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Acute Hepaﬁtis B After the Implementation of Universal

Vaccination in Italy: Results From 22 Years of Surveillance
(1993-2014)
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Collaborating Group®
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Milano, Italy

Background. Hepatitis B vaccination has proven to be very safe and highly effective. This study assessed the proportion of suc-
cessfully vaccinated individuals among cases with acute hepatitis B, the proportion of preventable cases if individuals were vaccinated
as recommended, and the reasons for failures.

Methods. 'We analyzed data reported to the Italian Surveillance System for Acute Viral Hepatitis from 1993 to 2014.

Results. A total of 362 of 11 311 (3.2%) cases with acute hepatitis B were vaccinated. Of the 277 cases for whom immunization
data were available, 50 (18%) received a complete vaccination course according to the correct schedule and before exposure to hep-
atitis B virus. Molecular characterization of 17 of these cases showed that 6 were infected with S- -gene mutants. Among the 10 949
unvaccinated cases, 213 (1.9%) escaped mandatory vaccination and 2821 (25.8%) were not vaccinated despite being at increased risk
of infection. Among the latter, the most common risk factors were cohabitation with hepatitis B surface antigen (HBsAg) carriers,
intravenous drug use, and homosexual/bisexual practices. Thirty-seven percent of the unvaccinated households with HBsAg carriers
were aware of their risk. Lack of trust in the vaccination, negative attituda, and inaccurate beliefs followed by lack of or poor com-
munication and low perceived severity of the disease were the most frequent reasons for vaccine hesitancy.

Conclusions. Development of acute disease in successfully vaccinated individuals is a rare event. Further efforts are needed to

enhance the vaccine coverage rate in individuals at increased risk of infection.

Keywords.

HBV; surveillance; hepatitis B vaccination; breakthrough infections; vaccination failure,

Hepatitis B virus (HBV) infection and HBV-related diseases are
a major public health issue worldwide. Currently about 240 mil-
lion people are estimated to be chronically infected with HBV,
and more than 780 000 individuals die each year due to hepati-
tis B complications, including cirrhosis and liver cancer [1].
Vaccination is the most effective and economically favorable
measure to control and prevent hepatitis B on a global scale
[2-4]. Italy is one of the first countries in the world to imple-
ment a vaccination policy, starting in 1983 with a program
targeted to individvals at increased risk of infection [5-6).
Vaccination became mandatory in 1991 for all infants and all
12-year-olds. This program also includes the mandatory screen-
ing of pregnant women for hepatitis B surface antigen (HBsAg)
in order to identify babies in need of treatrnent with hepatitis B
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. immune globulin and vaccine at birth, The program also in-

cludes recommendations for vaccination of groups at higher
risk of infection. At the end of 2003, those in the first infant co-
hort vaccinated in 1991 were age 12 years. Thus, the vaccination
of 12-year-olds was stopped, as all children at that age were cov-
ered, while the vaccination of infants was maintained. Because
of the Ttalian vaccination delivery system’s effectiveness and
public awareness of the disease, the take-up of vaccination
was rapid and reached a coverage rate of »95% within a few
years [7]. To maintain the highest possible coverage rate and,
in turn, guarantee an effective protection at a social level
through herd immunity, parents/legal guardians who miss vac-
cination are required to have their children vaccinated. Oppo-
nents to vaccination are invited to discuss their objections
with the staff of vaccination centers (medical doctors, trained
nurses) who encourage vaccination for the benefit of both indi-
viduals and the community at large. Noneligible children are
exonerated. Parents/legal guardians who choose to opt out de-
spite having been repeatedly invited are asked to sign a waiver.
As a consequence of this policy, approximately 20 million peo-
ple (34 birth cohorts) have been vaccinated against hepatitis B
with an outstanding record of safety and efficacy. This resulted
in a substantial decrease in the burden of disease, carrier rate,

1412 » CID 2016:62 (1 June) » Tosti et al
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and HBV -related morbidity and mortality [8, 9]. Despite this
success, there are still cases of acute hepatitis B that are reported
to the national surveillance system for acute viral hepatitis
(SEIEVA [Sistema Epidemiologico Integrato dell’Epatite Virale
Acuta], Istituto Superiore di Sanitd, Rome), even among indi-
viduals who have been vaccinated or who should have been vac-
cinated as they were eligible for vaccination.

Our aim in this study was to assess the proportion of success-
fully vaccinated individuals in cases with acute hepatitis B, the
proportion of cases that could have been avoided if fully and
timely vaccinated, and reasons of failures.

METHODS

National Surveillance System for Acute Viral Hepatitis ‘
SEIEVA is a national passive surveillance systern that is a sup-

plement to the Italian Official Surveillance System for Infectious-

Diseases. It was implemented in 1984 [10]; over 3 decades,
SEIEVA has included a network of ltalian local health units
(LHUs), covering a mean of 60% of the Italian population {(ap-
proximately 36 million people). As described by Tosti et al {11}
and according to the ongoing protocol, clinical acute cases are
reported by physicians in charge of the diagnosis to the pertain-
ing LHU. Participation is voluntary. Demographic, clinical, ep-
idemiological, and laboratory data as well as information on risk
factors and hepatitis B vaccination status are collected and
maintained in a dedicated database. Information about vaceina-
tion schedule {timing, number of doses, and type of vaccine ad-
ministered} is further confirmed for each case by reviewing the
vaccination registries of the LHUs. All SEIEVA information can
be found on their website (www.iss.it/seieval),

Study Design and Population
This was a retrospective descriptive study of acute hepatitis B
cases reported to SEIEVA between 1993 and 2014, Within the
SEIEVA surveillance system, the definition of an acute hepatitis
B case is based on clinical and serological criteria including
acute symptoms consistent with viral hepatitis, significant
{more than 10-fold) increase in serum alanine amino transfer-
ase (ALT), immunoglobulin M anti-HBc antibody positivity.
Cases with a previous hepatitis B vaccination were analyzed
to assess whether they were properly vaccinated. For the pur-
poses of this study, a properly vaccinated case was defined as
a diagnosis of acute hepatitis B (clinical breakthrough) in an in-
dividual who had been previously immunized according to our
nationally recommended schedule of vaccination (3 doses given
at 3, 5, and 11 months of age in infants and at 0, 3, and 6 months
in children and adults) and had symptom onset at least 6
months (maximum incubation period) after completing a full
vaccination course. This definition of HBV breakthrough does
not take into account whether the vaccine recipient developed 2
post-vaccination immune response (anti-HBs antibody >10
mIU/mL as measured 1-3 months after administration of the

last dose of the initial series), since post-vaccination testing is
not routinely performed in Italy.

All cases with missing information on hepatitis B vaccination
status were excluded from the analysis. Moreover, unvaccinated
cases were studied to determine whether they belonged to high-
risk groups or to groups for which vaccination is mandatory. To
gather information about missing vaccinations, an ad hoc ques-
tionnaire was administered to households with HBsAg chronic
carriers who were aware of the chronic infectious status of their
relatives and acquired acute disease.

All data were anonymously analyzed in accordance with Ital-
ian privacy legislation, '

Virological Tesiing

Molecular characterization of the specific viral strain causing
hepatitis was possible in only a few cases. In particular, the am-
plification of the § gene of HBV DNA was performed in sera
collected during the course of acute hepatitis B. Then, the
HBV genotypes and the presence of mutations in the “a” deter-
minant, that is, the neutralizing epitope within the major

hydrophilic region of the HBsAg, were determined by direct
sequence analysis [12).

Statistical Analyses
Pearson % test or Fisher exact test, when necessary, were used to
assess differences in discrete characteristics between groups,

12472
Cases of acute hepatitis B ;
reported to SEIEVA {1993-2014) |

1

11 311 {50.7%)
: Cases included In the study
1
— —_—
10949 {96,8%) | 362 (2.2%)
Unvaceinated | ' Vactinated
e
‘ I
©o23(ew) 11 a2sa1(zsew) |
' Escaped | Novacclnatien %
{ mandatory | | despite | 277 (75.5%)
. vaccinstion ;' recommendation | | Full Information of their _
| vaccination status available
3
227 (819%) | 50 (18.1%)
3 Not properly vaccinated i i Properly vaccinated
17 (34%)
Tested for HBV DNA |
—
——— b
| afzasw 13 (76.5%)
, HBV DNA negative | REV DNA posityve
- —_—
P 7(sam) i i 6(a6.2%)
‘ RBV $-gene | HBYS-gene

. wild type i mutants

Figure 1. Study design. Abbraviations: HBV, hepatitis B virus; SEIEVA, Sistema
Epidemiologico Integrato dell'Epatite Virale Acuta.
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such as vaccinated/unvaccinated cases, geographical areas, and
year of diagnosis. The Kruskal-Wallis test was used to investi-
gate the significance of by-group differences in continuous
variables.

Pvalues <.05 were considered statistically significant. All stat-
istical procedures were performed using the STATA statistical
package, version 13.1.

RESULTS

As shown in Figure 1, 12 472 cases of acute hepatitis B were re-
ported to SEIEVA between 1993 and 2014. Information on hep-
atitis B vaccination status was available for 11 311 (90.7%) cases,
which were included in the study population. The median age
was 36 years {range, 0-100) and 74.9% were males, During this
period, the median age of individuals with hepatitis B signifi-
cantly rose from 26 years in 1993 to 46 years in 2014 (P < .001).

Within the study population, 362 cases (3.2%) occurred in in-
dividuals who had received at least 1 dose of vaccine. The yearly
percentage of cases in vaccinated individuals did not signifi-
cantly change during the stndy period. Complete information
on vaccination history (ie, number of doses of vaccine adminis-
tered, time between doses) was available for 277 (76.5%) vacci-
nees. In most of these (n = 227; 81.9%), the vaccination schedule
was not completed properly. Vaccine was administered post-
exposure in 151 cases, with a median time lapse between vacci-
nation and onset of disease of 31 days (range, 5-175). Moreaver,
40 individuals were administered an incomplete schedule
(24 received 1 dose, 16 received 2 doses), and 36 individuals
received 3 doses but with an incorrect interval between them
(1 individual received the second dose 25 months after the

first dose and 35 individuals had a median span of 19 months

[range, 16-41} between the second and the third doses).

Table 1.
and Clinical and Biochemical Parameters

Gomparison Between Properly Vaccinated Cases and Unvacclnazed Cases, by Demographic Characteristics, Risk Factors, Hospitalization Rate,

Properly Vaccinated

Unvaceinated
Cases Cases
N=50 N=10849
Characteristic N % N % PValue®
Gender o
Male 37 74.0 8176 75.2 ns
Female 13 26.0. 2703 24,8
Age (y}
0-14 B 10.0 109 1.0 <001
15-24 13 26.0 1562 14.3
25-34 13 26.0 3377 3.0
35-54 17 34.0 4217 387
=85 2 40 1632 15,0
‘Risk factor® '
Infravenous drug use 10 204 1133 10.6° 035
Nosocomial exposure® B 16.0 1863 171 ns
Parentéral exposure® . 15 306 des 32,1 ns
Deatal therapy 16 327 3312 30.8 ns
Halisshdld Hepatitis B surface antigsn + B 2186 - 871 104 026
»2 sexual partner 7 22,6 2190 277 ns
Unigaie sexual praciices® 7 17,7 ‘2075 208 ns
Clinical characieristics and fiver function tests
Hospitalization 43 86.0 101786 935 042
Jaundice 42 84.0 9238 ' B5.2 ns
Aspartate amino transferase: mean (SD)- 1080 {812) 1453 {1669). 038
Alanire amnino transferase: mean {SD) 1730 (1213} 2367 (1376) 011
Total itifuiin: mean {SD) 83 6.7 Moty 087
Direct bilirubin: msan {SD) 10.0 {20.0) 9.0 10.1) ns
. Internatioriat Nonvialized Rétio: meé (SD) 1.2{0.7) TG L. ns

Data from SEIEVA (Sistama Epidemiologico intagrato dell'Epatits Virale Acuta) 19832044,
Ahbreviations: ns, not statistically significant; D, standard deviation.

* Ohtained using Mann-Whitney test for continuous variables and 2 test {ar Fisher exact tesy for discrete characteristics.

b Each casa may raport more than 1 risk factor,

* Hospitalization, hamadialysis, surgical intervention, endoscopy, blood transfusion.

9 Piarcing, tattoging, acupuncture, manicurist/chiropodist attandance, barbershop shaving.
© Condom use (occasional/never vs always] during cccasional sexual intarcourses,
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Table 2. Molecular Characteristics of § Cases of Acute Hepatitis B in

Individuals Properly Vaccinated and infected With Mutant Hepatitis B
Virises

Case Number HBV Genotype Mutation Anti-HBs
1 D ‘ G145R =10 miUjmL
2 F TH18K 210 miU/mL
3 F Ti26A 210 miUfmb
4 D 0129H Negative

5 D DA44E Negativa

5 8 T143M Negative

Abbreviation: HBY, hepatitis B virus,

The remaining 50 (18.1%) individuals {74% males; median age
30 years, range, 2-79 years) developed acute hepatitis B after a
median of 7.5 years {range, 223 days~21.5 years), despite having
been given a full course of vaccination according to the correct

_ schedule and before exposure to HBV. These cases were uni-
formly distributed throughout the observation period, Table 1
shows a comparison of demographic characteristics, risk fac-
tors, clinical characteristics, and liver function tests between
correctly vaccinated and unvaccinated cases. Vaccinated indi-
viduals were significantly younger, less frequently hospitalized,
and had lower levels of ALT and aspartate amino transferase
compared with unvaccinated cases. The percentage of intrave-
nous drug users (IVDUs) and households with HBsAg chronic
carriers was significantly higher among vaccinated than among
unvaccinated individuals.

Molecular characterization was performed on sera collected
from 17 of the 50 (34%) individuals who were successfully vac-
cinated and showed that 13 of them were HBV-DNA positive,
Genotype F was found in 5 cases, genotype D in 4 cases, and

genotype A in 2 cases, while genotypes B and E were found
in 1 case each. Sequence analysis of the viral “a” determinant
showed that 7 of these cases were infected with wild-type
HBV, while 6 cases carried S-gene mutations (Table 2). Three
of the 6 cases infected with mutant viruses had cocircu-
lating seroprotective concentrations of anti-HBs antibody
(210 mIU/mL).

During the study period, 10949 cases of acute hepatitis B in
unvaccinated individuals were reported to SEIEVA (Figure 1),
Of these, 213 (1.9%) escaped mandatory vaccination. Their dis-
tribution showed a significant geographical gradient, with 1.2%
and 1.7% in northern and central Italy, respectively, compared
with 4.4% in southern Italy (P <.001). A total of 187 (87.8%) of
213 cases escaped mandatory vaccination as adolescents and
26 (12.2%) escaped as infants.

Acute hepatitis B was diagnosed in 2821 (25.8%) cases who
were at increased risk of exposure to HBV and for whom hep-
atitis B vaccination was strongly recommended and offered free
of charge. The trend of these cases showed a significant yearly
decrease (150-250 cases/year in 1993-2001 vs 40-60 cases/year in
2010-2014; P <.001). As shown in Figure 2, most of the 2821 cases
that were in high-risk groups were IVDUs (n = 1047; 37.1%), in-
cluding 135 (12.9%) who referred to centers for the treatment of
addictions, 843 (29.9%) households with HBsAg chronic carriers,
and 800 (28.4%) homosexual/bisexual men. Among the house-
holds with HBsAg chronic carriers, 310 (36.8%) were aware of
his/her relative’s infectious status. SEIEVA collected information
about the reasons for missed vaccination from 285 of these 310
(91.9%) cases. As shown in Table 3, the main reasons were lack
of trust in the vaccination, negative attitude, and inaccurate beliefs
(67.7%) followed by lack of or poor communication {10.5%) and
low perceived severity of the disease.

i
Hemodialysis I 23 (0.8%)

Healthcare wotker - 108 (3.B%)

i
VDU

L 1

1047 (37.1%)

| l

o 200 400

600 a0a 1000 1200

Figure 2.  Indication for vaccination in 2821 unvaccinated individuals with acute hepatitis B belonging to high-risk troup, Abhreviations: HBsAg, hepatitis B surface antigen;

VDU, intravenous drug users.
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Table 3. Reasons for Nonvaccination Ameng Households With Hepatitis

B Surface Antigen Chronic Garriers Wha Were Aware of Their Relative's
Infective Status

. - Numbar of

Reason for Nenvaccination . Cases %
Lack of trust in t_ﬁ_é Q'a_cé:inatiqn,-_ nééatiye a't't'itucig. 193 87.7

ahd inaccurate beliefs

Lack of or poor communication 30 10.5
Ldiw perceived severity of the disease 25 a8
Duubts about the vaccine's efficacy 24 84
Fear of side effects i3 45
Total ' ' 285 100.0

Data from SEIEVA {Sistema Epidsmiclogice Integrato dell'Epatite Virsle Acuta) 1993-2014,

DISCUSSION

Viral hepatitis B is a vaccine-preventable disease. According to
World Health Organization recommendations, more than 183
countries have implemented hepatitis B vaccination into their na-
tional childhood immunization programs [1). Evidence shows
that after completing a routine 3-dose schedule of vaccination, se-
roconversion to protective concentrations (=10 mIU/mL) of anti-
HBs is reached in more than 55% of healthy vaccine recipients,
and that protection lasts more than 15~20 years after vaccination,
with no need for booster doses [13-17]. The introduction of hep-
atitis B vaccine led to a global decrease in the incidence of disease,
HBV carrier rate, and HBV-related mortality due to cirrhosis or
hepatocellular carcinoma (HCC). In Taiwan, after the implemen-
tation of universal hepatitis B vaccination in 1984, the HBsAg
seropositive rate in children decreased from 10% to 0.9% in
2012 [18]. Concurrent with this decrease, a significant reduction
was observed in the incidence of HCC among children and teen-
agers, indicating that the hepatitis B vaccine was the first vaccine
used for a major human cancer {19, 20]. Similar results have been
achieved in other previously hyperendemic locations such as
Alaska, Gambia, China, and South Africa [21-24]. In Italy,
where the vaccination of individuals at increased risk of HBV ex-
posure started in 1983 and universal vaccination started in 1991,
data from SEIEVA show a substantial decline in the overall inci-
‘dence of acute hepatitis B from 5 per 100 000 inhabitants in 1990
to <0.8 in 2014 [25)]. The decrease was even more evident in in-
dividuals aged 15-24 years and in those aged 0-14 years in whom
morbidity rates (per 100 000) decreased, in the same peried, from
17 to 0.3 {98% decrease) and from 1 to 0.03 (97% decrease), re-
spectively. Moreover, the prevalence of HBV markers also sub-
stantially decreased in children and young adults after
vaccination 8, 9], A further benefit, due to the biological depen-
dence of hepatitis delta virus from HBV, was that hepatitis delta
also decreased significantly in Italy as a consequence of the imple-
mentation of hepatitis B vaccination {26-28],

Some long-term studies have documented HBV breakthrough,
proven by seroconversion to anti-HBc antibody, while virtually
no clinical disease or carriage has been reported to date [29, 30].

Between 1993 and 2014, 96.8% of the 11 311 cases reported to
SEIEVA and included in this study occurred in unvaccinated
indivichials; in the remaining 362 (3.2%) cases, acute disease oc-
curred in those who were administered at least 1 dose'of vaccine.

Complete information on vaccination status was collected for

277 of the 362 (75%) vaccinated individuals, showing that
only 50 cases out of 227 (18.1%) had received a full primary
course of vaccination according to the proper schedule and
before exposure to FIBV. Recalculation of the 18.1% of the
total 362 cases in vaccinated individuals results in an estimated
66 breakthrough cases (correctly vaccinated before exposure)
reported over a 22-year period to SEIEVA. Considering that
during the period of surveillance, SEIEVA covered a mean of
60% of the entire Italian population (approximately 60 miilion),
we estimate that 5 vaccination failures could occur in Italy each
year. This ¢learly indicates that breakthrough infections are rare
in Italy, where approximately 20 million individuals, or one
third of the entire population, have been vaccinated. In this con-
text, the herd immunity that is secondary to the large number
of vaccinated individuals may have played a crucial role in the
control and prevention of hepatitis B. '

Correctly vaccinated cases were younger, hospitalized less
frequently, and had lower ALT values than those who were
not vaccinated. This could suggest some effect of vaccination
in slowing the natural course of the disease, but this inter-
pretation needs further confirmation. The most common risk
factors identified among fully vaccinated individuals included
intravenous drug use and a household contact with an HBsAg
carrier; however, the reason for this association needs to be
further investigated. The molecular characterization of the sam-
ples collected from 13 of the vaccinated individuals with break-
through infection who were HBV-DNA positive showed that 7
of them were infected with HBV wild-type and 6 with S-gene
mutants potentially able to evade the vaccine-induced immuni-
ty. Three of these cases developed acute hepatitis B despite the
presence of protective levels of anti-FHBs {> 10 mIU/mL), It has
been reported that vaccination based on recombinant HBsAg
from HBV genotypes A and D (the vaccines currently used
worldwide) may be less effective toward genotypes E and
F since they display marked differences from the other geno-
types in the “a” determinant domain toward which neutralizing
{protective) antibodies are largely targeted {31]. The fact that
6 (46.2%) cases of breakthrough infection were caused by
genotype F {n=5) or genotype B (n=1), which are both
quite rare in Italy, is intriguing even though is important to
say that in Gambia, where genotype E is predominant [32],
and in Alaska, where genotype F is highly diffused [33], vacci-
nation had great success.

Despite the high coverage rate achieved over time in Italy,
cases of acute hepatitis B continue to be reported among indi-
viduals who should have been vaccinated but were not, includ-
ing a number of cases (213; 1.9%) who escaped mandatory
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vaccination. The majority of these (87.8%) were adolescents,
meost of whom lived in southern Italy.

In 25.8% of unvaccinated cases, acute hepatitis B was diag-
nosed in individuals at increased risk of exposure to HBV for
whom hepatitis B vaccination is strongly recommended and
offered free of charge. Grouping those who escaped mandatory
vaccination with those who were not vaccinated despite being at
high risk of infection, the disease could have been prevented
in 27.7% (3034 of 10 949) of cases if duly vaccinated. However,
the frend of such cases showed a significant yearly decrease
(150-250 cases/year in 1993-2001 vs 40-60 cases/year in
2010-2014; P <.001), attributable to an increase in the propor-
tion of vaccinated individuals and possibly to an increasing
herd immunity effect.

Cohabitation with chronic HBsAg carriers, IVDU, and
homosexual/bisexuval practices were the major risk factors asso-
ciated with acute hepatitis B. Here, we report an alarming num-
ber of missed opportunities for immunization in 13% of IVDUs
who were being seen at treatment centers before the onset of
acute hepatitis and in at least 37% of households with HBsAg
carriers who were not vaccinated despite being aware of the
condition of their cohabitant(s). For this latter group, data col-
lected using an ad hoc questionnaire showed that lack of trust in
the vaccination, negative attitude, and inaccurate beliefs
followed by lack of or poor communication and low perceived
severity of the disease were the most frequent reasons for
vaccine hesitancy.

In conclusion, data from this study show that the Italian pro-
gram of vaccination resulted in substantial progress toward the
prevention and control of hepatitis B infection. Cases of acute
hepatitis B reported in successfully vaccinated individuals are
currently infrequent and rarely caused by vaccine-escape §
gene viral mutants. Further efforts to achieve and maintain a
high levet of public confidence in the safety and efficacy of hep-
atitis B vaccination are essential to reaching high coverage rates,
especially among individuals at increased risk of HBV infection,

A limitation of this study is that SEIEVA does not collect data
on the follow-up of vaccinated individuals with hepatitis B, thus
missing the opportunity to determine whether, in case of infec-
tion, vaccination can protect against the development of a chron-
fc carrier state. However, since the risk of becoming a chronic
carrier is known to be largely age dependent, with a higher fre-
quency in younger individuals compared with adults {34], the
fact that the median age of our cases increased from 26 years
in 1993 to 46 years in 2014 is reassuring. The vaccine-induced
shifting of infection to those who are older, in fact, favors a reduc-

tion in the rate of infected individuals who can develop a chronic

carrier state. Further studies are needed to better clarify this issue.
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Summary

What is already known about this topic?

lllicit injection drug use is a risk factor for hepatitis C virus (HCV) infection; recent increases
in injection drug use and increases in incidence of HCV infection among young persons have
been observed in the United States.

What is added by this report?
During 2011-2014, increased rates of HCV detection (antibody or RNA positivity) among

women of childbearing age and HCV testing (antibody or RNA) amaong children aged <2
years were observed both nationally and for Kentucky (22% and 14%, nationally; >200%
and 151%, Kentucky), During the same period, birth certificate data showed the proportion
of infants born to HCV-infected mothers increased 68% nationally and 124% in Kentucky.

What are the implications for public health practice?
Increased HCV testing of pregnant women, harmonized testing guidelines for children born

to HCV-infected women, and adoption of a standardized perinatal HCV case definition
might improve early identification of infants born to HCV-infected women and subsequent
linkage of the mother and infant to care and treatment to prevent HCV-related sequelae.

Hepatitis C virus (HCV) infection is a leading cause of liver-related morbidity and mortality ( 7).
Transmission of HCV is primarily via parenteral blood exposure, and HCV can be transmitted
vertically from mother to child. Vertical transmission occurs in 5.8% (95% confidence interval =
4.2%-7.8%) of infants born to women who are infected 6n]y'with HCV and in up to twice as many
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infants born to women who are also infected with human immunadeficiency virus (HIV) (2) or
who have high HCV viral loads (34); there is currently no recommended intervention to prevent
transmission df infection from mother to child (3. Increased reported incidence of HCV
infection among persons aged <30 years (5,6) with similar increases among women and men in
this age group (4), raises concern about increases in the number of pregnant women with HCV
infection, and in the number of infants who could be exposed to HCV at birth. Data from one
large commercial laboratory and birth certificate data were used to investigate trends in HCV
detection among women of childbearing age,* HCV testing among children aged <2 years, and
the proportions of infants born to HCV-infected women nationally and in Kentucky, the state
with the highest incidence of acute HCV infection during 2011-2014 (4). During 2011-2014,
commercial laboratory data indicated that national rates of HCV detection {antibody or RNA
positivity) among women of childbearing age increased 22%, and HCV testing (antibody or
RNA) among children aged <2 years increased 14%; birth certificate data indicated that the
proportion of infants horn to HCV-infected mothers increased 68%, from 0.19% t0 0.32%.
During the same time in Kentucky, the HCV detection rate among women of childbearing age
increased >200%, HCV testing among children aged <2 years increased 151%, and the
proportion of infants born to HCV-infected women increased 124%, from 0.71% to 1.59%.
Increases in the rate of HCV detection among women of childbearing age suggest a potential risk
for vertical transmission of HCV. These findings highlight the importance of following current
CDC recommendations to identify, counsel, and test persons at risk for HCV infection (2,7},
including pregnant women, as well as consider developing public health policies for routine HCV
testing of pregnant women, and expanding current policies for testing and monitoring children
born to HCV-infected women. Expansion of HCV reporting and surveillance requirements will
enhance case identification and prevention strategies.

In the United States, incidence of HCV infection has been increasing in young persons, including
women of childbearing age, particularly in rural areas such as Appalachia (5,6). Although acute
HCV infection, as defined by the Council of State and Territorial Epidemiologists f is a notifiable
condition and reportable to the health department in almost all states,” persons with acute HCV
infection account for a small fraction of persons with newly diagnosed HCV infection; most new
diagnoses are among persons with HCV infection of unknown duration. Because reporting of all
cases of HCV infection is not mandated in many states, a substantial proportion of HCV-infected
women of childbearing age, including pregnant women, are likely not reported in routine state-
based surveillance systems. Commercial laboratory data and birth certificate data provide
additional sources of information to supplement HCV surveillance data.

To evaluate HCV infection among women of childbearing age and the potential for mother-to-
child transmission of HCV, trends in HCV detection (defined as HCV antibody or RNA positivity)
in women of childbearing age and HCV testing (antibody or RNA} among children aged <2 years
from 2011-2014 were assessed nationally and for Kentucky using commercial laboratory data
from Quest Diagnostics (Quest). Detection of HCV infection among infants was not evaluated
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because 1) the exact infant dates of birth to allow discrimination between maternal and infant
HCV antibody were not available, and 2) very few infants had RNA testing to detect current
HCV infection. Trends in proportions of infants born to HCV-infected women were assessed
using birth certificate data from the National Center for Health Statistics. Maternal HCV
infection status on birth certificates is obtained from the prenatal record, labor and delivery
admission form, admission history and physical examination, or delivery record; maternal HCV
diagnosis is recorded on the birth certificate if HCV infection is present at pregnancy diagnosis
or if HCV infection is confirmed during pregnancy with a positive test for HCV (8). Demographic
characteristics of HCV antibody-positive pregnant women reported to the Kentucky
Department for Public Health (KDPH) during 2011-2014 were also examined. These data were
collected as part of routine acute HCV surveillance, and during December 2013-December
2014, were enhanced by a KDPH request for voluntary reporting of all cases of HCV infection
identified among pregnant women and infants.

The annual HCV detection rate among women of childbearing age tested by Quest was
calculated as cases of HCV detection per 100,000 women of childbearing age served by the
laboratory (i.e., women of childbearing age who received a laboratory test for any reason), Quest
data were also used to calculate the annual HCV testing rate per 100,000 children aged <2 years .
served by Quest. The proportion of infants born to HCV-infected mothers was calculated using
birth certificate data.

During 2011-2014, the national rate of HCV detection among women of childbearing age
served by Quest increased 22%, from 139 to 169 per 100,000, and the rate of HCV testing
among children aged 52 years served by Quest increased 14%, from 3100 353 per 100,000
(Eigure 1). During this time, the proportion of infants born to HCV-infected women nationally
increased 68%, from one in 536 {0.19%) to one in 308 {0.32%) (Figure 2). During the same time,
the rate of HCV detection among women of childbearing age in Kentucky increased 213%, from
275 to 862 per 100,000, and the rate of HCV testing among children aged <2 years increased
151%, from 403 to 1,011 per 100,000 (Figure 1). In addition, the proportion of infants born to
HCV-infected women increased 124%, from one in 142 (0.71%) to one in 63 (1.59%) {Figure 2).
During 2011-2014, HCV case reporting to KDPH identified 777 pregnant women with HCV
antibody positivity; 527 (68%) were aged 20-29 years, 218 (28%) were aged 30-39 years, 653
(84%) were non-Hispanic white, and 293 (38%) reported past or current injection drug use,

Discussion ' ~Top

The national increases in HCV detection among women of childbearing age, HCV testing among
infants, and the proportion of infants born to HCV-infected mothers suggest increased risk for
mother-ta-child transmission of HCV. This risk might be higher in certain areas of the United
States, as illustrated by the findings in this report for Kentucky, which might be related to
increasing illicit injecfion drug use (5). KDPH surveillance data for pregnant women are also
consistent with demographic patterns of HCV incidence overall in Kentucky and nationally {4).
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Many opportunities to improve identification and monitoring of HCV infection among women of
childbearing age and infants exist. CDC recommends HCV testing for persons with a history of
injection drug use and others at risk, including persons infected with HIV and persons with
recognized exposures (e.g., health care workers after needle sticks or mucosal exposure to HCV-
positive blood) (Z,7. It is important that providers assess women of childbearing age, particularly
pregnant women, for HCV risk and test accordingly. CDC also recommends HCV testing of
children born to HCV-infected women ( Z, 7. Several organizations have published guidelines on
HCV testing of children,** but harmonization is needed to ensure that all women who are '
pregnant or planning pregnancy and all infants born to HCV-infected women are appropriately
tested and linked to care if they are infected.

The potential for mother-to-child transmission of HCV has prompted some jurisdictions to
consider changes in HCV case identification strategies and reporting policies. For example, the
Philadelphia Department of Public Health recently demonstrated improved identification of
infants born to HCV-infected mothers by cross-matching maternal information (including
mother's name and date of birth) on birth certificates to woemen in HCV surveillance registries
(£). In 2015, Kentucky mandated reporting of all HCV-infected pregnant women and children
through age 60 months, as well as all infants born to all HCV-infected women.t Development of
national reporting criteria to include a case definition for perinatal HCV infection could
standardize reporting across states. Reporting pregnancy status as part of HCV laboratory-
based surveillance would also facilitate case identification. Improved surveillance can inform
HCV screening and testing recommendations for pregnant women. Furthermore, thereis an
opportunity to detect HCV infection through routine HCV testing of infants identified as having
perinatal exposure to illicit drugs, or neonatal abstinence syndrome, and their mothers; this
could enhance HCV case identification as suggested by the large proportion of HCV antibody-
positive pregnant women in Kentucky who report injecting illicit drugs.

The findings in this report are subject to at least four limitations. First, incomplete information
on pregnancy status on case report forms used for surveillance in Kentucky and maternal HCV
infection status on birth certificates might underestimate rates of infants born to HCV-infected
mothers. Second, identifying cases of HCV-~infected persons, including pregnant women, relies
on completeness of reporting; therefore, the data from KDPH are likely underestimates. Third,
laboratory data were limited to a single commercial [aboratory and thus might not represent the
United States and Kentucky populations. Finally, HCV-infected mothers cannot be linked to
their children using laboratory data, and information on children’s age in the laboratory data are
- limited, making it difficult to determine whether children are appropriately tested and have
current infection; thus, HCV detection rates among children aged <2 years were not included in

this report.

These findings underscore the importance of providing primary prevention services (A and
following current recommendations to identify persons at risk for HCV infection and test
accordingly; doing so among pregnant women would improve early identification of HCV-
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infected infants and linkage of the mother and infant to care and treatment. Furthermore,
identifying HCV-infected women of childbearing age before pregnancy, with linkage to care,
treatment, and cure, would avoid HCV infection during pregnancy and pre\)ent mother-to-child
transmission. Expanding current and developing new public health policies to increase HCV
detection among women of childbeéring agé (especially pregnant women) and infants should be
considered; however, additional data are needed to better assess HCV prevalence among
pregnant women and their infants and investigate options for perinatal prevention, care, and
treatment.
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* HCV detection rates were calculated as number of females aged 15-44 years who received a
positive HCV antibody and/or RNA result per 100,000 females aged 15-44 years served by
Quest Diagnostics (i.e., received a laboratory test for any reason) by area of residence. HCV
testing rates among children were calculated as number of children aged <2 years who received
a test for HCV antibody and/or RNA per 100,000 children aged <2 years served by Quest
Diagnostics by area of residence.

Source: Quest Diagnostics laboratory data.

FIGURE 2. Proportion* of infants born to hepatitis C virus {HCV)-infected Re.'EEirli)\ Top
woment — United States and Kentucky, 2011-2014
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Clinical Infactious Diseases

CORRESPONDENCE

1solation of Hepatitis E Virus
From Breast Milk During Acute
Infection

To THE Emitor—Hepatitis E virus {HEV)
is the world’s major cause of acute viral
hepatitis [1]. The main routes of trans-
mission are the consumption of water
contaminated by enterically excreted
HEV (genotypes I and 2) and of the food
of infected animals (genotypes 3 and 4)
[2, 31. During pregnancy, HEV transmis-
sion can be transplacental, increasing the
risk of abortions and stillbirths, and of
liver necrosis and deaths in newborns
14, 5). Nevertheless, the presence of the
virus in breast milk as a potential route of
transmission has not been evaluated.

A 34.year-old woman, with no history of
alcoholism or liver disease, presented in our
hospital with low-grade fever, fatigue, and
loss of appetite over 2 weeks. She had a
serum aspartate aminotransferase (AST)
value of 126 U/L and alanine AST value of
164 U/L. Immunoglobulin (Ig) M anti-hep-
atitis Avirus, hepatitis B surfaceantigen, IgM
anti~hepatitis B core, anti-hepatitis C virus,
IgM anti-Epstein-Barr virus, IgM/IgG anti-
cytomegalovirus, IgM/IgG anti- HEV, hepa-
‘titis B virus DINA, and hepatitis Cvirus RNA
tested negative, whereas HEV RN Awas pos-
itive with a quantitative viral load of 31 324
IU/mL. A diagnosis of acute HEV infection

-was made and the patient was managed con-

servatively. Two weeks later, IgG anti-HEV
was positive. The patient was asyrptornatic
and the metabolic parameters gradually im-
proved, returning to normal over the follow-
ing 4 weeks.

'Fhe patient was a breastfeeding mother
of a boy of 18 months. After acute HEV
infection was diagnosed, breastfeeding
was interrupted. Breast milk was collected
in disposable plastic labware, centrifuged
to obtain milk plasma, and tested in du-
plicate for HEV RNA using 2 PCR assays.
Analysis of samples collected simultane-
ously revealed the presence of HEV RNA
in breast milk, showing a similar titer to

JRC2016T-019

BIDSA

Infectiour Direases Soriety of America hiv medicine ossociohon
Table 1. Hepatitis E Virus Concentrations in Blood-and Breast Milk at Different Time-points

Sample 22 October 2015

9 Novernber 2015 30 Novemnber 2015 18 December 2015
Blood 31324 Il.,!/rr{ L 2130 1U/mL 670 IUfmlL Negative
Milk . 1930 IL/mL 500 (U/mL Negative

For viral quantification, 1otal viral ANA was isofated from 200 pL of serum and 200 yl of milk plasma using the QlAamp Mini
Elute Virus Spin Kit (Qiagen, Hilden, Germany), Prasence ¢f the virus was detarmined by reverse transcription polymerase
chain reaction using the LightCyeler 480 instrument (Roche Diagnostics, France}. The Word Health Organization standard

strain for hepatitis E virus RNA (Paul-Ehrlich-Institut code 8329/10) was used to quantify the virus,

the serum (Table 1). HEV RNA was mon-
itored in serum and breast milk, During
follow-up, milk and serum showed simi-
lar HEV RNA titers and time-points for
viral clearance (Table 1).

Our study constitutes the first isolation
of HEV in breast mitk during the acute
phase of infection. Our data suggest that
breastfeeding could be a potential route of
HEV transmission from mother to child,
Studies should be performed evaluating
the viral infectious dose and infectious ef-
ficiency of this way of transmission. In the
absence of such data, however, the inter-
ruption of breastfeeding should be consid-
ered in women infected with HEV.
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DONOR INFECTIOUS DISEASE TESTING

Incidence and duration of hepatitis E virus infection in Dutch
blood donors

Boris M. Hogema,"? Michel Molier,” Margret Sjerps,® Mirjam de Waal? Peter van Swieten,?
Thijs van de Laar,™? Marijke Molenaar-de Backer,? and Hans L. Zaaijer™®

BACKGROUND: The incidence of hepatitis E virus .
(HEV) infection in the Netherlands is high. Blood donors
are not routinely screened for HEV infection, but since
January 2013, donations used for the production of
solvent/detergent (S/D)-trealed plasma have been
screened for HEV RNA.
STUDY DESIGN AND METHODS: Donations were
screened for HEV RNA in pools of 96 and 192 donations.
In addition, all donations made between 60 days before
and after each HEV RNA-positive donation were tested
individually for HEV RNA and anti-HEV immunoglobulin
G.

