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HEPATITIS E VIRUS
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Hepatitis E risks: pigs or blood—that is the question

Richard S. Tedder,*® Samreen Ijaz,’ Alan Kitchen,? Ines Ushiro-Lumb? Kate L Tettmar,?
Patricia Hewitt,? and Nick Andrews®

BACKGROUND: Infection with hepatitis E virus (HEV)
Genotype 3 is recognized as a food-borne zocnosis in
developed countries where it usually causes a mild self-
limited acute hepatitis. It may cause a persistent infection
in the immunosuppressed human that can progress to
cirrhosis. To protect the patient from transfusion-acquired
HEV infection, steps have been taken in the United
Kingdom to provide for at-risk patients only components
from donots screened for HEV viremia. This strategy
does not protect from dietary exposure and calls info
question estimation of relative risk between bloed
transfusion and dist. :

STUDY DESIGN AND METHODS: Using data on -
HEV viremia, cotnponent exposure, residual plasma
volume, and resulting transmission, the dose of virus
administered and subsequent transmission rates were
determined and used to populate a madel that can infer
the relationship between blood and dietary exposure.
RESULTS: The annual attack rate of a population,
defined as seroconversion, provides an estimate of the
risk of receiving a component containing HEV froma
viremic donor. The lowest viral dose that resulted in
infection was 2 X 10% |Us and 55% of components
containing this dose transmiifed infection. The
fransfusion risk of infection only exceeds the annual
digtary risk when more than 13 individual donor
componenis are transfused.

CONCLUSION: For many solid organ transplant
patients dietary exposure far exceeds the risk of
transfuslon from unscreened donors. it is onily in the
immunosuppressed patient requiring extensive bleod
component suppert that transfusion risk dominates. This
understanding should inform policy decislons on HEV
RNA screening of blood donations.

epatitis E virus (HEV) is a widespread family
of related viruses, so closely related that often
these agents may cross species causing, in
human terms, zoonotic infections. Four major
closely related genotypes of HEV infect humans causing
disease with different levels of pathogenicity. Genotypes 1 *
and 2 (Gl and G2)' are human pathogens and do not
infect other hosts; in contrast Genotypes 3 and 4 (G3 and
(G4) are enzootic in swine, also infect humans, and are
found globally. Persistent HEV infections are believed not
to occur in the immunocompeient host and consequently
these viruses are maintained in populations through a
rolling series of acute infections from primary host to pri-
mary host within humans (G1 and G2} and animals (G3
and G4}, the latter principally within the genus Sus, which
includes pigs raised for human consumption. HEV G3 and
G4 are transmitted by the oral-fecal enteric route in pigs
and cause little or no morbidity ameng the natural hosts,
certainly net enough to invoke consideration on husband-
1y grounds alone of a vaccine in pigs? As an important
animal protein food source, ‘pig meat is consurned in a
large munber of countries and provides an essential com-
ponent in the diet of many people.® Porcine viruses, prin-
cipally but not exclusively G3 and G4, are able to infect
humans as an end-line infecton. Although these !

ABBREVIATION: G = genotype (when followed by a
number).
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TABLE 1. Blood components ranked by Included plasma volume, showing the minimum donor plasma viral load
that could be expected to constitute the observed lowest infectious dose of 20,000 1U

Minimum load {IWmL) in donor for infection

Component ‘ Inclded plasma volume to ocour in recipient
Pocled granulocytes 10 2000

RBCs in AS Mean, 12.5 1600

PLT individual preparation 25 800
Apheresis PLTs 180 111
Plasma contributing to a PLT pool 225 89

FFP 275 7

infections are termed zoonotic there is Iittle evidence of
human to human transmission although blood transfu-
sion* and potentially organ transplantation® will facilitate
human to human spread. Recent studies in blood donors
have indicated that infection with G3 is likely to be wide-
spread in England and the cause of an annual attack rate
in the region of 0.2% in the population as a whole? It is
accountable for the majority of the 850 annual cases of
acute hepatits in England and Wales,f

The significance of G3 infection has changed with the
recognition that persistent virus infection occurs in
immunosuppressed patients and may be associated with
rapid progression to liver fibrosis culminating in cirrhe-
sis.” Management of the persistently infected patient is
problematic, particularly in light of the complexity of
immunosuppression that occurs in an increasingly diverse
group of patients.under treatment. To mitigate the trans-
fusion risk, provision has been made in the United King-
dom since the early part. of 2016 for HEV screened blogd
for subsets of patients who are particularly at risk from
persistent infection.? Such policies, however, do not perse
address or mitigate the coincidental dietary exposure to
HEV of at-risk patients and hereby lies the conundrum,
Dietary exposure affects both the population at large and
the donors therein and consequently the transplant recip-
ient who receives blood components. At the same time it
also affects the transplant recipient directly. Here we pre-
sent an holistic approach to this paradox, determining the
minimum infective dose for HEV transmission by transfu-
sion, defining the relative risks of both routes of infection,
and demonstrating the linkage between annual attack rate
and transfusion risk. This approach will inform the conse-
quent management of both dietary and transfusion risks
in patients undergoing iatrogenic immunosuppression.

MATERIALS AND METHODS

" Recipient exposure

Forty-three patients exposed to components from viremic
donors were emolled into a follow-up study. Imputable
proof of transmission was confirmed in all viremic recipi-

ents by demonstrating phylogenetic identity between
donor and recipjent viruses, An anti-HEV immunoglobulin

268 TRANSFUSION Volume 57, February 2017

(IgM response and high IgG levels detectable in the
postiransfusion period were considered indicative of
fransfusion-associated transmission in the absence of
detectable HEV RNA in the recipient.*

Determination of dose

The outcome in recipients exposed to blood components
from donors found to be viremic was determined as previ-
ously described.* The level of virus was determined for
each donor plasma and expressed in international units
per mL (IU/mL}. Bstimates of the plasma volume includ-
ed in each component and the quantitative viral load in
that plasma were used to calculate the dose of virus in TUs
contained in coriponents that transmitted infection com-
pared with those components that did not transmit.
Assuming that plasma HEV RNA represents potentially
infectious virus and that this does not partition with any
celldar components the residual plasma volume for each
type of blood cornponent (Table 1) was used in the calcu-
lation of the infectious dose, '

Mode! to compate transfusion and dietary risk

A range of variables based on previous experience® was
used to estimate the probability of infection from blood
and from diet. Table 2 gives the values used and the for-
mula for the calculation, This is available as a'macro on
request.

Serology

Antibody to HEV was sought using IgM and IgG assays
(Wantai, Fortress Diagnostics) in accordance with the
manufacturer’s recommendations.

RESULTS

Determination of a minimum infectious dose

The plasma viral load expressed in IU/mL in the index
sample from each of the 79 viremic donors ranged from
25 X 10* to 24 X 10° JU/mL and followed a normal
distribution on a log scale (chi-square test for lack-of-fit
p value =0.7) with a geometric mean value of 4.7 x 10°
(log mean, 3.67 IU/mL, SD 1.07; Fig. 1). Using the includ-
ed volume of the plasma in each transfused component
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to have been infected,

The distribution of virus dosage received by each of

the 43 patients available for follow-up differed between
the 18 recipients who were infected {mean, 6.16 log IU)
and the 25 who were not infected (mean, 4.38 log IU; t
test p < 0.001; Fig. 2). The lowest dose that led to infection
was 1.9 X 10% IUs (4.3 log IU); however, not all recipients
exposed to this or a larger dose were infected; 15 of the 25
noniransmitting components contained or exceeded this
dosage. Using the lowest dose that led to infection as a
minimmum infectious dose, 33 transfused components
contained a potentially infections dose and only 18 gave
rise to infection, indicating a transmission rate of 55%.
The proportion of seropositive donors was similar in the
transmitting and nontransmitting groups (4/18 and 8/25,
respectively).

Determination of the likelihood of infection
through receipt of unscreenad blood versus
dietary sources

The probability of infection from blood component
receipt as well as from dietary risk over a number of years

TABLE 2. Variables used for the model to compare donation and dietary risks
Variable Symbol Values used Ratlionate for values used
Infection risk when receiving a component ly 0.5 As a generalization of any component?
from a viremic donor
Distary risk per year in England and Wales g 0.002 Estimated annual seroconversion rate 0.2%
Period of Infectioushess (weeks) d 8 Duration of vir‘emla.s )
Pravalence of viremiza in dohor population Fe Estimated as u X d/52  Governad by each seroconversion providing 8/52 viremia
and representative of volunteer donors
Number of donations received N 1, &, 10, 60 Covering the range of transfusion exposure
Probability of Infection from blood Py 1—(1 =, xFN Risk accrues with each exposure
Probability of infection from diet in Y vears Pg YXp Risk accrues with life survival
18 8.
. .
16 - o
14 g 1] L d
—Fitted Normal =3 oee
12 disteibution bo L]
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g 10 5 .
3 . c »
v g ——
5 .
. E 6] LT
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- 0
o - , -_,. L o0, - oI <Zr‘ [+] .
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T @ S 2 see
logloVi I e :
2, 0 \
Fig, 1. Log normal distribution of the HEV level (log IU/ml) u% 1 0
detected at pickup in 79 donoss found to have HEV RNA in §_ 808
 their plasma at the time of donation. g .
. S .
. . . . =
and the viral foad of the plasma, it was possible to ascribe o
a dose of virus to which recipients were exposed. This 2 i
dose ranged from 6.3 X 10% to 5.6 X 107 IUs per component Not Infected
from a viremic donor, Eighteen recipients were considered Infected

Fig. 2. Spread of the HEV dose (log IU HEV RNA) in those
transfused components that gave rise to infection and these
that did not. {O) Presence of detectable antibody to HEV in
the donation; solid bar indicates the median viral load.

(Y) can be estimated based on the variables in Table 2.
The infection risk due to diet is simply calculated as the
annual infection risk multiplied by the time period. The:
risk from transfusion will depend on the number of trans-
fused blood components, the diet-related attack rate in
donors, the infectious period, and the risk of infection
fiom each component type with the calculation as shown
in Table 2. Por the simple situation comparing transfusion
risk from a single compenent to a years dietary risk the
ratio of these two risks is simply

(I, X X d/52)/j =1, X d/52 = 0.5 X 8/52 = 1/13 or 0.077.

The transfusion infection risk is less than a typical years
dietary risk until 13 components have been received. If we
now consider five, 10, and 60 donations the ratioc between
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2.38%

Teansfusion  Diet
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Fig. 3, Ouicome 2 years after receiving five compoenents in a
country with an annual seroconversion rate of 1%. The
combined infection risk is 2.38% comprising both dominant
cumulative dietary and smaller transfusion risks.

0.24%

Transfusion  Diet

L d

Lo 0.2%
20 |

Donations given
\

N e anye i T T

ajnoJ Jayla Ag paldajul uoodoly

0 1 2
Elapsed time in years since transfusion exposure

Fig. 4. Outcome at 2 years after receiving five components in
a country with an annual seroconversion rate of 0.1%. The
combined infection risk is 0.24% comprising both dominant
camulative dietary and smaller transfusion risks,

the transfusion risk and 1 year of contemporary dietary
risk is 0.38, 0.77, and 4.6, respectively. This ratio between
dietary and transfusion risks will remain fixed in any pop-
ulation of a countty as long as the attack rate in donors
reflects the attack rate in the population as a whole. Clearly
the absolute magnitude of both risks will depend on the
attack rate in the population, which in tumn defines the
prevalence of viremia in blood donors.

That the ratio of dietary to transfusion risk is constant
can be demonstrated graphically using the model above
by examining the outcome of exposure to five compo-
nents in two countries, one with an annual seroconver-
sion rate of 1% (Fig. 3) and the other with a rate of 0.1%
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Transfusion  Diet

| Lol

Donations given
A
[=3

. 0.4%
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N0 15Yi1to Aq papIaju) uapodosg

Efapsed time in years since transfusion éxposura

Fig. 5. Qutcome at 2 years after receiving 60 components in
a country with an annual seroconversion rate of 0.2%, The
combined infection risk Is 1.32% comprising both dominant
transfusion and smaller cumulative dietary risks.

{which would be representative of the United Kingdom;
Fig. 4} at 2 years on from the transfusion episode. The
topography remains the same though the summated risk
is greater in the former country. Of the two major groups
of immunosuppressed patients who may be exposed
through transfusion—the stem cell recipient and the solid
oxgan recipient--it is the allograft stem cell recipient, who
may be exposed to 60 or more components from different
donors, who is the more likely to acquire infection, once
again depicted in the United Kingdom (Fig. 5). The topogra-
phy now is very different and the increased doner exposure
confers an immediate and dominant transfusion risk of
HEV acquisition in the United Kingdom at close to 1%,
equivalent 10 approximately 5 years of dietary exposure.

DISCUSSION

The epidemiology of HEV in England is such that there is
no manner in which doners at risk of acquiring HEV can
be selectively removed from the donor panel.? Consump-
tion of processed pork is widespread and the fraction of
the population who are not pork meat eaters is small and
would not provide a robust supply of blood and blood
components. Similarly, selection of HEV-immune donors
would not provide a sufficiently large or robust donor
panel. The other remaining option is identification of vire-
mic donors by screening for HEV RNA. This can be
achieved but at considerable cost for the blood transfusion
services and can only be justified if there is significant
health gain as a result and, perhaps, where there is signifi-
cant reputational risk in not so doing. The first confirmed
case of postiransfusion hepatitis E in England was identi-
fied in 2005 and to this day it remains a rarely reported
occurrence. In the recent study from this country there
was only a single mild case of postiransfusion hepatitis,
which would have remained unreported but for the study*



‘What, however, was the important sequel to the study was
the recognition of the propensity of immunosuppression
to reduce or prevent viral clearance.

Persistent HEV is a feature of infection in the immu-
nosuppressed patient, particularly among solid organ
transplant recipients where the immunosuppression is
unremitting, These infections are frequently immuno-
silent and can only be detected by screening patients for
plasma HEV RNA. Although not all infections will lead to
persistence,'? it is likely in the majority. In this situation
HEV can lead to progressive hepatic fibrosis followed by
cirrhosis in a matter of a few years.? Although treatment
with ribavirin often leads to clearance of the infection,
this therapy is not withont risk of decreasing red blood
cell (RBC) survival, is difficult in the face of renal insuffi-
ciency, and is beset with problems of late viral recrudes-
cence. Purthermore, a question remains over the proportion
of solid organ transplant recipients that are currently
infected. Although patients can be expected to display ele-
vated plasma transaminases compatible with chronic hepa-
titis, it is likely that a significant proportion of patients will
maintain plasma transaminases within the normal range in
spite of persistent HEV infection. Whether these individuals
are also at risk of progression of liver fibrosis and develop-
ment of cirrhosis remains uncertain. Taking all of these
matters together, there are therefore justifications for exam-
ining the role of screening for the protection of immuno-
suppressed patients to reduce the risk of acquiring HEV
from blood components,

For a cormponent to be potentially infectious the viral
load in the donor plasma must be sufficient to produce an
infectious dose of HEV in the velume of plasma contained
in the component. Huzly and colleagues'? report two
transmissions, confirmed in one case by phylogeny, after
doses of between 7 X 10° and 9 x 10° IU HEV RNA in
recipients of apheresis platelets. For a component which
containg a small plasma volume, for example, RBCs in
additive solution (AS) or granulocyte concentrates, the
minimum viral load in the donor plasma that could be

expected to lead to transmission is far higher than that”

required in a large plasma volume component such as
fresh-frozen plasma (FFP; Table 1). Interestingly, none of
the 13 recipients who received doses less than 2 x 10* IU
became infected, suggesting that challenges below this
dose (Fig. 2) are less likely to tramsmit. Conversely, the
" demonstration that only a proportion, in this study 55%,
of patients challenged with components containing more
than the observed lower limit of 2 X 10* IU become
infected may indicate contemporaneous exposure to
components containing neutralizing antibody. Since, how-
ever, the virus in human plasma is likely to be lipidated,'®
it may not be susceptible to neutralization, leaving two
alternatives to explain refractoriness to infection. First, it
might indicate previous exposure, although this is unlikely
in the younger patient. Second, it could simply be that

HEV RISK IN HUMANS

some humans may be innately resistant to infection and -

express a refractory phenotype for infection by this por-
cine virus,

Removal of the risk for transfusion acquisition is only
part of the mitigation of HEV risk in humans. It is, howev-
er, something that can be addressed immediately, and on
these grounds it was considered essential in the United
Kingdom to provide components from HEV-screened
blood donors for heavily transfused immunosuppressed
patients and in principle for all immunosuppressed trans-
fusion recipients. In contrast to the former group, howev-
e, a solid organ transplant patient who might receive two
components ai the time of transplantation would have a
transfusion risk approximately equivalent to 2 months of
dietary exposure. In this situation, the health gain to a sol-
id organ transplant recipient of receiving components
from HEV-screened donor is more limited, underlining
the potential need for considering a different approach to
mitigating HEV infection in solid organ transplants and
the wider issue of the population as a whole.** There is an
interesting parallel emerging for the management of the
transfusion risk posed by Zika where removal of the trans-

_fusion risk will have little impact on the burden of human

disease. In patients whe have a lifetime stretching in front
of them supported by a solid organ transplant, HEV die-
tary acquisition very guickly becomes the dominant
cumulative risk for acquiring HEV persistence. This acqui-
sition can only be addressed in terms of risk prevention
by societal changes both in the way food is cooked and in
the way that food is produced. It also raises the question
of how best to identify those infections that arise through
dietary exposure in the large number of people who are
not transplant recipients but are currently receiving
immunosuppressive therapy.
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HEPATITIS E VIRUS

Cost-effectiveness of the screening of blood donations |
for hepatitis E virus in the Netherlands

Anneke S. de Vos,' Mart P Janssen,® Hans L. Zaaijer,? and Boris M. }-.irog'ern}:z2

BACKGROUND: The incidence of hepatitis E virus
(HEV) has increased substantially in Eurcpe recently,
thereby threatening blood safety. A cost-effectiveness
analysis for HEV screening of blood donations in the
Netherlands was performed.

STUDY DESIGN AND METHODS: A simuiation
model was developed to mimic the process of donation,
infections in the donor population, donation testing, and
transmission to transfusion recipients. The variability of
viral loads among donors was modeled using observed
loads. The number of (incurable) chronic HEV infections
among organ and stem cell transplant patients and the
costs avoided by implementing blood screening were
estimated.

RESULTS: HEV screening of whole blood donations in
pools of 24 would prevent 4.52 of the 4.94 transfusion-
associated chronic HEV infections expected annually, at
approximately €310,000 per prevented chronic case. Per
case not curable by ribavirin prevention, costs are
approkimately 10 times higher. Selective screening, if
logistically feasible, could reduce screening costs by
85%. Sensltivity analyses show that uncertainty in the
HEY transmissibility and the frequency of HEV clearing
greatly impact the estimated cost-effectiveness. Of all
HEV infections natlonwide one in 700 is estimated to be
due fo blood transfusion, while for chronic infections this
is ane in 3.5. \

CONCLUSION: Despite uncertainties in our estimates,
preventing HEV transmission by screening of blood
donations appears not excessively expensive compared
to other blood-screening measures in the Netherlands.
However, the impact on HEV disease burden may be
relatively small as only a minority of all HEV cases is
transmitied by blood transfusion.
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he incidence of hepatitis E virus (HEV) Genotype
3 infection has increased in Eiwope recently.?
As many as 25% of individuals aged 50 to 70 in
England in 2012 and 2013 were found to be HEV
seropositive.? Dutch blood donors showed an even higher
seroprevalence of 27%, and the HEV incidence was
estimated at 1.07% per year? Meat consumption is
thought to be a major route of transmission for HEV*
HEV transmission by blood transfusion has been demon-
strated in several European and Asian countries 58
HEV Genotype 3 infections are mostly asymptomatic,
or benign and self-limiting, with recovery from any acute
illness usually within 4 to 6 weeks.? However, in patients
with chronic Jiver disease or immunosuppression HEV
Genotype 3 can cause serious acute or chronic liver dis-
ease, cirrhosis, and eventually liver failure. For these rea-
sons it has become a pertinent question whether blood
and blood products shouid be tested for HEV and, if so,
which testing sirategy is best. Recently some countries,
including Ireland and the United Kingdom, have decided
to implement HEV screening.

