikungunya virus [CHIKV) in serology or RT-PCR. GBS
incidence was increased four- to nine-fold during this
period, suggesting a link to CHIKV infection.

Between Octoher 2014 and March zo1s, an estimated
66,000 cases of chikungunya virus infecfions were
reported in French Polynesia, with an overall attack
rate of 25% [1]. At the same time, we observed an epi-
demiological cluster of cases Guillain—Barré syndrome
(GBS), an acute and probably autoimmune demyelinat-
ing polyradiculoneuropathy that appears after a trig-
gering (viral or bacterial) infection in almost two thirds
of cases. GBS had. already been associated with sev-
eral arboviral diseases including chikungunya virus
(CHIKV) infections [2,3], but & cluster as we reported
here had never been described,

Cluster description
Among the reported chikungunya fever cases, ca 50

people developed complications (myocarditis, menin-

goencephalitis, GBS) and 18 died; most of them had
comorbidities. Nine patients were admitted for GBS
based on clinical assessment, in the French Polynesia
tertiary hospital: three in November, three in December,
two in January and one in February. Six patients were
male (male/female ratio: 2), with a median age of
48 years (range: 37-77 vears). Eight patients were
Polynesian and one was Caucasian from Metropolitan
France. Two patients had hypertension and one had
hypertension and diabetes mellitus; the six others did
not have any underlying conditions.
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All nine were referred and then admitted to the depart-
ment of neurology with a median length of stay of 11
days (range: 6—21 days). The patients were hospital-
ised within a median of eight days (range: 3—40 days)
after the onset of symptoms of infection. Upon admis-
sion none had any symptoms of this acute phase which
had presented as a dengue-like syndrome: all patients
were febrile, eight had arthromyalgia, and three had a
rash. GBS, presenting as a sensorimotor deficlt begin-
ning in the lower limbs and evolving {0 the upper limbs,
was reported for eight patients; the last patient only
had facial diplegia with sensory disorders of the face.
Seven patients presented with signs of cranial nerve

involvement, facial paralysis, dysphania, dysarthria or-

dysphagia, associated with severity of GBS [4]. Among
them, four were hospijtalised in the intensive care unit
for a median length of stay of six days (range: 2-15

days). (

Diagnostic findings in Guillain-Barré
syndrome patients

Eight patients had igM and |gG antibodies against
CHIKY and one was positive for CHIKV in RT-PCR posi-
tive. Serological evidence of past dengue or Zika virus
infection (IgG) was found in nine and eight patients,
respectively, IgM for both infections was negative in
all cases; no PCR was done for Zika virus, No PCR was
performed for dengue virus either but when performed,
it was negative, ’

Brain and spinal magnetic resonance imaging (MRI) was
performed in seven patients within a median of nine
days (range: 5-15 days) after the onset of neurological
symptoms. Among the seven patients presenting with
cranial nerves involvement, MR! showed signs of neu-
ritis of the facial nerves in two patients and neuritis of
the facial and left trigeminal nerves in one patient; no
abnormalities were seen in the others. MRIs which dis-
closed signs of neuritis were performed at least eight



days after the beginning of GBS; those whose MRl was
normal had it at day 5 and day 6; two patients only had

a computerised tomography brain scan without con-
trast enhancement.

Electromyography was performed in all nine patients
within a median of seven days (range: 3-14 days)
after the start of GBS. It disclosed significant prolon-
gation of the motor distal latencies with reduction of
distal motor amplitudes, which attested a severe and
predominant impairment of motor conduction in distal
part of the nerves; motor conduction of more proximal

nerve segments was less affected and little sensory
impairment was seen.

_All patients underwent a lumbar puncture, which was

performed within a median of six days afterthe onset of
neurological deficit (range; 2—-15 days). Cerebrospinal
fluid (CSF) was characterised by an albuminocytologic

(xdissociaﬁon (elevated total protein concentration with-
_/out CSF cell count abnormality) in all cases; median

spinal protein concentration was 1.26 g/L (range:
0.82-4.97; norm <0.5), whereas the median cell count
was 2/mm? {range: 1~6; norm <5). Glucose levels were

normal, with a median CSF/plasma ratio of 0.6 (range: -

0.43-0.70; herm <0.75); CSF lactate levels were slightly
elevated at a median of 167 mg/L (range: 117-251;
norm ¢1g0). Plasma level of antiganglioside antibodies
was measured in eight patients (anti-GM1, GMz2, GD1a,
GD1b, anti GQ1b IgM and IgG antibodies); a low positiv-
ity of anti-GM=2 was noted in one case and of anti-GD1a
in another case,

All patients were treated with intravenous immuno-
globulin. Six patients were discharged to a functional
rehabilitation centre for a median stay of 28 days
(range: 19—60 days). In all patients, electrophysiotogi-
cal parameters guickly returned to almost normal lev-
els within less than three months.

Discussion
Chikungunya fever is an arboviral disease that usu-

ally manifests as a self-liming dengue-like syndrome

with high fever, severe arthralgias and myalgias, and
a maculopapular rash. Rare but severe complications
may occuy, such as myocarditis, hepatitis and neuro-
logical manifestations [s].

Neurological tropism of CHIKV seems to be lower than
of other arboviruses such as dengue, West Nile or yel-
low fever viruses, but several studies have described,
especially during epidemics, neurological manifesta-
tions such as meningoencephalitis, seizures or GBS
{é]. In"'some cases, IgM antibodies against CHIKV have
been found in CSF of patients with meningitis, support-
ing the theory of neurainvasion [7].

While the annual incidence of GBS in French Polynesia
is between ¢ and 2 per 100,000 inhabitants, nine cases
of GBS were admitted to our hospital during this six-
month outbreak of chikungunya, a four- to nine-fold
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increased incidence, leading us to suspect a causal
relationship between CHIKV infectlon and GBS. To
our knowledge, this is the first series of GBS tempo-
rally associated with a chikungunya fever outhreak.
Characteristics of the neurological presentation of our
patients are not different from GBS related with, or fol-
lowing other aetiologies. We thus recommend keep-
ing In mind that GBS is not an uncommon possibility
In neurological disorders associated with CHIKV virus
infection, especially in an epidemic context. Finally, it
is interesting to note that this Is the second arbovirus-
triggered outbreak of GBS in French Polynesia within
two years: the first one, during the Zika fever outbreak
from 2013 to 2014, resulted in 42 cases and a zo-fold
increase in the annual incidence of GBS [8].

QOur report adds to the mounting body of evidence

about the possibility of severe neurological disease
following CHIKY infections.
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Three-quarters of the estimated 3%0 million dengue virus (DENV)
infections each year are dinically inapparent. People with inapparent
dengue virus infections are generally considered dead-end hosts for
transmission because they do not reach sufficiently high viremia levels
to infect mosquitoes. Here, we show that, despite their lower average
level of viremia, asymptomatic people can be infectious to mostuitoes.
Moteover, at a given level of viremia, DENV-infected people with no
detectable symptorns or before the onset of symptoms are significantly
morte infectious to mosguitoes than people with symptomatic infec-
tions, Because DENV viremic people without clinical symptoms may be
exposed to more mosquitoes through their undisrupted daily routines
than sick people and represent the bulk of DENV infections, our data
indicate that they have the potential to contribute significantly more to
virus transmission to mosquitoes than previously recognized.

mosquito experimental infection | Cambodia | Aedes aegypti |
human-to-mosquito transmission | dengue

With 3.97 billion people living in 128 countries currently at
risk for infection, dengue viruses (DENV-1 to -4) cause
more human morbidity and meortality worldwide than any
other arthropod-berne virus (1, 2). Aedes aegypti mosquitoes
are the primary vectors of DENV throughout the tropics (3).
Dengue prevention relies on the control of Ae. gegypti pop-
ulations, which is failing in most parts of the world due to lack
of resources, lack of political will, and/or ineffective imple-
mentation (4). ‘

Virus transmission from infected. humans to mosquitoes is a
critical step in dengue epidemiology, but due to logistical con-
straints it has been directly examined only in a handful of studies
to date (5). In initial experimental infections of human volun-
‘teers during the 1920s (6, 7), the onset of clinical symptoms
occurred 4-9 d after virus inoculation by mosquito bite (8).

DENV-infected humans were infectious to mosquitoes from 2 d -

before to 2 d after the onset of symptoms, and Ae. aegypti fed on
viremic people were able to transmit virus to another person
after at least 11 d of extrinsic incubation (8). Results from later
studies indicated that, for naturally infected people with clini-
cafly apparent dengue, the duration of detectable viremia was on
average 4-5 d after the onset of symptoms, but could range from
2 to 12 d (9, 10). Investigators in Vietnam fed Ae. aegypti directly
on 208 symptomatic, hospitalized dengue patients and reported
that the probability of successful human-to-mosquito DENV trans-
mission was- coincident with the kinefics of viremia (11). Dengue
patients were infeciious up to 5 d after the onset of symptoms, which
generally corresponded with “defervescence” (11),

All previous studies on human-to-mosquito DENV transmission
were limited to people with overt illness and did not consider sub-
clinical infections. An estimated 300 million of the tatal 390 million
DENV infections per year are clinically inapparent or mildly

14688-14693 | PNAS | November 24,2015 | vol. 112 | no. 47

symptomatic, ie., no iliness that disrupted a person’s daily routine
(1). Following Grange et al. (12), we use “inapparent” or “sub-
clinical” interchangeably to denote infections confirmed by virus
detection or seroconversion, but with insufficient symptoms to be

T
detected by existing surveillance systems and health care( )

providers. “Asymptomatic” refers to a confirmed DENV in-
fection in the complete absence of reported or detected symp-
toms. Inapparent human DENV infections are a potentially
important component of the overal! burden of dengue because
they can serve as a previously unrecognized source of mosquito
infection (12}. Epidemic transmission of DENV associated with
low viremia levels and mild illness has been reported (13)., It has
long been assurped, but not empirically verified, that people with
inapparent infections fail to infect mosquitoes because they do not
reach sufficiently high viremia levels (5). This assumption is based
on the observation that disease severity is positively correlated
with the magnitude of DENV viremia (10, 11, 14). To our
knowledge, the only study that quantified viral RNA levels in a
limited number of asymptomatic DENV infections in humans
did not detect a significantly lower viremia (15), but infec-
tiousness to mosquitoes was not evaluated. The aim of the
present study was to document variation in DENV infectious-
ness of naturally infected humans across the spectrum of disease
manifestations, inchuding fully asymptomatic infections, and to
verify the assumption that people with inapparent infections are
not infectious to mosquitoes. :
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Results

Before the development of studies based on geographic cluster
sampling around index cases (16, 17), inapparent DENV infec-
tions could only be detected in very small numbers or retro-
spectively in cohort studies after the viremic period had ended
(18, 19). We overcame this obstacle by capturing DENV-infected
‘people across the continuum of disease manifestations while they
were viremic using a comprehensive catchment system combining
passive, hospital-based surveillance and cluster investigations in and
around the households of hospitalized index cases (Materials and
Methods). Following, informed consent, wild-type but laboratory-
reared Ae. aegypri mosquitoes were allowed to feed on the blood of
stady participants through direct (biting the person) and indirect
(artificial feeder) methods (Materials and Methods). Legs and
wings of blood-engorged mosquitoes that survived a 2-wk extyinsic
incubation period (EIP) were tested by serotype-specific, quanti-
tative reverse transcription-PCR (GRT-PCR) to detect and quan-
tify DENV RNA. Mosquitoes with DENV-positive wings and legs
indicated that virus had disseminated from their midguts, which is
a recognized proxy for their mosquito-to-human transmission po-
tential (20). -
C\ Our analyses included a total of 181 study participants who
oere either viremic at the time of mosquito feeding (2 = 176) or
were viremic at the time of inclusion, but had already reached an
undetectable level of viremia at the time of experimental mos-
quito exposure and were nevertheless subsequently found to be
infectious to mosquitoes (r = 5). Most study participants (89%)
were children undex 16 y of age (mean, 9.32; median, 8; inter-
-quartile range (IQR), 5-12 y] with a slight male-biased sex ratio
(1.2). All four DENV serotypes were represented with a marked
predominance of DENV-1 (51.4%), followed by DENV-2 and
DENV-4 (24.9% and 22,7%, respectively), and two DENV-3-
infected participants (1.1%). There were more secondary (46.3%)
than primary DENV infections (33.1%); immune status was
undetermined for 20.6% of the infected people. Overall, 126
(69.6%) participants had symptomatic dengue when experimental
mosquito feeding took place, 42 (23.2%) developed symptoms
after mosquitoes had fed, and 13 (7.2%) did not report and/or
exhibit any detectable symptom at recruitment and throughout
the 10-d follow-up period. Relative frequencies of DENV sero-
types did not differ between asymptomatic, presymptomatic, and
symptomatic disease categories (P = 0.639). Although DENV
transmission to mosquitoes from naturally infected people was
‘}ecenﬂy studied in a symptomatic cohort in Vietnam (i1), by
)

X
w

extending the present study design to include people with pre-
symptomatic and asymptomatic infections we addressed an un-
explored knowledge gap in dengue epidemiclogy.

Most participants (n = 156; 86.29) underwent both direct and
indirect mosquito feedings; a small subset participated in only
direct (n = 8; 4.4%) or only indirect (» = 17; 9.4%) mosquito
feedings. Direct mosquito feedings were only performed with
children above 4 y of age. A total of 3,163 individual Ae. aegypti
was assayed, of which 1,645 were fed directly on the infected
person (mean per participant, 10.0; median, 9; IQR, 5-14) and
1,518 indirectly on viremic blood (mean per participant, 8.8;
median, 7; IQR, 5-11). The proportion of positive mosquitoes
was positively and significantly correlated between direct and
indirect feedings on the same participant, although indirect
feedings generally resulted in a significantly lower proportion of
infected mosquitoes (weighted linear regression of infection
percentage: indirect = 1.05 + 0.768*direct; * = 0.69; ST Appendix,
Fig. 81). This result indicates that indirect feeding is a less sensi-
tive method for assessing human-to-mosquito transmission than
direct feeding, but may nevertheless represent a reasonable al-
temnative when direct feeding is not possitle.

First, we examined the relationship between illness and in-
fectiousness to mosquitoes in people who developed symptoms
during the course of their DENV infection. Our study design
allowed us to identify viremic people before the onset of fever
and associated symptoms. Across the presymptomatic and symp-~
tomatic cohorts, participants were exposed to mosquitoes from
3 d before to 8 d after the onset of symptoms. Collectively, vi-
remia peaked around 0-2 d after the onset of symptoms and then
gradually decreased, but viral RNA remained detectable in some
participants on their eighth day of illness (Fig. 14). Infectious-
ness to mosquitoes closely matched the kinetics of viremia (Fig.
1 B and C). There was no successful DENV transmission to Ae.
aegypti beyond the sixth day of illness. One participant’s blood:
did successfully infect mosquitoes by indirect feeding on the
seventh day of illness (Fig. 1C), but this was not confirmed by
direct feeding (Fig. 1B). Some participants were infectious as
early a§ 2 d (n =3) or 1 d (n = 8) before the onset of symptoms
(Fig. 1B), confirming results previously reported by Siler et al.
(6). Although duration of infectiousness is best measured with
longitudinal profiles of the same individuals, our composite time
course at the population level suggests that for the viruses we
studied humans naturally infected with DENV can be infectious
to mosquitoes from 2 d befotre to 6 d after the onset of illness.
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Next, we examined the human, virological, and entomological
factors that were associated with infectiousness to mosquitoes. In
multivariate regression analyses, both viremia level and disease
category were conmsistently and significantly associated with the
likelihood of mosquito infection (Table 1). Conversely, infection
immune status (primary, secondary, or indeterminate status), age,
and EIP were not significant predictors of successful mosquito in-
fection. A significant effect of serotype and gender was only de-
tected for one mosquito feeding method, but not both, which may
be due to the fact that the cohorts of individuals involved in each
mosquito feeding method were not exactly the same. ,

QOur data confirmed that the level of viremia is one of the most
important determinants of human infectiousness to mosquitoes
(11). The amount of détectable DENV RNA in participants’
plasma (expressed in ¢DNA copies per milliliter) ranged from
1.61 to 10.1 Joggp cDNA copies per mL. of plasma across all study
participants (mean + SE: 6.17 & 0.14). The observed magnitude
of viremia was not associated with age, gender, DENV serotype,
or immune status, It was, however, significantly different be-
tween disease categories (ST Appendix, Table §1). Viremia level
measured in people with asymptomatic infections (mean 4 SE:
4.75 + 0.39 logio cDNA copies per mL) was lower on average
than in people with presymptomatic (mean + SE: 6.74 + 0.25 logy,
cDINA copies per mL) or symptomatic (mean + SE: 6.12 + 0.17
logio cDNA copies per mL) infections, Because viremia level
depends on when it was measured during the course of infection
(Fig- 14), we also compared the average viremia level of asymp-
tomatic infections with that of people who developed symptoms,
stratified by day of illness. The average viremia level of asymp-
tomatic infections did not differ from viremia levels observed
2-3 d before or 58 d after the onset of symptoms. It was, how-
ever, significantly lower than between —1 and 4 d of illness. Thus,
the average DENYV viremia level of asymptomatic infections cor-
responded to the magnitude or viremia observed during the early
and late viremic period of people who develop symptoms. To
confirm that the dynamic nature of the viremic phase (Fig. 14) did
not confound our time-independent analysis, we repeated the
multivariate regression analysis with temporal stratification of
disease categories. Although the effect of viremia level decreased,
overall results did not change when symptomatic people were
split into groups of 0-2, 3-4, and 5-8 d of illness (SI Appendix,
Table 85). Asymptomatic DENV-infected people were always

significantly more infectious than symptomatic people, with the
exception of group 0-2 d of illness, which was marginally insig-
nificant for indirect feeding. Presymptomatic DENV infections

did not differ significantly from asymptomatic infections (ST 4p-
pendix, Table S5).

Viremia levels measured by gRT-PCR and expressed, like in
this study, as cDNA copy numbers are generally well correlated
with infectious titers, but should be interpreted with caution. The
number of infections virus particles measured by the mosquito .
inoculation technique can be 2-5 logs lower, depending on the
virus strain, cell type used, level of viremia, host immune re-
sponse, and several other factors such as handling and storage
conditions of viremic blood sample (21). RT-PCR detects RNA
from infectious viruses, but also from immature virions and de-
fective particles. On the other hand, five participants with un-
detectable DENV viremia by gRT-PCR were infectious to
mosquitoes. This further highlights the limited correlation be-
tween infectious titer and concentration of viral RNA'in plasma.
It also_suggests that the amount of virus might differ between
venous blood (used to measure viremia) and capillaxy or venule
blood (imbibed by mosquitoes) andfor between plasma and
whole blood. As previously reported, it is also possible that the
high sensitivity of the mosquito infection model may help to
detect low levels of viremia that are below the limit of detection
by gRT-PCR, but are actually sufficient to infect mosquitoes,
(21). In our multivariate analysis (Table 1), factors other than =
the amount of viral RNA in plasma (e.g., seroiype and disease
category) contributed to differences in participant infectiousness.

Strikingly, asymptomatic and presymptomatic infections were
associated with increased overall probability of mosquito in-
fection, independently of viremia level measured as cDNA copy
numbers. Asymptomatic and presymptomatic DENV infections
did not differ significantly from each other (direct: P = 0.430;
indirect: P = 0.496), Dose~-response scatterplots revealed that
asymptomatic and presymptomatic infections were more in-
fectious to mosquitoes than symptomatic infections at any given
viremia level (Fig. 2). By direct feeding, the 50% mosquito in-
fectious doses [95% confidence interval (CI)] were 5.31 (4.81-
5.80), 5.68 (5.30-6.00), and 7.21 (7.05-7.36) logyq viral cDNA
copies per mL of plasma in the asymptomatic, presymptomatic,
and symptomatic categories, respectively. By indirect feeding,
the corresponding estimates were 5.68 (5.14-6.55), 5.97 (5.55-
6.33), and 7.78 (7.59-7.99), respectively. ‘

We analyzed viral loads in the wings and legs of infected mos-

-~

N

quitoes because they are positively correlated with DENV in

Ae. aegypti saliva and thus mosquifo fransmission potential (20),

‘The strongest predictor of viral loads in positive mosquitoes wa@E
hmman viremia, followed by disease category and DENV serotypta...

Table 1. Multivariate regression analysis of successful human-to-mosquito DENV transmission

Direct feeding

Indirect feeding

Factor

OR (85% CI) P value CR (95% CN) P value
Serotype N.5.
DENV-1 3.66 {1.76-7.63) <0.001
DENV-2 1.74 (0:72-4.19) 0.213
DENV-4 Ref,
Gender N.S.
Male 2.08 (1.07-4.04) 0.032
Female: Ref.
A Viremia, +1 log,p copies/iml 2.05 {1.684-2.56) <0.001 1.81 {1.52-2.16) <0.001
Disease category
Asymptomatic 10.05 (1.76-57.51) 0.010 5.72 (1.90-23.9) 0.003
Presymptomatic 4.84 (2.02-11.58) <0.001 4.19 (1.94-9.05) <0.001
Symptomatic Ref,

Ref,

Minimal adequate model based on marginal logistic regression of mesquits infection status. DENV-3 was
excluded due to small sample sfze, Direct and Indirect feedings are analyzed separately as indicated in the table
heading. Test statistics for the full model are in 51 Appendix, Table $2. CI; confidence interval; N.S., not signif-

icant; OR, odds ratio; Ref,, refarence level,
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Fig. 2. Dose-response profiles by disease category. The percentage of infected
mosquitoes is shown as a function of viremia {measured as cDNA copies per
milliiiter of plasma) for each study participant involved in direct (4} and indirect
(8) mosquite feedings. Solid symbols represent positive viremia levels. Open
symbols correspond to undetectable viremia lavels in five partidpants that re-
sulted in mosquite infection. The size of the dot Is proportional to the number
of mosguitoes tested per participant (direct feeding: mean, 10.0; median, 9; IQR,
5-14; Indirect feeding: mean, 8.8; median, 7; IQR, 5-11). A indudes 8 asymptomatic,
37 presymptematic, and 117 symptomatic participants. 8 includes 10 asymptom-
atic, 41 presymptomatic, and 120 symptomatic partidpants. Curves are logistic re-
)} gressions of the deta (excluding participants with undetectable viremia). The

minimum adequate model-for direct feedings explained 34.2% of the variation in
the proportion of mosquitoes infected, and disease ctegory alone aceounted for
8% of the overall variation, For the indirect feedings, the percentage of variation
explained by the model was 37.4% and 7.8% for disease category alone,

(ST Appendix, Tables 53 and S4). For both direct and indirect
feedings, asymptomatic and presymptomatic infections resulted in a
significantly higher viral Joad in infected mosquitoes than symp-
tomatic infections (P < 0.001). This conclusion was confirmed with
temporal stratification of symptomatic infections as a function of day
of iliness (S7 Appendix, Table §6). Following direct feeding, the mean
viral loads (+SE) of infected mosquitoes expressed in log;y cDNA
copies per milliliter were higher for mosquitoes that fed on asymp-
tomatic people (652 £ 0.26) and presymptomatic people (529 +
0.16) than on symptomatic patients in the 0-2 d (4.91 + 0.18),
3-4d (5.20 +:0.13), and 5~8 d of illness (5.14 + 0,16). Following
indirect feeding, the mean viral loads (£SE) of infected mos-
quitoes were also higher after feeding on the blood drawn from
asymptomatic people (6.06 + 0.32) and presymptomatic people
(5.06 + 0.22) thant on blood from symptomatic patients in the 0-2 d
(4.33 £ 0.25), 3-4 d (4.86 + 0.18), and 5-8 d of illness (3.43 + 0.21).
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Thus, not only a larger proportion of mosquitoes became infected
when they fed on the blood of participants without symptoms, but
mosquitoes that became infected had significanily more viral ge-
nome copies in their bodies than those infected by feeding on the
blood of symptomatic participants.

Discussion

Our results show that people with natural DENV infections and no
clinical symptoms can contribute to virus transmission dynamics
by efficiently infecting mosquito vectors. Moreover, people with
asymptomatic and presymptomatic infections had an ~100-fold
lower 50% mosquito infections dose and resulted in Yarger viral -
loads in infected mosquitoes, which we interpret as increased
transmission potential (20). The dynamic nature of changes in
human infectiousness to mosquitoes could refiect a shift in the
ratio of noninfectious to infectious viral particles (undetected by
qRT-PCR alone) through the course of infection and/or the. in-
fiuence of differential cofactors in asymptomatic compared with
symptomatic infections, The strong immune response and high
cytokine levels developed during illness may play a role in reducing
human infectionsness to osquitoes (22). Consistent with this hy-
pothesis, reduced risk of human-to-mosquito transmission has been
associated with increasing day of illness and rising IgG and IgM
titers (11). Understanding and characterizing the mechanistic basis
of variation in infectiousness among DENV-infected peaple should
be a priority for future research, !

Regardless of the underlying mechanism(s), our results are con-
sistent with the hypothesis that DENV transmission from lwmans to

. mosquitoes can be “silent” because it occurs before the onset of

symptoms or in the absence of apparent illness. Quantitative esti-
mates of the relative contribution to DENV transmission among
disease categories remain to be determined by combining assess-
ments of magnitude and duration of infectiousness across the
infections period of different people with measures of various
people’s exposure to biting mosquitoes during the course of their
infection (23). Larger sample sizes than in the present study and
sequential mosquito feedings on the same person will help to fur-
ther clarify the role of presymptomatic and asymptomatic infections
in DENV transmission. Asymptomatic infections had a lower av-
erage level of viremia, which is thought to be associated with a
shorter time window of infectiowsness (11}, On the other hand,
people without symptoms may be more likely to visit multiple
locations during their daily routines where they are cumulatively
bitten by more mosquitoes than sick people who are hospitalized or
who stay at home and are exposed to only their resident mosquitoes
(24). Additional sources of heterogeneity to consider include du-
ration of the mosquito’s EIP (25), genetic variation among DENV
strains, and intrinsic differences among human and mosquito pop-
ulations (26, 27).

The observation that clinically inapparent human DENV infec-
tions can contribute to the population of infected mosquitoes
supports the hypothesis that they are not dead-end hosts for
transmission (5). Inapparent infections could contribute to DENV
persistent circulation during interepidernic periods and may provide
new insights and approaches into outbreak detection and response.
For example, inapparent cholera infections play a central role in
driving the shape of epidemic curves; people with severe disease are
relatively minor contributors (28). Inapparent infections force a
more rapid rise and fall of cholera epidemics, shifting the peak of
the epidemic curve to an earlier time than previously recognized,
and accelerating the process of pathogen epidemic transmission and
geographic spread. This has important public health implications for
dengue because it reemphasizes the need to rapidly detect and ef
fectively respond to an outbreak, which will depend on the amount
of transmission occurring before detection of an increase in disease
(29). It also encourages measurement of infection, not just disease,
in dengue vaccine and vector control trials, Evaluating the isk of
transmission in the absence of symptoms could be important for
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other arboviruses with a high proportion of inapparent infections
such as yellow fever virus (30).

Global efforts to reverse the increasing burden of dengue dis-
ease will require more than overcoming the lack of resources,
lack of political will, or ineffective intervention implementation.
Equaily important will be an improved understanding and appli-
cation of influential features of virus transmission dynatnics, It is
our hope that changing views about how people with inapparent
and mild DENV infections confribute to transmission will improve
the theory of DENV transmission dynamics, lead to innovation in
outbreak detection and response, and refine assessment of new
prevention strategies.

Materials and Methods

Ethics Statement. This study was approved by the Cambodian Natlanal Ethics
Committee for Health Research (Protocol 063NECHR) and by the Institut
Pasteur Ethics Board for European Projects. A participant’s enrollment was
subject to obtaining written consent signed by the participant or by a legal
representative for participants under 16 y of age.

Study Participants. Patients presenting with acute dengue-like illness between
June and October of 2012 and 2013 were enrolled at Kampong Cham City
Provincial Hospital and at two district hospitals of the Kampong Cham province
(5! Appendix, Fig. 52). This province is ~120 km northeast from Phnom Penh,
the capital of Cambodia, where the Institut Pasteur in Cambodia (PQ) is lo-
cated. Participant inclusion criteria were as follows; (i} age >2 y (age >4 y for
direct mosquito feeding); (i) axillary temperature »38.0 °C; (i) two or more of
the following symptoms: headache, retroorbital pain, muscle pain, joint pain,
rash, and any bleeding; and (i} written informed consent from the participant
ot a legal representative for participants under 16 y of age.

DENV Infection of hospitalized patients was confirmed by N51 antigen de-
tection using a commerdal rapid diagnostic test (for details, see Dengue Diagnosls
and Classification below) Tollowed by gRT-PCR on the plasma sample obtained
during the acute febrile phase of disease (51 Appendi, Fig. $3) (31), Patients with
a confirmed DENV infection by N51 antigen detection andfor qRT-PCR were
considered dengue index cases (DICs) that initiated geographic cluster investi-
gations. Cluster participants were enrciled from family members at the DICs
hausehold as well as from people living in houses within a 200-m radius of the
DIC's home,or in the 20 closest houses when the population density of the area
exceeded the logistical capacity of the fleld team. Cluster participants were aged
from 2 to 40 y and lived In villages Jocated within 30 km from the provincial
hospital (5! Appendix, Fig. 52). Cluster participants or representative for the
participants under 16 y of age provided a written informed consent before
enrollment, Exclusion criteria were as follows: {f) pregnancy or breastfeeding;
(/1) symptoms inconsistent with dengue and obvious nondengue acute in-
fection (e.g., otitis media, pneumonia, meningitis); or {if} known chronic illness.

Clinical Data and Eloed Collection, DICs and cluster participants were exam-
ined during sequential visits as shown in 57 Appendix, Figs, 53 and 54, At each
visit, data were collected using a standardized questionnaire designed for
either hospitalized patients or cluster participants.

For hospitalized patlents, three blood samples were collected: shortly after
hospital admission during the febrile acute phase (visit 1), at the time of de-
fervescence (visit 2), and during the convalescent phase at hospital discharge (visi
3), which in general corresponded to days 3-5 of hospitalization, The severity of
the disease was assessed according to the 1997 World Health Organization
(WHOJ) eriteria using clinlcal, biological, and paraclinical examination data
recorded at admission and througheut the entire hospitalization perlod (32).

To screen duster participants for DENV infection, hame visits were con-
ducted within 24 h after DICidentification thome visit O {HV0)] and then again
at day 2 (HV2) and day 7 (HV7) during 2012, In 2013, only HV0 and then a visit
4 d later (HV4) were conducted (S} Appendix, Fig. 54},

Blood samples drawn during visits were sent with ice packs to [PC within 5-10 h
for laboratory diagnosis, Blood samples were collected in tubes with EDTA an-
ticoagulant, and volume drawn was adapted according to participant weight:
3.0 m\ for children below 20 kg of weight and 5.0 mL for individuals over 20 kg,

Cluster Investigation Participant Follow-Up. Once conflrmed positive for DENV
infection, cluster investigation participants were visited at different time
points depending on their clinical presentation. Cluster participants with any
dengue-like clinical symptoms described above, at any point in thelr obser-
vation perlod, were consldered as symptomatic cases and those who did not
report or present any symptom during examination In the follow-up period
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were dlassified as asymptomatic individuals. The participant was classified as
sympteratic if any symptoms appeared or were reported by the participant
or their caregiver during the follow-up perlod or if the participant or thelr
caregiver reported antipyretic drug Intake, .
Symptomatic cluster participants were visited immediately after confirmation of
DENV infection at three time points: day 0 (D0), D2, and D7, A Jonger and closer
monitoring was conducted in the asymptomatic group at DO, D1, D2, D3, D4, DS,
D&, D7, and D10 (5! Appendix, Fig. 54), During each daily visit, a biood sampte was
collected and a standard questionnaire was administered regarding current
symptoms or history of symptoms during at least 2 consecutive days for the last
7 d including dengue-tike symptoms (headache, retroorbital pain, muscle pain,
joint pain, rash, and any bleeding), body temperature, and intake of an antipy-
retic drug, DO of the duster investigation follow-up usually corresponded to the
second day after the partidipant was envollzd (at HV0) due to the time required
for biood sample transportation to IPC and subsequent faboratory confirmation.

Dengue Diagnosis and Classifieation, Blood samples collected at admission {visit
1) of hospitalized patients were tested for DENV NS1 antigen by 5D BIOUNE
Dengue Duo rapid diagnostic kit (Standard Diagnostic) according to the manu-
facturer's recommendations, This test was performed by welltrained nurses at
the patient's bedside and the result was confirmed at IPC by DENV RNA de-
tection in the same blood sample using a serotype-specific multiplex gRT-PCR
method (31), The gRT-PCR had a limit of detection of 0.5-3 plaque-forming units
(PFU} and 5-10 <DNA capies per 20-uL reaction, depending on the serotype (31)
To screen for additional DENV infections among household members anc.
neighbors, blood samples that were collected at HVO, HV2, HV7 (2012), or HVO
and HV4 (2013} were tested by qRT-PCR at IPC, Results were communicated to
the field team on a dally basis to Initiate cluster investigations, perform maosquito
feedings when required, and ensure the follow-up of cluster participants. DENV
viremia was expressed as cDNA copy numnber per mitliliter of plasma.

Serological tests were performed. on sera collected during the acute and
convalescent phase of the infection in both symptomatic and asymptomatic
groups for detection of antibodies against DENV, Because of potential cross-
reactivity among flaviviruses, ali specimens were tested for both anti-DENY
and anti-lapanese encephalitis virus (JEV) using an in-house IgM capture
ELISA (MAC-ELISA) and hemagglutination inhibition (HI) assay as previously
described (33, 34). Primary or secondary immune status of DENV infections
was determined by HI test according to WHO criteria (32).

Aedes aegypti for Human-te-Mosquito Transmission Experiments. Wild im-
mature stages of Ae. aegypti were repeatedly collected at ~2-mo intervals at
different locations in Kampong Cham province from areas where the study
participants resided. All Ae. aegypti females that were used in human-to-
mosquito PENY transmission experiments were from laboratory-reared F; or
F3 generations derived from Fq parental females that tested negative for
DENV, JEV, and chikungunya virus (CHIKV) by virus-specific RT-PCR and for
other potential flaviviruses by pan-flavivirus RT-PCR (31, 35-37).

Briefly, field-caught Ae. aegypti larvae {Fo} were pooled, reared in distilled
water, and fed on commerdal dry fish food. Following emergence, adult mog; J
quitoes were fed twice weekly directly on immobilized mice and maintained ton
cotton soaked with 0% {wt/vol) sugar solution in an enviranmental chamber
with 12:12 light/dark hours, at 27 *C, and 70% relative humidity. F, eags were
collected on paper towels lining oviposition cups placed In the cages. The F,
generation was reared as described above, and Fy adults were kept In cages
containing males and females, Fy fernales were provided blood meals for mul-
tiple gonotrophlc cycles aver a period of 30 d. At the end of this peried, surviving
Fy adults were removed and freeze-killed, Fy adults that dled befora 30 d were
also collected for testing. All F; mosquitoes were sorted by sex in a Petri digh
placed on Ice, pooled into vials of 10 mosquitoes (male and female) per vial, and
homogenized, Extracted RNA was tested for DENV, JEV, CHIKV, and other fla-
viviruses (31, 35-37).

Eggs from cages thatinduded only F, females and that tested negative for all
tested viruses were hatched and reared to produce F» and F3 aduhts for experi-
merital feeding as described above. Nulliparous female Ae. aegypti of the F; and
F3 generations were used in human-to-mosquito transmission experiments.

Experimental Exposure of Ae, aegyptf to DENV Viremic Blood. Following con-
firmation of DENV infection, each study participant was asked, or through hisf
her legal guardian, to participate in human-to-mosquito transmission ex-
periments by direct and/or artificial membrane (indirect) feeding methods (5!
Appendix, Fig. 55). Written informed consent was provided for all enrolled
participants. Both hospitalized patients (DICs) and cluster participants were
involved in mosquito feedings {(S/ Appendix, Fig. 56).

For direct feeding, two mesh-caovered 500-mL paper cups, each containing 25
female 5- to 9-d-old Ae, 2egypti that had beenstarved for 24 h, were placed on
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the participant's legs for 5 min. A nurse monitored participants for 30 min for
any side effects and was prepared to advise the participant to seek treatment
If fever or any other symptoms occurred In the following 2 wk. Antihistamine
cream was applied to the sites of mosquito bites to reliave itchiness.

For indirect feeding, venous blood was drawn from the participant into a tube
with EDTA anticoagulant within 30 min after direct mosquito feeding. Briefly,
3.0 mlL of whole blood was thoroughly mixed with 30 pL of 10 mM ATP used as a
phagostimulant, and the remalning blood was kept to quantify DENV RNA by
QRT-PCR. Approximately 1.5 mL of mixture was loaded into two glass feeders
malntained at 37 *C by a connected heated water source, Two mesh-covered
500-mL paper cups, each containing 25 female 5-to 9-d-old Ae. aegypti that had
been starved for 24 h, were placed under the feaders for 30 min to allow blood
feeding through a plece of desalted porcine intestine used as a membrane.

After direct or indirect feeding, mosquitoes were cold anesthetized at 4 °C for
10-15min and sorted on a Petri dish placed on ice. Unfed or partially fed females
were discarded. Only fully engorged females were transferred to a new 500-mL
paper cup and maintained in an environmental chamber malntained in a bio-
safety level 2+ fadlity with 12:12 light/dark hours, at 27 °C, and 70% relative
humidity for ~2 wk, EIP ranged from 10to 19 d, but for most participants (92%)
surviving females were harvested between 13 and 16 d after blood feeding,
Variation in EIP was taken into account in the statistical analyses.

DENV Detection in Mosquitoes. When harvested for processing, mosquitoes were

- Sfreeze-killed, and their legs and wings were separated from the rest of the body

C }h sterile forceps and, for each mosquito, placed individually in a vial containing

~«d0 pil. of sterile PBS with 10% (volivol) FCS and 15-20 caramic beads. The mix-

ture was homogenized using a MagNA Lyser Instrument {Roche Life Science

Thailand, catalog no, 63358976001) at 6,500 rpm for 50 s. Viral toad in individual

mosquito body parts was measured by gRT-PCR and the results expressed as
cDNA copy number per milliliter of legs and wings suspension (31),

Statistical Analyses. All analyses were based on the final cohort of 181 in-
fected human participants including 13 asymptomatic, 42 presymptomatic,
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and 126 symptomatic people. Analyses of mostuito Infection data were per-
formed separately for direct and indirect feeding methods. Detectable plasma
virernia levels were log-transformed and analyzed with an analysis of variance.
The proportion of infected mosquitoes was analyzed as a function of the
covariates using marginal logistic regression models. Dose—response curves and
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Emergencies preparedness, response
Guillain-Barré syndrome — Brazil

Disease QOutbreak News
8 February 2016

On 22 January 2018, the Nationa! IHR Focal Peint of Brazil notified
PAHO/MHO of an increase of Guillain-Barre Syndrome (GBS) recorded
at the national level.

Data from the hospital-based surveillance system reveal that, befween
January and Novembar 2015, 1,708 cases of GBS were registered
nationwide, While a number of states reported significant increases in
reported cases — especlally, Alagoas (516.7%), Bahia (196.1%), Rio
*(3rande do Norte (108.7%), Piaui (108.3%), Espirito Santo (78.6%), and
Rio de Janeiro (60.9%) — other states reported stable or even
diminishing number of GBS cases as compared to 2014. Most of the
states in Brazil are experiencing the circulation of Zika, chikungunya, and
dengue virus.