© RESULTS: The screening of 59,474 donations beiween
January 2013 and December 2014 resulted in
identification of 456 HEV RNA-positive donations
(0.076%) fram 41 donors. HEV RNA loads ranged from
8010 2.3 x 10% IU/mL. The number of positive donations
increased significantly over time {p = 0.03). Thirty-three
of 90 donations made up to 60 days before or after HEV
RNA-positive donations were positive when tested
individually, while they had not been detected in the pool
screening. The mean duration of HEV viremia in the
heaithy blood donor is estimated to be 68 days.
GCONCLUSION: The incidence of HEV infection in the
Netherlands is high and increased during the study
period. In<2013 and 2014, HEV RNA was detected in 1
per 762 donations intended for production of S/D plasma.
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n the Western world, hepatitis E was traditionally

seen as a traveler’s disease.! More recently it became

clear that autochthonous infection with hepatitis E

virug (HEV) Genotype 3 occurs frequently, Most HEV
Genotype 3 infections are asymptomatic or cause minor
acute illness. In immunosuppressed patients infection
may become chronic resulting in rapidly progressing liver
fibrosis and cirrhosis.! In the Netherlands, the HEV sero-
prevalence among blood donors is 27% and strongly
increases with age.” Testing of 40,173 recent donations in
pools of 48 and 480 resulted in the identification of 13
HEV RNA-positive donations.®> The incidence of HEV
infection was estimated to be 1.1% per year, based on the
number of sexoconversions among blood donors between
2009 and 2011.2 HEV is highly resistant to inactivation and
transfusion-transmitted HEV infection has been observed
in various countries.®* A recent study showed that in
Southeast England, transmission of HEV via transfusion
occurs regularly. HEV ENA was detected in 0.04% of the
donations tested, and 42% of the HEV RNA-positive blood
products used for transfusion caused HEV transmission to
the recipient. Overall, approximately 1 in 6800 compo-
nents transfused caused transmission. Clinical symptoms
in infected recipients were rare.® Given the high incidence

ABBREVIATION: LLD{s) = lower limit(s) of detection.
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of HEV infection in donors, testing of blood and plasma
donations is currently being considered. One of the prod-
ucts for which testing seems the most urgent is solvent/
detergent (S/D)-treated plasma. Due to the small produc-
tion pools and the limited inactivation of HEV by $/D
treatment, one highly viremic donor could potentially
infect hundreds of recipients. A recent retrospective study
from Canada showed probable transmission by pooled S/
D-treated plasma between 2001 and 2003.° S/D-treated
plasma was not screened for HEV, and two of 17 throm-
botic thrombocytopenic purpura patients who received 20
to 40 L of plasma seroconverted for anti-HEV immuno-
globulin (Ig)G within 6 months after “wansfusion,” and
both were HEV RNA positive within 1 month of treatment.
In contrast, none of the 19 patients from the control group
{treated with cryosupernatant plasma from individual
donors) showed evidence of HEV infection.®
As of January 2015, testing of S/D production pools
for HEV RNA is a requirement of the European Pharmaco-
poeia. In the Netherlands, fresh-frozen quarantine plasma
has recently been replaced by S/D-treated plasma pro-
duced by Octapharma using plasma from Dutch donors.
In anticipation of the change in the European Pharmaco-
pogia and to increase the safety of the final product,
sereening of donations used for production of $/D plasma
was implemented in January 2013. We here report the
results of the first 2 years of screening,

MATERIALS AND METHODS

Screening of minipools for HEV RNA

All donations used for production of $/D plasma were
screened for HAV RNA, parvovirus B19 DNA, and HEV
RNA in plasma minipools of 96 donations using in-house
real-time polymerase chain reaction (PCR) tests. Plasma
units were frozen and released for production only once
test results were known. Pools of 48 donations were pre-
pared from the nucleic acid test tubes and frozen at
—70°C undl testing, If fewer than 48 donations were pres-
ent the volume was adjusted using negative human
plasma. Testing for HAV RNA, parvovirus B18 DN4, and
HEV RNA was performed once every 4 weeks, Pools of 48
donations were thawed and combined to pools of 96 for
testing, Nucleic acid was extracted using automated
nucleic acid extraction robots (NucliSens EasyMag, bio-
Mérieux, Boxtel, the Netherlands). When the HEV test was,
introduced, the most efficient method to implement this
test was to use the remaining extract available from the
HAYV and parvovirus B19 screening. Previously, an HEV
RNA PCR had been developed using the virus spin kit
extraction method (QIAamp MinElute, Qiagen, Chats-
worth, CA).2 Initial experiments showed a higher sensitiv-
ity and less inhibition of the internal control signal with
the Qiagen extraction method compared to BasyMag

HEV INFECTION IN DUTCH BLOOD DONORS

extraction (data not shown). At the moment Octapharma
requested to start screening for HEV RNA, the EasyMag
extraction method had not yet been validated and had an
unknown sensitdvity. It was decided to screen all mini-
pools using both extraction methods until the validation
and risk assessment were finished. To this end, the
remainder of the plasma from the pools of 96 was com-
bined into pools of 192 and screened using the Qiagen
extraction method. If pools of 96 or 192 tested HEV RNA
positive, resolution testing was performed to identify the
HEV RNA-positive donation(s) by first testing all constitu-
ent pools of 48 donations using Qiagen extraction. Positive
pools of 48 were deconstructed by first testing six pools of
eight donations and subsequently the individual dona-
tions from positive pools of eight donations. For the last

two steps, donations were pipetted from 96-well archive

plates using a robotic workstation (Freedom EVO, Tecan,
Minnedorf, Switzerland) followed by EasyMag extraction,

Foliow-up of HEV RNA-positive results

To reduce the risk of using HEV RNA-positive donations
that were not detected during screening in production
pools and to obtain an improved estimate of the duration
of viremia, donations made between 60 days before and
60 days after an HEV RNA-positive donation were deferred
and submitted for individual HEV RNA testing using Qia-
gen and/or Chemagic (Perkin Flmer, Waltham, MA)
extraction (see below). This was possible because of the
delay between donation and production of $/D plasma,
Subsequently, an estimate of the viremic period was made
as described in the legend to Fig. 1. The mean duration of
viremia was calculated using the combined data of the
current and the previous study on HEV RNA screening in
plasma pools.? The mean proven duration of viremia was
calculated from all blood donors with more than one HEV
RNA-positive donation. Added to the calculated interval

. was 0.5 times the mean interval between the last negative

and first positive donation and 0.5 times the mean dura-
tion between last positive and first negative donation.
Arbitrarily, only series of donations with interdonation
intervals less than 35 days were included to avoid inclu-
sion of noninformative data and overestimation of the
viremic period.

Anti-HEV IgG was measured in all HEV RNA-positive
donations using an ant-HEV IgG enzyme immunoassay
{Wantai Biological Pharmacy Enterprise Co., Beijing
China). If anti-HEV IgG was detected, anti-HEV IgG was
determined in previous donations to confirm seroconver- °
sion. If no HEV 1gG was detected, anti-HEV IgG was deter-
mined in later donations,

Detection and genotyping of HEV RNA
The 1eal-time PCR method for detection of HEV RNA

using Qiagen extraction has been described previously2
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A 59,474 donations

/N

678 peols of 6 345 pools of 192
EasyMag extraction Qlagen extraction

[ 40 HEV-RNA positive | [ 44 HEV-RNA positive |
45 confirmed positive
{from 41 doncrs)

B [41 HEV-RNA positive donors |
45 positive donations 90 donations made
detected in pool =60 days before or after
positive donation
33/80 donations positive
when tested individually
Total:
e 78 7 59,474 donations
positive (0.13%; 1:762)
C
Last negative donation First negative
A First pusitive Last positive A
REroventvireticTieriouk |
>
25.847.3 days 41.9+15.7 days 27.1£5.5 days
(n=22) (n=32) {n=19)

- .
Estimated viremic period:
68.4 days

Fig. 1. Screening of donations for HEV RNA. {A) Flow dia- -
gram of the screening methods. (B) Follow-up of HEV RNA-
positive donations and estimate of the incidence of HEV
infection. (C) Estimated duration of viremia based on the
testing of serial donations.

Briefly, 0.4 mL of plasma was extracted after addition of
MS2 phage as internal control (IC} using the virus spin kit
(QIAamp MinElute, Qiagen} and an elution volume of 50
pL. Amplification of 20 L of eluate was performed in a
total volume of 50 pL using TagMan Fast Virus one-step
master mix (Applied Biosystems, Foster City, CA). The
HEV PCR was performed twice; to obtain maximum sensi-
tivity one of the reactions was performed without internal
control primers and probe (the HEV signal is somewhat
inhibited by the intemal control). Samples were consid-
ered to contain HEV RNA if at least one of the two reac-
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tions was positive.  no internal control signal was
detected the sample was retested. For EasyMag extraction,
1 mL of pooled plasma was extracted using the NucliSens
EasyMag extractor with an elution volume of 45 pL, MS$2
phage, used as an internal control for both the HAV and
the HEV PCR procedures, was added before extraction.
Ten microliters of extract was used for the amplification of
each of the three targets (HAV, HEV, and B19). The HEV
PCR was performed in a total volume of 40 pL using
exactly the same conditions as for the Qiagen extracts.
The 95 and 50% lower limit of detection (LLD) of the HEV
RNA PCR was determined for both extraction methods by
Probit analysis of the frequency of HEV RNA detection at
various concentrations of the first intermational HEV RNA
WHO standard (6329/10}. The 95 and 50% LLDs were 38.4

-and 5.2 TU/mL with the EasyMag extraction methoed and

10.3 and 1.6 IU/mL when using Qiagen extracts. If a
plasma bag was available, testing at maximum sensitivity
was performed using a MSM1 extractor with a viral DNA
and BNA kit (Chemagic) with an input of 9.6 mL of
plasma and an elution volume of 100 pL. Testing 20 pL of
eluate in duplicate resulted in a 95% LLD of 3 to 4 TU/mL.
Genotyping of HEV by amplification and sequencing of a
304-bp fragmeni of ORF2 was performed as previously
described?

Statistical analysis

The chance that a HEV-positive donation is detected in
pools of varicus sizes and using tests with different sen-
sitivities was calculated using a one-hit model (p=1 -
glrviral load in poolislopely ywith the slope values determined
from test validation data. Linear regression and chi-
square tests were performed using computer software
(Graphpad Prism 6, Graphpad Sofiware, San Diego, CA).
Probit analysis was performed using statistical software
(SPSS Statistics, Version 23, IBM, Armonk, NY).

RESULTS

Between January 2013 and December 2014, a total of
59,474 donations were screened for HEV RNA in pools of
96 and 192, using two different extraction methods (Fig.
1A). Positive pools were deconstructed to the level of indi-
vidual donations, resulting in identification of 45 con-
firmed HEV RNA-positive donations (0.069%; 1:1440)
from 41 donors (Fig. 1A, Table 1}). The number of HEV
RNA-positive donations significantly increased over time
(Fig. 2; p=0.03} and no seasonal effects were observed.
Eleven of 45 (24%) of the HEV RNA-positive donations
were anti-HEV IgG positive. Thirty-nine of 45 (87%) of the
HEV RNA-positive donations were identified using both
extraction methods. Five donations were only detected
with the Qiagen extraction method in pools of 182,
whereas NucliSense extraction in pools of 96 donations
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TABLE 1. Overview of findings in HEV RNA-positive donors
Viral loads (IU/mL} of donations Time of other donatiens Viral load of other
Donor posliive in screening HEV genotype (days, relative to index) donations ({U/mL}
6,230 3¢ —58, —28 Neg, <20
2 6,080 3c
3 28,000 ND —42 48 <20, neg
4 14,700 3c -42, —-28, —14 Neg, 50, 82
5 7,890 3c 56 Neg
B 440 3 - —56, 56 Neg, <20
7 2,550 3¢ —42, 28, 56 Neg, neg, neg
8 270 3c ~49, ~21, 49 Neg, neg, 36
9 330 ND ~56, 49 Neg, <20
10 187,000 . 3c -
kh! 580 3f —28, 29 Neg, 47
12 7,210 3c —58, —28 Neg, <20
13 2,320,000 3¢ —56, 28 Neg, 160
14 40,800 3¢ 28 Neg
15 350 - ND -
18 420 ND —26, 58 <20, neg
17 610 ND —56, —28, 42 neg, 750, neg
18 3,240 3¢ —41, =20, 50 <20, 190, nag
19 135,000 ND —56 Neg
20 300 ND 28 Nag
21 3,510 ND 28, 56 Neg, neg
22 80,260 ND —48 Neg
23 19,200 ND —35, 49 <20, neg
24 1,440, ND —42 Neg
25 770 ND —-42, 36 Neg, <20
26 4,640 ND —42, 21 Neg, 25
27 2,270 and 620 ND ~56, —28, (37)", 70 Neg, neg, (620), <20
28 80,600 3c —35, 55 Neg, 27
29 5,910 ND —48, —17, 21, 39, 60 Neg, 36, 182, <20, neg
30 10,300 ND —56, —42, —21, 22, 42 Neg, neg, 22, <20, neg
31 5,350 and 80 ND -58, —42, —28, —14, (14), 42, 56 Nag, neg, 36, 58, (80},
neg, neg
32 51,700 3c —36, 27, 65 Neg, <20, neg
33 339,000 and 1,690 3c (20), 34, 48 (1690), 38, 31
34 720 3c —43, —2%, 42 Neg, neg, neg
35 12,900 ND —55, 32, 52 Neg, <20, neg
a5 200,000 ND 42 Neg
a7 2,060 ND —-35, 28, 56 neg, neg, neg
a8 10,800 ND —49, 48 Neg, neg
39 2,560 ND 42 Neg
40 400 and 1,620 ND —58, —28, (21), 42 Neg, <20, (1620}, 156
41 549 ND —56, —28, 35 Neg, <20, neg
* Numbers in parentheses refer to the second donation positive in the scraening.
ND = not.done (no sample was available for genolyping); neg = negative.

resulted in one donation not detected with the Qiagen
extraction method. All six discordant donations had low
viral loads, varying between 138 and 620 IU/mL in the
individual donation. The 38 donations that were detected
using both methods had viral loads between 330 X 10°
and 2.3 %X 10° IU/mL (Table 1). Many of the donations
had relatively low viral loads; 23 of 38 (59%) had a load
below the 95% limit of detection .in the pool of 96 with
FasyMag extraction, and eight donations contained so lit-
tle HEV RNA that the chance of detection was less than
50%. Weakly HEV RNA-positive donations from two
donors who did not seroconvert were interpreted as false
positive and are not included in the analysis.

While being more cost-effective, screening in pools
has the obvious disadvantage that donations with low viral
loads are missed, By testing all donations made up to 60

days before or after the index donations, we were able to
estimate how many donations remained undetected in
the pool. Presence of HEV RNA was confirmed in 33 of 80
nonindex donations (37%; Table 1), Viral loads among the
individual donations that were not detected during mini-
pool ranged from less than 20 to 750 IU/mL, which illus-
trates that detection is not fully reliable at low viral loads.
Fifteen plasma bags from donations that tested HEV RNA
negative were available from donations made during the
60-day period. Two of 15 of these donations were positive
using the more sensitive Chemagic extraction method
with an input of 9.6 mL plasma, showing that the total
number of HEV RNA positive donations is still slightly
underestimated.

Because HEV RNA-positive donors were followed
over time, an improved estimate of the duration of HEV

Volume 56, March 2016 TRANSFUSION 725
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Fig. 2. Percentage of HEV RNA-positive donations in 2013
and 2014, Points show the percentage of positive donations
detected each time the screening was performed, approxi-
mately once every 4 weeks. Linear regression is indicated by
the line.

O PCR negative
B FPCR positive
H Seroconversion

—0a
B:l—=—-l—l
D—-DHMElmﬂD

D—EI— @

-100 -50 0 50 100
Donation date (day; relative to index)

Fig. 3. Detection of HEV RNA in 167 sequentially sampled
specimens from 41 blood HEV RNA-positive blood donors.
The red and green symbols represent positive and negative
results for the HEV-RNA test, respectively. + = the first anti-
HEV IgG-positive donation.

viremia could be made. Figure 3 shows PCR results and

donation intervals from afl donors included in the calcula-
tion. The mean duration of proven viremia was 41.9 days
in 32 blood donors with more than one HEV RNA-positive
donation (Fig. 1C, Fig. 3). Added to this interval was 0.5
times the difference between the last HEV RNA-negative
donation and the first positive donation and 0.5 times the
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Fig. 4. Phylogenetic tree of HEV ORF2 sequences from 17
plasma donors (blue} and 23 HEV RNA-positive patient sam-
ples {green) analyzed by Sanquin Diagnostic Services in 2013
and 2014.°

interval between the last HEV RNA-positive and first nega-
tive donation, using a maximum interval of 35 days as a
cutoff. The resulting estimate of the mean viremic period
is 68.4 days. Genotyping of HEV succeeded in 17 cases. All
HEV isolates were Genotype 3 and showed high homology
to the other HEV sequences from Dutch donors and
patients (Fig. 4).7

DISCUSSION

The screening of blood donations used for production of
S/D plasme in 2013 and 2014 demonstrates a high inci-
dence of HEV infection in the Netherlands. Screening



59,474 donations in pools of 98 and 192 for HEV RNA
resulted in the identification of 45 HEV RNA-positive don-
ations from 41 donors (0.076%; Fig. 1). This proportion is
much higher than reported in Austria (0.012%, 2013-
2014},% France (0.045%, 2012-2014),° Southeast England
(0.035%, 2012-2013),° and Catalonia (0.03%, 2013)."° Only
in the western part of Germany was the detected number

of positive donations higher (0.081%, 2011; Vollmer'

et alll). However, screening results cannot be compared
directly because different pool sizes and tests are used.
Differences between methods can be taken into account if
viral loads and sensitivity of the screening methods are
known. For example, we estimate that application of our
slightly less sensitive screening method in Germany would
have resulted in detection of HEV RNA in nine of the 13
HEV RNA-positive donations identified in that study. The
resulting HEV RNA detection rate of 0.056% is slightly
lower than the number of HEV RNA-positive donations
we observed in the Netherlands. The screening in Catalo-
nia was performed by individual testing of samples using
a highly sensitive test. The relatively low number of posi-
tive donations detected in this study (three in 9998 dona-
tions) demonstrates that the incidence of HEV infection is
highly variable in different regions in Europe.!°

Owr results indicate that the incidence of HEV infec-
tion in the Netherlands has increased during the study
period [p=0.03, Fig. 2). This increase is not related to
changes in the sensitivity of the HEV RNA test. The sensi-
tivity of all five reagent batches used ‘was checked before
use and found to be equivalent. The number of HEV RNA-
positive donations during the study period exceeds the
incidence of HEV RNA-positive donations observed in our
previous study® in which 13 of 40,176 (0.032%} HEV RNA-
positive donations were identified in 2011 and 2012. We
estimate that use of the slightly less sensitive test algorithm
used in 2011 to 2012 would have resulted in detection of 15
of 18 and 23 of 27 HEV RNA-positive donations in 2013
and 2014, respectively. The corresponding adjusted number
of HEV RNA-positive donations is 15 of 35,214 (0.040%) in
2013 and 23 of 24,260 (0.095%) in 2014, suggesting that the
HEV incidence was relatively stable between 2011 and 2013
and then abruptly increased in 2014..

Our study is the first to provide a realistic estimation
of the number of HEV RNA positive donations that remain
undetected due to screening of donadons in pools. By
testing serial donations for HEV RNA, 33 additional posi-
tive donations were identified from the 41 HEV RNA
donors. This high number could only be achieved because
of the short interdonation interval of plasma donors, but
we assume that the proportion of HEV RNA-positive don-
ations that are not detected in the minipool screening is
similar for all types of donations.

The source(s) of HEV remain enigmatic. Although
there is little doubt that pigs serve as a major HEV reser-
voir, the cause of the increasing HEV incidence in the

HEV INFECTION IN DUTCH BLOOD DONORS

Netherlands is unknown. The number of pigs per capita
in the Netherlands is among the highest in the world, but
it has not increased in recent years.** Already in 2005,
pooled stool samples from 53% of Dutch pig farms tested
positive for HEV ENA, and HEV-specific antibodies were
detected in approximately 70% of slaughtered pigs.'>™*
Hence, presence of HEV in the Dutch swine herds is not a
recent phenomenon and it remains unclear what mecha-
nism lies behind the recent increase in the HEV attack
rate. Possibly, a new transmission route arose (e.g., via
contaminated water, fruit, or vegetables), or the dynamics
of HEV infection in pig farms changed, resulting in more
pigs being viremic at the moment of slaughter.

Previously we showed that the anti-HEV seropreva-
lence in the Netherlands decreased strongly among all age
groups between 1988 and 2000, which is indicative of an
age cohort effect resulting from reduced exposure.'® After
2000, the decline in HEV IgG seroprevalence stopped and
an increase was observed among younger donors. The age-
cohort effect of the HEV [gG prevalence has been observed
in various European countries including the UK, Denmark,
and Germany.'>!” The high incidence of HEV infection
among blood doners in some countries, including the ones
where an age cohort effect was shown, suggests that the
increased incidence of HEV infection is not restricted to
the Netherlands. In the United States an age cohort effect
was observed, but without indications of an increasing
incidence of HEV infection among blood donors.'®

HEV RNA screening in the Netherlands is performed for
donations used for production of S/D plasma only. Because
most recipients clear HEV infection without significant ¢lini-
cal symptomns and because of the high risk of HEV infection
frormn food or other sources, general screening of donations
for HEV RNA is unlikely to be cost-effective. Furthermore,
even if donor screening is implemented, immune-
compromised recipients of blood products should still be
monitored for HEV infection because of the high incidence
of foodbome HEV infection. To protect immunocompro-
mised patients from HEV infection via blood components,
screening of selected donations should be considered. The
increasing HEV incidence requires investigation of the sour-
ce(s) of infection, and measures to abolish. circulation of
HEV in commercial pig farms must be considered.
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Summary

Background: This paper describes the transmission of
hepafitis A virus {HAV) to two blood recipients from a
healthy donor that later presented to the blood bank with
jaundice. Methods: The RNA of HAV was detected by
gualitative nesied reverse transcription polymerase
chain reaction (nested RT-PCR} and quantified by real-
time RT-PCR. HAV RNA samples were genotyped by di-
rect sequencing of PCR products. A sequence from a
fragment of 168 bp from the VP1/2A HAV region was
used to construct a phylogenetic free. Case Report: A
31-year-old male donor accepted for donation of a whole
blood unit returned to the biood bank with clinical jaun-
dice 20 days after donation. His serclogical and NAT
tests were negative for HBV and HCV. Serclogical iests
for HAV IgM and lgG were negative on donation sample
but positive on foliow-up sample, confirming donor’s
HAV acute infection. Both recipients of red blood cells
{R1) and platelet concentrate {R2} from the same impli-
cated donatjon were HAV lgM-negative and lgG-positive.
Qualitative PCR was positive on samples from all three
individuals and phylogenetic analysis of viruses proved
HAV transmission to the two recipients of blood prod-
ucts. HAV viral load on doner follow-up sample and the
platelet recipient was 1.3 and 1.5 x 10% IU/ml, respec-
tively. The RBC recipient, also inféected by HCV, was un-

dergoing bone marrow transplantation and died from
fulminant hepatitis, 26 days after the implicated HAV
transfusion. Conclusion: The blood donor, a garbage col-
lector, spontaneously returned to the blood bank when
developing jaundice. This highlights the importance of
donor education to immediately report to blood banks of
any signs and symptoms related to infectious disease
developed after blood donation, The fact that one immu-
nocompromised patient with HCV infection died from
fulminant hepatitis after receiving a HAV-contaminated
platelet transfusion underpins the impottance of a HAV
vaccination program for these group of patients.

© 2015 S, Karger GmbH, Freiburg

Introdection

Hepatitis A virns (HAV) is the most common agent cansing
acute liver disease, with approximately 1.4 million of new cases oc-
curring every year worldwide [1]. In Brazil, two epidemiclogical
scenarios with low and intermediate HAV endemicity are shown.
The anti-HAV IgG seroprevalence varies from 33.7% to 68.8%, for
the intermediate and low endemic areas [2]. HAV is a non-envel-
oped single-stranded RNA picornavirus of the genus Hepatovirus
whose most common genotypes found in human infections are the
genotypes I and TIT [1-4]. Most cases of hepatitis A are self-limited
and last 2--3 weeks after onset of symptoms [5]. Hepatitis A carries
no risk for development of chronic hepatitis.
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The HAV incubation period usually lasts 2-7 weeks (average 28
days) prior to the onset of signs and symptoms. Viremia and fecal
shedding often peak 2 weeks before symptoms appear. Laboratory
findings are typical of hepatocellular injury with a marked elevated
alanine aminotransferase (ALT) that precedes the elevation of
serum bilirnbin levels by a few days. When symptoms develop,
IgM is frequently detected and confirms cases of hepatitis A [1, 5}.

Usually the main route of transmission is fecal-oral, through
contaminated food and water [1, 5. Because viremia develops be-
fore symptems onset transfusion transmission by whole blood,
fresh-frozen plasma, platelet concentrates, and red blood cells
(RBCs) has been sporadically deseribed since 1974 [6-9). However,
in these reports it was difficult to demonstrate direct virological
links between blood components and HAV infection.

Using molecular methods, Gowland et al. [10] documented one
case of HAV transmission by RBCs to a recipient that was anti-
HAV IgG-positive. The recipient did not develop hepatitis A but
viremnia ensued 2.5 months later along with elevation of IgG titer.
Sequencing of HIAV RNA from both the donor’s and recipient’s
samples confirmed the transfusion link between individuals.

This article describes two cases of HAV transmission by blood
transfusion from one infected donor. The two recipients were anti-
HAYV IgG-positive; nevertheless, both developed viremia, and one
had elevated liver enzymes and symptoms characteristic of HAV
infection. Molecular sequencing of the isolated HAV RNA from the
three individuals confirmed the transfusion transmissions of HAV.

Material and Methods

Ethics
This investigation was approved by the Ethics Committee of the National
Cancer Institute, Rio de Janeiro, Brazil, under the registration number 100/13,

Blood Collection and Manufacturing

The donor’s whole blood was collected an CPDA-1 bag. RBCs and platelet-
rich plasma were obtained after centrifugation of whole blood within. 4 b of
completion of the phiebotomy. The platelet concentrate was prepared by addi-
tional heavy-spin centrifugation, followed by removal of supernatant plasma.
The platelet concentrate was stored under continuous agitation at a tempera-
ture between 20 and 24 °C, and the RBCs were stored at a temperature between
4 and 8 °C. The platelet concentrate was integrated into a pool of platelets that
was transfused into a patient (blood recipient R1), The RBC concentrate was
filtered and irradiated before transfused into another patient {blood recipient

_R2), The remaining plasma unit was discarded.

Biochemical Tests ' .

Testing for alanine aminotransferase (ALT) is not mandatory for biood
donor screening in Brazil; thus samples from the implicated donor and blood
recipients were referred to the clinical laboratory where serum levels of ALT
and total bilirubin were measured on a Roche/Hitachi Cobas 501 analyzer
(Roche Diagnostics GmbH, Grenzach-Wyhlen, Germany). The values obtained
are within the set limits, according to the manufacturer’s instructions,

Serological Assays and Nucleic Acid Test (NAT)

The presence of anti-HAV IgM and I3G antibodies was investigated in
serum samples using a qualitative microparticle chemiluminescence immuno-
assay on the Architect system Module 12000 (Abbott, North Chicago, IL, USA).
In addition to HAV serological assays, blood donoer samples were screened for
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Trypanosoma crugi, syphilis, HTLV-1/2, HIV1/2, HCV, and HBV (HBsAg and
anti-HBc) by serological assays on the Architect platform and for HIV, HCV,
and HBV by NAT performed on minipools of six samples using Cobas
TagScreen MPX test, v2.0 on the Cobas 5 201 Sysiem (Roche Molecular Diag-
nostics, Pleasanton, CA, USA), Except for HBV NAT, all assays were manda-
tory by Brazilian government regulations.

Qualitative Nested RT-PCR

The viral RNA was extracted from 140 pl of serum using the QTAmp Viral
RNA Kit (Qiagen, Valencia, CA, USA). Reverse transcription was performed at
55 °C for 1 h using 10 pl of RNA, RNasin (30 U/) (Invitrogen, Carlsbad, CA,
USA), random primer {20 prmol/yl) (Invitrogen, Rockville, MD, USA), dNTP
(1.25 mmol/l) (Invitrogen, Carlsbad, CA, USA) and Superscript III tran-
scriptase (200 U/yl) (Invitrogen, Carlsbad, CA, USA). The VP1/2A (247 bp) of
the HAV genome was amplified using a nested RT-PCR as previously described
[11]. The PCR products were lnaded anto a 1.5% agarose gel and stained with
ethidium bromide, Fragments of the expected size (247 bp) were purified using
the QLAquick PCR purification kit (Qiagen) according to the procedure de-
scribed by the manufacturer.

Real-Time RT-PCR

The HAV RNA was quantified from 5 pl of the ¢DNA with the TagMan
real-time PCR assay using an Applied Biosystems 7500 Real-Time PCR System
(Applied Biosystems, Foster City, CA, USA). To quantify HAV RNA, a recom-
binant clone of the 5' non-coding region (5 NCR) of the HAV (strain HAF-
203} was used as standard curve, and primers specific for the 5' NCR of HAV
and one HAV probe labeled with 5-carboxyfluorescein were used as described
previously {12]. The detection liimit reported for this assay was 14 copies/ml
(3.3 TW{mal) {12], The viral load results were described as IU/ml, after applying 2
conversion factor of 42 [13].

HAV Sequencing

HAV RNA samples were genotyped by direct sequencing of PCR products
by using internal primers and the ABI PRISM Big Dye Terminator Cycle Se-
quencing Kit (Applied Biosystems, Foster City, CA, USA) in a Gene Amp PCR
System 9700 (Applied Biosystems) [14). The sequence of 168 bp VP1/2A was
used ta construct a phylogenetic tree [15), The HAV genotype is determined by
the inclusion of previously published HAV sequences of different genotypes,
including genotype strain IA-15, IB strains HM-175 (Australia), and HAF-203
(Brazil), strain JTA SLF88 (Sierra Leone} strain IIB CF-53 (France) , and I1[A
strain GA76.

Case Report

The implicated donor is a 31-year-old male accepted for donation of a
whole blood unit on December 16, 2011, All his serological screening tests were
nen-reactive as were the HIV, HCV and HBV NAT. 20 days after donation {on
Dacember 30, 2011}, he returned to the blood bank service with clinical avi-
dence of jaundice. An investigation of possible transmission of a hepatitis virus
was initiated and new sample collected. All donor regulatory screening tests,
including HCV and HEV NAT testing, were again non-reactive. As part of the
protocol for lookback investigation of transfusion transmission of hepatitis, the
serum levels of ALT and total bilirubin were evaluated, and both were elevated
(ALT = 680 U/ml and total bilirubin = 7.75 mg/dl), Becanse the donor is a gar-
bage collector a suspicion of HAV infection was raised, and anti-HAV IgM and
1gG antibody tests were carried out and both found reactive,

A sample from the donation day was recoveraed from the serum repository
and tested for anti-HAV IgM and IgG antibodies being non-reactive for both
tests, These results characterize an anti-HA'V antibody seroconversion confirm-
ing the diagnosis of HAV acute infection.

The two recipients of blood components from the same implicated dona-
tion have been identified. The first blood component recipient (R1) was a
27-year-old man under chemotherapy for acute myeloid leukemia (AML). He

Silva etal.



Table 1. Laboratory
results of samples
collected from the

implicated donor and
blood component
recipienis (R1 and R2)
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Fig. 1. Liver enzymes level of the R2 patient. ALT level (closed eircles); ALT
reverence level (41 Ufl; dotted line); bilirubin levels (open circles); bilirubin
reference level (1.1 mg/dl, dashed line},

received a transfusion of platelets from the implicated donor on December 12,
2011. His liver enzymes and clinical symptoms were monitored during the 49
days since the platelet transfusion and hospital discharge. During this period he
did not show elevated levels of liver enzymes or clinical symptoms of hepatitis,
He died on July 2012 of causes related to his underlying disease.

The second blaod component recipient (R2} was a 39-year-old man diag-
nased with myelodysplastic syndrome, undergoing post-bone marrew trans-
plant immunosuppression and being a chronic carrier of HCV. He received
transfusion of RBCs on December 14, 2011, and on January 5, 2012 (22 days
after transfusion) serum levels of both ALT and total bilirubin were elevated
{fig. 1). The patient died from fulminant hepatitis on January 9, 2012, 26 days
after the RBC transfusion. Of nate, on the day of his death the HCV viral load
was 2.57 % 105 IUfm), a value almost 19 times greater than the HCV viral load
of 1.36 % 10° TU/ml measured on August 2011.

Serum samples from the two patiepts collected on Januaty 5, 2012 (R2) and
January 8, 2012 (R1) were tested for anti-HAV IgM and IgG {table 1). Sera from
both recipients were reactive for anti-HAV IgG but non-reactive for anti-HAV
IgM.

These two samples, along with donor’s second sample were evaluated by
qualitative nested RT-PCR directed to the VP1/2A region (247 bp). All three
samples were positive, as shown on figure 2, Furthermore, quantitative real-

A Rare Case of Transfusion Transmission 6f HAV
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Fig. 2. Detection of HAV RNA {(VP1/2A genome). Nested RT-PCR products
(247 bp) were visualized by 1.5% agarose gel and ethidium bromide staining.
Lanes: {1) blood donor; (2) platelet recipient (R1); (3) RBC reciplent (R2);
(4) HAV-positive control; (5} negative controf; (6} @X 174 DNA ladder as
molecular size standard.

time RT-PCR was performed on samples from donor {(sample from December
10, 2011) and from platelet recipient with viral load of 1.3 x 16* and 1,5 x 103
TU/ml, respectively. There was not enough sample volume from R2 patient to
perform real-time RT-PCR.

A phylogenetic tree based on 168 nucleotide sequences in the HAV VP1/2A
region was constructed (fig, 3). All three vimses sequenced were genotyped as
HAV A, Relatedness between the donor’s and recipients’ virus sequence was evi-
denced in this analysis farther confirming the HAV transmission by transfusion.

Discussion

We reported two cases of transmission of HAV via blood trans-
fusion with blood products originated from one blood donor. He
was asymptomatic and anti-HAV IgM- and IgG-negative at the
time of donation, but 20 days later, when he returned to the blood
bank, he had jaundice as well as elevated levels of ALT and total
bilirubin, Moreover, anti-HAV IgM became positive, and viremia
(1.3 x 10* IU/ml) could be detected by PCR. It is likely therefore
that blood donation took place during the HAV incubation period.

In adults, HAV infection has an average period of 28 days be-
‘fore symptom onset. In general, viremia precedes peak of liver en-
zymes by 2 weeks and may last for several months after symptoms
disappear [17]. The donor case fitted well with this data.

Transfus Med Hemother 2016;43:137-141 139



Fig. 3. Phylogenetic tree of the three HAV isolates
were constructed by neighbor-joining method and
based on HAV 168 nucleotide (positions 3,024 to
3,191) in the VP1/2A region, Roman numerals des-
ignate the respective genotype groupings, whereas
(A) and (B) designate subgenotypes. Bootstrap per-
centages were caleulated from 2,000 replicates, The
“horizontal bar at the bottom represents an evolu-
tionary distance of 0.05. Receptor 1 indicates platelet
recipient (R1) and receptor 2 indicates RBC recipi-
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has been reported by De Paula et 2L, [16]. 1]

The donor is a garbage collector and may have acquired HAV
infection through occupational exposure possibly during collection
of contaminated water and/or food. Due to the high risk of occupa-
tional exposure to HAV infection, health anthorities should reeval-
nate the standards and encourage the practice of vaccination
against hepatitis A for this cétegory of workers.

Although viremia was detected in the two blood transfusion re-
cipients, their clinical courses were very distinctive. R1 died 7
months after blood transfusion of causes unrelated to HAV infec-
tion but did not show elevated levels of liver enzymes until 49 days
after blood transfusion, when he was discharged from the hospital.
It is possible that pre-existing IgG were activated by the infection
and partially neutralized the virus, which as a consequence, ledto a
sub-clinical infection. Corroborating this hypothesis are studies
with passive immunization with immunoglobulin that can com-
pletely suppress or modify the infection in HAV-susceptible per-
sons depending on the concentration of anti-HAV administered
[18]. This case is similar to the one described by Gowland et al,
[10] and adds platelets concentrate as source of HAV transmission
by transfusion.

R2, however, died 26 days after blood transfusion from fulmi-
nant hepatitis, and the level of ALT peaked 2 days before death.
Importantly, R2 was under immunosuppressive drugs since before
the bloed transfusion which may have impaired a normal immune
response including IgG burst induced by infection, In this sce-
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nario, pre-existing anti-FHAV IgG may not have been sufficient to
completely neutralize the virns. Moreover, R2 had a chronic HCV
infection, a condition that when superimposed by HAV infection
is associated with a high risk of developing fulminant hepatitis [19,
20}, as was the case in this patient.

Timely recognition of post donation symptoms and notification
to blood banks is important to limit transmission of infectious
agents by transfusion [9]. However, post donation report of donor
infection is a procedure which is not clearly defined by bloed
banks, and as a consequence its communication to the donor at
time of donation is often neglected. In this case, and although the
blood donor had not been adequately instructed, he voluntarily re-
turned fo the blood bank with jaundice. If he had not returned to
the blood bank, this lookback investigation would not have been
initiated, and a case of HAV transmission by transfusion would
have gone unnoticed.

Antibody screening tests for HAV is not recommended for se-
rological screening of blood donors in any country, including Bra-
zil [21, 22]. In contrast, after a series of reports definitely proving
the transmission of HAV by solvent-detergent-treated factor VI,
the plasma industry now tests all source plasma by HAV NAT [23,
24]. However, due to the sporadic nature of the HAV acute infec-
tion among blood donors and the lack of HAV chronic carriers the
current recommendation for not screening blood donors for HAV
seems adequate.

Silva et al.



~ In USA, the Advisory Committee on Immunization Practices of

the Centers for Disease Control and Prevention recommends vacci-

nation of all chronic liver disease patients against HAV {25]. Specific

groups of immunocompromised patients, especially those going for
bone marrow or solid organ transplantation, may benefit from a
HAV vaccination program as well. These are also patients that may
need continuous blood transfusion support. The R2 case, therefore,
underpiris the importance of HAV vaccination in immunocompro-
mised as well as chronically infected HCV and HBV patients,

—
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CORRESFPONDENCE

only one cerebellar hemisphere in 3 infants. In
2 infants, the brain stem was globally hypoplas-
tic. In all the infants, there was abnormal hypo-
density of the white matter, and in 87% of the
patients it diffusely involved all the cerebral lobes.
In 1 infant, chronic encephalomalacic changes
from ischemic stroke in the vascular territory of
the left middle cerebral artery were seen.
Intrauterine ZIKV infection appears to be
associated with severe brain anomalies, includ-
ing calcifications, cortical hypogyration, ven-
triculomegaly, and white-matter abnormalities,
although we cannot determine with certainty
when ZIKV infection may have occurred during
“fetal development in these 23 infants. Our find-
ings are nonspecific and may be seen in other
congenital viral infections. The global presence
of cortical hypogyration and white-matter hypo-
myelination or dysmyelination in all the infants
and cerebellar hypoplasia in the majority of them
suggest that ZIKV is associated with a disrup-
tion in brain development rather than destruc-
tion of brain. The neuronal and glial proliferation
as well as neuronal migration appear to be af
fected. The mothers of the microcephalic in-
fants in our study population had symptoms
(e.g., low-grade fever and cutaneous rash) that
were compatible with ZIKV infection during
the first or second trimester of pregnancy,
similar to the findings in other studies.* Tang
et al. found that ZIKV directly infects human
cortical neural progenitor cells with high effi-
ciency, resulting in stunted growth of this cell
population and transcriptional dysregulation.®
This observation supports the type of disruptive,
anoinalous brain development that we found in
these infants.
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Evidence of Sexual Transmission of Zika Virus

TO THE EDITOR: Zika virus (ZIKV), an emerging
flavivirus, generally causes mild infection in
kumans but is associated with severe neurclogic
complications and adverse fetal cutcomes, ZIKV
is transmitted to humans primarily by aedes mos-
quitoes. However, there is some evidence of sex-
ual transmission.? Two studies have shown the
presence of infectious ZIKV in semen.? A recent
article described detection of ZIKV RNA in se-

N ENGL] MED 374,22 NEJM.ORG JUNE 2, 2016

men 62 days after the onset of illness, but infec-
tious virus was not cultured.*

We report a case of ZIKV infection in a previ-
ously healthy 24-year-old woman (Patient 1) who
was living in Paris and in whom acute fever,
myalgia, arthralgia, and pruritic rash developed
on February 20, 2016. She was not receiving any
medication, had not received any blood transfi-
sfons, and had never traveled to a region where
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Zika was epidemic or to tropical or subtropical
areas. Her last trip outside France was to Oki-
nawa, Japan, from December 21, 2015, to Janu-
ary 1, 2016. A clinical examination on February
23 showed a maculopapular rash on the patient’s
abdomen, arms, and legs and a temperature of
36.6°C. The illness lasted approximately 7 days.