" In this article we determine the cost-effectiveness
of various blood donation screening strategies in the
Netherlands. We modeled the process of donation testing
as well as the treatment of immunocompromised patients
who acquired chronic HEV infection from infected blood

ABBREVIATIONS: LOD = limit of detection; QALY(s) =
quality-adjusted life-yeax(s).
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COST-EFFECTIVENESS HEV SCREENING [N THE NETHERLANDS

TABLE 1. Model variable values as well as minimum and maximum credible values as used in sensitivity analysis

Varlable

Best estimate

MiRimum

Maximum

HEV positivity rate per donation

Viral load distsibution

Detection probability

Transmisslbility

Cost of testing

Annual blood donations
Annual transfused blood products
Annual produets transfused to
immunocompromised patients
Probability to clear HEV
spontaneously when
immunocompromised
Probabllity to clear chronic
HEV by decreased
immune suppression
Probability to clear chronle
HEV by ribavirin monotherapy
Time on ribavirin
Costs for monitoring per chrenic
HEV patient
Mean added costs after failed
HEV treatment

0.188%2 "1 (also see Materials
and Methods)
Weibull distribution of log viral load:
shape patameter = 1,50,
scale parameter = 2,54
(see Appendix 81 and Fig. 1)
1—e™¥: v=viral load, 5 = £.68
(see Materials and Methods)
Binomial fit to log viral dose:
intercept = —7.29, shape =1.34
{see Appendix §2 and Fig. 1)-
M+E * (1= 5] : n=the,
number of tests performed,
M=€30, E=€70,
H=20,000 (H= 2,000 for
pool sizes of 6 and 1;
see Materials and Methods)-
441,50312
487,761 (see Table 2)
5,337 (soe Table 3)

344%™
32%°

85%°

B0% X B3, 20% X & months®
€2000 (see Materials and Methods)

€1087 (see Materials and Methods)

X1/2

Shape paramater = 1.34,
scale parameter = 2,12
(see Appendix 51)

5=3.34

95% Cl (see Appendix S2)

X2

Shape parameter = 1.68,
scale parameter = 2.99
{see Appendix §1)

s=10.01

95% Ci (see Appendix 82)

X2

+10% per type

A5%*
&
46%

&t
93%"*

€5000
&t
€3965+

* 85% Cls for binomial proportions (exact method) surrounding original data, that is, 56 of 85 cleared spontaneously,'® 18 of 56 cleared after

reduced immunosuppression, and 50 of 58 responded to ribavirin treatment.?

T Cirrhosis probability for chrenic HEV patients changed to 26% (upper 95% confidence limit as eight of 56 chronic HEV patients developed
cirrhosis)® and ignoring lowered survival for blood product recipients.

¥ For our sensitlvity analyses these variables are altered simultansously.

products. We considered universal screening and the
selective screening of blood intended for patients at risk of
chronic HEV infection. This latter option is currently per-
formed in the United Kingdom. ,

Although our calculations are specific for the Dutch
setting, our analysis may be informative for other coun-
tries. Insight in costs and health effects of blood screening
strategies supports the decision-making process and
increases transparency with respect to consequences of
HEV screening,

MATERIALS AND METHODS

Simulation of HEV transmission

The cost-effectiveness of screening was analyzed by simu-
lating the stochastic processes of the occumence of
infected donations, positive test results, and HEV trans-
mission. The model was implemented in the open source
software package R for statistical computing (Version

A

3.1.2).1° An overview of all model variables and their
respective values is given in Table 1.

Incidence and viral load distribution

Based on seroconversions in blood donors between 2009
and 2011, Slot and colleagues® found the Dutch incidence
of HEV infection to be 1.07% per year. Hogema and co-
workers'? identified 41 HEV-infected donors when testing
donations in pools; for these donors, previous and subse-
quent donations were tested individually. From the resul-
ting individual time series, applying a maximum likelihood
method, we estimated current viremic HEV infection to
last 64 (37-94) days on average, With this value the likeli-
hood of a donation containing HEV RNA is estimated to
be {64/365) X 1.07% = 0.188%. Hogema and colleagues®!!
also determined the viral load for each HEV-positive dona-
tion (see Fig. 51 [available as supporting information in
the online version of this paper]}. We approximated the
cumulative (log) distribution of these viral loads by a
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DE VOS ET AL.

Weibull distribution, compensating for the fact that not all
infections were detected when screening in pools (see
Appendix 81, available as supporting information in the
online version of this paper).

Detection probability

The probability for detection was modeled as 1 - ¢,
where v is the viral load in IU/mL blood and s is a scale
factor that depends on sensitivity of the test.!* The 95%
limit of detection (95% LOD) is reported for several com-
mercially available tests (i.e., for Grifols at 7.9, Altona at
12.4, Roche at 18.6, and Mikrogen at 36.13 TU/ml), and
for the in-house tests used for HEV screening in the Neth-
erlands (10.3 and 38.4 IU/mL). Here we considered a test
with an “average” sensitivity of 20 [U/mL (i.e., s = 6.68).

Infectivity

'The probability of transmission upon transfusion of con-
taminated blood products depends on viral dose received,
that is, the viral load within the product times the volume
of plasma in the product transfused. Information on this
dependency is difficult to obtain. We fitted the transmissi-
bility as a binomial process based on data from Tedder
and colleagues’® on infected and uninfected cases after
transfusion with a contaminated blood product (see
Appendix 52, available as supporting information in the
online version of this paper).

Pooled testing

Our scenarios ranged from testing individual donations to
testing in pools of 192, Resolution testing is performed for
all HEV-positive pools; larger pools are subdivided into
pools of first 48 and next of six, with individual testing
determining which donations to discard. One billion do-
nations were simulated. A fraction equal to the likelihood
of infection was randomly assigned an HEV load from the
Weibull distribution. Donations were grouped in pools
based on their donation number. A test status for each
pool was assigned randomly in accordance with the likeli-
hood of detecting an HEV load in a pool. One billion
recipients were simulated per type of blood product. The
viral load per product was calculated from the original
load of the donation and the volume of plasma present in
the final product. Doses received from pooled platelet
(PLT) concentrates, which are produced from five whole
blood donations, were calculated from the individual
donation loads and the volume contributed per donot.
The mean probability for infection per simulated product
was obtained using the infectivity function described
above.

. 2600 TRANSFUSION Volume 57, February 2017
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Calculation of costs and numbers prevented
Products -

Annually in the Netherlands approximately 487,800 blood
products that may transmit HEV are produced, from
around 441,500 donations (see Table 2}.'2

Selective or universal screening

First, we calculated the overall annual number of HEV
infections prevented in case all donations are tested. Next
we considered a screening strategy that could reduce
costs, namely, the screéning of only blood products
intended for organ transplant and allogeneic stem cell
transplant patients. In 2014 in the Netherlands 1353 organ
transplants'® and 369 stem cell transplantations from
unrelated donors were performed.®® As Dutch data on
transfusions to these patients are lacking, English data on
the mean number of blood products per patient were
used.® It was estimated that 4700- red blood cell (RBC)
units and 640 PLT units are transfused to these patients
annually (Table 51, available as supporting information in
the online version of this paper}. In the Netherlands quar-
antine plasma has been replaced by solvent/detergent
{§/D)-treated plasma. Since this product is currently
already being screened for HEV] the costs and effects of
plasma screening are not included in our calculations
{these are included in Appendix 53, available as support-
ing information in the online version of this paper). The
number of products intended for high-risk patients com-
prises 11% of alt blood donated.

Cost of testing

., The model keeps track of the total mumber of tests,

including those for resolution testing of pools. We estima-
ted the price per test, including costs for logistics (person-
nel), pooling of samples, disposables, and reagents, but
not including hardware and software investments that
might be required for implementation. Depending on effi-
ciency the estimated price per test is between €30 and
€100. Efficiency increases with the number of tests per-
formed, since at larger scale there is less variation between
peak and mean work load, also expert personnel and
hardware are more consistently in use, and larger runs
require fewer controls and maintenance. The modeled
per-test price is

n
M+E % (1~ n),

in which M = €30 is the minimum price paid, E= €70 the
additional price paid hypothetically at lowest efficiency,
and H = 20,000 scales how quickly efficiency increases
with n, the number of tests that are performed. Since at
Sanquin nucleic acid testing (NAT) for other infections is
performed in pools of six, testing at this pool size is
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TABLE 2. Use of blood products and HEV transmission risk per biood product in the Netheriands

) Number of dohots Approximate plasma Intaction probability
Number of contributing to volume included per product
Type of product products* a single produst in the product!>” without screening (%)
RBCs 428,393 1 10 mL 0.03
Buffy coat-derived pooled PLT 39,341 5 4x2mL 0.13
concentrate in plasma + 1 x 322 mLf
Buffy coat-derived pooled PLT 16,861 5 4 % 2'mL 0.2
concentrate in plasma/PASIII + 1 X 124 mLt '
Apheresis PLTs In plasma 2,533 1 400 ml- 0.07
Apheresis PLTs in plasma/PASIII 633 1 160 mL 0.05
Quarantine plasma 57,070¢ 1 310 mL 0.06
S/D-treated plasmag 10,4501 1170 1170 % 200 mLA170 7.30

* The total number of biood products supplied to Duteh hospitals in 2014 (unpublished data, provided by Sanguin Blood Bank).

t PLTs, derived from buffy coats of five whole blood donations, are pooled and resuspended in the plasma of one of those donations,

3 During 2014, quarantine fresh-frozen plasma was phased out as the standard plasma product for transfusion in the Netherlands. Froin
2015 onward, S/D-treated plasma is the standard plasma product for transfusion.

§ Omniplasma (200 mL), produced by Octapharma AG from apheresis plasma of Duteh donors, that is, the Dutch equivalent of cctaplaslLG.

1l Plasma collected for the production of S/D-treated plasma is currently routinely screened for HEV RNA by NAT in pools of 95 donations
as well as in pools of 192 (combined test sensilivity s = 3.625). Additionally, donatlens from donors are not used for the production of
§/D-treated plasima from 60.days before to 80 days afler an HEV-positive index donation. In our main analysis, we therefere assume that
fransfused plasma has no potential for transmitting HEV in the Netherlands (but see Appendix S2 for an alternative scenario).

rendered efficient much more quickly: for this pool size ox receiving blood products do not survive 2 years
when testing individually we set H = 2000, posttransfusion 2429

Number of infections advancing to chronic HEV Sens;ﬂw}‘y anal_y'.sls . )

Only immunocompromised individuals are expected to To quantify the impact of uncertain model variables we
advance to chronic HEV infection, but as many as 34% of performed univariate sensitivity analyses. For each model
organ transplant patients may clear HEV spontaneously,*13 variable we established credible lower and upper limits
In the Netherlands at-risk patients are screened for infec- (see Table 1}. By recalculating model outcomes for these
tion either annually or when liver enzymes are clevated. alternative values, the separate effect of each variable is
For approximately 32% of early-stage chronic cases a tem- shown.

porary decrease of immune suppression will clear HEV® .

Otherwise ribavirin monotherapy may be given; among 59 RESULTS

chronjcally HEV-infected organ transplant recipients 85% . . . . .
eventually achieved sustained virologic response after riba- The implementation of testing enables interception
virin treatment® ' of donations containing HEV RNA, but donations with

low levels of HEV will not be detected (see Fig, 1), ncreas-
ing the pool size will lower the sensitivity for individual
Costs avoided by preventing chronic HEV infections donations, resulting in fewer detections and in higher viral
Ribavirin treatment costs €523 when the patient receives loads that go undetected. This increases the probability of
600 mg/day for 3 months.?! Some 20% of patients require recipients becoming infected.

a second cowrse of ribavirin® Additional monitoring of

chronic HEV patients {e.g, checking HEV load and Universal screening

ribavirin-induced anemia) is estimated to cost €2000 per
patient? Approximately 14% of organ recipients who
developed chronic HEV infection developed cirthosis.?
Since information on further disease progression of HEV-
infected patients is not available, we exirapolated from
information: on hepatitis C patients the following varia-
bles: the mean time living with compensated cirthosis is

The expected number of HEV transmissions and the asso-
ciated costs are shown in Table 3 for different test strate-
gies. The model predicts that in the absence of testing 187
HEV transmissions occur annually in the Netherlands via
blood products. Screening in smaller pools is more costly,
but would prevent a greater fraction of these cases. Addi-
tionally, of pools of larger size a considerable proportion

10 years® (at €300 per year}, 39% and 14% progress even- would test positive, necessitating frequent resolution test-
tually to decompensated cirrhosis (€27,905) and hepato- ing. When the pool size is increased beyond 96 the costs
cellular carcinoma (€21,389) respectively:?? Conservatively, of testing barely reduce. At a pool size of 96 the cost per
we reduce these costs by 50% since 50% of individuals transmission prevented is €367% for universal screening,
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Fig. 1. Distribution of the viral leads of undetected HEV-infected donations for various screening strategies and the transmission proba-
bility by dose. Given infection of the donor, the probability for a specific og viral load in I}/mL donated blood is shown (bar plot overall,
any color). Superimposed, probability distributions of viral loads for those infected remaining undetected despite testing is shown: bar
plots foreground (left} to background (right) for testing in pools of 1, 6, 24, 48, 96, and 192, respectively. (Line curve in front) Prabability
for infection given a single-RBC-unit transfusion from one infected donor, with the load in the donated blood corresponding to the
received dose/10 (as RBCs contains 10 mL of plasma). Assuuming a binemial probability distribution by dose, this transmission probability
is fit on the 43 cases described by Tedder and coworkers'* of infection transmission (or lack thereof) after transfusion with HEV-infected
blood products. The dashed lines represent the 95% CI surrounding the fit (see Fig. 52 [available as supporting information in the online
version of this paper] for this fit to the transmission data, as well as the transmission probabilities for other blood products), [Color figure
can be viewed at wileyonlinelibrary.com] '

and in this scenario 27 cases of HEV transmission would the annual transmissions progress to chronic HEV infec-

still remain (14% of the 187 without testing). Testing in
pools of 24 instead would approximately halve the num-
ber of remaining transmissions while doubling the cost to
€8099 per transmission averted.

Following the English SaBTO Advisory committee,
we assume that only organ transplant and allogeneic
stem, cell transplant patients are at risk for chronic
HEV? In that case we expect that approximately five of

tion and that one patient every 2 years cannot be cured
by either lowered immune suppression or ribavirin treat-
ment. Only these chronic HEV cases are expected to
have a substantial health impact. Compared to the cost
per transmission preventéd the cost per chronic case
prevented is approximately 38 times higher, while the
cost per incurable chronic case prevented is about 376
times higher. .

TABLE 3. Modeled annual costs and cost per HEV transmission prevented
) Expected chronic Cost per
Expected HEV cases Pools Costs Cost par Cost per Incurable
Expected HEV  chrenic despite’ tasting Testing avoided transmission chronic case case averted
Test strategy transmisslons HEV cases freatment nositive (%) costs (€) € averted (€) averted () . . {6
No testing 187 4.94 0.50 ’ 0 o]
Testing all whole blood donations in peals of: :
192—48—6-+1 328 0.98 ) 0.10 10.7 558,711 10,830 3,558 138,426 1,357,121
96—48—6—1 27.0 0.82 0.08 6.50 598,933 11,274 3,679 142,628 1.398,311
48—8—1 18.1 0.56 0.06 3.89 1,008,108 11,991 5,904 227,292 2,228,349
24—8—1 - - i34 0.42 0.04 2.29 1,416,738 12,377 8,098 310,458 3,043,707
6—1 581 0.18 0.02 0.75 2,443,796 13,017 13,432 ° 510,968 5,009,485
1 1.33 0.04 0.00 018 13,384,455 13,408 72,103 2,729,103 26,755,907
Testing only 11% of whele bloed donatlons In pools of:
19248161 169.8 0.e8 010 10.7 72,835 10,830 3,661 15,666 153,589
85—48—6—+1 169.2 0.82 0.08 6.50 788092 11,274 3,854 16,435 161,130
4861 168.2 0.86 0.08 3.89 148,431 11,991 7,352 31,132 305,219
24461 1877 0.42 0.04 2.29 228,537 12,377 11,332 47,786 468,480
6—1 166.9 0.18 Q.02 0.7 367,040 13,017 17,784 74,418 728,502
1 166.4 0.04 0.00 0.18 1,591,423 13,408 77,358 322,082 3,157,662
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TABLE 4. Univariate sensitivity analysis
Expected Expected chronic  Costs of Costs Cost per Cost per incurable case
chrenic HEV cases testing avoided  inctirable chronic averted compared to
Changed variable* HEV cases  despite treatment (€) (€} case averted (€) baseline scenario (%)
Basefine, screening 11% of 0.42 0.04 228,537 12,377 . 468,490 100
donations in pools of 24—61
Higher transmissibility 2,31 0.24 228,537 20,403 273,651 58
Lower transmissibility 011 o.01 228,537 7,208 823,583 176
Higher HEV loads per infected 0.38 0.04 236,270 16,845 353,958 76
Lawer HEV loads per infected 044 0.04 221,291 9,024 631,033 136
Incidence X 2 0.83 0.08 266,555 24,701 262,654 56
Incidence X 0.5 0.21 0.02 209,064 6,182 880,301 188
Less clearing of HEV 0.48 0.10 228,637 14,888 188,892 41
(spontanecus or induced) :
Moare clearing of HEV 0.35 c.01 228,537 10,056 1,533,303 327
Screening 40% of all donations 0.42 0.04 704,786 12377 1,500,696 320
Higher chronic HEV costs - 0.42 0.04 228,537 27,285 436,179 93
Higher screening costs 0.42 0.04 457,075 12,377 963,804 206
Low test sensitivity 6.52 0.05 225,118 12,077 473,182 101
High test sensiivity 0.28 0.03 234,594 12,725 467,727 100
High test sensitivity and 0.40 0.04 156,749 12,428 311,505 66
soreening in pools of 48—6—1
* See Table 1.

Selective screening

Cost-effectiveness could be enhanced by selective screen-
ing of the blood products received by organ and allogeneic
stem cell transplant patients. Screening only 11% of all
whole blood donations in pools of 24 would lower the
cost by 85%, to €47,786 per chronic case and €468,490 per
incurable chronic case prevented, and reduce the total
cost of screening from €1,416,739 1o €228,537 per vear,
Note that the cost per case prevented actually increases
by selective screening compared to universal screening, as
the per test price increases due to lowered efficiency
when performing fewer tésts.

Sensitivity analysis ,

The univariate sensitivity analyses show the effect of alter-
native plausible values on our model outcomes (Table 4).
The uncertainty in the probability of transmission by viral
dose (which is based on only 43 observations; see Appendix
52) translates to a substantial credible range in expected
transmission numbers, and consequently cost-effectiveness
could be up to 42% lower or 76% higher. Another source of
uncertainty concerns the distribution of viral loads of
infected donors. A higher expected HEV load in a donation
increases the transmission potential, but at the same time
increases the piobability of detection which eliminates
fransmission risk. As a result, with HEV loads on average
higher (or lower) the cost per chionic HEV case prevented
is estimated 24% lower (35% higher, respectively).

The nurber of prevented infections and inversely the
cost per prevented case depend almost linearly on the
incidence rate (nontinearity results from additional reso-
lution testing at high incidence). In case both the fraction
of immunocompromised individuals who clear the

15

infection spontaneously and the ribavirin effectiveness are
actually at the lower (higher) limit of their estimation, the
cast per case prevenied is estimated 59% lower (227%
higher, respectively).

‘We may have underestimated the number of blood
products received by organ recipients or the stock of tes-
ted products needed to guarantee administration of typed
blood products. If a greater propertion of donations needs
to be screened to supply screened blood products to all
patients at risk for chronic HEV, this obviously renders
selective screening less cost saving compared to universal
screening. Using a test with better sensitivity, even if it
were more expensive per test, might result in-a Iower over-
all cost by allowing testing of larger pools; the model pre-
dicts slightly fewer remaining chronic cases when
screening in pools of 48 with A 95% LOD at 10 IU/mL |
compared to testing in pools of 24 with a 95% LOD of 20
IU/ml (=baseline scenario).