WHO risk assessment

At pregent, available information is insufficient to interpret the observed
differences in GBS incidence globally and among Brazilian states. The
potential cause of the reported increase of GBS incidence in certain
Brazilian states remains unknown. Case-control studies are ongoing to
determine the cause of the increase. These studies may provide

evidence that corroborates or disproves a causal relationship between
Zika virus, GBS and other congenital'malformations. WHO continues to
maonitor the epidemiological situation and conduct risk assessment based
on the latest available information.

WHO recommends Member States affected or susceptible to Zika virus
outbreaks to:

s monitor the incidence and trends of neurological disorders, especially
GBS, to identify variations against their expected baseline values;

« develop and implement sufficient patient management protocols to
manage the additional burden on hezlth care facilities generated by a
sudden increase in patients with Guillain-Barre Syndrome;

"« raise awareness among health care workers and establish and/or
strengthen links between public health setvices and clinicians in the
public and private sectors.

WHO advice

The proximity of mosquito vector breeding sites to human habitation is a
significant risk factor for Zika virus infection. Prevention and control relies
on reducing the breeding of mosgquitoes through source reduction
(removal and modification of breeding sites) and reducing contact
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between mosquitoes and people. This ¢an be achieved by reducing the
number of natural and artificial water-filled habitats that support mosquito
larvae, reducing the adult mosquito populations around at-risk
communities and by using barriers such as insect screens, closed doors
and windows, long clothing-and repellents. Since the Aedes mosquitoes
(the primary vector for transmission) are day-biting mosquitoes, it is
recommended that those who sleep during the daytime, particularly
young children, the sick or elderly, should rest under mosquito nets (bed
nets), treated with or without insecticide to provide protection,

During outbreaks, space spraying of insecticides may be catied out
following the technical orientation provided by WHO to kill flying
masquitoes. Suitable insecticides (recormmended by the WHO Pesticide
Evaluation Scheme) may also be used as larvicides fo treat relatively
large water containers, when this is technically indicated.

Basic precautions for protection from mosdquito bites should be taken by

people traveling ta high risk areas, especially pregnant women, These
C:)include use of repellents, wearing light colored, long sleeved shirts and

pants and ensuring rooms are fitted with screens to prevent mosquitoes

from entering.

WHQO does not recommend any travel or trade restriction to Brazil based
on the current information available.

®
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Recommendations for Assessment of
Blood Donor Suitability, Donor Deferral
and Blood Product Management in
Response to Ebola Virus

Draft Guidance for Industry

This guidance document is for comment purposes only.

Submit one set of either electronic or written comments.on this draft guidance by the date
provided in the Federal Register notice announcing the availability of the draft guidance.
Submit electronic comments to http://www.regulations.gov. Submit written comments to the -
Division of Dockets Management (HFA-305), Food and Drug Administration, 5630 Fishers
Lane, Rm. 1061, Rockville, MD 20852. You should identify all comments with the docket
number listed in the notice of availability that publishes in the Federal Register.

Additional copies of this guidance are available from the Office of Communication, Outreach
and Development (OCOD), 10903 New Hampshire Ave., Bldg. 71, Rm. 3128, Silver Spring,
MD 20993-0002, or by calling 1-800-835-4709 or 240-402-8010, or email ocod@fda hhs.gov, or
from the Internet at

http://www.fda.gov/BioIogicsBloodVaccines/GuidanceComplianceRegulatoglnformation/Guida
nces/default.htm.

For questions on the content of this guidance contact OCOD at the phone numbers or email
address listed above.

U.S. Department of Health and Human Services
Food and Drug Administration

Center for Biologics Evaluation and Research
December 2015
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Recommendations for Assessment of Blood Donor Suitability, -
Donor Deferral and Blood Product Management in Response to
Ebola Virus

Draft Guidance for Industry

This draft guidance, when finalized, will represent the current thinking of the Food and Drug
Administration (FDA or Agency) on this topic. It does not establish any rights for any person
and is not binding on FDA or the public. You can use an alternative approach if it satisfies the
requirements of the applicable statutes and regulations. To discuss an alternative approach,

contact the FDA staff responsible for this guidance as listed on the title page.

1L INTRODUCTION

This guidance document provides, you, blood establishments that collect blood and blood

“ components for transfusion or further manufacture, including Source Plasma, with our (FDA)

recommendations for assessing donor suitability, donor deferral and blood product management
in the event that an outbreak of Ebola virus disease (EVD) with widespread transmission is
declared in at least one country. This guidance document applies primarily to Ebola virus
(species Zaire ebolavirus), but recommendations are expected to apply to other viruses of the
Ebolavirus genus such as Sudan virus, Bundibugyo virus, and Tai Forest virus. The

recommendations jn section III. of the guidance document would apply to the routine collection

of blood and blood components for transfusion or further manufacture, including Source Plasma.
The collection of convalescent plasma from EVD survivors is addressed in section V. of the
guidance document.

FDA'’s guidance documents, including this guidance, do not establish legally enforceable
responsibilities. Instead, guidances describe the FDA’s current thinking on a topic and should be
viewed only as recommendations, unless specific regulatory or statutory requirements are cited.
The use of the word should in FDA’s guidances means that something is suggested or
recommended, but not required.

1L BACKGROUND

Ebola virus is a member of the family Filoviridae that can.cause severe hemorrhagic fever in
humans and non-human primates (NHPs) with historically high morbidity and mortality rates of

~ up to 90% (Refs. 1 and 2). However, in the 2014 outbreak in West Africa, the mortality rate has

been lower, with 28,617 suspected, probable and confirmed cases and 11,314 deaths reported as

131




Contains Nonbinding Recommendations
Draft — Not for Implementation

of early November 2015 ! Ebola virus is a lipid-enveloped zoonotic pathogen that, when studied
in the laboratory, requires the highest level of biosafety containment (BSL-4). The Centers for
Disease Control and Prevention (CDC) has classified it as a “Category A” bioterrorism
agen’r.:’disease.2 Ebola virus is reported to be inactivated by heating at 60°C for 60 minutes, and
also following incubation at pH 2.5 (Ref. 3). Solvent detergent treatment and pathogen
inactivation technologies are also known to inactivate lipid-enveloped viruses (Refs. 4.through
8). ‘

In humans, EVD is typically characterized at onset by fever, severe headache, muscle pain and
weakness, followed by diarrhea, vomiting, abdominal pain and sometimes diffuse hemorrhage
(bleeding or bruising). In previous outbreaks of EVD, symptoms generally appeared within 21
days and most often within 4-10 days following infection (Refs. 9 and 10). Based.on
mathematical models, symptom onset later than 21 days is estimated as possible in 0.1 to 12% of
cases (Refs. 10 and 11). In a retrospective study in which 500 patients diagnosed in 2014
recalled their likely source of infection, 5% reported symptom oriset > 21 days (up to a
maximum of 43 days) post-exposure (Ref. 10)..

Viremia and virus shedding escalate rapidly after onset of symptoms and infectivity appears to
correlate with severity and stage of disease. Although viremia in survivors typically resolves
within 21 days of disease onset, infectious virus and viral RNA has been detected in other body
components or fluids (e.g., aqueous humor, semen and vaginal fluids) for longer periods. For
instance, viable Ebola virus was detected in aqueous humor obtained from the eye 14 weeks after
the onset of the initial symptoms of EVD and 9 weeks after the clearance of viremia (Ref. 12).
Infectious virus and viral RNA have been detected in semen up to 82 and 272 days post EVD
onset, respectively (Refs. 13 through 17).% Further, a case of sexual transmission of Ebola virus
was reported in which the patient was exposed to Ebola virus through sexual contact with a
survivor 179 days after likely disease onset (Refs. 18 and 19). These findings raise the
theoretical possibility, which has not been documented in humans or animal models, of an
intermittent low level viremia after recovery from illness. In addition, there have been isolated
reports of apparently asymptomatic Ebola virus infection in individuals who had contact with
Ebola patients (Ref. 18), and of antibody to Ebola virus in rural African populations reportedly
unassociated with acute illness (Ref. 19). These reports raise the possibility that there may be an
asymptomatic infection or mild disease in some individuals; if this condition exists, the
infectivity of these individuals is uncertain but likely to be less than that of severely ill persons.

Ebola virus is transmitted from human to human by direct contact with body fluids (such as
‘blood, urine, stool, saliva, semen, vaginal fluids or vomit) of symptomatic infected individuals.
Therefore, blood and blood products from symptomatic individuals, if they were to donate,
would have the potential of transmitting Ebola.-virus to recipients. The theoretical possibility of
pre-symptomatic viremia has not been extensively investigated. If this condition exists the

1 §ee CDC website: http:/fwww.cde.govivhfebola/outbreaks/2014-west-africa/case-counts.html.

2 See CDC website: http://www.bt.cde.gov/agent/agentlist-category.asp.
3 See also the CDC Review of Human-to-Human Transmission of Ebola Virus,

http://www.cdc.gov/vhf/ebolaftransmission/human—transmission.html.
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infectivity is uncertain, but likely to be less than of symptomatic persons. Healthcare providers
caring for symptomatic Ebola patients, and family and friends in close contact with symptomatic
Ebola patients, are at the highest risk of becoming infected because they may come in direct
contact with infected blood or other body fluids of sick patients.

OI. RECOMMENDATIONS

A donor must be in good health with a normal temperature at the time of donation

(21 CFR 640.3(b) and 21 CFR 640.63(b)(3)). Standard procedures that are already in place to
assure that the donor feels healthy at the time of donation serve as an effective safeguard against
collecting blood or blood components from a donor who seeks to donate after the onset of
clinical symptoms. The following recommendations are intended to reduce the risks of
collecting blood and blood components from potentially Ebola virus-infected persons during the
asymptomatic incubation period before the onset of clinical symptoms, as well as from
individuals with a history of Ebola virus infection or disease.

The guidance contains recommendation for updating your donor educational materials in section
IILA.1. The remaining recommendations should be implemented when the CDC has classified
one or more countries as having widespread transmission of Ebola virus. When there are no
countries classified by CDC as having widespread transmission of Ebola virus it is appropriate to
discontinue asking donors questions related to risk of Ebola virus infection or disease. (See

http://www.cde.gov/vhi/ebola/outbreaks/2014-west-africa/distribution-map.htmi.)

A, Donor Educational Material and Donor History Questionnaire
1. Donor Educational Material

We expect very few individuals with a history of Ebola virus infection or disease
to present as blood donors. When there are no countries classified as having
widespread transmission of Ebola virus, self-deferral of donors with a history of
Ebola virus infection or disease should provide sufficient protection. You may
update your donor educational materials to instruct donors with a history of Ebola
virus infection or disease to not donate blood or blood components.

2. Donor History Questionnaire

In the event that one or more countries is designated as having widespread
transmission of Ebola virus, we recommend that you update your donor history
questionnaire (DHQ), including your full-length and abbreviated DHQ, and
accompanying materials to incorporate the recommendations provided in this
guidance.

We recommend that the updated DHQ include the following elements to assess
prospective donors for risk of Ebola virus infection or disease.
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a. A history of Ebola virus infection or disease.

b. A history of residence in or travel in the past 8 weeks to a country with
widespread transmission of Ebola virus disease or cases in urban areas
with uncertain control measures. (See ‘
http://www.cde.gov/vhi/ebola/outbreaks/2014-west-africa/distribution-

map.html).

c. A history of close contact in the past 8 weeks with a person confirmed to
have Ebola virus infection or disease or any person under investigation
(PUD) for Ebola virus infection or disease in whom diagnosis is pending.
For the purposes of this guidance, close contact is defined as contact that
could have resulted in direct exposure to body fluids. Individuals falling
into this close contact category include healthcare workers and other
persons who care for, have lived with, or have otherwise been in.contact

with a PUI or a person confirmed to have Ebola virus infection or disease.*

« Additionally, this close contact category includes individuals
with a history of sexual contact in the past 8 weeks with a
person known to have recovered from EVD prior to that
instance of sexual contact.

d. A history of notification by a public health authority that he or she may
have been exposed in the past 8 weeks to a person with Ebola virus
disease.

We note that educational material may assist donors in assessing their risk factors
for Ebola virus infection or disease as described above. Relevant information on
risk factors can be found on CDC’s website at http://www.cdc.gov/vhi/ebola.

B. Donor Deferral

1. We recommend that you.defer indefinitely’ a donor with a history of Ebola
virus infection or disease.

. Note: This recommendation excludes the collection of convalescent plasma
for treatment of EVD as described in section V. of this guidance. '

4 For additional information on epidemiologic risk factors to consider when evaluating a person for exposure to
Ebola virus see: htgg:f/www.cdc.gov/vhﬂebola]exposure.’risk-factors-when-evaluating-person-for-exposure.html.
We expect individuals in the “high risk,” “some risk,” and “low risk” categories would fall into this close contact
category.

$ Until more data regarding the persistence of Ebola virus in survivors becomes available, we recommend you defer
such donors indefinitely.
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~ We recommend that you defer for 8 weeks® from the date of his or her

departure a donor who has been a resident of or has travelled to a country with
widespread transmission of Ebola virus disease or with cases in urban areas
with uncertain control measures. (See
htp://www.cde.gov/vhi/ebola/outbreaks/2014-west-africa/distribution-

map.html.)

Note: Longer deferral periods may apply based on recommendations for
deferral due to risk of malaria exposure. See FDA document entitled,
“Guidance for Industry: Recommendations for Donor Questioning, Deferral,

- Reentry and Product Management to Reduce the Risk of Transfusion-

Transmitted Malaria,” dated August 2014,
http://www . fda.gov/biologicsbloodvaccines/guidancecomplianceregulatoryinf

ormation/guidances/blood/ucm365191 .htm.

We recommend that you defer for 8 weeks® after the last contact a donor who
has had close contact with any PUI or confirmed to have Ebola virus infection
or disease, in whom the diagnosis is pending. Individuals failing into this
category include healthcare workers and other persons who care for, or have
lived with, a PUT or person confirmed to have Ebola virus infection or
disease.*

e We recommend that you defer for 8 weeks® after the last sexual
contact a donor who has had sexual contact with a gerson
known to have recovered from Ebola virus disease.

We recommend that you defer for a period of 8 weeks after 8Xp05111‘66 a donor
who has been notified by a federal, state, or local public health authority that
he or she may have been exposed to a person with Ebola virus disease.

& Although symptoms generally appear within 21 days of infection, we recommend an extended deferral period of 8
weeks to prevent blood and blood component collection from an individual who could be infected and have an
extended incubation period. In addition, 8 weeks is consistent with the inter-donation interval for Whole Blood

donations.

7 Until additional data regarding the length of time semen could be infectious post Ebola virus disease becomes
available, we recommend that you defer for 8 weeks after the last sexual contact a donor who has had sexual contact
with a person known to have recovered from Ebola virus disease. '

*
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C. Product Retrieval and Quarantine and Notification

L. _Blood and Blood Components Collected from Donors at Risk for Ebola Virus
Infection or Disease Because of Risk Factors Related to Residency, Travel or
Close Contact.

a. Ifyou collected blood or blood components intended for transfusion or
further manufacturing from a donor who should have been deferred for
risk factors for EVD related to residency, travel, or close contact,
according to the recommendations in section II1B. of this document, we

- recommend that you quarantine and destroy all undistributed in-date blood
and blood components from that donor.

b. If you distributed blood or blood components intended for transfusion or ( N
further manufacture from a donor who should have been deferred for risk e
factors for EVD related to residency, travel or close contact according to
the recommendations in section IILB. of this document, we recommend
that you notify consignees to refrieve, quarantine and destroy the in-date
blood and blood components collected from that donor.

c. We do not recommend retrieval or quarantine of plasma pooled for further
manufacturing into products that are manufactured under processes that
include multiple validated viral clearance steps, which have been shown to
be robust in the clearance of lipid-envéloped viruses.

2. Blood and Blood Components Collected from Donors Later Determined to
Have Ebola Virus Infection or Disease. :

We recommend you contact FDA? as soon as possible upon learning that you

collected blood or blood components from a donor later determined to have

Ebola virus infection or disease. In addition, blood establishments should -
consider the need to notify state and local public health authorities. <\ )

a. Ifyou collected blood or blood components within a recommended
deferral period as specified in section III.B. of this document from a donor
later determined to have Ebola virus infection or disease, you should
prompily retrieve and quarantine the blood and blood components
collected in the 8 weeks prior to disease onset and after disease onset.

e Ifsuch blood components were transfused, we recommend that
consignees notify the transfusion recipient’s physician of record

8 Contact CBER’s Office of Communication, Outreach and Development (OCOD) by calling 1-800-835-4709 or
240-402-8010. After regular business hours and on weekends, cail the FDA emergency number: 1-866-300-4374
or.301-796-8240,
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regarding the need for notification and monitoring of the recipient for
possible Ebola virus infection or disease. -

b. Manufacturers should contact FDA to discuss their conduct of an adequate
- risk analysis if plasma collected from a donor later determined to have

Ebola virus infection or disease has been pooled for further manufacturing
or manufactured into a finished product. Finished products manufactured
from such plasma pools should not be released prior to completion of an
adequate risk analysis demonstrating that the product will not place
patients at risk of Ebola virus disease. Finished products manufactured
from such plasma pools that have been released should also undergo a risk
analysis.

IV. . REPORTING A BIOLOGICAL PRODUCT DEVIATION (BPD)

If you have distributed blood or blood components for transfusion or further manufacture
collected from a donor at risk for or known to have Ebola virus infection or disease according to
section IILB. of this document, you should report a BPD as soon as possible but you must report
at a date not to exceed 43 calendar days from the date you acquire the mformatmn reasonably
suggesting that a reportable event has occurred (21 CFR 606.171).

If you have distributed finished products manufactured from blood or blood components
collected from a donor later determined to have Ebola virus infection or disease according to
section IILB. of this guidance, you should report a BPD as soon as possible but you must report
at a date not to exceed 45 calendar days from the date you acquire the information reasonably
suggesting that a reportable event has occurred (21 CFR 600.14).

V. CONVALESCENT PLASMA

As of the date of issuance of this guidance, there are no FDA-approved therapeutics or licensed
vaccines for Ebola virus disease. Standard treatment for Ebola virus disease is limited to
suppottive care, which includes intravenous fluids and electrolytes, treatment of secondary
infections, and pain control.

Serum and plasma therapies have been used to treat many infectious diseases, including Junin
Virus, a virus that also causes hemorrhagic fever (Ref. 22). There is similar interest in whether
convalescent serum or plasma collected from Ebola virus disease survivors may be an effective
therapy in Ebola virus outbreaks. Neutralizing antibodies are generated during filovirus
infection in humans (Ref. 23). Ebola virus-infected individuals develop humoral immune
respqnses (Ref. 24) that include neutralizing antibodies in some survivors. In previous studies
conducted using non-human primates, passive transfer of certain newtralizing monoclonal
antibodies (Refs. 25 and 26) and convalescent immunoglobulin concentrate prepared from non-
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human primates that were vaccinated and virus challenged (Ref. 27) have resulted in protection
against lethal challenge with Ebola virus. However, whole blood from Ebola virus vaccinated
and challenged monkeys did not protect against Ebola virus challenge in non-human primates
(Ref. 28). |

Treatment of Ebola virus disease patients with convalescent human sera has been used in
uncontrolled studies (Refs, 29 through 31). Based on the available scientific evidence, the World
Health Organization (WHO) has developed interim guidance for national health authorities and
blood transfusion services, entitled, “Use of Convalescent Whole Blood or Plasma Collected
from Patients Recovered from Ebola Virus Disease for Transfusion, as an Empirical Treatment
during Outbreaks,” dated September 2014, ‘
hitp://www.who.int/csr/resources/publications/ebola/convalescent-treatment/en/.

As noted, although this investigational treatment has not yet been proven effective, its ( N
effectiveness is biologically plausible and has been prioritized by WHO for investigation.
Convalescent plasma or serum collected from doners who have recovered from Ebola virus

disease is an investigational product, and controlled studies with an adequate number of patients

are needed to assess safety and effectiveness. Blood establishments wishing to collect or

distribute convalescent plasma intended for transfusion in the United States must submit an

investigational new drug application in accordance with 21 CFR Part 312, and sponsors seeking

to develop devices for this use are subject to the investigational device regulations in

21 CFR Part 812 (see 21 CFR 601.21). We encourage such sponsors to contact FDA.

V1. IMPLEMENTATION

This guidance is being issued for comment purposes only. If you elect to implement the
recommendations contained in this draft guidance, you may do so without prior approval of
FDA.

We will provide recommendations in the final guidance to licensed establishments on reporting 7
implementation of the recommendations contained in the guidance, including revised donor L
‘history questionnaires and accompanying materials, to FDA under 21 CFR 601.12,

? Please contact the Office of Blood Research and Review, CBER in accordance with CBER SOPP 8101.1:
Scheduling and Conduct of Regulatory Review Meetings with Sponsors and Applicants. See -

httg://mmv.fda.govaiologicsBloodVaccines/GuidanceComglianceRegulatmyInformatioanroceduresSOPPs/ucmO?
9448 htm.
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Molecular Evidence of Sexual Transmission
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SUMMARY

A suspected case of sexual transmission from a male survivor of Ebola virus dis-
ease (EVD) to his female partner (the patient in this report) occurred in Liberia in
March 2015. Ebola virus (EBOV) genomes assembled from blood samples from the
patient and a semen sample from the survivor were consistent with direct trans-
mission. The genomes shared three substitutions that were absent from all other
Western African EBOV sequences and that were distinct from the last docymented
transmission chain in Liberia before this case. Combined with epidemiologic data,
the genomic analysis provides evidence of sexual transmission of EBOV and evi-
dence of the persistence of infective EBOV in semen for 179 days or more after the
onset of EVD. (Funded by the Defense Threat Reduction Agency and others.)

e

“ N DECEMBER 2013, EBOV EMERGED IN GUINEA AND QUICKLY SPREAD TO

: several neighboring countries, resulting in the largest recorded outbreak of
A ,.EVD in history! On September 3, 2015, Liberia was declared to be free from
EVD for the second time, and although new cases were still being reported in
Guinea and Sierra Leone as of September 9, 2015, weekly numbers were just a
fraction of those reported during the peak of the outbreak’ As the EVD outbreak
in western Africa wanes, the affected countries must transition from controlling
an EVD epidemic to addressing the needs of an unprecedented number of survi-
vors of EVD who often have substantial medical sequelae?

EBOV is detectable in the bloodstream only during acute illness, but the virus
may persist for longer periods of time within immune-privileged sites. For in-
stance, among convalescent patients, EBOV RNA has been detected in breast milk
up to 15 days after the onset of the disease, in vaginal secretions up to 33 days
after onset, in ocular aqueous humor up to 98 days after onset, and in semen np
to 101 days after onset.>* In addition, EBOV has been cultured from semen sam-
ples that were collected 40, 61, and 82 days after disease onset when EBOV was
cleared from the blood.34¢

This long-term persistence may provide an opportunity for the transmission of
EBOV from survivors even after the official end of an outbreak, which is cur-
rently defined by the World Health Organization (WHO) as 42 days after the last
direct contact with a patient or burial (i.e., two incubation periods after blood
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samples fiom the last patient with confirmed
disease have tested negative twice for the virug).
Because Marburg virus, a distant relative of
EBOV, has been sexually transmitted at least
once,’ sexual transmission of EBOV is thought to
be plausible. Consequently, the WHO and the
Centers for Disease Control and Prevention ad-
vised survivors of EVD to abstain from sexual
intercourse or to use condoms during sexual
relations for at least 3 months after the onset of
EVD. (Note that the epidemiologic investigation
of this case® has resulted in a change to this
recommendation®) However, evidence of the
sexual transmission of EBOV has thus far been
limited to searce and inconclusive data.r?

CASE REPORT

HISTORY AND EPIDEMIOLOGY

On March 20, 2015, a 44-year-old woman from
Montserrado County, Liberia, was confirmed to
have EVD. Blood samples from the patient were
confirmed to be positive for EBOV RNA by
quantitative reverse-transcriptase—polymerase-
chain-reaction (RT-PCR) assay at the Eternal
Love Winning Africa (ELWA) Laboratory in
Paynesville, Liberia. The patient died on March
27, 2015.

The case investigation did not reveal an im-
mediate source of infection, such as contact with
patients with acute EVD. However, the patient
reported that on March 7, 2015, she had had un-
protected vaginal intercourse with a male Liberian
sugvivor of EVD.? Subsequent to the patient’s
EVD diagnosis, 192 contacts were identified,
all of whom were free from clinical signs.

The survivor also lived in Montserrado County.
Several members of his family had had EVD,
beginning in late August 2014. The survivor's
older brother, who presented with clinical signs
of EVD on August 22, died during the night on
September 5-6, 2014, and was confirmed to be
positive for EBOV RNA by means of a postmor-
tem quantitative RT-PCR assay. The survivor is
thought to have had symptoms of EVD begin-
ning on September 9, 2014, which is the esti-
mated triage date® and he was admitted to the
nearby Island Clinic Bbola Virus Disease Treat-
ment Unit on September 23,

Quantitative RT-PCR testing for EBOV RNA in
the survivor’s first blood sample on September
28 yielded ambignous resuits. Repeated testing

-

of this sample on September 29 yielded a nega-
tive result for EBOV. A subsequent test performed
on October 3 (presumably from a second blood
sample, although this information could net be
confirmed owing to the absence of a sample
record) was also negative. The survivor was dis-
charged from the Ebola treatment unit on Octo-
ber 7 and reported no subsequent illness.

On September 20, clinical signs of EVD devel-
oped in the survivor's former wife, who was es-
tranged from the survivor. She was admitted to
an BEWA Ebola treatment unit on September 24
and died the following day.

As a result of the case investigation into the
patient’s illness, the survivor voluntarily provid-
ed a blood sample on March 23, 2015, and a
semen sample on March 27, 2015 (199 days after
the estimated onset of EVD and 175 days after
the survivor’s blood tested negative for EBOV).
The blood sample tested negative for EBOV RNA
on quantitative RT-PCR assay, but the sample
tested positive for EBOV glycoprotein-specific
and nucleoprotein-specific IgG antibodies.? The
semen sample tested positive for EBOV RNA on
quantitative RT-PCR assay, but attermpts to cul-
ture virus were unsuccessful.

On April 28 (32 days later), the survivor pro-
vided a second semen sample for diagnostic
testing at the Liberian National Public Health
Reference Laboratory in Margibi County. No
EBOV RNA was detected by the quantitative
RI-PCR assay. A third semen sample, collected
3 days later, on May 1, also tested negative for-
EBOV on quantitative RT-PCR assay, which sug-
gests that there was possible EBOV clearance
from semen 231 days after the estimated onset
of EVD and 207 days after the survivor’s blood
tested negative, A timeline of the events is shown

in Fig. 1.

Specific consent was obtamed from the su-
vivor. For all other samples collected for testing
during the EVD outbreak, informed consent was
not obtained because this work was conducted
at the Liberian Institute for Riomedical Research
(LIBR) as part of the EVD response and EBOV
surveillance. With the consent of the National
Incident Management System of the Ebola Virus
Disease Outbreak and the Liberian Ministry of
Health and Social Welfare, the work was supet-
vised by the LIBR institutional review board. All
the information obtained from the participants
was anonymized for this report. The WHO Liberia
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Country Office team coordinated field epidemi- (97.4 to 99.7% coverage) wexe assembled from

ologic investigations and support to the survivor the samples obtained from the patient, the sur- S

and the patient, vivor’s older brother, and the survivor’s former Q /
wife. No BBOV sequences were obtained from -

the survivor’s semen sample with the use of this
As part of the investigation into the source of sequencing method. Therefore, we enriched the

the patient’s EBOV infection, the following sam- semen sample for EBOV genomic RNA using the
‘ples were examined: whole blood from the pa- TruSeq RNA Access kit (Illumina) with custom
tient was tested on March 20 and 21, 2015 (two capture probes designed against EBOV, along
samples); whole blood from the sutvivor’s older with other modifications (see the Supplementary
brother was tested on September 9, 2014; whole Appendix, available with the full text of this arti-
blood from the survivor's former wife was tested  c¢le at NEIM.org). The semen sample was pro-
on September 24, 2014; and semen from the -cessed and sequenced separately to avoid con-
survivor was tested on March 27, 2015. Viral tamination. With the combined data from four
RNA that was potentially present in all five independent enrichment libraries, 85.1% genome
samples was initially sequenced on an Illumina coverage was achieved. A minimum of 3x sequenc-
MiSeq at the LIBR with the use of methods that ing depth was required to determine a genome
have been described previously. position. However, the enrichment process re-

Nearly complete EBOV genome sequences sulted in a large number of duplicate reads.
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Tabie 1, Distiict Ebela Virus Gengie Substiitions I the Batiert, the Survivor, aid the Sunior's Oldet Brotiier
Survivor-

Samples with Corrected
Positiony Reference Alternative Alternative Depthi: Nature of Substitution§
4,107 G A P,S 1 VP35,V327)
3,592 A T P, S 1 VP30, synonymous
16,636 G A P, S 5 L, G16865
4,384 A c P, S, SB 3 Noncoding
12,996 " C A P 5,58 1 L, synonymous
18,399 AAAAAA AAAAAANL P, 5,58 2 Noncoding
11,263 c T $ 1 Noncoding

* The GenBank accession numbers for the tested genomes ara as follows: for the patient (P), the number is KT587343, for

the survivor (S), the number is KT587344, and for the survivor's alder brother (SB), the number is KT587346. L denotes

RNA-dependent RNA polymerase, and VP viral protein,

} Positions were relative to the reference genome Ebola virus/H.sapiens-wt/GIN/2014/Makona-C15 (GenBank accession,
number, KJ660346.2),

4 The number indicates the depth at each position from the survivor after correction for duplicates resulting from poly-

merase-chain-reaction amplification.

§ The gene abbreviation is provided for substitutions within coding regions, followed by a description of the amino 4cid

change for substitutions that are nonsynonymous.

Therefore, the duplicate-adjusted sequencing
depth for the semen sample was less than 3x in
some positions (Table 1). The assembled ge-

nomes are available at GenBank under accession

numbers KT587343, KT587344, KT587346, and
KT587345,

The four assembled EBOV genomes were
compared with all publicly available sequences
(796 genomes, including 56 from cases in Libe-
ria?*1”) from the outbreak in Western Africa
(Makona variant).®® The results were consistent
with sexual transmission of EBOV from the sur-
vivor to the patient. First, the EBOV genome
from the patient grouped phylogenetically with
other genomes obtained from Liberian patients
and was distinct from sequences from patients
in Guinea, Sierra Leone, and Mali (Eig. 2). Thus,
it is unlikely that the patient was infected owing
to an undocumented reintroduction of EBOV to
Liberia from a neighboring country with ongo-
ing transmission. )

Second, before the confirmation of BVD in
the patient, the last known cluster of EVD cases
in Liberia (December 29, 2014, to February 19,
2015) was linked to a single index case from a
village near Saint Paul River Bridge, and the
three sequenced EROV genomes from this clus-
ter (LIBR0993, LIBR1195, and LIBR1413) grouped
together in an evolutionary lineage (SPB in Fig. 2)
that was unrelated to the EBOV genome from

the patient.®* Therefore, the infection in this pa-
tient is unlikely to have originated from this
cluster of EVD cases, ‘
Finally, the EBOV genomes from the patient
and the survivor differed in only one position
(12,263) across 15,808 nucleotides, a finding that
is consistent with direct EBOV transmission (Fig. 2
and Table 1). Notably, EBOV genomes from the
patient and the survivor shared eight substitu-
tions relative to the ancestral haplotype (SL2)*
that is thought to have been originally intro-
duced into Liberia,’* and three of these substitu-
tions have thus far been seen only in the viruses
that infected the patient and the survivor (Fig. 2
and Table 1). Although only 1x sequencing depth
was obtained for several of these positions (after
correction for duplicate reads), the detection in
the survivor's semen sample of every substitution
that distinguished the patient’s EBOV sequence
from the ancestral SL2 haplotype is indicative of
a close epidemiologic link. The EBOV genome
obtained from the survivor's older brother shared
five of eight substitutions with the EBOV ge-
nomes of the patient and the survivor, which

-suggests involvement -of the survivor's older

brother in the same transmission chain (Fig. 2
and Table 1). The EBOV genome from the survi-
vor's former wife, however, was distinct (Fig. 2),

The EBOV genomes from the patient and the
survivor differed at a single position (11,263),
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thus representing an additional substitution in
the survivor’s EBOV genome reldtive to all other
genomes assembled. After duplicates from PCR
amplification were controlled for, this position
had only 1x coverage depth. Given the low level
of sequencing depth, this apparent substitution
may simply represent a low-frequency allele in
the survivor’s EBOV population or even a sequenc-
ing artifact. Alternatively, it could represent a
shift in allele frequencies of EBOV subpopula-
tions within the survivor during the 20 days that
passed between the date of sexual intercourse
and potential transmission (March 7, 2015) and
the date of semen collection (March 27, 2015).
Nevertheless, the nearly identical EBOV genomes
place the survivor and the patient in the same

transmission chain, and case tracing confirms
contact by vaginal intercourse.

DISCUSSION

Studies involving survivors from previous EVD
outbreaks have indicated the possibility of sexual
transmission owing to the presence of EBOV
RNA in semen and vaginal secretions. However,
our understanding of EBOV persistence in these
bodily fluids is restricted to the examination of
13 samples (12 semen samples and 1 vyaginal-
secretion sample), each with a limited temporal
span.***? Using a combination of genomic and-
epidemiologic data, we found that at least one
case of EVD in the ongoing Liberian outbreak
probably resulted from sexual transmission
through unprotected vaginal intercourse. Al-

‘though we cannot exclude the possibility of

EBOV transmission from sources that were not
sampled, contact tracing failed to uncover any
other conmections of the patient to possible or
confirmed EVD cases. Furthermore, the BBOV
genomes assembled from the survivor and the
patient shared three substitutions that were not
present in 796 EBOV genomes from western
Africa. Together, these data provide evidence of
human-to-human EBOV transmission through
sexual contact.

The analysis of the semen sample obtained

from the survivor presented additional challenges

beyond those encountered with whole-blood and
oral-swab samples that were obtained from
other patients with EVD. The high cycle-thresh-
old values on the quantitative RT-PCR assay that
were observed in the semen sample suggest a
low viral load,® which makes it difficult to ob-
tain enough sequencing coverage with unbiased
amplification of RNA. Therefore, we implement-
ed a new targetenrichment strategy to obtain
sufficient coverage. This approach resulted in
nearly complete coverage of the EBOV genome,
which was necessary given the low number of
substitutions that discriminate distinct trans-
mission chains within the current (2013-2015)
BVD outbreak.!*

The frequency of EROV persistence among
survivors is unknown, and available information
suggests that sexual transmission is a relatively
rare event. Nonetheless, persistent infections, in
combination with unprotected sexual intercourse,
could lead to flare-ups of EVD at close-to-ran-
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dom locations. We found that viral nucleic acids
in the semen from a survivor of BVD persisted
for at least 199 days after the estitnated onset of
EVD (175 days after the clearance from blood),
which is more than four times as long as the
WHO-defined waiting period for declaring a
country to be free from EVD. Although the se-
men sample contained no detectable infectious
EBQV, the assembly of a nearly complete genome
suggested the possible presence of infectious
particles. In addition, from the evidence of the
sexual transmission between the patient and the
survivor, we can infer that infectious EBOV was
present in the survivor at least 179 days after the
onset of disease (155 days after the clearance
from blood). Larger and more systematic surveys
of survivors are needed in order to determine the
prevalence and risk of EBOV persistence in semen
and other immunologically privileged sites.
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Jayne Peters, MRCP', fonathon Ellfott, MRCP, Adrian Bloor, FRCPath*, Michael Dennls, FRCPatyr, John Murray, MSc,

Jim Cavet, FRCPath, Thn Somervalfla, Sven Armin Sommerfald, MRCP, Ken Mutton, FRCPatlr, Kaz Mamat, MRCP",
Malcalm Guiver, PhD* and Samar Kullarni, FRCPath

The Chiistle NHS Foundation Trust, Manchester, United Kingdom

introduction: Cnnven'donally patients receiving allogeneic HSCT (A!loHSCI’) have recelved CMV negative blogd
praducts to obviate the risk of transfusion related CMV transmission, tn the era of leucodepletion with maore than (‘)
log 4 reduction in blood product WBC cantent, the utility of this practice has been guestioned and, in fine with
SABTO (Safety of Bload, Tissues and Organs) guidance, most UK transplant centers have adopted the policy of
using unsefected blood products for this patient cohort, At this center, our pollcy was changed to conform to

recommended national practice in April 2013, This analysis was carried aut to evaluate if this change has resulted
in an increased Ihcidence of CMV reactlvation,

Methods: 868 (M: $61; median age: F: 307; median age) patients who received HSCT from January 1998 to
November 2014 were Included In analysis. Transplant types included AutoHSCT (n=384), AllcHSCT-Slbling
(n=217) and AlloHSCT-MUD (n=267). Dlagnosis was Ac Leukaemia (n=313}, Chr Leukaemla (1=36), Myeloma
(n=216}, Lymphoma {n=261) or other malignancies {n=42). Commanest indication for AutoHSCT was myeloma or
fymphoma. TBI based condition was used in 225 AllcHSCT and 50 AutoHSCT cases. RIC was used in 268 cases and
full intensity in 215 cases (unknown in 1}, Alemtuzumab or ATG was used In conditioning for 274 cases. Source of

stem cell was PBSC (AutoHSCT: 363, AlloHSCT: 382}, BM (AutoHSCT: 7, AlloHSCT: 97), both (AutoHSCT: 2,
AloHSCT: 9) and 8 AlloHSCT were UCB grafts.

Results: 26, 345 blaod PCR results were evaluated. 3100 tests were requested in AutoHSCT patients and 109
(3.6%) were positive, Thare were no differences in the incidence of positive CMV PCR results before and after use
of CMV unselected blood products, Futther analysis was limited to AlloHSCT patlents. AlloHSCT patients were
divided in two groups, GrpA: 1998 to 2013 and GrpB: 2013 to 2014 to evaluate the effect of vsing CMV unselected
blood products. in ARoHSCT group, 9.1% of 23278 samples tested for CMV PCR were positive (Median log: 2.7,
range: 0.3 -7.3). Incidence of CMV reactlvation was not different In GrpB as compared to GrpA (47.7% vs, 48.1%,
p=0.93). There was no difference with gender (M: 45.8% vs. F: 53.1%, p=0.13), type of donor (Sibling; 48.6% vs.
MUD: 47.9%, p=0.98), use of Alemtuzumab/ATG (50.6% vs, 45.4%, p=0.51), source of stem cells (BM: 36.4% vs,
PBSC: 51.3%, p=0.07), use of TBI (43.8% vs. 52,3%, p=0.06). Higher Incidence was observed with use of RIC

transplant (53.2% vs. 42.3%, p=0.02) and donor-reciplent CMV mismateh (NP: 24.5%, PN: 80%, PP: 90,8%, (( r
$<0.0001). -

Conclusion: This analysls suggests that the risk of CMV reactivation (s related to the danor-recipient CMV mis—~
match and the transplant intensity. Use of CMV unselected blood products does hot Increase the risk of CMY

reactivation and careful selection of donors using CMV sera-status is the key factor to reduce the risk of CMy
reactivatlon post AlloHSCT,

‘Disclosures: Cavet: fanssen: Consuitancy ; Research Funding , Speakers Bureau ; Celgene: Consultancy,
Research Funding , Speakers Bureau . Somervallte: NMovartis Pharmaceuticals Corporation: Consuftancy ,
Membership on an entity's Board of Directors or advisory committees
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Seroprevalence of cytomegalovirus IgG antibodies among
pregnant women in Japan from 2009-2014
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4 Deportment of Hygiene and Public Health, Nippon Medical School, Tokyo, Japan

)

Key Words: Bacleground: Human cytmriegalavirus (CMV}is a major cause of congenital infection, The seroprevalence

Congenital cytomegalovirus infection of maternal CMV 1gG antibodies among Japanese women is decreasing. In this study, we assessed the rate

LEG antibody of and risk factors for CMV infection. This article includes a description of a method for the prevention of
Tegnancy

CMV infection.