Patient 1 reported sexual contact between
February 11 and February 20, 2016, with a man
(Patient 2, the index patient) who had stayed in
Brazil from December 11, 2015, through Febru-
ary 9, 2016. The sexual contact involved seven
episodes of both vaginal sexual intercourse, with-
out ejaculation and without the use of a condom,
and oral sex with ejaculation,

Patient 2, a 46-year-old man, reported fever,
asthenia, myalgia, chills, and a cutaneous rash
that began on February 7, while he was in Rio de
Janeiro. The symptoms had resolved on the day
he arrived in France on February 10. The clinical
examination of Patient 2 was normal on Febru-
aty 23 (details are provided in the Supplemen-
tary Appendix, available with the full text of this
letter at NEJM.org).

Populations of Aedes aegypti and A. albopictus
mosquitoes are not established in the city of
Paris. Moreover, in France, the diapause period
of aedes species extends from December to May.

Three days after the onset of her symptoms,
on February 23, samples of urine and saliva were
obtained from Patient 1. The urine sample tested
positive for ZIKV RNA by reverse-transcriptase
polymerase chain reaction (RT-PCR) at a viral
count of 3.5x10° copies per milliliter, and the
saliva tested positive at a viral count of 2.1x10*
copies per milliliter. A plasma sample tested nega-
tive for ZIKV RNA by RT-PCR, but serum IgM
antibodies to ZIKV were detected (see the Supple-
mentary Appendix). A vaginal swab obtained on
March 1 was negative for ZIKV RNA by RT-PCR,

In Patient 2, a urine sample obtained 16 days
after the onset of symptoms tested positive for
ZIKV RNA by RT-PCR with a viral count of 4x10?
copies per milliliter, but plasma and saliva sam-
ples tested negative. The first and second urine
stream samples obtained on day 24 were positive
for ZIKV RNA with a viral count of 2.1x10* copies
per milliliter. Semen samples tested positive for
ZIKV RNA by RT-PCR with a high viral load of

Figure 1 {facing page). Clinical Events and Phylogenetic
Analysis of Zika Virus in the Patients, '

Panel A shows clinical timelines with the key dates of
exposure to Zika virus (ZIKV), the onset of symiptams,
the results of reverse-transcriptase—polymerzse-chain-
reaction tests of plasma, urine, saliva, semen, and vag-
inal swab samples, and the results of ZIKV IgM from
serum in Patient 1 and the index patient (Patent 2).
Parel B shows the ZIKV strains (red dots) that were
characterized directly from the semen (obtained from
Fatient 2) and saliva {obtained from Patient 1) at the
top of a phylogenetic tree. Available sequence informa-
tion regarding the virus GenBank number, strain name,
country of isolation, and date of isolation is shown.
Sequences of the Zika viruses identified in the semen
and saliva samples are labeled beside the taxon names.
The scale bar shows the nucleotide sequence divergence.

2.9x10% copies per milliliter in the sample ob-
tained on day 18 and 3.5x107 copies per milliliter
in the sample obtained on day 24. ZIKV was iso-
lated by means of culture from semen samples on
days 18 and 24. Timelines are shown in Fig. 1A.

A complete ZIKV genome was sequenced from
saliva samples obtained from Patient 1 and se-
men samples obtained from Patient 2 (see the
Supplementary Appendix). Only four mutations,
all of them synonymous, differentiate the se-
quences of the two patients, The complete nucleo-
tide coding sequences of ZIKV identified in
these semen and saliva samples cluster together
within the phylogenetic tree (Fig. 1B).

These data support the hypothesis of sexnal
transmission (either oral or vaginal) of ZIKV
from Patient 2 to Patient 1. We cannot rule out
the possibility that transmission occurred not
through semen but through other biologic fluids,
such as pre-ejaculate secretions or saliva ex-
changed through deep kissing. The saliva of Pa-
tient 2 tested negative on day 10 after the onset of
his symptoms, but it was not tested earlier. ZIKV
has been detected in saliva,5 but, to our knowl-
edge, no cases of transmission through saliva
have been documented. '

The current outbreaks of ZIKV infection should
be an opportunity to conduct studies to under-
stand the natural history of ZIKV. We need to
better define recommendations to prevent trans-
mission of the virns. In particular, guidelines re-
garding how long men who are returning from

N ENGL) MED 374;22 NEJM.ORG JUNE 2, 2016
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NOTICES

an area where active ZIKV transmission is occur-
ring should continue to use condoms during
sexual contact with pregnant women and those
of child-bearing age are lacking. In addition,
recommendations regarding the possibility of
oral transmission of the virus through semen
are needed.
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JRC2016T-021

Suspected Female-to-Male Sexual Transmission of Zika Virus —
New York City, 2016

Alexander Davidson, MFPH’; Sally Slavinski; DVM!; Kendra Komoto!; Jennifer Rakeman, PhD!; Don Weiss, MD!

On July 15, 2016, this report was posted as an MMWR Early
Release on the MMNVR. website (http:/fwuwmw. cde. govimmuwr).

A routine investigation by the New York City (NYC)
Department of Health and Mental Hygiene (DOHMH) iden-
tified a nonpregnant woman in her twenties who reported she
had engaged in a single event of condomless vaginal intercourse
with a male partner the day she returned to NYC (day 0) from
trave] to an area with ongoing Zika virus transmission. She had
headache and abdominal cramping while in the aitport await-
ing return to NYC. The following day (day 1) she developed
fever, fatigue, a maculopapular rash, myalgia, arthralgia, back
pain, swelling of the-extremities, and numbness and tingling
in her hands and feet. In addition, on day 1, the woman began
menses that she described as heavier than usual. On day 3
she visited her primary care provider who obtained blood
and urine specimens. Zika virus RNA was detected in both
serum and urine by real-time reverse transcription—polymerase
chain reaction (tRT-PCR) performed at the DOHMH Public
Health Laboratory using a test based on an assay developed
at CDC (1), The results of serum testing for anti-Zika virus
immunoglobulin M (IgM) antibody petformed by the New
York State Department of Health Wadsworth Center labora-
tory was negative using the CDC Zika IgM antibody capture
enzyme-linked immunosorbent assay (Zika MAC-ELISA) (2).

Seven days after sexual intercourse {day 6), the woman’s
male partner, also in his twenties, developed fever, a maculo-
papular rash, joint pain, and conjunctivitis. On day 9, three
days after the onset of his symptoms, the man sought care
from the same primary care provider who had diagnosed Zika
virus infection in his female partner. The provider suspected
sexual transmission of Zika virus and contacted DOHMH to
seek testing for the male partner. Thart same day, day 9, urine
and serum specimens were collected from the man. Zika virus
RINA was detected in urine but not serum by rRT-PCR testing
at the DOHMH Public Health Laboratory. Zika virus IgM
antibodies were not detectable by the CDC Zika MAC-ELISA
assay performed at the New York State Department of Health
Wadsworth Center. The CDC Arbovirus Disease Branch
confirmed all rRT-PCR results for urine and serum specimens
from both partners.

During an interview with DOHMH on day 17, the' man
confirmed thar he had not traveled outside the United States

716 MMWR / July 22,2016 / Val.65 / No, 28
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during the year before his illness. He also confirmed a single
encounter of condomless vaginal intercourse with his female
partner (the patient) after her return to NYC and reported that
he did not engage in oral or anal intercourse with her. The man
reported that he noticed no blood on his uncircumcised penis
immediately after intercourse thar could have been associated
either with vaginal bleeding or with any open lesions on his
genitals. He also reported that he did riot have any other recent
sexual partners or receive a mosquito bite within the week
preceding his illness.

Independent follow-up interviews with the woman and man

 corroborated the exposure and illness history. The patients were

consistent in describing illness onset, symptoims, sexual history,
and the woman’s travel: This information also was consistent
with the initial report from the ptimary care provider.

The timing and sequence of events support female-to-male
Zika virus transmission through condomless vaginal inter-
course. The woman likely was viremic at the time of sexual
intercourse because her serum, collected 3 days later, had evi-
dence of Zika virus RNA by rRT-PCR. Virus present in either
vaginal fluids or menstrual blood might have been transmit-
ted during exposure to her male partner’s urethral mucosa or
undetected abrasions on his penis. Recent reports document
derection of Zika virus in the female genital trac, including
vaginal fluid. A study on nonhuman primates found Zika
virus RNA detected in the vaginal fluid of three nonpregnant
females up to 7 days after subcutaneous inoculation (3), and
Zika virus RNA was detected in specimens from a woman's
cervical mucous, genital swab, and endocervical swab collected
3 days after illness onset, using an unspecified RI-PCR test
(4). Further studies are needed to determine the characteristics
of Zika virus shedding in the genital tract and vaginal fluid
of humans. ‘

This case represents the first reported oceurrence of female-
to-male sexual transmission of Zika virus. Current guidance
10 prevent sexual transmission of Zika virus is based on the
assumption that transmission occurs from a male partner to
a receptive partner (5,6). Ongoing surveillance is needed to
determine the risk for transmission of Zika virus infection from
a female to her sexual partners. Providers should report to their
local or state health department any patients with ilinesses
compatible with Zika virus disease who do not have a history -

US Department of Health and Human Setvices/Centers for Disease Contral and Prevention



Morbidity and Mortality Weekly Report

of travel to an area with ongoing Zika virus transmission, but
who had a sexual exposure to a partner who did travel.
Persons who want to reduce the risk for sexual transmis-
sion of Zika virus should abstain from sex or correctly and
consistently use condoms for vaginal, anal, and oral sex, as
recommended in the current CDC guidance (5). Guidance ¢n
prevention of sexual transmission of Zika virus, including other
methods of barrier protection, will be updated as additional
information becomes available (http://www.cdc.gov/zika).

INew York City Department of Health and Mental Hygiene, New York,
Com;.sponding author: Sally Slavinski, sslavins@health.nyc.gov, 347-396-2672.

US Department of Health and Human Services/Centers for Disease Control and Prevention
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Screening of Blood Donations for Zika Virus Infection — Puerto Rico,
| April 3-June 11,2016

Matthew J. Kuchnert!; Sridhar V. Basavarajul; Robin R. Moseley!; Lisa L. Pate; Susan A. Galel; Phillip C. Williamson3; Michael P Busché;
Jose O. Alsina’®; Consuelo Climent-PerisS; Peter W. Marks?; Jay S. Epstein’; Hira L. Nakhasi’; J. Peyton Hobson?; David A. Leiby?; Pradip N. Akolkar7;
Lyle R. Petersen!; Brenda Rivera-Garcia®

On June 17, 2016, this report was posted as an MMWR Early
Release on the MMYWTR website (bttp:/hwww. cde. govimmuwr).

Transfusion-transmitted infecdons have been documented for
several atboviruses, including West Nile and dengue viruses (7).
Zika virus, a flavivitus transmitted primarily by Aedes aegypri
mosquitoes that has been identified as a cause of congenital
microcephaly and other serious brain defects (2), became rec-
ognized as a potential threat to blood safety after reports from a
2013-2014 ourtbreak in French Polynesia. Blood safety concerns
were based on very high infection incidence in the population
at large during epidemics, the high percentage of persons with
asymptomatic infection, the high proportion of blood donations
with evidence of Zika virus nucleic acid upon retrospective test-
ing, and an estimated 7-10-day period of viremia (3}. At least
one instance of transfusion transmission of Zika virus has been
documented in Brazil after the virus emerged there, likely in
2014 (4). Rapid epidemic spread spread has followed to other
areas of the Americas, including Puerto Rico.

In February 2016, the Food and Drug Administration (FDA)
issued recommendations for donor screening, donor deferral,
and product management to reduce the risk for transfusion-
transmitted Zika virus in the United States and its territories
(5). In addition to behavioral- and health-risk questionnaires
for blood donors in all areas, FDA recommends deferrals for
donors in unaffected areas who recently lived in or visited an
area with active mosquito-borne transmission of Zika virus.
For establishments collecting blood in areas with active, local
mosquito-borne transmission, such as Puerto Rico and other
U.S. tertitories, the recommendations include discontinuing
local blood collections and importing blood units from unaf-
fected areas of the continental United States unless one of the
following is implemented: 1) Zika virus screening of locally
collected blood donations or 2) treatment of locally collected
units with pathogen-reduction technology (FDA-approved
only for plasma and apheresis platelets). In Puerto Rico, inter-
ventions initially were limited to importation of blood units
from unaffected U.S. areas and to treatment of plasma and
apheresis platelets with pathogen-reduction rechnology; no
Zika virus screening test was available. On April 3,2016, Zika
virus screening of locally collected blood donations was imple-
mented using a newly developed nucleic acid test (NAT) (cobas
Zika, Roche Molecular Systems, Inc., Pleasanton, California)

US Department of Health and Human Services/Centers for Disease Control and Prevention
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authorized by FDA under an investigational new drug appli-
cation (IND) (6). As part of the IND, plasma samples from
blood donors are screened individuatly, and specimens with
reactive results are subjected to additional testing including
an alternate NAT and immunoglobulin M serology. A blood
donation with an initial reactive result by NAT is regarded as a
presumptive viremic donor, indicating an infected donor, and
is interdicted and removed from the blood supply.

During April 3-June 11, 2016, 2 total of 68 (0.5%) presump-
tive viremic donors were identified from 12,777 donations
tested. The highest weekly incidence was 1.1% for the larest
week of reporting, June 5—June 11, and incidence has been
increasing over time (Figure).

Although the blood donor popilation of Puerto Rico is
not intended to be statistically representative of the general
population, the increasing prevalence of Zika virus nucleic
acid among blood donors likely reflects an overall increase in
infection incidence in the population at large. Based on data
from previous outbreaks caused by arboviruses transmitced by
Aedes aegypti, the high incidence often associated with these
outbreaks can result in a substantial proportion of the popula-
tion becoming infected. For example, chikungunya virus was
introduced into Puerro Rico in 2014. Retrospective screening
for chikungunya virus nucleic acid was performed on blood
donations collected during June—December 2014, and the
estimated detectable viremia was 0.65%, with a peak of 2.1%
in October. Testing for chikungunya virus immunoglobulin M
antibody of retained individual blood donation samples obained
during March 1-9, 2015, suggested that neatly 25% of the
Puerto Rico population became infected during the previous
year's epidemic (7). Because viremia is only present days after
acute infection, immunogiobulin M antibody can provide a
more precise estimate of the burden of recent infection. The
2014-2015 chikungunya virus data suggest that detection of
viremia in a relatively small proporton of blood donors each
week can reflect a substantial proportion of the general popula-
tion becoming infected during the course of an epidemic season.

Currently, no medication or vaccine is available to treat or
prevent Zika virus disease. Prevention relies on avoidance of
mosquito bites, elimination of mosquito breeding sites, com-
munity mosquito control, and taking measures to prevent
sexual transmission, Screening of the U.S. blood supply using

MMWR / June 24,2016 / Vol.65 / No.24 &2y
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) FIGURE. Proportion of screened blood donations reactive for Zika virus
infection, by week of testing — Puerto Rico, April 3-June 11,2016
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nucleic acid tests has markedly reduced the risk for transfu-
sion transmission for multiple pathogens, including for West
Nile virus after it was associated with arboviral epidemics in
the United States. Measures to protect the blood supply from
Zika virus, including donor deferrals, laboratory screening,
and pathogen reduction technology, are expected to similarly
reduce the risk for transfusion transmission.

1Zika virus response blood safery team, CDC; ZRoche Molecular Systems, Inc.,
Pleasanton, California; 3Crearive Testing Solutions, Temnpe, Arizona; 4Blood
Systemns Research Instisure, San Francisco, California; "Banco de Sangre de
Servicios Mutnos, San Juan, Puerto Rico; ®Banco de Sangre de Puerto Rico;
7Food and Drug Administration, Silver Spring, Maryland; 8Puerro Rico
Department of Health.

Cosresponding author: Matthew J. Kuehnert, cocevent28l@cde.gov,
800-232-4636.
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U.S. Food and Drug Administration
Protecting and Promoting Your Health

Adyvice to Blood Collection
Establishments on Non-Travel
Related Cases of Zika Virus in
Florida |

July 27, 2016

The Office of the Florida Department of Health State Surgeon General has announced that it is
conducting an epidemiclogical investigation into a number of non-travel related cases of Zika
virus in Miami-Dade and Broward Counties. These may be the first cases of local Zika virus
fransmission by mosquifoes in the continental United States. Miami-Dade County and Broward
County are adjacent counties in South Florida.

In consideration of the possibility of an emerging local outbreak of Zika virus, and as a prudent
measure to help assure the safety of blood and blood products, FDA is requesting that all blood
establishments in Miami-Dade County and Broward County cease collecting blood immediately
until the blood establishments implement testing of each individual unit of blood collected in the
two counties with an available investigational donor screening test for Zika virus RNA or until
the blood establishments implement the use of an approved or investigational pathogen
inactivation technology.

Additionally, FDA recommends that adjacent and nearby counties implement the precautions
above to help maintain the safety of the blood supply as soon as possible.

For blood collection establishments outside of this region, FDA suggests that donors who have
traveled to Miami-Dade and Broward Counties during the previous 4 weeks be deferred.

FDA will continue to monitor this potential outbreak in cooperation with the Centers for Disease
Control and Prevention (CDC) and Fiorida State public health authorities and provide updates
as additional information becomes available.

More in_Safety & Availability (Biologics
{IBiologicsBloodVaccines/SafetyAvailability/defauit.htm)

Biologics Product Shortages Q&A (/BiologicsBloodVaccines/SafetyAvailability/ucm303569.htm)

Recalls (Biologics) (IBioquicsBIoodVaccineslSafethvaiIgbilitleecaIIsldefault.htm) v

CBER-Regulated Products: Shortages and Discontinuations
{{BiologicsBloodVaccines/SafetyAvailability/Shortages/default.htm)

Report a Problem to the Center for Biologics Evaluation & Research
(/BiologicsBloodVaccines/SafetyAvailability/ReportaProblem/default.htm)

Biologic Product Security
{/BiolodicsBloodVaccines/SafetvAvailabilitv/ProductSecuritv/default.htm)

o7



‘Pandemics (/BiologicsBloodVaccines/SafetyAvailability/Pandemics/default.htm)

Blood Safety & Availability UBioquicsBlood\laccineslSafeg(AvailabilileloodSafegldefault.htm]
Tissue Safety & Availability

({BiologicsBloodVaccines/SafetvAvailability/TissueSafety/default.htm)

Vaccine Safety & Availability
[IBiologicsB[oodVaccineslSafethvaiIabiIimNaccineSafet.yldefauIt.html

HIV Home Test Kits (lBioIogicsBloodVaccines/SéfemAvailabi'IitylH!VHomeTestKitsldefau!t.htm)
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The NEW ENGLAND JOURNAL of MEDICINE

CORRESPONDENCE

Evidence for Transmission of Zika Virus by Platelet Transfusion

TO THE EDITOR: Zika virus (ZIKV) is a mosquito-
borne virus that has important secondary means
of transmission that include perinatal and sexual
modes.’® The potential for transmission in trans-
fused donated blood components has been a
concern owing to the detection of ZIKV viremia
in healthy blood donors.?

This report from Brazil describes two cases
of likely ZIKV transmission by blood transfusion
from one presymptomatic infected person who
donated platelets by apheresis on January 16,
2016. The two lenkodepleted platelet units were
irradiated with 25 Gy delivered by an IBL-437C
gamma irradiator (Cis Bio International) and
were transfused in different patients on January
19 (day 0). On January 21, the donor called the
blood bank to report a cutanecus rash, retro-
orbital pain, and pain in both knees that had
begun on January 18. An investigation was initi-
ated under the hospital’s clinical protocel for
transfusion-assaciated adverse events, with the
donor and both patients providing written in-
formed consent.

Two samples that were obtained from the
donor before and after donation were negative
for chikungunya virus (CHIKV) and dengue virus
(DENV) on reverse-transcriptase—polymerase-
chain-reaction {RI-PCR) assay, but the index
plasma and urine samples 14 days later were posi-
tive for ZIKV (Table 1). (Details of the methods
that were used and results are provided in the
Supplementary Appendix, -available with the full
text of this letter at NEJM.org.) Serologic analy-
sis by means of point-of-care testing, in-house
indirect immunofluorescence assay (IFA), and
plaque-reduction neutralization testing (PRNT)
confirmed the presence of acute ZIKV infection
in the donor.

The first recipient (Patient 1) was a 54-year-
old woman with the primary myelofibrosis syn-
drome. The second recipient (Patient 2) was a
14-year-old gitl with acute myeloid leukemia
who bad undergone haploidentical bone marrow
transplantation on January 6, after which she
had been receiving continuous immunosuppres-

give therapy. Routine pretransfusion samples ob-
tained from the two patients were negative on
PCR. assay for CHIKV, DENV, and ZIKV, but
samples collected 6 days after platelet transfu-
sion in Patient 1 and 23 to 51 days after platelet
transfusion in Patient 2 were positive for ZIKV
on PCR assay.

Molecular sequencing and phylogenetic analy-
sis of ZIKV RNA isolated from the donor and
from the two patients confirmed the identity of
their ZIKV isolates, with nucleotide changes in the
envelope gene (codons 11 and 186) shared only
by the donor and platelet recipients among avail-
able isolates from Brazil (GenBank accession
numbers, XX173840, KX173841, KX173842, and
KX173844) (Table $1 in the Supplementary Ap-
pendix). Against a backdrop of a high degree of
conservation (>99% nucleotide identity) of ZIKV
isolates in the Western Hemisphere,® the possibil-
ity of a single spatiotemporal cluster of mosquito-
acquired cases was further undermined by the
fact that Patient 2 lived 200 km away from Rio
de Janeiro. Although neither patient was hospi-
talized in the period immediately preceding viral
detection and thus could have been exposed to
aedes mosquitoes contemporaneously with the
platelet transfusions, the temporal coincidence
of the infection (shortly after ZIKV diagnosis in
the donor) and the phylogenetic identity of ZIKV
samples that were recovered strongly favor trans-
fusion as the source of the infection.

Serologic data supported the findings from
the molecular analysis. All the samples obtained
from Patient 1 showed antibody reactivity to
DENV-2 on both IFA and IgG-capture enzyme-
linked immunosorbent assay, findings that were
consistent with her report of a history of dengue
fever. Seroconversion to ZIKV was evident in both
IFA IgG and point-of-care results; her PRNT titer
on day 31 was 1:2560, For Patient 2, reactivity on
IBA developed between 23 and 51 days after
transfusion, as did a modest neutralizing anti-
body titer. The limited cross-reactivity to DENV-2
suggests ZIKV as the primary flavivirus infection.
The limited antibody response in Patient 2 was
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Table 1, Results of Molecular and Serologic Testing of Samples Obtained from the Platelet Donor and the Two Recipients.*
Daonor or
Patient} Molecular Testing Serclogic Testing

ZIKV (T3 CHIKY  DENV  PRNT} IFA1gGY) ZIKV POC|i DENV-Capture ELISA**

Plasma Urine Plasma  Plasma ZIKY ZIKV  DENV  IgM IgG igM IgG

Donor
Day -3 Pos {23) Neg Neg
Day 11 - Neg Pos (33) Neg Neg 1:1280 ++ +f/— Pos (143) Pos (239) Pos (1.4} Neg (0.5)
Patient 1
Day -4 Neg Neg Neg - +H  Neg(7) Pos(57) Neg(0.6) Pos (5.0)
Day 6 Pos (33} Neg Neg + ++++ Neg(9) Sus(32) Neg(0.7) Pos (4.9)
Day 31 Neg 12560 ++++  ++++ Sus{33) Pos (335) Pos(2.3) Pos (5.4)
Patient 2
Day-1 Neg - Neg Neg
Day 1 Neg Neg Neg
Day 23 Pos (36) Neg Neg Neg 1:40 - -  Neg(?7) Sus(20) Neg{0.1) Neg {0.3)
Day 51 .Neg/Post{ 1:20 ++ +/- Neg (4} Neg(l7) Neg(0.2) Neg (0.3)
Day 71 Neg Neg (12) Neg (5)

* CHIKV denotes chikungunya virus, DENV dengue virus, ELISA enzyme-linked immunosorbent assay, IFA indirect immunofluoréscence assay,
Neg negative, POC point of care, Pos positive, PRNT plaque-reduction neutralization test, Sus suspected infection, and ZIKV Zika virus,

Ry

Pay 0 was January 19, 2016, the date of transfusien for both recipients.
Ct denotes the threshold cycle (indicated by the values in parentheses) at which the result on reverseranscriptase—polymerase-chain-reaction

(RT-PCR) assay was positive,

—_—_an

PRNT values represent the serum dilution causing plaque reductions of 90%.
IFA intensity ranges from low (+) fo high (++++).
| The values in parentheses are measures of test-band intensity in arbitrary units, with resuits classified as negative (<20 units), suspected

infection {20 to 39 units), and positive (=40 units).
** The values in parentheses are the sample optical density divided by the assay cutoff.
11 The positive result on day 51 was obtained in a sample that had four times the starting volume on RT-PCR.

presumably due to her ongoing immunosuppres-
sive therapy. Although neither patient reported
symptoms associated with ZIKV infection dur-
ing the investigation, these data show evidence
for ZIKV transmission by means of platelet
transfusion.
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Ll Centers for Disecise
D Control and Prevention

I’/ . CDC 24/7: Saving Lives, Protecting Paople™

Florida investigation links four recent Zika cases to local
mosquito-borne virus transmission

Press Release

For immediate release: Friday, July 29, 2016

Contact: Media Relations (http://www.cdc.gov/media)
(404) 639-3286 "

The Centers for Disease Control and Prevention (CDC) has been informed by the State of
Florida that Zika virus infections in four people were likely caused by bites of local Aedes aegypti
mosquitoes. The cases are likely the first known occurrence of local mosquite-borne Zika virus
transmission in the continental United States. CDC is closely coordinating with Florida officials
who are leading the ongoing investigations, and at the state’s request, sent a CDC medical
epidemiologist to provide additional assistance.

State officials have responded rapidly with mosquito control measures and a community-wide
search for additional Zika cases. Under the current situation, there are no plans for limiting
travel to the area.

*All the evidence we have seen indicates that this is mosquito-bdrne tran.smission that occurred
several weeks ago in several blocks in Miami,” said Tom Frieden, M.D., M.P.H., director of the
CDC. “We continue to recommend that everyone in areas where Aedes aegyptimosquitoes are
present—and especially pregnant women—take steps to avoid mosquito bites. We will continue
to support Florida’s efforts to investigate and respond to Zika and will reassess the situation and
our recommendations on a daily basis.”

Zika virus spreads to people primarily through the bite of an infected Aedles species mosquito
(Ae. aegyptiand Ae. albopictus), but can also be spread during sex by a person infected with Zika
to their partner. Most people infected with Zika won't have symptoms, but for those who do, the
illness is usually mild. However, Zika infection during pregnancy can cause a serious birth defect
of the brain called microcephaly and other severe fetal birth defects.

64



“We have been working with state and local governments to prepare for the likelihood of local
mosquito-borne Zika virus transmission in the continental United States and Hawaii,” said Lyle
Petersen, M.D., M.P.H., incident manager for CDC’s Zika virus response. “We anticipate that
there may be additional cases of ‘homegrown’ Zika in the coming weeks. Qur top priorityis to
protect pregnant women from the potentially devastating harm caused by Zika.”

CDC has been working with state, local, and territorial health officials to prepare for locally
transmitted Zika infection in the United States. Officials from Florida participated in all these
activities, and their experience in responding to mosquito-borne diseases similar to Zika,
including dengue and chikungunya, has helped guide their current investigations. To date, CDC
has provided Florida more than $8 million in Zika-specific funding and about $27 million in
emergency preparedness funding that can be used for Zika response efforts.

Because we are in mosquito season, CDC continues to encourage everyone, especially pregnant
women and women planning to become pregnant, to protect themselves from mosquito bites.
Remember to use an insect repellent registered by the Environmental Protection Agency (EPA),
wear long-sleeved shirts and long pants, use or repair screens on windows and doors, use air
conditioning when available, and remove standing water where mosquitoes can lay eggs.

We continue to learn about Zika virus, and we are working hard to find out more about these
cases. Here is what we do know:

s Zikais spread to people primarily through the bite of an infected Aedesspecies mosquito
(Ae, aegyptiand Ae. albopictus).

e Apregnant woman can pass Zika virus to her fetus during pregnancy or during birth.

o Zika virus infection can cause microcephaly and other severe fetal brain defects, and is
associated with other adverse pregnancy outcomes.

o Apersonwho is infected with Zika virus can pass it to sex partners.

e Many people infected with Zika virus won't have symptoms or will only have mild symptoms.

¢ Novaccines or treatments are currently available to treat or prevent Zika
infections.

As of July 27,2016, 1,658 cases of Zika have been reported to CDC in the continehtal United
States and Hawaii; none of these were the result of local spread by mosquitoes. These cases
include 15 believed to be the result of sexual transmission and one that was the result of a
laboratory exposure. This number does not include the four Florida cases likely caused by local
transmission.

For more information about Zika: http://www.cdc.gov/zika/ (http://www.cdc.gov/zika/# blank

 #a#
U.S. DEPARTMENT OF HEALTH AND HUMAN SERVICES {(http://www.hhs.gov/)

Page last reviewed: July 29,2016
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Revised Recommendations for Reducing
" the Risk of Zika Virus Transmission by
Blood and Blood Components

Guidance for Industry

This guidance is for immediate implementation.

FDA 1is 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
hitp://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. 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

hitp://www.fda.gov/BiologicsBlood Vaccines/GuidanceComplianceRegulatorvInformation/Guida
nces/defauit.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

Ceater for Biologics Evaluation and Research
August 2016
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Contains Nonbinding Recommendations

Revised Recommendations for Reducing the Risk of Zika Virus
Transmission by Blood and Blood Components

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.

L INTRODUCTION

We, FDA, are notifying you, blood establishments that collect Whole Blood and blood
components, that we have determined Zika virus (ZIKV) to be a relevant transfusion-transmitted
infection (RTTI) under Title 21 of the Code of Federal Regulations (CFR) 630.3(h)(2) and we
are providing you with FDA’s assessment. We are also providing you with recommendations to
reduce the risk of transmission of ZIKV by Whole Blood and blood components. The
recommendations contained in this guidance apply to the collection of Whole Blood and blood
components. This guidance does not apply to the collectlon of Source Plasma.

This guidance document supersedes the guidance document entitled, “Recommendations for
Donor Screening, Deferral, and Product Management to Reduce the Risk of Transfusion-
Transmission of Zika Virus; Guidance for Industry,” (dated February 2016) and the guidance
document entitled, “Questions and Answers Regarding “Recommendations for Donor Screening,
Deferral, and Product Management to Reduce the Risk of Transfusion-Transmission of Zika
Virus; Guidance for Industry,” (dated March 2016) no later than 12 weeks after the date of the
issuance of this guidance. Implementation of the guidance will be immediate for blood
establishments that collect Whole Blood and blood components in states and territories with
local transmission of Zika virus by mosquitos, and will be phased in over 4 to12 weeks in other
states and territories using a tiered, risk-based approach. Blood establishments should follow the
recommendations in the February 2016 %'uldance until the recommendations in this guidance
document have been fully implemented.” See section V. of this guidance for further
recommendations on implementation.

! Source Plasma is used for further manufacture of plasma-derived products. Viral inactivation and removal
methods that are currently used to clear viruses in the manufacturing process for plasma-derived products are
sufficient to reduce the risk of the transmission of ZIKV.

2 Except that blood establishments that collect Whole Blood and blood components in states and territories w1th
locally acquired mosquito-borne cases of ZIKV should implement the recommendations in this guidance
immediately or cease blood collection until they implement the recommendations in this guidance.
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Contains Nonbinding Recommendations

FDA’s guidance documents, including this guidance, do not establish legally enforceable
responsibilities. Instead, gnidances 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.

I. BACKGROUND

ZIKV is an arbovirus in 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 (Ref. 1). In addition, cases of intrauterine, perinatal, sexual, laboratory-acquired and
transfusion-associated transmission of ZIKV have been reported (Refs. 2, 3, 4, 5, 6, 7).

The virus was first isolated in 1947 from a sentinel rhesus monkey in the Zika Forest of Uganda
(Ref. 2). Human illness due to ZIKV infection was first confirmed in Nigeria in 1953, and
epidemiological studies conducted between 1951 and 1981 showed that the virus has circulated
in humans in African and Asian countries (Ref. 8). ZIKV illness was first recognized outside of
Africa and Asia in 2007 during an outbreak on Yap Island, Micronesia (Refs. 9, 10). An
outbreak of ZIK'V was next reported in French Polynesia from October 2013 to February 2014,
when about 11% of the population had symptomatic infection (Refs. 11, 12).

The global ZIKV epidemic expanded in the region of the Americas by early 2015 when the first
local transmission was reported in Brazil (Refs. 13, 14, 15). Local transmission of ZIKV has
also been reported in areas outside of the Americas, including the Pacific Islands of Samoa,
American Samoa, Marshall Islands and Tonga, and Cape Verde in Africa, and there are now at
least 50 countries and territories worldwide with active local transmission of the virus (Refs. 16,
17).

The first local transmission of ZIKV in the United States (U.S.) was reported from Puerto Rico
in December 2015, and soon thereafter local transmission was also reported in American Samoa
and the U.S. Virgin Islands (Refs. 16, 17). In July 2016, the first cases of local transmission of
ZIKV occurring in the continental United States were reported from Miami-Dade County in
Florida (Ref. 18). The possibility of further geographic spread of ZIK'V exists in regions where
the Aedes aegypti, and possibly the Aedes albopictus, mosquito is present. 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. 18).

ZIKV disease symptoms include fever, arthralgia, maculopapular rash, and conjunctivitis. Less
frequently observed symptoms include digestive problems (abdominal pain, diarrhea and
constipation), mucous membrane ulcerations (aphthae), and pruritus (Refs. 19, 20). In addition,
neurological manifestations have been temporally and spatially associated with ZIKV disease
outbreaks (Refs. 1, 2, 20). ZIKV infection has been associated with an increased incidence of
Guillain-Barré syndrome (Ref. 21). Zika virus infection during pregnancy is a cause of
microcephaly and other serious fetal brain anomalies. Other problems have been detected in
pregnancies and among fetuses and infants infected with ZIKV before birth, such as miscarriage,
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stillbirth, absent or poorly developed brain structures, defects of the eye, hearing deficits, and
impaired growth; however, the full clinical spectrum of the effects of Zika virus infection during
pregnancy is not yet known (Refs. 22, 23, 24, 25 26, 27).

Sexual transmission of ZIK'V has been reported, including through male to female, male to male,
and female to male routes (Refs. 4, 5). ZIKV RNA has been detected for up to 6 months in
semen, although the maximum duration of transmissibility remains unknown at this time (Refs.
28, 29, 30). ZIKV has also been detected for up to 11 days in vaginal fluid; however data are
currently unavailable on the maximum duration of its persistence in such fluid (Ref. 31).
Prolonged circulation of ZIKV RNA in serum has also been demonstrated in pregnant women

(Ref. 32).

ZIKV may be spread through blood transfusion. In French Polynesia, 2.8% of samples from
asymptomatic blood donors contained detectable ZIKV RNA during the 2013-2014 outbreak,
indicating the potential for transmission by blood transfusion (Refs. 11, 33). Confirmation of
this finding came in 20186, as close to 1% of blood collected from asymptomatic donors in Puerto
Rico tested positive when screened for ZIKV (Ref. 34). Probable transfusion-transmission of
ZIKV also has been reported from Brazil (Refs. 6, 7).

Regarding measures to help prevent ZIKV transmission through the transfusion of 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, viral clearance steps for various products may include heat, solvent/detergent (S/D}
treatment and incubation at low pH (Refs. 35, 36, 37). These methods are highly effective in
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 S/D treated pooled
plasma product has been FDA-licensed and is commercially available.

A pathogen reduction device (amotosalen combined with UV illumination) for plasma and
platelets has recently been approved by the FDA (Ref. 38) and demonstrated effective reduction
of a panel of viruses, including flaviviruses, such as dengue and West Nile virus. The same
pathogen reduction technology (PRT) can effectively reduce ZIKV in plasma (Ref. 39). These
devices have been used to reduce the risk of ZIK'V infection by plasma or apheresis platelet
components that are collected in areas experiencing ZIKV outbreaks (Ref. 10).

Risk of ZIKYV Transmission by Blood Transfusion

In summary, the risk of transmission of ZIKV by blood transfusion is considered likely based on
the following evidence:

1. ZIKYV infection is asymptomatic in approximately 80% of individuals, and may be
transmitted sexually for an unknown duration of time, potentially for up-to 6 months
(Refs. 1, 2, 28, 29, 30).

2. When symptoms of ZIKV do develop in individuals, the pre-symptomatic period for
ZIKV infection varies from 3 to 12 days, during which viremia may occur (Refs. 1, 2,
40).
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3. The viremia with ZIKV infection in non-pregnant individuals may produce up to 8.1
million copies per milliliter in serum, which typically lasts about 1-2 weeks, though
duration of viremia may be longer. Whole Blood appears to have longer periods of
detectable viremia when compared to serum. ZIKV RNA has been detected in Whole
Blood as late as 58 days after symptom onset (Refs. 1, 2, 32, 40, 41).

4, ZIKV RNA has been found in asymptomatic blood donors during the French Polynesia
outbreak in 2013-2014 and has been detected in 2016 in asymptompatic blood donors in
Puerto Rico (Refs. 11, 33, 34).