DISCUSSION

We investigated the cost-effectiveness of HEV screening of
Dutch blood donations. The estimated cost per chronic
HEV case averted would be approximately €310,458 when
applying universal screening in pools of 24. The cost per
incurable case prevented iz estimated 10-fold higher at
approximately €3,043,707. The total per year cost of test-
ing would be €1,416,739.

Costs could potentially be reduced substantially by
screening blood products for immunocompromised
patients, who are known to develop chronic infection,?®
only. The cost for selective screening in pools of 24 is

Volume 57, February 2017 TRANSFUSION 263
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estimated at €47,786 per chromic case prevented or
€228,537 in total per year.

However, in case of selective screening additional
costs are incurred for keeping a double inventory, addi-
tional transports, and possibly for increased product expi-
ration. These factors are difficult to estimate but they may
negate the benefits of selective screening.

The model predicts that per year 187 HEV transmis-
sions occur via blood products in the Netherlands. This
likely is an overestimate since some recipients already are
HEV seropositive and thereby possibly protected from
reinfection.® Of Dutch blood donors 27% were found sero-
positive.* This proportion could be higher among recipi-
ents who are generally older than blood donors?
However, as immunccompromised patients remain at risk
for HEV infection, our cost-effectiveness estimates are
wmaffected by acquired immunity for chronic HEV
prevention. ‘

We estimated the number of chronically infected
patients and took into account costs avoided by preven-
ting such infections. We took variation in HEV viral load
into account.’* Based on current knowledge, the modeled
probability of transmission depends on the HEV exposure
of recipients.’* Our model therefore not only addresses
the benefit of lowered numbers of infected products, but
also accounts for the lower HEV doses received when
screening in smaller pools. As shown in Table 4 however,
the inconclusiveness in donor viral loads—and especially
in the dose response—contributes considerably to the
uncertainty in our final estimates.

‘We may have underestimated the number of individ-
uals at risk for chronic HEV infection. Following the
English SaBTO Advisory committee, we assumed only
organ transplant and allogeneic stem cell transplant
patients to be at risk for chronic HEV, ignoring the risk
that for example other oncology patients may run.?° In
general, considering a larger group of blood recipients at
- 1isk for chronic HEV will lower the estimated cost per pre-
vented case, but it would also make selective screening a
relatively less attractive option. '

Since there is much uncertainty about the health
impact for different patients affected by HEV, an estimate
of quality-adjusted life-years (QAIVs) saved by HEV
screening was outside the scope of our investiéation. Ten-
tatively, if we account for a health utility of 0.72 during
ribavirin treatment and of 0.55 during cirrhosis®® (ignoring
rare further complications and the lowered quality of life
for transplant patients) we arrive at a loss of 0.12 QALYs
per chronic case of HEV. Cur rough estimate for the cost
per gained QALY would be in the order of €2,600,000 using
universal screening in pools of 24, or €400,000 when
screening selectively. Thereby, screening for HEV seems
relatively inexpensive and effective compared to, for
example, multiplex NAT (for HBV, HCV, and HIV) in the
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Netherlands, estimated to cost €5,200,000 per QALY
gained” :

Recently in the Netherlands almost all quarantine
plasma has been replaced by pooled S/D-treated plasma
(Omniplasma). Donations used for Omniplasma and
Omniplasma production pools are screened for HEV RNA:
therefore, potential transmission by plasma was not con-
sidered in our analysis. Because fresh-frozen or quaran-
tine plasma remains in use in most other countries,®® we
considered a scenario-in which all plasma used is fresh-
frozen quarantine plasma (see Appendix S3). This resulted
in 43 additional HEV transmissions (230 rather than 187
overall), of which 0.27 would progress to chronic HEV
infection (5.21 instead of 494 cases among organ and
stem cell recipients) (Table A2, available as supporting
information in the online version of this paper),

The most common fransmission route for HEV in
Buropean countries probably is food related. From the
estimated HEV incidence per year and the number of
Dutch citizens (including 27% seropositive persons), it fol-
lows that in the Netherlands 133,000 cases of HEV infec-
tion are expected annually? Our estimate of 187 HEV
infections by blood transfusion therefore corresponds to
only one in 700 HEV transmissions being due to blood
transfusion. As the transfusion risk is proportional to the
background risk, we expect the relative importance of the
risk of transmission by blood transfusion to be similarly
low in other countries. However, especially patients at risk
for chronic hepatitis B receive a considerable amount of
blood products. Among the annual 1722 organ and bone
marrow transplant patients; 18.4 background HEV infec-
tions are expected, of which 12.1 would become chronic,
Combined with our estimate of 4.94 chronic cases due to
infected blood products, it follows that of chronic HEV
infections one in 3.5 would be via blood transfusion.

We conclude from our analysis that a small health
gain through prevention of a few chronic cases per year is
expected by screening blood donations for HEV. We
emphasize that it is important to put this risk for HEV
transmission by blood transfusion in perspective. If the
dietary source(s) of HEV are investigated and eliminated,
the entire population will benefit rather than only recipi-
ents of blood products. In the long run, the investments
necessary to accomplish this are likely to be more cost-
effective than the screening of donated blood. Meanwhile,
blood establishments must choose between providing
unscreened products that may seriously harm some recip-
fents, and expensive screening that provides only limited
protection, since most HEV transmissions occur not via
blood transfusion.
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SUPPORTING INFORMATION

Additional Supporting Information may be found in the
online version of this article.

Appendix S1. The distribution of viral loads of HEV
positive donations. )

Appendix 82. Transmissibility of HEV by viral dose.
Appendix $3. Including transmission risk by plasma.
Fig. 81. Parametric fit of the cumulative logl0 viral load
distribution. Cumulative distribution of the logl( viral
load in IU per mL blood of identified HEV cases from
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Hogema et al.'? {open circles), the adjusted cumulative
distribution, where the viral loads were weighed accord-
ing to their detection probability (as explained in the
Appendix S1 text) (closed circles}, with confidence
intervals from bootstrapping (dotted lines), and the best
fitting Weibull cumulative density function (line}. Reli-
able quantification was not possible for absolute viral
loads below 20 (=logl0 value of 1.3).

Fig. §2. Parametric fit of the transmission probability.
Based on 43 cases described by Tedder et al. of infection
transmission (or lack thereof) after transfusion with HEV
infected blood products.’? Top: Data (circles, jittered ver-
tically to enhance visibility), the moving average per 10
cases (blue diamonds) and the best fitting binomial prob-
ability function {line), e®*™™V/(1+ >+ ™) where
LVL represents the logl0 viral dose received, and b and m
scale the function. The best fitting function was found for

266 TRANSFUSION Volume 57, February 2017
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the parameters b = —7.29 and m = 1.34, the 95% confi-
dence interval surrounding this fit is shown in dotted
lines. Bottom: same as Figure 1 within the main text, but
the probability of infection is here shown for receiving
different products. From left to right, receiving (included
plasma volume in parentheses): apheresis platelets in
plasma (400 ml), apheresis platelets in plasma/PASITT
(160 mL), red cell concentrate (10 mL}, buffy coat-derived
pooled platelet concentrate in plasma (2 mlL), §/D-
treated plasma (0.17 mL) (note that for the latter two
products we assume that only one.of the donors contrib-
uting to the pooled praduct is infected).

Table Al. Number of blood products transfused to
transplant patients in the Netherlands.

Table A2. Modeled annual costs and cost per HEV
transmission prevented assuming use of quarantine
plasma instead of 5/D treated plasma.
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Hepatitis E viral loads in plasma pools for fractionation

Sally A. Baylis," Victor M. Corman,? Edgar Ong,® Jeffrey M. Linnen,® C. Micha Ntbling,' and
Johannes Bliimel’

BACKGROUND: It is now recognized that blood donors
may be silently infected with hepatitis E virus (HEV) and
that plasma pools used in the manufacture of plasma-
derived medicinal products may also contain detectable
virus RNA. The occurrence of HEV-infected blood and
plasma donors can vary cansiderably depending on local
epidemiology.
STUDY DESIGN AND METHODS: Manufacturing
plasma pools from North Ametica, Europe, the Middle
East, and Asia were examined for the presence of HEV
using transcription-mediated amplification of HEV RNA;
confirmatory testing was performed using realtime
reverse transcription polymerase chain reaction and
sequencing.
RESULTS: Atotal of 484 pools were tested. Asian pools
were most frequently positive for HEV RNA and had
higher viral loads, although none exceeding 300 IU/mL,
and the sequenced strains {n = 5) clustered with
Genotype 4, including one significantly divergent
sequence. Only HEV Genolype 3 was identified in North
American {n = 5) and European (n = 5) pools. There was
no evidence of HEV in any pools tested from the Middle
East.
CONCLUSIONS: HEV was detected in manufacturing
plasma pools from three different continents; viral loads
were low—consistent with large pool sizes and moderate
levels of HEV virernia at the individual donation level—
but are nevertheless informative for risk assessment of
plasma-derived medicinal products. Where sequencing
was possible, analysis confirmed the presence of viruses
consistent with locally circulating genotypes in the

- respective regions. The absence of HEV in Middle
Eastern pools is consistent with the low prevalence of
HEV in this region, likely due to low pork consumption.
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epatitis E virus {HEV) belongs to the Hepeviri-
dae family of viruses and, as a result of poor
sanitation in developing countiies, is a major
cause of acute hepatitis with the virus trans-
mitted by the fecal-oral route. In developed regions of the
world, hepatitis E can occasionally be found in travelers
who have visited areas in Asia and Afvrica endemic for
hepatitis E. In recent years, it has become apparent that
autochthonous acquisition of HEV occurs in developed
countries and that Jocally acquired hepatitis E in these
regions is the result of zoonotic transmission, particu-
larly after consumption of certain types of meat such as
pork. These differences in transmission are related to
the different genotypes of HEV. Genotypes 1 and 2 only
infect humans and cause large water-borne outbreaks
and sporadic cases of hepatitis E in developing coun-
tries, whereas Genotypes 3 and 4 usually infect pigs,
wild boar, and several other animal species but are also
zoonotic infecting people. Although hepatitis E is usually
an acute infection, Genotype 3 HEV may cause chronic
infection in certain patient groups, such as immunosup-
pressed transplant.’- '
Although not a major route of transmission, HEV
can be transmitted by blood transfusion. Transfusion
transmission of HEV by blood components has been

" reported from several countries including, for example,

ABBREVIATIONS: $/CO = signal-to-cutoff ratio; TMA =
transcription-mediated amplification.
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Japan, England, and France.*'! On one occasion, there
was evidence of initial infection of a blood donor via
food” and another example of a plasma donor who
worked in a slaughterhouse and developed hepatitis
E after donation.!?

Studies in Japan and China have identified acute HEV
infections in blood donors confirmed by the detection of
HEV RNA with an incidence of 0.014% to 0.02%."%' Anal-
ysis of European blood and plasma donors has also identi-
fied HEV viremic donors in Germany, England, Sweden,
Scotland, the Netherlands, France, Spain, and Aus-

tria.191%1625 1n Burope, the incidence of HEV RNA-’

positive viremic units ranges from approximately 0.15% to
0.007%.*°

In North America, fewer studies have been per-
formed and HEV RNA-positive viremic units have not
been identified in some groups of donors from Canada
and the United States,'>172¢ suggesting a low incidence.
However, a recent study found an incidence of HEV
RNA-positive donations of 0.11%2” and in another study
a plasma fractionation pool was found to be positive for
. HEVRNA.2®

With respect to fractionated plasma-detived medici-
pal products, one study indicated increased anti-HEV
seroprevalence in Ttecipients of nonvirally inactivated
clotting factor concentrates.”® There are also cases of
transmission of HEV to recipients of solvent/detergent
(S/D)-treated plasma.’?-32 We previously identified HEV
RNA in several plasma fractionation pools from Europe,
Asia, and, in one case, North America® Since the
improvement in nucleic acid tests for the detection of

HEV and the introduction of the World Health Organiza- -
tion (WHO) International Standard for HEV RNA® we |

have expanded our injtial study to investigate a larger
* number of plasma fractionation pools from different
parts of the world, including North America, to get an
overview about the incidence of viremic donations in the
pools used for the manufacture of plasma-derived
medicinal products, to investigate the virus genotypes by
sequence analysis and assess the levels of HEV RNA pres-
ent in plasma pools.

MATERIALS AND METHODS

Samples

Samples of manufacturing plasma pools submitted to the
Paul-Ehtlich-Institut were stored at —20 to —40°C until
analysis. Manufacturing pools were sourced from dona-
tions collected in Europe, North America, the Middle East,
and Asia between 2001 and 2014 with volumes of the
pools ranging from approximately 750 to approximately
4500 L.

HEPATITIS E VIRUS IN PLASMA POOLS

Nucleic acid test screening and confirmatory
testing

Initial pool screening was performed using transcription-
mediated amplification (TMA), while confirmatory testing
used another nucleic’ acid amplification technology
(NAT}, real-time reverse transcriptase—polymerase chain
reaction {RT-PCR). For screening, the automated Procleix
Panther system and the Procleix HEV assay was chosen
(Hologic, Inc., and Grifols Diagnostic Solutions, Inc.). The
Procleix HEV assay is CE-marked and is based cn TMA
technology. For each plasma pool, 700 pL was analyzed in
the initial screening procedure; testing was performed in
accordance with the mantufacturer’s instructions. All pools
were tested without dilution. The 95% cutoff of the
screening assay was 7.8 [U HEV RNA/mL plasma?® Reac-
tive pools, with a signal-to-cutoff ratio (8/CO) of 1.0 or
more were subjected to confirmatory testing. It was not
possible to retest initially reactive pools using the Procleix
HEV assay due to limitations in sample volumes available
for retesting. Therefore, confimnatory testing was per-
formed using RI-PCR technology, which also provided
some measure of quantification of the HEV loads in the
pools.

Extraction of RNA was performed from 200 pL of
plasma using the virus spin kit (QIAamp MinElute, Qiagen
GmbH). Elution was performed with 70 pL of elution
buffer, and 10 pL of the eluate was used for the RT-PCR.
Amplification and detection were performed’ using an
HEV RT-PCR kit (RealStar 1.0, Altona Diagnostics GmbH)
using a real-time PCR system (LightCycler 480, Roche
Applied Science GmbH)} in accordance with the manufac-
turer’s instructions. Pools were extracted singly and RT-
PCR was performed in duplicate and samples were
deemed positive when one or more reaction was found
positive,

To determine the levels of HEV RNA in the reactive
plasma pools, a standard curve was prepared using the
WHO International Standard for HEV RNA (Code 6328/
10).3% The 95% cutoff of the confirmatory assay was 64 IU
HEV RNA/mL plasma.

Sequence analysis

For sequence analysis, HEV RNA was extracted using a
virus spin kit (MinElute, Qiagen). Amplification of a partial
region of the HEV RNA-dependent RNA polymerase
(RARp) gene was performed as described previously®*
Maximurm likelibood phylogeny of sequences (283 nucleo-
tide fragment) obtained in this study and reference Ortho-
hépevirus A strains, as recently defined,® were calculated
using a GTR nucleotide substitution model, the complete
deletion option, and 1000 bootstrap replicates in MEGA
6.0 (http://www.megasoftware.net/). Sequencing served
as a further confirmatory test where repeat testing using
RT-PCR was negative. *
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TABLE 1. Analysis of plasma pools for HEV RNA: results of Initial screening by TMA and confirmatory testing by
RT-PCR and nucleic acid sequencing
Number of
Plasma plasmra pools  Number positive by TMA  Nurmber positive by RT- PGH Number positive by sequence analysis

Manufacturer origin tested assay (% positive poois)  analysis (% positive pools) (after RT-PCRY} (% positive pools)
A Asia 78" 32 (42.7) 17 (22.7) 19 {25.8)
G North Ametrica 99 10 (10.1) 3(3.0) 3.0
H North America 70 -8 (12.9)yt 4650t 4 (5.7t
c Europe 77 8 (10.4) 701 8 (10.4)
F North America 51 7 (13.7} 6 (11.8) 6 (11.8)
E Europe 49 6 (12.2} 6 (12.2) : 6 {12.2)
D Europe 15 1 (5.6) 0(0) 0 (0)
D North America 3 0 (0} 0(0) 0 Q)
E Europe/North & 0 (o) 0 (0) o (0)

: America -
G Europe 3 0(0) 0 (0) 0(0)
B Middle East 33 0 (0) () 01(0)
*Test results for three pools were invalid.
10nly five of the initially TMA-reactive sarmples from Manufacturer H were followed up

TABLE 2. Overview of pools with viral loads exceeding 100 IU/mL

Number of Number positive by RT-PCR
Plasma plasma pools analysis (% positive Number of pools with loads >
Manufacturer origin tested pools) 100 Tog 1U/mL
A Asia . 78 17 (22.7} 5
C Eusope 77 7(9.1) 1
E Europs 49 6{12.2) 0
F North America 51 6(11.8) 0
G North America 99 3{3.0) G
H Morth America 70 4{57) 0
RESULTS ahd HEV-positive sequence results, 25% of Asian pools

A total of 484 pools, from seven different manufacturers
(A-G), were screened using the Procleix HEV assay. The
results of the initial screening are shown in Table 1.
Pools were deemed initially reactive when the §/CO was
moere than 1.0. Asian pools were most frequently posi-
tive for HEV RNA, with 43% being positive after the ini-
tial screening. Plasma pools from Europe and North
America had similar rates of HEV-positive pools, that is,
between 6% to 12% and approximately 10% ‘to 14%,
respectively. All pools (n=33) from the Middle East
were negative for HEV RNA. The Asian pools had the
highest volumes of all pocls tested in the study (i.e.,
more than 4000 L vs. 700-3500 L). The higher positive
rate of the Asian pools in the Procleix assay might be
explained by the higher number of pooled donations. A
higher number of pooled donations would be expected
to result in a higher number of positive pools if tested
with a sensitive assay.

Upen confirmatory testing, the number of positive
Asian pools fell to 22% based on RT-PCR (Table 1). In
some cases it was possible to obtain a sequence for some
samples which were negative by RT-PCR using different
primers (i.e, using ORF2/3 primers compared to ORF1
primers, respectively). By combining the RT-PCR results
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were positive after confirmatory testing. In the case of the
European pools found initially reactive and the pools from
Manufactwrer F from North America, the majority of these
pools were also reactive in the confirmatory testing, either
by RT-PCR or by sequencing. The North American pools
from Manufacturer G had an initial reactive rate of
approximately 10%, which fell to 3% upon confirmatory
testing. The decrease in HEV-reactive pools upon confirm-
atory testing is most likely due to the differences in assay
sensgitivity for the Procleix HEV test which is 7.8 and 64 IU
HEV RNA/ml. for the confirmatory test. However, the
inconsistent reactive rate between assays could also
reflect possible sequence differences between virus strains
and the primers used in the respective assays. The speci-
ficity of the Procleix HEV assay varies from 99.96%% to
99.99%.2% No correlation was observed between the $/CO
in the initial screening assay and the crossing cycle
thresholds/HEV RNA loads observed in the confirmatory
RT-PCR assay (data not shown).

The analysis of the HEV RNA loads (exceeding 100
IU/mL) is shown in Table 2. Six plasma pools had HEV
RNA loads exceeding 200 IU/mL—one of the pools was
from Europe and the rest were from Asia including one
with an HEV RNA load of 300 IU/mL, the highest observed
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TABLE 3. Genotypes of HEV strains identified in plasma pools

Manufacturar Plasma origin HEV genotype Code number Accession number Year of pooling

A Asia 4 2798 KX025164 2007
27910 KX025159 2007
280_14 KX025167 2006
281_16 KX025169 20086
28117 KX025170 2006

C Europe 3 282 07 KX025173 2010
28211 KX025172 2012

E Europe 3 279_18 KX025162 2008
279 _19 KX025163 2008
281 11 KX025168 2005

F North America 3 280_10 KX025165 2001
280_11 KX025166 2001
281_6 KX025171 2005

H North America 3 279_15 KX025160 2006
27916 KX025161 2008

for any peol in the study; all the other pools tested were
below thie limit of quantification.