Methods: Medical records of 7,074 women who delivered a baby at our hospital were retrospectively
reviewed. For seronegative patients, preventive educational materials were provided, and CMvV 1gG
antibody levels were reassessed during late pregnancy. Congenital infection in neonates from sero-
converted mathers was determined by urine analysis. .

Results: The overall CMV 1gG seropositivity rate was 69.1%. The prevalence of CMV 1gG increased with

age and parity. In a multivariate logistic regressiori analysis, parity remained an independent deterii-

nant of CMV IgG seropositivity. The seroconversion rate for CMV IgG antibody during pregnancy was
' 0.37%. Neonatal congenital CMV infection occurred in 37.5% of seroconverted wormen. The risk of primary

CMV infection in mothers during their first pregnancy was 7.0%, with an_ average follow-up period of

2.1 years. .

Conclusion: We found that parity was an independent determinant of CMV IgG seropositivity, suggesting

that child-rearing may be a high risk factor for maternal CMV infection. The provision of information on

hygiene may be an effective and inexpensive method for preventing CMV infection.

Copyright © 2015 by the Association for Professionals in Infection Control and Epidemiology, 1

Published by Elsevier Inc. All rights TESEWEQ.(__,#

Pregnancy usually occurs with an absence of a maternal
immune respense against the fetus and placenta, This immunologic
tolerance allows maternal IgG antibodies to pass through the
placenta to the fetus to protect it against infections; however, it can
also increase the risk of a number of infections of mothers.! Human
cytomegalovirus (CMV), a member of the human herpesviruses, is
the major cause of congenital infections. Clinical manifestations
include asymptormatic forms, severe fetal damage, and in rare cases,
death because of spontaneous abortion. A relevant meta-analysis
reported that approximately 0.64% of live-born neonates are

infected with CMV and that this infection can cause symptoms
ranging from sensorineural hearing defects to multiple organ
failure.? '

Once infected, CMV persists in the host for life, but it often in-
duces few symptoms with no long-term sequelae. Moreover,
recusrence of disease rarely occurs, except in patients with
compromised immunity. In contrast, CMV infection is a major
concern for seronegative pregnant women because of maternal
immunosuppression 'and the risk of infection of the fetus, which
has an immature immune system.

In pregnancy, recurrent CMV infection can be caused by reac-

tivation of a latent CMV infection or reinfection with a different
* Address comrespondence to Daisuke Shigemi, MD, Nippon Medical School,

1-1-5, Sendagi, Bunkyo-ku, Tekye, 113-8602, Japan.

E-mail address: dshigemi@nms.ac.jp (D. Shigemi).

FundingfSuppert: This study was supported in part by Health and Labor
Sclences Research Grants of Japan (grant no. H25-Jisedai-Shitei-003).

Conflicts of interest: None to report,

CMV strain? The incidence of primary infection among pregnant
women who are seronegative for CMV IgG ranges from 1%-4%%
whereas the rate of maternal transmission to the fetus in such
cases is 30%-40%.2 Recent studies have reported a decrease in the
prevalence of anti-CMV 1gG antibodies among pregnant women in

0196-6553/§36.00 - Copyright © 2015 by the Association for Professionals in Infection Control and Epidemiology, Ine, Published by Elsevier Inc. All rights reserved.
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Japan,>® indicating an increased risk of more severe congenital
CMV infections in this patient group. Ikuta et al reported on the
relevance of the CMV glycoprotein H subtypes of mothers and
congenital CMV infection.”

The aim of this study was to assess the rate of €MV infection,
identify risk factors for infection, and describe methods to prevent
infection by screening pregnant women in Japan for CMV IgG
antibodies over a 5-year period, from 2009-2014.

METHODS

The medical records of 7,074 women who delivered from May
2008-January 2014 at Yamaguchi Women's Hospital (Chiba, Japan)
and underwent CMV IgG antibody screening were retrospectively
reviewed. A blood sample was collected from each consenting
\grﬁcipant to assess CMV IgG antibody levels during the early
LJ ¥age of pregnancy. For seronegative patients, preventive educa-
tion was provided and CMV IgG antibody levels were reassessed
during the late stage of pregnancy. The infants of women positive
for CMV IgG antibodies during pregnancy (identified by a positive
test resuits in the early or late stage of pregnancy) were evaiuated
for neonatal CMV infection by urine analysis using polymerase
chain reaction. Qur hospital is not a perinatal center; therefore,
cases at high risk for preterm labor or small for gestational age are
transferred to the perinatal center. For this reason, there were no
severe preterm or small for gestational age babies who required
intensive treatment or neonatal intensive care unit admission at
our hospital.

Educational materials designed to prevent CMV infection in
pregnant women were distributed at our hospital. These materials
advised frequent handwashing after contact with the saliva or urine
ofa child, avoiding direct contact with a child's saliva, and avoiding
kissing a child on the mouth.

Serum CMV IgG antibody titers wete measured using an enzyme
immunoassay (DENKA SEIKEN, Tokyo, Japan). The cutoff value used
to determine IzG positivity was 2.0 TUfmL. Therefore, samples with
a concentration >2.0 IU/mL were considered positive for CMV IgG,

whereas those with a concentration <2.0 IU/mL were considered
negative,
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Table 1 Table 3
Characteristics of study participants and neonates (N = 7.074) Maternal age group and cytomegalavirus IgG seropositivity
Characteristics Value Age group (Y} Maternal cytomegalovicus 1g6 seropositivity (%)
Maternal age (y) 3180+ 472 <24 66.1
Parity (no.) 0.61+072 25-29 67.7
Infant birth weight (g) 3,089 £ 380 30-34 69.2
pH of umbilical artery 7.31+£007 35-39 702
Apgar score, 1 min 853+ 035 =40 745
Apgar score, 5 min 9.94 +1.24
Maternal CMV-IgG seroprevalence (%) 69,1
NOTE. Values are mean  $D or as otherwise indicated. Table 4
CMV, cytomegalovirus. N . N e
! ) Maternal parity and cytomegalovirus Igé seropositivity
Parity Maternal eytomegalovirus IgG seropositivity (%)
Table 2 1st 671
Age group and parity 2nd 70.0
: 3rd 752
Parity 24th 778,
Age group {Y) Total (n) 1st 2nd 3rd »dth
<24 472 353 102 6 1
- 303 S I
\5_39 ]'78 0 'ESE '325 245 54 Multivariate logistic regression analysis for the association between parity, age, and
T, "f:; 40 02 . 101 143 44 14 cytemegalovirus seropasitivity
Total 7.074 3,662 2,640 656 116 Matetnal factor OR 95% CI P value
Parity {per delivery) 118 1.09-127 <001
Age (per 1-y increase) 1.01 1.00-1,02 18

€I, canfidence interval; OR, odds ratio,

SPSS version 21 for Windows (IBM Japan, Tokyo, Japan)
was used for all statistical analyses. Clinical characteristics are
presented as the means + SDs. Categorical data are presented as
percentages. The 2 test for trends was used to evaluate whether
the prevalence of CMV IgG seropasitivity increased with age or
parity. Multivariate logistic regression analysis was performed to
determine the odds ratios and 95% confidence interval for the as-
sociations between CMV 1gG serepositivity and age and parity, All

statistical tests were 2 sided, and a probability (P} value <05 was
considered significant.

RESULTS

The mean clinical characteristics of ‘all study participants
(N = 7,074} are shown in Table 1. Women of 30-34, 35-39, and 25-
29 years of age accounted for most of the study cohort (n=2792;
[39.5%]: n=1,780 [25.2%], and n = 1,728 [24.4%], respectively), and
Table2 s'hows that most women were para 0 or 1 (n=3662 [48.2%)
and n = 2,640 [37.1%), respectively).

As shown in Table 3, CMV IgG seropaositivity increased with age
(66.1% for <24 years of age, 67.7% for 25-29 years of age, 69.2% for
30-34 years of age, 70.2% for 35-39 years of age, and 74.5% for
240 years of age; for the trend, ¥? P < .001). Seropositivity also
significantly increased with the number of previous deliveries
(67.1% for para 1, 70.0% for para 2, 75.2% for para 3, and 77.8% for
para >4; for the trend, x? P <.001) (Table 4).

Although the prevalence of CMV IgG Seropositivity appeared to
increase with both age and parity, the analysis of variance revealed
significant differences according to age amang multiparous women
(P <.001, data not shown).

In a multivariate logistic regression analysis, the number of
previous deliveries remained an independent determinant of CMV
lgG seropositivity (edds ratio = 1.175; 95% confidence interval,
1.091-1.265) for each previous delivery (Table 5), Age was not an
independent determinant of CMV IgG seropositivity.

The seroconversion rate for CMV IgG antibody during pregnancy
was 0.37% (8/2,186 cases). The neonatal congenital CMV infection
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Maternal CMV IgG
at easly pregnancy

Negative

n=2136
(30.9%)
All mothers
.
n="7074 —
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n=4888
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Neonztal congenital
CMV infection

Positive
n=3{37.5%)

Positive conversion
n=8§
(8/2186, 0.37%)

Negative
n=35

Fig 1. Neonatal congenital CMV infection rate, CMV, cytomegalovirus,

rate in the seroconverted maternal cases was confirmed by urine
analysis to be 37.5% (Fig 1). The 3 children with congenital CMV
infection were completely asymptomatic. The prevalence of new
CMV infections among mothers during their child-rearing years
was 7.0% (12{172 cases that were seronegative during their first
pregnancy became seropositive during their second pregnancy),
with an average follow-up period of 2.1 years.

DISCUSSION

The results of this study revealed a:CMV IgG seropositivity rate
of 69.1% among 7,000 pregnant women i Japan. This result is in
accordance with a recent japanese study” that revealed a trend of
decreasing CMV 1gG seropositivity aver time, from 82.5% in 1996 to
69.1% in 2014. A major factor contributing to this decline may be the
decreased risk of CMV infection during infancy because of
improvements in living standards, The CMV seropositivity rate in
Japan is not necessarily lower than that in other countries. For
example, the reported rates of seropositivity among.childbearing-
aged women are 50%-88%2 and 58.3%® in the United States, 68.3%
in Italy? 56.8% in Australia,® and 98.1% in Korea.¥ However, the
increase in the prevalence of pregnant women without CMV anti-
bodies generates a great need for the development of improved
perinatal therapies. Congenital CMV infection involves a wide range
of fetal, neonatal, and pediatric manifestations, ranging from
spontaneous abortion to hearing defects. Although the efficacy of
some medications for the prevention or treatment of congenital

CMYV infection has been investigated in recent years, such as gan-

1213 14

ciclovir, valganciclovir, and hyperimmune globulin®® no
standard treatment has been established. Similarly, there is no
vaccine for CMV.

We found that the prevalence of new CMV infections among
mothers during their child-rearing years was 3.3% (7.0% per
2.1 years), which is considered high compared with the serocon-
version rate of women who do not bear children. Colugnati et al
reported a risk of primary CMV infection armong non-Hispanic
whites during a full-term pregnancy of 1.38%;* and this risk has
not been reported among Japanese pregnant women. Based on the
findings previously presented, nonpharmacologic methods for the
prevention of CMV during the perinatal period should be consid-
ered, In the present study, the positive seroconversion rate for CMV
lgG among pregnant women who received preventive education in
the early stages of pregnancy was 0.37% (8/2,186 cases), which was
lower than rates reported in the United States (1.6% among 12- to
49-year-old women, 1.38% among pregnant non-Hispanic whites,
3.40% among pregnant nonHispanic blacks, and 3.835% among
pregnant Mexican Americans)* and France (0.6%-14%)® These

results indicate that preventive education for CMV IzG-negative
mothers may reduce the incidence of new CMV infections durinr
pregnancy. Another study” reported that prevention program
focusing on hygiene may be beneficial for reducing primary CMV
infection during pregnaricy, with an infection rate of 0.19% (52,583
cases) in a group receiving hygiene counseling.

In addition, we determined that parity was an independent
determinant of CMV IgG seropositivity, with an odds ratio of 1,175
for each previous delivery. This suggests that child-rearing may
generate a high risk of maternal CMV infection.

Currently, there is no global consensus on the implementation
of CMV serologic screening programs. However, the results of this
study showed a decrease in the rate of neonatal congenital CMV
infection among Japanese women who received educational
material describing hygiene practices during pregnancy. Providing
educational materials to women with insufficient CMV antibodies
is inexpensive and effectively induced changes in daily behaviors
among pregnant wornen in Japan to reduce the risk of new CMV
infection of the fetus during pregnancy.

D
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Notés from the Field: Concurrent Qutbreaks of St. Louis Encephalitis Virus and West Nile Virus ...
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Morbidity and Mortality Weekly Report (MMWR)

Notes from the Field: Concurrent Outbreaks of St.
Louis Encephalitis Virus and West Nile Virus Disease
— Arizona, 2015 ‘

Weekly
December 11, 2015 / 64(48);1349-50

Heather Venkat, DVM1,2,3,%; Elisabeth Krow-Lucal, PhD1,4,%; Morgan Hennessey,
DVMz1,4; Jefferson Jones, MD1,2,3; Laura Adams, DVM3,6; Marc Fischer, MD4; Tammy
Sylvester, MSN2; Craig Levy, MS2; Kirk Smith, PhDs; Lydia Plante, MSPH3S; Kenneth
Komatsu, MPH3; J. Erin Staples, MD4; Susan Hills, MBBS4

St. Louis encephalitis virus (SLEV) and West Nile virus (WNV) are closely related
mosquito-borne flaviviruses that can cause outbreaks of acute febrile illness and neurologic
disease. Both viruses are endemic throughout much of the. United States and have the same
Culex species mosquito vectors and avian hosts (2); however, since WNV was first identified
in the United States in 1999, SLEV disease incidence has been substantially lower than
WNV disease incidence, and no outbreaks involving the two viruses circulating in the same
location at the same time have been identified. Currently, there is a commercially available
laboratory test for diagnosis of acute WNV infection, but there is no commercially available
SLEV test, and all SLEV testing must be performed at public health Jaboratories. In
addition, because antibodies against SLEV and WNV can cross-react on standard diagnostic
tests, confirmatory neutralizing antibody testing at public health laboratories is usually
required to-determine the flavivirus species (2). This report describes the first known
concurrent outbreaks of SLEV and WNV disease in the United States.

During 2010-2014, 537 WNV disease cases and only one SLEV disease case were reported
to the Arizona Department of Health Services. However, during 2015, by the end of July,
SLEV infection had been confirmed in seven ill Arizona residents. In addition, the Maricopa
County Vector Control Division identified 60 pools of Culex tarsalis or Culex
quinquefasciatus mosquitoes that tested positive for SLEV RNA by reverse transeription
polymerase chain reaction, and 97 pools that tested positive for WNV RNA. An
investigation was initiated to ascertain the magnitude and describe the epidemiology of the
outbreaks. Cases were defined according to national surveillance case definitions (3). If the
patient had immunoglobulin M antibody against both WNV and SLEV, and insufficient
sample or inconclusive results on neutralizing antibody testing, the casé was classified as an
unspecified flavivirus infection.

As of November 24, 2015, a total of 117 cases of flavivirus disease had been reported to the
Arizona Department of Health Services, including 75 WNV, 19 SLEV, and 23 unspecified
flavivirus disease cases. Laboratory testing is ongoing, and some cases will likely be
reclassified. Among all cases, 103 (88%) occurred from July through September. Eight
(53%) of 15 counties reported cases; 45 (60%) WNV and 18 (95%) SLEV disease cases were
reported from Maricopa County. Overall, 77 (66%) patients were aged 250 years

(median = 54 years, range = 21—89 years), and 61 (52%) were male. Seventy-nine (68%)
patients had neuroinvasive disease (e.g., meningitis, encephalitis, or acute flaceid
paralysis), including 47 (63%) with WNV infection, 17 (89%) with SLEV infection, and 15

hitp://www.cdc.gov/mmwr/preview/mmwrhtml/gyn6448a5. htm?s_cid=mm6448a5_w
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: . |
(65%) with unspecified flavivirus infection. Among all 117 cases, 86 (74%) patients were
hospitalized and five (4%) died.

This is the first known outbreak of concurrent WNV and SLEV disease. Enhanced clinical

and laboratory surveillance activities in Arizona will continue through the end of the

arboviral transmission season in late November to characterize the outbreak. WNV and

SLEV disease cases will be compared to better understand differences in the epidemiology

and outcomes of these diseases. Because of the similarity in clinical presentation for WNV

and SLEV disease cases, cross reactivity between WNV and SLEV antibodies, and the lack

of availability of a commercial SLEV test, SLEV disease cases could be incorrectly diagnosed

as WNV disease cases or remain undetected if clinicians only request WNV testing and no
confirmatory testing is conducted. Health care providers should consider both WNV and

SLEV infections in the differential diagnosis of cases of aseptic meningitis and encephalitis

and obtain appropriate cerebrospinal fluid, serum specimens, or both for laboratory testing
'(4). Confirmatory testing at state health departments or CDC will be required to distinguish

these flavivirus infections. When feasible, vector control programs should test mosquitoes

for SLEV in addition to WNV. Clinical management for both diseases involves supportive

care. Because human vaccines against domestic arboviruses are not available, prevention of
arboviral infection depends on local vector control, community, and household efforts to i
reduce vector populations (e.g., removal of standing water), and individual efforts to ( )
decrease exposure to mosquitoes (e.g., applying mosquito repellant and eliminating '
mosquito breeding sites). '

Acknowledgments

Tammy Kafenbaum, Andrew Strumpf, Carrie Walker, Rebecca Sunenshine, Maricopa
County Department of Public Health, Phoenix, Arizona; Jennifer Chevinsky, Kathryn
Fitzpatrick, Jennifer Pistole, Arizona Department of Health Services; J ohn Townsend, -
Maricopa County Environmental Services, Mesa, Arizona; Robert Lanciotti, J ennifer
Lehman, Nicole Lindsey, Ingrid Rabe, Arboviral Diseases Branch, Division of Vector-Borne
Diseases, National Center for Emerging and Zoonotic Infectious Diseases, CDC.

1Epidemic Intelligence Service, CDC; 2Maricopa County Department of Public Health,
Phoenix, Arizona; 3Arizona Department of Healih Services; 4Division of Vector-Borne
Diseases, National Center for Emerging and Zoonotic Infectious Diseases, CDC; sMaricopa
County Environmental Services Vector Control Division; 6Career Epidemiology Field
Officer Program, CDC.

Corresponding authors: Heather Venkat, HeatherVenkat@mail. maricopa.gov, 602-531-
4422; Elisabeth Krow-Lucal, ekrowlucal@cde.gov, 970-266-35605. '

References

1. Reimann CA, Hayes EB, DiGuiseppi C, et al. Epidemiology of neuroinvasive arboviral
disease in the United States, 1999~2007. Am J Trop Med Hyg 2008;79:974—9.

2. Martin DA, Noga A, Kosoy O, Johnson AJ, Petersen LR, Lanciotti RS. Evaluation of a
diaénostic algorithm using immunoglobulin M enzyme-linked immunosorbent assay
to differentiate human West Nile virus and St. Louis Encephalitis virus infections
during the 2002 West Nile virus epidemic in the United States. Clin Diagn Lab
Immunol 2004;11:1130-3. |

3. CDC. Arboviral diseases, neuroinvasive and non-neuroinvasive; 2015 case definition.
Atlanta, GA: US Department of Health and Human Services, CDC; 2015. Available at
http: //wwwn.cde.gov/nndss/conditions/arhoviral-diseases-neuroinvasive-and-non-
neuroinvasive/case-definition/2015/. ,

4. CDC. West Nile virus—for healthcare providers: diagnostic testing. Atlanta, GA: US
Department of Health and Human Services, CDC; 2015. Available at

http://www.cde.gov/mmwr/preview/mmwrhtml/mm6448a5.htm?s_cid=mmé6448a5_w



Notes from the Field: Concurrent Outbreaks of St. Louis Encephalitis Virus and West Nile Virus ...

_ http://www.cde.gov/wesinile/healthCareProviders/healthCareProviders-
Diagnostic.html,

* These authors contributed equally to this report..

Use of trade names and commercial sources is for identification only and does not imply endorsement by the
U.S. Department of Health and Human Services.

References to non-CDC sites on the Internet are provided as a service to MMWR readers and do not
constitute or imply endorsement of these organizations or their programs by CDC or the U.S. Department of
Health and Human Services. CDC is not responsible for the content of pages found at these sites. URL
addresses listed in MMWR were current as of the date of publication.

All MMWR HTML versions of articles are electronic conversions from typeset documents. This conversion
might result in character translation or format errors in the HTML version. Users are referred to the electronic
PDF version (http://www.cde.gov/mmwr) and/or the original MMWR paper copy for printable versions of
Cr) official text, figures, and tables. An original paper copy of this issue can be obtained from the Superintendent "
— of Documents, U.S. Government Printing Office (GPO), Washington, DC 20402-9371; telephone: (202) 512-
1800. Contact GPO for current prices,

**Questions or messages regarding errors in formatting should be addressed to

mmwrg@cde.gov.

Page last reviewed: December 11, 2015
Page last updated: December 11, 2015 :
Content source: Centers for Disease Control and Prevention

Centers for Disease Control and Prevention 1600 Clifton Road Atlanta, GA

Py
30329-4027, USA | §
800-CDC-INFO (800-232-4636) TTY: (888) 232-6348 - Contact CDC U&{ﬁ;gg&m % :{C
=INFO -

)

http://www.cdc. gov/mmwr/preview/nunwrhtmllmﬁélﬂf8a5 htm?s_cid=mm6448a5_w



164

(.



PrLIsL4eA /YdaPes

S QRENBMOBRYRBWRIEYRG "2 AL

2D 72 R E TR S VY 0 TR T NG °CQD SIS -7 R I YN BTG EASLASGL A
BB “Z 0 R B TN R B3 (B ) E ez s L TN T EGCH LR LT ST H O RO S
OB B S TINE . 7 3 MR T oSy | RREMEE (ASLIS) A Y AT [ iR
HEKOBS ‘ . UBEOEITEH
M
Y (O @HADA
o %mw,%, s "o@a EE T L B 1R —0HBHTS @,
LAV LSS LT Q@OTEE 8 RTG TN A ALT ¢ FHEE [n ¢ ST~ G ADL TR SR AT SRR RIEIASLAS 72| B2
U @a R 2 DN B NG T RE Y Tl NS TR O~ W O ST B 0 B 0L H 88 R R L g
08P TNE H | d7 - R T Sy 8 2 MR D3N A ARG T IR 2R O S BRI T2 H O HELLOTSE 6L 96 Y € T GTATELM} ag
Ore I B TS | e s B B S TGP O 2. o EUHELIGBOLCDY FE R HEIHSTIH I UPTH 4y
071 19 B I 1-T5 Tl BAYBE QN b TSI B OTGSY B 0T H SR RPHASLAS T EIF S 3 T8 D0 ") B CYN AW NETH
d iE:L & TS ZAFBASLAS 2 H €7 H Y RI BB USSE 3/ U RME RO K ‘PR EE EAREASLISOI4E T2 8%
LB EHDOL 4L T A~ O T T TF RN 7 B3 2)  SQP 107 "D UR S Bk RO 1 LRl L AT
NV E R QT HE O L BN BT A L OASLASDEEL 1] "L YRS B E OAS LIS A28 W1 CO0T0ZEIO-E ch
A9 [ PEETIAC 0 LT (ASLAS) YA b 0 T/ [ TR SR E O (1 ok ) M B b O
(Bt-hded- ) 0801 H E,_.wméﬂﬁﬁﬁm.
e oz-surEEEng qrpEeesn ey (%T) W
6T0Z “3o93u] [01QoIN WIO| ML VK IE X, O BE ALY -
"Te 39 ‘X Sueyz ‘g no ‘Z JuodH
EZEY | FUTY BRI ¥4 3 0B3H —
gy € g1 6102 gy
BETSBOH SHOSTFET | BEYE- S RESE-SRIKE
o M EEREE SEES UESS
N - Y. BA- et 22 1A




JRC2015T-040

RS

" ORIGINAL ARTICLE

VIROLOG

S
iy

Probable aerosol transmission of severe fever with thrombocytopenia
syndrome virus in southeastern China
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1) Zhejiang Provinciol Centre for Disease Control and Prevention, Hangzhou, 2) Anji Centre for Disease Controf and Prevention, Anji, 3) Huzhou Municipol Cantra
for Disease Control and Prevention, Huzhou ond 4) National Institute for Viral Disease Control and Prevention, Belfing, China

Abstract

Some clusters of severe fever with thrombocytopenia syndrome virus (SFTSV) infection were reported in China as of 2010. However, to
date, there has been no epidemiologic evidence of aerosol transmission of SFTSV. Epidemiologic Investigations were conducted after a
cluster of {3 cases of SFTSV in May 2014. A total of 13 cases, including |1 confirmed cases and one elinically diagnosed case, were
identified besides the case of the index patient. The index patient experienced onset of SFTSV on 23 April and died on | May. The
patients with secondary cases had onset from 10 to 16 May, peaking on |3 May. Moreover, eight secondary cases occurred In famnily
members of the index patient, and theé other five cases occurred in neighbors of the index patient. According to epldemialogic
Investigations, patlents 1, 3, 4, 5, 6, 7, 2 and 12 contracted the disease through contact with blood of the index patient. thably, patlents
8 and 10 did not have a history of contact with the blood of the index patient, but they stayed in the mourning hall for hours. SFTSY
could be transmitted from person to person by direct contact and/or aerosol transmission, and it is important to consider acrosol
transmission as a possible transmission route,

Clinical Microbiclogy and Infection © 2015 The Authors, Published by Elsevier Ltd on behaif of European Society of Clinical Microbiclogy and
Infectious Diseases.
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caused by a newly discovered virus, severe fever with throm-
bocytopenia syndrome virus (SFTSY). SFTSV is classified in the
family Bunyaviridae, genus Phlebovirus, and contains three seg-
ments of negative or ambisense polarity RNA, designated L, M
and § segments. The major clinical symptoms and laboratory
abnormalities of SFTS are fever, thrombocytopenia, leukopenia
and elevated serum hepatic enzymes, and SFTS patients usually
die of multiple organ failure {17. The clinical symptomns, hawever,
are less specific and need to be differentiated from various other
infectious diseases, in particular hemorrhagic fever with renal
syndrome caused by hantavirus and human anaplasmosis [2,3],
) . Knowledge of the transmission mode of SFTSV is funda-
Introduction mental to an understanding and control of the disease. SFTSV is
believed to be transmitted by ticks because the virus has been
Severe fever with thrombocytopenia syndrome (SFTS), withan - detected in Haemaphysalis longicornis ticks. Some studies re-
average case fatality rate of 12%, is an emerging infecttous disease ported that SFTSV could also be transmitted from person to

isi 7: Ghién, Zhejlang Frovincial Ceritre, for
7, Na, 3399, Binsheng Road,

Cli Microbfol Infect 2015; 21t 1105-1120
Clinleal Micrebiclogy and Infection @ 2015 The Authors. Published by Efsevier Ltd on behalf of European Soclety of Clinleal Microbiology ang Infectious Diseasss

This is an open access article under the CC BY-NC-ND ficense (httpicreativecommons.orgflicensesby-ne-nel/4.0)
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person. Bao and colleagues reported that SFTSV was trans-
mitted from a 59-year-old man to his son and son-in-law in
2010, and another cluster showed that SFTSV was transmitted
from an 80-year-old woman to six secondary patients including

her daughters, nephews and sons-in-law in 2007 in Jlangsu’

Province [4.5]. Gal et ol [6] identified the person-to-person
transmission of SFTSY with a cluster of six SFTS patients
including intensive care unit physician, intensiva care unit
consultation physician, martuary beautician and family mem-
bets that occurred in 2010 in Shandong Province, Three other
studies reported that person-to-person transmission of SFTSY
oceurred in Anhui Provinee, Henan Province and Hubei Prov-
ince, respectively [7—9]. However, all secondary patients of
these clusters contracted SFTSV infection through contact with
the blood or bloody secretions of pati'ents in the end stage of
the disease. There was no epidemiologic evidence of aerosol
transmission of SFTSV. In this study, we identified.a cluster of
person-to-person transmission of SFTSV and investigated the
potential transmission routes, including aerosol transmission.

Methods

Case definition -

According to “the diagnosis and treatment programs of severe
fever with thrombocytopenia syndrome,” issued by the Chinese
Ministry of Health (httpy/iwww.moh.gov.cnimohwsyibgs/s8348/
201010/49272.shtmi}, a suspected case of SFTS is defined as
acute onset of faver (238.0°C) with other symptoms (e.g,
gastrointestinal symptoms, bleeding), epidemiologic rislk factors
(being a farmer or being exposed to ticks 2 weeks before onset
of lliness) and laboratory data cdnsisting of thrombocytopenia
and leukocytopenia. Confirmed SFTS cases were defined as
meeting the criteria for suspected SFTS and also met one or
more of the following criteria: (2) detection of SFTSV RNA by a
molecular method from patient serum, (b) seroconversion or a
fourfold or more increase of antibody titers between acute and
convalescent sera collected at least 2 weeks apart or {c)
isolation of SFTSV in cell culture,

The ethics committee of Zhejiang Provincial Centre for
Disease Contral and Prevention approved this research proj-
ect. Human research was carried out in compliance with the
Helsinki Declaration. All participants provided written
informed consent to participate in this study.

Laboratory test assays

The sera of the suspected patients were tested for SFTSY RNA
by real-time reverse-transcription PCR performed as described

elsewhere [10] in the Zhejiang Provincial Centre for Disease
Control and Prevention.

Epidemiologic investigation

All persons who had a history of contact with the body of the
index patient from 1 to 3 May were interviewed. The aims of
our study were explained to all patients, and thelr consent was
obtained before inclusion onto this study. A standardized
questionnaire was used to collect information about de-
mographic features, such as age, gender, occupation, and resi-
dential address, exposure history, clinical signs and symptoms,
date of onset and date of confirmation. Exposure history
included taking care of the index patient in hospital, moving the
corpse into a car and from the car to home, washing and wiping
the corpse, dressing the corpse, moving the corpse to a coffin,

leeping vigil beside the coffin and staying in the mourning hall
with no contact with the corpse.

Results

A total of 13 SFTS eases, including 11 confirmed cases and one
clinically diagnosed case, were identified besides the index pa-
tient during this outbrealk. Of these patients, six were men and
seven were wormen, and the median age of the patients was
60.5 years, ranging from 41 to 74 years (Fig. |). The index
patient experienced disease onset on 23 April and died on 1
May. The secondary cases occurred from 10 to [6 May, with a
peak on 13 May (Fig. 2). Eight secondary cases accurred in
family members of the index patient, and the other five cases

_oceurred in neighbors of the index patlent (Fig. 1),

The index patient and all secondary patients were hospital-
ized, and all patients had fever, fatigue and chills. The majority of
patients had headache, anorexia, myalgia and conjunctival
congest‘i'on. Four patients had nausea, three diarthea, two
vomiﬁng and two. gingival hemorrhage (Table I). Symptoms
were similar for the index patient and the secondary patients,

The index patient was 66-year-old female farmer with a
history of hypertension for more than 15 years. She lived In a
wooded, hilly upland area with shrubs and grasses (Fig. ). She
used to pick tea leaves before onset of iliness and developed a
fever on 23 April. She visited a clinié on 25 April, and her
ternperature was 40°C. She was treated with ribavirin and
azlocillln, but syrmptoms were not alleviated. She thus continued
seeking medical consuitations at several hospitals, She was
hospitalized on 29 April (Fig. 4). As her condition deteriorated,
her family requested that the hospital discharge her. Her son,

"daughter and brother brought her home on | May. She died

Clinfeal Mierohiclogy and Infection © 2015 The Authors. Published by Elsevier Ltd on behalf of European Soclety of Clinlez] Microbiclogy and iInfectious Diseases, CML, 21, 1) t5-1120°
This is an open access article under the CC BY-NC-ND license {nttpiffereativecommons.orglicansesby-ne-nd/4.0)
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Secondary
patients

Index patient, female, 66
years old, had illness
onset April 23,
deceased on May 1,
‘confirmed on May 20,
picked tea leaves hefore
illness onset

on

Case 1, son of index patient, male, 41 years old, had
onset an May 11, confirmed on May 14

Case 2, hushand of index patient, malé, 68 years old,

had onset on May 13, confirmad on May 18

Case 3, sister of index patient, female, 60 years
old, had onset on May 10, confirmed on May 14

Case 4, sister of index patient, female, 57 years
old, had onset on May 13, confirmed on May 14

Case 5, neighbor of index patient, female, 74 years oid,
had onset on May 10, confirmed on May 18

Case 6, nephew of index patient, male, 48 years
old, had onset on May 11, confirmad on May 14

Case 7, neighbor of index patient, male, 61 years old,
had onset on May 13, confirmed on May 20

Case 8, neighbor of index patient, female, 65 years
old, had onset on May 13, confirmed on May 17

Case 9, brother's wife of index patient, female, 68 years
old, had onset on May 14, confirmed on May 19

Case 10, nephew of index patient, male, 45 years old,
had onset on May 16, confirmed on May 19

Case 11, geomantic omen, male, 72 years old, had
onset on May 16, confirmad on May 20

Case 12, clinically diaghosed, daughter of index
patient, female, 44 years old, had onset on May 15

FiG. 1. Demographic features and date of illness onset of patients with severe fever with thrombocytopenta syndrome,

5 -
4
Indax patlent died on
2 May 1, secondary
?
patients attend funeral
and interment from
24 May 1to May 3
1 o
r} LIk T S S R B i s e S e R A B M IR T B e s e o o
CRONCHNMSNONRINSEHNMTOPRORC NN TIO N0 ND et
ol S L PR M RIREES Sord bbbt

FIG. 2. Timelines of index patient and key event of severe faver with

thrombocytopenia syndrome outbreak in southeastern China.

during the trip home. Because the corpse had already been
buried when the outbreak occurred, blood samples were not
collected from the index patient. Fortunately, we collected

_ seven blood spot samples on the walls of her home on 18 May,

and two of the samples were positive for SFTSV, The minimum
platelet count of the patient was 20 % 107/L on 29 April.

Patient [, the son of the index patient, developed fever on | |
May. He took care of the index patfent in hospital, participated
in maving the corpse into a car and from the car to home,
moved the corpse to a coffin and kept vigil beside the coffin
{Table 2).

Fatient 2, the husband of the index patient, experienced
onset of illness on 13 May. He did not have contact with the
corpse, but he stayed in mourning hall for hours. Simiarly,

Clinical Microbiclogy and Infection © 2015 The Authors, Published by Elsevier Ltd an behalf of European Society of Clnical Microblology and Infectious Diseases, CMY, 21, 1115-1120
This Is an open accass article under the CC BY-MC-ND licanse (hoipiifersatvecommens.orglicensestby.nc-nd/4.0/)
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TABLE 1. Clinical characteristics of index patient and secondary patients
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FEG, 3. House where Index patient lived.

patients 8 and {0 also did not have history of contact with the
corpse, although they too stayed in the mourning hall for hours.

Patients 3 and 4 were sisters of the index patient. Both of
them participated in washing and wiping the corpse, and they
dressed the corpse, Patlents 5 and 9 dressed the corpse but had
no other contact. Patient 12 was the daughter of the index
patient; she.had taken care of the index patient in hospital,
moved the corpse into the car, washed and wiped the caorpse,
dressed the corpse and kept vigil beside the coffin. Three
persons, patients 2, 4 and |2, participated in washing and wiping

Picked tea

Visited
leaves’

[Hress

onset Visited Visited
clinic 1 hospital 2

again

23/4 25/4 26/ 27/4 | 28/4

hospital 1
Visited again and was
clinicl transferred fo

hospital 2 hospitalized ased

the corpse, and five paople, patients 3, 4, 5, 9 and 12, partici-
pated in dressing the index patient, All these persons were
infected with SFTSV,

Patients 6 and 7 participated in moving the corpse from the
car to home and moving the corpse to a coffin, along with
patient 1, Of note, patients 1, 6 and 7 had contact with the
index patient’s blood when they carried the corpse from the
car into the house,

Of interest, patient || was a geomantic omen, and he did not
have history of contact with the corpse; nor did he stay in the
mourning hall for hours. However, he went to hilly areas to
select the burial site for the index patient. We collected ticks in

hilly areas near the cemetery, indicating that patient |} had a
history of exposure to ticks.

Discussion

In this study, we identified 2 cluster of person-to-person
transmission of SFTSV including the index patient and 17 sec-
ondary patients. Notably, two secondary patients probably
contracted the disease through aerosol transmission andfor

direct contact.

A fatal outcome of SFTS was associated with high virus load
in blood at admission and sustained high virus lead during
different illness stages [11-13]. These findings indicated that

Visited Blooc]i!salmiplées on
hospital 3 walls In index . .
ang was Dece patient home B2 confirmedtabe

were collected infected with SFTSV

A

r.f T
29/4 1/5 18/ 20/
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FIG. 4. Timelines of potentlal exposure and medical consultations of index patient,
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TABLE 2, Exposure modes of secondary patients with severe fever with thrombocytopenia syndrome virus infection

.
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the virus load of dead patients was very high.in blood, and
people might be infected with SFTSV through contact with the
blood of dead patients, According to the intetrvals of the dates
of the onset of illness of secondary patients from the funeral of
the index patient, we conclude that the infection of secondary
patients was refated to the index patient. However, secondary
patients might have been infected with SFTSY via different
transmission modes. YWe believe that patients 1,3, 4,5, 6,7, 9
and 12 were infected with SFTSV through direct contact with
the blood of the index patient. Although we cannot rule out the
notion that they were infected through tick bites, we think that
such a probability is very low as a result of the timing of their
illness. Firstly, the nine secondary patients had an obvious
exposure history of contact with blood of the Index patient.
Secondly, blocd samples on the walls in house of the index
patient tested positive for SFTSV. Thirdly, all of the patients did
not have an obvious history of tick bites. Finally, all nine patients
developed the disease 10 to i5 days after exposure.