5. There has been documented transfusion-transmissions of other flaviviruses such as West
Nile virus, dengue virus and yellow fever vaccine virus, all of which have been shown to
produce detectable viremia (the presence of virus in the blood) during asymptomatic and
symptomatic infections (Refs. 42, 43, 44). )

6. Probable transmission of ZIKV by blood transfusion has been reported (Refs. 6, 7).

The totality of the evidence presented above indicates that ZIK'V can be transmitted through
blood transfusion.

mI. DISCUSSION

FDA has identified ZIKV as a transfusion-transmitted infection (TTI) under 21 CFR 630.3(1) and
a relevant transfusion-transmitted infection (RTTT) under 21 CFR 630.3(h)(2). This
determination is based on the severity of the disease, risk of transfusion-transmission by blood
and blood components, the availability of appropriate screening measures and significant
incidence and prevalence affecting the potential donor population.3

Transfusion-Transmitted Infection
A transfusion-transmitted infection (21 CFR 630.3()) means a disease or disease agent:

(1) That could be fatal or life-threatening, could result in permanent impairment of a body
function or permanent damage to a body structure, or could necessitate medical or surgical
intervention to preclude permanent impairment of body function or permanent damage to a
body structure; and

(2) For which there may be a risk of transmission by blood or blood components, or by a
blood derivative product manufactured from blood or blood components, because the disease
or disease agent is potentially transmissible by that biood, blood component, or blood
derivative product. :

3 Although a licensed screening test is not currently available, investigational screening tests are available at this
time for use under investigational new drug applications, and these tests may be approved in the future. The
Director of the Center for Biologics Evaluation and Research at FDA, taking into account the available scientific
evidence, has issued a variance under 21 CFR 640.120(b), to provide for appropriate blood testing for ZIKV using
investigational screening tests. This determination is based upon: 1) the potential severity of outcomes related to
ZIKV, 2) the widespread nature of the global spread of ZIKV, 3) the risk of transmission of ZIKV by blood and
blood components, and 4) the availability of investigational testing under IND to help reduce the risk of
transmission of ZIKV through the blood supply.
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Severity of Disease: ZIKV disease symptoms typically include fever, arthralgia, maculopapular
rash, conjunctivitis and other less frequent symptoms include digestive problems, mucous
membrane ulcerations, and pruritus. Zika virus infection during pregnancy is a cause of
microcephaly and other serious fetal brain anomalies. Other problems have been detected in
pregnancies and among fetuses and infants infected with ZIK'V before birth, such as miscarriage,
stillbirth, absent or poorly developed brain structures, defects of the eye, hearing deficits, and
impaired growth; however, the full clinical spectrum of the effects of Zika virus infection during
pregnancy is not yet known. ZIKV infection hasalso been associated with Guillain-Barré
syndrome. Therefore, infection with ZIKV could be fatal or life threatening, could result in
permanent impairment of a body function or permanent damage to a body structure, or could
necessitate medical or surgical intervention to preclude permanent impairment of body functlon
or permanent damage to a body structure.

Risk of Transmission: The risk of transmission of ZIKV is considered likely based on -
demonstrated viremia in symptomatic and asymptomatic infections, documented perinatal
transmission of ZIKV, the identification of ZIKV RNA in blood donations, documented
transfusion-associated transmission of other flaviviruses; and reports of probable transfusion-
transmission in Brazil.

Therefore, FDA has established that ZIK'V 1s a TTI because it is a disease agent that can be fatal
or life threatening and can cause permanent damage to a body structure and it is potentially
transmissible by blood or biood components.

Relevant Transfusion-Transmitted Infection

Having determined that ZIKV is a TTI, below we provide FDA’s assessment that ZIKV meets
the conditions for an RTTI as described in 21 CFR 630.3(h)(2).

Under 21 CFR 630.3(h)(2), relevant transfusion-transmitted infection means: a transfusion-
transmitted infection not listed in 21 CFR 630.3(h)(1) when the following conditions are met:

(i} Appropriate screening measures for the transfusion-transmitted infection have been
developed and/or an appropriate screening test has been licensed, approved, or cleared for
such use by the FDA and is available; and

(i) The disease or disease agent: (A) May have significant incidence and/or prevalence

to affect the potential donor population; or (B) May have been released accidentally or
intentionally in a manner that could place potential donors at risk of infection.
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Availability of Appropriate Screening Measures or Screening Test: Although an FDA-licensed
donor screening test for ZIKV is not currently available, investigational nucleic acid testing
under IND has been developed and testing under IND has been implemented in Puerto Rico and
in regions of the United States at risk for local mosquito-acquired transmission of ZIKV.*

Sufficient incidence and prevalence: The recent outbreak of ZIKV represents 2 rapid expansion
of the virus in the Americas and the Pacific Islands. Currently 50 countries and territories are
experiencing active transmission of ZIKV. As of August 17, 2016, 8,000 locally-acquired cases
of ZIKV have been reported in U.S. territories; 2,245 travel-associated cases have been reported
in U.S. states; and, 14 locally acquired mosquito-borne cases have been reported in Florida (Ref.
18). Epidemiological investigations of additional non-travel related cases of ZIKV are ongoing
in Florida. We conclude that there is sufficient incidence and prevalence of ZIK'V to affect the
potential donor population. '

Therefore, FDA has determined that ZIKV meets the criteria in 21 CFR 630.3(h)(2) for an RTTI
because of the sufficient incidence and prevalence of ZIKV to affect the potential donor
population in the United States and because of the availability of appropriate screening tests for
ZIKV.

Donor Eligibility

Consistent with existing regulations, under 21 CFR 630.10(a), a blood establishment must not
collect blood from a donor before determining that the donor is eligible to donate, or before
determining that an exception to 21 CFR 630.10 applies. Under 21 CFR 630.10(a), “to be
eligible, the donor must be in good health and free from transfusion-transmitted infections as can
be determined by the processes in this subchapter. A donor is not eligible if the donor is not in
good health or if you identify any factor(s) that may cause the donation to adversely affect: ...
(2) the safety, purity, or potency of the blood or blood component.” The provision at

21 CFR 630.10(e) requires blood collection establishments to assess a donor’s medical history to
identify risk factors closely associated with exposure to, or clinical evidence of, an RTTI. Under
21 CFR 630.10(e)(1), “a donor is ineligible to donate when information provided by the donor or
other reliable evidence indicates possible exposure to a relevant transfusion-transmitted infection
if that risk of exposure is still applicable at the time of donation.” Furthermore, under

21 CFR 630.10(e)(2), a donor is ineligible to donate when donating could adversely affect the
safety, purity, or potency of the blood or blood component. Under this provision, a donor must
be assessed for “travel to, or residence in, an area endemic for a transfusion-transmitted
infection, when such screening is necessary to assure the safety, purity, and potency of blood and
blood components due to the risks presented by donor travel and the risk of transmission of that
transfusion-transmitted infection by such donors.” (21 CFR 630.10(e)(2)(iii}).

4 The Director of the Center for Biologics Evaluation and Research at FDA, taking into account the available
scientific evidence, has issued alternative procedures under 21 CFR 640.120(b), to provide for appropriate blood
testing for ZIKV using investigational screening tests. This determination is based upon: 1) the potential severity of
outcomes related to ZIK'V, 2) the widespread nature of the global spread of ZIKV, 3) the risk of transmission of
ZIKV by blood and blood components, and 4) the availability of investigational testing under IND to help reduce the
risk of transmission of ZIKV through the blood supply.
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Pursuant to these provisions, FDA considered appropriate measures to assess a donor for risk
factors closely associated with ZIKV. Screening donors residing in an area with local mosquito-
borne transmission of ZIKV based on a medical history suggestive of ZIK'V. is inherently
inadequate to protect the blood supply because ZIKV infection is asymptomatic in approximately
80% of individuals. Consequently, the majority of infected persons and their sexual partners in
such areas could be unaware of their risk. Although history of prior residence in or travel to an
area with local ZIKV transmission, or recent sexual exposure to a person who resided in or
traveled to an areas with local ZIK'V transmission (with or without a diagnosis of ZIKV infection
or suggestive symptoms) conveys increased risk of ZIKV, use of these risk factors to select safe
donors becomes ineffective as new areas of local transmission emerge.

As we learn more about the changing epidemiology of ZIKV, we recognize that there may be a
significant delay between the time that the first case of locally acquired mosquito-borne
transmission is first reported in an area and when the risk of transmission is present and could
have been more widespread, Therefore, as the affected areas and number of cases of locally
acquired mosquito-borne transmission of ZIKV in the continental U.S. increases, screening
donors for risk factors will become increasingly logistically complex and decreasingly effective
while also resulting in significant donor deferrals potentially compromising adequacy of the
blood supply.

Additionally, the possibility exists that sexual transmission of ZIKV may evolve as a significant
mode of spread of ZIKV independent of mosquito borne transmissions, rendering determination
of locally affected areas by mosquito-borne transmission an inadequate safeguard. In contrast,
testing blood donations for evidence of ZIKV or pathogen reduction by an approved device
represents a more effective safeguard against ZIKV, rendering donor screening of de minimus
value because general use of these alternate measures would: a) obviate determination of
affected geographic areas; b) provide highly sensitive detection of virus-contaminated blood
donations independent of a donor’s medical or travel history; ¢) provide a safeguard against
transfusion risk related to sexual transmissions; and d) assure continued availability of an
adequate blood supply. Based on these considerations, FDA has concluded that it is necessary
for blood establishments to implement nucleic acid testing of all donations or pathogen reduction
technology using an FDA-approved device to reduce the risk of ZIK'V transmission by blood and
blood components.

Therefore, to provide for appropriate donor screening and testing, the Director of the Center for
Biologics Evaluation and Research is providing an alternative procedure under

21 CFR 640.120(b) to the provisions in 21 CFR 630.10 to assess donors for specific risk factors
for ZIKV before collecting blood or blood components. The Director of the Center of Biologics
Evaluation and Research at FDA, taking into account the available scientific evidence, has issued
. alterpative procedures to this provision under 21 CFR 640.120(b), to provide for appropriate
donor testing for ZIKV with an investigational screening test available for use under
investigational new drug applications. Alternatively, you may implement pathogen reduction
technology using an FDA-approved device as specified in the instructions for use of the device
to reduce the risk of ZIKV transmission.
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IV. RECOMMENDATIONS

The following recommendations are intended to reduce the risk of ZIKV transmission by blood
and blood components. The recommendations apply to the collection of all Whole Blood and
blood components’ in the United States and its territories. If, based upon the available scientific
evidence, the risk of ZIKV transmission by blood and blood components significantly changes,
FDA may update these recommendations as warranted. In making this determination, FDA will
consider available epidemiologic and other scientific evidence.

A, Testing and Pathogen Reduction
We recommend the following:

1. Test all donations collected in the U.S. and its territories with an investigational
individual donor nucleic acid test (ID-NAT) for ZIK'V under an investigational
new drug application (IND), or when available, a licensed test, or

2. 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. If an FDA-approved pathogen reduction device becomes available for
Whole Blood or red blood cells, you may implement pathogen reduction
technology for such products rather than testing the donations as described in
section IV.A.1.

Note: Use of investigational pathogen reduction under an investigational device
exemption (IDE) may be permitted in situations where approved technologies are
unavailable.

Because all donations will be tested using an investigational ID-NAT for ZIKV under an
IND or when available, a licensed test, or pathogen-reduced using an FDA-approved
pathogen reduction device, you may discontinue providing donor educational material
with respect to ZIK'V and screening donors for ZIKV risk factors, such as travel history,
and deferring them as previously recommended in the February 2016 guidance. Under
21 CFR.630.10(a), if a donor volunteers a recent history of ZIK'V infection, you must not
collect blood or blood components from that individual. We recommend that you defer
such a donor for 120 days after a positive viral test or the resolution of symptoms,
whichever timeframe is longer.

§ The recommendations do not apply to the collection of Source Plasma, Viral inactivation and removal methods
that are currently used to clear viruses in the manufacturing process for plasma-derived products are sufficient to
reduce the risk of the transmission of ZIKV. :
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Donor and Product Management

. You may release ID-NAT non-reactive donations provided all other donation

suitability requirements are met (21 CFR 630.30).

. If a donation tests ID-NAT reactive for ZIKV, you must not distribute or use the

donation unless an exception exists (21 CFR 610. 40(h))

. You must defer a donor who tests ID-NAT reactive for ZIKV and notify the

donor of the deferral (21 CFR 610.41 and 630.30). We recommend that you defer
the donor for 120 days’ from the date of the reactive test or after the resolution of
ZIKV symptoms, whichever timeframe is longer. We recommend you counsel
the donor regarding a possible ZIKV infection.

. We recommend that you quarantine and retrieve in-date blood and blood

components collected from a donor in the 120 days prior to the donation that is
ID-NAT reactive. Additionaily, if such blood components were transfused, we
recommend that you advise the transfusion service to inform the transfusion
recipient’s physician of record regarding the potential need for monitoring and
counseling the recipient for a possible ZIKV infection.

Labeling of Whole Blood and Blood Components Intended for Transfusion

Under 21 CFR 606.122(h), the circular of information must include the names and results
of all tests performed when necessary for safe and effective use. When testing is
performed, we recommend that you update your circular of information to include the
non-reactive ID-NAT results for ZIKV. You should indicate whether the testing has been
performed using an 1nvest1gat10na1 or licensed test.

IMPLEMENTATION

We recommend that blood establishments implement the recommendations in this guidance as
follows:

1. Blood establishments that collect Whole Blood and blood components in U.S. states

and territories with one or more reported locally acquired mosquito-borme cases of
ZIKV should implement the recommendations immediately. You should cease blood
collection until testing or the use of pathogen reduction technology is 1mplemented
consistent with the recommendations in this guidance.

¢ This requirement applies to all donations that test ID-NAT reactive for ZIKV, including those that have been
Pathogen-reduced. _

We recommend a deferral period of 120 days until more data become available on the duration of the Viremic
period and virus transmissibility.
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As of the date of issuance of this guidance, this recommendation applies to blood
establsishments that collect Whole Blood and blood components in Florida and Puerto
Rico.

2. Because of their proximity to areas with locally acquired mosquito-borne cases of
ZIKV or because of other epidemiological linkage to ZIKV, such as the number of
travel-associated cases reported in a state, blood establishments that collect Whole
Blood and blood components in Alabama, Arizona, California, Georgia, Hawaii,
Louisiana, Mississippi, New Mexico, New York, South Carolina and Texas should
implement the recommendations as soon as feasible, but not later than 4 weeks after
the guidance issue date.

3. Blood establishments that collect Whole Blood and blood components in all other
states and territories should implement the recommendations as soon as feasible, but
not later than 12 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 recoramendations. See
21 CFR 601.12(a)(3). These changes do not require our prior approval.

B At this time blood is not being collected on a routine basis in American Samoa and the U.S. Virgin Islands.
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High Incidence of Chikungunya
Virus and Frequency of Viremic
Blood Donations during Epidemic,

- Puerto Rico, USA, 2014

Graham Simmons, Vanessa Brés, Kai Lu, Nathan M. Liss, Donald J. Brambilla, Kyle R. Ryff,
Roberta Bruhn, Edwin Velez, Derrek Ocampo, Jeffrey M. Linnen, Gerardo Latoni,
Lyle R. Petersen, Phillip C. Williamson, Michael P. Busch

Chikungunya virus (CHIKV) caused large epidemics
throughout the Caribbean in 2014. We conducted nucleic
acid amplification testing (NAAT) for CHIKV RNA (h = 29,695)
and serologic testing for IgG against CHIKV (n = 1,232} in
archived blood donor samples collected during and after an
epidemic in Puerto Rico in 2014. NAAT yields peaked in
Qctober with 2.1% of donations positive for CHIKV RNA. A
total of 14% of NAAT-reactive donations posed a high risk
for virus fransmission by transfusion because of high virus
RNA copy numbers (1010 RNA copies/mL) and a lack of
specific IgM and 1gG responses. Testing of minipools of 16
donations would not have detected 62.5% of RNA-positive
donafions detectable by individual donor testing, including
individual donaticns without 1gM and IgG. Serosurveys be-
fore and after the epidemic demonstrated that nearly 25% of
biood donors in Puerto Rico acquired CHIKY infections and
seroconverted during the epidemic.

hikungunya, virus (CHIKV), a mosquitobome, pos-
sitive-sense RNA virus of the family Togaviridae,
causes an acute febrile illness and severe polyarthralgia
that can persist for months or years in some patients (/-3).
Serious outcomes and deaths are rarely observed. However,
newborns and other vulnerable populations are at risk for
severe complications (4).
In late 2013, cases of CHIKYV infection were reported
in the French Collectivity of Saint Martin, which is part
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of the French Antilles (3), constituting the first instance of
autochthonous transmissions of CHIKV in the Americas in
the past century (6). In an immunologically naive popu-
lation, CHBIKYV "spread rapidly throughout the Caribbean
region and beyond to most countries in the Western Hemi-
sphere (7), including 11 autochthonous cases reported in
Florida, USA, in September 2014 (8).

CHIKV has yet to be demonstrated to be transmissible
by blood transfusion (9). However, this finding might result
from-difficulties in discriminating transfusion transmission
from locally acquired mosquitoborne infection. Transfu-
sion transmission is probable, given previous instances of
laboratory-acquired infections and infection of healthcare
warkers by blood exposures (/0). Asymptomatically in-
fected persons can have viral loads >10° PFU/mL (11,12)
and are a substantial risk for transfusion transmission.

Estimates of asymptomatic CHIKV .infection vary
widely. A recent study in Puerto Rico (13) confirmed pre-
vious estimates that 10%—25% of total infections are sub-
clinical (/4-16). However, other studies with the Asian
genotype suggest that a greater proportion of cases might
be asymptomatic or have only mild and transient symptoms
(17,18). CHIKYV infection can result in viral loads >108
PFU/mL (19). Thus, relatively high viral loads likely pres-
ent in some presymptomatic donors might be a threat for
transfision transmission. Recently, a case of transfusion

- transmission of the related alphavirus Ross River virus,

has been reported (20}, stemming from transfusion of the
erythrocyte component from a blood donor who reported
symptoms of Ross River virus infection 2 days after donat-
ing blood.

To mitigate the theorstical risk for transmission,
some blood collection organizations in regions with large
CHIKYV epidemics have suspended local blood collection,
implemented nucleic acid amplification testing (NAAT)
of erythrocyte and plasma donations for CHIKV RNA,
and introduced pathogen-reduction technology for plate-
let components (27,22). To directly assess the threat that
CHIKY poses to the blood supply, and given the absence of
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licensed NAAT for donor screening, we conducted NAAT
surveys of blood donors in Puerto Rico during the 2014
epidemic and complementary serosurveys before and after
the epidemic.

Materials and Methods

Human Subjects Research Approval _

We performed retrospective testing of anonymous blood
donor samples and minipools. The study was approved by
the University of California, San Francisco Committee for
Human Research.

Specimens

Creative Testing Solutions (Tempe, AZ, USA) retained,
aliquoted, and archived at —70°C residual plasma from
EDTA-anticoagulated blood collected in Puerto Rico and
supplied for routine blood donor screening during the sec-
ond half of 2014 and for a brief period during March 2015.
Cuwrrent molecuiar testing procedures at Creative Testing
Solutions require that plasma samples be pooled into a
minipool of 16 donor samples. Minipools prepared from
blood donatiens in Puerto Rico were frozen during June
20-December 31, 2014. The sample set consisted of 1,667
minipools representing 26,672 individual donation samples
from donors in Puerto Rico. Minipools were irreversibly
stripped of their original labels and given a unique bar code
that was linked only to month of collection.

In addition, 3,007 individual donor samples (IDS)
were collected during the epidemic (September—Novern-
ber 2014), and =1,000 samples were saved per month, IDS
were irreversibly stripped of all identifying information
and given a unique bar code. Only basic demographic data

-(donor’s age, race, sex, county of residence, and week of
collection) were retained in a secure database. Anonymous
minipools and individual donor samples were retained, ali-
quoted, frozen, and stored at =70°C.

Finally, we retained 1,031 individual donation samples
obtained during March 1-9, 2015, for a postepidemic sero-
survey. Demographic data, including the donor’s age, sex,
and zip code of residence, but not individual donor identi-
fiers, were retained for these samples to enable analysis of
serologic test results by using demographic strata.

Viral RNA Testing

We performed viral RNA testing by using a prototype real-
time CHIK V/dengue virus (DENV) target-capture, transcrip-
tion-mediated amplification (TC-TMA) assay (72) (Hologic,
Inc., San Diego, CA, USA). Plasma samples (0.5 mL) were
tested by using the fully automated Panther System (Ho-
logic, Inc.), which performs target capture, amplification,
and real-time detection in the presence of an internal control.
We achieved detection by using single-stranded, fluorescent-
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labeled nucleic acid probes that were present during ampli-
fication of the target. The time for the fluorescent signal to
reach a specified threshold was proportional to the starting
CHIKV and DENV RNA concentrations. Target capture oli-
gonucleotides, TMA primers, and detection probes hybrid-
ize with highly conserved regions of CHIKV or DENV RNA
genomes and were designed to detect all 3 major CHIKV
lineages and all 4 DENV types. We set the cutoff value for
reactive specimens at 1,000 relative fluorescent units.

Estimated viral loads for CHIKV were caiculated
relative to the emergence time of the emitted fluorescence
of a calibration curve generated by testing logarithmic
dilutions of a CHIKV in vitro—synthesized transcript.
ID-NAAT-reactive specimens were diluted 1:16 in defri-
brinated, delipidated, pooled plasma (SeraCare, Gaithers-
burg, MD, USA) to mimic minipool testing and tested by
TC-TMA assay to assess whether donation samples de-
tected by ID-NAAT would have been detectable by mini-
pool NAAT (MP-NAAT).

We determined limits of detection (LODs) by using an
in vitro transcript corresponding to each analyte and cal-
culation by using Enterprise Guide 5.1 Probit analysis and
the Normal model (SAS Institute, Cary, NC, USA). For
DENV-1-4, the 50% LOD was 1.7-2.1 copies/mL, and the
95% LOD was 7.1-13.0 copies/mL in the IDS format. For
CHIKV, the 50% LOD was 4.6 copies/mL, and the 95%
LOD was 19.7 copies/mL in the IDS format. In 16-member
minipoois for DENV-1-4, the 50% LOD was from 27.2—
33.6 copies/ml., and the 95% LOD was 116.8-208.0 cop-
jies/mL. For CHIKYV, the 50% LOD was 73.6 copies/mL,
and the 95% LOD was 315.2 copies/mL in the MP format.

Serologic Analysis :

Plasma samples were tested for CHIKV IgM or IgG by us-
ing 2 ELISAs (Euroimmun US, LLC, Morris Plains, NJ,
USA). These CHIKV ELISAs had specificities of 82% and
95% and sensitivities of 85% and 88% for IgM and IgG, re-
spectively, when compared with those for 2 established in-
house assays (23). Samples were diluted 1:100 and tested
in duplicate according to the manufacturer’s instructions.
Sample-to-calibrator ratios were calculated. In validating
the assay, we found that preepidemic samples (n = 201)
yielded no strongly positive samples when the manufactur-
er’s cutoff value >1.1 sample-to-calibrator ratio was used.
However, 5 samples showed borderline reactivity (sample-
to-calibrator ratios 1.13—1.37).

These 5 samples did not show positive results by
reflex IgM testing, plaque-reduction neufralization test-
ing (PRNT), or Western blot analysis when cell culture—
propagated virus (strain 99659) was used as antigen,
Testing of randomly chosen highly and moderately IgG-
reactive samples from March 2015 by PRNT showed
strong neutralization in all instances. Thus, the assay
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‘does not appear to yield strongly reactive false-positive
results, but might yield a small frequency (5/201, 2.5%)
of low-level reactive false-positive results. Therefore, a
new cutoff value was established by using mean sample-
to-calibrator ratios of preepidemic samples plus 5 SDs
(1.42). Testing of multiple IgG-negative samples from
both sample sets by IgM ELISA (20 samples), PRNT (20
samples), and Western blot analysis (10 samples) did not
yield any suspected false-negative results, which sug-
gested that false-negative results were also not common,

Estimation of Detection Periods for MP-NAAT

and IDS-NAAT

On the basis of the estimate for incidence of infection dur-
ing the 2014 epidemic derived from serosurveys and MP-
NAAT-positive results for the study period, we derived an
estimate for duration of viremia detectable by the CHIKV
TMA NAAT applied to minipools by using the approach
of Busch et al. (24). We estimated the number of NAAT-
positive donations in each minipool from minipool-test-
ing results by using a program developed at the Centers
for Disease Control and Prevention (Atlanta, GA, USA)
(25). If T, is the proportion of NAAT-positive donations in
month i and P is seroprevalence of CHIKV at the end of the
epidemic, then the TMA detection interval of CHIKV virus
RNA (W) is estimated as

03T
P .

Confidence limits for W were estimated by using a
delta method estimate of the variance of W, Estimates for
length of the individual donor sample-positive detection
periods preceding and following the MP-NAAT-detect-
able period were derived from results of screening 3,007
individual donor samples by using ratios of samples detect-
able only by ID-NAAT that lacked IgG or contained IgG
relative to the number of samples detectable at a dilution
of 1:16. Confidence limits for these detection periods were
derived by bootstrapping the assay results ratios (2/21) and
(33/21) to obtain their variances, and then combining those
with the variance associated with the estimate for the mini-
pool detection period to obtain the variance of each of the
2 window estimates.

CHIKV in Blood Donatiens during Epidemic, Puerto Rico

Results

Of 1,668 minipools tested, 1 was positive for DENV RNA,
and 161 (9.7%) were positive for CHIKV RNA (Table 1).
This finding indicates a minimum MP-NAAT—detectable
infection rate of 0.6% (161 positive donations of 26,688
total donations), assuming only 1 of thé 16 donations in
each positive minipool was viremic. However, because the
reactive minipool proportion peaked at 19.5% in Septem-
ber 2014 (Table 1), some pools would probably contain >1
viremic donation. :

Individual donations comprising reactive mihipools
were not archived for further testing. Thus, we could not
directly determine numbers of reactive IDS per reactive
minipoo]. Therefore, we used a published algorithm (25)
to estimate the proportion of donations that would contain
CHIKV RNA at levels detectable by MP-NAAT (Table
1). This modification yielded an estimate for MP-NAAT
detectable viremia of 0.65% for the overall season and an
upper limit of 0.93%. The highest estimated proportion of
MP-NAAT-detectable CHIKV RNA-positive donations
was during September and October (1.34% and 1.31% of
donations reactive for CHIKV RNA by MP-NAAT, respec-
tively) (Table 1). This estimation represented a slightly de-
layed peak when compared with suspected and confirmed
clinical cases reported in Puerto Rico (Figure 1).

Although not optimized to be quantitative, the TC-
TMA assay provided approximate viral RNA copy num-
bers (Figure 2, panel A). Several minipools, particularly
from early in the epidemic, had >107 copies/mL, although
they were tested as a minipool, and thus effectively di-
luted 1:16. Of 161 reactive minipools, 125 had quantifi-
able viral loads. Remaining minipools had viral loads less
than an estimated value of 0.5 log copies/mL (according
to the calibration curve). The median viral load of 161
reactive minipools was 550 copies/mL (range <3.16 cop-
ies/mL—-2:3 x 107 copies/mL). Donations from November
and December had lower viral loads than donations from
preceding months.

We also performed testing of archived IDS for CHIKV
RNA for 3,007 donations collected in Puerto Rico during
September-November 2014, We identified 56 confirmed
positive donations, and ID-NAAT yields were 1.7%-2.1%
for the 3 months tested (Table 2). When samples were

“Table 1. Nucleic acid amplification testing for chikungunya virus in minipools of blood denations during a chikungunya epidemic,

Puerto Rico, USA, 2014

Month No. reactive minipools/no. tested (%) Infection rate* (upper limit), %
June 0/106 (0.0) 0.0 (0.00)

© July 8/193 (4.1) 0.26 (0.50)
August 26/293 (8.9) .58 (0.83)
September 51/262 (19.5) 1.34 (1.75)
QOctober 57/299 (19.1) 1.31 (1.68)
November 12/243 (4.9) 0.32 (0.54)
December 71272 (2.6) 0.16 (0.32)
Total 161/1,668 (9.7) 0.65 (0.93)

*Int individual donors on the basis of mlnipools of 16 samples.
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Figure 1, Estimated parcentage of blood donations positive for
chikungunya virus (CHIKV) RNA during a chikungunya epidemic,
Puerto Rico, USA, 2014. CHIKV RNA-positive minipools of

16 donors were used to estimate the percentage of positive
donations for the last 7 months of 2014. Estimates were made
by using an algorithm for caleulating infection rates from pooled
data. Data from the Puerto Rico Depariment of Health for reparted
(suspected) and confirmed chikungunya case reports was used
to transform data into estimated frequency of reported cases in

a population in Puerto Rico of =3,548,400. MP-NAAT, minipool
nucleic acid amplification testing.

diluted 1:16 to mimic minipools, proportions of RNA-pos-
itive samples detectable by MP-NAAT for September-No-
vember decreased to 0.4%-0.9%. Only 21 (37.5%) of 56
ID-NAAT-reactive specimens were reactive when tested
for CHIKV RNA at a dilution of 1:16. Thus, 35 (62.5%) of
56 specimens would probably have been missed by routine
MP-NAAT (Table 2). As expected, viral loads were low
in donations reactive only by ID-NAAT. Only § of the ID-
NAAT only-reactive samples had quantifiable viral loads
(range 5.2-760 copies/mL) (Figure 2, panel B).

We performed assays to detect IgM and 1gG in the 56
ID-NAAT-reactive specimens to characterize the relation-
ship between development of IgG and IgM, viral load, and
the ability of minipoo] testing to detect viremic donations
(Table 2). Thirteen (23.2%) of 56 samples were seronega-
tive; 2 were detectable only by ID-NAAT. These 2 samples
are presumed to represent donors detected in the earliest
stages of acute infection. The remaining 11 seronega-
tive viremic donations had detectable viral loads (range 5
x10%-1.3 x 10® copies/mL) (Figure 2, panel B), including 8
(14.3%) of 56 with viral loads >10° copies/mL.. These sam-
ples were probably from donors who were near the peak of
viremia, but still collected before seroconversion occurred.

Most CHIKV RNA-reactive samples were IgM posi-
tive (75%) and IgG positive (64%); 1 sample was IgM
negative and IgG positive. Development of IgG titers is
an inverse correlate of CHIKV RNA detection (28); of
the IgG-reactive samples, only 4 (11.1%) of 36 were de-
tectable by the less sensitive MP-NAAT. Viral loads of
samples sorted on the basis of NAAT results (ID only vs
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Figure 2. Viral loads for chikungunya virus (CHIKV) in blood
donations during a chikungunya epidemic, Puerto Rico, USA, 2014,
A) Positive minipool {MP) vira! loads. Estimated viral loads (RNA
copies/mlL) were calculated for each reactive MP identified by using
target capture transcription-mediated amplification (TC-TMA) during
the epidemic. June 2014 (n = 106) is not plofted because of a lack
of positive samples, Positive samples with unquantifiable vira! loads
are plotted as being at the limit of quantification (3.16 copies/mL)
and were included in calculation of medians (horizontal bars). B)
Individual donor (ID) viral loads for CHIKV, Estimated viral loads
were calculated for each positive specimen identified by using TC-
TMA during the 3 peak menths of the epidemic. Positive samples
with unguaniifiable viral loads are plotted as being at the limit of
quantification (3.16 coples/ml.) and were included in calculation

of medians (horizontal bars). Samples are arranged in order of
projected time postinfection on the basis of predicted time course
of acute infection (shown as esfimated mean +SD time intervals in
days). ID only, samples positive by nucleic acid amplification testing
(NAAT) but not positive for a 1:16 dilution mimicking minipooling.
MP positive, samples positive by [D-NAAT and at a 1:16 dilution,
Dynamics of acute infection with CHIKY (26) from the eclipse period
(negafive for virus RNA and IgM and IgG against CHIKV) fo the end
of infection (positive or negative for virus RNA and positive for igit
and lgG against CHIKV) is based on similar staging of dynamics of
acute infection for other arboviruses (27) and approximate detection
periods as described in the text.

MP-NAAT detectable) and serologic data demonstrate a
typical profile of acute viral infection (Figure 2, panel B).
The 43 viremic IgM-positive or [gG-positive donations had
significantly lower viral loads (median <3.16 copies/mL)
than 13 viremic seronegative donations (60,000 copies/
mL; p<0.0001 by 2-tailed Mann-Whitney test). Although
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similar proportions of ID-NAAT-positive samples were
detected in November (1.7%) and September (1.8%), only
2 (11.8%) of 17 were seronegative in Novernber compared
with 6 (33.3%) of 18 in September, which suggested wan-
ing of the epidemic and a higher proportion of donations at
the end of acute infection. '

To estimate the incidence of CHIKV infection dur-
ing the 2014 epidemic, we performed IgG serologic stud-
ies on blood donor specimens collected at the beginning
of the epidemic (June 2014; preepidemic) and after the
epidemic had subsided (March 2015; postepidemic). Col-
lection was delayed until March to maximize detection of
IgG seroconversion and to enable the maximum period
for potential donors to recover from symptomatic infec-
tion, which would result in self-deferral, or deferral by the
blood collection organization.

On the basis of IgG testing, we found that there were
no unequivocally seroreactive samples in preepidemic
samples (n = 201}. In contrast, 241 (n = 1,031) postepi-
demic samples were strongly reactive (sample-to-calibrator
ratio >2.5) (Figure 3). An additional indeterminate sample
. was positive by confirmatory testing with IgM ELISA,
PRNT, and Western blot analysis. Thus, 242 (23.5%) of
1,031 samples were conservatively characterized as reac-
tive (Figure 3).

Before we relabeled samples so that CHIKV testing
was anonymous, basic demographic data were extracted
for many of the specimens from March 2015 tested for se-

roreactivity (Table 3). No differences were observed in se--

ropositivity rates between men and women. Persons 16~19
years of age had the highest rate of CHIKV recent infec-
tion; 40 (43.0%) of 93 of these persons were seropositive.
In contrast, only 30 (18.3%) of 164 persons 4049 years of
age were seropositive.

We combined results from MP-NAAT and ID-NAAT
screening and the serosurvey to estimate lengths of time
that CHIK'V RNA is detectable in serial stages of viremia
in asymptomatic donors by MP-NAAT and ID-NAAT
used in this study (Figure 2, panel B}). We estimated that
the length of the MP-NAAT-detectable phase for acute
CHIKYV infection in asymptomatic persons who donated
blood was 5.1 days (confidence limit 4.1-6.0 days). By

CHIKYV in Blood Donations during Epidemic, Puerto Rico

applying the ratios of seronegative ID-NAAT-only do-
nations (2/56), MP-NAAT—detectable donations (21/56),
and ID-NAAT-only seropositive donations (33/56), we
estimated that there is a transient stage of low viral load
infection preceding viremia detectable by MP-NAAT (0.5
days; confidence limit 0—1.3 days), whereas there is a rela-
tively long stage of persistent viremia after seroconversion
(8 days; confidence limit 2.7-13.3 days).

Discussion
Large epidemics of CHIKYV infection occurred in the Ca-
ribbean Islands and in Central and South America over
the past 2 years, Although >1.5 million confirmed and
suspected cases have been reported (29), continued moni-
toring of CHIKV in these immunologically naive popu-
lations is needed for understanding population immunity
and predicting dynamics of future epidemics. Using MP-
NAAT, we estimated that 0.58% of individual blood dona-
tions were paositive for CHIKV RNA during August 2014,
a finding that is consistent with reported rates for Puerto
Rico (12} and other Caribbean Islands (22).

As the 2014 épidemic in Puerto Rico continued, pro-
portions of CHIKV viremia peaked in blood donors dur-

ing September and October; >2% of donors were viremic,

as indicated by individual donor NAAT results. During
September and October, 1,440 chikungunya cases con-
firmed by real-time reverse transcription PCR were re-
ported to the Puerto Rico Department of Health, which
indicated sustained levels of CHIKV in the general popu-
lation. However, reports of suspected chikungunya cases
by month of illness onset received by the Puerto Rico De-
partment of Health through passive surveillance peaked
in August 2014 (Figure 1), which resulted in =14,000
suspected chikungunya cases in August, including 741
chikungunya cases confirmed by real-time reverse tran-
scription PCR (Puerto Rico Department of Health, 2015,
unpub. data).

Several factors probably affect the relative frequency
of viremia and seroincidence of CHIKV in blood donors
compared with clinical cases documented in the general
population, including the focal nature of the epidemic in
Puerto Rico during 2014 in relation to blood donor center

Table 2. Individual blood donations tested for chikungunya virus by nucleic acid ampiification testing and serologic analysis during a

chikungunya epidemic, Puerto Rico, USA, 2014*

No. ID-NAAT No. reactive at laM reactive IgG reactive
reactive ID-NAAT 1:16 dilution 1ghM+/1D-only IgG+ID-only
Month No. samples samples yield, % {(MP-NAAT) Total reactive Total reactive
Sepiember 987 18 1.8 8 11 7t 8 7t
Qctober 1,010 21 2.1 g 15 10 14 10
November 1,010 17 1.7 4 16 12 14 12
Total 3,007 56 1.8 21 42 2% 36 32%
*ID, individual donor; NAAT, nucleic acld amplification testing; MP, minipool.
Hincludes 1 IgM-positive/lgG-negative ID-only positive specimen,
}includes one IgM-negative/lgG-positive [D-only positive specimen.
Emerging Infectious Diseases » www.cdc.gov/eid + Vol. 22, Na. 7, July 2016 1225
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Figure 3. Serosurvey for chikungunya virus IgG in bload
donations during a chikungunya epidemic, Puerto Rico, USA,
2014. Preepidemic samples coilected in June and July 2014 were
fested by using an lgG ELISA. A stringent cutoff value of mean +
5 8D (dashed line) was calculated from preepidemic samples, A
less stringent cutoff value of mean + 3 8D (dotted line) was also
calculated. These cutoff values were then applied to postepidemic
samples collected in March 2015.

locations. It is also likely that many cases went unreported
and that as the epidemic progressed many infected per-
sons might not have sought medical care (/3). Our find-
ing that ~25% of blood donors had serologic evidence of
CHIKY infection after the 2014 epidemic supports these
suggestions. Given a population of >3.5 million, and as-
suming that blood donors are representative of the total
population of Puerto Rico with respect to risk for atbovirus
transmission, a seroincidence of 23.5% would suggest that
>800,000 persons were infected in Puerto Rico during the
2014 epidemic.

Blood safety protocols in place during the study in-
cluded a Puerto Rico Departmen t of Health requirement
for questioning of donoers conceming symptoms in the
month preceding donation and passive reporting of post-
donation febrile illness. Thus, in the absence of specific
NAAT screening, asymptomatic donors are likely to result
in most viremic donations (30).

It is not clear whether asymptomatic infection is cor-
related with lower viremia levels, and thus would decrease
the likelihood of transfusion transmission. However, simi-
lar to previous findings (/2), mamny presumably asymptom-
atic donors in our study had viral loads comparable with
those for symptomatic patients (J1,19), including some
viral loads >10% copies/mL.. Most donations with low vi-
ral loads were IgM positive, which indicates recent acute
infections. The proportion of these viremic specimens in-
creased as the epidemic waned, and the percentage of ID-
NAAT-only samples increased from 56% in September
to 77% in November. Lower average viral copy numbers
were also observed in November and December by test-
ing of minipools. Furthermore, all RNA-paositive donors in
November were seropositive compared with only 78% of
NAAT-reactive donors in September.

We estimate that the RNA-detectable window for
MP-NAAT was 5.1 days. This value matches viremic
periods observed for experimentaily infected nonhuman
primates {3/) but is somewhat shorter than estimates for
symptomatic patients of 1-2 days before disease onset
and 8§ days postonset (9,77,32,33). This finding is prob-
ably caused by a loss in the ability to detect viremia at
the 1:16 dilution inherent in creating minipools, but
might be a reflection that this study was limited to as-
ymptomatic persons who donated blood. In addition, we
calculated a relatively short ramp-up period before MP-
NAAT-detectable viremia (0.5 days) and a longer low-
level (MP-NAAT negative) viremia at the end of acute
infection after seroconversion (8 days}. Nevertheless, the
5-day MP-NAAT—detectable period for high-titer viremia
is probably the most infectious period in terms of transfu-
sion fransmission and transmission to mosquitoes.

The overall threat CHIKV poses to the blood supply
remains an open question that requires urgent attention,
including in the continental United States, given the risk
for travel-acquired and autochthonous transmission. In
the absence of routine NAAT for CHIKV, and in regions
where pathogen-reduction technology is not implemented,
the largest threat is probably from donors with high viral

Tahle 3. Demographic characteristics of blood donoers tested for chikungunya virus during a chikungunya epidemic, Puerto Rico, USA,

2014

Characteristic

No. (%) nonreactive for 1gG, No. (%) reactive for IgG,

n = 786" n = 242* Total, n =1,031* Odds rafio (85% Cl)

Sex .