For several of the HEV RNA-positive pools it was pos-
sible to perform sequence analysis (Table 3). Sequencing
was performed in a region of the RdRp in ORF1 as previ-
ously described.?* The sequence data confinmed that the
HEV strains identified in the pools from Manufacturer A
were all Genotype 4, while the strains from Europe and
North America were HEV Genotype 3 strains. Phylogenetic
analysis of HEV strains is shown in Fig. L.

The Buropean HEV strains are mainly related to 3c,
3e, and 3f subtypes (Fig. 1), which are distributed very
widely in Europe, both in blood doriors and in clinical
cases of hepatitis E, while those from North America are
predominantly Genotype 3a, which cluster tighiy
together. One of the HEV Genotype 4 strains (281_17) rep-
resented a more divergent virus with more limited homol-
ogy to sequences present in the database. The most
closely related strain E087-SAP04C (Accession Number
AB369688) showed 89% nucleotide identity with 281_17
where the virus had been identified in an acute hepatitis B
patient in Japan, who had traveled to Shanghai, China,
before onset of illness,

In conclusion, it was possible to detect HEV RNA in
manufacturing plasma pools from Europe, North America,
and Asia. Where sequencing was possible, analysis con-
firmed the presence of viruses consistent with locally cir-
culating strains in the respective regions. In Europe
Genotype 3 strains. were identified being similar to those
seen in donors in this region as well as in clinical cases of
hepatitis E. In Asia, only Genotype 4 strains were

abserved. Several HEV strains were identified in North

American donors by sequence analysis—these were all
related to Genotype 3a. In the past, studies have suggested
exposure of the North American population to hepatitis E
due to variable levels of anti-HEV seroprevalence;?® how-
ever, only two HEV RNA-positive donors were detected by
NAT at concentrations too low for viral sequencing to

identify the genotype?” The absence of HEV in Middle
Eastern pools is consistent with the low HEV prevalence
in this region, which might be explained by lack of pork
consumption by the local population,® and is consistent
with our previous study looking at a smaller number of
Middle Eastern pools®® Apart from a single report in
China,! confirmed by sequence analysis, HEV Genotype 1
has not been detected in plasma pools, even: from regions
where some Genotype 1 infections would be expected. It
might be speculated that potential donors infected with
Genotype 1 have a higher risk of clinical illness and, there-
fore, would not be selected for plasma donations.

In most cases, HEV RNA loads were below the limit of
quantification {i.e., 200 [U/ml) of the RT-PCR assay; only
one pool from Asia had a viral load of 300 IU/mL. These
data are consistent with the moderate levels of HEV vire-
mia seen at the single donation level, with titers rarely
exceeding 6 log TU/mL** as well as the lazge pool sizes.
In Japan, one positive donor infected with the HEV strain .

.JRC-HES3 contained a viral load that exceeded 7 log cop-
jes/mL? concomitantly showing elevated levels of alanine
aminotransferase. This particular donation was used to
develop the Japanese National Standard for HEV RNA and
the copy number/IU ratio was very similar.***® Extrapolat-
ing the viral load of 300 IU/mL in a pool size of 4200 don-
ations, assuming contamination with a single 800-mL,
viremic source plasma donation would imply that the viral
load in the individual donation was approximately 1.6 X
10° [U/mL. The titers .observed in these positive plasma
pools are informative when preparing risk assessments for
plasma-derived medicinal products concerning contami-
nation with HEV and efficacy of inactivation or removal
for the respective products. This was discussed at the
European Medicines Agency in London in 2014, when it
became clear that in Burope, in particulas, the high rate of
HEV RNA-positive donations were being identified by
testing or through lookback studies.?® Given the potential
HEV contamination of plasma pools for fractionation it is
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Orthohepevirus A

Genotype

278-15 North America 2006

280-11 North America 2001

280-10 North America 2001

281-6 North America 2005

279-16 North Amerlea 2005

3a Meng AF0B82843

3] Arkell AY115488

3b JRA1 AP003430

3h TR19 JQO13794

3 FR-SHEV3c-like 0853664

3 swhMMNOB-A12688 AB290312

279-19 Europe 2008

3i BB02 FJ958008

279-18 Europe 2008 3

3c wbGER27 FJ705359

3 E088-STM04C ABI69659

b 3ra Rabbit GDCY FJ205895
3g Osh205 AF455784

282-41 Eurgpe 2012

—282-7 Europe 2010

3e swl8-5 AB248521

3 swX07-E1 EU360977
281-11 Eurove 2005
3 FR R KJ873811
BawbJOY 06 AB602441 6
6 whJNN 13 ABB56243
e 58 JEOAR‘IGS—“SP“II_‘?(KJ ?5573435 B
& 28117 Asla 2006
— 4 EC87-SAP0AC AB369688
4e IND-SW-00-01 AY723745
4d T1 AJ272108

4a JKO-ChiSaig8C AB197673
4f HE-JAZ AB220974 4
4c JAK-Sal ABO74915

4h CHN-XJ-SW13 GU119961

279-8 Asla 2007
219-10 Asia 2007
280-14 Asla 2006
281-16 Asla 2006
7a 178C KJ496143 . 7
CT 180C KJ486144
— i 78 M1 M74506 12
T 1d Morocco AY230202
1e T3 AY204877
1f IND-HEV-AVHS-2010 JF443721 1
ic 11 X98202
1a Burma M73218
1b HPECG D11092

Fig. 1. Phylogenetic analysis of the HEV strains identified in
the respective plasma pools. Maximum likelihood phyloge-
netic analysis of Orthohepevirus A reference sequences and
sequenées from this study. Filled circles, at nodes, represent
bootstrap values exceeding 70 of 1000 repetitive analyses for
confidence testing. Taxon names of all reference sequences
include genotype, subtype (if available), strain name, and
GenBank accession number. Sequences obtained in this
study are given bold and underlined and the corresponding
taxon names inchude ID, geographic origin, and year of
sampling,

necessary to assess the risk of HEV transmission via
plasma-derived medicinal products. The experience of
transmission cases by $/D plasma in France®®* under-
lines the risk of HEV transmission by plasma where there
is no processing step for inactivation or removal of nonen-
veloped viruses such as HEV. Therefore, it has been

recently required to test plasma pools for manufacture of

9536 TRANSFUSION Volume 56, October 2016
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S/D plasma for HEV RNA to limit such a risk for
transmission.*? :

Manufactwring steps with a capacity to inactivate to
remove enveloped and nonenveloped viruses have been
implemented into manufacture of other plasma products
such as coagulation factors and immunoglobulins. There
is a lack of evidence of HEV contamination in final prod-
ucts currently on the market in Burope.! However, the
capacity of these processes to inactivate or remove nonen-
veloped viruses can be limited in some cases. Therefore, it
is important to perform a quantitative risk estimation
considering the viral loads in plasma pools and the overall
virus reducton capacity of a specific manufacturing
process.
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Incidence of human T-lymphotropic virus 1 infectionin
adolescent and adult blood donors in Japan: a nationwide
retrospective cohort analysis

Masahire Satake*, Masake iwanaga®, Yasuke Sagara, Toshiki Watanabe, Kazu Okume, Isac Hamaguehi

Summary

Background Human Tlymphotropic virus 1 (HTIV-1j infection has an especially high prevalence in Japan.
Transmission has been confirmed in infancy through breastfeeding; however, little is known about the epidemiological
aspects of new HTIV-1 infections later in life. We aimed to estimate the nationwide annual number of new HTIV-1
infections among adolescents and adults in Japan.

Methods In this retrospective cohort analysis, we assessed new HTLV-1 infections of repeat blood denors ag’

16-69 years between Jan 1, 2005, and Dec 31, 2006, in the Japanese Red Cross Blood Cenires database. We used results
of antibody tests done in repeat blood samples collected until Dec 31, 2011, to assess the number who seroconverted
to HTLV-1. We calculated the incidence density by dividing the number of seroconverters by the number of person-

years of follow-up, and then extrapolated densities to regional populations to estimate the annual number of new
HTLV-1 infections.

Findings We included 3375821 HTLV-1-seronegative blood donors (2100915 tmen and 1274906 women). Within a
median follow-up of 4-5 years (IQR 2-3-5- 8), 532 people (204 men and 328 women) had seroconverted. The incidence
density was significantly higher in women {6-88 per 100000 person-years; 95% CI 6-17~7-66) than in men (2.29 per
100 000 person-years; 95% CI 1-99-2.62; p<0-0001). The estimated annual number of new HTLV-1 infections was

4190 (95%.CI 4064-4318) with 975 (9141038} infections in men and 3215 (3104-3328) in women.

Interpretation New HTLV-1 infections in adolescents and adults are an important public health concern in Japan and
preventive strategies are needed to reduce new transmission.

Funding Ministry of Health, Labour, and Welfare of Iapan, Japan Agency for Medical Research and Development.

Introduction

Human Tymphotropic virus 1 (HTLV-I}* infection is
associated with development of adult T-cell letkaemia-
lymphoma,’ HTIV-1-associated myelopathy and topical
spastic paraparesis {HAM/TSP},* and various inflammatory
disorders, although most virus carriers remain asympto-
matic throughout life® HTLV-1 is transmitted from
mothers to infants through breastfeeding; between
partners during sexual contact; and parenterally via blood
transfusion, organ transplantation, and non-sterile needle
sharing® The virus infects about 10 million people
worldwide, with endemic fod in Japaw, the Caribbean,
South Arnerica, and central Africa’ In Japan, the number
of HTLV-1 carriers is estimated to be about 1 million,* the
highest in the world? HTLV-1 carriers are estimated to
have a lifetime risk of 2-7%6*° for development of adult
Tcell leukaemia-lymphorna and ©.25-3.8% for
development of HAM/TSP.* :

In Japan, several strategies to prevent new HTLV-1
infections were implemented soon after the virus
transmission routés were shown. After the first discovery
of transmission through breastfeeding during 1nfancy in
1986 in Nagasaki, Japan (appendix},®® the screening of
pregnant women for HTLV:1 and the recommendation
that those positive for infection refrain from breastfeeding

28

have been implemented mainly in two endemic regions,
Nagasaki since 1987 and Kagoshima since 1997, with a
significant reduction in motherto-child transmission
from 15-20% to 2-3% when refraining from breag’
feeding ®* HTIV-1 infections transmitted by blog.
transfusion have almost been eliminated since HTIV-1-
antibody testing of all donated blood was implemented
in1986.%

Despite these preventive measures, the estimated:
number of HTLV-1 carriers in Japan has not fallen fr in
the past two decades: 1.2 million people were carriers in
1986-87,' compared with 1.1 million in 2006-07°
Moreover, HTLV-1 seroprevalence in blood donors has
increased in metropolitan areas (which are non-endernic
for HTLV-1), although rates have decreased in endemic

- areas.’ One of the reasons for these numbers might be

poor implementation of the motherto-child prevention
strategy in non-endemic regions. Another possibility is
that transmission routes other than breastfeeding and
transfusion, such as horizontal transmission among
adolescents and adults, are contributing, However, no
preventive measures have yet been developed against the
horizontal frangmisgion of HTLV-1 in Japan, mainly
because there is insufficient epidemiological evidence
about this route.

wwwthelancet.comfinfection Vol 16 Novembar 2016
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Reséarch in context

Evidence before this study

We searched PublMed and Google Scholar for all artidles
published before Sept 3D, 2015, With use of the terms “HTLY,
sexual transmission”,"HTLV, seroconvarsion”, “HTLY,
heterdsexual”, "HTLY, horizontal transmission”, "HTLY,
seroconvérstan, bléed donats”, and* HTLV, serommdence

We s séarched thejapan Medtcal Abstracts Socuetywnh ‘the
eqmvalentjapanse terins for papers published before Sept 30,
2015. Two prospective studies of repeated blood donors
estimated the humanT-Iymphotroplcwrus (HTLV) typel and
type 2 combined incidence rate 6 b& 2.92 per ’

100 ODD person-years inthe USA and3 -59 per ‘

100 000 person- years in Brazul Elght prospective stud:as
assessed HTLV-1 seroconvers:on amang small numbers of
elderly couples in areas endemlc for HT!.V-l mJapan .The major
finding ofj prev:ous studles in Japan was thatthe rate of
trarismission vias three-to: four—tlmes hlgher ifthe aarriar
spouse was male andthe rate was h:gher when the mafriage was
Ionger However, no study has prosper:trve!y evaluated the
incidence density of HTLV-Lor estimated the number of new
HTLV-1 infeCtions theoughout fapan.

Early studies reported that the sexual transmission of
HTEV-1 infection occurs mainly from men to women, =
However, most previous studies from Japan were done in
small areas with small cohorts of married couples. To our
knowledge, no study has evaluated HTIV-1 incidence
throughout Japan. Although not all HTLVA carriers
- develop HTILV-lrelated diseases, efforts to reduce the
transmission of HTLV-1 from infected people to uninfected
people are necessary because adult T-cell leukaemia-
lymphoma and myelopathy are highly refractory to existing
therapies." To address this important public health issue,
we aimed fo estimate the number of new HTIV-1 infections
in adolescents and adults in Japan.

Methods

Study design and data source

We did a retrospective review of blood test results of
donoers present in the database of the Japanese Red Cross
{JRC) bloed service headquarters. The JRC are the only
organisation to collect and supply blood for use in
transfusions in Japan, and the activities are authorised by
the law on Securing a Stable Supply of Safe Rlood
Products {act number 160 of 1956). The JRC blood service
headquarters have stored all blood-testing results from
about 5.2 million donations a year from seven zones of
the JRC blood service in Hokksido, Tohoku, Kante,
Chubu-Tokai, Kinki, Chugoku~Shikoku, and Kyushu-
Okinawa (appendix}, which further consist of 54 regional
centres in 47 prefectures that cover the whole country.
Before donation, all blood donors must complete a paper-
based self-administered questionnaire that asks 23 items
about diseases, medicines, lifestyle behaviours, and other
sensitive questions (appendix).

www.thelancetcomfinfection Vol 16 November 2016

Added value of this study

To our knowledge this is the first sesological cohort study to
estimate the incidence of HTLV-1 among adelescents and adults
in thewhole of Japan, Our study provides new evidence that at
least 4000 adolescents and adults (77% of whom were women} -
are newlyinfected with HTLV-l everyyear through poss1ble
horizontal transmission in japan Our study also demonstrates
that new HTLV-1 infection rates are highestin women aged
50-59 years and in men aged 60-69" yearsin regions both
endemlcand non- endemlcfor HTLV 1, whereds therate in
young meh agec] 20—29 yearsis greater in metropalitan areas
(non-endemic for HTLV-1) than in endemic regions:

Implications of all the available. ewclence )
Ourtwo main ﬁndmgs,together with evidence from previous
studies, suggest that HTLV-lmfectlon is still af |mportant
public health issue in Japan and that any preven‘aon
programme for néw HTLV-1 Infections must consider notonly
mother-to-child transmission, but also transmissiori ‘among
adolescents and adults i in bath HTLV-1 endefic and
non-endemic areas such as metrapolitan afeas.

In the JRC system, donated blood is routinely screened
for HTLV-1 in the seven zones using standard methods,
and the results are sent to the JRC headquarters in Tokyo.
Nationwide blood screening for HTIV-1 has been done
with use of particle agglutination assay (Serodia; Fujirebio,
Japan} since 1986, but it was replaced with chemi-
luminescent enzyme immunoassay (CLEIA; CL4800
Testing System; Fujirebio, Japan) since 2008. Indirect
immunofluorescence assay® or western blot assay (since
2012} are used as confirmatory tests. JRC centres define

screening test seropositivity as a titre of 8 or higher on the

particle agglutination assay or a cutoff index 1. 0 or highet
on CLEIA, according to the manufacturers’ criteria. In the
study period, the JRC defined screening test seronegativity
as when neither the particle agghutination assay results
nor the CLEIA test results met these criteria. HTLV-1
seroconversion was defined as conversion to an immuno-
fluorescence-test-positive status from a definite baseline
HTIV-]-negative status.

We received approval from the JRC Institutional
Review Board (research project number MHLW-54 in
2011 fiscal year, and the continuation application in 2013
fiscal year). No written informed consent was required
because of the nature of the study de51gn of this project,
which was based on a retrospective review of the blood
test results of blood donors, using the anonyrmous
individual code available at the JRC Central Blood
Institute.

Data extraction

We extracted and compiled the dataset using anonymous
individual code available from the JRC Central Blood
Institute. The anonymised dataset included sex, birth year,
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For the portal site of the Official
Statistics of Japah sea
wwwe-stat go.jp/SG1/ estat)

" eStatTopPortalE.do

blood cenire zome, date of the study baseline, age at
baseline, date of blood donation that was negative for
HTLV-1, and date of blood donation that was positive for
HTLV-1. The inclusion criteria for the participants were a
negative screening test or a negative immunofiuorescence
test at blood donation during Jan 1, 2005, to Dec 31, 2006
{baseline period); aged 16~69 years during the baseline
petiod (the age range eligible for blood donation in Japan);
and repeat donor, with at least one donation after the
baseline period until the end of 2011. We excluded donors
who had HTLV-I-negative blood before 2005 but made no

. donation during the baseline period to ensure the accuracy
of the person-years calculation based on the interdonation,

intervals.>® Data for each participant whe met the
inclusion criteria were included based on their serological
test resilts from baseline to the date of seroconversion for
HTLV-1 or to the date of the last donation that was
persistently seronegative on the HTIV-1 immuno-
fluorescence test until Dee 31, 2011, in the database.

Dohors  Sero- Follow-up Crudeincidence  Crudeincidence  pvalue*
() cohverters inpetson-  density per density ratio
{n) years 100000
person-years
Total 3379821 532 13697250  3-88(3:57-423)
Sex .
Men 2100915 204 8927417  2:29(299-262) Ref
Waomen 1274506 328 4769833 6.8B(617-766) 301(253-358) <0.0001
Ageatenrolment
16-19years 318567 12 105001t  110(0-63-1.94) Ref -
20-29years . 7B7863 71 3058367  232(1B4-2.93) 211(114-389) 00168
30-39years 520560 115 3986308 - 2.B8(240-348) 262(145-475)  0.0015
40-49years 705399 131 3103136 422(356-501)  3.83(212-693) <0.0001
50-Sgyears 502841 163 2027860  B.04(6:89-937) 730(406-131) <0.0001
60-60years 131623 40 431569 927(6-80-12.6) 842(442-16-0) <0-0001
Birth year
1985-50 379425 13 1291824  1.01(058-173) Ref .
1575-84 789464 80 3090008  255(208-322) 257(143-462) 00016
1965-74 924404 117 3975647  2.94(245-352) 2:92(165518)  0.0002
1955-64 690418 125 3038855  411(3.45-490) 409(231-724) <0-0001
1845-54 475439 160 1916106 835(715-975) 830(472-146) <0.000L
1935-44 116863 37 - 380717  972(704134) 266(513-182) <0-0001
Blood centre zone
Hokkaidn 202249 25 837396 299 (202-442) Ref
Tohoku 269777 19 1065748  178(114-280) 0-60(0-33-108}  0-09
Xanto o77672 &5 3535063  165(1:30-211) 055(035-0:88) 0012
Chubu- 590082 63 2405228  2-62(2-05-335) 0-88{055-13%) 058
Tokai
Kinki 572685 13§ 2347576  575(486-681) 193(126-2.95}  0-0026
Chugoku- 357226 44 1443884  3.05(2-27-410) 1.02(0-62-267} 0.935
Shikeku
Kyushu- 406322 181 1662425 10.9(9.41-12.6)  3.65(2-40-554) <0-0001
Oklnawa

Data in parentheses are 95% Cls. *For crude incldence density ratio compared with reference valye,
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To allow us to estimate the population-based new
HTLV-1 infections among adclestents and adults, we
obtained demographic data for the age-specific, sex-
specific, and region-specific population counts in
2005-06, from the portal site of the Official Statistics of
Japan. In this study, we used the average population
counts for the 2005 and 2006 populations. The overall
population sizes of each of the seven zones in Japan are
presented in the appendix.