The index patient died of massive hemorrhage in a car while -

being transported home, and her clothes were soaked with
blood on | May. Of note, all three people who attended washing
and wiping the corpse, and all five people who dressed the index
patient wére infected with SFTSY, and another three secondary
patients had direct contact with the blood of the index patient
when they moved the corpse from the car into her house. All
these exposure occurred on | May, indicating that SFTSV-
infected blood may remain infectious even after death,

Patient 2 did not have a history of direct contact with the
blood of the index patient. However, he lived with the index
patient, had a history of contact with the clothes of the index
patient, which were soalked with the blood of the index patient,
and he stayed for hours in the mourning hall. Therefore, he
might have been infected with SFTSV through contact with
contaminated clothes, aerosol transmission or tick bites. The
probability of infection through contact with the clothes of the
_“index patient was the highest.

Clinieal Microblology and Infection @ 2015 The Authors. Published by Elsevier Ltd on behalf of Furopean Soclaty of Clinical Microblolegy and Infectious Diseases, CMI, 21, 1115—] !20I

Fatients 8 and 10 did not have history of contact with the
blood or contaminated clothes of the index patient. They may
have acquired the infection through one of three possfble
transimission routes, including aerosal transimission, contact with
utensils which were contaminated with blood or secretion of the
index patient and. tick bites. We thought the probability of
aerosol transmission was the highest. Firstly, both of them had a
history of staying in the mourning hall for hours. Secondly, they
did not have a history of direct contact with the blood of the
index patient. Thirdly, the corpse of the index patient was placed
in a small space, thus facilitating aeroso! transmission. Fourthly,
the timing of their iliness was compatible with exposure to the
corpse of the index patient. Fifthly, they lived in different towns
and they wete unlikely to have been bitten by ticks all at the
same time. Moreover, aerosol transmission of other viruses in
the Bunyaviridae family has been reported. For example, Andes
virus, a hantavirus causing hantavirus pulmonary syndrome in
South America, had documented aerosecl transmission under
certain circumstances [14,15]. Aerosol transmission of hanta-
virus was also confirmed in the laboratory, and rodents could be
infected by virus aerosol generated by infected Apodemisagrarius
and artifteial virus aerosol [16—159]. SFTSV was detectable in
blood, throat, urine and faecal specimens of SFTS patients, and
these excreta as well as the blood of patients might generate
virus aerosol [11]. As a result, family members or physicians
might be infected with SFTSV through aerosol transmission.

Patient 11 was a geomantic omen and had no history of
contact with the index patient. He was most probably infected
with SFTSV through a tick bite when he selected the grava site
for the Index patient. We found ticks around the cemetery the
index patient was buried in, which supports our pestulate,

There were several limitations to our study. Firstly, we could
not isolate virus or obtain a viral sequence from the index
patient because the corpse had been buried when the outbreak
was identified. Therefore, we could not conduct sequencing for
virus isolate analysis between the index patient and the

This is an open access article under the CC BY-NC-ND Ilr.en_i’a {httpicreativecommons.orgiicenses/by-ne-nd/4.0/)
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secondary patients. Secondly, we did not know the prevalence
of SFTSV in ticks around the home of the index patient. We
cannot completely rule cut the notion that the majority of
secondary patients, especially patients 8 and 10, were infected
through tick bites, although we believe this to be unlikely.

To the our knowledge, this is the first report of probable
aerosol transmission of SFTSV. Our findings suggest that SFTSV
could be transmitted from person to person by direct contact
andfor aerosel transmission, and it is of importance to consider
aerosol transmission as a possible transmission route. Aerosol
precautions should be considered and standard for doctors,
nurses and family members when they take care of patients

with SFTSV. Furthermore, laboratory experiments should be
performed to study aerosol transmission in SFTSV.
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Two novel reassortants of avian influenza A (H5NB)
virus in China
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Eight avian influenza A (H5NB) viruses were isolated from live poultry markets (LPMs) in Sichuan
and Jiangxi-Provinces in China in 2014, including those close to the county where the human
HBNB infection oceurred. Genelic and phylogenetic analyses revealed that these HENG viruses
were novel reassortants between H5N1 clade 2.8.4 and HBNS viruses, and had evolved inta two
distinet lineages (Sichuan and Jiangxi). Mareover, the human H5N6 virus was closely related to
the avian-saurce viruses of Sichuan lineage. Notably, HENG viruses contzined a T180A
substitution in the haemagglutinin protein and an 11 aa deletion in the neuraminidase stalk, which
may aid in enhancing viral affinity for human-like receptors and virulence in mammals. As the
HSN1 virus infects humans through direct comfact, infection with the novel HENG virus raised
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significant concerns that the HE subtype was a likely candidate for a pandemic, Therefore,
extensive and long-term surveillance of avian influénza viruses in LPMs is essential.

The highly pathogenic avian influenza (HPAT) H5N1 virus
was initially isolated in 1996 in China (Xu et al., 1999) and
caused much concern in 1997, with 18 recorded human
infections and six deaths in Hong Kong.(Chan, 2002). Re-
emergence of the H5N1 virus was reported in 2003. Since
then, transmission of HSNI1 viruses from avian hosts to
humans has been reported in 17 countries and areas
worldwide, leading to 676 Jaboratory-confirmed infections

1These authors contributed equally to this wark.

The GenBank/EMBL/DDBJ accession numbers {for the genome
sequences of the HBNG and HEN1 viruses are KPO90436-KP00451,
KM251463-KM251471, KM251473-KM261484, KM2D1486-
KM251491, KM251493-KM251801, KM251503-KM251511,
KM251513-KM251521, KM251523-KM251531 and KM251533-
KM251541,

Two supplementary tables and two supplementary figures are available
with the online Supplementary Material.

and 398 deaths as of 4 Decemnber 2014 (WHOQ, 2014a).
Importantly, the H5NI virus can infect migratory birds,
which act as vectors that coniribute to the spread of the
virus to new areas via long-distance migration and
transmission to domestic poultry through direct or indirect
contact (Liu ef al, 2005; Sakoda et al, 2012; Wang et al,
2008). Since its emergence, the FIPAI H5N1 virus has been
proposed as a likely candidate for a potential influenza
pandemic, although effective human-to-human transmis-
sion is yet to be dernonstrated. To date, the H5N1 virus has
become endemic in domestic birds in China, Southeast
Asia and Africa, and evolved into numerous phylogenetic
lineages (WHQ/OIE/FAQ, 2012). Amongst the 32 distin-
guishable clades of H5N1, clades 2.3.2.1, 2.3.42 and 7.2
are predominant in China (WHO/OIE/FAO, 2012},
Additionally, evolutionary clades, such as 2.3.4.5 and
2.3.4.6, have been reported (Gu et al, 2013). In addition
to haemagglutinin {HA} evolution, internal genes of the

000056 © 2015 The Authors  Printed in Great Briiahn
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H5N1 virus have frequently reassorted with other subtypes
of avian influenza viruses circulating in poultry (Neumann
et al, 2010; Zhao et al, 2008). In particular, H5N5,
H5N8 and H5N2 subtypes bearing the genetic backbone of
clade 2.3.4 H5N1 virnses have been identified in poultry
populations (Gu et al, 2011; Zhao et al., 2012; Wu e al,
2014).

Apart from the H5N1 subtype, various reassortants of the
H5 subtype with other neuraminidase (NA) subtypes have
been isolated, although norie of them has been docomented
to cause human infection, However, on 6 May 2014, a fatal
H5N6 human infection was reported in Sichuan Province,
China (China CDC, 2014; WHO, 2014b). The patient was a
poultry dealer working directly in live poultry markets
(LPMs), recently shown to play a key role in human
infection with influenza A {H7N9 and H1ONS) viruses
(Cowling et al, 2013; Gao, 2014; Zhang et al, 2014).
However, the origin of the novel H5N6 virus remains
unknown. To determine the evolutionary history of H5N6
in China, we performed comprehensive genetic analysis of
the full-length genome sequences of eight H5NG and three
HSN1 viruses isolated from LPMs.

Surveillance in five LPMs was conducted on 26 and 27
April 2014 in Nanbu County, Sichuan Province, where
human infection with the H5N6 virus was reported (Fig,
§1, available in the online Supplementary Material). A total
of 77 oropharyngeal and cloacal mixed swab samples (one
oropharyngeal and cloacal mixed swab for one bird)
were collected from chickens (#=10), ducks {n»=31) and
pigeons (n=36), along with 19 faeces and nine poultry
. drinking-water samples. The surveillance additionally

covered the Dunzitang LPM of Nanchang city (Jiangxi
Province) where human infection with the H10NS virus
was recorded on 30 November 2013 (Chen et al, 2014),
Overall, 18 oropharyngeal and 18 cloacal swab samples
{(one-oropharynx and one cloacal swab for one bird) were
collected from chickens. Samples were kept in viral
medium at 4 °C until transported to the laboratory and
then either stored at —80 °C or directly inoculated in 10-
day-old specific pathogen-free embryonated chicken eggs
for 72 h at 37 °C. Complete gene segments of the HA titre-
positive samples were amplified using the improved
primers (Table S1) designed based on previous reports
{Hoffmann et al., 2001; Li et al., 2007) and sequenced using
an ABI 3730XL automatic DNA analyser. In total, 16
samples were H5-positive; nine H5 viruses were isolated
from the oropharyngeal and cloacal mixed swabs in
Sichuan Province, including six influenza A (HSNG6)
viruses (SC-H5NG) and three influenza A (H5N1) viruses
(SC-H5N1); two influenza A (H5NG) viruses were isolated
from the oropharyngeal swabs in Jiangxi Province (JX-
H5N6). The other five H5-positive samples were detected
to be mixed with other subtypes, such as H6, H7 and H9
viruses, in Sichuan Province and Jiangxi Province. We
determined the full-length genome sequences of -these
strains of the 11 avian influenza viruses isolated from
both Sichuan Province and Jiangxi Province (H5N6, n=8;

H5NL, n=3; Table 1). Genome sequences of the other five
recently identified avian and human influenza A (H5N6)
viruses from China were retrieved from the Influenza Virus
Resources at GenBank and the Global Initiative on Sharing
Avian Influenza Database (GISAID) (Table 1). The 16 full-
length avian influenza virus genomes were divided into
eight datasets corresponding to the eight independent RNA
segments of type A influenza virus. For the NA dataset, the
three NA sequences of the H5N1 subtype {SC-H5N1) were
removed. The eight datasets were subsequently used as
queries to perform a BLAST search against GenBank to
obtain reference sequences. BLAST hits and their corres-
ponding query datasets were combined and aligned using
Clustal Omega.

Sequence comparison disclosed. high nucleotide identity
amongst HA genes of the SC-HSN6 isolates (>-99.3 %) and
between the two JX-H5NG isolates (99.89). HA genes of
the SC-H5NG isolates shared 95.1-95.6% sequence simi-
larity with JX-H5N6 isolates. In addition, the HA gene
of the reference strain, Alenvironment/Zhenjiang/C13/
2013 (H5N6) (EN/ZJ/C13/13), displayed higher identity
with SC-H5NG {99,3-99,6 %) than JX-H5N6 (95.4 %), HA
genes of Afduck/Guangdong/GD01/2014 (H5N6) {DK/
GD/GD01/14), Afenvironment/Shenzhenf25-24/2013 (H5N6)
{EN/SZ/25-24/13) and Afduck/Jixangxi/95/2014 (HI5NG)
(DK/JX/95/14) shared high nucleotide identity (99.5-
99.7%), and displayed higher nucleotide identity (99.2-
99,5 %) with JX-H5N6 than SC-H5N6 (95.3-95.8%). HA
genes of the three SC-H5N1 isolates possessed 94.7-95.4%
identity with those of SC-H5N6 isolates and EN/ZJ/C13/13
{H5N6), and 97.8-98.2% identity with those of JX-H5N6,
DK/GD/GD01/14 (H5N6), EN/SZ/25-24/13 (H5N6) and
DK/JX/95/14 (H5N86) (Table 52).

High nucleotide identity was-observed amongst NA genes
of the SC-H5N6 isolates (99.6-99.9%) and between the
two JX-H5NG isolates (9.7 %). However, NA genes of the
5C-H5N6 and JX-HS5NG isolates shared only 89.3-89.6%
sequence identity. Interestingly, NA genes of SC-H5N6

" isolates shawed higher identity with EN/Z]J/C13/13 (H5N6)

(99.0-99.2 %) than DK/GD/GDO01/14 (H5N6), EN/SZ/25-
24/13 (H5N6) and DK/JX/95/14 (H5NG) {89.7-90.0 %)
(Table 82).

A BLAST search showed that the internal genes of H5NG
viruses from China were similar to the H5NI viruses
circulating in China and Southeast Asia. Specifically, genes
of the $C-H5N6 isolates possessed 99.6-100 % nucleotide
identity; whilst nucleotide identities of the JX-H5N6
isolates ranged from 99.2 to 99.9%. In addition, internal
genes of the SC-H5N6 isolates displayed 26.7-98.7, 97.9-
98.8, 96.0-99.7 and 96.4-98.7% identity with JX-H5NGE,
SC-HS5N1, EN/ZJ/C13/13 (H5N6) and the other three H5NG
{DK/GD/GDOII'M (H5N6), EN/5Z/25-24/13 (H5N6) and
DX/JX/95/14 (H5NG)] viruses, respectively, whilst JX-H5NG
isolates showed 97.8-99.2, 93.8-98.4 and 96.6-99.7%
identity with SC-H5N1, EN/Z]/C13/13 (H5N6) and the
other three HSN6 viruses (Table 52). Notably, all the

TR iear e m e

976

176

T P

Journal of General Virology 96

-

©



Navel influanza A {H5N6) virus in poultry

sasequicp (1IVSIO puv jurfguah uron poproTumap soousnbagt:
: Bunaquimu N4

Sueifusyy ‘{7 ‘wagzuang *Zg wentplg Eos wduef X[ HBuopduens ‘gD SNEM UM tuoafid *NJ UINIUOIAUS NI H{O0P A WRPIHD WD

K S ON H N q o] L ) 0 N v N u ORI #10z Mdv 12 F(ONSH) #T0Z/1TZ9THOS/V
S5 s 89-85 H a q o] L 2} 0 N ¥ N H TOADITYTY " P10T PN FONSH) FI/10GD/ADMd
sax N 89-85 H a q o] L b] [o] N v N H TOADTDEETY ¥107 1990120 1 F(9NSI) F1/56/XIAA
X t oN H a g o] kA 9 D N v N H TONDLIDIAE €107 Wqwasa( 2T ${ONSH) €1/€ID/ZINT
sax s 8986 H a q [e] L 5.0 N v N H alriprn et £107 13quang ¢ HONGH) E1/FT-ST/ZS/NT
K s, 89-85 H a q 0 1L 9 0 N A N H TORDRRAT pIOZ 2mf 67 (9NSH) FT/9TITIZAINAXIND
sax g 89-86 H a q ] 1 5 o) N A N H- TORDRNNETT #107 2unf 67 (9NSH) FU/EZITIZADN/XINID
SO S 89—6¥ H a g [e] L ) o] N L N H TORLRIETT F10z Tdy 1T (INSH) FU/GTNXINIIIDS/NG
sax S 29-6b H a q 0 L D o} N L N H TORRITITY F10z [y £z (INSH) PI/TINXON/HDS/AA
say $ $9-6% H a 1 o] 1 5 [o N L N H 1O DIEATA FI0Z (dy £z (INSH) FLOTNXON/HOS A
$ax S oN H a q 0 1 5 O N v N H TOATIAT yToz Mdy 22 (9NSH) PI/UTTON/HDS M
sax S oN H a El (4] I o (o] N v N H TOACIRDENT ¥10z [dy sZ (9NSH) FIHTIXDINIHDS/HA
sag, S oN H a qd 0 kA 5 [o} N ¥ N H IOADTNIAAY F10T Tady 4T (9NSI) FT/OTIXONIHDSAIA
saK g oN u a q D 1 5 [o] N ¥y N H IOADITTIT ¥10z Ady 42T (9NSH) PHSTXON/HOSAIA
sag S oN H a q [o] L 5 [s] N v N H TOMNETETd ¥10Z 1y 42T (9NSH) ¥/ TdDNHDISMA
sax S ON H a qa D L R [s} N A N H 1O TR P07 MY 227 (9NSH) FU/TIAIDN/HIOSMD
parEDUTLY)] UOTIIIP apndad
06-85 | £5 qes I#Le 104 LT9 165 81§ 8T 9TT HIT 091 8ST  OIT Bunpauuo)
dEd TN YN

7dd (Sunsqumu ¢H)} VH 21Ep WOMNII[[O]) WSTLITA

Td-18d PUe TN 'YN ‘58d "vH $0 Swial Ul SasiuiA gNGH JO UDIBZLII0RIEYD JBINODIOW *L BjqeL

D
)

77

http:/Avirsgmijournals.org

177



Y, Bf and others

eight gene segments of the human-source virus, A/Sichuan/
26221/2014 (H5N6) (SCH26221), possessed the highest

genetic identities (99.5-100%) with those of SC-H5N6.

(Table 52).

Phylogenetic analysis was performed using the maximum-
likelihood method in RAxML. The GTRGAMMA model
was applied and 1000 bootstrap replicates performed. It
should be noted that for the HA dataset, the most related
reference sequences were selected and combined with a

dataset comprising sequences of representative HA clades. -

Phylogenetic trees were visualized using Dendroscope
software.

From the HA phylogeny (Fig. 1a), genes of the recently
identified Chinese H5N6 avian influenza virnses and the
human-seurce virus fell within clade 2.3.4, suggesting that
they were originally, derived from the HPAI H5N1 viruses
cireulating in China. Phylogenetic trees reconstructed
using the six internal gene sequences consistently showed
that all identified H5N6 and H5N1 avian influenza viruses
stemmed from previously circulating H5N1 lineages in
China and Southeast Asia (Fig. S2). In contrast, the NA
phylogenetic tree revealed that the NA genes originated
from HGNG avian influenza virus circulating in the Fujian
and Guangdong Provinces of China (Fig. 1b).

Notably, in all eight gene phylogenetic trees, Chinese H5N6
avian influenza viruses formed two independent lineages
(Figs 1 and $2). The human H5N6 virus (SCH26221) and
avian H5N6 virnses isolated from Sichuan formed one
lineage (Sichuan), with Alenvironment/Zhenjiang/C13/
2013 (H5N6). Together with the epidemiological data
analysis, it could be deduced that the patient was probably
infected by direct contact with the H5N6-infected poultry
(Figs 1 and S2). The two Jiangx H5N6 isolates formed
the other lineage (Jiangxi), which also included H5NG
avian influenza viruses from Guangdong and Shenzhen,
Additionally, a number of H5N2 avian influenza viruses
from Jiangxi fell within this lineage. Thus, based on genetic
identities and phylogenies, two H5NG lineages have been
co-circulating in China, designated Sichuan and Jiangxi.

Interestingly, the three H5N1 avian influenza viruses
isolated from Sichuan Province did not cluster together
with. the two FI5NG lineages, but formed a separate lineage
with Vietnamese HSN1 isolates from 2014 (Figs la and
$2a, ¢-h). Therefore, based on current surveillance data, we
speculate that the H5NG and FI5N1 lineages from Sichuan
Province were introduced from two independent external
sources. Furthermore, in the PA {polymerase acidic} phylo-
genetic tree (Fig. S2e), one Sichuan H3NI avian influenza
virus, A/duck/Sichuan/NCXN10/2014, did not cluster
together with the two other Sichuen H5N1 strains, suggestive
of a novel H5N1 avian influenza virus reassortant. However,
we do not know whether this reassortment event occurred
before or after introduction of the virus into Sichuan.

The HA phylogeny also revealed multiple potentially novel
HA subclades within clade 2.3.4. To date, six subclades

have been reported within clade 2.3.4 (2.3.4.1-2.3.4.6).
However, we identified four separate lineages, two H5NG
(Jiangxi and Sichuan), one H5N8 and ene H5N1, which
did not cluster together with the previously described
subclades of clade 2.3.4, Next, we calculated between-group
sequence divergence between the four lineages and 2.3.4.6,

_using the recommendations proposed by the WHO/OIE/

FAO H5N1 Evolution Working Group. Sequence diver-
gence values between H5N1, Jiangd, H5N8 and Sichuan
and clade 2,3.4.6 were calculated as 3.1, 3.0, 3.2 and 3.0
(>1.5%), respectively. Furthermorg, within-group diver-
gence values of H3N1, Jiangxi, H5N8 and Sichuan were
0.4, 0.5, 0.2 and 0.3, respectively. Therefore, HPAI H5N1
viruses from China are experiencing rapid evolution and
these lineages could be potentially assigned as novel
subclades within clade 2.3.4.

HA proteins of all H5N6 and H5NI1 viruses possessed
multiple basic amino acids at the cleavage site {Table 1),
indicating high pathogenicity to poultry. Residues at the
cleavage site of SC-M5N1 isolates were identified as
RERRRKR/GL, whilst the H3N6 isolates contained two
motifs, REKRRKR/GL and RERRRKR/GL. The HA protein
of these isolates displayed Q226 and G228 (H3 numbering)

at the receptor binding site, suggesting that they favour -

avian-like receptors. The HA proteins of the SC-H5N1
isolates contaimed T160 (Table 1), whereas a T160A
substitution was observed in HA of all HSN6 viruses,
which is proposed to enhance binding capacity to human-

like receptors (Gao et al., 2009; Zhang ef al.,, 2013).
The NA stalk of SC-H5N1 viruses had a 20 aa deletion

(positions 49-68), which might enhance virus adaptation
to domestic fowl and increase virulence in mammals
(Cauldwell et al.,, 2014; Matsuoka et al, 2009; Zhou ef al,
2009). This 20 aa deletion was not found in the NA stalk of
SC-H5N6 and the human-H5N6 strain. Interestingly,
however, JX-H5N6 isolates displayed an 11 aa deletion at
positions 58-68, These findings suggested that the SC-
H5NG and JX-H5NG6 isolates might have different adapta-
tion and virulence characteristics in poulity and mammials.

Amino acids Q591, E627 and D701 were identified in the
PB2 proteins of the H5NG and HSN1 avian influenza
viruses, indicating low adaptation to mammalian hosts.
However, the human H5N6 virus contained a D70IN
mutation, which might enhance virulence for humans,
Moreaver, these H5N6 and H5N1 viruses contained a
truncated PB1-F2 protein of 57 aa in length, which might
influence their virulence in mammals (Zamarin et al, 2006;

McAuley ef al, 2010). No drug resistance-associated

mutations (H274Y in NA and $3IN in M2 protein) were
observed, signifying that these H5 isolates are sensitive to
NA and M2 inhibitoss,

To firther identify the antigenicity of the H5NG and H5N1
isolates, the HA inhibition {HI) assay with the reference H5
subtype antigens and antisera was performed according to
standard protocols (WHO, 2011). The reference antisera
produced by the H5N1 véccine strains, Re4 [A/chicken/
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Flg. 1. Phylogenetic trees for {a) HA and (b) NA genes of HSNB influenza A viruses isolated in the present study. Phylogenetic
analysis was based on the whole ORF of H5 HA (28-1732, 1704 bp) and N6 NA (19~1431, 1413 bp). Maximum-likelihood
phylogenstic trees were inferred with RAxML software under the GTRGAMMA medsl with 1000 bootstraps. Ssgments of SC-
HEN8, JX-H5NG, human HENG and HEN1.isclates are coloured in red, blue, green and pink, respectively.
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Table 2. Antigen characterization of HGNE and HGNT subtype avian influgnza viruses isolated in China

Virns* Clade HI titres of vaccine .stmin hyperimmune chicken sera against the H5 isolatest
CR/SK206 (H5NT) DK/AH/1/06 (H5N1) DK/GD/S$1322/10 (H5N1)
(Red) (Re5) (Res)
CK/SX/2/06 (H5N1) (Red) 7 640 10 20
DR/AH/1/06 (H5NI) {Re5} 234 20 320 ) 40
DE/GD/51322/10 (H5N1) (Re6) 232 20 20 640
CK/SCH/MNCJPLL/14 (H5N6) 2.3.4 <10 20 <10
DK/SCH/NCJPL7/14 (H5NG) 234 <10 20 <10
DK/SCH/NCXJI5/14 {H5N6) 234 . <i0 40 <10
DK/SCH/NCXJL6/14 (H5N6} 234 <10 20 <10
DK/SCH/MNCXJ24/14 (H5N6) 234 <10 20 <10
WR/SCH/NCLL1/14 (H5N6) 234 ‘ <10 20 <10
DE/SCH/NCXN10/14 (H5N1) 234 <10 ) 40 <]0
- DK/SCH/NCXN11/14 (H5N1) 2,34 <10 80 <10
PN/SCH/NCXN29/14 (H5N1) +2.34 <10 40 <10
CK/IX/MCDZT1123/14 (H5NG) 234 <10 ' 40 <10
CKSJX/NCDZT1126/14 (H5N6) 2.34 <10 40 <10

*CK, Chicken; DK, duck; PN, Pigeon; WR, water; AH, Anhui; GD, Guangdong; JX, Jiangxi; SCH, Sichuan; §X, Shanxi. )
+Hyperimmune chicken sera and homologous vaccine antigens were obtained from Harbin Veterinary Research Institute, Chinese Academy of
Agrienltural Sciences.

Shanxi/2/2006, (H5N1), clade 7], Re5 [A/duckfAnhui/l/ Both lineages may have originated from reassortment.
2006 (H5N1), clade 2.3.4] and Re6 [A/duck/Guangdong/ events between the prevalent H5N1 and HGONG viruses
$1322/2010 {H5N1), clade 2.3.2], were obtained from the circulating in Southeast China. Phylogenetic and antigenic

Harbin Veterinary Research Institute, Chinese Academy of analyses suggest these FISNG viruses belong to clade 2.3.4,
Agricultural Sciences. High HI titres weredetected when  and might have evolved into new subclades with altered
antisera reacted with the homologous vaccine strains. antigenicity, as there were low reactions between the H5N6
Notably, SC-H5N6, JX-H5NG6 and SC-HS5NI viruses isolates and the antisera of the vaccine strains. Notably,
reacted specifically with the Re5 antiserum, but with the navel H5NG viruses were isolated from LPMs close to
significantly lower HI titres, compared with the Re5 the site where the human H5N6 infection occurred, and
hqmdlogous virus (Table 2). These findings indicated that there was a very close genetic relationship between the
all 11 H5 isolates described in this study could be novel human and avian H5NS viruses, supporting that human
clade 2.3.4 variants and have probably evolved to form a infection is caused through direct contact with poultry.
new subcluster, in accordance with the phylogenetic Furthermore, these H5N6 viruses have distinct evolution-
analysis (Figs 1a and $2a). ary characteristics, such as the A160 mutation in the HA

In 2014, H5NG virus outbreaks in Laos (starting 13 March proteinand an 11 aa deletion in the NA stalk, which may

2014), Vietnam (starting 13 April 2014) and China
(starting 23 April 2014) resulted in the death and culling
of >97000 fowl (OIE, 2014; Wong et al, 2015}, In the
presént study, the two Jiangxi H3N6 viruses were isolated
from dead chickens and the others were from apparently
healthy birds. These findings suggested that the available
H5N1 vaccines could not thoroughly eliminate the virus Acknowledgements
and may not completely protect poultry against H5N6 '
virus infection. Therefore, the infected poultry look ,

including humans. Qur collective findings highlight the
necessity to maintain and expand avian influenza virus
surveillance in LPMs for the prevention and control of
human infection.
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Background: Saffold virus was described in 2007 as one of the first human viruses within the genus
cardioviruses, Cardioviruses may cause severe infections of the myocardium in animals, and several
studies have associated saffold virus with human disease. As aresult, saffold virus has been iselated from
different anatomical compartments, including the myocardium, but, until now, it has not been possible
to demonstrate the accoinpanying histopathological signs of inflammation.

Objectives: The aim of the study was to examine if saffold virus is capable of causing invasive infection in
the human myocardium. :

Study design: Using real-time PCR, we retrospectively examined formalin-fixed paraffin embedded cardiac

_ tissue specimens from 150 deceased individuals diagnosed with myocarditis at autopsy. The results were

compared with histological findings.

Results and conclusions: Saffold virus was detected in the myocardium, lung tissue and blood of one child
and was accompanied by histopathological inflammation in the heart and lungs, which was supportive of
aviral infection. These findings suggest that cardioviruses may be associated with myocarditis in humans.

© 2015 Elsevier BV, All rights reserved,

1. Background

Cardiovirus is a genus within the picornavirus family that
has been known for several decades. It consists of two main
species: Cardiovirus A-B. Cardiovirus A contains two serotypes of
Encephalomyocarditis virus (EMCV), which are well known catises
of myocarditis in animals. Human ‘infections with EMCV were
recently diagnosed using isolation and serology, but no human case
of myocarditis due to EMCV hasbeenidentified |1}, The Cardiovirus
B species includes Theiler's murine encephalomyelitis virus, which
is known to cause encephalitis and myocarditis [2], Thera virus,
Vilyuisk human encephalomyelitis virus and the recent described
human virus; Saffold virus (SAFV).

SAFV was discovered in 2007 when it was isolated from a stool
sampie from a child with fever of unknown origin [3]. The virus
is distributed worldwide. SAFV has been isolated from respiratory

* Carresponding author. Fax: +45 86125985,

E-mail addresses: tsn@retsinedicin.au.dk (T.S, Nielsen),
alex.christianydenielsen@regionh.dk (AY, MNielsen), jytte banner@sund.ku
(). Banner), jah@forens.audk (J. Hansen), utb@rn.dk (U, Baandrup),
larspn@gmait.com (L.P. Nielsen).

http:f{dx.doi.orgf10.1016(jjev.2015.11.028
1386-6532/@ 2015 Elsevier BV, All rights reserved.
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specimens and stool samples from children with respiratory and
gastrointestinal symptoms [4,5] and, in a few studies, the virus has
been detected in the cerebrospinal fluid and the myocardium 6,7},
However, the detection of SAFV hasnotbeen associated with micro-
scopic evidence of inflammation in the affected organs. No larger
studies on the occurrence of SAFV in myocardial tissue specimens
from humans with myocarditis have been reported.

2. Objectives

Using real-time PCR, we examined a cohortof 150 deceased indi-
viduals diagnosed with myocarditis to investigate if SAFV is capable
of tausing invasive infection in the human myocardium.

3. Study design

We retrospectively examined formalin-fixed paraffin embed-
ded (FFPE) cardiac tissue specimens from 150 deceased individuals
diagnosed with myocarditis at autopsy (106 men and 44 women;
median age 34.7 years, age range 3 weeks to 77 years; 13 cases
below the age of 5 years). The cases were selected froma database at
The Institute of Forensic Medicine, Aarhus University, Denmmarkand
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represented all autopsy cases diagnosed with myocarditis in the
pericd 1992-2010. Four myocardialfissue samples from each heart
were examined: one from the anterior wall of the left ventricle; one
from the posterior wall of the left ventricle, one from the interven-
tricular septum and one from the right ventricle. Three consecutive
sections fro each location were stained for Hematoxylin & Eosin,
CD3 and CD68. -

Total nucleic acids were extracted from 20 pm tissue sections
using a previously described, customized protocol that-utilizes the
automated Maxwell 16 system {Promega)in combination with pro-
teinase K digestion and incubationin a lysis buffer [8]. The presence
of RNA after extraction was confirmed in 91% of the myocarditis
cases by reverse-transcriptase PCR amplification of a 121 basepair
fragment of the mRNA transcript from the human LONP? gene as
described previously [9], All samples were tested for SAFV using
a reverse-transcriptase real-time PCR assay and a genotyping was
performed as previously described [7].

The laboratory workflow was performed according to usual
guidelines where all procedures for the extraction and PCR were
handled in different laboratories. Furthermore, all samples were

¢~ "yprocessed separately from each other and from all ather materials
-._ in order to reduce the risk of contamination. All assays included

positive and negative control reactions.

4. Results

SAFV was detected at low concentrations upon repeated mea-
surements (ct value=39) in one of the 150 deceased individuals,
This patient was a 2-year, 7-month-old previously healthy boy who
died suddenly and unexpected after one day of slight fever. Using
direct VP2 genotyping apalysis, we determined the identified SAFV
to be SAFV genotype 2. SAFV was also detectable in frozen blood
(ct-value 30} and respiratory secretion{ct-value 22) while the cere-
brospinal fluid was negative. As the present case was a forensic
autopsy case routine examinations for other pathogens were per-
formed prior to this study in order to establish the cause of death.
Staphylococcus aureus, Haemophilus influenzae and non-hermolytic
streptococci were isolated from lung tissue while enterovirus was
detected in respiratory secretion. The results are shown in Table 1.

Histological examination revealed acute inflammation in the
myocardium {Figs. 1 and 2) and in the lung tissue (Fig. 3) while
the other examined organs revealed no signs of inflammation or
other diseases. Due to the inflammatory alterations and the detec-
tion of enterovirus in the respiratory secretion, analysis for SAFV
and enteroviruses was also performed on FFPE lung tissue, which
despite repeated trials was negative for both viruses,

5. Discussion

Since the discovery of SAFV many efforts have beenmade to clar-
ify its possible pathogenicity in humans. In addition to the positive

findings in respiratory specimens and stool samples, SAFV hasbeen -

detected in the cerebrospinal fluid and the myocardium, indicating
an invasive potential [6,7]. In the first study, SAFV was found in the
cerebrospinal fluid of two children <4 years of age, one of which
died without preexisting symptoimns, In this child, SAFV was also
detected in a myocardial biopsy. In the second study, 10 myocardial
biopsies were tested, and one was positive in a nested PCR assay,
but not in real-time PCR. However, no histopathological alteration
could be demonstrated in the myocardium of either of the two
cases. In our study, we found SAFV in the respiratory secretion,
blood and myocardial tissue of a child and histological evidence of
inflammation in two related organs (heart and lungs). This com-

bination is novel and may point to a role of SAFV in organ-related
diseases.
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?iz. 1. Acutelymphocytic myocarditis, Histological section of the myocardiumillus-
trating a small lymphocytic focus with assoclated degeneration of the myocytes
(arrow). Hematoxylin and Eosin = 200.

The histological alterations in the myocardium and lung tissue
primarily consisted of lymphocytes, which is suggestive of an infec-
tion of viral origin. The inflammatory changes in the myacardium
were less pronounced than the changes in the lungs, Myocardi-
tis is known to be a condition that causes both focal and diffuse
inflammation, and even a small lesion may have a significant clini-
calimpact[10}. The presence of viremia and the detection of SAFV in
respiratory secretion and myocardium cornbined with the absence
of other detectable pathogens in the myocardium, made SAFV plau-
sible as a causative agent of the inflammatory changes. The low
concentration of SAFV in the myocardium compared to blood and
respiratory secretion may have been caused by the use of FFPE
myocardial tissue as there is a known decreased sensitivity of virus
detection in FFPE tissue. This may also be a likely explanation for
the negative result of SAFV analysis on FFPE lung tissue, However,
a higher concentration of viral RNA in the myocardium compared
to lung tissue is also a possibility. The possibility of detecting RNA
targets in postmortem tissue samples depends on several param-
eters including postmortem interval, fixation time, pH in fixation
solution, and RNA extraction method [11]. In this study, we could
detect a control RNA target in more than 80% of the study samples -
suggesting a reasonable RNA detection sensitivity and integrity in
our FFPE material. Other studies-have established that FFPE tissue
material is usable for reverse-transcriptase PCR analysis of virus
and messenger RNA, although the analytical sensitivity is reduced
when compared to the use of matched frozen tissue material [12].

Three different types of bacteria were isolated from the lung
tissue. Although 5. aureus and H. influenzae may cause pneumonia,
the histological pictureis notin agreement with a bacterial etiology.
Rather, the findings represent post-mortal growth of bacteriain the

airways, and the presence of non-hemolytic streptococei supports
this view.
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‘The results of the routine examinations a2nd PCR analysis for saffold virs—overview,

Routine examinations?

Exarnination of saffold virus

Histolagical examination

Myacardium Acute myocarditis

Lung tissue Acute interstitial pneumonia

Other? Normal tissue

Bacteriological examination

Lung tissue Seaphylococcus aureusNon-hemolytic streptococciHaemophilus influenzae

Blood Negative

Cerebrospinal fluid Negative

Virological analysis®

Myoacardium Negative Positive
Blood Negative Positive
Respiratory secretion Enterovirus Pogitive
Cerebrospinal fluid Negative ) Negative
Lung tissue (FFPE) Negative? Negative
2 Examinations performed in relation to autopsy. '

b Liver, brain, kidney, prostate, bone marrow, pancreas, testicles, thyroid gland, thymus, spleen, epiglottis and peripheral muscle.

varicella zoster virus and rhinovirus,
d Only examined for enterovirus and saffold virus.

¢ Routine virological analysis: adenovirus, coronavirus, enterovirus, parechovirus, influenzavirus, parainfluenza virus, parvovirus B19, human herpes simplex virs 1+32,

Fig. 2. Acute lymphocytic myocarditis. Histological sections of the myocaréium illustrating an area with an increased amount of CD45-positive lymphocytes (left picture)

compared to normal myocardium (right picture). CD45 % 100.

Fig. 3. Interstitial pneumonia. Histological section of the lung illustrating lymphocytic infiltration into the interstitial tissue. Hematoxylin and Eosin x 100 (left) and %200
(right).
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A limitation of cur study is that a verification of intracellu-
lar RNA e.g., by in situ hybridization (ISH) was not performed. A.
positive PCR result in the myocardium might represent the pres-
ence of blood in the tissue. However, the sensitivity of ISH is
markedly lower than RT-PCR and a negative result of ISH in our
case cannot rule out the presence of the virus. Future studies
preferably using unfixed materizl should establish the presence
of the virus inside the infected myocytes. Another limitation is
the age -of the study cohort varying from 3 weeks to 77 years,
with the mean being 34.7 years. Thirteen cases were below
the age of 5 years. In prior studies as well as in this study,
SAFV has mainly been detected in different compartments of
young children, indicating that infection with SAFV occurs early
in life [10,13,14]. Determining the exact significance of SAFV for
myacarditis would require a study including a large cohort of young
children.