F 235 (75.81) 75 (24.19) 310 1.00

M 348 (74.95) 117 (25.,06) 567 1.05 (0.75~1.47)
Age, Yy

16-19 £3 (56.88) 40 (43.01) 93 1.00

20-28 138 (81.29) 32 (18.71) 171 0.31 (0.17-0.55)

30-38 118 (79.33) 31 (20.67) 180 0.35 (0.18-0.62)

40-49 134 (81.71) 30 (18.20) 164 0.30 {0.16-0.54)

50-59 80 {70.54)) 36 {29.46) 129 0.55 (0.31-0.87)

60-78 49 (70.00) 21 {30.00) 69 0.57 (0.28-1.10)

*Some specimens did not have complete demographic data.
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loads who have not fully seroconverted because it can be
assumed that donors with neutralizing IgG responses have
a lower probability of transmitting an infectious dose to
a recipient.

~ Although convalescent-phase serum is protective in ani-
mal studies (34), the ability of IgM and IgG in viremic donors
to mitigate CHIKV transfusion transmission requires further
study. Likewise, if viral RNA screening is introduced, stud-
ies will be needed to evaluate the relative usefulness of ID

versus MP-NAAT. In screening of 3,007 individual dona-

tions, we identified 7 viremic donors with only IgM respons-
es. However, only 1 of these donors had viremia detected
only by ID-NAAT. We also identified 2 seronegative donors
who showed reactivity by ID-NAAT, but not minipool test-
ing. Whether blood components from these donations, to-
gether with specimens in the so-called eclipse phase between
acquisition of infection and detectable ID-NAAT reactivity,
are infectious remains unanswered.

In summary, our results indicated a sizable propor-
tion of blood donors had detectable CHIKV RNA during
the chikungunya epidergic in Puerto Rico in 2014, Several
donations with high viremias were negative for IgM and
1gG, which suggested that donors were in the peak phase of
acute infection and highlights the risk for transfusion trans-
mission. However, most viremic donations had low levels
of viral RNA and were seropositive, which suggests recent
subclinical infection and low risk for infectivity. However,
these donors were healthy enough to donate blood. Finally,
serosurveys before and after peak epidemic months showed
that =25% of blood donors in Puerto Rico acquired CHIKV
during the 2014 epidemic. On the basis of findings of this
study, we are now conducting firther investigations to de-
termine the risk for transfusion transmission of CHIKV by
virus RNA-positive transfusions and outcomes of infection
in recipients.
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BLOOD COMPONENTS

Dengue virus persists and replicates during storage of platelet
and red blood cell units

Michael R. Sutherland,™? Ayo Y. Simon,*?3 Katherine Serrano,'? Peter Schubert,"?
Jason B Acker,*® and Edward L.G. Pryzdial™?

BACKGROUND: Dengue virus {DENV) Is a
transfusion-transmissible arbovirus that threatens blood
donor systems with approximately 200 million high-titer
asymptomatic infections occurring annually. Here we

. investigated the viability of DENV during storage of
donor-derived platelet (PLT) and red blood cell (RBC)
units. While purified PLTs have been shown to generate
viable DENV, RBCs are replication incompetent.
Combined with different storage criteria, distinct virus
persistence profiles were anticipated in PLT and RBC
units.

STUDY DESIGN AND METHODS: Mimicking the
virus titer of asymptomatic donors, purified DENV was
spiked (10°-10% infectious units/mL) into PLT or RBC
units produced and stored according to blood bank
operating proceduras. DENV was measured by
infectious plague-forming assays and by quantitative
reverse transcription—polymerase chain reaction.
RESULTS: In both PLT (7 days, 20-24°C) and RBC {42
days, 1-6°C} units, infectious DENV persisted throughout

storage despite logarithmic decay. In buifer alone, DENV .

infectivity was insignificant by Day 1 at 20 to 24°C or 14
days at 1 to 8°C. Infectious virus production was

identified in stored PLT units using a translation inhibitor

and supporied by virus genome replication. Surprisingly,
DENV was also produced in REC units, implying the
involvermnent of cells other than RBCs.

CONCLUSION: Both virus propagation and effects
independent of ¢zl function mitigate the intrinsic |ability
of DENV. Nevertheless, the averall rapid storage decay
suggests that aged PLT and RBC units may be safer.
These data raise awareness to the possible persistence
of other conceivably more robusi RNA viruses during the
storage of cellular biood products.
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engue virus (DENV) has been predicted to
infect almost 400 million people annually,’
making it the most prevalent arbovirus on the
globe.? Approximately one-quarter of infected
people experience painful self-limiting symptoms, known
as dengue “breakbone” fever. The Werld Health Organiza-
tion estimates that approximately 500,000 of these esca-
late to life-threatening dengue hemorrhagic fever or
dengue shock syndrome, which requive hospitalization
and cause approximately 20,000 deaths each year. The
DENV mosquito vector (primarily Aedes sp.) is endemic to
the tropics and subttopics. However, its geographic

ABBREVIATIONS: DENV = dengue virus; MOI = multiplicity
of infection; PFU = plaque-forming units; qRT-PCR =
quantitative reverse transcription—polymerase chain reaction;
SFM/BSA = serum-free Medium 199 containing bovine
serum albumin; {+)ssRNA = single strand of positive-sense
RNA.
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distribution, and that of the virus, is broadening due to
global warming and other factors. DENV incidence has
increased 30-fold over the past 50 years, placing approxi-
mately 40% of the worlds population at direct risk.®
Locally acquired North American reports now reach as far
north as Florida, New Mexico, and Texas,*®

Although dengue illness is of paramount concern,
more than 200 million asymptomatic infections per
annum are a threat to blood donation systems because
these too have a typically high virus titer of up to 10° cop-
ies/mL.” Approximately 2% of illness in travelers returning
from endemic regions is caused by DENVS® Therefore,
blood donations collected around the world have the

" potential to conceal DENV due to the lengthy asymptom-
atic period.'® DENV infections involve a 3- to 14-day win-
dow period before signs of infection may develop.
Combined with those who never become symptomatic,
there is high probability for contaminated blood donation.
Indeed, incidents of transfusion-transmitted DENV have
been confirmed.”!"!? Understanding the persistence of
DENV viability in donor-derived blood components is
fundamental to predicting the risk that DENV poses to the
blood supply.

DENV is a member of the Flavivirus genus and has
four genetically related but antigenically distinct serotypes
(DENV1-4). These complicate pathology and vaccine
development due to aniibody-dependent enhanced infec-
tion.'® Typical of Flaviviruses, the DENV genome consists
of a single strand of positive-sense RNA ((--)ssRNA).
Virus-encoded proteins are translated by host cellular
cytosolic organelles, leading to amplification of the DENV
genome and progeny assembly. Containing ribosomes,
endoplasmic reticulum, mitochondria, and Golgi appara-
tus, platelets (PLTs) are known to be translation compe-
tent,"* although anucleate. We have recently shown that
pwrified PLTs are permissive to DENV, translate the
(+)ssRNA genetic material, and thereby allow the produc-
tion of new infectious virus.!® This adds to the mechanism
of DENV-mediated modulation of PLT function reported
by other laboratories'®*? and helps to explain why throm-
bocytopenia is common to both mild and severe forms of
DENV pathology.'®

The direct binding and replication of DENV by puri-
fled PLTs'® not only has pathologic implications, but also
suggests that DENV virus may reproduce in PLTs that are
prepared for transfusion as a biopharmaceutical. There-
fore, in the current study DENV persistence was quanti-
fied after inoculation of PLT units produced and stored
under industry standard conditions. Even less is known
about DENV persistence within red blood cell (RBC) units,
which was also evaluated here. Our results demonstrate
infectious DENV throughout the storage of both PLT and
RBC units, Of note, infectious virus progeny were pro-
duced within these stored cellular blood products, extend-
ing virus persistence. These results highlight the risk of
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DENYV if penetration into the blood system is enabled via
asymptomatic donors,

MATERIALS AND METHODS

Reagents and proteins

Chloroform, 2-propanol, and NaCl (Fisher Scientific,
Ottawa, ON, Canada); polyethylene glycol 8000 (PEG),
methylcellulose, bovine serum albumin (BSA}, cyclohexi-
mide, methylcellulose (Sigma, Oakville, ON, Canada}; leuko-
count reagent (CD41 antigen, BD Bioscience, Mississanga,
ON, Canada); phycoerythrin (PE)-labeled anti CD62P and
IgG,-PE {Beckman-Coulter, Mississauga, ON, Canada); TRI-
zol reagent, Medium 199, and Turbo DNase (Life Technolo-
gles, Builington, ON, Canada); RNeasy micro kit (Qiagen,
Toronto, ON, Canada); iScript advanced ¢cDNA synthesis kit
and iTaq universal SYBR green supermix (BioRad, Missis-
sauga, ON, Canada) were from commercial suppliers, as
indicated.

PLT and RBC unit production

This study was approved by the research ethics boards of
Canadian Blood Services and the University of British
Columbia. Informed consent was obtained before whole
blood donation at the Canadian Blood Services Network
Center for Applied Development laboratory {www.blood.
cafen/blood/blood-research) where subsequent compo-
nent productien was carried out using standard operating
procedures. The buffy coat (top/bettom) method, as pre-
viously described,'®*" was used to produce PLT and RBC
units prepared from 500 mL of whole blood inte collection
bags (MacoPharma, Tourcoing, France; LQT72911X%, Leu-
coflex LCR-Diamond quadruple bottom-and-top system,
500 mL of CPD/SAGM). The buffy coat fractions from four
ABO-matched individual donors and plasma from one of
the male donors were pooled and leukoreduced (Optipure
PLTs, Fenwal, Lake Zurich, IL) to produce the PLT units,
Each leukoreduced RBC unit was derived from a single
donor. All units were stored under standard blood bank
conditions. PLT units were stored at 20 to 24°C with agita-
tion on a PLT incubator (Thermo Forma, Fisher Scien-
tific). RBC units were stored at 1 to 6°C without agitation,
After cell component production, 3 ABO-matched PLT or
2 ABO-matched RBC units were transferred into a large 1-
L component bag. Once combined, the pocled units were
gently mixed and separated (approx. 125 ml) into five
conventional product-specific storage bags (MacoPharma;
PLT bags were gas permeable with no bis(2-ethylhexyl)
phthalate [DEHP] plasticizer; RBC bags had DEHP) fitted
with a sampling site.

The cell types contained in each PET and BBC unit
were quantified by flow cytometry using a hematology
analyzer (ADVIA 120, Siemens, Deerfield, IL). On average,
PLT units contained 8.9 x 10!+ 13 x 10™/L PLTs, less
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than 2 X 107/L white blood cells (WBCs), and 9.5 X
10'°+2.4 x 10'°/L RBCs (n=19; SD}. RBC units con-
tained on average 7.0 X 10'* % 0.5 X 10'*/L RBCs, 4.5 X
10° £ 3.3 X 10%/L PLTs and 2.9 X 107 = 2.1 X 107/LWBCs
(n = 15; = 8D). Cellular profiles did not change throughout
the experimental storage period. For some experiments,
the requirement for cellular integrity was evaluated by
subjecting PET and RBC units to three cycles of freezing at
—80°C followed by a rapid thaw in a 37°C water bath
before inoculation with DENV at conventional storage
temperature and conditions.

DENYV purification

DENV Serotype 2 (DENV2; New Guinea C strain) was the
primary focus of the study. When virus was available for
certain experiments this was compared to DENV1 (Hawaii
strain), DENV3 (H87 strain), and DENV4 (H241 strain)
and data are presented as supplementary material. The
initial inoculum for each virus serotype was provided by
Dr M. Drebot (Viral Zoonoses Laboratory, Public Health
Agency of Canada, Winnipeg, MB, Canada). To generate
purified DENV, confluent African green monkey kidney
cell (Vero, CCL-81: ATCC, Manassas, VA) monolayers were
inoculated with individual DENV serotypes in serum-free
Medium 199 containing BSA (1 mg/ml; SFM/BSA). All
subsequent preparative steps were performed at 4°C to
preserve DENV viability. The infected cell supernatants
were collected daily and clarified at 180 X g for 10
minutes. Virus-containing supernatants were then incu-
bated with PEG (10% wt/vol} and NaCl (1.5 mol/L} over-
night with gentle mixing. After centrifugation at 6000 X g
for 20 minutes, the virus-containing pellets were resus-
pended in phosphate-buffered saline {PBS), layered onio
a stepwise sucrose (10%-30%-60%) gradient and centri-
fuged at 25,000 X g for 3.5 hours. The virus band at the
30%/60% sucrose interface was removed, suspended in
PBS, and centrifuged at 25,000 X g for 1.5 hours. The
resulting purified DENV pellet was frozen in PBS at
—80°C. Virus preparations were evaluated for purity and
quantified by electton microscopy, as we previously
described for herpes viruses.?! The amount of infectious
DENV in each virus preparation was measured in Vero
cells using standard plaque assays.'® Newly thawed virus
aliquots were used for each experiment.

Infectious DENV guantification

The viability of purified DENV was determined by plaque
assays using Vero cells grown in six-well plates. Before
inoculation, the cells were washed once with PBS and
SFEM/BSA. Samples were then serially diluted in SFM/BSA
and incubated with the cell monolayer for 90 minutes at
37°C (1 mL/well). After the inoculum was removed, the
cells were washed and replaced with reduced serum (2%)
medium in a methylcellulose (1%) overlay. The infection

98

was allowed to proceed for 5 days for DENV2 or 7 days for
DENV1, 3, and 4, before staining with crystal violet to vis-
ualize and count the number of productive infectious
events (Le, plaque-forming units [PFU]} using a low-
power dissecting microscope.

DENV RNA quantification

Two-step quantitative reverse transcription-polymerase
chain reaction (QRT-PCR} was conducted as previously
described’® 1ising TRIzol reagent to extract DENV RNA
from PLT and RBC unit samples followed by purification
with the RNeasy micro kit. DENV RNA samples (1 pg) were
converted into first-strand ¢DNAs at 42°C for 30 minutes
and then 85°C for 5 minutes using iScript advanced ¢DNA
synthesis kit. gRT-PCR was performed using iTaq universal
SYBR green supermix with denaturation at 95°C for 30 sec-
onds, followed by 40 cycles of amplification at 95°C for 15
seconds and melting curve analysis at 60°C, 1 minute con-
ducted on a real-time PCR system {(Model 7900HT, Applied
Biosysterns, Foster City, CA) in quadruplicate for each
experimental time point. The mimber of RNA genome cop-
ies was derived from a standard curve of serial dilutions of
in vitro RNA transcripts- for each DENV serotype ranging
from 10 to 10° known copies of RNA quantified by electron
microscopy. The standard curve samples were run in tripli-
cate as well as a no-template background control. The limit
of detection for gRT-PCR was 10 copies of DENV RNA. The
serotype-specific primers used were as follows: DENV1
{NC_001477, forward CCCGGCACATCTGGATCTCCTATC
and reverse GTCCTCAATCTCTGGTAGAGGCCC); DENV2
(NC_001474, forward CTCTCAGTGAACTGCCGGAGACC
and reverse CGTACCATAGGAGGATGCTAGCCG); DENV3
(NC_001475, forward CCTACCTCTACCATGGGCATCAGG
and reverse GTAGCTCCTGTCAGTGCGGTATGC); and
DENV4 (NC_002640, forward GGCGGCTTACGTGATGAGT
GGTAG and reverse CCTCGACGTCCCGTATGGAGAAAG).
To assess PLT and RBC RNA stability throughout the storage
period in the presence of DENV, PLT f-actin (ACT5; forward
CCAGGCTGTGCTATCCCTGTACG and reverse CATGAGG
TAGTCAGTCAGGTCCCG) or RBC glyceraldehyde-3-
phosphate dehydrogenase (GAPDH; forward GGCTCCC
ACCTTTCTCATCC and reverse GGGCCATCCACAGTCTTC
TG) reporter gene levels were also monitored. Data were
analyzed using computer software (SDS 2.3, Applied
Biosystems).

Inoculation of blood cell units with DENV

DENV in autoclaved PBS (1 mL final volume) was added
to PLT and RBC units giving a final concentration of 10° to -
10% PEU/mL. PBS without virus was added to a control
unit. After inoculatipn, the PLT and RBC numbers were
confirmed by flow cytometry (ADVIA, Siemens) and all
units were stored under standard blood bank conditions.
At the end of the storage period (PLTs, 7 days; RBCs, 42

Volume 56, May 2016 TRANSFUSION 1131



SUTHERLAND ET AL.

days), each blood cell unit was determined to be free of
bacterial contamination as assessed by a bhacterial detec-
tion system (BacT/ALERT, bioMérieux, St Laurent, QC,
Canada) as well as growth in tissue culture. Each PLT or
RBC experiment was repeated at least three times over
several months using products generated from several
unique blood donors.

Statistical analysis

Where appropriate, statistical comparisons were per-

formed using t test between two groups. Differences were
- considered significant at p values of not more than 0.05
and indicated with asterisks in the figures with specific
values given in the corresponding legend. All values are
expressed as either mean * standard error of the mean
(SEM) or mean =+ standard deviation {SD) as noted.

RESULTS

Infectious DENV persists and genome replicates
during PLT unit siorage
PLT units were inoculated with purified DENV2 at a pri-
mary cell ratio of 0.0001 (i.e, multiplicity of infection
[MOT)), which is intermediate in the reported broad range
for asymptomatic viremia.”?*** During the course of stor-
age under blood bank conditions, quantification of infec-
tious virus demonstrated a logarithmic decrease of
infectivity (Fig. 1A). DENV1, 3, and 4 (Fig. S1A, available as
supporting information in the online version of this
paper) had similar profiles. Of note, all serotypes
remained infectious for the duration of the current 5-day
standard for PLT storage (approx. 300-8000 PFU/mL) and
even up to 7 days postinoculation ranging from approxi-
mately 150 to 5000 PFU/mL depending on the serotype.
Our recent report'® showed that at a relatively high
MOI of 5, puwrified PLTs were capable of replicating the
{+)ssRNA DENV genome. In this study, stored PLT units
were evaluated for similar activity, but at a much lower
MOI typical of asymptomatic viremia (0.0001). Consistent
with the earlier work, qRT-PCR showed that the DENV2
genome increased by approximately 3-fold during the 7-
day storage period (Fig. 1B). This reached a maximum by
Day 4 and declined. DENV], 3, and 4 {Fig. $1B} had simi-
lar gRT-PCR time courses as that of DENV2, To demon-
strate the specificity of the DENV genome profiles, the
samples were also assayed for PLT f-actin RNA (e,
ACTEB). As shown in Fig. 1C, unlike the DENV genome,
ACTB did not vary over the 7-day storage period.

Infectious DENV persists and genome replicates
during RBC unit storage

The persistence of DENV viability in ceflular blood prod-
ucts was further studied in RBC units {approx. 7 X 102
RBCs/L}. These were inoculated with the same virus con-
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Fig. 1. DENV2 survival and genome replication in stored
pooled PLT units. PLT units {approx. 8.9 x 10" PLTs/L) were
inoculated with purified DENV2 (approx. 10° PFU/mL) and
stored under standard blood bank conditions (20-24°C, con-
stant agitation). (A} Samples were removed daily and assayed
for infectious virus by following plague formation 5 days
postinfection of confluent Vero cells. (B) The inoculated PLT
unit samples were assayed for DENV2 genome by gRT-PCR
using a standard derived from quantified virus. (C) At the
same time, the DENV2-inoculated PLT unit samples were
assayed for the f-actin gene (ACTB). (DENV2 infectious virus
and genome, n = 4 = SEM; ACTB, n=2 * 8D. Errar bars may
be smaller than the size of symbols.}

centration as that in the PLT unit experiment {Fig. 1), which
is typical of a donation from an asymptomatic donation.
The resulting MOI in RBC units was respectively lower
(0.000014). Figure 2A shows that DENV2 decayed much
more slowly in RBC units than PLT units with more than
90% infectivity remaining by 7 days postinfection. All four
serotypes persisted over the duration of storage (Fig. S2A,
available as supporting information in the online version of
this paper). After 28 days, 84 to 435 PFU/mL were
measured.

Unlike PLTs, RBCs do not have the required intracellu-
lar organelles to copy DENV [(+)ssRNA. Regardless, we
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Fig. 2. DENV2 survival and genome replication in stored RBC
units. RBC units (approx. 7 X 10" RBCs/L) were inoculated
with purified DENVZ (approx. 10° PFU/mL) and stored under
standard blood bank conditions (1-6°C, stationary}. (A) Sam-
ples were removed weekly and assayed for infectious virus
using standard plaque assays in Vero cells as in Fig. 1. (B)
The inoculated RBC unit samples were assayed for DENV2
genome by qRT-PCR using a standard derived from quanti-
fied virus, (C) At the same time, the DENV2-inoculated PLT
unit samples were assayed for the glyceraldehyde-3-
phosphate dehydrogenase gene (GAPDH)., (DENV2 infectious
virus n = 6 = SEM, and genome n = 4 x SEM; ACTB,

n= 2 = SD. Error bars may be smaller than the size of sym-
bols. *p = 0.0003 when compared to Day 0.}

evaluated the effect of storage on DENVZ2 in RBC units at
the genetic level. Surprisingly, viral (+)ssRNA increased
similar to PLT units and showed an approximately threefold
peak increase in genome production by Day 28 (Fig. 2B,
p = 0.05). DENVI, 3, and 4 had comparable qRT-PCR pro-
files (Fig. 52B). To confirm the specificity of the observed
DENV genome increase, the RBC glyceraldehyde-3-
phosphate dehydrogenase gene (i.e, GAPDH) was eval-
uated in samples that were simultaneously obtained in the
DENV2 inoculation experiment. Figure 2C shows that
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unlike the DENV genetic material, GAPDH was invariant,
indicating selective enhancement of the virus genome.

DENV persistence is dependent on intact and
distupted cell properties

To investigate the contribution of PLTs and RBC cells to
DENV2 persistence in stored units, infectivity was compared
under three conditions {Fig. 3). The first condition was intact
cells (Fig. 3, closed circles), where purified DENV2 was
added to either PLT units or RBC units as in Figs. 1A and 24A,
respectively. The second condition disrupted the PLTs and
RBCs by subjecting the units to three freeze-thaw cycles
(Fig. 3, open circles), which resulted in approximately 2-log
reduction of infectious virus over the storage duration com-

" pared to the unireated cells (Fig. 3, closed circles). Since the

loss of DENV viability was even more pronounced when
stored in PBS alone (Fig. 3, open squares), effects conferred
by both intact and disrupted PLTs and RBC units were sug-
gested to prolong.virus persistence. These results clearly
demonsirate the intrinsic lability of DENV2.

The infectivity results (Figs. 3A and 3C) were further
evaluated using gRT-PCR, which showed very similar trends
when comparing stored PLT and RBC units due to the
freeze-thaw process (Fig. 3, open circles) or complete lack of
cells (Fig. 3, open squates). These concordant data suggest
that the instability of viral (+)ssRNA under these conditions
is partly the basis for lost viability. Interestingly, DENV2
genome copies/mL was observed to increase in both intact
PLT (Fig. 3B, closed circles; p = 0.035) and RBC units (Fig.
3D, closed circles; p=0.0003) indicating that the overall
infectivity decay may be attenuated by new virus replication.

Infectious DENV is produced in PLT and RBC units

The finding that intact PLT and RBC units produce DENV
RNA and freeze-thawing the cells attenuates this effect

- with concomitantly reduced virus infectivity may suggest

that viable DENV is being produced. An alternative expla-
nation is that the freeze-thaw cycle could release cellular
nucleases that may contribute to viral RNA damage but
this is unlikely due to protection of the genetic material by
the viral envelope and nucleoccapsid. Nevertheless, to
avoid this ambiguity and to further investigate the possi-
bility that new virus is produced during storage of cellular
blood products, the translation elongation inhibitor,
cycloheximide, was added to intact cells. When samples
were withdrawn from PLT or RBC units over the storage
period and assayed for DENV2 (Fig. 4, top panels), cyclo-
heximide was shown to reduce infectious virus detection
by plaque formation assays. For both PLTs and RBCs, via-
ble cellular translational machinery enhances productive
DENV2 replication by at least several fold (Fig. 4, bottom
panels). Thus, generation of infectious virus contributes to
prolonging the overall decay of DENV2 in both cellular
blood products that were evaluated.
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Fig. 3. DENV2 persistence is dependent on biologic and carrier effects. (Top panels) Intact PLT units (®; 2 X 10" PLTs/L) were
subjected to three cycles of freeze (~80°C)/thaw (37°C; O) or PBS ((J;) were inoculated with purified DENV2 (approx. 10° PFU/
mL) and assayed for infectious DENV2 by plaque formation (infectious DENV2) or viral RNA by gRT-PCR (DENV2 genome). (Bot-
tom panels} Ingculation experiments were conducted as in A and B except on RBC units (approx. 7 X 10'2 RBC/L). (PLTs plus

* DENV2 [infectious virus and genome n =4 + SEM] or RBCs plus DENV2 (infectious virus n =6 = SEM and genome n = 4 + SEM];
frozen PLTs or RBC plas DENV2 [infectious virus and genome}, n =3 = SEM; PBS plus DENV2 [infectious virus and genomel,

n =2 % 8D. Error bars may be smaller than the size of symbols. [A] *p = 0.035 when compared to Day 0. [C] *p = 0.0003 when

compared to Day 0.)

DISCUSSION

Blood donor systems worldwide are vulnerable to DENV
because of the high number of asymptomatic carriers
{approx. 200 million/year). Testing has confirmed many
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cases of viremic blood donors in Puerto Rico (approx.
0.19%), Honduras (approx. 0.15%), and Brazil {0.06%).7%
A similar frequency (0.1%)} was extrapolated by mathe-
matical modeling of a local outbreak in Australia?®
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Fig. 4. Generation of DENV2 progeny in stored blood prod-
ncts, (Top panels} PLT units (2 X 10*! PLTs/L} or RBC units
{7 % 102 RBCs/L) were inoculated with purified DENV2
{approx. 10° PFU/mL) in the presence {O) or absence (®) of
cycloheximide (1 mmol/L final) and assayed for infections
virus by plaque formation. (Bottom panels) PFUJ without/
PFU with cycloheximide expressed as fold infectious virus
inhibition due to treatment with the translation inhibitor.
(PLIs plus DENV2 [n = 5 = SEM] or plus DENV2 and cyclo-
heximide {n = 3 £ SEM); RBCs plus DENV2 [n =6 * SEM] or
plus DENV2 and cycloheximide [n = 2 SD]. Error bars may
be smaller than the size of symbois.)

Encompassing the entire country in a model stll sug-
gested that DENV-positive donors would be captured in
the blood pool, but with approximately 10-fold lower inci-
dence than local outbreaks.?® The reported virus load of
asymptomatic donors ranges broadly from 10 to 10° cop-
ies/mL.”** Although penetrance of DENV into blood sys-
terns has been established, it is unknown whether this
pathogen remains infectious throughout the storage of
respective blood products. In the current study the per-
sistence of DENV] to 4 infectivity within leukoreduced
PLT and RBC units stored under blood center criteria was
investigated. Highly purified virus was used to exclude
contributions of host cellular debris or plasma found in
semipurified virus or patient samples. Purified DENV was
added to PLT and RBC units at 10° to 10° copies/mlL,
which is intermediate within the reported range of
infected donor blood.” For both types of blood cells, alt
four DENV serotypes remained infectious over the dura-
tion of storage, which is consistent with reported cases of
transfusion-transmitted disease.”'™'? For the first time we
also show that DENV viability in both PLT and RBC units
is not stable, but decays exponentially over the shelf life
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duration, Thus, the time between sampling and pathogen
quantification is a variable not previously considered, to
our knowledge. The rapid decay of DENV in PLT and RBC
units may furthermore explain why the incidents of trans-
fusion transmission are relatively rare compared to DENV
prevalence. More importantly, these data suggest that the
age of the blood product may attenuate the transmission
of DENV by transfusion.

Compared to buffer alone, the infectivity of DENV
was greatly prolonged in stored PLT or RBC units. The
instability of DENV in the absence of cells has been
reported previously? Our data show that components
within PLT and RBC units promote the survival of DENV.
When either type of donor cell unit was inoculated, infec-
tious virus was detectable for the entire storage duration,
whereas in buffer alone there was complete loss of infec-
tivity before 24 hours at the PLT storage temperature
{20-24°C) or after 2 weeks at the RBC storage temperature
(1-6°C). This difference in viral decay rate coincided with
a prolonged rise in DENV genome copy number for the
latter. To demonstrate that the stabilizing effects of PLT
and RBC units on DENV involved viral protein synthesis,
we compared DENV infectivity when a translation elonga-
tion inhibitor (cycloheximide) was added during storage.
The finding that this treatment enhanced viral decay dem-
onstrated that infectious virus was produced during stor-
age. However, the amount produced was insufficient to
reverse the dramatic logarithmic overall decay profile.
Freeze-thaw treatment of cells also attenuated DENV sur-
vival and prevented RNA replication. Flow cytometry for-
ward and side scatter measurements and hemolysis:
assays {not shown) confirmed the disruption of cells after
freeze-thaw treatment of PLT and RBC units (respectively}.
These data further supported the generation of viral prog-
eny during storage because DENV genome amplification
was observed only when cells and presumably the subcel-
lular organelles were intact. Loss of DENV infectivity was
far greater during storage in buffer alone compared to
either cycloheximide or freeze-thaw treatmnent of cells,
suggesting that PET or RBC units prolong the infectivity of
DENV by a combination of new virus production and
effects not requiring intact cellular function.

While overwhelming literature suppoits a direct
DENV-PLT link,**2%% there is little to presume a similar
pathophysiologic involvement for RBCs, except perhaps
the inference from an altered RBC sedimentation rate dur-
ing DENV disease.®® Moreover, RBCs contrast PLTs by
lacking the requisite translatonal organelles and, there-
fore, cannot directly generate protein encoded by the viral
RNA genome. Therefore, it was somewhat surprising to
observe an increase in the DENV genome copy number
and infectious virus production during storage of RBC
units. These data imply the involvement of other cells
inherent to RBC units. WBCs. are considered to be a pri-
mary target for DENV replication®® and PLTs are also
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SUTHERLAND ET AL.

known to be permissive.!'® Although in relatively low
abundance within the RBC units used here (0.0004 and
0.06% vs. RBCs/mL, respectively), these may account for
some of the observed DENV genome amplification once
the virus-encoded polymerase is translated. Not previ--
ously considered as mediators of RNA virus replication is
the RBC precursor, reticulocytes. These constitute a com-
paratively high propottion of cells in RBC units at approxi-
mately 1% (approx. 7 x 10" cells/L)®**® and are long
known to have translational function.3! Data from studies
involving RBC units has shown that reticulocytes diminish
over the 42-day storage period, but nevertheless persist®™
despite maturation and loss of translational capacity.
Therefore, the observation of increased DENV genome
production suggests reticulocytes may also be a reservoir
for DENV production during RBC unit storage. Regardless,
these findings insinuate that other permissive RNA viruses
may also be propagated during storage of cellular blood
products.

Cumulatively, the results presented here demonstrate
that the viability of DENV1 to 4 persists in PLT and RBC
units over the respective storage duration. The bases of
this persistence are complex and consist of the novel pro-
duction of virus during storage, effects not requiring intact
cells or protein synthesis (also conferred by plasma; data
not shown), and low storage temperature. These factors
diminish the intrinsic decay of DENV, thereby prolonging
infectivity. Virus generation in stored units implies that
cellular biomarkers could be used as a surrogate to detect
DENV contamination. As examples, PLT activaiion or RBC
permeability may be affected. However, at least at the rel-
atively low virus-to-cell ratio evaluated in this study, insig-
nificant effects were observed on CDG2P expression or
hemolysis in PLT or RBC units, respectively (data not
shown). At least these typical cell quality markers would
not be applicable surrogates for current DENV screening
methods. Direct DENV screening protocols have recently
been implemented in some endemic regions, but at sig-
nificant cost. The advent of universal inactivation technol-
ogies promises to reduce the risk of pathogen
transmission for some blood products, although certain
toxicity concerns and incompatibility with cellular com-
porients continue to delay its general implementation.3®
Nevertheless, for as-yet-unknown reasons DENV inactiva-
tion is relatively resistant to these technologies in the
presence of cells®® The infectivity decay profiles pre-
sented in this study, combined with screening, pathogen
inactivation, and vigilant travel deferral methods, may
help to further reduce the risk of DENV transrnission.
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SUPPORTING INFORMATION

Additional Supporting Information may be found in the
online version of this article at the publisher's Web site:

Fig. §1. DENV serotype survival and genome replication
in stored pooled platelet units. Platelet units (~8.9 x 10°
platelet/mL} were inoculated with purified DENVL, 2, 3,
or 4 (~10°-10° PFU/mL), and stored under standard
blood bank conditions (20-24°C, constant rocking). A.
Samples were removed daily and assayed for infectious
virus by following plaque formation 5 days (DENV2) or 7
days (DENV1, 3, and 4) post-infection of confluent Vero
cells. B. The inoculated platelet unit samples were assayed
for DENV1-4 genome by gRI-PCR using a standard
derived from quantified virus. DENV], 3, and 4 infectious
virus and genome n=3 * SEM. DENV2 infectious virus
and genome n =4 + SEM: Error bars may be smaller than
the size of symbaols.

Fig. 52, DENV serotype survival and genome replication in
stored red cell units. RBC units (~7 X 10° RBC/mL) were
inoculated with purified DENVI, 2, 3, or 4 (~10°-10° PFU/
mlL}), and stored under standard blood bank conditions
(1-6°C, stationary). A. Samples were removed daily and
assayed for infectious virus using standard plaque assays in
Vero cells as in Figure 1. B. The inoculated RBC unit sarmn-
ples were assayed for DENV1-4 genome by gRT-PCR using
a standard derived from quantified virus. DENVI, 3, and 4,
infectious virus and genome, n =3+ SEM. DENV2 infec-
tious virus n=6=* SEM and genome n=4* SEM. Error
bars may be smaller than the size of symbols. * indicates
p < 0.05 when compared to Day 0.
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Abstract: Climate change is predicted to increase the transmission of many vector-borne pathogens, repre-
senting an increasing threat to a safe blood supply. In early 2011, Australia experienced catastrophic rainfall and
flooding, coupled with increased arbovirus transmission, We used Ross River (RRV)} and Barmah Forest (BFV)
viruses as test cases to investigate the potential risk posed to Australia’s blood supply after this period of
increased rainfall. We estimated the risk of collecting an infected donation s one in 2,500-58,000 for RRV and
one in 2,000-28,000 for BFV. Climate change may incrementally increase the arbovirus threat to blood safety.

Keywords: arbovirus, climate, rainfall, blood donor, risk, safety, transfusion

Emerging transfusion-transmissible pathogens, including
arboviruses such as West Nile (WNV), chikungunya
(CHIKV) and dengue viruses (DENV), are a threat to
transfusion safety (Petersen and Busch 2010; Dodd 2012;
Faddy et al. 2013). Increased rainfall generally favours
mosquito reproduction, resulting in increased arboviral
transmission (Gould and Higgs 2009; Knope et al. 2013),
Climate change is predicted to increase the transmission of
many vector-borne pathogens, including arboviruses, rep-
resenting a significant threat for the maintenance of a safe
future blood supply (Semenza and Domanovic 2013),

Published online: December 24, 2014

Correspondence to: Helen Faddy, e-mail: hfaddy@redcrossblood.arg.an

107

Ross River virus (RRV) and Barmah Porest virus (BEV)
have the highest incidence among human arbovirus dis-
eases in Australia (Knope et al. 2013). Both belong to the
genus Alphavirus, have a transnission cycle with kangaroos
and wallabies as the main reservoir hosts and share similar
mosquito vectors (Chapman et al. 1999; Robertson et al.
2004; Hu et al. 2006; Kay et al. 2007; Jansen et al. 2009).
Rainfall, temperature, tidal levels and humidity correlate
with changes in the incidence of RRV and BFV infections in

‘humans (Tong et al. 2004; Gatton et al. 2005; Jacups et al.

2008, 2011). Increased rainfall, however, is the primary
climatic factor influencing RRV disease transmission in
eastern Australia, due to its effect on the vector population
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(Tong and Hu 2002; Hu et al. 2004). In the southern
hemisphere summer of 2010-2011, eastern Australia
experienced extreme rainfall (Coumou and Rahmstorf
2012), Rates of RRV infection were elevated nationally
during the 2010-2011 summer compared to historical
averages, and in some regions, the number of BFV cases
also increased (Knope et al. 2013).

Both RRV and BFV can cause debilitating, rheurnatic
symptorns in humans (Mackenzie and Smith 1996), Sub-
clirical infection and viraemia are common, so transmis-
sion through blood transfusion is possible; however, no
cases have been reported in the literature (Harley et al
2001; Shang et al. 2012). Transfusicn-transmission has,
however, been documented for other arboviruses, including
WNV and DENV, and is suspected for CHIKV (Petersen
and Busch 2010). We therefore aimed to determine the
proportion of blaod donors that had recently been exposed
to RRV or BFV, assess the proportion of the donor pop-
ulation with evidence of previous infection and quantify
the risk of collecting an infected blood donation following a
period of increased rainfall as an indicator of theoretical
transfusion-transmission risk.

Plasma samples were collected in the first half of 2011
from ‘higher-risk’ regions (defined as those that experi-
enced increased rainfall in late 2010 to early 2011, coupled
with increased arbovirus transmission: Bundaberg, Cairns,
Mackay, Rockhampton, Toowoomba, ’I_‘ownsvi]le and the

Murray Valley). A 1-3 month lag between peak rainfall and -

elevated rates of RRV or BFV notifications is predicted
(Gatton et al. 2004). Anstralian totification data confirmed
samples were acquired during the peak viral transmission
period in 2011 (Knope et 4l. 2013). Samples were tested for
RRV and BFV IgM antibodies using an indirect enzyme
linked immunosorbent assay (ELISA; Panbio, Brisbane,
Australia), with positive samples confirmed by an in-house
indirect immunofluorescence antibody test (IFA) (Harnett
et al. 1985), modified for RRV or BFV. We detected RRV
1gM antibodies, indicating recent infection, in 0.9% of
donors from ‘higher-risk’ areas (Table 1). Region
(P = 0.017) had an influence on the proportion of donors
with RRV IgM. A similar proportion {1.2%) of domors
from ‘higher-risk’ areas had evidence of a recent BFV
infection (Table 1), also influenced by region (P < 0.001).
Only one donor, fiom the Murray Valley area, had RRV
and BEV IgM antibodies. Denors did not report diagnosed
RRV or BFV infections pre- or post-donation, indicating
either asymptomatic infection o, less likely, symptomatic
infection without informing the Austraan Red Cross

Blood Service. Asymptomatic, viraemic individuals may
donate with consequent risk for transfusion-transmission.
Additional semples were obtained from capital cities
(Adelaide, Brisbane, Darwin, Hobart, Melbourne, Perth and
Sydney). These samples, as well as those from Townsville,
were tested for RRV and BFV IgG antibodies using an indi-
rect ELISA (Panbio), with confirmatory testing performed
using an in-house haemagglutination inhibition (HI)
(Clarke and Casals 1958). We detected RRV IgG antibodjies,
indicating past infection, in 8.4% of donars, with region
(P < 0.001), age (P < 0.001) and sex (P < 0.001) associ-
ated with previous infection (Tables 2, 3). Previous RRV
exposure was observed in donors from all states; however, the
highest IgG seroprevalence was in the tropics and sub-tro-
pics, from where the majority of clinical cases are reported
(Knope et al. 2013). Prevalence increased with age, probably
due to increased lifetime exposure. We detected BEVIgGina
smaller proportion (1.7%) of donors, and this proportion
was influenced by region only (P = 0.007; Tables 2, 3). No
age dependency was observed for previous BFV infection,
and while historical exposure did vary regionally, no clear

Jatitudinal trend was observed. Previous BFV exposure was

relatively low in all regions, while serological evidence of
recent exposure was similar to that for RRV in some regions.
After first being isolated in 1974, BFV infection in humans
has been nationally notifiable since 1995 (Marshall et al
1982; Herceg et al. 1996; Knope et al. 2013). BFV notification
rates have increased in recent years (Knope et al. 2013),
demonstrating that BFV infection may be increasing in
endemic and epidemic regions.