Statistical analysis -

We used a two-step procedure to estimate the national.
incidence density of new HTLV-1 infections. In the first
step, we did a retrospective cohort analysis to estimate
the annual HTLV-1 seroconversion rate in repeat blo]
donors who were negative for anti-HTLV-1 antibodies.
We calculated the HTLV-1 seroconversion rates by
dividing the number of seroconverters by the sum of

‘person-years of follow-up. The person-years for each

individual without seroconversion were summed from
baseline to the last visit. The persen-years for each
individual with seroconversion were summed based on
each interdonation interval®® (i, person-years from
baseline to the midpoint between their last negative
donation and their first positive donation]. The sero-
conversion rates were evaluated by sex, blood-centre
zone, six age groups at baseline (10-year strata, except for
the 16-19-year-group), and six birth-year groups (10-year
birth strata, except for birth years 1985-90). In the second
step, we exirapolated the estimates in blood donors to the
general population to estimate the annual number of
new HTIV-1 infections throughout Japan. We multiplied
the age-specific seroconversion rate at each zone's blood
centre by the age-specific population in the same zone.,
Although the age for blood donation is limited to
1669 years in Japan, population data for 15-69 year
were used in this calculation. When donors move
among blood centre zones, the area in which the donor
donated at bageline was considered as their zone,

The HTLV-1 seroconversion rate is expressed as the
incidence density per 100000 person-years, and the
corresponding 95% CI calculated with the exact Poisson
method. Differences in incidence densities according to
sex, age group, and zone were measured with univariate
and multivariate Poisson regression models, The
interaction between each variable was also tested in the
multivariate analysis. We considered a p value of less
than 005 to be statistically significant. We used SAS
version 9.4 for all statistical analyses.

Role of the funding source

The funders had no role in the study design, data
collection, data analysis, data interpretation, or writing of
the report. The first author had full access to the database.
The first author and the corresponding author had
responsibility for data analysis. All authers had
responsibility for interpretation of results. The
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corresponding author had final responsibility for
submission of the report.

Results

3375821 HTLV-1-seronegative blood  donors
(2100915 men and 1274906 women) met the inclusion
criteria for our cohort during the baseline pericd. The
age distribution of this study population was younger
than that of the general population in 2005~06 (appendi).

Within a median follow-up of 4.5 years (IQR 2-3-5.8),
532 people (204 men and 328 women) seroconverted. The
crude incidence density was 2 - 29 per 100 000 person-years
(95% CI 1.99-2.62) in men and 6.88 per
100000 person-years (6-17-7-66) in women. The age-
specific incidence density increased with age in both
sexes, and was highest in the 50-59-year age group in
women and in the 60-69-year age group in men (table 1,
appendix). The zone-specific incidence density wag
highest in Kyushu~Okinawa, followed by Kinki, for both
sexes (table 1, appendix), which is similar to the HTLV-1
seroprevalence among first-tirne blood donors® The
incidence density was three-times higher in women than
in men (table 1), even after adjusting for age group and
zone and birth year and zone (table 2). The birth-year-
specific incidence density was higher in those with an
earlier birth year in both sexes, and was highest in the
1945-54 birth cohort in women and the 1935-44 bu‘th
cohort in men (table 1, appendix).

Although the overall women-to-men ratic of the
HTLV-1 incidence density was 3-0, the ratio differed by
age group, birth year, and blood centre zone, There was
no consistent tendency in the women-to-men incidence
density ratio by age or birth year, with the highest ratio in
the 50-59-age group, and the 1945-54 birth-year group,
except for the 16-19 age-group and 1985-90 birth-year
group {appendix). The women-to-men incidence density
tatic was highest in Kyushu-Okinawa {4.66, 95% CI
3-43-6-35; p<0-0001) and lowest in Kinki (1.72,
1.23-2.41; p=0.0020; appendix).

In men, age-specific incidence density in Kyushu-
Ckinawa was generally higher than in other areas in
those older than 30 years, but not in those aged
20-29 years (figure 1A). In women, age-specific incidence
density in Kyushu-Okinawa was higher than in other
areas in all age groups, except for those aged 60-69 years
{figure 2A). By exirapolating the anmual age-specific
incidence density to the demographic population by zone,
we estimated the annual number of new HTIV1
infections per year during 2005-11 in the Japanese
population to be 4190 (95% CI 4064-4318}; 975 (914-1038)
in men, and 3215 (3104-3328) in women. The annual
number of new HTLV-1 infections in men was higher in
the three metrapolitan zones (Kanto, Chubu-Tokai, and
Kinki) than in Kyushu-Okinawa in the 20-29-year age
group, higher in the Kinki zone than in Kyushu-Okinawa
in the 40-49-year and 50-59-year age groups, and very
much higher in the Kyushu-Okinawa. and Kinki zones

wwwithelancet.comfinfection Vol 16 November 2016

than in other zones in the 60-69-year age groups
{figure 1B). The annual number of new HTLV-1 infections
in women was highest in Kyushu-Okinawa in all age
groups. Zones with the second highest number were

Multivariate analysis for sex, age,and  Multivarlate analysis for sex, birth year,

zane and zone
Adjusted Adjusted pvalue Adjusted Adjusted pvalue
incidence incidence incidence incidence
densityper  density rtio density per density ratio
100000 150000
PErSON-years person-years
Sex .
Men 145 Ref " 1-60 Ref
(0-99-2:11} (1:18-2-15)
Women 550 380 <0-0001 560 351 <0-0001
(464651  (252-575) (473-663)  (249-495)
Ageatenrolment
1619 years 055 Ref
(6-20-1.53) ‘
20-29 years 1.99 364 0-0159
(1-56-2:55)  (1-27-10-4)
30-39years 259 472 0-0035
(213-317)  (167-13-4)
40-49 years 385 703 0:0002
(318-4.67)  (2-45-19.9)
50-59 years 621 113 <0-0001
(515-750)  (402-32.0)
60-69years 741 13.5 <0.0001
(5:37-107)  (4-64-33-4)
Birth year
1985-90 - “ - 0-64 Ref
(0:30-1.37)
1575-84 - - - 224 347 0-0019
{1.77-2-83) (158761}
1965-74 . - " 261 405 00004
(243-320)  (1B6-B-80)
1855-64 - - - 374 581 <0-0001
(3-08-435)  (2.68-12.6) ’
194554 N - . " 584 101 <0-0001
(542-788)  (465-21.9)
1935-44 - “ - 776 120 «0.0001

(555-10-8)  {530-27.3)
Blood centrezone

Hokkaido 242 Raf - 256 Ref

(1-57-373} {1:68-3-89)

Tohoku 1.49 0-62 © 0145 1.59 0.62 149
(0-B7~2:55)  (0:32-118) (094-2:68)  (032-1.19)

Kanto 249 0.62' 0046 138 062 0.047
(310-2:03)  (538-0.99) (120-2:08)  (0:39-0.99)

Chubu-Tokl 231 056 0.858 2-46 096 0-869
(1-69-316)  (0-53-1.54) s {1-84-328) (060155}

Kinki 489 202 0.002 519 203 0-0014
(3-85-621)  (1:31-312) ‘(421-638) (131-313)

Chugoku-Shikoke 244 101 0.968 259 101 0560
{170-3:52)  (0-60.1.69) . (1-83-3-67)  (0-60-1.70)

Kyushu-Okinawa ~ 9.49 392 <00001 1041 393 <0-0001
(755-11.9)  (2.56-6.03) (827-123}  (256-6.04)

Data in parentheses are 95% Os,

Table 2: HumanT-lymphotropic virus 2 incidence density and Incidence density ratlos after adjustment

1245

31




Articles

Figure 1; Age-specific crude
incidence density (A} and
estitnated annual number
(B) of new HTLV-1 Infections
byareainmen

Error bars are upper §5% Cls.
HTLY-1=human
T-lymphotraplc virus type 1.
*Incidence density
significantly different from
Kyushu-Ckinawa area.
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Crude HTLY-1 incidence density per 100000 person-years

Annual estimated number of new HTLV-1 infections
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Figure 2: Age-spacific cruda
Incidence density (A) and
estlmated annual number
(B) of new HTLV-1infections
by areainwomen

Error bars are upper 85% Cls,
HTLV-1chuman
T-lymphotropic virus typa 1,
*Incidence density
significantly different from
¥yushu-Okinawa area.
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Kanto in 50-59year age group, Chubu-Tokai in
16-19-year and 40-49-year age groups, and Kinki in three
other age groups (figure 2R),

Discussion
On the basis of the age-specific, sex-specific, and zone-
specific HTLV-1 incidence densities among HTLV-1-

~ seronegative cohorts of repeat blood domors, we

estimated that at least 4000 adolescents and adults {77%
of whom are women) are newly infected with HTLV-1
every year in Japan. We found that the number of newly
infected individuals was highest in women aged
50-59 years and men aged 60-69 years in both endemic
and non-endemic areas for HTLV-1, Howevet, in men
aged 20-29 years, the number of newly infected
individuals was greater in metropolitan areas (non-
endemic for HTLV-1) than in endemic areas (albeit not
gtatistically significantly}). This suggests that HTLV-1
continues to be transmitted horizontally between
heterosexual partners in the general community in }apan
in both endemic and non-endemic areas.

To our knowledge, this is the first study to estimate the
number of new HTLV-1 infections in adolescents and
adults throughout Japan. The HTLV-1 seroconversion
rates among martied couples were previously evaluated in
smallscale studies to determine the heterosexual
transmission of HTLV-1in Japan. Tajima and colleagues®
reported that the seroprevalence in wives with seropositive
husbands (68%) was greater than that in wives with
seronegative husbands (209), which suggested for the
first time the possible sexual transmission of HTLV-1
(predominantly maleto-femnale transmission). In the
Miyazaki cohort study, which included 534 elderly married
couples, the HTLV-1 seroconversion rate was 4-9 per 100
person-years among seronegative wives with seropositive
husbands, but 1.2 per 100 person-years among sero-
negative husbands with seropositive wives.” Takezaki and
colleagues™ also reported that the HTLV-1 seroconversion
rate was 3-3 per 1000 person-years for men and 6-7 per
1000 person-years for women in a village highly endemic
for HTLV-1. Our results confirm that the seroconversion
raie was threetimes higher in women than in men
{table 1), although the scale of the incidence densities in
this study was very different from those in. previous
studies. This discrepancy in scale might be mainly
atiributable to population differences because previous
studies were based on data from small selected samples of
older couples in highly HTIV-1-endemic areas.

Incidences of new HTLV infection among repeat blood
donors have also been reported from countries other
than Japan, although they mostly combined HTLV-1 and
HTLV-2. The overall incidence rate of HTLW1 and
HTLV-2 was 3-25 per 100000 person-years during
1991-96 in five US bloed centres,* and 3-59 per 100000
person-yeaxs during 2007-09 in three Brazilian blood
centres.” The Brazilian study also showed a significantly
higherincidenceinwomen (574 per100 400 person-years}
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than in men (2-78 per 100000 person-years) with an
increase with age and variance by region,

The dominance of women and older age groups among
new HTLV-1 infections is unique. For other sexually
transmittable viruses, such as HIV and hepatitis B virus,
new transmissions are reported at significantly higher
rates in men than in women and in more young people
than older people®? The reason why HTLV-1 is
predominantly transmitted from men to “women is
unknown. Because the transmission of HTLV-1 requires
T cells, it is believed to transmit more efficiently via
infected T cells in semen. The reason why HTLV-1 is

. transmitted predominantly among older adults is also

unknown. Varicus suggestions have been made,
including that the probability of the transmissic
depends on prolonged exposure to an infected partne.,
that older couples do not use contraception during
intercourse, znd that ageing leads to the senescence and
deterioration of defence mechanism against infection
and the changes of HTILV-linfected ymphocytes that
induce greater infectivity through the function of the
provirus. Further studies are needed to clarify these
unique characteristics of HTLV-1 transmission to reduce
new infections.

‘We believe this to be the first study to show new HTIV-1
infections among young people. The number of newly
infected individuals is greater in metropolitan areas
{non-endemic for HTT¥-1) than in endemic areas among
men aged 20-29 years, although the difference was not
statistically significant. Several reasons might explain
this trend. First, many young people have moved from
HTIV.l-endemic areas into three metropolitan areas
{appendix), in pariicular, more women than men move to
Kinki and so the risk of female-to-male transmission
might be greater. Second, young men in metropolitan
areas could modify their lifestyle to incorporate high-righ
behaviours such as tattooing, injection drug use, st
work, or other high-risk behaviours of transmitting
infection. These together are important public health
issues and must be considered in the development of any
strategies to prevent new HTLV-1 infections in Japan,

Our results might partly explain why the estimated
number of HTLV-1 carriers in Japan has not decreased in
the past two decades.’ Countrywide mother-to-child
prevention intervention has not been implemented so far
and so might have contributed. However, based on our
results, if the annual number of new infections by sexual
transmission is assumed to be stable during 20 years, the
cumulative number of newly infected people might be
about 84000 people, which might have contributed to
about 8% of the HTLV-1 infection pool in 2008 in Japan.
The fact that seroprevalence of HTLV-1 is higher in
elderly people might be explained by birth-cohort effect—
je, the proportion of people older than 50 years who are
whole blood donors has increased from 12% in 1988, to
20% in 2007, because of rapid ageing of Japanese
pepulations. Together, these factors might explain why
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the estimated number of HTLV-1 carriers in Japan has
not decreased as expected during 20 years® beyond the
large HTLV-1 infection pool of eldesly people.®

The main limitation of this study is that the findings
might not be fully generalisable to the whole population
because our study population comprised repeat volunteer
blood doners who account for only 4-6% of the male
Japanese population and only 2.8% of the female
Japanese population, and whose ages are generally
younger than those of the general Japanese population
{appendix). Using blood donors as representatives of the
general population is a matter of dispute. Some
researchers suggest that blood donors are an adequate
sample of the population for several reasons, including
the lack of bias in their backgrounds® but others
disagree.” Health studies that yse blood doriors can be
affected by a selection bias due to the so-called healthy
donor effect, in which donors are generally healthier than
the general population* because they have to pass several
health and lifestyle criteria before becoming a blood
donor. In fact, the JRC refused any donation from those
with abnonmalities in bodyweight, haemoglobin con-
centration, blood pressure, body temperature, medical
drug use, and other medical conditions (ihcluding other
sexually transmitted infections), and those with high-risk
behaviours of transmitting infection based on a self
administered questionmaire. Another potential limitation
of this study involves our inclusion criteria. We only
included repeat blood donors who donated at least twice
from the bageline period, but excluded donors who did
not donate blood during the baseline period. Some of the
excluded HTLV-lnegative donors might have sero-
converted during the follow-up period. Taken together,
the estimated annual number of new HTLV-1 infections
that we report might be an underestimate, Purthermore,
although particle agglutination, CLEIA, and immune-
fluorescence assay are useful for mass sereening of blood
donors and skilled technicians judged the results, the
possibility of false nepgative or positive results could lead
to our results being an underestimation or overestimation
of the true incidence. Nevertheless, this study does
provide new evidence on the incidence density of HTLV-1
among blood donors in all the geographic regions of
Japan, allowing us to estimate the number of new HTLV-1
infections as a surrogate for the true number of people
newly infected with HTLV-1in Japan.

To our knowledge, no case of adult T-cell leukaemia—
lymphoma has been reported in HTLV-1 seroconverters
in Japan, except in those affected by parenteral
transmission. However, a 2015 case repori describes a
case of T-cell leukaemia-lymphoma in a white French
man infected with HTLV-1 via sexual transmission from
2 female partmer from an HTLV-lendemic country®
HAM/TSP is known to arise after the sexual transimission
and parenteral transmission of HTLV-1.%% Therefore, the
fact that new HTLV-1 infections constantly occur in Japan
is a major public health concern, particularly in young

www.thelancetcom/infection Vol16 November 2016

adults, in an era of metropolitan migration and
globalisation. No preventive measures have yet been
developed for the sexual transmission of HTIV-1 in
fapan. Our data will be useful to build a new strategic
plan for the elimination of HTLV-1.
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study of the platelet inhibitor prasugrel in children with sickle cell
disease was designed to identify drug doses that inhibit platelet function
between 30% and 50%, a level thought to balance safety and efficacy,™
similar to the level of inhibition observed here, although the dual effects
of RN-1 on platelet function and platelet counts could pose an
additional risk for bleeding that will require further monitoring.

Our results show that administration of RN-1 to nommal baboons
over a prolonged period increases HbF, F cells, and F retics and is
generally well tolerated, supporting further development of LSD1 in-
hibitors as therapeutic agents for SCD. Because LSD1 also has an
important functional role in neural stem cell mainfenance and prolifer-
ation, effects of LSD1 inhibitors on the brain and nervous system should
be carefully evaluated
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Zika fever is an Aedes-borne disease caused by a flavivirus (Zika virus
[ZIKV], genus Flavivirus). During the past years, ZIKV has spread
in Polynesia, South America, and the Caribbean.! Most ZIKV infec-
tions are asymptomatic or result in mild febrile disease with rash and
conjunctivitis. Attention was recently drawn to nonvectored ZIKV
transmission,2 including sr:)cual,3'4 probable blood-bome,5 and mother-
to-fetus transmission, and to severe forms such as Guillain-Barré
sy'udromc,m acute neurological infections,*® and fetal abnormalities™®
(including microcephaly).

Many aspects of Zika fever natural history remain unknown (eg,
the proportion of asymptomatic cases and the duration of viremia).
Estimating the prevalence of Zika infections is difficult because a large
proportion of infected individuals do not seek medical attention, and
seroprevalence studies are hampered by antigenic cross-reactivity with
other flaviviruses (eg, dengue virus). ! Here, we present a study of
ZIKV infection in blood donors from Martinique island (French West
Indies, Caribbean region), with novel epidemiological, biological, and
clinical information that refines the picture of Zika fever in adults.

After the ZIKV outbreak in 2013 to 2014 in French Polynesia
and the evidence that a significant proportion (3%) of donors were
viremic,'> ZIKV has been recognized in Martinique since the end
of 2015, leading to implementation by the French Blood Bank of
a systematic individual nucleic acid testing (NAT) of blood donations.
Virus detection was performed on plasma samples, using a semi-
automated platform consisting of a Microlab-STARIlet (Hamilton,
Bonaduz, Switzerland) and the NucleoSpin 96 Virus Extraction Kit
(Macherey-Nagel, Duren, Germany) for nucleic acids extraction, and
a CFX96 thermocycler (Bio-Rad Laboratories, California) and the
RealStar Zika Virus RT-PCR Kit_1.1 (Altona Diagnostics, Hamburg,
Germany) for reverse transcriptase polymerase chain reaction testing.

Between January 19 and June 10, 2016, 4129 consecutive blood
donations were tested (mean age, 41.9 years; sex ratio [M/F], 0.88).
Positive NAT detection occurred in 76 blood donations (1.84%), with
the most intense detection rate (3%) during weeks 17-20 (mean age,
41.8 years; sex ratio, 1.2). Postdonation inquiry consisted of a telephone
call at day 7 postdonation to identify symptoms compatible with ZIK'V
infection. When the donor declared no sign, a new call was organized
14 days after donation. This information was obtained from 75 viremic
donors: 34 (45.3%) remained asymptomatic, and 41 (54.7%) reported
symptoms (1-6 days postdonation; Figure 1A) such as fever,
conjunctivitis, myalgia, arthralgia, and rash (Figure 1B). There was
a trend for higher values of molecular viral load in symptomatic vs
asymptomatic donors (mean values, 5.36 vs 4.93 log;o RNA genomic
equivalents per milliliter; independent Wilcoxon test, P value = .0013;
Figure 1C). This difference does not imply that symptomatic donors
reached higher viremia than asymptomatic donors: sampling could
occur in the former only during the early steps of viremia, whereas in
the latter, it could also occur during the decreasing phase of viremia.
The range of viral loads (2.09-6.50 log;o RNA copies/mL) was
comparable to that previously described in French Polynesian
asymptomatic blood donors. " Men declared symptoms less frequently
than women (45.2% vs 66.7%; x* test P value = .06), but viral load and
time to declaration of symptoms were not significantly different in men
and women. No significant association of viremia with ABO, Rhesus,
and Kell blood groups was detected.