We found one SAFV-positive case of 150 deceased indi-
viduals, Despite a low prevalence that does not allow us to
make a definite conclusion on the association of SAFV with
myocarditis, we find the result remarkable because cardioviruses

e """\; are well-known causes of myocarditis in animals [2]. In con-
..~ junction with prior studies it seems evident that SAFV plays

a role in invasive human infections and our results sug-

gest that SAFV may also be associated with myocarditis in
humans.
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Sochi virus was recently identified as a new hantavirus
genotype carried by the Black Sea field mouse, Apodemus
ponticus. We evaluated 62 patients in Russia with Sochi
virus infection, Most clinical cases were severe, and the
case-fatality rate was as high as 14.5%.

antaviruses are zoonofic pathogens transmitted from

small animals to humans. Hantavirus disease in the
Americas is called hantavirus pulmonary syndrome and
in Asta and Europe is called hemorrhagic fever with renal
syndrome (HFRS). Both syndromes can lead to cardio-
pulmonary and renal failure (J). Recently we described
a new hantavirus, Sochi virus, from the administrative
region Krasnodar (including the city of Sochi), south-
ern European Russia, which was isolated in cell culture
from a Black Sea field mouse (dpodemus ponticus) and a

Emerging Infectious Diseases « www.cde.gov/eid » Vol 21, No. 12, Dacember 2015
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Figure 1. Phylogenetic analysis segmsnt sequences of Sochi virus, Russia: Ay 347-bp large (1) segment sequence: B) 1,197-bp
small (S) segment sequence. Virus sequences derived from patien{s {(shown in bold

within the Sochi genotype of DOBV, Evolutionary ahalysis was conducted in MEGAB

type} and Apodemus ponticus mice cluster

(6). The evolutionary histery was infarred
by using the maximum-likelihood methed based on the Tamura 3-parameter model w

categories (analysis in panel A) and on the ganeral time reversible madel with gamm

in panel B}, respectively, which were estimated to be the best-
Scale hars indicate an evolutiohary distance of 0.1 substitutio
from 500 replicates, are shown at the tres branches. GenBan

ith a discrete gamma distribution and & rate
a rates and heterogeneous patterns (analysis

fit substitution model according to the Bayesian information criterion,

Rs per position in the sequence. Bootstrap values >70%, caloulated
k accession n

umbers of all sequences used in the analysis are listed
in anline Technical Appendix Table 1 (http:/fwwwne.cde.gov/EID/article/21/1 2/15-0891-Techapp1.pdf). Dark gray shading iindicates
cluster of DOBV-Sochi strains; light gray shading indicates diffsrent clusters of strain

virus; DOBV, Dobrava-Belgrade virus; HTNV, Hantaan virus; PUUV, Puumala virus;

SNV, 8in Nombre virus; THAIV, Thailand virus; TULV, Tula virus.

s from other DOBV genotypes. ANDV, Andes
SANGYV, Sangassou virus; SEQV, Seoul virus;

patient with fulminant hantavirus disease who died of
shock and combined kidney and lung failure (2-4).
Molecular taxonomical analyses identified Sochi virus
as a new genotype within the Dobrava-Belgrade virus
(DOBV) species (5). Here we show that HFRS caused
by Sochi virus infection occurs in the geographic region
where A. ponticus mice are prevalent. For 62 patients
infected by this virus during 2000-2013, we evaluated
clinical and epidemiologic data,

The Study _

Serum of patients with suspected acute hantavirus dis-
ease from the Krasnodar region were screened for hanta-
virus antibodies by indirect immunofiuorescence assays
and ELISA. Sixty-two patients showed clear DOBV
IgG seropositivity. During the acute phase of iliness, all

Emerging Infectious Diseases » www.cde.govieid » Vol. 21, No. 12, December 2015
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patients tested positive for DOBV IgM (data not shown).
For 26 patients, sufficient volumes of follow-up serum
were available for additional focus reduction neutraliza-
tion assays to specify neutralizing antibodies, All serum
samples exhibited substantially higher neutralizing titers
toward DOBV than toward Puumala virus, Hantaan virus,
and Secul virus. When the neutralizing effect of DOBV-
positive patients’ serum were compared against the dif-
ferent human pathogenic genotypes of DOBV (Dobrava,
Kurkino, and Sochi), all serum predominantly reacted
with the Sochi genotype (online Technical Appendix Ta-
ble 1, http://wwwne.cde.gov/EID/article/21/12/15-0891-
Techappl.pdf).

We successfully obtained virus genomic large (193]
segrent sequences from 2 patients (no. 51, specimen no.
6882; no. 59, specimen no. 10752), In the neighborhood

2205
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Figure 2, Quantification of hantavirus RNA In tissus biopsies from
a 50-year-old Sochi virus—infected man (patient no. 59), Russia.
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Two Independent approaches were performed to exiract RNA from -

each organ. Quantitative reverse franscription PCR previously
developed for DOBV (7) was used to measure virus load in the
analyzed biopsy samples, Three quantitaiive reverse transcription
PCR estimations wers conducted for every RNA extraction,
followed by calculation of mean values and SDs. Viral RNA levals

are shown as genome coples per nanogram of total RNA isolated
from the samples. Error bars indicate SD.

of the residence of patient no. 59, mice were trapped, and
hantaviral L and small (S) segment regions from 2 A. pon-
ticus animals (specimen nos. 10636, 10645) were ampli-
fied. The sequences obtained were deposited in GenBank
under accession nos. KM 19220709 and KP878308-10 (L
segment) and KPR78311~13 (S segment) (online Technical
Appendix Table 2). Samples from virus-positive mice were
phylogenetically characterized by analysis of a 242-bp re-
gion of theix cyzB gene; all of them clustered with the previ-
ously identified 4. ponticus animals (3) (data not shown),
In addition, the 4. ponticus—derived isolate Sochi/Ap (4),
the patient-derived isolate Sochi/hu (5), an S segment se-
quence from a mouse (GK/Ap) trapped near the home of
the previously described Krasnodar patient (4), and se-
quences originating from 2 4. ponticus mice sampled near
the Black Sea coast, 43/Ap and 79/Ap, were included in the
molecular analyses of the virus.

The patient-derived sequences 6882/hu, 10752/hu,
and Sochi/hu clearly cluster with A ponticus—derived se-
quences 43/Ap, 79/Ap, 10636/Ap, 10645/Ap, and Sochi/Ap

(Figure 1, panel A). In the analysis of the S segment, we
obtained a very similar result; the patient-derived sequenc-
es 10752/mm, Krasnodar/hu, and Sochi/hu cluster with 4.
ponticus—associated sequences 43/Ap, 79/Ap, 10636/Ap,
10645/Ap, GK/Ap, and Sochi/Ap (Figure 1, panel B), In
analysis of both L and § segmenits, the Sochi virus strains
form a unique group, clearly distinguishable from all other
DOBYV genotypes.

Specimens from different organs of deceased patient no.
59 were analyzed for virus load. The highest concentration
was detected in kidney (11,446 copies/ng RNA) and lymph
node (3,086 copies/ng RNA), whereas the least virus RNA
(10-100 copies/ng RNA) was detected in lung, brain, and
liver (Figure 2).

The clinical disease severity of the 62 Sochi virus-in-
fected patients investigated (Table 1) was subdivided into

mild, moderate, or severe following the standard Russian

criteria (i.e., length of febrile phase, minimal blood pres-
sure in the hypotonic phase, extent of hemorthagic symp-
toms, minimal urine production, serum creatinine level,
and extent of proteinuria) (online Technical Appendix Ta-
ble 3). The case-fatality rate (CFR) was as high as 14.5%
(9/62 patients). Including fatalities, severe disease devel-
oped in nearly 60% of patients, whereas the temaining 40%
of cases were moderate. The average age of all patients was
33 years. A significantly higher proportion of patients were
males (p = 1.05 x 10-*). Moreover, severe disease devel-
oped in most affected male patients (66.7%) but in only
35.7% of affected female patients (p = 0.037). The fact that
only 2 of 9 fatal cases occurred in female patients (Table 1)
underscores this finding,

All 9 patients with fatal infections died of multior-
gan failure and shock (Table 2). Postmortem examination
showed multiple hemorrhages and edema in internal or-
gans, including kidreys and lungs. The patients died within
8.2 days (range 3-16 days) after disease onset, An extraor-
dinary fulminant course was observed for patient no. 47,
who died 3 days after onset and before he could be hospi-
talized. This 19-year-old man was the son-in-law of patient
no. 48, who also died after Sochi virus infection. Both men
lived at the same rural address, and rodent contact during
work in haystacks was reported.

“Table 1. Comparisons in clinical outcome, age, and sex of 62 patients with Sochi virus infection, Russia”

Total Sex, no, (%) Age, v, n/N (%)

Characferistic No. (%) Median age, v (range) M, n=48 F,on=14 7—15 >15
No. pafients 62 (100 33.3 (7-57) 48 (77.4) 14 (22.8) . 6I62 (3.7%) 56/62.{90.3)
Qutcome

Dled 8 (14.5) 38.6 {19-53) 7(148) - 2(14.3) 0/s 9/56 (16.1)

Survived 53 (85.5)- 32.4 (7-57) 41 (85.4) 12 (85.7) 6/6 (100) 47/56 (B3.9)
liness course :

Severs, Including fatal 37 (58.7) 33.1 (10-57) 32(66.7) 5(35.7) 2/6 (50) 34/56 (60.7)

Moderate, mild 25 (40.3) 33.8 (7-57) 16 {33.3) 9 (64.3) 3/6 (B0) 22/56 (39.3)

*Bold type Indicates statistically significant differences between sex or age groups. Comparison of binomial pepulatian proportions analysis as

implemented In Statlets (NWP Associates, Inc., hitp:/www.mrs. umn, eduf~sungurealstatiets/statiets, htm indicates rejection of the nul hypothasis

{clalming that the 2 proportiens are equal) at significance level of p<0.05.
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Sochi Virus, Russia

Table 2. Characteristics of 9 deceased patients with Sochi virus infection, Russia*®

Hospitalized, Max serum  Min piatelet
Patient Age, no. d after Gl creatinine, count, Died, no. d
Ho. yisex onsat symptoms  umollLF x10%.%  affer onset Clinicai and postmortem findings
23 33/M 5 No 148 70 ) 8 Pneumonia; renal, cardliovascular,
. multiorgan fallure; multiple internal
hemarrhages, edema
29 29/M Sama day Yes 282 115 6 Renal, cardiovascular, multiorgan failure;
multiple internal hemorrhages, adema
30 47/F 5 Yes 381 38 12 Renal, lung failure; shock; coagulation
disturbance; hemorrhagic gastroenteritls:
. multiple infernal hemorrhages, edama
24 53/M 3 Yes 250 110 10 " Multiorgan failure; coagulation
: disturbances; muitiple internat
hemorrhages
42 30/M 14 Yes 186. 87 16 Uremic coma; muliiorgan failure; muliple
‘ internal hemarrhagss
47§ 41/M Died before Yes NR NR 3 Renal failure; muitiple Internal
‘ hospitalization hemorthages, edema
48§ 19/M 4 Yes 192 54 [ Renal, cardiovascular failure; RDS, DIG
syndrome; bleedings in pitultary, adrenal
giand, intestinum, eic.
56 35/F 4 Yes 410 49 [ Cardiovascular, renal, lung, fiver failure;
renal tubular necrosis; iung, brain ederna
59 50/M 5 Yes 310 3 7

Renal,cardiovascular failure; ROS;
multiple Internal hemorrhages;
pleurorrhea; lung, brain edema

*DIC, disseminated intravascular coagufation; GI, gasfrointestinal; max, maximum; min, minimum;
‘tReference range <86 pmoliL for fernale patlents, <110 pmolil. for male patients.

tReference range 150400 x 10%L
§Patient no. 47 was the father in-law of patient no. 48 both lived in the same

RDS, resplratory distress syndrome; NR, not reported.

rural residence,

Conclusions

We have demonstrated the occurrence of human infec-
tions by Sochi virus and studied the clinical outcome for
62 patients. This virus is carried by the Black Sea field
mouse (4. ponticus), which oceurs naturally in the Trans-
caucasian region between the Black and Caspian Seas, in-
cluding a part of southern Buropean Russia. In anecdotal
field studies in the coast region near Sochi, 4. ponticus
was the most abundant mouse species (71% of all frapped
mice were identified as 4. ponticus); moreover, 14% of
trapped A. ponticus mice were serologically proven to be
DOBYV infected (8). This finding indicates that DOBV is
the hantavirus indigenous in this geographic area and that
A. ponticus mice are highly relevant as a hantavirus reser-
voir. All evidence from the natural virus reservoir, as well
as serologic and molecular diagnostics of patients’ serum,
shows that the virus responsible for the infections is the
DOBV genotype Sochi.

Most investigated patients found to be infected by
Sochi virus exhibited a severe clinical course. With a
calculated CFR of 14.5%, Sochi virus might be the most
deadly hantavirus outside the Americas, where 35%-50%
of hantavirus infections are fatal (1,9). Even Asian Hanta-
an virus is estimated to be less deadly; recent studies show
CFRs 0of 1%-3% in China and South Korea, where Hanta-
an virus infections play an important role in HFRS mor-
bidity (10,11). On the other hand, increased awareness in

Emerging Infecticus Diseases » www.cde.
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diagnostics, treatment, and prevention by lacal physicians
and public health anthorities is expected to improve sur-
vival rates for Sochi virus infections.

Among the related viruses of the DOBV species, Sochi
virus seems to have the highest level of virulence, similar
to Dobrava virus (cartied by 4. flavicollis mice), which has
a CFR of up to 10%~12% (12,13). As shown inlarger stud-
les, disease caused by infection with the related Kurkino
genotype (carried by the western lineage of 4. agrarius
mice) is associated with a CFR of enly 0.3%-0.9% (3,1 9.
These phylogenetically related viruses exert a quite differ-
ent pathogenicity in humans.
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Revised Preventive Measures to Reduce the Possible Risk of
Transmission of Creutzfeldt-Jakob Disease and Variant
Creutzfeldt-Jakob Disease by Blood and Blood Products

Guidance for Industry

This guidance represents the current thinking of the Food and Drug Administration (FDA or
Agency) on this topic. It does not establish any rights for any person and is not binding on FDA
or the public. You can use an alternative approach if it satisfies the requirements of the
applicable statutes and regulations. To discuss an alternative approach, contact the FDA staff
responsible for this guidance as listed on the title page.

I. INTRODUCTION

This guidance is the latest in a series of guidances addressing the risk of Creutzfeldt-Jakob
Disease (CJD) and Variant Creutzfeldt-Jakob Disease (vCID)! transmission by blood and blood
products.

s In 1999 we, FDA, issued a document entitled “Guidance for Industry: Revised
Precautionary Measures to Reduce the Possible Risk of Transmission of Creutzfeldt-
Jakob Disease (CJD) ahd New Variant Creutzfeldt-Jakob Disease (nvCID) by Blood and
Blood Products” dated November 1999 (1999 guidance).? ‘

s In 2002, we issued a document entitled “Guidance for Industry: Revised Preventive
Measures to Reduce the Possible Risk of Transmission of Creutzfeldt-Jakob Disease
(CJD) and Variant Creutzfeldt-Takob Disease (VCJD) by Blood and Bleod Products”
dated January 2002 (2002 guidance).’

o In 2006, we issued a draft document entitled “Draft Guidance for Industry: Amendmment
(Donor Deferral for Transfusion in France Since 1980) to ‘Guidance for Industry:
Revised Preventive Measures to Reduce the Possible Risk of Transmission of
Creutzfeldt-Jakob Disease (CID) and Variant Creuntzfeldt-Jakob Disease (vCID) by
Blood and Blood Products’ dated August 2006 (2006 draft guidance).

! We have retained the same nomenclature used in previous guidance documents for the new variant of CID
(originally abbreviated “nvCID,” but later as “vCID™). We refer to all-other forms of CID (sporadic, familial and
iatrogenic) as “CJD.”

% The 1999 guidance addressed the theoretical possibility that & new variant of CJD that had been plausibly
attributed to human infection with the agent of bovine spongiform encephalopathy might be transmissible from

" human to human through blood and blood produets,

* The 2002 guidance superseded the 1999 guidance and recommended new deferrals for certain donors at risk of
exposure to BSE.
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-a  In 2010, we issued a document entitled “Guidance for Industry: Revised Preventive
Measures to Reduce the Possible Risk of Trarismission of Creutzfeldt-Jakob Disease
(CID) and Variant Creutzfeldt-Jakob Disease (vCID) by Blood and Blood Products”

- dated May 2010 (2010 guidance).*

s TFinally, in 2012, we issued a draft guidance entitled “Draft Guidance for Industry:
Amendment to ‘Guidance for Industry: Revised Preventive Measures fo Reduce the
Possible Risk of Transmission of Creutzfeldt-Jakob Disease and Variant Creutzfeldt-
Jakob Disease by Blood and Blood Products,™ dated June 2012 (2012 draft guidance),
which recommended revised labeling of plasma-derived products to reflect current
understanding of vCJD fransmission through blood and blood products.

‘This guidance amends the 2010 guidance and finalizes the 2012 draft guidance. This guidance
incorporates the recommendations from the 2012 draft guidance for revised labeling for plasma-
derived products, including albumin and products containing plasma-derived albumin. This
guidance also provides manufacturers of plasma-derived products with recommendations on how
to report the labeling changes to FDA under 21 CFR 601.12. All other recommendations in the
2010 guidance are unchanged.’®

In addition, this guidance amends the 2010 guidance by: a) including information relevant to the
new labeling recommendations; b) providing updated information on the global vCJID and
Bovine Spongiform Encephalopathy (BSE) epidemics in Section II; ¢) clarifying the reentry
criteria for a donor with a family history of CJD in Section IV.C.; d) clarifying the requirements
related to biological product deviation reportlng in Section V. and in Tables 1 and 2 of the
Appendix; and e) updating, adding, and removing certain footnotes and references.

Tests are being developed to detect CID and vCID infections in blood and plasma donors.
However, until suitable donor screening tests become available, FDA continues to recommend
interim preventive measures based on the available scientific data and the evolving state of
knowledge regarding these diseases.

We expect that additional epidemiological information will become available as the epidemics of
vCJD and BSE continue to evolve. We may update this guidance in the future, in light of
developmenits in testing technology, epidemiclogical information, and the impact of these
recommendations on the supply of blood and blood-derived products.

This guidance applies to Whole Blood and blood components intended for transfusion, and blood
components intended for use in further manufacturing into injectable and non-injectable products,

* The 2010 guidance finalized the donor deferral recommendation from the 2006 draft guidance (for donors who
have received a transfusion of blood or blood components in France since 1980); provided updated scientific
information; and revised labeling recommendations for Whole Blood and blood components intended for
transfusion.

5 FDA discussed potential changes to the geographlc exposure based deferrals for risk of vCID with its
Transmissible Spongiform Encephalopathies Advisory Committee (TSEAC) in June 2015. Available at
http://www.fda. gov/AdvisorvyCommittees/CommitteesMeetineMaterials/Blood VaccinesandOtherBiologies/Transmi
ssibleSpongiformEncephalopathissAdvisoryCommittee/uem444810.htm, FDA intends to address revised
recommendations for geographic donor deferrals in future guidance documents.

200

("

C



Contains Nonbinding Recommendations

including recovered plasma, Source Leukocytes and Source Plasma, and plasma derivatives. Within
this document, “donors” refers to donors of Whole Blood and blood components and “you” refers to
blood collecting establishments or manufacturers of plasma derivatives.

FDA’s gnidance documents, including this guidance, do not establish legally enforceable
responsibilities. Instead, guidances describe the FDA’s current thinking on a topic and should be
viewed only as recommendations, unless specific regulatory or statutory requirements are cited.
The use of the word should in FDA’s guidances means that something is suggested or
recommended, but not required.

1L

BACKGROUND
A.  CIDand vCID

CJD is a rare but invariably fatal degenerative disease of the central nervous system, one
of a group of transmissible diseases called transmissible spongiform encephalopathies
(TSEs) or prion diseases. TSEs are associated with a poorly understood transmissible
agent (Refs. 1-6), now designated TSE agents or prions (Ref. 7). Cases of sporadic
CJID—the most common human TSE-—occur at low frequency by an unknown
mechanism. CJD may be acquired by an identified exogenous (usually iatrogenic)
exposure to infectious material; or it may be familial, associated with one of a number of
mutations in the prion-protein-encoding (PRNP) gene. Clinical latency for iatrogenic
CID, following point exposures to contaminated materials, has sometimes exceeded 30
years (Ref. 8); incubation periods of kuru—another human TSE—appear to have
sometimes exceeded 50 years (Ref. 9).

In 1996, a previously unrecognized variant of CJD, now designated vCID, was- reported
in the United Kingdom (U.K.) (Ref. 10) vCID is distinguished from CJID by differences
in clinical presentation, cerebral imaging and neuropathologm changes, summarlzed in
Table 1 (Refs. 10-14).
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Table 1. vCJD compared with CJD‘

Differences in elinical vCJiD CID
presentafion
Age of onset Earlier Later
Median age at death 28 years 68 years
Psychiatric and sensory Frequent in early course | Appear later in course of
symptoms of illness iflness
EEG changes No diagnostic EEG Diagnostic EEG changes
changes commonly seen
Median duration of illness | 13 months 4 months
’ (Ref. 15)
MRI abnormalities Hyperintensity in Hyperintensity in
(Refs. 16-17) pulvinar; little atrophy in | putamen and caudate
’ ' cerebral cortical gray nucleus; atrophy of
matter ‘ cercbral cortical gray
' matter
‘Neuropathologic features | Florid prion protein Florid prion plaques
plaques, surrounded by | uncommon
spongiform changes
Immunohistochemistry Abnormal accumulations | Abnormal accumulations
(Ref. 18) ‘of prion protein of prion protein not
« | detectable in lymphmd detected in lymphoid
tissues tissues

The nnique accumulation of abnormal prion protein seen in vCID lymphoid tissues led to
concerns that transmission of vCID by blood might be a greater risk than for CID (Ref.
19). Presumptive transmissions of vCJD by transfusions and possible transmission of
vCID by plasma-derived Factor VIII were subsequently reported in the UK. (see Section
IL.C. below). Neuropathologic examination of brain tissue is required to confirm a
diagnosis of vCID.

A confirmed (or definite) case of vCID is currently defined by the following
neuropathologic findings:

1. Numerous widespread kuru-type amyloid plaques, surrounded by vacuoles in
both the cerebellum and cerebrum (“florid” plaques);

2. Spongiform change most evident in the basal ganglia and thalamus, with sparse
distribution in the cerebral cortex; and

% See Centers for Disease Control and Prevention (CDC) fact sheet at httg://www.cdc.gov/prions/v'cid/index.html
for more information.
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3. High-density accumulations of abnormal prion pro;cein, particularly in the
cerebrum and cerebellum as shown by immunohistochemistry and other
techniques (Ref. 20).

However, a clinical diagnosis of “suspected” vCJD can be made based upon certain
clinical features, if adequate neuropathological specimens are unavailable. Although
recommended diagnostic evaluations and criteria for vCJD are evolving, the Centers for
Disease Control and Prevention (CDC) classifies cases in the United States (U.S.) with
all of the following features as suspected vCID:

1. Current age (if alive} or age at death less than 55 years;

2. Persistent painful sensory symptoms and/or psychiatric symptoms at clinical
presentation;

3. Dementia, and delayed development (>four months after illness onset) of ataxia,
plus at least one of the following three neurologic signs: myoclonus, chorea, or
dystonia;

4. A normal or abnormal electroencephalogram (EEG) but not the diagnostic EEG
changes often seen in clagsic CID;

5. Duration of illness of at least six months;
6. Routine investigations do not suggest an alternative non-CJD diagnosis;

7. A history of possible exposure to BSE (e.g., residence or travel in a BSE-affected
country from 1980 to the present);

8. No history of iatrogenic exposure to CID, such as receipt of a dura mater allograft
or injection of human cadaveric pituitary-derived hormones; and

9. Absence of a mutation in the PRNP gene, or, if this has not been determined, no
history of CJD in a first-degree relative.

As of May 2015, 228 patients, including 177 in the UK., 27 in France and 25 in ten other
countries (including four in the U.S. and two in Canada), have been diagnosed with
clinical vCJD (definite and probable cases).” The size of the vCID epidemic has not yet
been determined with certainty. (Refs. 21-24). Deaths from vCJD in the UK. appeared
to have peaked in 2000 and have subsequently decreased.® However, additional “waves”
of cases in the UK. and elsewhere have been predicted by some experts and the
possibility of an increased incidence of cases in the future cannot be dismissed (Refs. 22-
25).* Of the four cases of vCJID identified in the U.S., two were in former residents of the
UK., one in a former resident of Saudi Arabia and one in a former resident of Kuwait

7 The European and Allied Couniries Coflaborative Study Group of CID (EUROCID) plus the Extended European
Collaborative Study Group of CID} (NEUROCID) at hitp: //www eurocid.ed.ac.uk/surveillance%20data%201 html,
$ NCIDSU at hitp:/www.cjd.ed.ac.uk.

? See also, McKie, R. “Warning over second wave of CID cases, Scientists say that threat of brain illness returning
will persist for decades,” Observer, Aug, 3, 2008 at 11; Collinge, J. et al. (2006) “Kuru in the 21* century-—an
acquired human prion disease with very long incubation periods.” Lancet 376: 2068-74.
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and the former Soviet Union." Cases of vCJD have also been reported from the Republic
of Ireland (4), Japan (1), Ttaly (2), the Netlierlands (3), Portugal (2), Saudi Arabia (1),
Taiwan (1) and Spain (5). Most of these cases occurred in persons who had never resided
in the UK. Laboratory and epidemiologic studies have linked vCJD to human infection
with the agent of BSE, probably acquired from contaminated beef products (Refs. 25-26).

B. Evolution of the Global ﬁSE Epidemic

The vCJID and BSE epidemics have continued to evolve. BSE cases have been reportéd
in over 20 countries of Europe, including Austria, Belgium, the Czech Republic,
Denmark, Finland, France, Germany, Greece, the Republic of Ireland, Italy,
Liechtenstein, Luxembourg, the Netherlands, Poland, Portugal, Slovakia, Slovenia,
Spain, Sweden, Switzerland, and the UK. BSE has also been identified in Japan (36
cases) and Israel (1 case).” '

1.. BSEin Europe

In the UK., BSE infections probably first occurred in cattle in about 1980,
although the disease was not recognized there until 1985. Cases of BSE in the

/ UX. peaked in 1992. That year, over 37,000 confirmed cases were reported to
the World Organization for Animal Health (OIE), with reports falling to low
levels by 1996 as a result of control measures. UK. authorities reported 114
confirmed cases to the OIE in 2006. While the current prevalence of BSE is
much lower a few cases continue to be reported yearly in Europe."

2. BSE in Asia and the Middle East

Following the first recognized case of BSE in Japan in 2001, a total of 36 cattle
with the disease have been reported to OIE.** Israel reported a single case of BSE
in 2002 but no additional cases have been reported.”

3. BSE in North America

BSE was first confirmed in Canada in 1993 in a cow imported from the UK. The
first reported case of BSE in a native-born Canadian cow occurred ten years later,
As of February 2015, 21 cases of BSE in Canada have been detected, 20 of which

10 See CDC fact sheet at hitpu//www,cdc. gov/prions/veid/veid-reported,htm] and
hitp:/fwww.cde.gov/nrions/veidmews. himl; also see Maheshwari A, et.al. Recent US case of variant Creutzfeldt-
Jakob disease—global implications, Emerging Infectious Diseases 2015;21:750-9,

W world Organization for Animal Health (OIE) at hitp:/fwww.ofe.int/en/anial-health-in-the-world/bse-specifie-data/,
2 OIE at httpy/fwww.oie.int/enfanimal-health-in-the-world/bse-specific-data/,

B OIE at https//www.oie.int/en/animal-health-in-the-world/bse-specific-data/,

1 OYF at hito://www.ole.int/en/animal-health-in-the-world/bse-specific-data/.

13 OIE at http://www.oie.int/en/animal-health-in-the-world/bse-specific-data/,
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are in native-born Canadian cattle.' The first case of BSE in the U.S. was
confirmed in 2003 in a Canadian-born cow. Three cases were later detected in
U.S.-born cows.” The overall prevalence of BSE in U.S. caitle was estimated by
the United States Department of Agriculture (USDA), based on the results of a
temporarily enhanced active surveillance program, to be very low—less than one
«case per million cattle at the 95 percent confidence level, based on an adult cattle
population of 42 million animals. ™

C. TSE Agents and Blood
1. Potential Risk of Transmitting CJD by Transfusion

In 1978, blood of guinea pigs experimentally infected with the CID agent was

_ found to transmit infection to niormal guinea pigs (Ref. 27). Subsequently, blood
of mice with experimentally induced TSE was also found to contain the
transmissible agent (Ref. 28). Transmission of BSE has been repeatedly achieved
by blood transfusions from experimentally infected sheep to normal sheep (Refs,
29-30), and infection has also been transmitted by transfusions of blood from
scrapie-infected sheep (Refs. 30-31). In blood of hamsters infected with
scrapie—the most thoroughly studied model of TSE—infectivity, although
detectable in all components, appeared to be niainly associated with both
nucleated cells and plasma (Ref. 32).

Based on repeated demonstrations that the blood of animals infected with a
vatiety of TSE agents sometimes contained infectivity (Ref. 33) and the
recognition that iatrogenic CJD had been fransmitted by human cadaveric
pituitary growth hormones (Ref. 34), FDA recommended in 1987' that persons
identified by history to be at increased risk for CID because they had received
human cadaveric pituitary growth hormone injections be deferred from donating
blood. These recommendations were later broadened in August 1995 and slightly
revised in December 1996® to include deferral of donors who had been treated
with human dura mater allografts, also implicated in iatrogenic transmission of
CID (Ref. 35), and donors who had a family history of CID, because of its
association with a transmissible agent similar to those found in sporadic and

1° OIE at http://www,oie,int/en/animal-health-in-the-world/bse-specific-data and the Canadian Food Inspection

- Agency at http://www.inspection.ge.ca/animals/terrestrial-animals/diseases/reportable/bse/fact-

sheet/eng/1363892691907/1363893176627.
17 OIE at http://www.ole.int/eng/info/en_esbmonde.htm and USDA at

http:/fwww.ars.usda.gov/research/publicatipns/publications. him?seq no_115=197033,
B USDA at

hitp:/rwww.nsda.cov/wps/portalfusdafusdahome?conteniid=BSE _Oneoine Surveillance Information Center html&
contentidonlv=true. -
¥ See FDA memo at

http:/fwrww.fda.gov/dovnloads/BiclogicsBloodVaccines/GuidanceComplianceReeulatoryInformation/OtherRecom
mendationsforManufacturers™MemorandumtoBloodEstablishments TJCM063012.n4df,

 June 2, 1999 TSEAC meeting transcript: hitp://www.fda.gov/chrms/dockets/ac/99/transept/3518t1 ttf.
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iatrogenic CID (Refs. 2 and 36). Subsequently, a number of published -
epidemiological studies failed to suggest that CJD (sporadic, familial, and
iatrogenic forms) had been transmitted by blood and blood products. This
evidence included five case-control studies of over 600 CID cases, two lookback
studies tracing recipients of components from blood of donors later found to have
CID, and two autopsy studies of patients with hemophilia (Refs. 37-43). None of -
these studies linked CJD to receipt of blood or blood products. Nonetheless, FDA
continues to recommend (1) deferrals for donors at increased risk for CJD; and (2)
market withdrawal and retrieval of labile blood components from donors when
post-donation information reveals an increased risk of CID.

In 1998, FDA recommended that—with the exceptions discussed below—plasma
derivatives no longer be withdrawn when post-donation information reveals that a
plasma donor had been diagnosed with CID or was at increased risk for CJD.*
That change in policy was based mainly on the following information: (1) the
CDC reviewed 3,642 reported CID deaths over a period of 16 years (later
increased to 4,468 reports) and concluded that no reported CJID case had any other
diagnosis of a condition associated with frequent receipt of blood or blood
products (hemophilia, thalassemia, or sickle cell disease (Ref. 44)); and (2)
experimental studies with animal models suggested that procedures used in
manufacture consistently and substantially lowered the amounts of infectious
material present in most plasma derivatives (Ref. 45).

o

Also in 1998, the U.S. Surgeon General?, in collaboration with NIH, CDC and
FDA, concluded that previous withdrawals of plasma derivatives from donors
who were later determined to have CID or have been at increased risk for CJD did
not improve the safety of plasma derivatives. In addition, the U.S. Surgeon
General concluded that the withdrawal of plasma detivatives from such donors
contributed to serious shortages of immunoglobulin products. Further
withdrawals of “CJD-implicated” plasma derivatives would be indicated only if a
plasma donor was later found to have vCJID (or CJD with onset before age 55
where vCID could not be excluded on a case-by-case basis). Since then,
accumulating evidence has repeatedly confirmed that several manufacturing ( !
processes commonly used to manufacture plasma derivatives are effective in
removing from plasma both abnormal forms of the prion protein and infectivity
spiked into blood (Refs. 46-52),” However, as detailed below in Section ILC.2,
there has been one case of transmission of vCJID in the UK. that may be due to

2 December 18, 1998 TSEAC meeting transeript: http:/www.fda, gov/ohrms/dockets/acfQ8/transcp_t/3484t1 rtf.
22 DA website at http:/iwww.fds.gov/NewsEvents/Testimony/ucm]15104.htm.

2 February 20, 2003 TSEAC meeting transeript: http://wwiv.fda.gov/ohrms/dockets/ac/03/anscripts/3923t1.htm,
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treatment of a patient with a plasma derivative product.® Recipients of plasma
derivatives are the subject of a continuing lookback study in the U.K. as part of
the Transfusion Medicine Epidemiology Review,*

2. . Evidence that vCID Has Been Transmitted by Blood Products

Soon after the first description in the U.K. of vCID affecting 10 young patients in
1996 (Ref. 10), vCID was recognized to be an emerging infectious disease with
several unique clinical and pathological characteristics differing from those of
previously known forms of CID. Tt was uncertain whether human blood might
transmit the vCID agent. FDA therefore recommended in the 1999 guidance 2
donor deferral policy more stringent for donors at increased risk of vCJID than for
those at increased risk of the “classical” forms of the disease (see Section IV
below), including a recommendation to withdraw plasma derivatives should a
plasma donor later be diagnosed with vCID (a situation never recognized in the
U.S. to date) and a case-by-case review when a plasma donor is suspected of
having vCID (including all donors with onset of CJD before the age of 55 years)
instead of a more common form of CJD.

In December 2003, UK. authorities reported a case of vCID in a recipient of non-
leukoreduced red blood cell concentrate obtained from a clinically healthy donor
who later developed typical vCID (Ref. 53). In July 2004, a second recipient of
non-leukoreduced red blood cell concentrate from another such donor in the UK.
was reported to have died of other causes without clinical or neuropathological
evidence of vCID, but at autopsy the recipient had abnormal accumulations of
prion protein in lymphoid tissues (Ref. 54). This finding is typical of vCID,
although the recipient had a PRNP genotype (heterozygous for the sequences
encoding methionine and valine at PRNP codon 129 {129 MV]) not previously
found in cases of vCID (all of which have been 129 MM homozygous). Two
additional recipients of non-leukoreduced red blood cell concentrates from a
donor incubating vCJD were subsequently reported by UK. authorities in
February 2006 (Refs. 55-56) and J. anuary 2007% to have died with confirmed
vCID. These four cases provided convincing epidemiological evidence that vCID
infections have been transmitted by non-leukoreduced red blood cell concentrates.
Although no other blood components have been associated with transfusion-
transmitted vCID, experience is still too limited to allow a conclusion that other
blood components cannot fransmit the infection.

2 UK. Health Protection Agency (HPA), “vCID abnormal prion protein found in a patient with haemophilia at post
mortem,” dated February 17, 2009, and “Variant CJD and plasma products,” dated July 27,2009 at
http:/fwww.hpa.org.uk,

% Pransfusion Medicine Epidemiology Review: http:/wnww.cid.ed.ac.uk/TMER/TMER.htm.

% Transfision Medicine Epidemiology Review: http://www.cid.ed.ac.ul/ TMER/TMER.htm.
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In February 2009, the United Kingdom Health Protection Agency announced
evidence of vCID infection in a patient with type-A hemophilia at postmortem.”
The patient had been tieated with human plasma-derived Factor VIII clotting
factor manufactured using plasma from U.X. donors, including one batch that was
manufactured using plasma from a donor who later developed typical vCID. This
is the first report that vCJD abnormal protein has been found in a patient with
hemophilia or any patient treated with plasma products. The patient, who was
over 70 years old, died of other causes and may have been exposed to other risk
factors for vCID. A risk assessment performed by UK. health authorities

- concluded that, assuming that the abnormal prion protein finding was a marker for
asymptomatic vCID infection, the most likely source of such an infection was
plasma-derived Factor VIIL, rather than dietary exposure, endoscopy procedures,
or red blood cell transfusions.

At this time, plasma derivatives have not been implicated in vCID transmission in (_\-
any country other than the UK. To date, no U.S.-licensed plasma-derived

products have been manufactured from a donor known to have developed vCJD -

and no cases of vCID have been reported from use of a U.S.-licensed plasma

derivative. In addition, published studies and information submitted to FDA

show that certain plasma derivative manufacturing steps can remove TSE

infectivity, although such experiments have inherent limitations (Refs. 51, 57).

Based on animal studies as well as on FDA risk assessments, the possibility of

vCID transmission by a U.S.-licensed plasma derivative is extremely small.

D. FDA Regillatory History

On December 11, 1996, we issued a memorandum to all registered blood and plasma

establishments and all establishments engaged in manufacturing plasma derivatives

entitled “Revised Precautionary Measures to Reduce the Possible Risk of Transmission

of Creutzfeldt-Jakob Disease (CJD) by Blood and Blood Products.” We recommended as

a preventive measure that manufacturers should quarantine and destroy in-date Source

Plasma and plasma derivatives and in-date transfusion products prepared from donors ( 3
who were at increased risk for developing CJD or who were subsequently diagnosed with '
CID. We also recommended permanent deferral of donors with CJD or CJD risks,

unless, in cases of a family member with CJD, the donor underwent genetic testing that

demonstrated absence of a familial-CJD-associated abnormality (mutation) of the prion

protein gene—generally requiring complete nucleotide sequencing of both PRNP genes.

We made no specific recommendations regarding vCJID in that document. Changes to

27 J K. Health Protection Agency (HPA), “vCID abnormal prion protein found in a petient with haesmephilia at
postmortem,” dated February 17, 2009, and “Variant CID and plasma products,” dated July 27, 2009, at
http:/fwww.hpa.orgauk, :

10
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those recormmendations were aflnounced on September 8; 1998, and were incorporated
into an August 1999 guidance that was revised and updated in November 1999. Those
changes were as follows:

o that you no longer withdraw plasma derivatives containing plasma from
donors with CJD or CID risk factors;

e that you withdraw all material collected from donors diagnosed with vCID or
suspected vCID; and

e that you defer donors based on their potential exposure to BSE in the UK., or
injection of insulin made from bovine sources in the UK.

Because the potential for transmission was unknown, in August 1999, we recommended
that, as a preventive measure, you withdraw blood components and derivatives collected
from donors diagnosed with vCID. As a further préventive measure, we also
recommended that you defer donors who have resided in the UK. for a total of six
months or more, between the beginning of 1980 and the end of 1996. We estimated that
this policy would result in deferral of donors accounting for approximately 87% of total
days of potential dietary exposure to the BSE agent in the UK. (“donor exposure days”).

The period from 1980 through 1996 reflects the peak years of the UK. BSE epidemic. In
1998, FDA, advised by the Transmissible Spongiform Encephalopathies Advisory
Committee (TSEAC), concluded that measures implemented in the U.K. since 1996 have
been adequate to keep the BSE agent out of the human food chain there.®® As other
countries institute similar food chain protections against BSE ‘and the prevalence of BSE
in their national cattle herds declines, we expect to reconsider this and other geographic
donor deferral policies for other countries.

At its meeting, on June 1, 2000, the TSEAC discussed the possible deferral of donors
from other countries known or suspected to be affected by BSE.” The TSEAC voted not
to recommend new donor deferrals for potential exposures in European countries outside
the UK. at that time. This decision was based on conclusions that: (1) the extent of the
BSE epidemic in Europe was undetermined; and (2) U.S. donor deferrals for UK.
residence had only recently been filly implemented so that the potential for adverse
impact on the availability of blood and blood products had not yet been fully appreciated.
The TSEAC also recommended against changing the U.K. donor deferral period to one
shorter than six months.