The risk of collecting a RRV or BFV infected donation
was estimated using modified published models (Weinstein
et al 1995; Shang et al. 2012; Faddy et al. 2013). The
probability of collecting an infected donation (for each
virus) was estimated over 6 months for each ‘higher-risk’
1'egion: We assumed that the potential for collecting an
infected donation directly correlated with the RRV or BEV
IgM seroprevalence among the blood domor populations
studied. The risk of collecting a donation containing RRV
from ‘higher-risX’ regions was estimated at one in 7,333
(range 2,497-58,284) and for BFV was estimated at one in
5,616 (range 2,074-27,774; Pigure 1}. These risks are of a
similar magnitude to previous estimates for RRV and
DENV during outbreaks (Shang et al. 2012; Faddy et al.
2013). During DENV outbreaks, supplementary measures,
such as donation restrictions, are implemented to mitigate
the risk of transfusion-transmitted DENV (Faddy et al.
2013).
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Table 1. Serological Evidence of Recent RRV or BFV Exposure (by RRV or BFV IgM) in Australian Blood Donors and Donations.

Donors Donations
Number tested Reactive Number tested Reactive
Nurmber % 95% Ci Number % 95% CI
RRV IgM :
Overall 5114 46 0.90 0.64-1.16 5,935 46 0,78 0.55-1.00
Region
Bundaberg 843 E 0.59 0.07-1.11 959 5 0.52 0.07-0.98
Cairns 701 ' 2 0.29 0.00-0.68 969 2 0.21 0.00-0.4%
Mackay 891 4 0.45 0.01-0.89 1,007 4 0.40 0.01-0.75
Rockhampton 503 15 1.66 0.83-2.49 1,030 15 146 0.72-2.19
Townsville 830 11 1.33 0.55-2.10 973 11 113 0.47-1.79
Murray Valley 946 9 0.55 0.33-1.57 997 2 0.50 0.25-1.36
Age group
<24 747 4 0.54 0.01-1.06 786 4 0.51 0.01-1.01
25-34 704 5 0.71 0.09-1.33 801 5 0.62 0.08-1.17
35-44 755 4 0.53 0.01-1.05 892 4 0.45 0.01-0.89
45-54 1,332 18 1.43 0.79-2.06 1,615 1% 1.18 0.65-1.70
55-64 1,184 10 0.84 0.32-1.37 1,422 10 0.70 0.27-1.14
265 392 4 1.02 0.03-2.02 419 4 0.95 0.02-1.89
Sex
Male 2,680 25 0.83 0.57-1.30 3,205 25 0.78 0.48-1.08
Female 2,434 21 0.86 0.50-1.23 2,730 - 21 0.77 0.44-1.10
BEV IgM
Overall 5,033 61 .21 0.91-1.51 5,791 68 1.17 0.90-1.45
Region
Bundaberg 843 7 0.83 0.22-1.44 959 8 0.83 0.26-1.41
Cairns 701 8 1.14 0.35-1.93 969 12 124 0.54-1.93
Rockhampton 903 26 2.88 1.79-3.97 1,030 28 2.72 1.73-3.71
Toowoomba 810 0 0.00 - 863 0 0.00 -
Townsville 830 2 0.24 0.0-0.57 973 2 0.21 0.00-0.49
Murray Valley 946 18 1.90 1.03-2.77 997 i8 1.81 0.98-2.63
Age group
<24 699 11 1.57 0.65-2.50 736 11 1.49 0.62-2.37
25-34 683 11 1.61 0,67-2,55 769 11 1.43 0.59-2.27
35-44 744 5 0.67 0.08-1.26 863 7 0.81 0.21-1.41
45-54 1,281 18 141 0.76-2.05 1,538 22 143 0.84-2.02
55-64 1,201 8 0.67 (.21-1.13 1,431 2 0.63 0.22-1.04
=65 425 8 1.88 0.58~3.17 454 8 1.76 0.55-2.97
Sex
Male 2,637 34 125 086172 3,16 37 119  0.81-157
Female 2,386 27 1.13 0.70-1.55 2,675 31 1.16 0.75-1.56

Currently in Australia, individuals diagnosed with an
arboviral infection, such as RRV or BEV, are not permitted
to donate blood until 4 weeks after they have recovered. In
addition, blood components are quarantined or recalled
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from donors reporting any significant illness within 7 days
of donation. RRV and BFV notifications occur in all
Australian states and territories, although spatio-temporal
as well as seasonal variation exists; RRV is endemic to
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Table 2. Prevalence of Previocus RRV or BEV Infection {by RRV or BFV IgG) in the Australian Blood Donor Population.

Variable . Number tested IgG reactive
Number | % 95% CI
RRV ,
Overall - 2,839 238 8.38 7.36-9.40
Region
Hobart 355 19 535 3.01-7.69
Adelaide 359 13 3.62 1.69-5.55
Brisbane 355 49 13.80 16.21-17.39
Darwin 354 54 15.25 11.51-19.00
Melbourne 359 3 0.84 ‘ 0.00-1.78
Perth 358 10 279 1.09-4.50
Sydney 360 16 4.44 232-6.57
~ Townsville 339 74 21.83 17.43-26.23
Age group .
<24 375 .18 4.80 2.61-6.89
25-34 460 17 3.70 1.97-5.42
35-44 446 35 7.85 535-10.34
45-54 ) 678 77 1136 8.97-13.75
5564 657, 65 9.89 761-12.18
>65 223 26 11.66 7.45-15.87
Sex
Male 1,527 159 10.41 ' 8.88-11.94
Female 1,312 79 602 4.73-7.31
BFV '
Overall 2,839 47 1.66 115-2.12
Region
Hobart 355 ' 3 0.85 0.00-1.80
Adelaide 359 5 13 0,18-2.61
Brisbane 355 ‘ 4 - 113 0.03-2.22
Darwin 354 13 3.67 1.71-5.63
Melbourne 359 1 0.28 0.00-0.82
Perth 358 5 1.40 0.18-2.61
Sydney 360 11 3.06 1.28-4.83
Townsville 339 5 1.47 0.19-2.76
Age group ‘ .
<24 375 5 1.33 0.17-2.49
25-34 460 7 1.52 0.40-2.64
35-44 446 6 1.35 028241
45-54 - 678 ' 15 221 1.11-3.32
55-64 857 10 1.52 0.59-2.46
>65 223 4 1.79 0.05-3.54
Sex
Male 1,528 27 177 1.11-2.43
Female 1,311 20 1.53 0.86-2.19

coastal areas of northern and central Australia and is epi-  Kuope et al. 2013; Yu et al. 2014). There are blood donor
demic in the rest of the country, while the majority of BEV  centres in areas where RRV and BFV transmission occurs,
cases are in coastal New South Wales {Cashman et al. 2008;  including some ‘higher-risl’ regions.
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Table 3. Multivariate Logistic Regression Analysis: Influence of Factors on RRV or BEV Seropositivity in Australian Blood Donors.

Variable Multivariate logistic regression analysis
Odds ratio 95% CI P value
RRV
Region {reference group: Hobart)
Adelaide , 0,66 0.32-136 0.254
Brisbane 2.80 1.61-4.88 <0.001
Darwin 337 1.94-5.85 <0.001
Melbourne 0.16 0.05-0.55 0.004
‘ Perth 0.51 0.23-1.11 0.088
Sydney 0.89 0.45-1.77 0.746
Townsville 5.04 2.95-8.60 <0.001
Age group (reference group: <24)
25-34 0.69 0.34-1.38 0.292
35-44 1.39 0.76-2.55 0.286
45-54 2.07 1.19-3.58 0.010
55-64 171 0.98-2.98 0.059
=65 243 1.27-4.67 0.008
Sex (reference group: male)
Female 0.57 0.42-0.76 <0.001
BFV
Region (reference group: Hobart)
Adelaide ‘ 168 0.40-7.12 0.480
Brisbane 1.33 0.30-6.00 0.709
Darwin 452 1.27-16.01 0.020
Melbourne 033 0.03-3.22 0.342
Perth ’ 1.65 0.39-6.97 0.495
Sydney 3.81 1.05-13.82 0.042
Townsville 1.75 0.41-7.37 0.449
Age group (reference group: <24)
25-34 1.01 0.31-3.22 0.994
35-44 0.93 0.28-3.11 0.909
45-54 1.52 0.54-4.27 0.431
55-64 1.08 0.36-3.23 0.892
=65 113 0.30-4.51 0.86
Sex (reference group: male)
Female 0.82 0.45-1.48 0.504

Given that the estimated transmission risk for RRV
and BFV (albeit ‘theoretical’ at present) is similar to that
for DENV outbreaks, which trigger further donation
restrictions (Paddy et al. 2013), additional precautionary
measures may be indicated to mitigate the potential
increased risk of RRV or BFV transmission through blood
components after extrermne rainfall in ‘higher-risk’ areas.
Such approaches could include additional donor ques-
tioning to identify donors residing in or travelling to risk
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areas, coupled with either domation restriction or the
implementation of licenced danation screening assays (if
available). An altérnative approach could be the imple-
mentation of pathogen reduction technology (a process
désigned to inactivate a broad range of pathogens in blood
components), which has the added advantage of concur-
rently safeguarding the blood supply against a large number
of pathogens, including as yet unknown agents (Faddy et al.
2014}). However, any approaches need to take into account
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Figure 1. Risk of collecting an infectious donation in high-risk areas
after increased rainfall. Estimated risk for RRV (z) and BFV (b).

the severity of the illness in recipients, with both RRV and
BFV predominantly resulting in asymptomatic infections
or self-limiting illness. The occurrence of RRV or BFV
transfusion-transmission would remain a minimal mode of
transmission compared to mosquito-borne transmission,
with the major risk for transfusion-transmission being
inceased mosquito-borne transmission resulting in
incident infections in blood donors, This risk may be better
managed through vector control programs.

Transfusion-transmissible pathogens threaten blood
safety globally. Risk reduction strategies must, therefore,
incorporate consideration of changes in epidemiology, virus
biology and population dynamics (i.e. of humans, animal
hosts and disease vectors), as well as climatic and environ-
mental conditions. Many disease vectors are projected to
expand their population range to higher latitudes with
increasing temperatures under climate change (Semenza
and Domanovic 2013). Such range shifts may bring vectors
and viruses into contact with larger human populations,
increasing risk to blood safety. Moreover, vector-borne
disease abundance may also be affected by other factors,
such as populetion movements and manmade enviren-
mental changes. Our study highlights the need for contin-
uous re-evaluation of risk mitigation strategies to ensure
optimal management of the risk posed by arboviruses and
other emerging pathogens. We suggest that risk models
must better incorporate projected climate change sceniarios
in order to maintain the highest level of blood safety.
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Sequence analysis of two variable cytomegalovirus genes for
distinction between transfusion- and breast milk-transmitted
infections in a very-low-birthweight infant

Naoji Yamagishi,' Yasumi Furui?' Syota Koshinami,® Koichi Ichijo,* Yoshito Shimizu,®
Yuji Hoshi,' Yuko Gotanda,’ Keiko Miyakawa,’ Shigeharu Uchida,’ Kenji Tadokoro,?
Tadashi Nagai,' and Masahiro Satake'

BACKGROUND: Cytomegalovirus (CMV) infections in
very-low-birthweight infants can lead to serlous clinical
consequences, When CMV-related symptoms occur after
transfusion, CMV transmission is often attributed to the
transfusion products rather than to breast milk. However,
it is sometimes difficult to distinguish between
transfusion-transmitted and breast milk—transmitted CMV
infections.

PATIENT AND METHODS: A patient was horn at 27
gestational weeks with a weight of 682 g. He was
transfused with leukoreduced red blood cells (LR-RBCs),
which were later found 1o be CMV seropositive and CMV
DNA positive. He was also fed with CMV DNA—positive
breast milk. Thereafter, he developed CMV disease with
thrombocytopenia and jaundice. To determine the route
of transmission, we analyzed the sequences of two
variable CMV genes, UL139 and UL1486, by direct
sequence analysis. We also performed deep sequence
analysis to determine whether there were polyclonal
CMV strains in the LR-RBCs transfused.

RESULTS: CMV DNA sequence-matching rates for the
LR-RBCs and the patient’s blood were 64.6% for the
UL132 gene and 68.6% for the UL146 gene. In contrast,
the sequences of these genes in the patlent’s blood were
100% matched with those in the breast milk.
Furtherrore, by deep sequence analysis, the CMV strain
found in the patient's blood was not detected in the LR-
RBCs transfused.

CONCLUSION: The resulis indicate that the
pathogenic CMV strain was transmitted through breast
milk, which is consistent with the claims that transfusion-
transmittéd CMV infectior due 1o leukoreduced blood
products is uncommon.
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ytomegalovirus (CMV) might be transmitted

+ from mothers to their children during the post-

natal period. While most full-term infants rarely

develop severe CMV diseases, CMV infections

in very-low-birthweight (VLBW) infants or premature

infants sometimes lead to serious clinical consequences

due to insufficiency of transferred maternal antibodies.

There are several possible sources for CMV transmission

to seronegative VLBW or premature infants, including

breast milk, other CMV-infected individuals, and blood
transfusion products.

Transfusion-transmitted CMV (TT-CMV) is often sus-
pected when VLBW infants develop a symptomatic CMV
infection after transfusion of bloed products. In such
cases, proving the presence of CMV in transfused compo-
nents and matching the sequence identity of CMV
between the transfused and patient’s blood would provide
a definitive diagnosis of TT-CMV. However, such sequence

ABBREVIATIONS: BM-CMV = breast mill—transmitted
cytomegalovirus; LR-RBCs = leukoreduced red blood cells;
VLEW = very low birthweight; TT-CMV = transfusion-
transmitted cytomegalovirus.
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Fig. 1. Schematic map of the CMV strain. A map of the CMV strain Merlin {GenBank Accession Number AY446894.2) is shown.
The terminal repeat long (TRL), unique long (U1), internal repeat long (IRL), internal repeat short (IRS), unique short (U8}, and
terminal repeat short (TRS) areas are indicated with white boxes. The gray and black arrows represent the first and second PCR
products, respectively. Numbers shown with each arrow indicate the corresponding genome location of the Merlin CMV strain.

analysis has not been performed in most cases. Interest-
ingly, some recent studies showed that the frequency of
TT-CMV infection is lower than was generally believed
when leukoreduced blood products are used,! suggesting
that accurate diagnosis of TT-CMV by sequence analysis is
of significant clinical importance.

For prevention of TT-CMV, use of either CMV-
seronegative or leukoreduced bleed products has been
shown to be effective,> although selection policies regard-
ing these two types of blood products do not always coin-
cide among institutions.® The risk of TT-CMV is believed to
still remain even when leukoreduced blood is transfused,
particularly when CMV-seropositive blood products are
used.® Purthermore, it is possible that CMV-seronegative
blood products contain CMV if they are collected during a
“window period.” Based on these facts, currently transfu-
sion with CMV-seronegative leukoreduced products is
actually recommended for VLBW infants,”®

It is also well known that CMV DNA can be found at
high rates, of more than 90%, in the breast milk of CMV-
seropositive mothers.® At present, effective prevention
strategies for breast milk—transmitted CMV- (BM-CMV)
have not yet been established. As a result, 2% to 37% of
infants who are fed with CMV DNA-positive breast milk
could be infected with CMV.21%11 ‘

Here we report a case of BM-CMV in a VLBW infant,
in whom TT-CMV was first suspected, We performed
sequence analysis of two variable CMV genes from sam-
ples of the patient’s blood, the transfused blood products,
and the patient’s mother's breast milk.

MATERIALS AND METHODS

Polymerase chain reaction for CMV DNA

The Japanese Red Cross Society stores and retains reposi-
tory blood samples, which have been separated into a
blood clot and a serum fraction, from all blood donors for
11 years. For this study, DNA samples from serum frac-

1306 TRANSFUSION Volume 56, June 2016
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tions of the pertinent repository blood samples were pre-
pared using the virus/pathogen midi kit (QlAsymphony

' DSP Qiagen Inc.}. The blood clot of the repository blood

sample was pulverized using a homogenizer (Bio-musher
V, Nippi Inc.). Subsequently, DNA from nucleated cells was
isolated using the DNA mini kit (QIAsymphony, Qiagen
Inc.). We found in our previous study that the efficiency of
DNA isolation from the blood clot of the repository blood
sample is almost equal to that from the buffy coat.'? DNA
from the whole blood of the patient and his mother, as
well as from her bieast milk, was also isolated using the
DNA mini kit {QIAsymphony, Qiagen Inc.). After DNA
samples were prepared, polymerase chain reaction (PCR)
tests to detect CMV DNA were performed using an CMV
TM PCR kit (artus, Qiagen Inc.), as described previously.*

Sequence analysis of the UL139 and UL146 genes
of CMV

Using DNA samples from the breast milk, the patient’s
blood, and the repository blood sample corresponding to
the transfused leukoreduced red blood cells (LR-RBC), in
which CMV DNA was detected, nested PCR for the CMV
UL139 gene, which encodes a membrane glycoprotein, and
the UL146 gene, which encodes a CXC chemokine, was per-
formed (Fig. 1). The primers used for nested PCR, which
were designed and modified based on previous reports,'3!*
are shown in Table 1. Sequences of the UL139 and UL146
genes were then determined by direct sequence analysis,
Using computer software (Mega 6.0),' the phylogenetic
rees for CMV genotypes were created based on the pre-
dicted amino acid sequences, which were determined by
computer software (GENETYX, Version: 12, GENETYX Corp.).

For genetic sequencing by deep sequence analysis,
we created libraries from PCR amplicons, which had been
prepared from DNA samples, using the DNA sample prep-
aration kit (Nextera XT, Tlumina). Nucleotide sequences
were then determined using a reagent kit and sequencer
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TABLE 1. Primers used for nested PCR

Genes Forward

Reverse

UL %33 (first)
UL138 {second)
UL148 {first)
UL145 (second)

5'-aagectiagectetacgatgt-3/

5'-gtgaaagtgacgteteagg-3'

5'-tagacactacgicgtaaatg-3'
5'-gcttgegegttaggatigagacac-8'

5'-atctactgtaaaccetoigeteig-3'
§'-gtggaaattittacgtecatt-3'

5'-tgiagaatiagictagaticeiga-a'
5'-ataceggatatiacgaatt-3/

(Miseq v2, 500 cycles, and Miseq, respectively, lwming).
Previous reports demonstrated that there are eight geno-
types for the UL139 gene and 14 genotypes for the UL146
gene;'*'® therefore, we used these 22 variable sequences
as a reference. The resulting data were analyzed by com-
puter software (Sequencher 5.3, Gene Codes Corp.), in
which the BWA-MEM algorithm was used for the align-
ment of paired-end reads to the reference sequences. To
reduce sequence artifacts, reads with a low-quality score
(<35] or shorter than 150 bp were excluded.

Detection of CMV antigen and CMV antibody

CMV antigen was exarnined by the pp85 antigenemia
method using an enzyme-labeled antibody kit (LSIM kit,
LSI Medience Co.} in accordance with the manufacturer's
instructions. Briefly, the patient’s white blood cells (WBCs)
were fixed on glass slides, and then the slides were incu-
bated with the C10/C11 anti-CMVpp65 mouse monoclo-
nal antibody to detect the presence of CMVpp65 antigen
in the WBCs. Anti-CMV IgM {Enzygnost, Siemens Health-
care Diagnostics Products GmbH) was used to detect anti-
CMV IgM in the serum fraction of the transfused LR-RBCs
and the plasma of the patient. Presence of ant-CMV IgG
was also examined using the anti-viral antibody enzyme
immunoassay Cytomegalo IgG (Denka Seiken Co., Ltd.
Tokyo, Japar), in accordance with the manufacturer’s
instructions. In our hospital, we use CMV-seronegative
blood products for VLBW infants, except for during urgent
situations when we cannot afford to find such products.

CASE REPORT

The patient was borm at a gestational age of 27 weeks and
had a birthweight of 689 g. Analysis of his mother’s blood
performed 1 month before delivery revealed positivity for
anti-CMV [gG, but anti-CMV IgM testing was negative. At
the time of delivery, the patient was assessed to be CMV
negative because his dry umbilical cord was negative for
CMV DNA. On Day 3, the patient’s mother began to feed
him breast milk not treated by freeze-thawing, On Day 7,
the patient was treated with a transfusion of 20 mL of LR-
RBCs to improve his hemodynamics. Because it was an
urgent situation, CMV-undetermined LR-RBCs, which had
been stored at the hospital, were used instead of ordering
a CMV-seronegative supply. Thereafter, he received trans-
fusions four times, up to a total of 120 mL of CMV-
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seronegative LR-RBCs. Later, by testing the repository
blood samples, we found that the first transfused LR-RBC
unit was CMV seropositive and CMV DNA positive,

On Day 9, laboratory examinations revealed extremely
high levels of C-reactive protein (10.3 mg/dL), as well as
decreased platelets (10.3 X 10%*%/1). In addition, the patient
developed jaundice. On Day 23, the CMV antigen test was
positive (3/15 cells/50,000 peripheral blood WBCs), indi-
cating that CMV infection had been established in the
patient. After antiviral treatment with ganciclovir, the clini-
cal symptoms disappeared with improvement of labora-
tory examinations. The results of CMV-related testing on
Day 87 were still all positive for anti-CMV IgM, anti-CMV
IgG, and qualitative CMV DNA. CMV DNA positivity in the
patient’s whole blood was also confirmed by a qualitative
analysis performed in an external institution. However,
there was no further recurrence of clinical symptoms or
thrombocytopenia. On Day 188, we found that the moth-
er's breast milk was positive (1640 IU/mL}, whereas her
whole blood was negative, for CMV DNA.

RESULTS

A previous study showed that there is much diversity in
the sequences of the UL139 and UL146 genes of CMV.'®
When comparing CMV strains found in the transfused LR-
RBCs and the patient’s blood by direct sequence analysis,
DNA sequence-matching rates were 64.6 and 68.6% for
the UL139 and UL146 genes, respectively (Figs. 2A and
2B). The UL139 and UL146 genes from the LR-RBCs were
assigned to Genotypes G5 and G3, whereas those from the
patient’s blood were assigned to G4 and G12, respectively,
using the predicted amino acid sequences method (Figs.
3A and 3B)."*® In contrast, when comparing CMV found
in the breast milk and the patient’s blood, DNA sequence-
matching rates were 100% for both genes (Figs. 2A and
2B). Thus, it is highly likely that the CMV in the patient’s
blood and that in the breast milk were identical.

However, it still remained possible that the CMV in
the LR-RBCs was polyclonal and that & minor strain, which
was accidentally identical to that in the breast milk, had
proliferated advantagecusly in the patient. To address this
question, we next performed deep sequence analysis of
the repository blood sample of LR-RBCs, to determine
whether there were CMV strains other than those found by
direct sequence analysis. In this analysis, we could not find
additional CMV strains, including the one found in the
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Fig. 2. Nucleotide sequence alignment of the UL139 and UL146 genes of CMV. Sequences of the UL139 (A) and UL146 (B) genes
of CMV detected from patient’s blood, breast milk, and LR-RBCs were determined and compared. Sequences of the two genes
from the breast milk and the patient's blood matched cdmpletely. Dots indicate identical nucleotides and dashes indicate dele-
tions. Sequences shown In the figure correspond to the regions with genome locations of 186395 to 187077 (A} and 180571 to

181341 (B) of the Merlin CMV strain.

patient’s blood, supporting the results of direct sequence
analysis indicating that the CMV strains found in the trans-
fused LR-RBCs were not transmitted to the patient.

DISCUSSION

In this case, TT-CMV, rather than BM-CMYV, was first sus-
pected, because CMV-seropositive LR-RBCs were trans-
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fused before development of CMV infection-related
clinical symptoms. Furthermore, CMV DNA was positive
in the blood clot of a repository blood sample for the
transfused LR-RBCs. It is possible that the transfused LR-
RBCs contained excess amounts of WBCs as a result of fil-
tration failure. Moreover, although there is no definitive
evidence to support this, potential CMV in (cell-free)
plasma, which could remain even after leukoreduction of
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Fig. 3. Genotypes of CMV found in patient’s blood, breast
milk, and LR-RBCs. Unrooted neighbor-joining trees for the
DUL139 (A) and UL146 (B) genes are shown.!¥!% Scale bar
indicates the number of amino acid substitutions per site.
Bootstrap values (ot of 160} are shown.

CMV-infected blood products, could be regarded as a pos-
sible source of transmission. CMV DNA was, however, not
detected in the serum fragment of the repository blood
sample of this LR-RBC unit (data not shown).

Most previously reported TT-CMV cases never under-
. went CMV sequence analysis; instead they were diag-
nosed bhased only on the clinical course—the fact that
CMV diseases developed after a transfusion. In other
words, the possibility of EM-CMV cannot be completely
ruled out in previously reported TT-CMV cases. This fact
raises the possibility that the frequency of TT-CMV is
much lower than what was previously believed. Indeed,
Seed and colleagues’ recently reported that the risk of TT-
CMV with use of leukoreduced blood products is
extremely low. Therefore, we felt a need to distinguish TT-
CMV from BM-CMYV in this case.

For this purpose, we analyzed the sequences of the two
CMV genes, UL139 and UL146, which were previously
reported to have sequence variation among different
strains.’® As a result, we-clearly showed that the sequences
of these genes in the patient’s blood completely matched
those in the fed breast milk. Furthenmore, these sequences
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could not be detected in the repository blood sample of LR-
RBCs using sensitive deep sequence analysis. We also dem-
onstrated that this analysis could detect a specific genotype
of UL139 or UL146 that comprised only 0.3% (1.4 copies/
PCR procedure) of a mixture of two CMV clones having dif-
ferent genotypes of these genes, indicating the high sensitiv-
ity of sequencing for CMV (data not shown). These results
strongly support the conclusion that the CMV strain in the
patient’s blood was identical to that in the fed breast milk
and that the patient acquired a BM-CMV infection.

Josephson and coworkers® showed that risk factors
for BM-CMV are the number of breast milk feeding days,
viral load in breast milk, and premature rupture of mem-
branes. In this case, premature ruptire of membranes
was not observed. [However, the number of breast milk
feeding days was relatively high (24 days}). Although the
CMV viral load in breast milk was relatively low (1640 IU/
mlL), it might have been much higher when the patient
was fed. A previous study showed that the CMV vixal load
in the breast milk of a transmitter increases significantly
after delivery, peaking 4 to 6 weeks later.)” We performed
CMV PCR test of the breast milk of the mother on Day
188, which was much later than the reported peak period.
Considered together, all these findings suggest that the
CMV in breast milk in this case was highly transmittable.

Since VLBW infants with CMV infection not only often
receive a blood transfusion, but are also sometimes fed
breast milk, it is of importance to definitively determine the
source of the transmitted CMV. To the best of our knowl-
edge, this is the first report of sequence analysis of the
UL139 and UL146 genes performed to distinguish TT-CMV
from BM-CMV. Our results are consistent with those of
recent reports showing that TI-CMV associated with leu-
koreduced blood products is uncommon. Since most previ-
ous studies comparing the roles of leukoreduced and CMV-
seronegative blood (performed for the prevention of
TT-CMV), and studies regarding the application of CMV-
safe blood to VLBW infants, were performed without confir-
mation of CMV sources, it might be desirable to resxamine
those issues after determination of the definitive route of
CMV transmission. Results of the current case report also
suggest that development of an effective way to prevent
BM-CMV may be an even more critical issue remaining to
be solved than has been previously recognized.
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Background and Objectives This paper reports the results to 21 May 2015 of an
ongoing UK study to look for additional cases of variant Creutzfeldt-Jakob dis-
ease (vCJD) transmission by blood transfusion, and to seek evidence whether
other subtypes of Creutzfeldt—Jakob disease {CJD) may be transmissible via blood
components,

Materials and Methods All vCID cases of appropriate age and any sporadic CJD
(sCJD) or familial CJD (fCJD) cases with a history of blood donation or transfu-
sion are notified to the UKBS. Donation records are sought and the usage of all
donations is determined by look back. Death certificates are obfained for all
donors to patients with CJD and recipients of {ransfused components from
patients with CJD who are deceased.

Results The study identified 28 sCID blood denors, of 370 reported, with transfu-
slon to 211 recipients. Five of these reciplents were reported to have died with or
of demientia, but were not believed to be cases of CJD. The vCID arn found 18
vCID blood donors who had donated blood which was issued for clinical usage,
of 24 traced donors from 177 UK vCID cases. To date, 3 cases of vCID have
occurred in 67 recipients identified in this recipient group, and one recipient had
post-mortem confirmation of abnormal prion protein deposition in the spleen (all
previously reported).

Conclusion The results of the ongoing TMER study show no new cases of trans-
fusion-associated vCJID since 2007 and no evidence of transfusion transmission
of sCID.

Key words: bloed transfusion, epidemiology, prion disease.
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a numhber of aetiologies including sporadic, acquired or

Introduction familial forms, Despite this apparent heterogeneity, there

Creutzfeldt—Jakob discase (CID) is an untreatable and
invariably fatal member of a group of neurodegenerative
conditions known as prion diseases or transmissibie
spongiform encephalopathies (TSEs). Prion diseases are
recognized in both humans and other mammals and have
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is a unifying hypothesis linking all prion diseases: the
‘protein hypothesis' described by Prusiner [1], which pro-
poses that a post-translationzl change oceurs in the nor-
mal prion protein (PrP® — cellular) forming the infective
form of the prion protein (PrP*® — Scrapie). PrP%® essen-
tially replicates by catalysing further transformation of
PIP® into PrP%,

The variant form of Creutzfeldt-Jakob disease (vCID) js
the zoonotic form of bovine spengiform encephalopathy, a
prion disease in catile, whick entered the human food



CID and blood transfusion 311

chain in the UK between 1980 and 1996. vCID has been
transmitted by bloed transfusion on three occasions [2], as
well as one non-symptomatic transmission [3], The most
recent UK primary case of vCID had symptom onset in
2012 and died in 2013, although surveillance to look for
further cases continues. In contrast, sporadic Creutzfeldt-
Jakob disease (sCID), the most commonly occurring
human subtype, is believed io be a spontanegus illness
with no identified causative event or exposure, There has
been one epidemiological study, which has suggested
blood transfusion may be a risk factor for the development
of sCID [4], but this has not been supported by a similar
study in the UK [5] or through look-back studies [2, 6, 71,

The familial form of CJD (fCID) is caused by a mutant.

copy of the PRNP gene, encoding 2 form of endogenous
PrP® prone to spontancous conversion to PrPc fCID is
inherited in an autosomal dominant pattern, but family
history mey not be present in some cases due to loss of
contact, non-paternity, variable penetrance, etc.

This study updates the 2006 Transfusion Medicine Epi-
demiology Review (TMER] paper [2] and describes the
results of the UK study on blood iransfusion and the
development of CID, for all CJD subtypes.

Study design and methods

CID surveillance

The National Creutzfeldt-Jakob Disease Research &t
Surveillance Unit (NCIDRSU) was founded in Edinburgh,
UK, in 1990 to identify all cases of CJD in the UK and to
look for evidence of a link between BSE in cattle and CJD
in humans. The methodology of the surveillance process
has been described previously [8] and includes referral of
suspected cases to the Unit from clinicians from a number
of professional backgrounds, including neurologists, psy-
chiatrists, other physiclans and neuropathologists. The
referred cases are seen, when possible, by a neurologist
from the Unit, who carries out a detalled interview with
the family of the patient and reviews the specialist inves-
tigations. The interview includes details about past medi-
cal history, blood transfusion and donation, Cases are
categorlzed according to WHO dlagnostic criteria [9]. The
Transfusion Medicine Epidemiology Review (TMER) was
created in 1997 as a collaboration between the NCJIDRSU
and the UKBS to identify any evidence that CID was
Transmissible via blood transfusion.

Notification of CJD cases with a history of
donation :

sCID and fCID cases with a reported history of blood
donation, including cases where a family may be uncer-

® 2015 International Society of Blood Transfusion
Vox Sangninis (2016) 110, 310-318

tain, are notified to UKBS retrospectively, following the
visit by the NCIDRSU clinician, AL vCID cases old
enough to be a blood donor are notified to UKBS at diag-
nosis irrespective of whether they have & eported history
of blood donation. Following this notification, all com-
puter and any archived paper records are searched at
blood centres for evidence of the documented donation —
using name, date of birth and address at time of donation
as identifiers. If avallable, information about dates and
places of donation is used to target the search. If donor
records are identified, a list Is generated of all compo-
nents issued for clinical usage. The outcome for each
component is determined from hospital transfusion labo-
fatory records, with the names of recipients of these com-
ponents cross-checked against the NCIDRSU database of
known CJD cases and flagged with the Health and Social
Care Information Centre (HSCIC, formetly Office of
National Statistics} to collect data from death certificates
regarding cause and date of death.

Notification of CJD cases with a history of
transfusion

Where relatives have indicated any patient with fCID,
sCID or vCID is suspected to have received blood or
blood components, the information collected is passed to
the relevant blood service, which contacts the hospital
transfusion laboratories to confirm, if possible, details of
the transfusion. The transfused components are identified
from records, and details passed back to the blood centre
for attempted identification of the doners. As above, the
donor details are checked against the NCJDRSU database
and flagged with the HSCIC,

Further information

UKBS and hospital transfusion records prior to 1980 are
extremely limited, making such historical searches fre-
quently unrewarding, For cases where HSCIC data list
potentially relevant diagnoses on the death certificate
[eg. dementia, Alzheimer's disease] but the individual
concerned has not been seen by the NCIDRSU clinician,
we have sought further information where possible
regarding the nature of this fllness, from either general
practitioner or hospital notes.

Resulis

sCID blood donors

A total of 370 sCJD cases were reported to be blood
donors, with 204 of these believed to have donated after
1980. In only 29 of 204 cases were these individuvals
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traced as blood donors; blood components from these
donors were transfused to 211 recipients,

Fate of recipients from $CID blood donors

To date, 143 individuals (67.8%) of the 211 recipients
identified in this study have died, 44 {20-9%) were alive,
and 24 individuals (11.4%) were of unknown status due
to insufficient information to identify the individual, or
relocation of that individual abroad. OF the 143 who had
died, death certificates are available, The underlying
causes of death for all casss are listed in Table 1, Five of
143 had dementia (including Alzheimer's disease) listed
on their death certificates but are not thought to repre-
sent cases of CID. These five cases had mean age at
death of 88 years, and in each case, dementia was not
listed as the primary cause of death. In one of these five

cases, dementia was considered a relevant comorbidity, -

rather than the underlying cause of death on the certifi-
cate; hence, only four dementia deaths are listed in
Table 1, The first case received whole blood donation
about 21 years before becoming symptomatic of demen-
tia; and had a 6 year, slowly progressive illness, dying
26 years after receiving the ftransfusion. The doner
became symptomatic of CID neady 21 years after the
donation. The second case received red cells (non—l;uco—

Table 1 Underlying causes of death in reciplents from sCID donor

Cause of death Number

Cancer (non-haematological) 39

Leukaernia, myeloma, myzlodysplasia, 34
myelofibrosis, sideroblastic anaemla

Ischaemic heart disease, other cardiac disease 25

Prneumonia 10°

Stroke

Liver disease

Dementia (including Alzheimer's)

Abdominal aortic aneurysm

Chronie cbstructive pulmonary disease

Old age

Renal failure

Atherosclerasis (not otherwise specified)

Diverticulosis and bowal anglodysplasia

Haemorrkage

Multiple sclerosls

Peritonltis

Polytrauma

Pulmonary embolism

Septicaemis

Smalf bowel obstruction

Vasculitis

~

e S S A - ) |

*In one case, Alzhelmer’s disease was recorded as a co-morbidity.
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cyte depleted) 10 months prior to death, while the donor
became symptomatic of sCJD almost 4 years after dona-
tion (more than 3 years after the reciplent died). The
third case received red cells fnon-leucocyte depleted)
8 years before death; the donation occurred 4 % years
before the donor became symptomatic of sCJD. The
fourth case received fresh frozen plasma 28 months
before death; the donor became symptomatic 5 V% years
after donation. The fifth case received red cells (non-len-
cocyte depleted) 18 years hefore death; the donor became
symptomatic 15 ¥ years after donation.

Eightty-eight of 143 (61.5%) sCID reciptents died less
than 1 year after transfusion, 25 (17-54%%) between one
and & years after transfusion and 28 (19.6%) more than
5 years after transfusion (range in this group 5.77-
26:10 years, median 8-97); for two recipients, the transfu-
sion date was unknown. .

Of the 44 recipients still alive as of May 2015, all have
survived more than 9 years from the date of transfusion.
Twenty-two (50%) of these recipients received donations
from eight donors who donated less than 5 years before
they became symptomatic of sCiD (range 0-23-
4.92 years, median 2.21). None of these living recipients
have developed sCID and been referred to the NCJDRSU.

vCID blood donors

Of the 177 UK cases of vCID, 167 were old enough to
have been blood donots. In 32 of the 167 cases, family
reported to the NCIDRSU clinician a possible history of
blood donation. A further four cases not reported by the
families as donors appeared on UK databases, but only
one of these four had donated, In-total, 24 had records-
with the UKBS, but only 18 of these 24 had donations
which were subsequently used clinically. Sixty-seven
blood components from these 18 donors were traced to
tdentifted recipients; a further six components known to
have been issued could not be traced,

Pate of recipients from vCJD blood donors

Thirty-four (50.7%) of the 67 successfully traced recipi-
ents died within 5 years of their transfusion — none were
thought to have died from CID, but none of these cases
had post-mortem examination to look for PrP%¢ deposi-
tion. Three cases (4.5%) of vCID have already been
reported from this cohort of 67 [2]; these three developed
vCID hetween 6 % and B years 4 months after their
transfusion. Five (7-5%) of the 67 died more than 5 years
after transfusion and had post-mortem examination
including examination for PrP*® — only the single case
already reporied tested positive [3], with PrP*° deposition
in the spleen, A further 11 recipients who died more than

© 2015 International Society of Blood Transfusion
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5 years after transfusion did not have post-mortem exam-
Ination to look for PrPS¢ deposition. To date, 14 of the 67
reciplents remain alive. One recipient has moved abroad,
and their fate is currently unknown while the remaining
13 have now survived more than 10 years after receiving
transfusion. from vCID donors. There have been no new
cases of vCID identified by the NCIDRSU among the
recipients of blood from vCID donors.

fCID bloed donors

Of the 17 familial/genetic cases reported to have been
donors, four were traced by the UKBES, one with a D178N
mutation, one with an E200k mutation and two with
octapeptide repeat insertion mutations. -Fifteen recipients
were traced, and of these eight have died, all of a non-
neurological disorder, other than one with a history of
stroke. Four are alive and three could not be identified.
Blood transfusions took place between 1977 and 2002,
and four recipients are alive more than 13 years after the
transfusion. None of the recipients appear on the
NCIDRSU database as CJD cases.