We performed seroprevalence analyses at 2 time points: in 418
donors sampled in early March (March 9-23), and in 176 donors
sampled in early June (June 6-13). Samples were tested using an anti-
Zika virus NS1 immunoglobulin G enzyme-linked immunosorbent
assay (ELISA) kit (anti-Zika Virus ELISA immunoglobulin G;
Euroimmun, Germany), and positives were further processed by
microneutralization in a 96-well format, using Vero cells, 50 pfu of
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Figure 1. Clinical symptoms and Zika viral loads in blood donors. The
distribution of symptomatic donors according to time of inaugural symptoms (A) and the
frequency of reported symptoms (B) are presented. Zika viral loads (log;, copies/mL)
are provided in both asymptomatic and symptomatic blood donors (C). Zika viral
load was determined by real-time reverse transcription polymerase chain reaction
in 41 donors reporting clinical signs, and 34 donors who did not. The diagram
reports for each series the quantitative distribution of viral load, togsther with the
median value * SD.

the MRS_OPY_Martinique_PaRi_2015 strain,"* and a threshold
titer of 40, as recommended by the French National Reference Centre
for Arboviruses. The seroprevalence after seroneutralization was
13.5% in early March and 42.2% in early June. An ELISA ratio
greater than 4 was associated with a positive seroneutralization in
more than 95% of cases. Sera with an ELISA ratio greater than 5 were
associated with seroneutralization in 100% of cases.
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Figure 2. Epidemiological dynamics of Zika outbreak in Martinique. Figure 2A
reports the cumulative incidence of Zika virus NAT detection in blood donors
(normalized for 100 weekly blood donations). Figure 2B shows the simulated
prevalence of Zika virus infections in blood donors at different points, based on
incident cases and on different hypotheses for the duration of asymptomatic viremia
(4-6 days). It also presents the actual seroprevalence data obtained by seroneutralization
at weeks 8 and 22.

During the same period, the cumulative curve of incident cases
detected by NAT in blood donors was almost linear (Figure 2A). This
allowed performance of a simulation analysis and determination, on the
basis of the incident cases detected among blood donors, of the number
of donors infected by ZIKV at different points. Starting from the
hypothesis of a random distribution of the first day of detectable viremia
in infected donors during all days of the period studied, and the day of
donation during the days open to collection during the same period, we
estimated the number of cases for which donation would occur during
the phase of asymptomatic viremia detectable by NAT. We deduced
the expected prevalence of ZIKV infection in donors for theoretical
durations of asymptomatic viremia in plasma of 4 to 6 days (Figure 2B),
by reference to dengue'” and chikungunya fever. 16 A faithful correlation
with actual seroprevalence results was observed for a duration of
asymptomatic viremia of 6 days (prevalence estimated at 12.5% vs
13.5% by seroneutralization in early March, and at43.5% vs 42.2% in
early June). This is consistent with the observation that the longest
period reported between blood donation and symptoms (presymp-
tomatic viremia) was 6 days (Figure 1A). Because detection methods
using whole blood samples have allowed detecting virus RNA up to
68 days after the onset of symptoms, ' it will be important to determine
whether such samples contain infectious virus, and to reassess ZIKV
transfusion risk accordingly.
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The estimated number of clinically suspect cases in Martinique
(French Public Health Institute) was ~7600, or ~2% of the population,
in early March (week 8), and ~28 900, or ~7.6% of the population, in
early June (week 22).'® With reference to seroprevalence results, this
suggests that the proportion of cases that did not seek medical attention
was 80% to 85% and did not change significantly along the study
period. Our analyses suggest, therefore, that ZIKV has spread in the
general population silently, with a minor effect of the acute disease on
medical structures (eg, 10-35 weekly consultations for Zika syndromes
in emergency departments, and 10-20 in obstetric departments). The
most significant medical effect consisted of 19 Zika-related GBS
confirmed cases and Zika infection in 342 pregnant women at the end
of our study (June 2016)."® Therefore, the situation is significantly
different from that previously observed in Martinique during the 2014
Chikungunya outbreak, characterized by a high proportion of cases
seeking medical attention.?”

We conclude that ZIKV individual NAT screening in Martinique
during 5 months of circulation of the virus allowed the detection of
approximately 2% of contaminated blood donations. The proportion of
truly asymptomatic cases of Zika disease among Martiniquan blood
donors infected by ZIKV was approximately 45%, and the proportion
of cases that did not require medical attention was even higher (80%-
85%). The duration of plasma asymptomatic and presymptomatic
viremia was estimated to be close to 6 days. We suggest that, once the
duration of asymptomatic viremia has been estimated (eg,, from early
analysis of seroprevalence and PCR detection datasets), NAT
incidence studies in blood donors could improve prevalence
estimates in the general population in the case of a disease with
frequent mild or asymptomatic clinical presentations such as Zika
fever. The French Blood Bank experience of individual ZIKV
NAT screening and epidemiological studies performed from French
blood donor population may be of interest at the time the US Food
and Drug Administration is recommending that blood banks screen
all blood donations for ZIKV or use an approved pathogen reduction
technology.

There is an Inside Blood Commentary on this article in this issue.
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Mosquitoes collected in Germany in 2016, including
Culex pipiens pipiens biotype pipiens, Culex torren-
tlum and Aedes albopictus, as well as Culex pipiens
pipiens biotype molestus (in colony since 2011) were
experimentally infected with Zika virus (ZIKV) at 18°C
or 27 °C. None of the Culex taxa showed vector compe-
tence for ZIKV. In contrast, Aedes albopictus were sis-
ceptible for ZIKV but only at 27°C, with transmission
rates similar to an Aedes aegypt! laboratory colony
tested in parallel.

In 2015, Zika virus (ZIKV) emerged in Columbia and
Brazil and spread rapidly across the American con-
tinent and the Caribbean, causing an epidemic with
notable numbers of associated clinical cases of micro-
cephaly and Guillain—Barré syndrome [1]. Mosquitoes
of the species Aedes aegypti and Ae. albopictus are
considered the primary and secondary vectors of ZIKVY
[z]. However, with transmission rates below 50%, their
vector competence for ZIKV in the laboratory is low [3].
The guestion therefore remains whether other common
mosquito species such as Culex spp. play a role in the
transmission cycle of ZIKV. The few studies performed
so far have provided Inconclusive results and sug-
gested that at least Culex guinguefasciotus might be
able to transmit ZIKV [4-g]. In addition, for an assess-
ment of the risk of possible spread to regions with
temperate climate such as central Europe, information
is tacking on ZIKV vector competence of mosquitoes
under reduced temperature conditions (& 20°C).

This study aimed to evaluate the vector competence of
central European mosquite species for ZIKV. Therefore,
German populations of Culex pipiens pipiens hiotype
" pipiens (Cx. p. pipiens), Culex pipiens pipiens hiotype
molestus {Cx. p. molestus), Culex torrentium and Ae.
albopictus (Ae. albopictus, GER) were experimentally
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infected with ZIKV, using Ae. aegyﬁﬁ and an ltalian Ae.
albopictus (Ae. albopictus, ITA) as positive controls.

Experimental infection of mosquitoes

Two long-established laboratory sirains (Ae. aegypti
(Bayer company} and Cx. p. molestus {in colony since
2011, collected in Heidelberg, Germany)) and four spe-
cies collected in summer 2016 (Cx. p. pipiens Fo {col-
lected in Hamburg, Germany), Culex torrentium Fo
(collected in Hamburg, Germany), Ae, albopictus Fy
(collected in Freiburg, Germany) and Ae. albopictus F7
{collected in Calabria, Italy)) were analysed and main-
tained as previously described [10,11]. All colonies

tested negative in pan-flavivirus PCRs [12].

Between 150 and zo0 female mosquitoes 4-14
days-old were starved for 24 h before application of
infectious -blood meals containing ZIKV (strain ZIKV_
FB-GWUHN-2016, GenBank KU870645, fifth passage)
[13] at a final concentration af 107 plague-forining units
(PEU)/mL, Artificial feeding was performed using a
Hemotek Feeder (Aedes spp.) or by cotton sticks (Culex
spp.}). Engorged females were incubated at 80% humid-
ity at either 18°C or 27°C. Analyses for ZIXV were done
14 and 21 days post infection (dpi) for approximately
35 randomly selected females -and twice the number
for Ae. aegypti at 27°C. For salivation, mosquitoes were
anaesthetised and the proboscises were inserted into
cropped 10 yl filter tips containing 10 pL phosphate-
buffered saline (PBS). After 30 min, tips were removed
and -saliva-containing PBS was analysed for the pres-
ence of infectious virus particles by measuring its
cytopathic effect (CPE) on Vero cells within the follow-
ing 8 days. ZIKV in the supernatant of cytopathic cells
was confirmed by qRT-PCR using Real Star Zika Virus
RT-PCR Kit {Altona diagnostics, Hamburg, Germany).
fn addition, bodies of all challenged mosquitoes,



TABLE

Susceptibility and transmission rates of mosquitoes experimentally infected with Zika virus (n = 856)

14 days post Infection

Mosqulto taxa

Mean (SD) log1o
RNA caples/specimen® % (%)

21 days post infection

1R" Mean (50) log1o
RNA copies/specimen

1731 4.70 18/33 433
pedes aeayp 18 (55) (0.86) o/17 (55) (0.63) o/18
27 31/63 8.69 1431 16/50 6.82 11/36
(49) ' {1.60} (45) (72) . f.ys5) {31
19/30 4.05 14/39 5.52
Aedes albopictus, ITA e 63) {o.59) o/ (38) {0.87) of14
PIETES, 27 22/31 6.34 422 | 1529 7.4 2/15
(79 (2.14) {18) (52) {2.22} {13)
4/32 6,22 11/32 636
Aedes albapictus, GER ° (43) (1.25) ol - (34) (1:39) o
pIEELS, 27 20/31 6.78 4/=0 1834 8.61 6/18
{63) (2.41) (20} (53 {1.82) {33)
. 12f41 3,40 2/32 2.48
Culex p. molestus ® (z9) (0:38) ohe (©) (0.29) o0
' 7/29 3.73 12/38 4.02
7 ea) (.38} of7 (32) (0.44) of12
16/34 3.38 3/32 3.88 i
. 8 (47) ‘ {0.40) o/16 () (0.43) o/3
Culex p. pipiens yae 313 of35
. d d
27 ® (6.45) of3 ©) NA NA
1t{35 3.15 1/38 3.3t
. 8 31 ©.47) ofit | ) (NA) o/t
Culex torrentium 4136 3.80 Y
. 4
27 ) (.79) o/4 ©) NA Nas

GER: from Germany; |R: Infection rate; ITA: from Italy; NA: not available; SB: standard deviation; T: temperature; TR: transmission rate.
* infection rate: number of ZIKV-positive mosquito bodies per number of fed females.

® RNA coples were averaged over all ZIKV-pesitive mosquito bodies excluding the zeros of ZiKV-negative mosquito bodies.
¢ Transmission rate: number of mosquitoes with ZIKV-positive sallva per number of ZIKV-positive mosguito bodies.
4 Mot available: Mean viral RNA copies and transmlission rate could not be calculated for the specles—temperature combinations with no ZIKY-

positive bodies.

excluding legs and wings, were analysed for ZIKV RNA
by gRT-PCR.

Results

At 14 or 21 dpi, ZIKV RNA was detected In the bodies of
all challenged mosquito taxa, with infection rates rang-
ing between 3 and 72% in the species-temperature
combinations with ZIKV-positive bodies. Infection rates
and virus titres were substantially higher in Aedes spe-
cies, with viral RNA copies ranging from 10? t0 104 in
Culex spp. and from 10% to 10% in Aedes spp. (Table).

Virus load was generally higher at elevated incubation
temperature (27°C vs 18°C), However, transmission of
infectious virus particles as measured by CPE of Vero
cells incubated with mosquito saliva was not detected
in any of the Culex taxa. In contrast, saliva was posi-
tive for infectious virus particles in all Aedes species,
but only at 27°C incubation temperature. Interestingly,
transmission rates at 21 dpf were similar in Ae. gegypti
and Ae. albopictus from Germany but were substan-
tially lower in Ae. albopictus from southern Italy (30%
vs 13%).

45

Discussion

Culex species from central Europe are known as estab-
lished vectors, able to transmit numerous viruses
including West Nile, Sindbis and Usutu virus [14,15]:
The results presented here indicate that the three most
common Culex taxa in central Europe (Cx. p. pipiens,
Cx. p. molestus and Cx, forrentium) do not have vector
competence for ZIKV. This is in agreement with resuls
from other parts of the world including ltaly {47,9],
which all showed a low degree of compentence of the
Cx. pipiens complex for ZIKV transmission.

The Invasive mosquito Ae. albopictus is established in
large parts around the Mediterranean Sea and is con-
sidered to be the main vector in Europe for autachtho-
nous human infections with chikungunya and dengue
virus [16]. Aedes albopictus are regularly Introduced
into' Germany as accidental cargo via road traffic from
southern Europe [17]. In the winter 2015/16, success-
ful overwintering of the species was observed for the
first time in southern Germany {18]. The results pre-

“sented here indicate that specimens of this overwin-

tering population have considerable susceptibility to
ZIKV, although only at elevated temperature of 27°C,

www eurosurvelilance.crg



Moreover, the transmission rate in this overwinter-
ing population was substantially higher than in Ae.
albopictus from the Calabrian region in southern Italy.
Whether the difference in virus susceptibility between
German and [talian Ae. albopictus populations is due
to an ongoing process of adaptation to a new envi-
ronment or fo experimental conditions remalns to
be determined. Nevertheless, the susceptibility of
European Ae. albopictus to ZIKV demonstrates the risk
of arbovirus transmission associated with the estab-
lishment and ongoing spread of this invasive mosquito
species in Europe. Of note, none of the tested Aedes
poputations were susceptible to ZIKV at 18°C, which
- may limit the spread of ZIKV in central Europe to short
summer periods with high temperatures. However, for
a comprehensive risk assessment of ZIKV transmission
in central Europe, further infection studies are needed
at intermediate temperatures (e.g. 21°C and 24°C}) as
well as with other common Aedes species such as Ae.
vexans ot the newly established Ae. japonicus [tg].
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cured without valve surgery; it was cured with a 30-month
antimicrobial drug regimen (14).

The role for serial serclogic testing in assessing cure
of Bartonella endocarditis is unknown. In our cases, as in
a previous report (10), a drop in Barfonella titers occurred
over a 3-year period in those who were cured, suggesting
follow-up serologic testing might be useful to assess Ba-
torella endocarditis clinical cure.

Our findings suggest that a simple, inexpensive drug
regimen is optimal therapy for Bartonella endocarditis and
that serial serologic testing can confirm adequate treatment
and cure, Further research is needed to validate this ap-
proach to managing Barfonella endocarditis.

Dr. Papineni is a Specialist Registrar in Infectious Diseases and
General Medicine in the London Deanery. She is currently a
clinical research fellow at the National University of Singapore
with a research interest in shortening treatment of tuberculosis.
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We tested whole-blood and plasma samples from immuno-
competent patients who had had benign Zika virus infec-
tions and found that Zika virus RNA persisted in whole blood
substantially longer than in plasma. This finding may have
implications for diagnasis of acute symptomatic and asymp-.
tomatic infections and for testing of blood donations.

ince cases of severe neurologic disorders among adults

(1) and fetal abnormalities (2) linked to Zika virus
mfections were initially reported, the World Health Or-
ganization has deemed the Zika virus outbreak a “public
health emergency of international concern” and has raised
Zika virus to the same level of concern as Ebola virus. In
response, medical authorities from many countries have
released advice and guidelines regarding prevention and
diagnosis to contain the spread of this virus and guidelines
regarding safety of ‘whole blood and blood components.
In August 2016, the Food and Drug Administration an-
nounced universal testing for Zika virus RNA in donated
whole blood and blood components taken in the United
States and its territories using a qualitative molecular agsay
on plasma specimens (3).

In Europe, advice on Zika virus regarding the safety of
substances of human origin (4) has been applied in France
since February 15, 2016. A qualitative individual molecu-
lar test for Zika virus RNA in plasma specimens is being
used on whole-blood specimens from blood donors living
in Guadeloupe and Martinique, 2 overseas administrative
areas where Zika virus is autochthonous. Furthermore, in
mainland France and in French overseas areas where no
active Zika virus transmission exists, and since the begin-
ning of the Zika virus outbreak in 2015, blood donors who
have recently visited areas or countries with ongoing Zika
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virus iransmission are subject to a 28-day temporary defer-
ral after their departure from these areas, a period twice the
assumed maximum incubation period for Zika virus. Simi-
larly, temporary deferral applies to blood donots who have
a seX partner who has been recently infected or potentially
exposed to a confirmed or suspected Zika virus infection
within the previous 3 months. .

We report results from a 2016 longitudinal follow-up
of Zika virug RNA quantification in EDTA whole-blood and
plasma samples taken from 5 immunocompetent patients (2
men, 33 and 70 years of age, and 3 women, 55, 58, and 67
years of age)-and resilts from a point-to-point comparison
of Zika viral loads on both EDTA whole-blood and cor-
responding plasma samples (27 pairs). We extracted RNA
by using the MagNA Pure 96 instiument with the DNA and
Viral NA Small Volume Kit (Roche Diagnostics, Meylan,
France) (input and output volumes 200 and 100 pL). We
quantified RNA by using the RealStar Zika RNA RT-PCR
kit 1.0 (Altona Diagnostics GmbH, Hamburg, Germany)
(limit of selection 2.48 log copies/mL). We always suc-
cessfully detected the manufacturer’s internal control. All
samples were collected from patients who had retumed
from the Caribbean or South and Central America and had
had a benign form of Zika virus infection.

Results from the follow-up (18 whole-blood and

21 plasma samples) showed that the median duration of

Zika virus was 22 (range 14-100) days in whole blood
and 10 (range 7-37) days in plasma (p = 0.058). Mean
viral loads of positive samples were 3.39 log copies/mL
in whole blood (n = 13) and 2.52 log copies/mL ih plasma

(n = 6; p = 0.001). Viral loads in the Iast positive samples
varied from 2.7 to 3.9 log copies/mL in whole blood and
2.2 to 2.8 log copiesimL in plasma (p = 0.06). Whole-
blood samples from 2 patients remained positive at 14 and
63 days after their plasma samples had become negative
(Figure, panel A).

The point-to-point comparison (18 pairs from the
follow-up and 9 additional pairs) showed that Zika virus
RNA was quantifiable in 23 whole-blood specimens but in
only 10 plasma samples. Mean viral load was 3.50 (range
2.75-4.17) log copies/mL in whole blood and 3.01 (range
2.21-4.10) log copies/mL in plasma (p< = 0.018) (Figure,
panel B).

These data show that Zika virus RNA persisted in
whole blood after it disappeared in plasma. Similar results
have been reported previously for West Nile virus, also a
member of the Flaviviridae family (5,6), and for Zika virus
with a qualitative in-house PCR. (7).

Our data have 3 main consequences. First, for acute
symptomatic infection, the use of whole blood extends the
period of diagnosis. Second, for asymptomatic infections
with a high likelihood of low viral load, vims detection
in plasma might be less sensitive than detection in whole-
blood specimens. Third, according to our data that show
that viremia can persist for >28 days after symptom on-
set, recommendations used to reduce the risk for Zika virus
transmission through blood or blood components should be
modified. Potential options such as extending the deferral
period or testing blood donations for Zika virus RNA in
whole blood should be cansidered.
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Figure. A) Zika virus viremia in whole blood and plasma from 5 immunocompetent patients in France (identified by sex and age, y} who '
had traveled {o Central or South America or the Caribbean. B) Zika viral load in whole-blood (n = 23) and plasma (n = 10) samples from a
point-to-point comparison of positive samples. Horfzontal lines indicate mean + SE. LOD, limit of detéction; PL, plasma; W8, whole blood.
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Overall, our data show that use of whole-blood speci-
mens is much more sensitive than use of plasma samples to
detect Zika virns RNA. These data could be useful in rec-
ommending the use of whole blood instead of plasma for
the molecular diagnosis of acute symptomatic and asymp-
tomatic Zika virus infections and for the safety of whole
blood and blood components from donors, as well as for
the safety of organs, tissues, and cells from deceased and
living donars.
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We describe & case of methicillin-resistant Staphylococcus
aureus (MRSA) enterocolitis in a heaithy adult with previous

antibiotic exposure. Colonoscopy revealed diffuse colitis

and mild ileitis without ulceration. Stool cultures demon-
strated abundant growth of MRSA and absent normal flora.
Oral vancomycin treatment was effective and seems to be
the consensus choice for therapy.

taphylococcus aureus was recognized as a cause of an-

tibiotic-associated colitis (AAC) in the mid-20th cen-
tury (1,2). Clostridium difficile was later identified as the
primary cause of AAC, and appreciation of S. qureus as a
potential etiology declined (2). Methicillin-resistant S. gu-
reus (MRSA) has also been implicated as a cause of AAC,
with most reports coming from Japan. We report a case of
MRSA enterocolitis in Canada caused by a strain harboring
multiple enterotoxins.