At its meeting on January 18, 2001,% the TSEAC reviewed more recent epidemiological
information on exposure to BSE in European countries, and again discussed possible
changes to donor deferrals for vCID risk. The TSEAC again voted that epidemiological
and other currently available scientific information did not support changing the current
deferral for donors who had resided or traveled in the UK. The TSEAC did recommend

28 December 18, 1998 TSEAC meeting transeript; hitp:/ferww. fila. gov/ohrms/dockets/ac/98/transcpt/3484t1.rif,
% Yune 1, 2000 TSEAC meeting transcript: hitp/fwww.fda. sov/ohrms/dockets/ac/00/transeripts/361 7t1 rif.

3% January 18, 2001 TSEAC meeting transcript: hitp://www,fda gov/ohrms/dockets/ac/01/transeripts/368 1t1.5f.
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that deferrals be considered for donors potentially exposed to beef products exported
from the UK. to U.S. military bases in Europe, and for donors potentially exposed to
BSE since 1980 in France, Portugal, and the Republic of Ireland. In response to advice
from the TSEAC that FDA should consider recommending deferral of donors for
residence or travel in Portugal and the Republic of Ireland (i.e., countries where BSE
exposure was not related to human consumption of British beef per se), we decided to re-
examine the issue publicly with the TSEAC on June 28-29, 2001.%" At this meetmg, the
TSEAC considered the estimated potential human exposures to the BSE agent in the UK,
and other parts of Europe, as well as estimates of risk reduction and donor loss expected
to result from tightened geographic donor deferrals. Specifically, the TSEAC considered
three deferral options (including the option proposed by the TSEAC at its January 2001
meeting) and voted (10 for and 7 against) to endorse instead a revised set of
recommendations proposed by FDA.

The main features of the recommendation were: (1) deferral of donors for any
cumulative travel or residence for a period of five years or more in any European country

~ except the UK. from 1980 through the present; (2) deferral of donors who spent three
months or more in the UK. from 1980 through the end of 1996; (3) deferral of donors
who spent more than six months in Europe on a base of the U.S. Department of Defense
(DoD) from 1980 through the end of 1996 (or 1980 through 1990 if all exposure after
1990 was on bases in Northern Europe); and (4) deferral 'of any recipient of a blood
transfusion in the UK. from 1980 to the present. Deferrals were to be recommended for
implementation in two stages within six months of publication by FDA of a final
guidance. FDA estimated that the new policy might lead to a loss 0f 4.6% to 5.3% of
blood donors with a 72% reduction in existing vCID risk, for a total reduction of 90%
relative to the risk that had existed prior to implementation of the 1999 recommendations.
The TSEAC also evaluated information suggesting that measures taken in the UX. to
prevent human exposure to food-borne BSE agents were adequate to reduce the risk there
markedly after the end of 1996, The proposed deferral policy was endorsed by a majority
of TSEAC members and used by FDA as the basis for the 2002 guidance.

At its meeting, held jointly with the Blood Products Advisory Committee on January 17,

2002, the TSEAC reviewed the FDA. guidance of January 2002 and agreed again - by
unanimous vote - that the combination of measures implemented in the UK. by the end
of 1996 to protect the human food chain from BSE contamination were sufficient to
obviate the need for donor deferrals based on subsequent travel or residence in the UK.*
However, TSEAC members stressed that UK. authorities must assure vigorous,
sustained, and consistent application of aggressive food-protective measures with active
BSE surveillance and monitoring of BSE-safety-related efforts,

In December 2003, as noted in Section I1.C.2 above, the first case of presumptive
transfusion-transmitted vCID was reported from the UK. and the first U.S. case of BSE

*1 June 28-29, 2001 TSEAC meeting transcript: http://www.fda.gov/ohrms/dackets/ac/01/transcripts/3762t L.rif and
hitp:/fwww.fda.pov/ohrms/docketsfac/01 /transcripts/376242.rtf,
32 January 17, 2002 TSEAC meeting transcript: http://fwww.fda.gov/ohrms/dockets/ac/02/transcripts/3834t2.51f,
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was diagnosed postmortem in a Canadian-born cow slaughtered in Washington State
(seven months after the first native-born cow was diagnosed with BSE in the Canadian
Province of Alberta). At its meeting on February 12-13, 2004, the TSEAC discussed
those two events and their possible implications for U.S. blood safety.®® The TSEAC
expressed confidence that the deferral policies already in place were likely to be effective
and wete concerned that additional restrictions on blood donor eligibility, while probably
adding little to safety, might seriously reduce supply. The TSEAC discussed the possible
benefit of leukoreduction, which had been introduced in several BSE countries in the
hope of reducing the risk of transfusion-transmitted vCID (Ref. 58).* Experimental
studies using blood of rodents infected with scrapie agent as a model for human TSE
(Ref. 59) subsequently confirmed previous findings, suggesting that a substantial portion
of blood-bome infectivity was in plasma and not removed by leukoreduction filtration
(Ref. 32). The TSEAC concluded that, whatever its other benefits, leukoreduction
remains of unproven value in reducing the risk of transfusion-transmitted vCJD and
should not be relied upon to replace a donor deferral policy. At its meeting, on October
14, 2004, the TSEAC discussed: (1) whether the policies recommended by FDA in the
guidance of January 2002 were.still justified; and (2) whether additional preventive
measures were indicated to enhance blood safety.”® The TSEAC voted unanimously that
the measures FDA had recommended in the 2002 guidance were still justified. The
TSEAC voted (13 for and 1 against) that FDA should continue to recommend those
deferral policies without enhancements and also should follow the situation closely and
consider adding risk-reducing measures if indicated, One TSEAC member expressed the
opinion that FDA should seriously consider recommending deferral of donors transfused

~ in some BSE countries besides the UK.

At its meeting, on February 8, 2005, the TSEAC discussed available information and
recommendations for deferral of U.S. donors transfused in France and in other European
countries since 1980.% The TSEAC voted (12 in favor, 3 against, with one abstentlon) to
recommend deferral of blood donors with a history of transfission in France since 1980,
However, the TSEAC voted unanimously against advising deferral of both blood donors
and Source Plasma donors transfused in other European countries besides France and the
UK., reasoning that many more cases of vCID had occurred in France than in any other
country except the UK. In a closely divided vote, the TSEAC advised FDA. not to
recommend deferral of Source Plasma donors w1th a history of transfusion in France (five
members favored deferral of Source Plasma donors while seven members opposed it and
one abstained), based on information presented at the October 14, 2004 TSEAC meeting
showing that the processes used to manufacture plasma derivatives had the capacity to

*3 February 12-13, 2004 TSEAC meeting transcript:
http:/fwww.fda.gov/ohrms/dockets/ac/04/transcripts/4019t1.htm and
httpa/iwww.fda gov/ohrms/dockets/ac/Q4/transcripts/401 962 hem,

** hitp://www.ncbinim nih. gov/pme/articles/PMC1621089/pdf/pmed.0030342.htm,

35 October 14, 2004 TSEAC meeting transeript: httpy/fwww.fda.sov/ohrms/dockets/ac/Od/transcrints/2004-
4075T1 him,

3 Pebruary 8, 2005 TSEAC meeting transeript: hitpy/fwww.fda, gov/ohrms/dockets/aclo5/transcrmts/2003-

4088t1 01.pdf.

13

21



Contains Nonbinding Recommendations

remove substantial amounts of TSE infectivity (Refs. 47-49 and 51-52).* Subsequent
presentations on the capacity of processes used to manufacture plasma derivatives to
remove TSE infectivity were made to the TSEAC on September 18, 2006, and
December 15, 2006.*

In the 2006 draft guidance, FDA summarized interim events, including advice from the
TSEAC, and proposed to amend the 2002 guidance to include a recommendation that
blood establishments 1ndefnnte1y defer blood donors who have received transfusions of
blood or blood components in France since 1980. In the 2006 draft guidance, FDA,
while again relying on laboratory studies showing that steps used in certain processes
used to manufacture fractionated plasma products reduce TSE infectivity, cautioned that
¢ ... ot all products have been thoroughly studied [and] ... it remains uncertain whether
the miodels accurately reflect the form of infectivity in blood.” Therefore, we also ‘
recommended in the 2006 draft guidance that Source Plasma donors who have received a O
transfusion of blood or blood components in France since 1980 be indefinitely deferred,
and stated that we will continue to monitor the BSE epidemic and re-evaluate the
necessity of deferring donors transfused in other European countries.

After the 2006 draft guidance was issued for comment, FDA received additional
information concerning the risk of transmitting vCID by plasma derivatives (uncertain
but small in most although not all scenarios analyzed by probabilistic computer models*)
and remains concerned about the increasing number of vCJID cases reported from France.
The 2010 guidance recognized new information and incorporated advice we received
from the TSEAC since the 2002 guidance was issued, and included revisions made in
response to comments received on the 2006 draft guidance.

In October 2010, we sought the advice of the TSEAC on our proposed labeling
recommendations to reflect potential risk of vCJD in plasma-derived products. We
proposed recommendations for labeling for plasma-derivatives that included mention of
vCJD for the first time, and the potential risk for its transmission.

Similarly, we proposed revisions to the labeling for plasma-derived albumin and products ( )
containing plasma-derived albumin. In addition to its indications for direct infusion into -
patients, albumin may be used in the manufacture of other biologioal products. For

example, it is used in the culture media of certain licensed vaccines or as a stabilizer in

certain recombinant clotting factor products. Licensed albumin and albumin contained in

other licensed products have never been known to transmit viruses, CJD or vCID, and

laboratory experimental evidence suggests albumin is less likely to contain CJD-like

agents when compared with other fractionated products (Refs. 45, 60-61). There is no

37 presentation slides at: hitp//www.fda.gov/olrms/dockets/ac/04/slides/2004-407581 05 files/fiame, hitm,

38 presentation slides at: hitp://www.fda.cov/ohrms/dockets/ac/06/slides/2006-424081-index,him. .

3% Presentation slides at: hitp:/Awww.fda. gov/ohrms/dockets/ac/06/slides/2006-427151 00-index,htm,

40 September 18, 2006 TSEAC meeting transeript:

hito:/Awww, fda.poviohims/dockets/ac/06/slides/2006-424081-index.htm and December 15, 2006 TSEAC meeting

transcript: http:/fwww.fda.cov/ohrms/dockets/ac/06/slides/2006-427181 00-index.htm.
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epidemiological evidence for transmission of CID or vCID in the U.S,, UK., or
elsewhere by products containing plasma—derived albumin. Therefore, our
recommendations for revised warning statements for vCID risk for plasma-derived
albumin and products containing plasma-derived albumin contained additional language
to reflect the extremely low likelihood of vCID and CJD transmission through these
products.

TSEAC agreed unanimously that labeling for the potential risk of vCID is warranted for
plasma derivatives, including albumin and products containing albumin,” The revised
recommendations for labeling plasma-derived products, including albumin and products
containing plasma-derived albumin in this guidance are based upon current knowledge
and the advice from TSEAC,

We are not recommending changes to the elements of the warning label for CID. The
transmission of CJD is currently described as a theoretical risk, given that there is no
evidence that CID is transmitted by blood (Refs. 56, 62-64).

E. Rationale for Geographic Donor Deferrals

This guidance document contains recommendations for donor deferral, product retrieval,
and quarantine and disposition based upon consideration of risk in the donor and product,
and the effect that withdrawals and deferrals might have on the supply of life- and health-
sustaining blood, blood components, and plasma derivatives. In particular, we
distinguish donors with vCID from those with CID or with CID risk factors because of
differences in the demonstrated risk of transfusion transmission. While no case of
classical CJD has been attributed to transfusion, vCID has several times been transmitted
by blood transfusion (Ref. 65).%

These recommendations reflect a continuing effort to minimize the possible risk of
fransmitting vCID by blood and blood products while maintaining their availability. We
have previously estimated that vCID-related donor deferrals might result in a 90%
reduction in total person—days of risk-weighted (relative to U.K. risk 1980-1996) donor
exposure to the agent of vCID. We calculated risk as the sum of relative risk-weighted
person-days exposure in the U.K. (weight =1.0), France (weight = 0.05), other European
countries (weight = 0.015), and members of the U.S. military and their dependents
(weight = 0.35).* We later estimated that deferring donors transfused in France after
1980 might result in the loss of fewer than 2 in 10,000 otherwise suitable blood donors.*
Donor loss, under the policy recommendations in the 2002 guidance, was projected to be

! October 28, 2010 TSEAC meetﬁlg {ranseript:
http:/fwww. fda. gov/AdvisoryCommitiees/CommitteesMestingMaterials/

BloodVaccmesandOtherB;oIogzcs/Transm1551b1eSponglformEncephalop_athlesAdv1soeromm;tteefucm244061 hitm,

*2 October 14, 2004 TSEAC meeting transcript:

hitp://www. fda,gov/ohrms/dockets/ac/04/transeripts/2004-4075t1 01.pdf,
“¥ January 18, 2001 TSEAC meeting transcript: http;//www.fda.gov/ohrms/dockets/ac/01/slides/3681s1 him.

“ October 14, 2004 TSEAC meeting transcript: http:/www.fda.sov/ohrms/dockets/ac/04/transcripts/2004-
4075T Lhtm,
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approximately 5%, based upon analysis of data from a 1999 multi-center blood donor
travel survey,* which was conducted using methodology described for Retrovirus
Epidemiology Donor Studies (Ref. 66). We recognized that these deferrals might
adversely affect the available supply of blood and plasma derivatives and warned that
supplies needed to be monitored closely. The impact was expected to vary locally and
regionally depending upon the dynamics of supply and demand and other characteristics
such as demographics of the donor populations. More specifically, we were concerned
that donors with a history of travel to the U.K. and other parts of Europe might be as
much as 50% higher in urban coastal cities than in central and rural areas of the U.S.%

As noted above BSE has been found in 36 Japanese cattle, one cow in Israel, 19 cattle in
Canada and three in the U.S.*” Residence in those countries, and residence in the U.X.
after the end of 1996, has not been considered by FDA as cause to recommend donor
deferral. The news media reported that other countries also received U.K. meat-and-bone
meal,®® implying that those countries might also have introduced the BSE infection into
their cattle herds but have no recognized cases. We considered additional deferrals based
upon possible donor exposure to BSE in Asian and other countries after the
recommended deferrals were fully implemented in the fall of 2002, their impact assessed,
and additional information about the potential level of BSE exposure and food chain
controls in various countries sought. Following the recognition of BSE in North
American cattle in 2003, the entire worldwide situation was considered by FDA and
implications discussed publicly at meetings of TSEAC. We reasoned that additional
deferrals would probably yield only a negligible benefit in reducing risk while
compromising, to some uncertain but potentially significant degree, the continued supply
of Whole Blood and blood components. The question whether additional geographically
based donor deferrals should be considered for exposure in the Kingdom of Saudi Arabia
was discussed with TSEAC in April 2011, Geographic deferrals were more broadly
discussed with TSEAC in June 2015 in consideration of the results of a new FDA-

* developed quantitative assessment model for vCID global geographic risk and the
estimated risk reduction achieved by voluntary implementation of leukocyte reduction for
red blood cells. We will reconsider our recommendations as appropriate based on the
impact of expanded or reduced donor deferrals on the safety and availability of blood
products. ‘

5 June 28, 2001 TSEAC meeting transcript: htip:/www.fda.gov/ohrms/dockets/ac/01/transcripts/3762t1 1tf,
% January 18-19, 2001 TSEAC meeting transcript: http:/www.fda.gow/ohrms/dockets/ac/Q1/transcripts/3681t1.rtf
and http:/fwww.fda.goviohrms/dockets/ac/01 Aranscripts/368 112.1tf

4T OIE at http://www.gie.int/eng/info/en_gsb htm.
“8 «Tapan’s Beef Scandal.” Nature 413 (6854): 333.
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. EXPLANATION OF CURRENT vCJD RECOMMENDATIONS
A. Exposure to British Beef in the UK.

The vCID epidemic in the U.X., while markedly reduced since deaths peaked in 2000%
(Ref. 21), continues. Furthermore, it has not been excluded that additional “waves” of
cases may occur and that some uncertain but potentially substantial number of persons in
the U.K. may have pre-clinical or sub-clinical infections (Refs. 67-70).%

To increase protection of the U.S. blood supply, we continue to recommend that you
defer blood and plasma donors who have traveled or resided in the UK. for a cumulative
period of three or more months from the beginning of 1980 through the end of 1996.

B. Exposure to British Beef Products Distributed Outside of the UK.

In January 2001, the TSEAC recognized two types of risk outside the UXK.: (1) exposure
to BSE from infected cows in the couniry of residence (“indigenous” BSE exposure); and
(2) exposure to BSE from bovine products exported from the UK. during the BSE
epidemic prior to full implementation of food control measures in 1996 (“imported” BSE
exposure). '

Available data suggest that France impoited a substantial amount of beef from the UK.
during the peak years of the BSE epidemic;® at least 5% of beef consumed in France is
estimated to have come from the UK. during the late 1980s. The number of French
vCID cases (23) is currently about 13% of those in the UK.* It has been speculated that
many French vCID cases might have been infected by consumption of British beef in
France, since only one of the 23 individuals had lived in the UX. for six or more months,
and the indigenous French BSE epidemic has been much smaller and more recent than
that in the UK. Substantial amounts of British beef also were exported to the
Netherlands, but it appears that much of this meat was apparently then exported from the
Netherlands to a variety of other countries.™

On January 18, 2001, the TSEAC voted to defer potential donors who resided in France
for 10 years or more, from 1980 until the present.®* The suggested 10-year (120-month)
deferral period for France reflected an estimated 5% risk of exposure to BSE, compared

“? CID Statistics from the British Department of Healih at www.doh.gov.uk.

*0 See also, McKie, R. “Warning over second wave of CJD cases. Scientists say that threat of brain illness 1\etuming
will persist for decades,” Observer, Aug, 3, 2008 at 11; Collinge, J. et al. (2006) “Kuru in the 21* century-—an
acquired human prion disease with very long incubation periods.” Lancet 376: 2068-74,

3! June 1-2, 2000 TSEAC meeting transcript: httpu//www.fda gov/ohrms/dockets/ac/00/transcripts/3617t1.ref and
hitp://www. fda gov/ohrms/dockets/ac/00/iranseripts/361 72 1if, '

*2 Chart at: www.invs.saate.fi/publications/mei/donnees mci.html.

53 June 1-2, 2000 TSEAC meeting transeript: http://www.fda goviohrms/dackets/ac/00/transcripts/3617t1.rtf and
hitp:/fwww. fda sov/ohrms/dockets/ac/00/ranseripts/361 7t2.1tf,

*% January 18-19, 2001 TSEAC meeting transeript: http:/Avww.fda.gov/ohrms/dockets/ac/01/transcripts/3681tLutf
and http:/fwww, fda.gov/iohrms/dockets/ac/01 /transeripts/368 11214,
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to exposure of donors who resided in the UK. for at least six months. However, in our
2002 guidance, FDA recommended a more stringent deferral for exposure of five or more
years in Europe (see Section IL.C. below) consistent with a revised recommendation of
deferral for three months exposure in the U.K. Although more recent data suggest that
the relative risk of BSE exposure in France compared with the UK. may have exceeded
5%, we continue to recomnmend deferral of blood and plasma donors with a history of
five or more years of cumulative residence or travel in France since 1980.

Some U.S. military personnel, civilian military personnel, and their dependents in Europe
were also potentially exposed to British beef procured for consumption or sale on U.S.
military bases between 1980 and 1996. British beef was distributed to U.S. military
bases in Northern Europe (Germany, UK., Belgium, and the Netherlands) between 1580
and 1990, and to U.S. military bases elsewhere in Europe (Greece, Turkey, Spain,
Portugal, and Italy), between 1980 and 1996. While exposure varied widely, it'is
estimated that in some areas, up to 35% of beef consumed on U.S. military bases in
Europe came from the UK. In January 2001, the TSEAC recommended deferring such
donors but advised that more information was needed to assess the impact of deferral for
various time periods in Europe on the supply of blood products.

Due to a history of potential consumption of UK. beef by persons on U.S. military bases
in Europe, we continue to recommend that current and former U.S. military personnel,
civilian military personnel, and their dependents stationed at European bases for six
months or more during the timeframes outlined in the preceding paragraph be deferred
indefinitely. Based upon information provided by the DoD, we estimated that
approximately 1.8% of U.S. blood donors might be deferred by this recommendation.
Since as of 1996, DoD no longer procures UK. beef for any U.S. military bases, such
deferred donors now constitute a smaller percentage of otherwise suitable donors.

C.  Indigenous BSE Exposure Oufside the UK.

BSE in Europe is likely to have originated from infected cattle and cattle feed that were
exported from the U.X. to other parts of Europe. The risk of human exposure to the BSE
agent in any country is based upon several factors, including the prevalence of BSE and
the implementation of control measures to prevent the BSE agent from entering the
human food chain. Control measures have included some of the following:

e prohibition of air injection stunning methods for cattle;

» active surveillance through testing of slaughtered cattle more than 30 months old
for BSE;

e prohibitions on the use of carcasses from disabled catile (so-called “downer”
cattle not inspected and passed for human consumption);

55 January 18-19, 2001 TSEAC meeting transcript: hitpy/www.fda.gov/iohrms/dockets/ac/01/transcripts/3681t1.1tf
and http://www.fda.cov/ohrms/dockets/ac/01/transeripts/368112.1tf.
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» holding of all carcasses from catile tested for cause until non-positive results have
been received;

s cexclusion of high-risk material (e.g., brain, other neural tissues, lymphoid tissues,
and many parts of the intestines) from human food;

e a ban on human consumption of slaughtered cattle more than 30 months old;
¢ prohibition of mechanically recovered meat;

o a ban on mammalian-derived feed for ruminants;

o use of certain rendering processes; and-

« additional herd control and surveillance.*

BSE has been detected in many European countries.” Food chain confrol measures (and
their enforcement) have varied in Europe and cannot be assured for all time periods in
question. Because of these uncertainties and the evolving BSE epidemic,-donor deferrals
on a country-by-couniry basis have not been practical. Therefore, FDA developed a
uniform recommendation for donor deferral based on exposure in Europe outside of the
UK. The highest prevalence of BSE that has been observed in a European country with

a strong surveillance program (Switzerland) is approximately 1.5% of the BSE
prevalence that was observed for the UK. between 1980 and 1996. Also, as noted in
Section III.B above, residents in France may have consumed at least 5% of their total
beef as imported British beef during the epidemic period, while other Europeans almost
certainly consumed less. Therefore, the estimated maximum risk of BSE exposure in
Europe was taken to be approximately 1.5-5% of that in the UK. Assuming a “worst-
case” relative risk of 5% per day of exposure, a European donor deferral of five years (60
months) was equivalent to a three-month deferral for cumulative travel or residence in the
UK. This remains the basis for our current recommendation to defer donors of Whole
Blood and blood components intended for transfusion and Source Leukocytes who have a
history of five or more years of residence or travel in Europe outside of the UK,

As discussed in Section II.C.2., there has been one case of transmission of vCID in the
U.K. that may be due to the use of human plasma. In 2006, the TSEAC discussed risk
assessments for potential exposure to vCJID risk from cerfain plasma-derived products,®
The risk of fransmitting vCJD by plasma derivatives was estimated based upon the
probable infectivity of plasma from pre-symptomatic or asymptomatic donors with vCID
infections, the prevalence of vCJD in the donor population (mainly dependent on the

%€ European Commission Scientific Steering Committee opinions on the Geographical Risk of BSE:
hittp://ec.europa.eu/food/fs/bse/scientific advice0l en html.

*7 January 18-19, 2001 TSEAC meeting transcript: hitp://www.fda.gov/ohrms/dockets/ac/0/transcripte/368 1t itf
and http:/fwww.fda.gov/iohrms/dockets/ac/01/transeripts/368112 1tf, and June 1-2, 2000 TSEAC Meeting Transcript:

http:/fwww. fda. gov/ohrms/dockets/ac/00/transeripts/3617t1 xtf and
bttp:/fwwny. fdd. gov/ohmms/dockets/ac/00/ranseripts/361 Tt2.rtf,

58 Risk assessments for plasma-derived factors VII and XI presented to the TSEAC on December 15, 2006:

http//www.fda.gov/ohrms/dockets/ac/cber06. html# TransmissibleSpongiform and draft risk assessments presented
to the TSEAC on October 15, 2006: http:/www.fda. sov/ohrms/dockets/ac/06/briefing/2006-4271b1-index. him,
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number infected in the UK., not all of whom are deferred by recommended policies), the
size of the plasma pool used for fractionation, and the removal of vCID infectivity during
the manufacturing process. In experimental studies, model TSE agents were removed
from plasma products by a number of manufacturing steps, including precipitation, depth
filtration, and column chromatography (Refs. 48-49, 57-60). Other unpublished data
provided to FDA also suggested that the vCJD agent was similarly reinoved from most
plasma derivatives by the same manufacturing steps.

The relative risks and benefits of excluding plasma donors who have lived or traveled in
Europe for five years or more have not been established. In particular, the effect of such
a donor deferral upon the supply of life and health-sustaining plasma derivatives has not
been determined, but could be significant.®® However, the implementation in October
2002, of the previous enhanced vCJD deferral policies for donors of Source Plasma was
not followed by reported shortages of plasma-derived products il the U.S. Furthermore,
in contrast to blood, plasma derivatives are highly processed materials. Considering the
estimated low prevalence of vCJD infections in most countries of Europe compared to
the U.K. and France, the likelihood that plasma fractionation processes reduce TSE
infectivity, and the uncertain effect of additional deferrals upon the supply of plasma
derivatives, we have not recommended that you defer Source Plasma donors who lived or
traveled in other countries of Burope, although we are recommending that donors who
lived in France for five or more years from 1980 to the present should be deferred from
donating Source Plasma. Moreover, we are recommending, in consideration of the
relatively greater risk of vCJD in persons with exposurs to beef products from the UK.
that you should not collect Source Plasma from donors with a history of travel or
residence in the UK., U.S. military bases in Europe, and in France, as described in
Sections IIL.A. and B. of this document.

Blood donors who are deferred for history of European travel or residence (except as
stated for the U.K., France, and U.S. military bases in Europe) remain eligible to donate
Source Plasma in a Center for Biologics Evaluation and Research (CBER) approved
program. We will continue to evaluate this recommendation in light of evolving
experimental and epidemioclogical information.

Given these considerations, we recommend that you defer donors of Whole Blood and
blood components intended for transfusion, Source Leukocytes, and recovered plasma,
but not donors of Source Plasma, who have resided in the countries of Europe listed in
the Appendix to this document for a cumulative period of five years or more, between the
beginning of 1980 and the present. We recommend that donors of Source Plasma who
resided in the U.K., France, and U.S. military bases in Europe, be deferred as noted in the
previous sections of this guidance.®

*? Tune 28, 2001 TSEAC meeting transcript: http;//www.fda.pov/ohrms/dockets/ac/01/transcripts/3762t1.xtf,

% We continue to refer to donor deferrals both for risk of exposure to BSE due to residence in BSE countries,
consumption of British beef products, injection of UK., bovine insulin, and history of trénsfusion in the UK, orin
France after 1980 as “geographic risk deferrals.”
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D. Potential Infection with vCJD Agent Acequired by Transfusicn

As discussed in Section IL.C., there have been four reports of presumptive transmissions
of vCJID to humans by blood transfusions, three resulting in clinical cases of vCJD and
one in an infection with typical abnormal accumulations of prion protein in lymphoid
tissues. FDA has little doubt that vCID has been efficiently transmitted by non-

- leukoreduced Red Blood Cells from clinically healthy donors who later became ill with
vCJID. Other components, while not implicated in transfusion transmissions of vCID to
date, cannot be considered safe. In addition, there has been one reported case of vCID
transmission in the U.K. that may be due fo use of plasma-derived Factor VIIL.
Therefore, as a preventive measure, donors who have received transfusions of blood or
blood components in the UK. and in France since 1980 should be indefinitely deferred.

E. Exposure to Bovine Insulin

No cases of transmission of vCID have been reported in recipients of bovine insulin or -
other injectable products manufactured in BSE-affected countries. However, as a
safeguard, most material from cattle in BSE countries should not be used in the
manufacture of FDA-regulated products.” We are aware that some diabetic patients have
imported bovine insulin for personal use.” Additionally, some insulin products legally
distributed in the U.S, since 1980 were manufactured from cattle in the UK. Therefore,
as a preventive measure, you should indefinitely defer blood donors who have injected
bovine insulin since the beginning of 1980, unless you can confirm that the product was
not manufactured after 1980 from cattle in the UK. We are not aware that bovine insulin
has been imported into the U.S, from France or any other European BSE country.

‘F. Reports of Biological Product Deviations

The biological product deviation regulation® requires blood establishments to submit a
biological product deviation report (BPDR) when the event meets the standard set out in
21 CFR 606.171. The regulation requires an establishment to report to FDA events that;

s occurred while the product was in the establishment’s control; and

EITHER represents a deviation from current good manufacturing practice,
applicable regulations, applicable standards, or established specifications; OR
represents an unexpected or unforeseeable event; and

& may affect the safety, purity or potency of a distributed product.

Some establishments have asked questions about submitting a BPDR in the context of
these donor deferral recommendations.

61 50 FR 44591, Aug. 29, 1994,

82 For examples, see: http://www.fda.cov/OHRMS/MDOCKETS/dailys/02/Dec02/122302/80042e34.txt and

hito://www. gopetition.co.uk/netitions/restore-beef-insulins-to-the-united-states.htm],
%3 65 FR 6635, Nov. 7, 2000, as amended at 70 FR 14984, March 24, 2005.
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Example #1: On the first day after implementing new donor criteria, a repeat donor
provided information of living for seven years in France between 1981 and 1988, The
donor was deferred at this donation, Must the establishment submit a BPDR with respect
to units previously collected from that donor, if those units were distributed?

The regulation does not require the establishment to submit a BPDR. At the time of prior
donations, collection from that donor did not represent a deviation from current good
manufacturing practice, applicable regulations, applicable standards, or established
specifications; and the donor would not have been deferred. Nor was the collection an
unexpected or unforeseeable event.

Example #2: One year after implementing new donor criteria, the establishment

discovers that one of its repeat donors provided information of living in France between

1981 and 1988. The donor donated Source Plasma eight weeks earlier and Whole Blood

five months earlier. Despite the donor's unsuitability under the new donor criteria, the C}
establishment accepted those donations. Must the establishment submit a BPDR with ’
respect to those units, if those units were distributed?

The establishment must submit a BPDR (21 CFR 606.171). At the time of the donations,
collection from that donor represented a deviation from current good manufacturing
practice, applicable regulations, applicable standards, or established specifications.

Example #3: The establishment discovers that one of its repeat donors has developed
CJID or vCID. . The donor donated Whole Blood three months earlier, and has a long
history of donating. Must the establishment submit a BPDR. with respect to units
previously collected from that donor, if those units were distributed?

The establishment must submit a BPDR (21 CFR 606.171). Collection from that donor
represented an unexpected or unforeseeable event that may affect the safety, purity, or
potency of the product. Neither the blood establishment nor the agency expected or
foresaw that the establishment would collect donations from individuals with CJD or
vCJD.

Example #4: Six months after implementing new donor criteria, a repeat donor provided
information of receiving a blood transfusion to treat a bleeding ulcer during a vacation in
France 20 years ago. The donor donated Whole Blood three months earlier, at which
time the donor provided the same information. Must the establishment submit a BPDR
with respect to units previously collected from that donor, if those units were distributed?

The establishment must submit a BPDR (21 CFR 606.171). At the time of the donation,
collection from that donor represented a deviation from current good manufacturing
practice, applicable regulations, applicable standards, or established specifications.

G. Definitions

Audio CASIL: computer assisted interactive donor questioning program that is

accompanied by an audio component. The donor reads the questions on a computer
display screen and hears the questions through a speaker or headphones.
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Blood components intended for transfusion: Red Blood Cells, Platelets, Plasma,
Cryoprecipitate, or Granulocytes derived from human blood collected by either manual
Whole Blood collection or automated apheresis techniques and intended to be transfused
to human recipients.

Military employee or dependent: An individual who is or was a member of one of the
U.S. military services (Army, Air Force, Navy, Marines, Coast Guard), a civilian
employee of one of the U.S. military services or a dependent (e.g., a spouss, child, parent,
other) of a member of one of the U.S. military services or a civilian employee of one of
the U.S. military services.

Recovered Plasma: the fluid portion of human blood obtained from Whole Blood or as
a byproduct of apheresis procedures (e.g., plateletperesis) in conjunction with the
preparation of blood components for transfusion and Source Leukocytes. Recovered
plasma, an unlicensed product, is intended for further manufacturing into injectable and
non-injectable products.

Source Leukocytes: ablood component derived from human blood collected by either
manual or automated apheresis techniques and intended for further manufacturing into
injectable products, like interferon. Source Leukocyte donors may donate once every
eight weeks or more frequently and must meet Whole Blood or Source Plasma donor
suitability criteria depending on the type and frequency of donation.®

Source Plasma: the fluid portion of human blood collected by plasmapheresis and
intended for use as a source material for further manufacturing. Source Plasma may be

manufactured into products intended for either injectable or non-injectable uses
(21 CFR 640.60).

Source Plasma Donors:

s Frequent Source Plasma Donor: a donor who donates more ﬁ‘equently than
once every four weeks. These donors are subject to the requirements in
21 CFR 630.15 and 21 CFR 640.65(b)(1)).%°

s Infrequent Source Plasma Donor: a donor who has 1) not donated plasma by
plasmapheresis or a co-collection of plastna with another blood component in the
preceding 4 weeks and 2) not donated more than 12.0 liters of plasma (14.4 liters
of plasma for donors weighing more than 175 pounds) in the past year.

(See 21 CFR 630.3(e) and 21 CFR 630.25).%

#'See 21 CFR 630.10 and 630.15. See Requirements for Blood and Blood Components Intended for Transfusion or
* for Further Manufacturing Use; Final Rule (80 FR 29842, May 22, 2015). The rule is effective May 23, 2016.
Current requirements are in 21 CFR 640.3 and 640.63.

% See Requirements for Blood and Blood Components Intended for Transfusion or for Further Manufacturing Use;
Final Rule (80 FR 29842, May 22, 2015). The rule is effective May 23, 2016.

t
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IV. RECOMMENDATIONS FOR DONOR DEFERRAL

A, Donor Deferral Criteria

Donor deferral criteria 1-7 apply to all donors. Donor deferral criterion 8 (residence in
Europe for 5 years or more between 1980 and the present) applies to all donoxs with the
exception of donors of Source Plasma.

L.

You should permanently defer donors who have been diagnosed with vCID
or any other form of CJD.*

You should permanently defer donors at increased risk for CJD (as identified

by questions 2 and 3 in Section IV.B.. Donors are considered to have an

increased risk for CJD if they have received a dura mater transplant ot an N
injection of human cadaveric pituitary-derived growth hormone. Donors (— !
with one or more bldod relatives diagnosed with CJD (as identified in

Section IV.B., Question 1 below) are also considered to be at increased risk

of CID, and should be indefinitely deferred (see Section IV.C. for donor

reentry recommendations).

You should indefinitely defer donors who have spent three months or more
cumulatively in the UK. from the beginning of 1980 through the end of
1996.

You should indefinitely defer donors who have spent five years or more
cumulatively in France from the beginning of 1980 to the present.

You should indefinitely defer former or current U.S. military personnel,
civilian military personnel, and their dependents as follows:

a. Individuals who resided at U.S. military bases in Northern Europe
(Germany, United Kingdom, Belgium, and the Netherlands) for six ( )
months or more from 1980 through 1990, or :

b. Individuals who resided at U.S. military bases elsewhere in Europe
(Greece, Turkey, Spain, Portugal, and Italy) for six months or more from
1980 through 1996.

You should indefinitely defer donors who have received a transfusion of
blood or blood components in the UK. or in France between the beginning
of 1980 and the present.

% For the purposes of this document, FDA considers the less common TSEs, Gerstmann-Strijussler-Scheinker
syndrome and #atal insomnia syndromes, to be equivalent in risk to familial and sporadic CID. The blood
establishment need not name these rare syndromes in the questionnaire but might consider them as eguivalent in risk
to CJD if, in response to a question about CJD, the donor offers information that a family member has been
diagnosed with one of them.

24

222



@,

Contains Nonbinding Recommendations

7. Youshould indefinitely defer donors who have injected bovine insulin since -
1980, unless you can confirm that the product was not manufactured after
1980 from U.K. cattle.

8. You should indefinitely defer donors of Whole Blood, blood components for
transfusion, and Source Leukocytes, who have lived cumulatively for five
years or more in Europe from the beginning of 1980 until the present. (Note
this criterion includes time spent in the UK. from 1980 through 1996 and
time spent in France from 1980 to the present.) Unless otherwise unsuitable
(for example, because they lived in the UK. or France or on U.S. military
bases for the periods of time noted previously), these donors remain eligible
for Source Plasma donation.

NOTE: Donors who are otherwise deferred based upon the above criteria 2-8 may
continue to donate if they are participating in a CBER-approved program that allows
collection of Source Plasma solely for use in manufacturing of non-injectable products.
We recommend special labeling for products obtained from such donors (see Section
VILA).

B. Questions to Identify Donors at an Increased Risk for CIJD

" You should question frequent Source Plasma donors at the first donation following

implementation of the recommendations in this guidance, and annually thereafter. You
should question donors of Whole Blood and blood components, infrequent Source
Plasma donors and Source Leukocyte donors at each donation. If the donor is not
familiar with the term “Creutzfeldt-Jakob Disease,” you may take that as a negative
response. These questions are similar to those in the 1999 and 2002 guidances. We
consider donors who answer “Yes” to any of the questions below to-have an increased
risk for developing CJD. '

Question 1: Have any of your blood relatives ever had Creutzfeldt-Jakob
Disease?®’

Question 2: Have you ever received growth hormone made from human
pituitary glands?

NOTE: Ifthe donor is uncertain about his or her treatment, the following
question describing human pituitary-derived growth hormone injections may be
asked: “Was the hormone treatment given repeatedly by injection?” This
question needs to be asked only once, since human cadaveric pituitary growth
hormone is no longer available.

67 See footnote 66.
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- Question 3: Have you ever received a dura mater (brain covering) graft?

NOTE: This question may be preceded by the more general question “Have you
ever had brain surgery?” Ask the specific question only if the donor responds
“yes” to the general question.

Donor Reentry after Donor Deferral for Risk of Familial CJD

If you defer a donor because of family history of CID, you may reenter that donor
it : '

1) The diagnosis of CJD in the family member(s) is confidently excluded,
or CID in the family member(s) is iatrogenic, or the family member(s)
is (are) not a blood relative(s); or

2) Laboratory testing (gene sequencing) shows that the donor does not o
have a mutation associated with familial CJD. Note that gene
sequencing of the donor is not necessary to demonstrate that the donor
is not at risk for familial CID. Sequencing of the family member with
CID or the appropriate parent of the donor, if the CJD-affected family
member was a second-degree relative, may be sufficient to
demonstrate that the donor does not have a mutation associated with
familial CID.

Questions for Identifying Donors at Risk for Exposure to BSE
1. Method of Donor Questioning

Due to the added complexity of screening donors for cumulative periods of
potential exposure to BSE; a trained staff member should administer the revised
geographic donor deferral criteria by face-to-face interview to each new donor (as
defined in your blood establishment’s standard operating procedures (SOP)).
Instead of face-to-face interviews, you may use a computerized interactive donor
interview program that includes an audio component (audio-CAST) as described ( )
in the FDA guidance entitled “Guidance for Industry: Streamlining the Donor
Interview Process: Recommendations for Self-Administered Questionnaires,”
dated July 2003.% You should submit changes to your donor interview procedure
according to 21 CFR 601.12. For repeat donors, you may use alternative methods
for introducing and emphasizing the new questions. Your alternative method
should provide the repeat donor with a detailed description of the changes to the
donor questionnaire, to highlight any new questions and modifications.