Transfusion history in sCID recipients

A total of 199 sCID cases were reported to have recelved
blood or blood component transfusion, 111 of these after
1880. The records were traced in 23 (20-7%}) of these 111
cases, with 214 donors identified. These 23 cases received
their first blood or blood components between 0.3 and
14-2 years before becoming symptomatic of sCJD (mean
3-89, median 2-61),

Fate of donors to sCID tyansfusion recipients

Ta date, 205 (95-8%) of the 214 donors are still alive,
four (1-9%) have died, and five {2-3%) were of unknown
status due to insufficient data (four) or relocation abroad
[one). The surviving donors ranged from 25 t0 82 years
of age (median 56). Three of the four deceased donors
died of causes other than dementia (intracerebral tumour,
liver disease and suicide}, but for one individual, demen-
tia was listed on the death certificate; this donor died
almost 12 years after the donation, aged 76, and was
thought likely to have vascular dementia, rather than
CJD. The other three donors died aged 54, 59 and
53 years, respectively 4, 10 and 12 ! years after their
donations.

Transfusion history in vCID recipients

Fifteen of the 177 UK vCJD cases were reported to have
received blood or blood components. Transfusion labora-

® 2015 Internationai Socisty of Blood Transfusion
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tory records were traced in 10 of these 15 cases, which
include the three cases of transfusion-associated vCJD
previously published and listed earlier in this study {2].
One of the 10 recipients had onset of symptoms less than
1 year after transfusion and is unlikely to represent possi-
ble transfusion-associated vCID given the timings of the
three known cases. Four of the 10 received blood compo-
nents from 112 donors; the remaining two recipients
received a total of six blood components, but it was not
possible to identify the donors in these cases.

Fate of donors to vCID transfusion recipients

Six of these donors have died of causes unrelateci to CJD
(Table 2], 104 are currently alive, and the fate of two is
not known {one having moved abroad).

Transfusion history in fCID recipients

None of the familial/genetic human prion disease cases
who were reported to have had a history of having
received a blood transfusion were traced by UKBS,

Discussion

This study has not identified any new cases of fransmis-
sion of vCJD by blood transfusion, with only four docu-
mented infections io date, as described in an earlier
TMER publication in 2006 [2]. The possibility that there
are significant numbers of missed transfusion cases is
Jjudged to be unlikely, not least because the great majority
of vCID cases have no histery of blood transfusion (2,
10j. Tt is surprising that there have been no further trans-
fusion-transmitted cases in view of the estimated preva-
lence of abnormal PrP positivity of 1/2000 in the general
UK population, derived from an anonymized survey of
routine appendix tissue {11]. All clinical cases of vCID
with data on genotype have been methionine homozy-
gates at codon 129 of the PRNP gene, Analysis of the
codon 129 distribution in the UK population indicates
that 44% are MM homozygotes, with 45% MV heterozy-

Table 2 Cause of death In six donors

Donor Cause of death

1 Haemorrhage due to abdominal acrtic aneurysm

2 Hypertensive heart disease

3 Pulmonary Embolusfdeep vein thrombosis/ischaemic heart
disease ’

4 Bronchopneumonta/disseminated sigmald eolon earcinoma

5 Complication of heart valve surgery

6 Branchopneumoniajstrokefatrial fbrillationfischaemic

heart disease
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gotes and 1106 VV (valine homozygotes) [12]. It is possi-
ble that individuals who are either heterozygotes or
valine homozygotes may experience a longer presymp-
tomatic phase before developing clinfcally evident vCID
and all codon 129 genotypes were represented in the pos-
itive appendix samples in the recent prevalence study.
However, it is 20 years since the onset of symptoms in
the first case of vCID and no definite or probable case of
vCID with a non-MM homozygous genotype has yet been
identified in the UK or imternationally.

The codon 129 genotype is kaown in 19 of the 67
recipients, including the three vCID cases (MM homozy-
gotes) and the preclinical infecton (MV heterozygote).
Four deceased recipients with no evidence of abnormal
PrP in brain or peripheral fissues have been genotyped.
These four individvals had survived for 6.3-15.9 years
post-transfusion, and the interval from the donation to
the onset of clinical symptoms in the donor was between
2 months and 6-8 years. Two were MV heterozygotes and
two were MM homozygotes. Two further cases without
post-mortem examination were MM homozygotes. Nine
recipients who are currently alive have been genotyped.
Five are MV heterozygotes and four are MM homozy-
gotes. One of the MV heterozygote recipients had a tonsil
biopsy, which showed no evidence of abnormal PrP depo-
sition, This recipient received a transfusion from an indi-
vidual from whom earlier donations were implicated in
two of the three known transfuslon-fransmitted cases,
who were, as previously stated, MM homozygotes. It is of
interest that In three surviving asymptomatic MM
homozygotes, red cells had been leucodepleted, a policy
introduced in the UK as a vCJD risk-reduction measuze in
19499, In addition, the fourth surviving asymptomatic MM
homozygote had received cryo-depleted plasma.

The high proportion (50-7%) of blood transfusion recip-
jents who died within 5 years of transfusion reflects the
comorbidities which led to blood transfusion. Extrapolat-
ing from other acquired prion diseases, kuru and {atro-
genic CID, the minimum incubation periods are at least
4.5 years (13, 14], and it is unlikely that this group would
have manifest sympioms of vCJD prior to death, even if
infected, The observed interval from transfusion to symp-
tom onset in the identified transfusion cases was 6 ¥%-
B years, 4 months. It is &lso likely that there may be vari-
" able levels of infectivity in blood from vCID donors relat-
ing to the proximity of the time of the donation to
symptom onset in that individual and early donations
might have a lower level of infectivity, which could be
associated with a longer presymptomatic phase in recipi-
ents,

Recipients of any blood transfusion are now deferred
from themselves donating blood, which prevents the
potential propagation of a transfusion vCID epidemic,
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which is important if some donors have a subclinical
infection. It is of note that laboratory transmission studies
using splenic tissue from the subclinically infected vCJD
case have confirmed the presence of infectivity and this
case was a codon 129 heterozygote {15].

In contrast to the vCID group, as yet there have heen
no cases of sCJD with definite epidemiological evidence
to support a transfusion link. Evidence of an increased
risk through blood transfusion in sCJD with a lag period
of more than 10 years in an Itallan study [4] was not
replicated by a similar analysis of UK dafa [5]. In our
study of sCID, there has been a total of 1194 patient-
years survival following transfusion from a sCID denor
with no evidence of transmission via blood transfusion.
The absence of any ohserved cases supports the hypothe-
sis that blood infectivity, should it be present at all, is
lower in sCID than vCID. This would be compatible with
the extensive PrP*® deposition in lymphoreticular tissues
in vCID, which contrasts with sCJD where there is com-
paratively much less peripheral PrPS® Nevertheless, ani-
mal studies using transgenic mice overexpressing human
PrP° have suggested there can be infectivity in sCID
biood [16] and work is ongoing to attempt to use amplifi-
cation techniques, such as real-time quaking induced
conversion (RT-QuIC), to identify a positive signal in
blood in sCID. The identification of pesitive findings in
5CID blood using highly sensitive techniques may be dif-
ficult to interpret in relation o actual risk, and epidemio-
logical data remain important in assessing risks for public
health.

As in the recipients of bloed from the vCID donor
group, early mortality among recipients of blood transfu-
sion is high in the sCID study and it is possible that some
of these recipients could be in the presymptomatic phase
of sCID infecton at time of death. Post-mortem uptake is
low in the UK popuiation, and, unless explicitly looked
far, changes of early sCID may be missed. The combina-
tion of these factors raises the possibility of as yet unde-
tected transmission of sCID by blood transfusion,
although this is unlikely given the negative data in this
study and similar findings from other studles [2, 6, 7).
The cumulative data from look-back stadies in sCID sug-
gest that transfusion transmission of sCID is a rare event,
should it oceur at all,

The data on fCID show no evidence of transfusion
transmission and, although the data are very lmited,
there is some evidence of restricted peripheral pathogene-
sis in hereditary forms of human prion disease similar to
sCID.

The siudy has some limitations. Both the sCID and
fCID arms depend on relatives reporting blood transfu-
sion or donation at the time of the NCIDRSU clinician
interview; if the relative was uncertain, or believed a

@ 2015 International Society of Blood Transfusion
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patient may have possibly donated biood or received a
transfusion (e.g. intracperatively}, this was still flagged to
the UKBS. Despite this it is likely that some patients with
sCID and fCID who had sither donated blood or received

transfusion were not identified by the current methodol-

ogy. By comparison, all vCID cases of donation age are
flagged to UKBS, reducing potential under-reporting.
Investigation of all sCID and fCID cases, whether or not
they have been reported to be blood donors or recipients,
has been considered, but follow-up of cases is labour
intensive, and investigating these cases regardless of the
transfusion history is unlikely to provide much additional
information. ’

A further limitation is that no transfusion or donation
records have been identified for some cases. In some
instances, this may be because the possible donors or
recipients as reported by the family had never donated or
received blood, but these cases are in the minority. The
lack of centralized computer records, particularly prior to
1980, and the tendency of many hospital trusts to destroy
old, unused, medical records means a large pool of poten-
tially useful data has been lost. This problem is com-
pounded in the non-vCID group, as these patients tend to
be older and are therefore more likely to have had their
contact with the UKBS prior to the improvement in record
keeping.

The reliance on data derived from death certificates is
also a limitation as the final diagnostic classification of
identified cases relies on the conditions listed on the
death certificate, There have been widely variable estl-
mates of inaccuracy on death certificates. An Office for
National Statlstics survey suggested inaccuracy in 22% of
certificates, with under-reporting of common underlying
conditions including heart disease and cancer [17). It is
likely that dementia of any cause is also under-reported,
and CID may not be diagnosed in lfe, with symptoms
atiributed to an alternative cause of dementia. Review of
death certificate data on CJD since 1990 at the NCJDRSU
suggests that the sensitivity and speclficity of a correct
diagnosis on death certificates is about 80%. It is also
Hkely that not all UK cases of CID are referred in life or
identified through death certificates or post-mortem find-
ings. .
Despite these caveats, the data presented in this paper
has provided no evidence that cases of sCJD have devel-
oped the condition as a result of prior blood transfuslon.
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TRANSPUSION COMPLYCATIONS

Blood transmission studies of prion infectivity in the squirrel
monkey (Saimiri sciureus): the Baxter study

Diane L. Ritchie,’ Susan V. Gibson,>* Christian R. Abee,> Thomas R. Kreil,?
James W, Ironside,’ and Paul Brown®

BAGCKGROUND: Four secondary transmissions of
variant Creutzfeldt-Jakob disease (vCJD) infectivity have
been associated with the transfusion of nonleukoreduced
red blood cells collected from vCJD patients during the
asymptomatic phase of the disease. Establishing
efficient experimental models for assessing the risk of
future transmissions of vCJD infectivity via blood
transfusion is of paramount importance in view of a study
of archived appendix samples in which the prevalence of
asymptomatic vCJD infection in the United Kingdom was
estimated at approximately 1 In 2000 of the population. In
this study, we investigated transmission of vCJD and
sporadic CJD (sCJD) infectivity from blood using the
squirrel monkey, which is highly susceptible to
experimental challenge with human prion disease.
STUDY DESIGN AND METHODS: Whole blood
collected from vCJD- and sCJD-infected squirrel
monkeys was transfused at multiple time points into
recipient squirrel monkeys. Blood recipients were
euthanized approximately 7 years after their first blood
transfusion.

RESULTS: No clinical or pathologic signs of a prion
disease were observed in either the sCJD- or the vCJD-
transfused monkeys, and immunchistochemistry and
blochemical investigations showed no PrPTSF in central
nervous system or lymphoreticular tissues. Similarly,
monkeys inoculated intracerebrally {IC) and
intravenously (IV) with either buffy coat or plasma from
vCJD and sCJD patients failed 1o develop disease.
However, white blood celis from a chimpanzee-passaged
strain of human Gerstmann-Strdussler-Scheinker (GSS)
disease transmitted autopsy-proven disease to two I1C-
inoculated monkeys after incubation periods of 34 and 39
months.

CONCLUSION: Blood transmits GSS but not sCJD or
vCJD infectivity to [C- or IV-inoculated squirrel monkeys
within a 7-year observation period.
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rion diseases are a group of rare degenerative
and invariably fatal disorders affecting the cen-
tral nervous system (CNS). Although the infec-
tious agent in prion diseases remains to be fully
elucidated, it is generally accepted that they result from
the postiranslational misfolding of a nommal host-
encoded cellular isoform of the prion protein (PrP%) into
an infectious and partially protease-resistant, disease-spe-
cific isoform (PrP™E). Indeed, the piesence of PrpTs®

ABBREVIATIONS: CNS = central nervous system; G55 =
Gerstmann-Straussler-Scheinker; IC = intracerebrally;
NaPTA = sodium phosphotungstic acid; NCJDRSU = UK
National CJD Research & Surveillance Unit; PET = paraffin-
embedded tissue; PK = proteinase K; sCJD = sporadic
Creutzfeldt-Takob disease; vCJD = variant Creutzfeldt-Jakob
disease. '
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within CNS tissues is generally regarded as a swrogate
marker for infectivity. '

Enormous public and scientific attention has focused

“on prion diseases, not only because of their unique bio-
logic properties, but more recently because of their
impact on public health, particularly after the appearance
of variant Creutzfeldt-Jakob disease (vCJD} in the United
Kingdom.! In contrast to other human prion diseases,
PrP™E readily accumulates within lymphoreticular tissues
in vCJD patients, indicating a widespread involvement of
the peripheral lymphoid system.? PrP™E has also been
demonstrated to a lesser extent in peripheral nervous tis-
sues,” in peripheral motor nerve fibers in skeletal mus-
cle,*® and in a number of other extraneuronal tissues.*®”
The detection of PrP™E is primarily based on autopsy tis-
sues from patients with clinically apparent disease; how-
ever, PrP™E has also been detected in appendix samples
surgically removed from two individuals who went on to
develop clinical vCJD -8 months and 2 years after their
appendectomies.®® '

PrPTE gecumulation in tissues before the onset of
clinical symptoms heightened concerns over possible iat-
rogenic spread of vC]D by secondary hurman transmission
through surgical procedures or surgical instruments and
of greatest concern the possibility of secondary human-
to-human spread of vCJD via blood transfusion from
asymptomatic carrders. These concerns were confirmed
by the probable transmission of vC]D infectivity to four
individuals transfused with red blood cells (RBCs) from
vCJD patients during their asymptomatic phase of the dis-
ease.'*1® Subsequently, PrP™E was detected in the spleen
of a hemophiliac patient who had received coagulation
factor concentrate derived from UK-sourced plasma pools
prepared from vCJD-implicated batches.* Although only
one new case of vCJD has been identified within the
United Kingdom during the past 3 years, a recent study of
32,000 archived appendix samples removed between the
years of 2000 and 2012 estimated the prevalence of sub-
clinical vCJD infection at 1 in 2000 of the UK population
(95% confidence interval, 282-801 per million),'’* more
than double that estimated by an earlier, smaller study of
archived appendix and tonsil.'® With such high levels of
estimated subclinical infection, assessing the potential
risk from further transmission of vCJD infectivity through
contaminated blood donations remains a priority for pub-
lic health.

Experimental transmission in animal models
remains the definitive tool for demonstrating and esti-
mating levels of infectious titers in prion-affected tis-

sues. Initial public health policies regarding blood safety -

in the United Kingdom, developed to limit the transmis-
sion risk from bleod and blood products, were formu-
lated based on evidence from rodent models, applying
infectious titers found per milliliters of blood in experi-
" mentally infected animals to human beings. More
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Tecently, experimental transmission by sheep-to-sheep
transfusion has provided a model more comparable to
that carried out in clinical practice and predicts that
infective doses may be much lower than those estimated
by rodent models.}”*® These widely differing estimates
encourage the continued development of experimental
models that can provide an accurate assessment of the
actnal risk associated with human blood-borne prion
transmission.

In this study we have used a primate model {squirrel
monkey) to assess the potential risk from the transmission
of vCJD, sporadic CJD (sCJD), and Gerstmann-Stréussler-
Scheinker (GSS) infectivity via blood and bloed compo-
nents. The advantages of using squirrel monkeys are its
high susceptibility to prion disease (93% compared to
97% in the chimpanzee, which is no longer used as an
experimental animal} and comparatively short incubation
period averaging 2 years.!® Neuropathologic and bio-
chemical analyses of CNS tissue from vCJD- and sCjD-
infected squirrel monkeys have shown that the two forms
of disease can be successfully distinguished in this animal
model and that many of the characteristics that define
these disease subtypes are conserved on transmission.”
The squirrel monkey is therefore a highly appropriate
model for assessing the transmission risk via blood trans-
fusion in humans. ’

MATERIALS AND METHODS

Ethical statement

Human tissue samples used in this study originated
from the United Kingdom and the United States. All
human tissue samples originating from the United
Kingdom were collected at autopsy by the UK National
CID Research & Surveillance Unit {NCJDRSU) with
consent and ethical approval for the retention and
research use (Lothian Research Ethics Committee ref-
erence number LREC/2000/4/157). All animal experi-
ments were carried out in compliance in strict
accordance with the recommendations in the “Guide
for the Care and Use of Laboratory Animals” of the
National Institutes of Health. The protocol was
approved by the [ACUC of the University of South Ala-
bama (Number 020365).

Human tissue and inoculation protocols

Frozen brain samples from eight clinically typical and
neuropathologically confirmed cases of prion disease
were used for transmission. Brain tissue was obtained
from three vCID and two sCID patients of UK origin and
two sCJD and one GSS patient (192-bp insertion) origi-
nating from the United States. In addition, samples of
plasma and buffy coat collected from the UK vCJD and
sCJD patients were analyzed in this transmission series.
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TABLE 1. UK cases of vCJD and sCJD inoculated into squirrel monkeys followed by monkey-to-monkey blood
transfusions (Studies 1 and 2)*

Route of Incubation Survival Disease
Doncr Inoculum inoculation Dilution period (months) {months) incidence
Study 1
vCJD (three-case pool) Brain IC 107! 24, 26, 29, 34 444
1072 33, 34, 39, 48 444
1075 38 62, 531 143
1077 61, 61, 61, 0/3
sCJD (two-case pool) Brain iC 1071 20, 22, 24, 25 4/4
1072 24, 24, 28, 29 444
vCJD-infected squirrel Whole blood v Undiluted evary 43,1 85, 90, 90 0/4
monkey 3 monthst
sCJD-infected squirrel Whole blood v Undiluted every 81, 81, 90, 90 0/4
monkey 3 monthst
Study 2
vCJD
Case 1 Plasma IV and IC Undiluted 37,1 62, 62 0/3
Buffy coat I\ Undiluted 62, 62 0/2
Case 2 Plasma Vand IC Undituted 62, 62, 62 03
Buffy coat v Undituted 62, 63 o2
Case 3 Plasma IVand IC Undiluted 63, 63, 63 03
Buffy coat v Undiifuted 63,63 o/2
sCJD (two-case poal) Plasma IVand IC Undiluted 60, 61, 61 0/3
Buffy coat IV and IC Undiluted 62, 62, 62 0/3

* Disease incidence is expressed as the number of squirre! monkeys showing clinical signs of a prion disease and/or reurcpathalogic evi-

dence of a prion disease.
T Animals euthanized before schedule due {o non—prion-related causes.

1 See Materials and Methods for detalls.
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Fig. 1. Incubation period in blood donors after IC inoculation
with variant and sCJD brain homogenate (10~ dilution). AIl
$CJD- and vCiD-infected squirrel monkeys were euthanized with
clinical signs of a prion disease, Fach cixcle represents the time of
blood collection and subsequent transfusion to recipients. The
uppermost circle shows the Iast blood collected at autopsy. (#)
Blood coltected from donors showing clinical signs of disease. (O)
Blood coliected at which time the donor was asymptomatic.

Inoculation protocols varied among three study subsets,
depending on tissue availability and goals of the
studies.
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Study 1: transfusion of squirrel monkeys with
whole blood from either vCJD- or sCJD-infected
squirrel monkeys {the “buddy study™)

Brain tissue pools of three UKvC]D and two sCJD patients
were separately homogenized as 10% (107 suspensions
in saline from which 0.1 mL of undiluted and 100-fold
serially diluted samples were inoculated intracerebrally
(IC) into groups of three to four squirrel monkeys (Table
1). Animals were kept under continucus clinical surveil-
lance and subjected to detailed behavioral testing at regu-
lar intervals throughout the preclinical and clinical stages
of disease until the animals met the ethical criteria for
euthanasia®® ‘
Squirrel monkeys inoculated with 107* dilution of
brain homogenate were used as blood donors in this
study. At approximately 3-month intervals throughout
their incubation pericd and clinical course, 1.5 mlL of
blood was drawn from each donor into tubes containing
EDTA and immediately transfused into the fernoral veins
of individual ("buddy”) monkeys. The number of individ-
ual transfusions depended on the length of the donor
incubation and clinical phases of disease in each monkey
and varled from 7 to 8 moriths in sCJD-transfused animals
to 8 to 12 months in vCJD-transfused animals (Fig. 1). The
total volume of transfused blood thus amounted to 10 to
12 mL in the sC)D recipients and 12 to 18 mL in the vCJD
recipients. Animals were held under observation for peri-
ods of approximately 7 years after their first transfusion,



.
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TABLE 2. US cases of chimpanzee-passaged sCJD and GSS before inocutation of purified blood components into
squirrel monkeys (Study 3)*
Incubation
Route of period Survival Disease
Apheresis Doner Inoculum inoculation Dilution {months}) {months) incidence
6 months sCJO-infected Plasma IC and IV Undiluted 60, 60 o2
postinoculation chimpanzee WBCs 1CG and IV Undiluted 60, 60 o2
{preclinical) {Case W)
sCJD-infected Plasma IC and IV Undiluted 80, 60 02
chimpanzee WBCs 1S ard IV Undiluted 60, 60 02
{Case R) .
sCJD-infected RBCs IC and IV 1:1 in salina 50, 50 0/2
chimpanzees
Cases Wand
R (pooled)
GSS-infected Plasma IC and IV Undiluted 60, 60 02
chimpanzee WBCs IC and IV Undiluted 35, 38 2/2
(Case C}) RBCs IC and 1V 1:1 in saline 50, 60 o2
8 months sCJD/GSS- Plasma IC Undituted 61,61 02
postinoculation infected v Undiluted ’ 61,61 o2
(symptomatic) chimpanzeas WBCs IC Undiluted 61,61 - 02
Cases W, R, v Undiluted 61,61 o/2
and C {pooled) RBCs IC and IV 1:1 in saline 50, 50 0/2
PLTs IC and IV Undiluted 50, 50 o/2
* Disease incldence is expressed as the number of -squirrel monkeys showing clinical signs of a prion disease and/or neuropathologic evi-
dence of a prion disease.

at which time they were euthanized, terminating the
experiment (Table 1).

Study 2: inoculation of squirrel’'monkeys with
plasma or buffy coat from UK vCJD or sCJD
patients

Undiluted plasma from individual UKvC]D cases was ino-
culated IC (0.1 mL) and intravenously (IV; 0.5 mL) into
groups of three monkeys, Undiluted buffy coat was inocu-
lated IC (0.1 mL} into groups of two monkeys. Undiluted
plasma from UK sCJD cases was pooled and inoculated IC
(0.1 mL) and IV (0.8 mL) into three monkeys. Undiluted
buffy coat from sCJD cases was pooled and inoculated IC
{0.1 mL) and IV {0.6-0.8 mL) into three monkeys. Animals
were held under observation for periods of 5 to 6 years
after their first transfusion, at which time they were eutha-
nized, terminating the experiment (Table 1).

Study 3: inoculation of squirrel menkeys with
purified blood components from chimpanzees
infected with brain tissue from US cases of either
sCJD or GSS

Brain specimens sampled from two US sCJD patients and a
' single GSS patient were homogenized as 10% saline sus-
pensions and inocculated IC into single chimpanzees. Ino-
culated chimpanzees were held under observation and
euthanized when symptomatic (approx. 26 weeks postino-
culation}. Brain tissue from each prion-infected chimpan-
zee was inoculated IC into a pair of chimpanzees. Sixand a
half months after inoculation, while stll asymptomatic,
each of the six inoculated chimpanzees were placed under

general anesthesia and subjected to a 2- to 3-hour aphere-
sis procedure (Apheresis Model No. LN 3000/MCS5+, Hae-
monetics Corporation, Braintree, MA). Plasma and cellular
blood components were separated and purified using a
combination of multiple cenirifugation-wash cycles and
filtrations, using filters for plasma (Pall LPS1, Pall Corpora-
tion, Port Washington, NY} and filters for separation of
RBCs and platelets: (PLTs) from white blood cells (WBCs;
Pall Neo 1 and LRFXL filters, respectively, Pall Corporation).
All purified samples were frozen at —70°C. Six to 8 weeks
later, after the onset of symptomatic disease, the animals
were again anesthetized and subjected to a terminat aphe-
resis and plasma and blood components separated and
purified as described. Samples were subsequently thawed
and plasma, WBCs, and RBCs from the first apheresis pro-
cedure, and plasma, WBCs, RBCs, and PLTs from the termi-
nal apheresis procedure, were each inoculated into groups
of two to four young adult squirrel monkeys via either a
single IC (0.1 mL) or IV (0.5 mL) inoculation or a combina-
tion of IV and IC routes (Table 2).

Harvesting of CNS and peripheral tissues at
postmortem

All experimentally challenged squirrel monkeys from
Study 1 were subjected to a full autopsy, from which CNS
tissues and a selection of peripheral tissues were exam-
ined. Brains were removed with half the brain sliced and
frozen at ~80°C for biochemical analysis with the remain-
ing half immersed in 15% formalin for histologic analysis.

+ In addition to brain tissue, samples from the spinal cord

(cervical, thoracic, and lumbar regions), spleen, tonsil,

Volume 66, March 2016 TRANSFUSION 715

137



RITCHIE ET AL.

and cervical lymph node were fixed in 15% formalin and
separate samples frozen at —80°C. In addition, the two
squirrel monkeys transfused with WBCs purified from
chimpanzee-passaged GSS were subject to a full autopsy.

Neuropathology

After formalin fixation, tissues were immersed in 96% for-
mic acid for 1 hour before processing to reduce titers of
infectivity, Serial sections (5 pm) were cut for hemateoxylin
and eosin staining, for immunohistochemistry, and for
paraffin-embedded tissue (PET} blotting. Immunchisto-
chemistry was performed as previously described.'® PP
was detected using three monoclonal anti-PrP recognizing
different residues of the prion protein (3F4, Cambridge
Bioscience, Cambridge, UK 12F10, Bioquote Ltd, York,
UK; 6H4, Prionics, Schlieren, Switzerland). Briefly, tissue
sections were autoclaved in distilled water at 121°C for 10
minutes followed by immersion in 96% formic acid for 5
minutes. Sections were immersed in proteinase K (PK)
solution (5 pg/mL) for 5 minutes before blocking in nor-

mal rabbit serum. Sections were incubated for 1 hour with

the anti-PrP and immunolabeling was completed using
the catalyzed signal amplification system (DAKO, Ely,
UK).?* Staining was visualized with 3,3 -diaminobenzidine
chromogen. PET blot analysis for PrP™® was carried out
on CNS and peripheral tissues as described previously.?
PrPTE was detected with the anti-PrP 12F10 and 6H4 and
immunolabeling was completed using the a detection sys-
tem (Vectastain ABC-AmP, Vector Laboratories, Peterbor-
ough, UK). Staining was visualized using 5-bromo-4-
chloro-3-indolyl phosphate/nitroblue tetrazolium.

Western blot analysis of PrP™F tissue deposition
Detection of PrPTE in frozen tissue samples was investi-
gated using the standard diagnostic Western blot protocol
carried out at the NCJDRSU for the detection and classifi-
cation of PrP™E in human CNS tissue?® An additional
step of centrifugal concentration of tissue homogenates
was included for increased sensitivity.

Briefly, samples were hormogenized in a nondenatur-
ing detergent buffer at 10% tissue weight/volume (wt/vol)
of buffer. Aliquots of the cleared 10% brain homogenates
were subjected to digestion with PK used at 50 pg/mL for
1 hour at 37°C. One-hundred microliters of the PK-wreated
sarnple was given a brief mixing before centrifugation at
20,000 X g for 1 hour at 4°C. PrP™E was analyzed by West-
ern blotting using 10% NuPage Bis-Tris gels, buffers, and
the manufacturer’s instructions (Life Technologies, Paisley,
UK).2* Western blots were probed with the monoclonal
antibody 3F4, used at final concentrations of 75 ng/mL for
1 hour. The secondary antibody was ECL anti-mouse IgG,
peroxidase-linked species-specific F(ab)2 fragment, used
at a concentration of 1/25,000 for I hour, and signal was
captured by Western blotting detection reagent (ECL
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Prime, Amersham, Buckinghamshire, UK) using x ray film.
In all Western blot runs, a 5-uL protease-treated sample of
a 10% brain homogenate from a vCJD- and sC]D-infected
squirrel monkey and from a sCJD MM1 and vCJD
(MM2B) patient were included serving as an appropriate
reference control for both fragment mobility and glyco-
form ratio. ‘

The presence of PrE™F in frozen tissue samples was
also investigated using the high-sensitivity Western blot
protocol described by Peden and colleagues.® Briefly, tis-
sue samples were homogenized to a 10% (wt/vol) in 2%
sarkosyl/phosphate-buffered saline by using a benchtop
tissue homogenizer system (FastPrep, Fisher Scientific,
Loughborough, UK}. Samples were precipitated with
sodiwm phosphotungstic acid (NaPTA) and subject to PK
digestion; immunoblotting was performed as described
above®

RESULTS

All squirrel monkeys inoculated IC with 1077 and 1073
dilutions of vCJD and sCJD brain homogenates (Study 1)
developed clinical signs of disease with incubation periods
ranging from 20 o 48 months, and one of four animals
inoculated with a 1075 dilution of vCJD became sympto-
matic after an incubation period of 38 months (Table 1).
Neuropathologic, immunohistochemical, and biochemi-
cal investigations on CNS tissue from squirrel monkeys
inoculated with a 107! brain homogenate (blood donors)
confirmed the diagnosis of prion disease: The distinctive
pattern of spongiform change and PrP™E accumulation in
the brain (Figs. 2A-2D) as well as PrP*™E type observed in
the brains of the infected squirrel monkeys (Fig. 3) dem-
onstrated that vCJD and sCJD could be successfully distin-
guished in this animal model and that many of the
neuropathologic and biochemical features that define
these disease subtypes are conserved on transmission,

Western blot analysis of spleen samples from the vCJD-
and sCJD-infected monkeys detected PrP™E in one of the
four animals in each group. The PrP™ isoform resembled
that found in the brains of the same donor monkeys and in
the human brain samples used to infect them, in terms of
molecular mass, mobility, and glycosylation (Fig. 3).

No evidence of transmission occurred in squirrel
monkeys serially transfused with whole blood collected
from the 10™? brain-inoculated monkeys during the entire
span of their observational period (approx. 7 years). Post-
mortem examination of hematoxylin and eosin-stained
brain sections showed no evidence of vacuolar pathology
in recipients of whole blood from either vCJD- or sCJD-
infected monkeys. Immunohistochemical and PET blot
analysis of.fixed brain tissue using a panel of anti-PrP
showed no evidence of PrP™® accumilation in any of the
transfused animals (Figs. 2E and 2F), Western blot analysis
of 500-mg frozen samples of frontal cortex tissue following



i

ol
£

1
AL

AV

A : L
L1 k2 ) :
. T

Wl
s *?«%
RN
NI R
o i i e

’H!'(‘.‘Il'\
RIS

oy

P

SO

SR

PRION INFECTIVITY IN PRIMATE BLOOD

1

il
LTSNS

Fig. 2. Pathologic features in squirrel monkeys chailenged with human prion disease. (A) Widespread spongiform change and (B)
PrP accumulation in a predominantly pericellular pattern in the cerebral cortex in a squirrel monkey ingeulated with vCfD brain
homogenate, {(C) Widespread microvacuolar change, with a (D} predominantly synaptic pattern of PrP accurnulation in the in
the cerebral cortex of a squirrell monkey inoculated with sCJD brain hornogenates. (E, F) No evidence of spongiform vacuolation
or PrP accumulation was detected In squirrel monkeys serially transfused with whole blood collected from vCJD-infected squir-

rel monkeys. Original magnifications %X400.

NaPTA precipitation failed to detect any disease-specific
banding pattem consistent with the presence of PrP™F in
the recipient animals (data not shown). Further analysis
of samples of spleen, tonsil, cervical lymph node, spinal
cord, and vagus nerve using immunohistochemistry, PET
blot analysis, and NaPTA precipitation also failed to show
evidence of PrP™E accumulation in the recipient animals
(Pigs. 3C and 3D). Therefore, we have been unable to
detect evidence of transmission of vCJD or sCJD infectiv-
ity via blood transfusion in this primate model.

All squirrel monkeys inoculated with plasma and
buffy coat from vCJD and sCJD patients (Study 2) were
asymptomatic after an observation period of approxi-
mately 6 years (Table 1). Autopsies weie not performed on
these animals.

In the experiment using US cases of sCJD and GSS
{Study 3}, squirrel monkeys inoculated with purified blood
components from chimpanzee-passaged sCJD or with
purified plasma from chimpanzee-passaged GSS remained
asymptomatic mare than 6 years after inoculation (Table
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Fig. 3. Western blot analysis of PrP™F in spleen and brain samples from squirrel monkeys. {A, B) Squirrel monkeys {(blood
donors) challenged with vCJD or sCJD brain homogenate. (C, D) Squirrel monkeys (recipients) transfused with blood colfected
from vCJD- or sCID-infected donors. Tissues were analyzed after digestion with PK. Squirrel monkey samples (P) were run

alongside a human (H} sCJD and a vCJD diagnostic standard,

2). However, the two squirrel monkeys inoculated with
purified WBCs from chimpanzee-passaged GSS did trans-
mit disease 35 and 38 months postinoculation (Table 2).
Both animals were symptomatic and had spongiform
vacuolation (Fig. 4A) with PrP™E detectable by immunochis-
tochemistry (Fig. 4B} and Westerm blot analysis (Fig. 4C).

DISCUSSION

This study investigated infectivity in the blood and blood
components of squirrel monkeys inoculated with different
forms of human prion disease and examined whether
blood transfusions from these monkeys could transmit
disease to other monkeys. Ongoing surveillance of blood
recipients from donors who subsequently died of sCJD in
the United States and United Kingdom have so far failed
to identify any recipient dying of CJD. In the United States,
there are currently 645 such recipients from 54 CJD
donors, of whom 187 have survived 5 to 20 years after
transfusion.” In the United Kingdom, current data are
being analyzed for publication, but as of 2006, a total of 20
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recipients from three sCJD donors had been identified,
none of whom had developed CJD.25

In contrast to these negative surveillance studies of
blood-borme sCJD, four instances of human vCID infection
have been identified among a total of 67 recipients of blood
or blood components from individuals who later died of
vCJD, of whom 34 survived 5 or more years.'*' In an as-yet-
unpublished study conducted in cynomolgus monkeys, trans-
fusions of whole blood from vC]D-infected monkeys (but not
directly from human vCJD cases) transmitted disease (J.B
Deslys and E. Comoy, personal communication, 2015).

Blood is regularly infectious in rodent models of CJB,
and in a recent study conducted in transgenic mice over-
expressing the PrP gene, infectivity was detected in
plasma, WBCs, and RBCs from a single vCJD case and in
plasma from two of four cases of sCJD.*® Comparison of
this study to the primate studies is hindered by our con-
tinued ignorance of how well the results in highly suscep-
tible engineered mice correspond to the results in parallel
studies of the sarne specimens in primates.

In ouwr study, plasma and buffy coat from vCJD
patients inoculated both IC and IV into squirrel monkeys
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Fig. 4. Pathologic and biochemical features in a squirrel
monkey challenged with WECs from a GSS-infected chim-
panzee. (A) Widespread, confluent spongiform change and
(B) PrP accurnulation in a predominantly synaptic pattern of
PrP accumulation in the cerebral cortex. Original magnifica-
tions %400, (C} PrP™F in extracts of frontal cortex from a
squirrel monkey incculated with WBCs from GSS-infected
chimpanzee. Tissues were analyzed after digestion with PK.
Squirrel monkey samples (P} were run alongside a human
{H) sCJD and a vCJD diagnostic standard.
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failed to transmit disease, as did multiple small transfu-
sions of whole blood collected throughout the incubation
and symptomatic phases of disease from vCJD-infected
squirrel monkeys. Blood recipients showed no clinical
signs of disease and no PrP™F was detected in the brain,
spinal cord, spleen, tonsil, or lymph nodes after periods of
6 to 7 years after receiving the first of multiple
transfusions.

What factors might be responsible for these appa-
rently discrepant results? One possibility is that the squir-
rel monkey is-less sensitive than the cynomolgus monkey
to vCJD infections. Large numbers of IC-inoculated squir-
rel and cynomolgus monkeys at the NIH showed that for
sCJD, the squirrel monkey was a more sensitive assay ani-
mal than the cynomolgus monkey (vCID had not yet
appeared when these studies were done).'? In this study,
parallel brain infectivity titrations of sCJD and vCJD were
similar. Therefore, for IC infections with either sCID or
vCJD, the squirrel monkey is at least as sensitive as the
cynomelgus monkey, and although it could still be argued
that this equivalence may not extend to IV infections, we
know of no precedent in conventional viral or prion dis-
ease to validate such a species-dependent IC versus IV
discrepancy. However, in a recent independent study
comparing vCJD and sCID in cynomolgus monkey, sur-
vival times were significantly shorter after vCJD than sCJD
infections.?” Thus, despite our results in sCJD infections,
we cannot altogether discount the possibility that the cyn-
ormolgus monkey could be more sensitive to vCJD.

A second possibility is that we administered a subin-
fectious amount of blood. Our IC and IV inoculations of
plasma and buffy coat from chimpanzee-passaged cases
of sCJD and GSS used far lower IV volumes than were used
in the cynomolgus study, in which monkeys were trans-
fused with up to 40 mL of whole blood {equivalent to 1-1.5
transfusion units in humans). In our multiple transfusion
study of monkey-to-monkey-passaged sCJD or vCID, each
1.5 mi of transfused blood represented approximately 2%
of the squirrel monkey circulating bloed volume; the com-
bined transfused volumes amounted to approximately
7 mL in sCJD recipients and 10 mL in vCJD recipients or
approximately 1 to 1.3 units of blood in terms of transfu-
sions in humans. Although this total transfusion volume
was comparable to that of the cynomolgus study, its
administration in a series of multiple small transfusions
may have been insufficient to infect the recipients. More-
over, the fact that preclinical blood from the pair of GS5-
infected chimpanzees transmitted disease, but clinical
stage blood pooled with the two sCJD cases did not trans-
mit disease, may have resulied from dilution of GSS blood
infectivity by blood from sCJD-infected animals to levels
below the threshold of disease transmissibility.

Currently, the most relevant experimental model for
studying transfusion-associated, blood-bome vCJD comes
from sheep orally infected with bovine spongiform
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encephalopathy.!? Statistical models based on the results
of these sheep transfusion studies estimated the infectious
doses per unit of prion-infected blood (approx. 400 mL) at
approximately 0.8 ID per unit of nonleukoreduced RBCs,
which is equivalent to approximately 0.002 ID/mL.'®
Applying estimated infectious titers from the sheep model
directly to this study would indicate that recipient animals
were transfused at each time point with 0.003 ID. No
blood infectivity titrations were conducted in this series of
experiments. However, in view of the iiregular transmis-
sion results in both humans and experimental animals,
depending on the exact levels of infectivity within blood
of the donors, it is likely that the levels of infectivity must
be very close to or below the threshold for disease
transmission.