In 2014, a 22-year-old woman sought care after 10
days of acute and profuse diarrhea, abdominal cramping,
nausea, and weight loss of 5 Ibs. She had 10-30 bowel
movements a day and had observed blood-tainted stool.
The patient reported a history of migraine and depression
but was otherwise healthy. She worked in a pet store and
had not been hospitalized. In the previous 2 months, she
had been treated for chlamydia with a single course of
azithromycin and cefixime. Subsequently, she received
a 10-day course of azithromycin followed by 10 days of
moxifloxacin for bronchopneumonia. Her family history
revealed Crohn’s colitis in her father.

The patient was afebrile; blood pressure was 104/58
mm Hg and pulse 91 bpm. Her abdemen was soft with-
out rebound tenderness. Laboratory test results revealed a
normal leukocyte count but a C-reactive protein level of
76 mg/L. Her initial diagnosis was with bacterial enteritis,
and she was sent home with an order for stool cultures and
oral ciprofioxacin to be started after stool collection. On

865



VUG~ L vauar~ry

. "CRENHAD
BB NGB Y L S B I TRER 1 LK Y 22T
B IV S AT A 1G] 4 TSGR TR 1/ 4
H g H T H 29 "L LG TO-LH R B3, H 7 (]
Y Bl s RN R — 4 A2 TS B B Y H ) U3 (R
EE) NG EE S BT EOHMY L B 1Y Br Qs THEa [/ QUK
SOTACAN L ) T T RO T & T U - ST B T
B HE HEZy82%k “YE "G LR B WHRRETY 3 (EY) E 8

c@d BT BREth RO ESROGURTHE QU BT ¢
VNN AMIZ 20640 2 il M8/ 238 X2 BRI ZY LA L G

‘R E WAL

T2 B OB BT D N 2 B TR T 240 Fb - |
. UEOPRS

BEOET T

LY 0B oEAlDA
- RPEI QR T
LAY LG 2B

M H | 9T- 4T Y M
el | 4T-3TEY

CALNFECT S PR R LT L 27—

SLENTIL RN
BFSRAT-TT [1D]E =¥ 21%56) H ¥ 1

h PG LA BAL Y

MY BYNY ANIZ21S O B By YN GT 2 HVST TR GNAT AMIZCO RS " EB (280
LS g M B H 490N B H 4T CH H4ZEIR 0y BT E HAT A 1WA =Y

FHeE) H0ST YR YNT AMIZGY ch IR 2R th ¥} A4 LADd-1Y "2\ ASE2OS SOURIISAMS [EOIID [ed1A0qTe PAOURYUY:
. oy

UCESTUG@EN G H ZSEETIVNY AMIZC ch FIHE "D A IUCE ORI K YT B I
AT B 49BEEAIZ “CD L S KL RO T AR LR OB "2 P
Tl [0 6B R 1 G- W ORERANIZ G TR D30T ¢ B O R QL7 FIsEYNY AMIZQ ch EETIT D ASE 38y - g

. ’ 2 CENAN Y DB BRI Y R ITH M YN AMIZ Q71

2 C-@.(86-59 “ID%G6) H 187 (TF-82 “1D%G6) H P2 ¥REY “(LF—1€ "ID%G6) H 6£7(01-9 “IO%G6) H 824 “(F9-€F ID%E6)
D BN IS "B b 52 Dy SO 3 BN rth QI 02 R G & > VR T B YNY AMIZ Y

AUNE DA Ay /SO WA h B B AR 02 RGO URTHEEYNY ANIZ2Y

B LV GLARGE Ly e “UNBRGEH O B ROURA e RSP 02T "M B
—LAZY T "1 R
B BRPRI QO E H68

AR QB N

A

. %WWWW%@WME O LL B2 ol [H ) R B 3 B O (AT £ N R D6 B PR B0 W T A S YNM(AMIZY LA b QL RO 3 A

= OB L [ T OV GG L 3O
ki qnds] .moaswo%wmﬂﬂw,mwﬂ% . ﬁ%&wwmmmvmﬂ m,wmﬁﬁwwmw% (FET) FLEH
{10p $T 93 2102 PRI [ 18UH N M EARET OFELH ’

afAo(] ‘g AJaquasoy ‘0 Laleg-zed ‘
E¥ET WTY U Ll —
gtz ¥2 '€ "L102 ——
wEnERon SRoswEE | BEYHR-% B8 BEl S SR

LON

=THEE SHks WE=

T-ZEE BTN

al



The NEW ENGLAND JOURNAL of MEDPICINE

ORIGINAL ARTICLE

- Persistence of Zika Virus in Body Fluids
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Janice Perez-Padilla, M.P.H., Freddy A. Medina, Ph.D.,

Stephen H. Waterman, M.D., M.P.H., Carlos Garcia Gubern, M.D.,
Luisa |. Alvarado, M.D., and Tyler M. Sharp, Ph.D.

ABSTRACT

BACKGROUND
To estimate the frequency and duration of detectable Zika virus (ZIKV) RNA in

human body fluids, we prospectively assessed a cchort of newly infected partici-
pants in Puerto Rico.

METHODS

We evaluated samples obtained from 150 participants (1nclud1ng 55 men} in whom
ZIKV RINA was detected on reverse-transcriptase—polymerase-chain-reaction (RT-PCR)
assay in urine or blood in an enhanced arboviral clinical surveillance site. We col-
lected serum, urine, saliva, semen, and vaginal secretions weekly for the first
month and then at 2, 4, and 6 months, All specimens were tested by means of
RT-PCR, and serum was tested with the use of anti-ZIKV IgM enzyme-linked im-
munosorbent assay. Among the participants with ZIKV RNA in any specimen at
week 4, biweekly collection continued until all specimens tested negative. We used
paramettic Weibull regression models to estimate the time until the loss of ZIKV
RNA detection in each body fluid and reported the findings in medians and 95th
percentiles.

RESULTS

The medians and 95th percentiles for the time until the loss of ZIKV RNA detec-
tion were 14 days (95% confidence interval [CI], 11 to 17) and 54 days (95% CI,
43 to 64), respectively, in serum; 8 days (95% CI, 6 to 10) and 39 days (95% CI, 31 to
47) in urine; and 34 days (95% CI, 28 to 41) and 81 days {95% CI, 64 to 98} in
semen. Few participants had detectable ZIKV RNA in saliva or vaginal secretions.
CONCLUSIONS

The prolonged time until ZIKV RNA clearance in serum in this study may have
implications for the diagnosis and prevention of ZIKV infection. Current sexual-
prevention guidelines recommend that men use condoms or abstain from sex for
6 months after ZIKV exposure; in 95% of the men in this study, ZIKV RNA was

cleared from semen after about 3 months. (Eunded by the Centers for Disease
Control and Prevention.)
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/% FTER ITS DISCOVERY IN UGANDA IN

/ 4 1947 Zika virus (ZIKV) was identified in
4. A Brazil in 2015 and subsequently spread
throughout the Americas.! ZIKV is now recog-
nized as a cause of congenital neurologic birth
defects, notably microcephaly,® and has been
associated with potentially fatal complications 24

ZIKV infection can be diagnosed through de-
tection of ZIKV RNA in blood, urine, and other
body fluids on reverse-transcriptase-polymetase-
chain-reaction (RT-PCR) assay.” However, the fre-
quency with which ZIKV RNA can be detected in
various body fluids and the length of time that
it remains detectable are not well understood.
Similarly, ZIKV infection can also be diagnosed
by the detection of anti-ZIKV IgM antibodies,
although the kinetics of IgM antibody produe-
tion have not been fully deseribed.

Although most ZIKV infections are probably
transmitted by infected mosquitoes, ZIKV trans-
mission has been documented through sexual
contact,’® blood transfusion,” laboratory exposure,!
and both intrauterine and intrapartum transmis-
sion.® ZIKV RNA has been detected in semen,?
urine,* saliva,'! cerebrospinal fluid,? vaginal or
cervical secretions,’*** and other body fluids.2518
Most transmissions through sexual contact have
been from men with symptomatic infection to
their female partners.’ However, sexual trans-
mission has also occurred from asymptomatic
men,?* through male-to-male?* and female-to-
male sex,” and possibly through oral sex.? Shed-
ding in the female genital tract appears to be
rare and of short duration.® In contrast, there are
reports of prolonged detection of ZIKV RNA in
semen, with the longest reported duration of de-
tection up to 188 days after onset.6%7 Infectious
virus has been reported in semen up to 69 days,

A detailed understanding of the dynamics of
the early stages of ZIKV infection is needed to
inform diagnestic testing algorithms and preven-
tion interventions, since existing evidence is based
on case reports and cross-sectional observations,
primarily from returning travelers.?® To estimate
the presence and duration of the detection of
ZIKV RNA in body fluids and anti-ZIKV IgM
antibody among participants with acute ZIKV
infection, we established the ZIKV Persistence
(ZiPer) cohort study in Puetto Rico, in which we
prospectively evaluated multiple concurrently col-
lected specimens from participants, Here, we re-
port the results of the interim analyses to provide
_ timely data that can inform recommendations.

METHODS

5TUDY DESIGN AND OVERSIGHT

ZiPer is a prospective cohort study involving par-
ticipants of all ages with ZIKV infection, as diag-
nosed by means of RI-PCR, with a target enroli-
ment of 350 participants. Beginning in May 2016,
patticipants were identified through the Sentinel
Enhanced Dengue Surveillance System (SEDSS),
a prospective surveillance of acute febrile iliness
among patients presenting to the emergency
department of a tertiary care hospital or an out-
patient clinic, both located in Ponce, Prerto Rico.
Patients who presented with fever (temperature,
238.0°C [100.5°FD), rash, conjunctivitis, or arthral-
gia were offered participation in SEDSS. Among
the participants who provided written informed
consent, blood and urine specimens were tested
for causative agents of acute febrile illness, includ-
ing ZIKV. SEDSS participants who tested positive
for ZIKV infection on RF-PCR (index patticipants)
were systematically contacted by study staff and
were offered enrollment in ZiPer. The household
members of index participants were invited to
participate and provide specimens, and those
who tested positive on RT-PCR joined the pro-
spective cobort study. Pull details regarding the
study design are provided in the protocol {avail-
able with the full text of this article at NEJM
.org), which was reviewed and approved by the
institutional review boards at the Centers for
Disease Control and Prevention (CDC) and Ponce
Health Sciences University.

PROCEDURES

All the participants completed an interviewer-
administered questionnaire, which included re-
porting the number of days that had elapsed
since the onset of ZIKV symptoms; household
contacts of the participants reported such data
at the time of enrollment. Participants were de-
fined as being symptomatic if they reported
having had signs or symptoms of ZIKV infection
(fever, conjunctivitis, rash, or arthralgia) during
the 30 days before the interview. Serum, urine,
saliva, semen, and vaginal secretions (the last two
in adults only) were collected weekly for the first-
month and at 2, 4, and 6 months thereafter.
Among the participants in whom ZIKV RNA was
detected in any specimen at week 4, biweekiy col-
lection continled until all the specimens tested
negative. (Details are provided in the Methods
section in the Supplementary Appendiz, available
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at NEJM.org.) All the participants received a $50
reimbursement per visit.

LABORATORY TESTING

Specimens were tested by means of the Trioplex
RI-PCR. assay, as recommended by the CDC for
the detection of dengue, chikungunya, and ZIKV
RNA In addition, we performed validation
analyses for the use of the Trioplex RT-PCR assay
in semen (see the Supplementary Appendix),
Specimens were considered to be positive if tar-
get amplification was detected within 38 thresh-
old cycles. The RNA extraction and real-time
RT-PCR process were considered to be valid if
the human RNase P reaction was positive. Inter-
mittent RNA detection was defined as the detec-
tion of viral RNA that was followed by a lack of
detection and then subsequent detection, regard-
less of the interval between specimen collec-
tions. Serum was tested by means of anti-ZIKV
IgM antibody capture enzyme-linked immuno-
sorbent assay.® ZIKV isolation was attempted
through culture in a subset of semen and serum
specimens (see the Supplementary Appendix).

STATISTICAL ANALYSIS
We summarized the demographic and clinical
characteristics of the participants, along with
details regarding the detection of ZIKV RNA in
fluids and IgM antibody according to the num-
ber of days that had elapsed since the onset of
ZIKV symptoms. We used the kappa statistic to
assess the beyond-chance agreement in RNA
. detection in paired samples of semen and serum
and in paired samples of semen and urine ob-
tained from male participants. Since all the
participants had positive resuits on testing of
serum or Utine at enrollment, we could not in-
dependently assess the serum—urine agreement.
The time until the loss of RNA detection in each
fluid was defined as the number of days between
the onset of ZIKV symptoms and the first nega-
tive RT-PCR. result. To estimate model-derived
percentiles for the time until virus clearance at
the population-level, we assumed that all infected
participants had ZIKV RNA in all specimens at
symptom onset. For the participants who had
intermittent shedding of ZIKV, we used the first
negative result after the final recorded test result
that was positive on RT-PCR; data were censored
for the participants who still had positive results
on RT-PCR_ at the time of the analysis,

The time until the detection of IgM antibody

N ENGL ) MED

was defined as the number of days between the
onset of ZIKV symptors and the first IgM-pas-
itive result; data were censored for the partici-
pants in whom the results were still IgM-nega-

‘tive at the time of the analysis. We used the

Kaplan—Meier method to estimate survival fune-
tions for these outcomes, along with the non-
parametric maximum-likelihood Turnbull esti-
mator and parametric Weibull regression models.
{Details about these models are provided in the
Supplementary Appendix.) The Turnbull method
and Weibull models accounted for interval cen-
soring (since the loss of detection of ZIKV RNA
occurred within an interval between visits instead
of being observed on an exact date). From the
Weibull models, we estimated survival functions
and their 95% confidence intervals, as well as
medians and 95th percentiles. In supplementary
analyses, we estimated models for the time until
the loss of detection that were restricted to the
participants with any ZIKV RNA in a given fluid
and to index participants. Model-derived medians
were not estimated for saliva and vaginal secre-
tions because of the few positive results. All
statistical analyses were performed with the use
of SAS software, version 9.3. '

RESULTS

As of September 21, 2016, we had contacted 414
of the 1258 index participants with symptomatic
ZIKYV infection, as confirmed on RI-PCR assay.
Of these participants, 127 were enrolled in the
study. The percentage of index participants who
were adults (>18 years of age) was higher among
those who were enrolled in the study than
among those who were not enrolled (92% vs.
74%;, and more were male (59% vs. 45%). Of the
195 household contacts of the index participants
who were screened, 23 (12%) tested positive for
ZIKV RNA, for a total of 150 prospective partici-
pants. All the participants remained under pro-
spective observation, with 493 of 549 visits (90%)
attended, except for 1 participant who withdrew
and 2 who were administratively discontinued.

The mean age of participants was 38 years;
44% were female, including 5 who were preg-
nant (Table 1). Four household contacts with
positive results were asymptomatic at enroll-
ment. Among the 146 participants with signs or
symptoms of ZIKV infection at enrollment, 92%
were enrolled within 1 week after the onset of
illness.
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ANTIBODY RESPONSE

Anti-ZIKV IgM antibody was detected in at least
one specimen obtained from 140 of 143 partici-
pants (97.9%). Only one specimen was collected
from each of the 3 IgM-negative participants on
days 4, 7, and 30 after the onset of symptoms.
Details regarding the detection of IgM antibody

are provided in Figure S1 in the Supplementary
Appendix,

ZIKV RNA IN SERUM

A total of 132 of 150 participants (88.0%) had
detectable ZIKV RNA in at least one serum speci-
men (Table 2). Of the 132 participants, 42 (31.8%)
had detectable ZIKV RNA more than once. (Values
for threshold cycle are provided in Rig. S8A in the
Supplementary Appendix,) The median time until
the loss of RNA detection was 14 days (95% con-

 fidence intetval [CI], 11 to 17), and the 95th per-

centile of time was 54 days (95% CI, 43 to G4} on
the basis of the Weibull model (Fig. 14). Results
that were obtained with the use of the Turnbull
model were similar to those obtained with the
Weibull model (Fig. S2A in the Supplementary Ap-
pendix). The nurhber of days after the onset of
symptoms at enrollment did not influence the
time until the loss of ZIKV RNA detection. When
the analyses were restricted to the 50% of par-
ticipants who were enrolled within 2 days after
symptom onset, the median time until the loss of
detection was 13 days (95% CI, 10 to 17). Among
the 5 pregnant women, 3 had detectable RNA at
46 days after symptom onset. At the interim analy-
sis, 20 of 150 (13.3%) had detectable RNA at
their last visit and were still being followed. The
maximum duration of detection was 80 days
after symptom onset in a pregnant participant;
an estimated 2% had detectable RNA at this
time (Fig. S3A in the Supplementary Appendix).

ZIKV RNA IN URINE

ZIKV RNA was detected in at least one urine
specimen in 92 of 149 participants (61.7%) (Ta-
ble 2). Overall, 15 (10.1%) had detectable RNA in
urine but not in serum, whereas 55 (36.7%) had
RNA in serum but not urine. The model-based
median time until the loss of detection was 8 days
(95% CI, 6 to 10), and the 95th percentile of time
was 39 days (95% CI, 31 to 47) (Fig. 1B).

ZIKV RNA IN SALIVA AND VAGINAL SECRETIONS
Among the 147 participants who were tested, 15
(10.2%) had ZIKV RNA in at least one saliva

specimen (Table 2). The rate of positivity in
these samples was lower than the rate in serum
and urine at any number of days after symptom
onset (Table 3). Similarly, only 1 in 50 women
(2%) had ZIKV RNA in vaginal secretions (at 3 days
after symptom onset), All the samples were posi-
tive in the RNase P control reaction.

ZIKV RNA [N SEMEN

Of 68 eligible male participants, 55 (81%) pro-
vided at least one semen specimeit. ZIKV RNA was
present in at least one specimen in 31 participants
(56%). Chance-corrected agreement of RNA de-
tection was low in paired samples of semen and
serum (x = 0.05; 95% CI, ~0.05 to 0.16) and
samples of semen and urine (x = 0.11; 95% CI,
0.01 to 0.22). The model-derived median time
until the loss of RNA detection was 34 days
(95% CI, 28 to 41), and the 95th percentile of
time was 81 days (95% CI, 64 to 98) (Fig. 1C).
However, 11 of 55 participants had ZIKV RNA in
semen at their last visit and are still being fol-
lowed. The maximum duration of RNA detection
was 125 days after symptom onset; an estimated
4% continued to have detectable RNA at that
time (Fig. S3C in the Supplementary Appendix).

TIME UNTIL THE LOSS OF DETECTABLE ZIKV RNA

We also estimated the time until the loss of RNA
detection among the participants with any ZIKV
RNA in a given fluid during follow-up. Among
this subset, the model-derived estimated percen-
tiles of time until the loss of RINA detection were
longer because the analyses were limited to par-
ticipants with continued viral shedding (Figs. 84,
85, and 86 in the Supplémentary Appendix).