% Available at

http:/fwww. fda gov/BiologicsBlood Vaceines/GuidanceComplianceRegulatorvlnformation/Guidances/Blood/uem07

5086.htm,
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2. Donor Questions

You should 1ndefin1tely defer donors who answer “Yes™ to the following
questions:

To identify donors with geographic risk of BSE exposure.

Since the beginning of 1930, have you ever lived in or traveled to Europe?

a. If the donor answers “No,” you need not take any further action.
b. If the donor answers “Yes,” then ask the following questions:

1) Between 1980 through 1996 did you spend time that adds up to three
months or more in the U.K. (England, Northern Ireland, Scotland,
Wales, the Isle of Man, the Channel Islands, Gibraltar; or the
Falkland Yslands)?

2) Since 1980 have you received a transfusion of blood, platelets,
plasma, cryoprecipitate, or granulocytes in the UK. (England,
Northern Ireland, Scotland, Wales, the Isle of Man, the Channel
Islands, Gibraltar, or the Falkland Islands) or in France?*

3) Between 1980 through 1996, were you a member of the U.S. military,

a civilian military employee, or a dependent of a member of the U.S.
military?

If the donor answers “No,” you need not take any further action.

If the donor answers “Yes,” ask the following question:

Did you spend a total time of six months or more associated witha
military base in any of the following countries:

e  From 1980 through 1990 in Belgium, the Netherlands, or
Germany, or

e . From 1980 through 1996 in Spain, Portugal, Turkey, Haly, or
Greece?

NOTE: For Questions 1 and 3, you need to question donors only once, because
these questions encompass a discrete time frame. You should administer
Question 2 to frequent Source Plasma donors at intervals of no greater than four
months, and to all other donors, at each donation,

® For purposes of this guidance, the United Kingdom should be taken to include all of the following: England,
Northem Ireland, Scotland, Wales, the Isle of Man, the Channel Islands, Gibraltar, and the Falkland Islands; France
should be taken to include its overseas departments (e.g., Martinique and others),
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To idéntifv donors of Source Plasma who have additional geographic risk of BSE
exposure, you should ask the following questions:

4) Since 1980, have you spent time that adds up to five years or more in
France?

For donors of Whole Blood, components intended for transfusion, and Source
Leukocytes, you should substitute thg following for question 4):

Question 4 (alternative): Since 1980, have you spent time that adds up to five
years or more in Europe (including time spent in the U.X. from 1980 through
1996)7

Donors deferred from donating Whole Blood based on this question remain
eligible to donate Source Plasma in a CBER-approved program, unless they are
otherwise unsuitable, '

For Donors of Source Plasma, however, you should continue to ask the original
- version of Question 4, as described above, rather than the alternative.

European countries with BSE risk that FDA has identified as a basis for donor
- deferral are listed in the Appendix to this document. We will periodically issue
new guidance to update the list of countries with BSE risk, to be used as a basis
for donor deferral. FDA does not currently consider those European and non-
European countries that are not listed in the Appendix to this document to pose a
BSE-exposure risk warranting deferral of donors who have spent any period of
time there, even if these countries have reported cases of BSE to the OIE.”

To identify donors who have been injected with bovine insulin since 1980, you
should ask donors with diabetes the following question:

5) Since 1980, have you ever injected bovine (beef) insulin?

Since the above question applies to a subset of potential donors, you may ask it as
a secondary question to a general medication question if a donor responds that
they have taken insulin. If the donor answers “Yes” or “I don’t know” in
response to the question, you should indefinitely defer that donor, unless it can be
documented that the product was not manufactured from cattle in the UK. after
1980.

NOTE: Donors of Source Plasma who otherwise should be indefinitely deferred
based on their responses to the questions specified in Sections IV.D.2.(b)(3) and
IV.D.2.(b)(4), may continue to donate if they are participating in a CBER-

™ OIE at http://wyw.ofe.int/en/animal-health-in-the-world/bse-specific-data.
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approved program that allows collection of Source Plasma solely for use in .
manufacturing of non-injectable products. We recommend special labeling for
products obtained from such donors. (See Section VIL.A.)

POST-DONATION INFORMATION: RECOMMENDATIONS FOR PRODUCT
RETRIEVAL AND QUARANTINE, CONSIGNEE NOTIFICATION, AND
BIOLOGICAL PRODUCT DEVIATION REPORTING

A.

Whole Blood and Blood Components Intended for Transfusion, Cellular
Blood Components Intended for Further Manufacture into Injectable
Products, and Source Plasma from Doneors with CJD or CJD Risk Factors

1. Product Disposition

If you receive post-donation information about a donor with CID or CJID risk
factors, you should immediately retrieve and quarantine for subsequent
destruction all in-date blood components (including Whole Blood, blood
components intended for transfusion, Source Leukocytes, and Source Plasma), all
in-date cellular blood components intended for manufacturing into injectable -
products, and all recovered plasma that are under your control. We also
recommend that you follow your SOPs or update your SOPs regarding notifying
consignees to immediately retrieve, quarantine, and subsequently destroy (or
arrange for the destruction of) the implicated components. Such notification
should occur within one week of receiving the post-donation information.

NOTE: Ifyou have sent Source Plasma or recovered plasma to a consignee and
receive post-donation information about a donor with CID or CID risk factors, at
a tinie when you know the pldsma units have been pooled, you should not conduct
product retrieval or consignee notification for those units.

2. Biological Product Deviation Reports

If you received post-donation information about a donor with CID, you must
submit a BPDR (21 CFR 606.171) for any distributed components. The
regulation requires you to submit a BPDR as soon as possible but not to excesd
45 calendar days after you discover the event (21 CER 606.171(c)). If you
received post-donation information about a donor with CID risk factors, you must
submit a BPDR (21 CFR 606.171) for any distributed components collected after
the implementation of donor deferral, A BPDR is not required if components
were collected prior to the implementation of donor deferral,
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Whole Blood and Blood Components Intended for Transfasion, Source
Leukocytes and Other Cellular Blood Components Intended for Further
Manufacture into Injectable Produets, from Donors with Geographic Risk
Deferrals and/or Exposure to Bovine Insulin Made in the U.K. since 1980

Donors with Geographic Risk Deferrals

1. Product Disposition

If you receive post-donation information about a donor with geographic risk
factors, you should immediately retrieve and quarantine for subsequent
destruction all in-date blood components (including Whole Blood, blood
components intended for transfusion, and Source Leukocytes), and all in-date
cellular blood components intended for manufacturing into injectable products,
that are under your control. We also recommend that you follow your SOPs or
update your SOPs regarding notifying consignees to immediately retrieve,
quarantine, and subsequently destroy (or arrange for the destruction of) the
implicated components. Such notification should occur within one week of
receiving the post-donation information.

2. Biological Product Deviation Reports

If you received post-donation information about a donor with geographic risk
factors, you must submit a BPDR (21 CFR 606.171) for any distributed
components collected after the implementation of donor deferral. A BPDR is not
required if coniponents were collected prior to the implementation of donor
deferral.

Donors with Exposure to Bovine Insulin Made in the U.K. since 1980

1. Product Disposition

If you receive post-donation information about a donor exposure to bovine insulin
made in the U.K. since 1980, you should immediately retrieve and quarantine for
subsequent destruction all in-date blood components (including Whole Blood,
blood components intended for transfusion, and Source Leukocytes), and all in-
date cellular blood components intended for manufacturing into injectable
products, that are under your control. We also recommend that you follow your
SOPs or update your SOPs regarding notifying consignees to immediately

- refrieve, quarantine, and subsequently destroy (or arrange for the destruction of)
the implicated components. Such notification should occur within one week of
receiving the post-donation information,
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2. Biological Product Deviation Reports

If you received post-donation information about a donor exposure to bovine
insulin made in the U.K. since 1980, you must submit a BPDR (21 CFR 606,171)
for any distributed components collected after the implementation of donor
deferral. A BPDR is not required if components were collected prior to the
implementation of donor deferral.

Source Plasma and Recovered Plasma from Donors with Geographic Risk
Deferrals and/or Exposure to Bovine Insulin Made in the UK. Since 1930

1. Product Disposition

If you receive post-donation information about a donor with geographic risk
factors, or exposure to bovine insulin made in the UK., since 1980, you should
immediately retrieve and quarantine for subsequent destruction all in-date Source
Plasma and all recovered plasma under your control. We also recommend that
you follow your SOPs or update your SOPs regarding notifying consignees to
immediately retrieve, quarantine, and subsequently destroy (or arrange for the
destruction of) the Source Plasma and recovered plasma. Such notification should
occur within one week of receiving the post-donation information.

NOTE: If you have sent Source Plasma or recovered plasma to a consignee and
receive post-donation information about a donor with geographic risk factors, or
exposure to bovine insulin from the UK. at a time when you know the plasma
units have been pooled, you should not conduct product retrieval or consignee
notification for those units.

2. Biological Product Deviation Repbrts

If you received post-donation information about a donor with geographic risk.
factors or exposure to bovine insulin made in the UX. since 1980, you must
submit a BPDR (21 CFR 606.171) for any distributed components collected after
the implementation of donor deferral, A BPDR is not required if components
were collected prior to the implementation of donor deferral.

Whole Blood and Blood Components Intended for Transfusion, Recovered
Plasma, Source Leukocytes, Other Cellular Blood Components Intended for
Manufacturing into Injectable Products, and Source Plasma from Donors
with vCJID, suspected vCJD, or CJD and Age Less Than 55 Years

¢

1. Product Disposition
We recommend you contact the Office of Blood Research and Review (OBRR),
CBER at 240-402-8360 as soon as possible upon receiving post-donation

information about a donor with vCJD, suspected vCID, or CID and age less than
55 years, You should immediately retrieve and quarantine for subsequent
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destruction all in-date blood components (including Whole Blood, blood
components intended for transfusion, Source Leukocytes, and Source Plasma), all -
recovered plasma, and all in-date cellular blood components intended for
manufacturing into injectable products that are under your control. We also
recommend that you follow your SOPs or update your SOPs regarding notifying
consignees to itnmediately retrieve, guarantine, and subsequently destroy (or
arrange for the destruction of) the implicated components. Such notification
should occur within one week of receiving the post-donation information.

You may save the collected material for use in research on vCID by qualified
laboratories (see Section VILA for labeling recommendations).

2. Biological Product Deviation Reports

If you received post-donation information about a donor with vCID, suspected
vCID, or CID and age less than 55 years, you must submit a BPDR (21 CFR.
606.171) for any distributed components. The regulations require you to submit a
BPDR as soon as possible but not to exceed 45 calendar days after you discover
the event (21 CFR 606.171(c)).

Plasma Derivatives

I. Plasma derivatives manufactured using plasma from donors with CJD or CID
risk factors, or geographic risk deferrals, as defined in Section IV.D. We are
not recommending that you withdraw pooled plasma, intermediates, and
plasma derivatives manufactured from these donors.

2. Plasma derivatives manufactured using plasma from donors diagnosed with
vCJID or suspected vCID

a. Product Disposition

We recommend you contact OBRR, CBER at 240-402-8360 as soon as ( )
possible upon receiving post-donation information about a donor with

vCID or suspected vCID. You should immediately retrieve and

quarantine for subsequent destruction any pooled plasma, intermediates,

derivatives, and any other material containing plasma from such a donor.
Altemnatively, you may save the material for use in research on vCID by

qualified laboratories (see Section VILA. for labeling recommendations).

You should not use such material for non-injectable products.

We also recommend that you follow your SOPs or update your SOPs
regarding notifying consignees to immediately retrieve, quarantine, and
subsequently destroy (or arrange for the destruction of) the pooled plasma,
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intermediates, and derivatives, and any other materials containing plasma
from the vCID donor. Such notification should oceur within one week of
recelvmg the post-donation information.

b. Biological Product Deviation Reports

You must submit a BPDR (21 CFR 600.14) if a plasma derivative product
is manufactured using plasma collected from a donor who was diagnosed
with vCID or suspected vCID and the product was distributed. The
regulations require you to submit a BPDR as soon as possible but not to
exceed 45 calendar days after you discover the event (21 CFR
606.171(c)).

3. Plasma derivatives manufactured using plasma from donors with a

physician’s clinical or pathological diagnosis of CID and age less than 55
" years.

a. Product Disposition

We recommend you contact OBRR, CBER at 240-402-8360 as soon as
possible upon receiving information about a donor’s diagnosis of CID
when less than 35 years old. We will make recommendations to
quaraitine and withdraw plasma derivatives from such donors on a case-
by-case basis, depending upon results of the investigation. We may
recommend quarantine and withdrawal of products if available
information is ambiguous and does not clearly eliminate the possibility of
vCJID. You should treat quarantined and withdrawn material from such
donors in the same manner as for vCID (see Section V.D.).

b. Biological Product Deviation Reports

You must submit 2 BPDR (21 CFR 600.14) if a plasma derivative product
is manufactured using plasma collected from a donor with a physician’s
clinical or pathological diagnosis of CID and age less than 55 years, and
the product was distributed.

The regulations require you to submit a BPDR as soon as possible but not
to exceed 45 calendar days after you discover the event
(21 CFR 600.14(c)).

F. Disposal of Retrieved and Quarantined Products
TSE agents are quite resistant to most disinfecting regimens. There is no current
consensus on specific details of decontamination requirements for blood products.

However, methods of destruction of TSE-implicated material include steam autoclaving
at 132°C for 1 4 hours, incineration, or treatment with 1 N or 2 N NaOH or concentrated
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sodium hypochlorite for at least 1 hour. These treatments are known to diminish (but

- may not completely eliminate) infectivity (Refs. 71-72).”" You may save blood
components and plasma derivatives from donors with vCID, or which have been
withdrawn because the donor might have vCJID, to use in research on vCJD by quahfied
laboratories (see Section VILA. for labeling recommendations).

VI. RECOMMENDATIONS FOR RECIPIENT TRACING AND NOTIFICATION

It may be appropriate to identify blood components for transfusion prepared from prior
collections from any donor found to have CID, vCID, suspected vCJD, risk factors for CID, or if
withdrawal is recomménded in cases under investigation for vCID (CJD diagnosis and age less
than 55). In those situations, consignee notification could enable the consignee to inform the
physician, or other qualified personnel responsible for the care of the recipients, so that recipient
tracing and medically appropriate notification and counseling may be performed at the dlscreuon
of health care providers.

For transfusible components from a donor with one family member diagnosed with CID, or with
risk factors for vCID (due to geographic risk deferral, transfusion in the U.K. or in France
between 1980 and the present, or due to injection of bovine insulin), we believe it is not
appropriate o conduct tracing and notification of recipients of prior donations.

It may be appropriate to identify plasma derivatives prepared from prior collections from any
donor found to have vCID, suspected vCJID, or if withdrawal is recommended in cases under
mvestlgatmn for vCID (CJID diagnosis and age less than 55 years). In those situations,
consignee notification could enable the consignee to inform the physician, or other qualified
personnel responsible for the care of the recipients, so that recipient tracing and medically
appropriate notification and counseling may be performed at the discretion of health care
providers.

VII. LABELING RECOMMENDATIONS
A, Labeling of Blood and Blood Components from Deferred Donors for
Research, or Interded for Further Manufacture into Non-Injectable
Products
You should label blood and blood components from donors with CID, who are at
increased risk for CJD, or who have potential exposure to the agent of vCID with the

following statements, as appropriate:

e “Biohazard”;

"' World Health Organization (WHO) Infection Conirol Guidelines for Transmissible Spongiform Encephalopathies
at http://www.who.int/csi/resources/publications/bse/WHO CDS CSR_APH_2000_3/en/,
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* “Collected from a donor determined to be at risk for CID”; or “Collected from a
donor diagnosed with CJD”; or “Collected from a donor with potential risk of
exposure to variant CJD; and

s “Caution: For laboratory research use only”; or “Caution: For use in
manufacturing non-injectable products only.””

You should not use blood or blood components from donors diagnosed with vCID for
further manufacture into non-injectable products. However blood components and
plasma derivatives from donors with vCID, suspected vCID, or which have been
withdrawn on a case-by-case basis for suspicion of vCID, may be used in laboratory
research on vCID by qualified laboratories. You should label these products with the
following statements: '

“Biohazard”; .
s “Collected from a donor with variant CID”; and
“Caution: Only for laboratory research on variant CJD,”

B. Labeling of Nonr-Implicated Products

As a prudent notice, we recommend that all blood, blood components, and plasma-
derived products include labeling to address the possible risk of transmission of vCID
and CID. Because albumin has never been known to transmit viral diseases, and because
laboratory experiments suggest that albumin is less likely to contain CID-like agents than
other plasma fractions, the package insert for albumin, and products containing albumin,
may confain a more specific statement:

1. Eor Whole Blood and blood components intended for transfusion, the
instruction circular should include the following warning statement:

“Because Whole Blood and blood components are made from human
blood, they may carry a risk of transmitting infectious agents (e.g.,
viruses, bacteria, parasites, the variant Creutzfeldt-Jakob disease
(vCJID) agent, and, theoretically, the Creutzfeldt-Takob disease (CJD)
agent.””

™ Donors who are otherwise deferred based upon donor deferral criteria 2 through & of this guidance, may continue
to donate if they are participating in a CBER approved program that allows coliection of Source Plasma solely for
use in manufacturing of non-injectable products (see Section IV.A.).

™ This language is included in the AABB “Circular of Information for the Use of Humman Blood and Blood
Components,” dated November 2013, which FDA has recognized as an acceptable mechanism that is consistent with
FDA requirements and recommendations for the labeling of Whole Blood and blood components intended for
transfusion. If'you do not utilize the AABB Circular of Information, you may attach the recommended labeling
statement to your current circular uniil it is revised.
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For plasma-derived products other than albumin, you should revise the
statement in the Warnings and Precautions section of your labeling to include
the following statement:

“Because this product is made from human blood, it may carry arisk
of transmitting infectious agents, e.g., viruses, the variant Crentzfeldt-
Jakob disease (vCID) agent and, theoretically, the Creutzfeldt-Jakob
disease (CJID) agent.”

For plasma-derived albumin, you should revise the statement in the Warning
and Precautions section of your labeling to include the following statement:

“Albumin is a derivative of human blood. Based on effective donor
screening and product manufacturing processes, it catries an
extremely remote risk for transmission of viral diseases and variant
Creutzfeldt-Jakob disease (vCID). There is a theoretical risk for
transmission of Creutzfeldt-Jakob disease (CID), but if that risk
actually exists, the risk of transmission would also be considered
extremely remote. No cases of transmission of viral diseases, CID or
vCJD have ever been identified for licensed albumin.”

For prodﬁcts containing plasma-derived albumin, you should revise the
statement in the Warnings and Precautions section of your labeling to include
the following statement:

“This product contains albumin, a derivative of human blocd. Based
on effective donor screening and product manufacturing processes, it
carries an extremely remote risk for transmission of viral diseases and
variant Creutzfeldt-Jakob disease (vCID). There is a theoretical risk
for transmission of Creutzfeldt-Jakob disease (CID), but if that risk
actually exists, the risk of transmission would also be considered
extremely remote. No cases of transmission of viral diseases, CJD or
vCID have ever been identified for licensed albumin or albumin
contained in other licensed products.”

VIII. IMPLEMENTATION OF RECOMMENDATIONS

We recommend that you implement the new recommendations contained in this guidance, (i.e.,
those recommendations related to labeling of plasma-derived produects, including albumin and
products containing plasma-derived albumin), within six months of publication of this
guidance.™ Manufacturers must submit the labeling change to FDA in accordance with

21 CFR 601.12()(2).

™ As stated in the 2010 guidance, all recommendations contained therein should have been implemented no later
than November 2010.
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IX. THE IMPACT OF GEOGRAPHIC DONOR DEFERRALS THAT ARE MORE
STRINGENT THAN THOSE RECOMMENDED BY THIS GUIDANCE

A more stringent geographic donor deferral policy (deferral for a cumulative period of six
months or more in Europe since 1980 or a cumulative period of three months or more in the UK.
since 1980) was proposed as an initiative in early 2001 by a member of the blood industry.
Based upon the BSE geographic relative risk model proposed by the FDA and CDC and
reviewed by the TSEAC in 2001, both the industry-proposed and FDA-proposed deferrals
resulted in an estimated one-log reduction of theoretical risk. Importantly, the donor loss for the
industry proposal, if implemented on a national basis, was estimated by FDA to be at least 8-9%
(3-4% higher than the FDA-recommended policy announced in January 2002). Some countries
have recommended deferring donors who received transfusions in countries other than the UX,
and France (Ref. 58). Some authorities have noted that potential exposure of some U.S. military
personnel residing in certain bases in Europe to the BSE agent between 1980-1996 might have
exceeded that in France and suggested that persons transfused with their blood also be deferred

as blood donors.

FDA’s recommendations for donor deferral related to risk of CID and vCID are based on our
current consideration of the relative benefits of risk reduction compared with the potential
adverse effects of a decrease in availability of the blood supply, and may be updated in the future
as better scientific information becomes available. Nevertheless, we recognize that some blood
establishments may wish to implement geographic donor deferrals that are more stringent than
the FDA-recommended policy. We are concerned that blood availability may be more severely
affected by periods of deferral more stringent than those outlined by this guidance, If you wish
to implement donor deferrals other than those recommended in this guidance, consider strategies’
for offsetting projected donor losses and maintaining an adequate blood supply to meet hospital
demands for blood products,

37

235



‘X.

Contains Nonbinding Recommendations

SOURCES OF ADDITIONAL INFORMATION

Subject

Contact

FDA policies on CID,
vCJD and BSE exposure

Division of Emerging and Transfusion-Transmitted Diseases, OBRR, CBER at
240-402-8360

This guidance and FDA
‘policies for
implementing acoeptable
DHQ documents

Division of Blood Components and Devices, OBRR, CBER at 301-402-8360

Receipt of post-donation
information about a
donor with vCID,
suspected vCID or CID
and under age 55.

Division of Blood Components and Devices, OBRR, CBER at 240-402-8360

C

The vDHQ-1.3 or other

AABB at 301-907-6977, aftention of the AABB Donor History Tﬁsk Force

AABB DHQ documents
DHQ documents that http://www.fda.gov/BiologicsBIoodVaccineszIoodBloodProducts/Approved
FDA has recognized as Products/LicensedProductsBLAs/BloodDonorScreening/ucm164185.htm,
acceptable ‘
Biological product Division of Inspections and Surveillance, OCBQ, CBER,
- deviation reporting

at 240-402-9160

or by email at

http:/fwww.accessdata.fda. sov/scripts/email/cher/bpdrcontact.cfim.

38

236



10.

11.

12.

13.

14.

13.

16.

Contains Nonbinding Recommendations

REFERENCES

DeArmond, S. J. and S, B. Prusiner (1995). “Etiology and pathogenesis of prion
diseases.” Am J Pathol 146(4): 785-811.

Masters, C. L., J. O. Harris, et al. (1979). “Creutzfeldt-Jakob disease: patterns of

worldwide occwrrence and the significance of familial and sporadic clustering.” Ann
Neurol 5(2): 177-88.

Chesebro, B. (1998). “BSE and Prions: Uncertainties About the Agent.” Science
279(5347): 42-3.

Erdtmann, R. and L. Sivitz, Eds. (2001). Advancing Prion Science. Guidance for the
National Prion Research Program (Institute of Medicine, U.S. Committee on
Transmissible Spongiform Encephalopathies. Assessment of Relevant Science),
Washington, The National Academies Press. :

Chesebro, B. (2003). “Introduction to the transmissible spongiform encephalopathles or
prion diseases.” Br Med Bull 66: 1-20,

Manuelidis, L., Z. X. Yu, et al. (2007). “Cells infected with scrapie and Creutzfeldt-Jakob
disease agents produce intracellular 25-nm virus-like particles.” Proc Natl Acad S¢iU §
A 104(6): 1965-70.

Prusiner, S. B. (1982). “Novel proteinaceous infectious particles cause scrapie.” Science

- 216: 136-144.

Croes, E. A, G. Roks, et al. (2002). “Creutzfeldt-Jakob disease 38 years after diagnostic
use of human growth hormone.” J Neurol Neurosurg Psychiatry 72(6); 792-3.

Collinge, J., J. Whitfield, et al. (2006). “Kuru in the 21st century--an acquired human
prion disease with very long incubation perieds.” Lancet 367(9528): 2068-74.

Will, R. G., J. W.Tronside, et al. (1996). “A new variant of Creutzfeldt-Jakob disease in
the UK.” Lancet 347(5006): 921-5.

Cousens, S. N., E. Vynnycky, et al. (1997). “Predicting the CID epidemic in humans.”
Nature 385(6613): 197-8.

Zeidler, M., E. C. Johnstone, et al. (1997). “New variant Creutzfeldt-Jakob disease:
psychiatric features.” Lancet (T.ondon) 350(9082): 908-10.

Zeidler, M., G. E. Stewart, et al. (1997). “New variant Creutzfeldt-Jakob disease:
neurological features and diagnostic tests.” Lancet 350(9082): 903-7.

Tronside, J. W, (1998). “Neuropathological findings in new variant CID and éxperimental
transmission of BSE.” FEMS Immunol Med Microbiol 21(2): 91-5.

Cousens, S. N., M. Zeidler, et al. (1997). “Sporadic Creutzfeldt-Jakob disease in the
United ngdom analysis of epldemlologlcal surveillance data for 1970-96.” BMJ
315(7105): 389-95.

Zeidler, M., R. T. Sellar, et al. (2000). “The pulvinar sign on magnetic resonance lrnagmg
in variant Creutzfeldt-Jakob disease.” Lancet 355(9213): 1412-8. _

39

237



17.

18.

19.
20,
21.
22,

23,
24,

25.
26..
27.

28.

29.
30.

3L
32.

33.

Contains Nonbinding Recommendations

Collie, D. A., R. J. Sellar, et al. (2001). “MRI of Creutzfeldt-Jakob Disease: imaging
features and recommended MRI protocol.” Clin Radiol 56(9): 726-39.

rH111 A.E,R. . Butterworth, ¢t al. (1999). “Investigation of variant Creutzfeldt-Jakob

disease and other human prion diseases with tonsil biopsy samples.” Lancet 353(9148):
183-9.

Will, R. G. and R. H. Kimberlin (1998). “Creutzfeldt-Jakob disease and the risk from
blood or blood products.” Vox Sanguinis (Basel) 75(3): 178-80.

Zeidler, M., C. Gibbs, Ir, et al., Eds. (1998). WHO Manual for Strengthening Diagnosis

and Surveillance of Creutzfeldi-Jakob Disease. Geneva, World Health Organization.

Andrews, N. I., C. P. Farrington, et al. (2000). “Incidence of variant Creutzfeldt-Jakob
disease in the UK.” Lancet 356(9228): 481-2,

Ghani, A. C., N. M. Ferguson, et al. (2000). “Predicted vCID mortahty in Great Britain.”
Nature 406(6796) 583-4.

Collinge, J. (1999). “Variant Creutzfeldt-Jakob disease.” Lancet 354(9175): 317-23.

Mead, S., S. Joiner, et al. (2007). “Creutzfeldt-Jakob disease, prion protein gene codon
129VV, and a novel PrPSc type in a young British woman.” Arch Neurol 64(12): 1780-4.

Collinge, J., K. C. Sidle, et al. (1996). “Molecular analysis of prion strain variation and
the aetiology of 'new variant' CID.” Nature 383(6602): 685-90.

Bruce, M. E., R. G. Will, et al. (1997). “Transmissions to mice indicate that new variant'
CJD is caused by the BSE agent.” Nature 389(6650): 498-501.

Manuelidis, B. E., E. J. Gorgacs, et al. (1978). “Viremia in experimental Creutzfeldt-
Jakob disease.” Science 200(4345): 1069-71.

Kuroda, Y., C. J. Gibbs, Ir.,, Amyx, H. L., et al. (1983). “Creutzfeldt-Jakob disease in
mice; persistent viremia and preferential replication of virus in low-density

lymphocytes.” Infection and Immunity 41: 154-161.

Houston, F., J. D. Foster, et al, (2000). “Transmission of BSE by blood transfusion in
sheep.” Lancet 356(9234): 999-1000.

Hunter, N., J. Foster, et al. (2002), “Transmisswn of prion diseases by blood transfusion.”
J Gen V1r01 83(Pt 11): 2897-905.

Hunter, N. and F. Houston (2002). “Can prion diseases be transmitted between
individuals via blood transfision: evidence from sheep experiments.” Dev Biol (Basel)
108: 93-8.

Gregori, L., N. McCombie, et al. (2004). “Effectiveness of leucoreduction for remova) of
infectivity of transmissible spongiform encephalopathies from blood.” Lancet 364(9433):

52931

Brown, P. (2007). “Creutzfeldi-JTakob disease: reflections on the risk from blood product
therapy.” Haemophilia 13 Suppl 5: 33-40.

40

238

()

)



O

®

~—

34.

35.
36.
37.
38.

39.

40.
41.
42,

43.
44,
4§ .
46.

47,
48,

49,

Contains Nonbinding Recommendations

Gibbs, C. I, Jr., A. Joy, et al. (1985). “Clinical and pathological features and laboratory
confirmation of Creutzfeldt-Jakob disea$e in a recipient of pituitary-derived human
growth hormone.” N Engl ] Med 313(12): 734-8.

Thadani, V., P. L. Penar, et al. (1988). “Creutzfeldt-Jakob disease probably acquired from
a cadaveric duramater graft. Case report.” J. Neurosurg, (Baltimore MD) 69: 766-69.

Asher, D. M., C. L. Masters, et al. (1983). “’Familial Spongiform Encephalopathies,’’
Res Publ Assoc Res Nerv Ment Dis 60: 273-91,

Esmonde, T. F., R, G. Will, et al. (1993) “Creutzfeldt-Jakob disease and blood
transfusion.” Lancet 341(8839): 205-7.

Heye, N, 5. Hensen, et al. (1994). “Creutzfeldt-Jakob disease and blood transfusion.”
Lancet 343(8892): 208-9,

Wientjens, D. P., Z. Davanipour, et dl. (1996). “Risk factors for Creutzfeldt-Jakob
disease: a reanalysis of case-control studies.” American Academy of Neurology 46(5):
1287-1291.

Sullivan, M., L. Schonberger, et al. (1997). “Creutzfeldt-Jakob disease (CID)
Investigational lookback study.” Transfusion 37 suppl: 2s.

Evatt, B., H. Austin, et al. (1998). “Surveillance for Creutzfeldt-Jakob disease among
persons with hemophilia.” Transfusion 38(9): 817-20.

Lee, C., J. Ironside, et al. (1998). “Retrospective neuropathological review of prion
disease in UK. haemophilic patients.” Thromb Haemost 80: 909-11.

van Duijn, C. M., N, Delasnerie-Laupretre, et al. (1998). “Case-control study of risk
factors of Creutzfeldi-Jakob disease in Europe during 1993-95. Buropean Union (EU)
Collaborative Study.” Lancet (London) 351: 1081-85.

Holman, R. C., A. S. Khan, et al. (1996). “Crentzfeldt-Jakob Disease in the United States
1979-1994: Using national mortality data to assess the possible occurrence of variant
cases.” Emerg Infect Dis 2(4): 333-7.

Brown, P., R. G. Rohwer, et al. (1998). “The distribution of infectivity.in blood
components and plasma derivatives in experimental models of transmissible spongiform
encephalopathy.” Transfusion 38(9): 810-16.

Foster, P. R, (1999). “Assessment of the potential of plasma fractionation processes to
remove causative agents of transmissible spongiform encephalopathy.” Transfus Med
9(1): 3-14.

Foster, P. R. (2000). “Prions and blood products.” Ann Med 32(7): 501-13.

Foster, P. R., C. McLean, et al. (2000). “Removal of abnormal prion protein by plasma
fractionation.” Transfus Sci 22(1-2): 53-6.

Foster, P. R., A. G. Welch, et al. (2000). “Studies on the removal of abnormal prion
protein by processes used in the manufacture of human plasma products ? Vox Sang
78(2): 86-95. ‘

>

41

239



50.

51.

52.
53.
54,

55.

56.
57.

38.

59.

60.

61.

62.

63.

64.

Contains Nonbinding Recommendations -

Reichl, H. E., P. R. Foster, et al. (2002). “Studies on the removal of a bovine spongiform
encephalopathy-derived agent by processes used in the manufacture of human
immunoglobulin.” Vox Sang 83(2): 137-45.

Foster, P. R, (2004). “Removal of TSE agents from blood products.” Vox Sang 87 Suppl
2; 7-10. ' .
Foster, P. R., B. D. Griffin, et al. (2004). “Distribution of a bovine spongiform

encephalopathy-derived agent over ion-exchange chromatography used in the preparation
of concentrates of fibrinogen and factor VIIL.” Vox Sang 86(2): 92-9.

Llewelyn, C. A., P. E. Hewitt, et al. (2004). “Possible transmission of variant Creutzfeldt-
Jakob disease by blood transfusion.” Lancet 363(9407): 417-21.

Peden, A. H., M. W, Head, et al. (2004). “Preclinical vCID after blood transfusion in a
PRNP codon 129 heterozygous patient.” Lancet 364(9433): 527-9.

U K. Health Protection Agency (2006). “New case of transfusion-associated vCID.”- ( j
Commun Dis Resp CDR Wkly 16: setial online.

Hewitt, P. E., C. A. Llewelyn, et al. (2006). “Creutzfeldt-Jakob disease and blood
transfusion: results of the UK Transfusion Medicine Epidemiological Review study.”
Vox Sang 91(3): 221-30.

Lee, D.C., Streland, J.C., et al. (2001). “A direct relationship between the partitioning of
the pathogenic prion protein and transmissible spongiform encephalopathy infectivity
during the purification of plasma proteins.” Transfusion. 41: 449-55.

Seitz, R., F. von Auer, et al. (2007). “Impact of vCID on blood supply.” Biologicals
35(2): 79-97.

Gregori, L. and R. G. Rohwer (2007). “Characterization of scrapie-infected and normal
hamster blood as an experimental model for TSE-infected human blood.” Dev Biol
(Basel) 127: 123-33,

Brown, P., L. Cervenakova, et al. (1999). “Further studies of blood infectivity inan
experimental model of transmissible spongiform encephalopathy, with an explanation of

why blood components do not transmit Creutzfeldt-Takob disease in humans.” (
Transfusion 39(11-12): 1169-78. '

Brown, P. Rowher, RG, et al. (1998). *The distribution of infectivity in blood
components and plasma derivatives in experimental models of transmissible spongiform
encephalopathy.” Transfusion. 38(9):810-16.

Dorsey, K., Zou, S., et al. (2009). *Lack of evidence of transfusion transmission of
Creutzfeldt-Jakob disease in a US surveillance study.” Transfusion. 49: 977-84.

Puopolo, M., Ladogana, A., et al, (2011). *Transmission of sporadic Creutzfeldt-Jakob
disease by blood transfusion: risk factor or possible biases.” Transfusion. 51: 1556-66.
3004.

N—”

' Molesworth, A., Mackenzle, I, et al. (2011). “Sporadic Creutzfeldt-Jakob disease and

risk of blood transfusion in the United Kingdom.” Transfusion. 51: 1872-73.

42

240



./ -\‘

S

65.

66.

67.
68,
69.

70

71

72.

Contains Nonbinding Recommendations

Zou, 8., C. T. Fang, et al. (2008). “Transfusion Transmission of Human Prion Diseases.”
Transfus Med Rev 22(1): 58-69,

Williams, A, E., R. A, Thomson, et al, (1997). “Estimates of Infectious Disease Risk
Factors in US Blood Donors. Retrovirus Epidemiology Donor Study.” JAMA 277(12):
967-72.

Hill, A. F. and J. Collinge (2003). “Subelinical prion infection.” Trends Microbiol
11(12): 578-84.

Hill, A. F. and J. Collinge (2003). “Subclinical prion infection in humans and animals.”
Br Med Bull 66: 161-70,

Hilten, D. A., A. C. Ghani, et al. (2004). “Prevalence of lymphoreticular prion protein
accumulation in UK tissue samples.” J Pathol 203(3): 733-9.

Ironside, J. W., M., T. Bishop, et al. (2006). “Variant Creutzfeldt-Jakob disease: prion
protein genotype analysis of positive appendix tissue samples from a retrospective
prevalence study.” BMJ 332(7551): 1186-8.

Taylor, D. M., H. Fraser, et al. (1 9A94). “Decontamination studies with the agents of
bovine spongiform encephalopathy and scrapie.” Arch Virol 139(3-4): 313-26.

World Health Organization (1999). “WHO Infection Control Guidelines for
Transmissible Spongiform Encephalopathies.” Report of a WHO consultation, Geneva,
Switzerland, 23-26 March 1999 at
http://whqlibdoc.who.int/hg/2000/WHO_CDS_CSR_APH_2000.3.pdf.

43

241



Contains Nonbinding Recommendations

APPENDIX: List of European Countries with BSE 61' at Risk of BSE Applicable to
Donor Deferral

European Countries List to be Used for Deferral of Donors Based on Geographic Risk of BSE*

Albania, Austria, Belgium, Bosnia-Herzegovina, Bulgaria, Croatia, Czech Republic, Denmark,
Finland, France, Germany, Greece, Hungary, Republic of Ireland, Italy, Liechtenstein,
Luxembourg, Macedonia, Netherlands, Norway, Poland, Portugal, Romania, Slovak Republic,
Slovenia, Spain, Sweden, Switzerland, United Kingdom, and Federal Republic of Yugoslavia.

7 For purposes of this guidance, the United Kingdom should be taken to include all of the following: England,
Northern Ireland, Scotland, Wales, the Isle of Man, the Channel Islands, Gibraltar, and the Falkland Islands; France
should be taken to include its overseas departments (e.g., Martinigue and others); Spain should be taken to include
the Canary Islands and Spanish North African territories; Portugal should be taken to include the Azores.
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BYL-2016-0433

Bovine spongiforim encaphalopalhy, i _Peint
Slovenia Gz

Infarnation recelved on 18/09/2015 from Mrs Shimona Salamon, Head of Audit, Administration Directorate, Winistry of
Agriculture, forestry and food, Administration of the Republic of Slovenia for food snfety, veterinary sector and plant protection,
LJUBLJANA, Slavenia :

Swmmary
Report lype " {mmediale nodfication
Dale of start of the event 16/08/2015

‘Date of confirmation of the event;16/09/2015

Repert date 18/09/2015

‘TLate submitted to QIE " 481092015

';D:ne'event resolved 20400/2015

‘Reason for netification . ‘Reoucurence of 2 fivted disense I

Date of previous oceurrence 2007

Manifestation of thscase Clinical disease (‘)
Cavsal agent ‘Prion -
Nature of diagnosis Laborniony {sdvanced)

This svent pertains Lo the whul: sountry

Immediate_notfication (18/19/2015)

repsort Mo, 1 (29/09/7015)

Relaled reports

idews puthreaks (1)

Outhreak 4 Adiesici, HOVO MESTO

:(112015_}
.Date of stnt of the 26007015
nuibreak
Outhreak slates  Resolved {20/002018)
'Ep'ldemlczlngic:sl Bockyard
unit
Specins Susgeptible Cases Doeaths Destroyed Slaughinyed S
:Aﬁr:cic-ti animals Catile a 1 ¥ 1 0 (\_ J
Affected Bovine spopgiform encephalopathy was confirmed ina 12'ly;_:;3r-o!ci cow, whish dicd on the Tama. The cohort included four

amimals, trce of them ware slhughterad in 2005 and 2012 snd one animal was still alive and keptin another holiing. This

population anunal was killed on 29 September 2015,

Swnmary ol gofal outbreaks: 1

Total animal Species Susceplible Cusus Dealhs Destroyed Shiughlered
Fotafanimals i

affected Caite: 2 1 1 i o

Appacentmorhidity  Appareni mortalily  Apparent ¢ase fatality  Proportion susceptible animals
ritn rale rate los{*

Caltle: 50.00%. 50007 100.00% : 100.00%.