A third possible explanation of our failure to detect
infectivity is' whether longer observation pericds might
have been needed for clinically manifest disease to appear.
There is abundant experimental evidence from studies of
various prion strains across a range of species that PrP™E
can be detected by Western blots or immunohistochemis-
try in brain and lymphoid tissues well before infectivity
can be demonstrated, sometimes as early as midway
through the incubation period.”®*2 The absence of PrP™"
in the brains of our assay monkeys therefore suggests that
they would not have become ill within at least a year or
two after termination of the experiment, but does not
exclude the possibility that incubation periods might have
extended many years beyond our observation endpoint. A
recently concluded study in which scrapie-infected sheep
brain was inoculated IC into a cynomolgus monkey
yielded an incubation period of 10 years.®® Previous stud-
ies of hundreds of patients whose brain tissue was inocu-
lated IC into squirrel monkeys yielded a bell-shaped
incubation curve that peaked at 2 years, with a maximum
duration of 3 years,*® exactly the same as the incubation
peried in our vCJD assay animal inoculated at the limiting
brain dilution of 1075 and in the assay animal inoculated
with WBCs from chimpanzee-passaged GSS.

Our study of apheresed blood from sCJD- and GSS-
infected chimpanzees was undertaken to obtain sufficient
blood volumes to examine pwrifled components. No
component-transiitted disease from either case of sCJD,
corroborating similarly negative results of earlier IC inocu-
lations of WBCs or whole blood into squirrel monkeys
from 7 cases of sCJD, and transfusions of units of whole
blood from three additional cases into chimpanzees held
under observation for 10 to 15 years.'® However, WBCs
from chimpanzee-passaged GSS case did transmit infec-
tivity similar to an earlier study conducted in wild-type
mice in which WBC-transmitted disease from a different
{mouse-adapted) case of GS8.2°

An unexpected finding was that all six chimpanzees
used as blood donor animals infected with either sCID or
GSS became symptomatic within 4 to 6 weeks of having
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been apheresed 6 months after inoculation, that is, having

_an incubation period of approximately 7 months. Because

this finding was not anticipated, no additional nonapher-
esed animals inoculated with the same samples were
included in the study. However, earlier human sCJD trans-
mission experiments in chimpanzees infected IC with sCJD
brain tissue from 28 different sCJD cases yielded a mean
incubation period of 17 months (minimum of 11 months},
suggesting that the stress of a 3- to 4-hour-long apheresis
procedure under general anesthesia may have iriggered the
onset of symptomatic disease in these animals.

In conclusion, we suggest that the variation in trans-
mission results obtained in different experimental studies
is mostly due to sampling issues inherent in studies in
which small numbers of animals are used to evaluate com-
paratively uncommon events, and thus always subject to
etratic or even contradictory results. Therefore, in this
study, the fact that infectivity was present in WBCs from
chimpanzee-passaged GSS during the incubation period,
but not the clinical stage of disease or from chimpanzee-
passaged sCJD at any period of disease, should not be
overinterpreted to mean that GSS blood is only infectious
during the incubation period, or is more infectious than
sCID blood, which may or notbe the case. Nor do the neg-
ative results in our monkey-to-monkey transfusion study
mean that vCJD blood is not infectious (we know from
human epidemiologic studies that it can be). Considering
the ensemble of human epidemiologic studies together
with the limited experimental bléod transmission studies,
the most reasonable conclusion is that vC]JD (and possibly
GS8)-infected donors pose a greater risk than sCJD donors
and that even if a small proportion of sCJD blood dona-
tions were to contain low levels of infectivity, disease trans-
mission must be a very rare event, if it occurs at all.
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A Neglected Transmission Route of a Neglected Tropical Disease

Chagas disease is one of the “neglected tropical diseases” (NTDs) listed by the World Health
Organization (WHO). Depending on the study, the global prevalence has been estimated to be
between 9 and 10 million people, with a disease burden from 300,000 to over 800,000 disability
adjusted life years (DALYs) [1~4]. At least 10,000 people die from Chagas disease annually.
Chagas disease accounts for over 11% of heart failure in Brazil {3], and over 7% of deaths due
to heart failure during 2006 were due to Chagas disease [3]. The global costs of Chagas disease
have been estimated at US$7.19 billion per year. ‘

Transmission of Trypanosoma cruzi, the protozoan etiological agent of Chagas disease, was
traditionally considered almost exclusively vectorborne, transmitted by bugs (Hemiptera) in
the family Reduviidae, sub-family Triatominae, However, other transmission routes exist,
including intrauterine, by blood transfusions and organ transplantation, laboratory accidents,
and foodborne transmission. In foodborne infections, food is, or more commonly, drinks are,
contaminated with metacyclic trypomastigotes, which are then ingested by susceptible humans.
These contaminant metacyclic trypomastigotes may be derived from either the feces of triato-
mines or from the whole insect. This indicates that although such transmission is not classical
vector-borne transmission, the vector is still essential in this foodborne modality. Alternatively,
contaminant metacyclic trypomastigotes have the potential to be derived from the secretions of
reservoir hosts such as opossurns that may also contaminate food [8]; for this transmission
route the vector is not involved. It should be noted that as metacyclic frypomastigotes are inac-
tivated by the action of drying or by low moisture content {7], drinks such as fruit juices are the
most common transmission vehicles. Other food items may also be relatively unsuitable as
transmission vehicles due to toxic effects, and some food préparation treatments may also inac-
tivate the parasites. Whereas heating seems to inactivate trypomastigotes [8], experiments have
indicated that they are quite resistant to refrigeration and freezing [9].

Whereas direct vectorborne transmission has gradually been controlled, particularly due to
initiatives in housing organized by international health institutions such as WHO and PAHO
[10], foodborne infection continues to be relatively neglected. Although several researchers
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have drawn attention to this mode of transmission (e.g. [11,12}), and foodborne Chagas disease
was mentioned by the WHO Foodborne Disease Burden Epidemiology Reference Group
(FERG), it was not considered of sufficient interest to merit evaluation with the resources avail-

able [13]. Similarly, a “call for action” article for Chagas disease [14] does r1ot mention food-
borne transmission.

Why Is Foodborne T. cruzi Infection Becoming More Common?

Outbreaks of foadborne Chagas disease are documented from 1966 [15] and oral transmission
may always have been the usual infection route between wild and domestic fauna; stercorarian
transmission is relatively inefficient, and fur and thick skin create a barrier for cutaneous pene-
tration [10,16]. Much of the experimental work on oral transmission using animal models was
conducted between 1960 and 1980, and human outbreaks occur regularly, Furthermore, ear-
lier clusters of cases previously considered vectorborne may have been foodborne [15]. How-
ever, although we can better recognize outbreaks of foodborne Chagas disease, there seems to
be little doubt that foodborne transmission is increasingly reported. Since 2010, over 16 out-
breaks of foodborne Chagas disease have been reported from at least four countries, involving
around 170 individuals and a dozen deaths [15]. A summary of 73 reports from the past 10
years that includes 959 cases of acute Chagas disease suggests that 638 (>66%) were due to
oral transmission, 258 congenital, and only 23 due to direct cutaneous vectorborne transmis-
sion [17). The relative increase in foodborrne transmission may not only reflect decreases in
cutaneous vectorborne transmission due to efficient control of the vector Triatoma infestans
by domiciliary spraying {18] but also result from alterations in aspects of ecology and host
behavior [19]. Progressive invasion and domestication of wild triatomines has accurred in
rural and urban localities. The species Triatoma dimidiata, Panstrongylus rufotuberculatus,
Rhodnius stali, Eratyrus mucronatus and Panstrongylus geniculatus have all been reported as
being domiciled in urban areas {18,20,21]. This could have exacerbated possibilities for food-
borne transmission. As well as “urbanization” of wild triatomines and reservoir hosts, human
encroachment into areas where wild reservoirs live may also exacerbate the potential for trans-
mission, both orally and by direct vectorborne transmission, particularly as environmental
imbalance caused by man through the invasion and deforestation of woodlands, results in
reduction of the biodiversity of mammals available as food sources for triatomines [19]. In the
Brazilian Amazon around 70% of cases of acute Chagas disease recorded between 2000 and
2010 were associated with food consumption [15]. Another important factor is that many
more species of triatomines are suitable as vectors for oral transmission than cutaneous vector-
borne transmission, as a rapid defecation reflex after feeding is unnecessary in foodborne
transmission [15]. The rapidity of defecation following feeding has long been used as a mea-
sure of the suitability of different triatomine species for vectorial transmission, and a defeca-
tion index was even proposed as a measure of rapidity and frequency of defecations, and
hence importance as a transmission agent following biting [22,23]. This means that triato-
mines such as P. geniculatus, the most widely distributed species in the Americas, are suitable
for foodborne transmission, but net for cutaneous vectorborne transmission. In cities such as
Caracas, the high prevalence of infection of P. geniculatus with T. cruzi (24,25], the wide distri-
bution of this vector in neighborhoods, and its presence in homes during its immature stages
(five nymph stages) are factors that lead to the direct contamination of food and beverages,

Nymphs may easily contaminate food unnoticed due to their small size (15t nymphal instar is
around 2 mmy).
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Why Is Foodborne Transmission Potentially More Serious Than
Vectorborne Transmission?

The route of infection influences the success of T. cruzi in its vertebrate host and also the sever-
ity of clinical outcome. Relevant factors include the number of metacyclic trypomastigotes, the
biodeme involved, and the host’s immune response. The relatively high percentage of morbid-
ity and mortality in the early stages of infection in foodborne transmission [26] have been
related to higher parasite load and the efficient mechanism of infection through the stomach
mucosa, as first demonstrated by Hoft et al. [27]. This is based on expression of gp82, a stage-
specific surface glycoprotein that binds to gastric mucin and epithelial cells, triggering the sig-
naling cascades leading to intracellular Ca®* mobilization and promoting parasite entry [28],
During the early stages of infection, prolonged high fever occurs in 80-100% of cases with oral
transmission, whereas with vectorborne transmission, symptoms are often mild or even absent
[15]. Furthermore; cardiac pathology occurs relatively frequently, and is potentially severe. In
the Chacao outbreak severe clinical signs occurred in 34. 4% of patients, compared with 5-10%
by cutaneous vectorborne transmission [29].

A range of experimental studies in mice has also demonstrated significantly greater infectiv-
ity through oral challenge [30,31]. As with many other unrelated foodborne parasites, the
potential for heavy contamination of the infection vehicle is critical for transmission success.
In vectorborne transmission, the parasite inoculum is through triatomine feces, perhaps con-
tajning 3,000-4,000 metacyclic trypomastigotes per pl, of which only a proportion succeed in
penetrating the epidermis, However, T. infestans can harbor 684,000 infective trypomastigotes,

- able to infect hundreds by the oral route [15].

Timely diagnosis and effective treatment are important for decreasing disease progression
and the likelihood of congenital transmission. However, the absence of the classical signs (a
skin chagoma or Romaifia’s sign) and ignorance regarding the presence of triatomines may
delay diagnosis in foodborne infections.

The importance of other routes of infection with T. cruzi should not be underestimated.
These include the fact that transmission via bloed transfusion and/or tissue donation can
deliver high infectious inoculum and tends to result in the most virulent acute disease espe-
cially in immunosuppressed persons. Thus the greater likelihood of infecting higher numbers
of people, combined with the potential for delayed diagnosis and more severe symptoms,
means that foodborne Chagas disease is likely to have a greater impact than vectorborne trans-
mission at both individual and community level. Nevertheless, it is important to remember

that domestic vectors may still colonize houses across wide areas, and vector elimination efforts
should be sustained [32].

Estimating the Burden of Foodborne Chagas Disease

While the evidence of foodborne transmission of T. cruzi is convincing, to date there have been
no systematic reviews or.other published work that might indicate the proportion of Chagas
disease transmitted via food. However, as an indication, data can be extracted from a narrative
review of acute Chagas disease [17]. On a crude level, 638 of 959 cases (67%) were orally trans-
mitted [17], and, in consideration of the large foodborne outbreaks that have been reported, we
suggest that the majority of these would be through contaminated food, including beverages.
Furthermore, 21 were through reactivation and 258 through congenital transmission. The for-
mer would have a primary transmission of similar proportions to the total, and lilewise for
women who transmit the parasite to their children congenitally. The only cases definitively not
linked to oral transmission are the cutaneous vectorborne cases [12], and the transfusion and
transplantation cases [5], Adding in the unknown to this group, and making an adjustment
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{some reactivation and congenital cases would result from vectorborne transmission) would
result in approximately 910 cases that are acquired through oral transmission (95%). Even if
only around half of these are actually foodborne, this would result in 273,000 DALYs per
annum attributable to contaminated food, assuming the Chagas disease burden reported in
GBD 2010 [2]. This would rank foodborne Chagas disease as approximately the 8™ most
important foodborne parasitic disease on a global basis [13], despite much of the world being
free from this parasite. This may give some pointers as to the burden of foodborne Chagas dis-
ease, but it should be noted that both foodborne and vectorborne disease may also be sporadic
and hence using outbreak data might underestimate the burden from vectorborne transmis-
sion. It should be noted that oral infection does not necessarily indicate contaminated food—
per os infection can also occur from dirty hands contaminated with triatomine feces. Such an
infection route is less likely to result in a large-scale outbreak. Furthermore, chronic disease,
with no acute stage symptomatology, provides a substantial burden and the contribution of dif-
ferent transmission pathways leading to that clinical picture have yet to be addressed.

Clearly, a systematic review of the evidence rather than the superficial overview reported

here might better untangle the contributions to the burden of Chagas disease by the different
transmission pathways. ‘

Message to Stakeholders and Policy-Makers

WHO launched FERG in order to provide data and tools to suppert policy-makers and other
“stakeholders when setting appropriate, evidence-informed priorities of food safety at country
level. However, by focusing on global impact, important pathogens that have a restricted distri-
bution may be overlooked. It seems as though T. cruzi could be one of these. In calling to the
relevant governments from Latin America and elsewhere for sustained support for prevention,
control, and treatment of Chagas disease, Schmufiis [14] provided an overview of the disease,
including transmission and mitigation initiatives; however, foodborne infection was not men-
tioned. Likewise, in the CODEX Alimentarius draft guidelines on the application of the general
principles of food hygiene to the control of foodborne parasites, T. cruzi is not mentioned.

By concerted efforts, relevant authorities have managed to reduce vectorborne transmission
of Chagas disease considerably. Foodborne transmission may be a more complex situation,
with multiple and changing factors that mean transmission reduction may be more difficult to
achieve. However, before we can think about control, the problem must be first acknowledged.
The intention of this article is to bring foodborne transmission further onto the table.
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Extended Human-to-Human
Transmission during a
Monkeypox Outbreak in the
Democratic Republic of the Congo

Leisha Diane Nolen, Lynda Osadebe, Jacques Katomba, Jacques Likofata, Daniel Mukadi,
Benjamin Monroe, Jeffrey Doty, Christine Marie Hughes, Joelle Kabamba, Jean Malekani,
Pierre Lokwa Bomponda, Jules Inonga Lokota, Marcel Pie Balilo, Toutou Likafi,
Robert Shongo Lushima, Benoit Kebela llunga, Frida Nkawa, Elisabeth Pukuta,
Stomy Karhemere, Jean-Jacques Muyembe Tamfum, Beatrice Nguete,

Emile Okitolonda Wemakoy, Andrea M. McCollum, Mary G. Reynolds

A 600-fold increase in monkeypox cases occurred in
the Bokungu Health Zone of the Democratic Republic of

the Congo during the second half of 2013; this increase .

prompted an outbreak investigation. A total of 104 pos-
sible cases were reported from this health zone; among 60
suspected cases that were tested, 50 (48.1%) cases were
confirmed by laboratory testing, and 10 (9.6%) tested neg-
afive for monkeypox virus (MPXV) infection. The house-
hold attack rate (i.e., rate of persons living with an infected
person that develop symptems of MPXV infection) was
50%. Nine families showed >1 transmission event, and
=6 transmission events occurred within this health zone.
Mean incubation period was 8 days (range 4-14 days).
The high attack rate and transmission observed in this
study reinforce the importance of surveillance and rapid
identification of monkeypox cases. Community education
and training are needed to prevent fransmission of MPXV
infection during outbreaks.

Monkeypox virus (MPXV), which belongs to the
genus Orthopoxvirus, is zoonotic and endemic to

Author affiliations: Centers for Disease Control and Prevention,
Atlanta, Georgia, USA (L.D. Nolen, L. Osadebe, B. Monroe,

J. Doty, C.M. Hughes, A.M. McCollum, M.G. Reynolds); Minstere
de la Santé, Kinshasa, Democratic Republic of the Congo

{J. Katomba, J. Likofata, R. Shongo Lushima, B. Kebela llunga);
US Centers for Disease Control and Preventiori, Kinshasa

(J. Katomba, J. Likofata, J. Kabamba); National Institute for
Biomedical Research, Kinshasa (D. Mukadi, F. Nkawa, E. Pukuta,
8. Karhemere, J.-J. Muyembe Tamfumy); University of Kinshasa,
Kinshasa {J. Malekani,); Kinshasa School of Public Health,
Kinshasa (M.P. Balilo, T. Likafi, B. Nguete, E. Okitolonda
Wemakoy); Minstere de la Santé Tshuapa Health District,
Bokungu, Democratic Republic of the Congo (P.L. Bomponda,
J.l. Lokota)

DO hitp://dx.doi.org/10.3201/eid2206.150579

1014

western and central Africa. MPXV is a close relative of
the variola virus, and monkeypox illness resembles a
smallpox-like infection but is less severe than smallpox.
Most patients initially develop a fever, followed by rash
a few days later. Lymphadenopathy is a common sign
and occurs just before or concomitant with the rash (Z,2).
Up to. 11% of unvaccinated affected persons die (3). No
targeted medications are licensed to treat this infection.
Although smallpox vaccination can provide some pro-
tection against infection, this vaccination is not used in
MPXV-endemic areas because of cost considerations and
safety concerns about nsing a vaccine that contains live
vaccinia virus.

MPXV transmission among close contacts within
households is well documented; previous reports have
shown up to 6 intrafamily transmission events (4). Trans-
mission is thought to ocour by means of salivary or respi-
tatory droplets or contact with lesion exudate (5,6); how-
ever, evidence suggests that infection can occur by direct
inoculation (7). Previous household attack rates (i.e., rates
of persons living with an infected person and developing
symptoms of MPXYV infection) of 3%—-11% have been re-
ported (6,8). Although some reports show a high incidence
of households with single isolated cases (8), other reports
have documented frequent transmission events within
households (6,9). Attack rates have been found to be much
higher among persons living in households with an MPXV
patient and among persons with no evidence of prior small-
pox vaccination {6,8).

Monkeypox is a reportable disease in the Democrat-
ic Republic of the Congo (DRC), and cases are reported
from 26 health districts (containing 512 health zones).
During 2013, a substantial increase in the number of sus-
pected human monkeypox cases was noted in the Bokungu
Health Zone within Tshuapa District of DRC’s Equateur
province (Figure 1). In December 2013, we conducted an
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investigation of monkeypox for this health zone and fo-
cused on cases reported during July 1-December 8, 2013.

Methods

DRC has a regional surveillance system that collects reports
of all suspected monkeypox cases. When possible, cases
are investigated, a monkeypox-specific case report form is
completed, and replicate diagnostic specimens (derived from
lesions) are collected. During this investigation, additional
retrospective cases within affected villages and households
were identified on the basis of physical symptoms that were
reported by patients and family members but that had not
previously reported to the surveillance system.

A

aounde

Luanda

Bandundu

Lusaka

Harare

A Case

Roads
[ | Tshuapa River Wi

— o

Occidental

Human-to-Human Transmission of Monkeypox

Case Definitions

Cases in our investigation must have occurred during July
1-December 8, 2013. We used the following case defini-
tions as part of the enhanced surveillance system in Tsh-
uapa District. A confirmed case occurred in a person with
a history of high fever, a vesicular-pustular rash, and >1 of
the following 3 characteristics: 1) rash on the palms and
soles, 2) lymphadenopathy, 3) fever preceding rash. In ad-
dition, this person has a PCR-tested diagnostic specimen
that yielded a positive result for Orthopoxvirus or had
MPXV DNA signatures. A probable case occurred in a per-
son with a history of high fever, a vesicular-pustular rash,
and >1 of the following 3 characteristics: 1) rash on the

Figure 1. Region affected by
monkeypox illness. A) The
Democratic Republic of the
Congo is outlined; Tshuapa
District is highlighted in yellow
and Bokungu Health Zone in red.
B) Health zones within Tshuapa
District; Bokungu Health Zone

is highlighted in red. The village
with the largest cluster of cases is
indicated by a yellow square. C)
Distribution of cases (shown by
red triangles) in the village with
the most cases during

this outbreak.

Orientale

Kasai-Oriental

Kasai

05 1
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palms and soles, 2) lymphadenopathy, 3) fever preceding
rash. In addition, this person has a history of contact with

. a person or animal with confirmed monkeypox during the
14 days before illness onset. A suspected case occurred in
a person with a history of high fever, a vesicular-pustular
rash, and >1 of the following three characteristics: 1) rash
on the palms and soles, 2) lymphadenopathy, 3) fever pre-
ceding rash.

Clinical symptoms were documented by a trained
healthcare provider or investigator who used a standard-
ized case-reporting form. Smallpox vaccination status was
documented on the basis of patient-recall and presence of
a vaccination scar on the left upper arm. Analysis of vac-
cination status was performed with y*test by using STATA
14.0 (https://www.stata.com/). Age was considered dichot-
omous because vaccination was available only to those >33
years of age, as a result of the discontinuation of smallpox
vaccination in DRC (and other countries) 33 years earlier
(1980) after the announcement of smallpox eradication.

Diagnostic specimens (crusts, vesicular fluid, or ocular
fluid) were collected and shipped to the Institut National
de Recherche Biomedicale in Kinshasa, DRC, for analysis.
DNA was extracted from each specimen, and an Ortho-
poxvirus-specific real-time PCR assay (10) was performed
for diagnostic confirmation. If no Orthopoxvirus DNA was
amplified, then a second real-time PCR assay was per-
formed for varicella zoster virus (VZV)-specific DNA (US
Army Medical Research Institute of Infectious Diseases,
unpub. data). '

Symptom Intervals -
Incubation period was defined as the number of days be-
tween contact with a symptomatic monkeypox patient and
development of rash. Rash was chosen as the benchmark of
infection for estimating incubation periods because fami-
lies were better able to recall the day of rash onset than to
recall the day of fever onset. To obtain the best estimate of
the MPXV incubation period, we identified patients who
reported clear dates of exposure and rash onset in our in-
vestigation and in the published literature (4,9,11). We de-
termined a mathematical distribution of incubation times
and calculated the mean, median; and range for the central
75% of the cases (that is, we excluded data for patients at
either end of the distribution).

We conducted a larger analysis that combined the data
from those persons with clearly identified dates of expo-
sure with data containing household transmission intervals.

The household data was calculated by determining the time
between onset of rash for the first and second cases in a
household. Cases were eliminated from this analysis if the
first 2 cases in a household were separated by <3 days be-
cause we assumed that these case-patients were infected by
the same source. We determined a mathematical distribu-
tion for the incubation times of this larger group. A sec-
ondary analysis of the dataset containing only persons with
clearly defined dates of exposure and the dataset which in-
cluded household transmission was performed by using an
alternative formula that was developed to model serial case
intervals for respiratory infections (1.).

Transmission Chains

We estimated transmission chains (i.e., a series of persons
who sequentially pass the infection to the next person)
within families and villages on the basis of the calculated
incubation pericds for household transmission. Cases were
considered independent when the interval between the on-
set.of rash for a case-patient in the household or village was
>8 days from the onset of symptoms for the previous case-
patient. This value was chosen because we assumed that
the first case occurred after the shortest possible incubation
period (5 days) and that the Jast possible case occurred af-
ter the longest possible incubation peried (13 days). Any
cases occurring after this window of 5~13 days are consid-
ered to result from an independent infection either inside
or outside the household. Coordinates for case households -
were recorded with handheld global positioning system
units (eTrex 10; Garmin, Olathe, KS, USA) and compiled
with the locations of residential structures digitized from
satellite images (DigitalGlobe, Westminster, CO, USA).
Household counts were aggregated into a 50-square-meter
grid covering the entire populated area, Tests for spatial
autocorrelation were performed by using the Global Mo- -
ran’s [ tool in ArcGIS 10.2 (ESRI, Redlands, CA, USA) at
distances of 50—1,000 meters in 50-metet increments.

Results

Monkeypox in Bokungu Health Zone

During 2013, a total of 104 suspected case-patients with
human MPXV infection and 10 deaths (9.6%) were report-
ed from the Bokungu Health Zone to the national surveil-
lance system, with October showing a dramatic increase
in number of cases (Table 1). Of the 104 suspected case-
patients, 60 (57.7%) had active lesions, and specimens

Table 1. Reported monkeypox cases and deaths by month, Bokungu Health Zone, 2013"

Cases and .

deaths Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec  Total
Cases, no. 3 0] 2 3 0 10 5] 0 1 61 2 16 104
Deaths, no. 0 0 0 0 0 1

*All cases, not yet characterized as confirmed, probable, or suspected.

1016

0 0 0 8 0 1 10
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Table 2. Characteristics of patients with monkeypox infections, Bokungu Health Zone, July-December 2013

Confirmed cases,

Probable cases, Suspected cases, Unaffected household

Characteristic Total cases, N =63 n=20 n=19 n=24 members,* n =53
Median age, y (mean) 10 (15.5) 14 (20.4) 7 (6.7) 10 (16.4) 20 (23)

Age range 4mo-68y B mo-68 y 4mo-21Yy 8 mo-E5y 2mo-72y
Male sex, no. (%) 36 (57) 12 (60) 8/18 {50} 15/22 (68) 18/50 (38)
Vaccinated, no. (%)t 9/59 (15) 5/18 (28) 0118 (O 423 (17) 14/53 (26)

*Parsons Ih households without symptoms and not tested,
+Danominators indicate no. patients with data available in that category.

were collected from these persons for testing. Of tested
specimens, 50 (83.3%) were confirmed MPXV infections.
Because MPXYV infection and VZV infection have clini-
cal similarities, testing for VZV was also performed. Five
(8.3%) of the 60 patients had specimens that tested positive
for VZV, and specimens for 5 (8.3%) failed to yield a posi-
tive result for either virus.

During the focused investigation period (July-Decem-
bér 2013), we identified and interviewed 63 case-patients in
16 households (Table 2). Ofthese case-patients, 26 had pre-
viously been identified, investigated, and reported by local
health anthorities; our investigation identified an additional
37 case-patients, including 4 with acute illness. Of the total
63 case-patients, 20 were confirmed, 19 were probable, and
24 were suspected cases. Median age of case-patients was
10 years {range 4 months—68 years); 17.7% were <5 years
of age (Table 2). Of the 63 case-patients, 36 (57.1%) were
male. Most cases occurred within a 74-day period between
the first week of September and the last week of October
(Figure 2). All 63 cases included in the 6-month investiga-
tion occurred within a 144-day window. A

In the 16 investigated households, 9 (15%) of affect-
ed household members had evidence of a prior smallpox
vacecination, compared with 30% of unaffected household
members; y* analysis showed that that this difference was
not significant (p>0.05). However, vaccination status and
age >33 years were nearly perfectly correlated (p< 0.001).

The median number of persons affected within each
household was 3 (mean 3.9; range 1-8). The median attack

104
94

8

IJ HIH” H H

No. cases
w

rate within households was 50%; mean was 52.1% (range
50%-100%). For 1 of the 16 families investigated, all 6
household members were affected. For all households, the
median interval between the time that rash developed in the
first person in the household to time that rash developed in
the last person was 10 days (range 2-41 days).

Incubation Period
Four case-patients were able to identify a specific date of

monkeypox exposure and rash onset. These persons report-

ed that rash developed 5-8 days after contact with an ear-
lier case-patient. A PubMed hitp://www ncbi.nim nih.gov/
pubmed) search identified 12 additional persons who had
confirmed or probable infection and well-defined incuba-
tions periods; these case-patients had an incubation period
of 9—14 days (4,9,1]). When the 4 case-patients in our in-
vestigation and the 12 historical case-patients were consid-
ered together, mean incubation period for all was 9.6 days
and median was 9 days. The central 75% of these case-
patients had an incubation period of 613 days (Figure 3).
A second analysis was conducted with additional incu-
bation periods that were calculated by using the difference
in time of onset between the first and second cases within
12 households. These additional data were added to the
16 data points from the first analysis. For the total 28 data
points available for this second analysis, the mean incuba-
tion period was 8.3 days and median was 8 days. From the
second analysis, the central 75% of case-patients had an
incubation period of 512 days (Figure 3). For subsequent

Figure 2. Epicurve of cases
included in investigation and
monkeypox cases during
investigation period (July 1—
December 8, 2013). Black
represents suspected cases,
white represents probable
cases, and gray represents
cenfirmed cases.

Jull Augl Sepl Octl
2013
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No. cases

Days

Figure 3. Distribution of incubation periods from 2 separate
analyses. Dark gray shows the distribution of incubation periods
on the basis of case-patients with well-defined dates of exposure
identified in our investigation and in the published literature (p =
16). Light gray shows the distribution of incubation periods from
the literature and incubation periods calculated by using the first 2
case-patients in each family {n = 28},

‘calculations in this investigation, we used the extremes in
the 2 analyses as the incubation range (5-13 days, a range
indicating the least and most number of days between ex-
posure and onset of rash).

A third analysis of this data was performed by using
the model described by Jezek et al. (). In this analysis,
which generates a model of serjal intervals from the ob-
served data, the transmission interval of the 16 well-de-
scribed cases was 9.7 (95% CI 8.35-10.95) days; the inter-
val for all 28 cases was 7.4 (95% CI 6.76-7.99) days.

Transmission Chains

Using the range of 5-13 days as the incubation period, we
reconstructed transmission events within families and vil-
lages. When the longest incubation period (13 days) was
used, 9 of 16 households showed >1 transmission event.
When the shortest time of incubation was used (5 days),
an additional 4 households showed patterns consistent with
trapsmission within the household (Figure 4, panel A).
Two households had cases separated by a considerable pe-
riod, suggesting the occurrence of either an unknown trans-
mission event within the household or an exposure outside
of the household {Figure 4, panel B). When community-
wide transmission was considered within the health zone,
longer transmission chains were observed, with the lon-
gest being in the village of Bokungu, where >7 suspected
transmission events resulted in 42 apparent cases (Figure
4, panel C). Tests for spatial autocorrelation showed that
case households for were more spatially clustered (z-scores
>2.0) than would be expected randomly at all distances of
50-1,000 meters.

Discussion

Human MPXV infection is endemic to DRC, with cases
oceurring throughout the Congo Basin. Many of these
cases occur in isolation or in small clusters, but large

1018

outbreaks occasionally occur that involve many persons
over a large geographic area. During 2013, a total of 104
cases of human monkeypox illness were reported in the
Bokungu Health Zone. In confrast, only 17 cases were re-
ported in 2011 and 13 in 2012. The surveillance system did
not change substantively during this period; consequently,
the rate in 2013 represents an increase of >600%, compared
with rates for previous years. Our investigation focused on
cases that occurred during the height of the 2013 outbreak.
Within the investigation period, 57% of affected per-
sons were male, and median age was 10 years; 18% were
<5 years of age. According to the United Nations World
Population Prospects (http:/esa.un.org/unpd/wpp/), 17.8%
of the population in DRC is <5 years of age. Consequently,
the age demographics of patients during the monkeypox
outbreak correspond to those of the general population, sug-
gesting that young children are not more prone to MPXV
infection than others. A parallel study performed during
this outbreak found no asseciation between monkeypox ilk-
ness and hunting or consumption of specific animals (12).
Previous publications have reported attack rates of
3%-11% (6,8); our investigation found a median attack
rate of 50%, and 1 family had 100% of persons affected.
The previously published attack rates are considerably
lower than those for other viruses with similar routes of
transmission; for example, smallpox has atfack rates of
35%-88% (13—15), and variola virus had an attack rate of
90% (16). The difference between the findings reported
here and those reported previously may result from several
different canses. First, the high attack rate reported here
possibly results from changing individual- and population-
level immumity caused by elimination of routine child-
hood smallpox vaccination (1 7). Earlier investigations may
have found lower attack rates because more persons had
vaccine-derived immunity; however, some persons in the
outbreak that we investigated had MPXV infection and
prior smallpox vaccination, which suggest possible waning
immunity over time, a factor that should be considered in
future investigations. Second, a viral strain different from
that found in previous investigations could have circulated
in this outbreak and resulted in the high attack rate. Howev-
er, we have no evidence for accepting or rejecting this pos-
sibility. Third, the high attack rate possibly refiects a high
rate of case-patient identification in this investigation. We
found that many persons are often affected in a household
but that only 1 household member usually seeks medical
attention, causing only 1 case to be recorded or investigat-
ed for surveillance. Case reporting on the basis of persons

" seeking healthcare may have caused the surveillance sys-

tem to underestimate of the number of human monkeypox
cases. Because we used in-home interviews, many previ-
ously unidentified cases were uncovered, enabling the cal-
culation of a more accurate attack rate.
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Figure 4. Reconstruction of monkeypox virus transmission events in the Democratic Republic of the Congo by using an estimated
incubation period. Each column represents a calendar day. Red boxes represent a single case of monkeypox infection. A cluster is
defined as a set of case-patients that could have resulted from a single exposure and are delimitated with dark vertical lines. Dark
arrows indicate the first case within a cluster, and the dotted arrow indicates the time during which a potential single exposure could
have produced symptoms in the first person in that group to the last (i.e., 5~13 days). A) Transmission events in the village of Bokungu
in the Democratic Republic of the Congo. B) A household with evidence of 3 known transmission events. C) A household with evidence
of 1 known and 1 unknown transmission event. The orange bar represents the days when the case-patient, represented by an asterisk

(*), would be expected to have been exposed.

Previous investigations have shown a limited trans-
mission capacity of MPXV within the human population.
The highest number of suspected serial transmission events
previously recorded is 6 (4,9). The ability to identify trans-
mission events is limited by our lack of knowledge of the
dynamics of infection. Often, whether 2 persons were co-
infected by the same person and have different incubation
periods or whether the persons were sequentially infected
is difficult to determine. Understanding the incubation pe-
riod of MPXV is vital for creating accurate transmission
chains and determining if multiple introductions (human or
zoonotic) occurred.

Sixteen patients with well-defined incubation periods
were identified in our investigation and in the literature.
Although these defined incubation periods are the best
information available, they are also limited in number.
Consequently, we also included apparent incubation pe-
riods within households. The time between onset of rash
in 1 case and onset of rash in a subsequent case within a
household provide an approximate incubation period. The
longer that MPXV is present in a household, the more dif-
ficult identifying a clear infection chain is; therefore, only
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the transmission between the first and second case was used
for the analysis. However, these 2 persons could have been
infected by an outside source instead of by human-to-hu-
man transmission. The 3 analyses that we developed and
presented here yielded similar results; 75% of the incuba-
tion periods were 5—13 days. Analysis of the same data by
using the model proposed by Jezek et al. (//) yielded trans-
mission intervals that matched data from our mathematical
distribution model when we analyzed the 16 well-described
cases. When all 28 cases were analyzed, the Vink model
produced an interval 1 day shorter than that for the math-
ematical distribution. The difference between these num-
bers likely results from the weighting that is included in
the Vink model. Further work is needed to evaluate which
model best fits the biology of MPXV.

Our investigation suggests a shorter incubation peri-
od for MPXYV than that observed in many animal models
(7,18,19). Differences in organism and exposure may ac-
count for this difference. Experimental animals are often
exposed to a virus for a brief time, and the interval between
that exposure and development of symptoms is recorded
as the incubation period. In contrast, the incubation period
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in this study was defined as the time between onset of rash
for the first person infected and onset of rash in the second.
Although high levels of viral shedding begin with the onset

. of rash, virus may be transmitted before the onset of rash,
Research in prairie dogs has shown that oral shedding of
virus begins before the development of dermal rash (5); this
finding indicates that spread of MPXV is possible before
the appearance of external skin lesions. Therefore, the time
from first exposure to development of symptoms calculated
in laboratory settings may be longer than the time calcu-
Iated in this analysis.

Little information is available regarding the incuba-
tion period of MPXV in humans. A monkeypox outbreak
in the United States revealed that the incubation period var-
ied (range 1214 days), and this period was dependent on
the route and nature of exposure (7). All US dases resulted
from exposure to infected pets. In confrast, the infections
described in this article are likely caused by exposure to
wild animals or an infected human. The type of exposure
and route of virus transmission may result in incubation pe-
riods during the US outbreak that differ substantiafly from
those observed in the outbreak that was the focus of our
investigation. In addition, previous outbreaks were caused
by viruses from a different genetic clade than that which
caused the outbreak reported here. Transmission times may
differ because of the specific virus involved.

Altogether, the Bokungu Health Zone had 42 cases in
>7 infection clusters (i.e., a group of cases that could have
resulted from a single infectious exposure). These clusters
could have been created in 3 different ways. First, the clus-
ters could be linked sequentially, whereby the infection
could be externally introduced into a cluster and then passed
by 1 person from that group to cluster 2 and so on. Second,
transmission may not have occurred in a clear linear fash-
ion, but persons may have had multiple human exposures.
Third, MPXV could have been reintroduced into the com-
munity from an external source (zoonotic or human) during
the course of the outbreak. Although we cannot determine
which of these possibilities is most likely, we favor the sec-
ond model because community interactions would make a
strictly linear pattern of spread unlikely to occur. Further,
the limited number of cases in the population as a whole
makes it less likely that an external source was causing fre-
quent reintroductions. We can conclude that >6 transmis-
sions or introductions occurred in this health zone after the
initial infection.

This report has limitations that should be considered.
First, MPXV infection was laboratory confirmed in 48%
of the cases by using PCR; the remaining cases were iden-
tified by patients’ symptoms. Laboratory confirmation
was not possible for many cases because patients were
interviewed after symptoms had resclved. Local resourc-
es for performing specimen collection were unavailable
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during all phases of the outbreak, so confirmation of
MPXYV infection for many cases was not possible. The
lack of specimen collection has been noted as a limitation
of the current surveillance program, and we are actively
addressing this issue. Second, modeling of the incuba-
tion period was limited by the inability of most patients
to identify a specific source of infection or a date of ex-
posure. We assumed a minimum incubation period of 3
days when we created the incubation period model. This
assumption was necessary o prevent bias toward very
short incubation periods and is appropriate because of
the longer incubation periods observed in animal mod-
els (18,20). Third, calculations were performed in our in-
vestigation with the assumption that transmission occurs
once a person is symptomatic. Because data regarding
transmission of MPXV are limited, this assumption was
necessary; however, this assumption should be consid-
ered for evaluating incubation times and transmission.

This analysis provides insight into the dynamics of
MPXV infection. We observed an average household at-
tack rate of 50%, a much higher rate than reported in previ-
ous studies. Measures to decrease this attack rate should
be implemented, including family-based education related
to hygiene and isolation of patients. The transmission pat-
terns observed in this outbreak also suggest transmission
at the community level; therefore, community-wide educa-
tion should begin as soon as the first monkeypox case is
identified in an area. The calculated incubation period of
5-13 days further refines our understanding of the longest
period of MPXV transmission risk after exposure in a natu-
ral setting. Knowledge of transmission risk is helpful for
considering the appropriate moniforing period for exposed
persons. This investigation and future work will improve
our understanding of MPXV infection and our ability to
limit its spread.
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