Species
‘Quibreoak slatistics

‘Removed from the susceplible population 1hrough death, destruction andlfor slaughter

Epidemiclogy

http://www:oie.int/wahis__Z/pubIic/wahid.php/ReviewrepordReview‘?reportid=186 88
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212 A=
ISOLEI’CG cff tha outhreak(s) or arigin Unknown or inconclusive
'of [nfection

; T "The sample Will be sent to the European Unlon Reference Laboratery, Animal and Plant Health Aggnw
FEpidemiological comments {APHA), Weybridga (United Kingdom) for BSE typing.

Control measures
Traceability
I}

‘No vaccination
No treatment of affacted animals

HMeasures applied

. .
Measures to be applied

‘Starnping out
Diagnostic fest results
Laboratory name and type Bpecies Test Mrest date ‘Result i
National Velerinary Institule (Nztional laboratory) ,Caltle - rapid tests 16/08/2015 :Pusitive
PIETEREX 4 i k ¢ :
. National Velerinary Institute (National laboralory) Caltle weslern blot 18002016 (Positive !

/’*lglure Reporting
P

The event is continuing. Wacekly follow-up reporls will be: submiticd,

Wap of outhreak locations

{G}] Rusaloud (da--mum’Q
[ na mtoremnicn

http://www.oie.int/wahis_zlpublic/wahid .php/Reviewreport/Reviewreportid=18688
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- Bovine spongiform encephalopathy, Pewit
: ﬂ Y, Slovenia ) Clar

- —"
e
-

[niormation racaived on 29/09/2015 from Mrs Simona Salamon, Head of Audil, Administration Directorate, Ministry of
Agricuiture, forestry and food, Administration of he Republic of Stovenia Tor food salety, veterinary seclor and plant protection,
LJUBLJANA, Slovenia

Summary

Report type Follow-up teport No. 4 {Final teport)

‘Date of slart of the event 16072015 - o
;Dalé of confirmation of the event 16/09/2015

ir«.»pon date 2010012018

Date submitied to OIE ) 28/09/2015

Date event resolved 20/0972015

fRenson for notificalion Reosourrenca of 8 lisled diseisa

Date of previous sceurrence 2007

Manifestation of distase Clinical disenna ' . (‘)
Ciusal agent Prion

Natfure of diaynosis [Laboratory (advanced)

Thin event portains to the whale cbuniry

linmediate nalificalion (18/09/2015)

AD Jate
Related reports Eolloveip teport No. 1 G0012015)

Oulbreaks The v are no novs outho:oke i thin 1eport

Epidemialogy

Source of #he outbroak(s) or ‘Unknown o1 inconglusive
origin of infection o
‘Europran Unlon Fitlerenc: Laboratery, Animal and Plant He itk Anency (APHAY Vi Lrdn. {Unitd

Eoidemistogical eomments ot . - . .
pidemictogical com ’ insdom) informud about final resulis - positix {or atypical H-ype [N

Control mrasures

——

Tracinkiily ' . ( )
Slamping out ‘ N
No vaceination

No trentment of tliceind animals

Measiures applicd
WMeasures fo be applied g other measures

Future Reporting

The event is resoived, No mon: reports will be submiied.

htip:i/www.oie.int/wahisH_Z/public/wahid.php/ReviewreporU Review?page_refer=MapFullEventRepost&reportid=18...
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INF2015-0086

Articles

Identification of a novel pathogenic Borrelia species causing
Lyme borreliosis with unusually high spirochaetaemia:

adescriptive study

Bobbi 5 Pritt, Paul S Mead, Diep K Hoang Johnson, David F Nejtzel, Laurel & Respicio-Kingry, Jeffrey P Davis, Elizabeth Schiffman, Lynne M Stoan,
Martin E Schriefer, Adam ] Replogle, Susan M Paskewitz, Julie A Ray, Jenna Bjork, Christopher R Steward, Alecia Deedon, Xla Lee, Luke CKingty,
Tracy K Miller, Michelle A Feist, Elitza s Theel, Robin Patel, Cole L. irish, Jeannine M Petersen

Summary

Background Lyme borreliosis is the most comron tek-borne disease in the northern hernisphere. It is a multisystem
disease caused by Borrelia burgdorfori sensu lato genospecies and characterised by tissue localisation and low
.A\spimchaetaemia. In this study we aimed to describe a novel Borrelia species causing Tyme borreliosis in the USA.

" Methods At the Mayo clinic, from 2003 to 2014, we tested routine clinical diagnostic specimens from patients in the
USA with PCR targeting the oppAI gene of B hurgdorferi sensu lito. We identified positive specimens with an atypical
PCR result {melting temperature outside of the expected range) by sequencing, miicroscopy, or culture. We collected
Ixodes scapularis ticks from regions of suspected patient tick exposure and tested them by oppA1 PCR.

.

Findings 100545 specimens were submitied by physicians for routine PCR from Jan 1, 2003 to Sept 30, 2014.
From these samples, six clinical specimens (five blood, one synovial fluid} yielded an atypical oppAI PCR product,
but no atypical results were detected before 2012. Five of the six patients with atypical PCR results had presented
with fever, four had diffuse or focal rash, three had symptoms suggestive of neurological inclusion, and two were
admitted to hospital. The sixth patient presented with knee pain and swelling, Motile spirochaetes were seen in
blood samples from one patient and cultured from blood samples from two patients. Among the five bloed
specimens, the median oppA1 copy number was 180 times higher than that in 13 specimens that tested positive
for B burgdorferi sensu stricto during the same time period. Multigene sequencing identified the spirochaete as a

novel B burgdorferi sensu lato genospecies, This same
patient exposure site.

genospecies was detected in ticks collected at a probable

-

@

Leasehiazk

Lancet Infect Dis 2016

Published CGnline

February 5, 2016

hritp:ffdx dol.oraf10.1016/
51473-3095(15Y00464-8
SeeOnline/Camment
http:f,’dx.dol.org f10.1016/
$1473-3099(15)00483.1

ays Clinlc, Rachester, MN,
USA (B S Pritt MD, L M Sican MT,
E S5 Theel PhD, ProfR Patel MD,
CLirish BS, § ARay MPH);
Division of Vector Barne
Dlseases, US Cantars for Disease
Control and Prevention, Fort
Coilins, CO, USA (P S Mead MD,
LB Respleio-Kingry M,

L Ckingry PhD,

M ESchrisfer PhD,

A ] Replogle 85,

1 M Patersen PhD): Wisconsin
Dspartment of Health Services,
Madison, Wi, USA

(D% Heang Johnson BS,

Interpretation We describe a new pathogenic Borrelia burgdorferi sensu lato genospecies (candidatus Borrelia mayonii
in the upper midwestern USA, which causes Lyme borreliosis with unusually high spirochaetremia. Clinicians
should be aware of this new B burgdorferi sensu lato genospedes, it distinct clinical festures, and the usefulness of
oppAl PCR for diagnosis.

Prof | ¥ Davis MD,

C RSteward MPH, A Deedon BSY;
Minnesota Department of
Health, St Payl, MN, USA

(DF Neltzel Ms,

E Schiffman MPH, ) A Ray,

J Bjork DVM); University of
Wisconsin-Madlson, Madison,

-
!
N Funding US Centers for Disease Control and Prevention Fpidemiology and Laboratory Capadity for Infectious

Diseases (ELC) Cooperative Agreementand Mayo Clinic Small Grant programme,

Introduction -
Lyme borreliosis is a spirochaetal tick-borne disease
caused by some geiospeciés of the Borrelia burgdorferi
sensu lato complex™ With 85000 cases estimated
annually in Europe and 300 000 cases estimated annually
in the USA, it is the most common tick-borne disease in
the northern hemisphere ** Nearly all human infections
are caused by three B burgdorferi sensu lato genospecies:
Borrelia garinii, Borrelia gfzelii, and B burgdorferi sensu
stricto.! All three species cause Lyme borreliosis in
Europe, whereas only B burgdorferi sensu stricto causes
Lyme borreliosis in the USA”

The clinical features of Lyme botreliosis are broad and
seem to be associated with distinct tissue tropisms of
specific B burgdorferi sensu lato genospecies® Early
localised infection typically results in erythema migrans
rash, after which spirochaetes can disseminate to the
nervous system, joints, and other organs. B burgdorferi

sensu stricto is often associated with arthritis, B garinii
with neurological effects, and B afzelii with acrodermatitis
chronicum atrophicans.?

Lyme borreliosis is characterised by a low level of spiro-
chaetaemia® Spirochaetes are detectable by PCR in the
peripheral blood of less than 50% of patients with erythema
migrans, with average estimation of about 2330 genome
copies per mL,** whereas the mean number of spirochaetes
detected by culture of peripheral blood is only
01 spirochaetes per mL’ As expected, microscopic
detection of B burgdorferi sensu lato spirochaetes has never
beén reported in peripheral blood, by marked contrast with
relapsing fever borreliae, which have loads ranging from
105 spirochaetes per mL to more than 106 spirochaetes per
ml, and are readily seen in peripheral Blood ® We describe
a new B burgdorferi sensu lato genospecies causing Lyme
‘borreliosis with substantially elevated spirochaetaemia. in
acutely ill patients.

wwyrthelancet.com/infection Published online February 5, 2016 htp:/fdx.dol.orgf10.1016/51473-3099(15)00464-8
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Articles

Research in context

Evidence before this study
Lyme boreellosis js a muttisystem tick-borme disease of wide
public health significance. |t is the most frequently reported
vector-borne disease In the temperate northern hemisphiere
and s caused by splrochaetes in the Borrella burgdorfer sensu
lato genospecies complex, There have been no previous
descriptions of the pathogenic Borrelia specles reported in this
study in either ticks or human belngs, or reports of Lyme

- borreliosis with high splrochaetaemia,

Added value of this study _

The identification of a new B burgdorferf sensu lato genospacies
causing Lyme borrellosis with substantially elevated
spirochaetaernia and dlinical features distinet from other

8 burgdorfer sensu lato genaspecies has important implications
for accurate diagnosls and treatment. In view of the differing
clinical manifestations for patients infected with the novel

B burgdorferi sensu lato genospecles, it is likely that Lyme

Methods

Patients )

Mayo. Medical Laboratories provides diagnostic PCR
testing for Lyme borreliosis.” From Nov 1, 2003, to Sept
30, 2014, physicians throughout the USA submitted
100545 speciroens (synovial fluid, cerebrospinal fluid,
EDTA [edetic acid]-anticoagulated whole blood, or fresh
tissue) to our faboratory for routine clinical PCR testing.
We interviewed patients with specimens yieldinga PCR
result that differed from that expected for B hurgdorferi
sensu stricto, B garinii, of B afzelii, to obtain clinical
and epidemiological information. We reviewed medical
records and requested additional samples. Patient

borreliosis Is nat being considered In some patients with this
infection, The medical and health-care community need to be
aware of this new pathogen to recognise the Infection and to
treat patients appropriately.

Implications of all the avallable evidence

The discovary of a novel B burgdorfer! sensu late genospedes
was attributable to the use of a diagnostic real-time PCRassay
that detects and differentiates 8 burgdorferi sensu lato
genospedies by melting temperature analysis. Thase PCR assays
designed specifically fordetection of a single B burgdorferisensu
late genospecies do not have the same ability to Identify new or
different genospecles, Since many tick-bome human pathogens
have a global distribution (eg, 8 burgdorferi, Babesla microtf,
Anaplasmaphagocytophilum, Efrtichia murls, and Borrella
miyamotol), the emergence of this pathogen highlights the
need for widespread surveillance to look for emergence of this
arganism or refated species in other parts of the world,

board. Patients were interviewed by state public health
officials as part of routine surveillance for a reportable
condition.

Real-time PCR and DNA sequencing

We extracted DNA from diagmostic specimens using the
MagNA Pure Instrument (Roche} and tested for
B burgdorferi sensu stricto, B afzelii, and B garinii with a
diagnostic real-time PCR assay that uses hybridisation
probes and targets the chromosomal oppAl gene. ™ This
assay is specific for B burgdorferi sensu lato and does not
detect relapsing fever borreliae. We subjected PCR
products to melting temperature analysis to differentiate

ses Online forapperix  follow-up and DNA sequencing of clinical specimens B burgdorferi sensu_lato genospecies {appendix). Wd\' )
was approved by the Mayo Clinic institutional review established the number of oppAl copies with standard™-- -
Patient 1 Patient2 Patient3 Patient 4 PatientS Patlent6
Demographlc features
Aga (years) 10 65 1 21 67 51
Sox Male Male Male -Female Female Male
Tick exposure Frobable Probable Known bite Probable Probable Known bite
Symptoms
Fever Yes Yes Yes No Yes Yes
Headache Yes Yes Yes No Yes. Yes
Neckpain Yes Yes Yes No No Ne
Fatigue Yes Yes Yes No Yes No
Myalgla Yes Yes No No Yes Yes
Nausea orvomiting Yes No Yes Ne Yes Yes
Arthralgia (site) Ne Ne Ne Yes (left knee) Ne No
Other Profound Confused speeth chills, abdominaland -
somnalence luembar back pain,
flashing Hghts

(Table 1 continues on next page}

www.thelancet.com/finfection Published online Febrvary 5, 2016’7 http:ffdx.dal.orgf10.1016/51473-3099(15)00464-8
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Articles

Patlent1 Patlent 2 Patlent3 Patient 4 Patlent$ Patient &
(Continuad from previous page) '
Physical findings
Measured temperature {'C) 40 NA 3987 . Afebiile 382 NA
Rash Mariy erythematous  NA Inltial macule, enfarged to erythema  NA Many erythematous  2x2 em macule onleg
macules on face, migeans; diffuse macular rash after maculesontrunkand  atsite of possible tick
trunk, arms single dose of doxycycline; many upperextremities  bite
(figure 1A)* erythema migrans 28 days later
Other . “ " Swelling left knee
Laboratary results [narmal range for adults and children aged 10-11vears combined]
Daysof iliness before specimen collection for 1 4 2 34 3 1
PR
oppAl PCR melting temperatuse (°C) B124 6075 60:83 6119 60-56 6038
(”\ Cressing polnt 30.88 2958 29.82 3420 2648 063
N Estimated number of oppA2 coples permL 42x20° 9-4x10" 8ix10° Notdetermined — 64x10* 49x10°
White blood cell count (x10-%/L) [34-105) 74 34 46 NA 12:4 53
Lymphocyte count (207%/L) [0-90-5-50) 074 031 0-44 NA 0% 030
Platelet count (20%/L) {150-450] 184 113 122 NA ns 150
Haemeglobin (g/dL) [12:0-17.5) 14 NA 147 WA 96 155
Aspartate aminotransferase {U/L) {8-~60] 46 NA NA NA 18 23
Alanine aminotransferase (U/L) [7-55) 33 NA NA NA 63 27
Teeatment and outcome
Antimicroblal therapy Ceftriaxone (1 day), Doxyecline  Inltial treatment: daxyeycline inltlal reatment:  Doxyeycline (100mg  Doxyeycline (100 mg
amexicllin (21days; (dosageand  (discontinued after1x S0 mgdose)t  daxycycline . twice per day for twiceper day for
desage NA) duration NA) {100 mgtwice per 21 days) 14 days)
day for 28 daysys
Hospital admission 4Bays No No No tday No
Outcome Recovered Recovered  Recovered Perslstentjolnt  improved, lingering  Recovarad
pain fatigue (pre-axisting
. -anaemia)
Clinlcal findings and symptoms were recordust by medical stall at Ume of inltial patient ¢ tatian, NA=nol avallable, *Rash was reported by patient's careglver Lo involve 16e palims and soles, but this was not
decurented In the meikical record, t5ulsequent Lizatment for pallent 3 was Inftlated 3 weeks after Tliness onsel, and conslsted of celuroxime, 00 mg twice per day for 21 déys. 1 For Ppatlent 4, sulisequent
treaiment consisted of amoxicliin, 500 myg three times perday Tor 21 days,
Table 1: Demographic, clinical, and laboratory featuresin patients infected with suspected novel B burgdorfer sensu lato genaspecies

C\curves that were prepared with gemomic DNA from
/B burgdorferi sensu stricto B31 and the MN14-1420 isolate;
oppAl is present on the chromosome in a single copy in
both genospecies.We used the Wilcoxon rank-sum test
{two-sided) for oppAl PCR crossing point comparison.
We amplified and sequenced portions of the 165 rDNA,
. ospC, flaB, rfrrd, oppAl, worA, rplB, recG, pyrG, pepX, dpX,
nifS, and cpA genes using previously described
primers. Y We analysed, assembled, and trimmed
sequences in Lasergene v9-0 (DNASTAR). Using BLAST,
165 rDNA, ospC, flab, and rrfrrl sequences were compared
with B burgdorferi sensu lato and relapsing fever borreliae
sequences in GenBank. For construction of phylogenetic
irees, we obtained homologous B burgdorferi sensu lato
and relapsing fever borrelise sequences from GenBank

and PubMLST {app endix). We used MEGA 5 (ClustalW) Figure 2: Dlffuse macular rash in patient 1 and dark-field microscople visvalisatlon of a spirochaete In patient 6,

: X (&) Diffuse macular rash seen 4 days afteronset of symptoms In patient 1. Rashwas reported by patfent's caregiverto
to-align sequences and trees constructed by maximmm  popethe palrs andsoles, bt this was notdocumented in the medical record. {B) Dark-field micrescoplc

likelihood analysis wusing the generalised time. visualisation (400x magnifieation) of a single spirochaete in diluted blood from patient 6.

reversible nucleotide substitution model with gamma

distribution (four categories) followed by bootstrap pepX, dpX, and cpA, with or without nifS and exported  Formore on PUbMLST see
analysis {1000 replicates).”® Housekeeping genes were into MEGA 5 to calculate pairwise genetic distancesusing  hsfpubmist.orgfborrellaf
concatenated in frame in the order uvrA, 1plB, recG, pyrG,  the Kimura-2 model.
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Microscopy and culture.

‘Two clinical blood specimens with an atypical oppAl
PCR melting temperature were avaijlable for micro-
scopy and culture after storage at 4°C for either 5 days
{one sample) or 39 days {one sample) (appendix). Other
specimens were unavailable or previously frozen and
not amenable to microscopy and culture. We examined

0938
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Figure 2: Representative oppA1 PCR melting temperature peaks of Borrefia
genospecies '

Representative mielting temperature peaks In °C for Bafzeli (A peak; acceptable
range 517-56-7°C), novel B burgdorferi sensu lato genospecies {B peaks;
6038-61-24"C), and B burgdorfert sensusstricto (C peaks; 61.7-66.7°C). Y-axis
represents the negative derivative of the ratio of the FRET signal (LC-Red640
floureserce) and background fluarescein fluorescence.
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Figure 3: Comparison of oppA1 PCR melting temperature, crossing points, and estimated oppA1 copy number

in B burgdorferi-positive blood specimens

Comparison of melting temperature and crossing poinit for the five atypical oppA1 PCR poshive blosd specimens
(open cireles) and 13 B busgdorferi sensu strlcto oppA1 PCR positive blood specimens (closed clrcles),

(B) Comparison of melting temperature and astimated oppA1 copy number (genomes per mL of blood) for

five atypleal oppA2 PCR positive blood specimens {open clrdles} and 13 B burgdorfer sensu stricto oppA2 PCR

positive bloed spacimens (dosed circles).

wet mounts from patient samples and cultures with
dark-field microscopy at 400 times magnification
{appendix}.

Serological testing

We tested serum samples and plasma samples for
antibodies reacting to B burgdorferi sensu stricto using
FDA-cleared commercially available kits, following the
recommended two-tiered algorithm (appendix).»

Tick ¢collection and processing

We collected Ixodes scapularis ticks at approximate sites
of possible patient exposure in Barron County, WI, USA,
during 2013 and 2014 (appendix), and processed the ticks\/
for PCR using a modification of a published protocol™
We also tested archived DNA from 1 scapularis collected
in Bau Claire County, WI, USA, during 2009-10.

Role of the funding source )

The funders of the study, Mayo Clinic and the US Centers
for Disease Control and Prevention, had no role in study
design, data collection, data analysis, data interpretation,

.or writing of the report. The corresponding author had

full access to all the data in the study and had final
responsibility for the decision to submit for publication.

Results

From Jan 1, 2012, to Sept 30, 2014, 9197 clinical specimens
from residerits of Minnesota, Wisconsin, and North
Dakota were submitted to Mayo Clinic, Rochester, MN,
USA, for routine diagnostic B burgdorferi sensu lato oppA1
PCR testing. 3127 (34%) of 9197 specimens tested were
blood samples, 1196 (13%) were synovial fluid, 4782 (5294)
were cerebrospinal fluid, and 92 (1%) were tissue.
102 specimens were positive for B burgdorferi, incduding.
13 blood, 81 synavial fluid, three cerebrospinal fiuid, and,_ )
five tissue samples. Six specimens (five blood, one synovial
fluid) had positive oppAl PCR results with an atypical
melting temperature {60 - 38—61. 24°C), falling between the
expected melting temperature for B burgdorferi sensu
stricto  (61.7-66-7°C) and B afzeii or B gorini
(51-7-56-7°C) {table 1, figure 1A, figure 2, appendix).” No
atypical melting temperatures were identified among
24786 clinical specimens tested from 44 other states
during the same time period (Fisher-Exact, p=0-00039), or
ameng more than 66562 clinical specimens from all states
tested by the same method during 2003-11 (0 of 66562 vs
six of 33983, p=0-00149). The five positive blood
gpecimens with atypical melting temperatures were
collected 1-4 days after onset of illness; the synovial fluid
specimen was obtained 34 days after onset of illness
{table 1). The median oppAl PCR crossing point was
significantly lower (median 29-82, IQR 28-89~30-75) for
the five blood specimens with atypical oppAl melting
ternperature corpared with the 13 blood specimens that
tested positive for B burgdorferi sensu stricto (mediah
34-51, IQR 33.73-35.55; p=0-0016; figure 3).
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Sequence znalysis of the atypical oppAI PCR products
that were directly amplified from three patient specimens
identified a Borrelia species with 89-95% similarity to
B burgdorferi sensu lato genospecies (figure 4). Motile
spirochaetes {two per 70 fields of diluted blood) of the
B burgdorferi sensu lato genospecies were microscopically
recorded in blood from patient 6, obtained 1 day after
illness onset and analysed 6 days later (figure 1B). The
number of spirochaetes was estimated at around
8:5x104/ml {appendix). No spirochaetes were seen in
the haemolysed blood specimen from patient 5. Cultures
of the B burgdorferi sesu lato genospecies (MN14-1420
and MN14-1539) were established from both available
blood specimens (patients 5 and 6) after incubation for

C&bout 16 days. Spirochaetes were seen in primary and
blind passaged cultures; sustained growth was zchieved
after cryopreservation and additional passage.

Based on the high quantity of spirochaetes that were
detected microscopically, we estimated the number of
oppAl copies per mL of blood for all 18 specimens that
tested positive for oppAl PCR identified 'in Minnesota,
Wisconsin, and North Daketa during 2012-14 by
compazison of oppAl crossing point values to standard
curves prepared with B burgdorferi sensu stricto B31 or
MN14-1420 (appendix). For the five atypical oppAl
positives, the median oppAT copy number was 180 times
higher (median 8-1x105, IQR 4-6x105-3.6x106) when
compared with the 13 B burgdorferi sensu stricto positives

 (median 4-5x103, IQR 2-3x103-7.5 x103; figure 3).

" Sequence analysis of 165 rRNA (1327 nucleotides),
ospC (561 base pairs), flaB (435 base pairs), and rrf-rrd
(253 base pairs) amplified from the two blood isolates
substantiated that the Borreliz species was not identical
to any other Borrelia species in GenBank. (appendix).
The closest sequence identity was to B burgdorferi sensu
Tato genospecies at 99% for 165 RNA, 85% for ospC,

979 for fleB, and 95% for rrfrrd. Multilocus sequence
analysis of seven genes, uvrd, 1piB, reeG, pyrG, pepX,

cpX, and clpA genes (3774 nucleotides), showed that the -

_ Figure 4: Phylogenetic analyses

(A) Phylogenetic analysls of a 149 base pair fragment of the oppA2 gene
amplified from patient specimens {MN14-1533, MN14-1420, Wi133, ND132,
and ND121} and tick specimens (CP12150 and EC10N1) compared with
seven different spedes of the B burgdorferi sensu fato complex. There s no
harnologous sequence In relapsing fever borreliae, Bootstrap support values
greates than 50% are shown. The scale bar corresponds to 0-01 substitutions
per nudeotice position. Accession numbers are indlcated for avalfable Borrelin
specles oppAl sequences retrieved from GenBank, The B amerfcane BAA-1877
oppAZ gene sequence Was generated In this study, GenBank does not allow
depasition of sequences shorter than 200 bp; oppAl sequences generated In
this study are available by request. (8} Phylogenetic analysis of eight
concatenated housekeeping genes: uurA, rplB, recG, pyrG, pepX, dlpX; clpA, and
nifs, amplified from patient Iscfates (MN14-1539, MN14-1420) compared with
18 different 8 burgdorferf sensus lato genospecles and three relapsing fever
species. Bootstrap support values greater than 50%are shown, The stale bar
corresponds to 0+1 substitutions per nucdeotide positlon. The source of other
Borselia specles gene sequences is shown In the supplemental methods.
Sequerce nomendature (eg, MN14-1539, WI133) represents the state from
which the diagnostic specimens were submitted for testing and does not
necessarily show the patient’s state of rasidence.
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ND132 (patfent 2}

Wi133 (patlent 3)
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Risk of [xades scapularis-transmitted

disease

I High

g ﬂﬁ'm a 50 miles
) Cases by county of resldence 0 Sokm

A Cases hy county of probable exposure

Figure 5: Probable countles of patlent exposure to ticks In Minnesota and
Wisconsin in relation to risk of diseases transmitted by I scapulars
Iscopulans-transmitted diseases inthe figure were Lyme borreliosls, babeslosis,
and anaplasmosis, The county of residence for each patient (indicated with a
dircleis deerned a county of potential exposuse except for the patient from
North Dakota, whose county of resldence Is not showi, Some patients had
probable exposures In one or more county In adeition to thelr county of
residence (Indicated with a triangle). The risk of disease transmitted by
1scopularis s based on county-spetific mean annual reported Incidence of
confirmed Lymé horrellosis and confirmed and probable human anaplasmosis
and babesiosls in Minnesota and Wiscorsin in 2007-13, Countles with 10-0 or
fewser cases per 100 000 people were dassified as Jow risk, countleswith
10+1-24-9 cases per 100 000 people ware classified as moderate risk, and
counties with 250 or more cases per 100000 people were classified as high risk.

spirochaetes isolated from patients 5 and 6 fell within
the B burgdorferi sensu lato genospecies complex and
were the same B burgdorferi sensu lato genospecies
amplified from the blood of patients 1, 2, and 3. The
blood isolates were further compared with
18 B burgdorferi sensu lato genospecies and three
relapsing fever borreliae using an eight-gene multilocus
gequence analysis (uvrd, wplB, recG, pyrG, pepX, clpX,
cpA, and nifS; 4335 nucleotides) previously described
for defining B burgdorferi sensu lato genospecies®
{figure 4B}. The highest pairwise similarity was to
B burgdorferi sensu. stricto (94:9-95.2% similarity,
genetic distance ¢-051-0-048), well above the threshold
defined for separating genospecies (98-3% similarity,
genetic distance 0:017),* substantiating that the
organism detected in the six patlents is a novel
B burgdorferi sensu lato genospecies, and not a relapsing
fever borrelia (eg, B miyamotol). For comparison, the
genetic distance recorded between the novel
B burgdorferi sensu lato genospecies and B burgdorferi
sensu stricto B31/7Z41293 is greater than that seen
between other formally recognised B burgdorferi sensu

lato genospecies, including B bissetti and B kurtenbachii
{0-035) and B garinii and B bavariensis {0 .018).43
All patients were rvesidents of the upper midwest

- {Minnesota, North Dakota, or Wisconsin) (figure 5).

Median patient age was 36 years (range 1067 years); four
patients were male (table 1). Five presented with acute
febrile illnesses, including four with rash. The sixth
patient was afebrile but had a Tmonth history of unilateral
knee pain and swelling. Two patients were admitted to
hospital, but none had a known immunocompromising
disorder. Testing showed lymphopenia (four of five tested),
mild thrombocytopenia {two of five), and high hepatic
transaminases {two of three). All patients reported onset
of illness between May and July. Exposure to tick habitats/j
in Minnesota or Wisconsin was reported by all paﬁentsl\ .
and two recalled a tick bite less than 30 days before onset
of illness. For one patient, the timing between tick bite
and PCR samnple acquisition was known to be 13 days.

Descriptions of illness-associated rash varied from
diffuse macular rashes involving the face, trunk, and
upper extremities (figure 1A, patients 1 and 5} o a single
2 em diameter erythematous leg lesion at the tick bite
location (patient 6; table 1). Patient 3 presented with a
single annular erythematous leg lesion . with ceniral
punctum consistent with erythema migrans, and
developed fever, leg and arm pain, and diffuse macular
rash on the trunk, upper and lower extremities, and face
within 8 h of receiving doxycycline. Differential diagnosis
included Jarisch-Herxheimer reactiom, drug eruption,
and erythema muitiforme. Doxycycline wag discontinued
after one dose. The patient irnproved without additional
treatrent, but 3 weeks later developed thiee erythema
migrans lesions on the'back and leg, which resolved after
treatment with cefuroxime.

All six patients were given antibiotics (table 1). All five
patients with febrile illnesses recovered; one with pre
exsting anaemia reported contimuing fatigue. The™-
patient with arthritis improved but reported persistent
joint pain 6 months after treatment. Serum or plasma
was available for five patients and was tested for reactivity
to B burgdorferi sensu stricto antigens using the
recommended two-tiered algorithm® (table 2). Patients 1,
3, and 4 were seropositive to B burgdorferi sensu stricto
using this algorithm, including the 30 day cutoff for use
of IgM immunoblot. Patient 5 had a positive EIA and
IgM immunoblot in a sample obtained 32 days after
onset of llness. All four seropositive patients had one or
more samples positive using the firsttier C6 BIA;
patients 3, 4, and 5 were positive using whole cell BIA.
Two seropositive patients (3 and 5) had serial samples
and seroconverted from a negative to positive IgM
immunoblot. The only specimen from patient 6 was
obtained 1 day after illness onset and was seronegative.

Among archived and prospectively collected ticks
Iscapularis, 19 (2996, range 0-5-296) of 658 were oppAl
PCR positive for the novel B burgdorferi sensu lato
genospecies and 195 (29-6%, range 9-8-33.3%) of

v
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Daysfromonsetof  Bburgdorfert Bburgdorferl Bburgdorfer IgM Immunoblot (numberof  Bburgdorfer IgG immunoblet (number of bands
lllnesstocollection - ElA—wliole cell EIA-C6 bands detéctedfnumber of possible bands); dutectad/nember of possible bands); specific
of specimen specificantigens detected antigens detected

Patlent1 § Not avallable Positive Pasitive (2/3); 22, 41 Negatlve (1/20); 41

Patlent3 2 Notavallable Equivecal Negative {0f3) Negative {0/10)

Patlent3 24 Notavallable Posttive Positive (3/3); 23,39, 41 Negative (2/10); 23, 41

Patlent 3 ‘104 Pesitive Posttive Negative (0/3) Negative (4/10); 18, 23,39, 41

Patient4 266 Pasitlve Pasitive Negatlve (1/3); 23 Posttive (5/10); 23, 39, 41, 45, 58

Patients (plasma) 3 Negative Positive Negative (0/3) Negative (0/10)

Patlent5 32 Positive Positive Posltive (2/3); 23,38 Negatlve (2/10); 23, 41

Patlent 6 (plasma) 1 Negative Negative Negative (0/3) Negative (1/10); 41

Spedimens frem patlent 2 were nulavallable for testing. i34 immunoblot was deémed sacond ther positive for B burgelarfed iftwa-of more of a possible threé bands (21-25 kDA[OspC], 38 kDA[BmpA,
o~ and 41 kDATFFa]) are detected within 30 days of onset.V lgG Immrnoblol was desmed second ther pesitive for B burgdorfer If five or more of a possille tun bands (18 kDa, 21 kDa|0spC], 28 kDa, 30 kDa, 39
& kDa[BmpA] 41 kDa|Fla, 45 kDa, 58 kDnot Groft ], 66 kda, and 93 kDa) were detected,
" | Table 2:Serologltal test results from patients Infacted with'the novel Bburgdorfed sensu lato genospecies

658 were positive for B burgdorferi sensu stricto; two
were positive for both. Sequence analysis of oppA1 for
two ticks (ECION1 and CPI12150) and seven-gene
multilocus sequence analysis for one tick (ECION1y
substantiated that the B burgdorferi sensu lato geno-
species detected in I scapularis was the same idertified
in patients (figure 4A, appendix).

Discussion
We have identified a new B burgdorferi sensu lato
genospecies  (candidatus  Borrdin  mayonii}) among
patients and I scapularis ticks from the upper midwestern
USA. A causal role in the patients’ illnesses was
suggested by the detection of DNA from this genospecies
in patient specimens during acute illness, detection of
motile spirochaetes in one blood specimen, culture of
the novel B burgdorferi sensu lato genospecies from two
C “patient specimens, development of a patient antibody
~Tesponse after illness onset, and clinical improvement
after’ antimicrobial therapy active against other
B burgdorferi sensu lato genospecies. Failure to identify
the organism in more than 90000 dinical samples tested
in previous years and from other states might suggest
that this new species recently emerged in the upper
midwestern: USA.

Using an eight-gene multilocus sequence analysis
and a published threshold for delineation of
B burgdovferi sensu lato genospecies, we showed that
the Borrelia species is a member of the B burgdorferi
sensu fato group.

Spirochaetes were seen in the diluted blood of a
patient who presented with a single erythema migrans
lesion, estimated by microscopy at 105 gencme copies
per mlL. The number of genomes in this specimen,
based on the single-copy chromosomal gene oppAl, was
estimated independently at 5x105 per mL. Importantly,
the median oppAl copy number measured for the
samples positive for B burgdorferi sensu stricto (4.5x102
per ml) agrees with that (2:3x102/ml} recorded

previously using quantitative flaB PCR, thus supporting

the use of the oppAl gene for B burgdorferi sensu lato

quantitation.” For all five blood specimens from patients

infected with the novel B burgdorferi sensu lato

genospecies, the number of genomes was estimated to

be 105-106 genome copies per mL. This number is

sirnilar to what has been reported for patients infected

with relapsing fever borreliae and 50-8000 times higher

than the blood specimens that tested positive for

B burgdorferi sensu stricto during the same time period.

The number of spirochaetes as estimated by both

microscopy and PCR in bloed from patients infected
with.the novel B burgdorferi senisu lato genospecies is

greater than previously estimated for Borrelia miyamotoi
{10210+ spirochaetes per mL of blood), a relapsing fever
borreliae reported to cause human illness in the USA,
Europe, and Russia.®® Whether this high spiro-
chaetaemia suggests a different tissue tropism for the
new B burgdorferi sensu lato genospecies is an important
question that needs to be further addressed; five of six
novel B burgdorferi sensu lato genospecies PCR positives
were blood specimens, whereas only 13 (13%} of the
102 B burgdorferi sensu stricto PCR positives detected
during the same time period were blood, and 81 (7994} of
102 samples were synovial fluids.

Patients infected with the novel B burgdorferi sensu lato
genospecies presented with differing clinical pre-
sentations when compared with patients infected with
B burgdorferi sensu stricto. At least two patients presented
with diffuse macular rash not typical of erythema
migrans, incduding one rash that might have involved

- the palms and soles. Four patients presented with nausea

or vorniting and-two with fever over 39°C, symptoms not
usually reported for Lyme borreliosis™*® but often
reported ainong patients infected with relapsing fever

‘borreliae® Similarly, three patients had symptoms

potentially consistent with neurological effects {confused
speech, profound sommnelence, visval difficulties) and
two were admitted to hospital.

wwwithelancet.com/Infection Published online February 5,206 http:/fdx.dol.orgf10.1016/51473-3095(15)00464-8

261




Articles

An important issue rajsed by identification of the novel
B burgdorferi sensu lato genospecies is whether existing
Iyme borreliosis diagnostic tests can detect infection
with this organism. The six patients described here wére
fortuitously detected during routine clinical testing,
because the diagnostic oppAl PCR used at Mayo Clinic
detects and differentiates B burgdorferi sensu lato
genospecies by melting temperature analysis. However,
it is unknown if diagnostde PCR assays specific for
B burgdotferi sensu stricto will detect the novel
genospecies. Regarding serology, the B burgdorferi sensu
stricto C6 BIA was positive in all four patients with
specimens obtained 3 days or more after onset of illness
and B burgdorferi sensu siricto IgM immmunoblots of
specimens obtained 6 to 32 days after onset were positive
for three patients. The B burgdorferi sensu stricto IgG
immmnoblot, however, was positive only for the patient
with more than 30 days of untreated illness. B burgdorferi
sensu stricto serclogy was negative for three specimens
drawn 1-3 days after onset of illness,

The patients” infections were probably acquired by the
bite of { scapularis, which transmits B burgdorferi sensu
stricto in the USA. Two patients recalled a tick bite before
illness and I scapularis that tested positive for the new
B burgdorferi sensu Jato genospecies were collected at two
Wisconsin locations, including one visited by two patients.
Prevalence of the novel species in tested [ scapularis ranged
from 0-6—4-9%. Non-detection of the new B burgdorferi
sensu lato genospecies in I scapularis collected in the

- midwestern USA during 2004-07 further suggests that it

might have recently emerged in this region.”*

Theé identification of a novel B burgdorferi sensu lato
genospedies causing Lyme borreliosis with substantially
elevated spirochactaemia and clinical features distinct
from other recognised B burgdorferi sensu lato
genospecies has important implications for accurate
diagnosis, treatmment and disease reporting. In view of
the differing dinical manifestations for patients infected
with the novel B burgdorferi sensu lato genospecies, it is
likely that Lyme borreliosis is not being considered——and
therefore not diagnosed—in some patients with this
infection. The clinical range of illness must be better
defined in additional patients to ensure that physicians
can recognise the infection and distinguish it from other
tick-borne infections. Many tick-Dorne pathogens have
global distribution, therefore studies are needed to
establish the geographic distribution of human beings
and ticks infected with the novel B burgdorferi sensu lato
genopecies. Finally, clinicians should be aware of the
potential role of app A1 PCR for diagnosing infection with
this novel pathogen.
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