ANALYSES LIMITED TO INDEX PARTICIPANTS

Index participants were more likely to be male
than were the 19 symptomatic household con-
tacts (59% vs. 42%), to be at least 18 years of age
(92% vs. 68%), and to have been recruited within
1 week after symptom onset (99% vs. 42%), When
the model was limited to index participants, the
estimated median time until the loss of detec-
tion of ZIKV RNA decreased by 1 day in serum
and urine and increased by 2 days in semen (Fig.
§7 in the Supplementary Appendix).

INTERMITTENT RNA DETECTION .

We observed intermittent ZIKV RNA detection in
serum obtained from 15 participants, in urine
samples obtained from 5 participants, and in
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semen samples obtained from 3 participants
(Big. S9 in-the Supplementatry Appendix). The
range of days between positive specimeéns was
14 to 62 in serum, 14 to 35 in urine, and 21 to
36 in semen.

1SOLATION OF ZIKY

ZIKV isolation was attempted in 20 semen speci-
mens with threshold-cycle values ranging from
19 to 37 and in 20 serum specimens with
threshold-cycle values ranging from 22 to 37
Virus isolation was successful in 6 of 20 semen
specimens (30%) with threshold-cycle values rang-
ing from 19 to 27 and in 1 of 20 serum speci-
mens (5%) with a threshold-cycle value of 22.

DISCUSSION

In this preliminary analysis, we obtained data
on how long it takes for ZIKV RNA to clear
among the participants with acute ZIKV infec-
tion and detectable ZIKV RNA at enrollment.
The recruitment of participants was based on an
ongoing surveillance platform that enabled 90%
of participants to enroll within the first week
after the onset of symptoms, which provided
increased resolution for ZIKV RNA detection
starting soon after symptom onset. In our study,
half of the participants had detectable viral RNA
in urine for at least 1 week after symptom onset,
in sertzm for 2 weeks, and in semen for more
than 1 month, whereas 5% or less had detect-
able viral RNA in urine for 6 weeks, in serum for
8 weeks, and in semen for 3 months. Conversely,
ZIKV RNA was infrequently detected in saliva
and vaginal secretions.

The CDC recommends RT-PCR testing of se-
rum and urine samples obtained from symptom-
atie participants less than 14 days after symptom
onset.’ Cur results contrast with the findings of
other studies, ) which showed more frequent
detection of ZIKV RNA in urine than in serum.
However, the cited studies had small sample sizes
that limit generalizability. The discrepant results
may also be explained by differences in the popu-
lation that was included in the analyses. A previ-
ous study showed frequent ZIKV RNA detection
in saliva within 5 days after symptom onset.!
We detected ZIKV BNA infrequently in saliva;
however, we did not have enough specimens to
determine RNA detection eatly after onset.

IgM antibody was detectéd in almost all ZIKV-

infected participants in this study. This finding

N ENGL j MED

Table 1. Characteristics of the Participants at Baseline.

Characteristic
Age .
Mean (range) —yr
Agé group — no. (%)
0-17yr
18-64 yr
265 yr
Female sex— na. (%)
Pregnancy — no. {%)

Presence of signs or symptoms of Zika virus
infection at enrollment — no. (%)

No*
Yes

Days after symptom onset at enrollment
— no.ftotal no. (%)

0-2 days
3-5 days
67 days
8-14 days
=15 days

Signs or symptoms at enroliment
— no.jtotal no. (%6)§

Fever
Red eyes or eye pain
Rash
Pruritus
Photophobia
Edema
ArEhraIgia
Myalgia
Headache
Abdominal pain
Lymphadenopathy
Diarrhea
Nausea
Yomiting
Pelvic pain
Dysuria
Otherf -
Laboratory findings
Median white-cell count {range} per mm?
Median platelet count {range} per mm?
Median hematocrit (range) — %

Patticipants
(N=150)

37.8 (<1to 83}

17 (11.3)

© 124 (82.7)
9 (6.0)

66 (44.0)
5(3.3)

4(2.7)
146 (57.3)

66/146 (45.2)
63/146 (43.2)
5/146 (3.4)
4/146 (2.7)
'8/146 (5.5)

115/146 (78.8)
119/146 (81.5)
135/144 (93.8)
117/145 (80.7)
55/144 (41.0)
92/145 (63.4)
120/139 (86.3)
102/125 (81.6)
115145 (79.3)
73/145 (50.3)
507144 (34.7)
62/145 (42.8)
63/145 (43.4)
17/145 (11.7)
25/135 (18.0)
25145 (17.2)
129/144 (39.6)

5200 (2100 to 40,000)
216,000 (80,000 to 373,000)
42.2 (30.9t0 51.9)

* This category includes two participants who were asymptomatic at baseline but

in whom signs or symptoms developed within 7 days after specimen collection.

7 The median duration of fever was 2 days (range, 1 to 22); red eyes, 3 days
" (range, 1 to 7); and rash, 5 days (range, 1 to 23).
i Other signs or symptoms included cough (in 33.1% of the participants), yellow

eyes or skin (4.895), difficulty urinating (7.896), bleod in urine (5.5%), painful
ejaculation (6.7% of meny), and penile discharge {2.7% of men).
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Table 2, Detection of ZIKV RNA In Body Flulds and Anti-ZIKV 1gM Antibody in Serum, According to Subgroup.*
Anti-ZIKV 1gM
Subgroup ZIKV RNA Antibody
Vaginal
Serumn Urine Saliva Secretions Semen Serum
numberftotal number (percent)

All participants 132/150 (88.0)  92/149 (6L.7)  15/147 (10.2)  1/50(20)  31/55 (56.4) 1407143 (97.9)
Age (yr) ‘

0-17 15/17 {88.2) 9/16 {56.3) 1/16 (6.3) NA NA 17/17 (100)

18-64 109/123 (88.6)  73/123 (59.3)  14/222 (115} 1747 (21)  30/54 (55.6) 114/117 (37.4)

265 7{9(77.8) 9/9 (100) of9 ' 0f3 1/1 (100) 9/9 (100}
Sex

Male 72/83 (86.8) 54/83 (65.1)  9/83 (10.8) NA 31/55 (56.4) 78/20 {97.5)

Female 58/66 {85.4) 37/65 (56.9)  6/64 (9.4) 1/50 (2.0) NA 62/63 (98.4)
Pregnancy 3/5 (100) 0/5 of5 0f5 NA 5/5 (100

* Of the 150 index participants, 127 were recruited into the study after a visit to the Sentinel Enhanced Dengue Surveiflance System (SEDSS).

Saliva, vaginal secretions, and semen are not collected as part of SEDSS. Therefore, few specimens of these types were available within 7 days
after the onset of symptoms. NA denotes not applicable,

may reflect a primary immune response to ZIKV,
However, given the high prevalence of previous
flavivirus infection in Puerte Rico, these re-
shits may not be generalizable to a population
that has not been extensively exposed to flavivi-
. rus. The usefulness with regard to the specificity
of IgM testing for diagnosis of ZIKV in geo-
graphic areas with discrepant exposure to flavi-
virus requires further study.

In our study, the observed duration of ZIKV
RNA in serum was longer than detection times
reported for dengue virus. More than 90% of the
patients who are infected with any of the four
dengue viruses clear RNA within 10 days after
the onset of symptoms.® Studies involving asymp-
tomatic blood donors with the use of transcrip-
tion-mediated amplification (a technique that is
more sensitive than RT-PCR) showed that the
median time until RNA clearance for West Nile
virus was 13 days (95% CI, 12 to 15), an interval
that is similar to what we observed for ZIKV.3*
Since the cross-reactivity of antibodies between
flaviviruses limits the use of serologic analysis,
we recruited participants who had detectable
RNA at enrollment, a factor that could have con-
tributed to increased times until RNA clearance.
Although we were able to isolate ZIKV in serum
and semen specimens with low threshold-cycle

values, further study is required to determine
whether the extended duration of ZIKV RNA in
serum correlates with infectivity. The minimal
time that persons who have potential exposure
to ZIKY should avoid donating blood is currently
120 days, which covers the maximum duration of
RNA detection that we observed in our study.®
The CDC recommends that women who have
been infected or exposed to ZIKV wait at least
8 weeks from symptom onset or last exposure
before attempting conception.® In our study,
95% of the participants no longer had detectable
ZIKV RNA in serum at 8 weeks. Although these
data suggest that the risk of intrauterine trans-
mission among ZIKV-infected women who are
trying to conceive toward the end of an 8-week
period after symptom onset is small, we will con-
tinue to monitor women of reproductive age to
inform evaliations of these recommendations.
Despite model-based estimates suggesting that
sexual transmission contributes only modestly
to epidemic propagation,*® sexual transmission
could complicate efforts to prevent the transmis-
sion of ZIKV. The CDC recommends that men
with possible ZIKV exposure, regardless of symp-
tom status, should use condoms or abstain from
sex for at least 6 months.*¢ Although two case re-
ports detected RNA in semen more than 180 days
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Figure 1. Time until the Clearance of Zika Virus RNA
in Serum, Urine, and Semen.

Shown are models of the time until the.loss of Zika virus
(ZIKV) RNA detection after the onset of symptoms in
serum (Panel A), urine (Panel B), and semen (Panel C)
obtained from 150 study participants, as estimated
with the use of Weibull regression. To estimate model-
derived percentiles for the time until virus clearance at
the population level, we assumed that all ibfected par-
ticipants had ZIKV RNA in all specimens at symptom
onset. Also shown are medians and 95th percentiles of
the time until the loss of detection, the key values that
were reported in this preliminary study. Blue shading
danotes 95% confidence intervals. Data for 4 partici-
pants who were asymptomatic at the time of enrollment
‘were excluded from the estimates of the time until the
loss of RNA detection, since the number of days after
the onset of symptoms could not be determined.

after symptom onset,*? such late detection seems
infrequent. Our study documented that few men
have detectable ZIKV RNA past 3 months, and
the maximum time that has been observed in
our study thus far was 125 days.

Our study has several limitations. By enroll-
ing only participants with positive results for
ZIKV RNA in urine or serum on RT-PCR. assay
at baseline and excluding those who were IgM-
positive only, we may have biased our findings
by recruiting persons who have a longer dura-
tion of ZIKV RNA in serum or urine. However,
when our analyses were limited to participants
who had enrolled within 2 days after symptom
onset, our duration estimates were similar to
those in the overall sample. The detection of
ZIKV RNA does not necessarily correlate with
having infectious virus, a factor that we are study-
ing in additional virus-isolation assays. We de-
termined the limit of detection of ZIKV RNA in-
semen, but we were unable to evaluate the sen-
sitivity of the test for saliva and vaginal secte-
tions with a similar validation study. However,
all semen, saliva, and vaginal swabs tested posi-
tive for the RNase P internal control reaction,
which suggests that the RNA extraction and
conditions of the assay ate probably not reasons
for the failure to detect ZIKV RNA in saliva and
vaginal secretions, Nonetheless, without know-
ing the limit of the detection of the Trioplex
RT-PCR assay in these specimen types, negative
results should be interpreted with caution. To
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Table 3, Detection of ZIKV RNA in Body Flulds and Anti-ZIKV Igh Antibody in Serum, According to the Number of Days after Symptom
Onset.*
Positivity and Days Anti-ZIKV lgM
after Symptom Onset ZIKV RNAY Antibodys:
‘ Vaginal
Serum Urine Saliva Secretions Semen Serum
nurnberftotal number (percent)
Participant analyses )
Any interval after 128/146 (87.7)  90/145 (62.) 13/143 (9.1) 1/49 (2.0) 31/55 (56.4) 137/139 (93.6)
symptom onset
0~7 days 118/134 (88.1) 77/129 (59.7) 3/6 (50.0) 171 (100) o1 17/50 (34.0)
8-15 days 10/28 (35.7) 12/29 (41.4) 1/25 (4.0) 0/6 5/8 (62.5) 28/28 (100)
16-30 days 27/129 (209) 217125 (16.8) 5/127(3.9) - 039 20/40 (50.0) 120/121 (99.2)
3145 days 14/126 (11.1) 6/119.(5.0) 4/125 (3.2) 0742 20/46 (43.5) 108/111 (97.3)
46-60 days 6/67 (9.0) 1/65 (1.5) 1/64 (1.6) 021 6/25 (24.0) 58/60 (96.7)
>60 days 3179 (3.8) 071 1/80 (1.3) 0/30 3/23 (13.0) 52/60 (36.7)
Specimen analyses ‘ '
Any interval after 190/805 (23.6)  120/750 {16.0) 17/647 (2.6) 1/219 (0.5)  76/216 (35.2)  563/622 (0.5) ,
symptom onset
0-7 days 119/135 (88.2) 77/129 (59.7) 47 (57.1) 1/1 (100) 0/1 17/50 (34.0)
8-15 days 10/28 (35.7) 12/29 (41.4) 1/25 (4.0) 0/6 5/8 (62.5) 28/28 (100)
16-30 days 34/227 (150} 24/214 (11.2) 6/216 (2.8) 0/66 29/65 (44.6) 205/207 (99.0)
31-45 days 16/211 (7.6) 6/197 (3.0) 41203 (2.0) 0/73 29/76 (38.2) 176/180 (37.8)
46~60 days 7/79 (8.9) 177 (1.3) 175 (1.3) 0/30 6728 (21.4) 69/71 (97.2)
>60 days 4/125 (3.2) 0/104 1/121 (0.8) 0743 7/38 (18.4) 68/86 (79.1)

*The number of participants and specimens that were eveluated at each intetval after the onset of symptoms varies because participants were
enrolled as they presented for surveillance or tested positive as household contacts. Data for the four household contacts who were asymptom-

atic at the time of enrollment were excluded from this analysis, since there was no known date of symptorn onset. For these participants, the

maximum duration of detection after enrollment was 65 days for serurn and 15 days for urine; none of these participants contributed semen.

T Among the participants whe had positive results for ZIKV RNA at the last study visit and are still being followed are 20 participants with ongo-
ing serum analysis {maximum duration at last analysis, 80 days after symptom oriset); 10 participants with ongoing urine analysis (maximum

duration, 5¢ days after symptom onset); and 11 participants with angoing semen analysis (maximum duration, 125 days after symptom onset).

i Three participants who had negative results on testin

and 30 days after symptom onset.

g for IgM antibody are still being followed, since the last visit for each occurred at 4, 7,

estimate model-derived percentiles for the time
until virus clearance at the population level, we
assumed that all infected participants had ZIKV
RNA in all specimens at symptom onset. This
assumption resulted in shorter medizn and 95th
percentile estimates than if we had limited our
analyses only to participants with detectable
ZIKV RNA. Data that were obtained from symp-
tomatic participants may not be generalizable to
all persons infected with ZIKV,

In conclusion, our study provides a longitudi-
nal assessment of multiple body fluids to de-
scribe the persistence of ZIKV among infected
participants. The results provide preliminary evi-
dence that ZIKV is present in serum for a longer

period than expected for other flaviviruses (e.g.,
dengue), a finding that may have implications
for diagnostic recommendations and prevention
of transmission.
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CDC study estimates 20-fold increase in certain types of birth
defects in pregnancies with possible Zika infection compared
with pre-Zika years - |

Media Statement

Embargoed until: Thursday, March 2,2017, 1:00 PM

Contact; Media Relations (https://www.cdc.gov/medial,
(404) 639-3286

The proportion of Zika-affected pregnancies with birth defects is approximately 20-fold higher
compared with the proportion of pregnancies seen in 2013-2014, which is before Zika was
introduced into the Americas, according to an article published today in CDC's Morbidity and
Mortality Weekly Report. The types of birth defects—including brain abnormalities and/or
microcephaly, neural tube defects and other early brain malformations, eye defects, and other
central nervous system (CNS) problems—were seen in about 3 of every 1,000 births in 2013-
2014. In 2016, the proportion of infants with these same types of birth defects born to women
with Zika virus infection during pregnancy was about 6% or nearly 60 of every 1,000 completed
pregnancies with Zika infections.

The researchers analyzed 2013-2014 data from three birth defects surveillance programs in the
~ United States (Massachusetts, North Carolina, and Georgia) to provide the baseline frequency
for Zika-related birth defects. To assess the effect of Zika virus infection during prégnancy, the
scientists compared that 2013-2014 baseline number with previously published numbers among
pregnancies with Zika virus infection from the US Zika Pregnancy Registry (USZPR} from 2016.

They identified 747 infants and fetuses with one or more of these defects from programs in
Massachusetts, North Carolina, and Georgia, from 2013-2014. Brain abnormalities and/or
microcephaly were the most frequent conditions reported. Data from the USZPR identified 26
infants and fetuses with these same birth defects among the 442 completed pregnancies of
women with possible Zika infection from January through September 2016. These findings
demonstrate the importance of having monitoring systems that collect data on birth defects.

CDC supports state, territorial, tribal and local health departments to establish or enhance
surveillance systems that rapidly collect information about birth defects that have been
observed with Zika virus infection during pregnancy. Today, five additional
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jurisdictions—Arkansas, Nebraska, Nevada, the Federated States of Micronesia, and the
Republic of the Marshall Islands— were awarded funding, bringing the total to 50 jurisdictions
- and more than $27 million in support of birth defects surveillance for fiscal years 2016 and
2017,

CDC continues to recommend that pregnant women not travel to areas with Zika

(https://www.cdc.gov/zika/geo/index.html). If a pregnant woman must travel to or livesin an

area with Zika, she should talk with her healthcare provider and strictly follow steps to prevent

mosgwto !https [waw cde, gov12|ka[greventlon[grevent mosquito-bites.htmilbites and sexual

virus. Pregnant women with possible exposure to Zika virus should be tested for Zika infection

even if they do not have symptoms. For more information, please visit

www.cdc.gov/zika/pregnancy/ (https://www.cdc.gov/zika/pregnancy/).

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

Connect with CDC Media
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Key Points

e In 2016, a total of 1,297 pregnancies with possible recent Zika virus infection were reported to
the U.S. Zika Pregnancy Registry from 44 states.

» Approximately one in 10 pregnancies with laboratory-confirmed Zika virus infection resulted in
a fetus or infant with Zika virus-associated birth defects. ‘

e The proportion of fetuses and infants with Zika virus-associated birth defects was highest
among those with first trimester Zika virus infections.

» Only 25% of infants from pregnancies with possible recent Zika virus infection reported
receiving postnatal neuroimaging.

s [dentification and fd!low-up care of infants born to mothers with laboratory evidence of possible
recent Zika virus infection during pregnancy and infants with congenital Zika virus infection can
ensure that appropriate intervention services are available to affected infants.

¢ Additional information is available at https://www.cdc.gov/vitalsigns/
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Abstract

Background: In collaboration with state, tribal, local, and territorial health departments, CDC
established the U.S. Zika Pregnancy Registry {USZPR) in early 2016 to monitor pregnant women with
laboratory evidence of possible recent Zika virus infection and their infants.

Methods: This report includes an analysis of completed pregnancies {which include live births and
pregnancy losses, regardless of gestational age} in the 50 U.S. states and the District of Columbia (DC)
with [aboratory evidence of possibie recent Zika virus infection reported to the USZPR from Jénuary
15 to December 27, 2016. Birth defects potentially associated with Zika virus infection during
pregnancy include brain abnormalities and/or microcephaly, eye abnormalities, other consequences of
central nervous system dysfunction, and neural tube defects and other early brain malformations.

Results: During the analysis period, 1,297 pregnant women in 44 states were reported to the USZPR.
Zika virus-associated birth defects were reported for 51 (5%) of the 972 fetuses/infants from
completed pregnancies with laboratory evidence of possible recent Zika virus infection (95%
confidence interval [Cl] = 4%~7%); the proportion was higher when restricted to pregnancies with
laboratory-confirmed Zika virus infection (24/250 completed pregnancies [10%, 95% CI = 7%-14%]).
Birth defects were reported in 15% (95% C! = 8%-26%) of fetuses/infants of completed pregnancies
with confirmed Zika virus infection in the first trimester. Among 895 liveborn infants from pregnancies
with possible recent Zika virus infection, postnatal neuraimaging was reported for 221 {25%), and Zika
virus testing of at least one infant specimen was reported for 585 (65%).

Conclusions and Implications for Public Health Practice: These findings highlight why pregnant
women should avoid Zika virus exposure. Because the full clinical spectrum of congenital Zika virus
infection is not yet known, all infants born to women with laboratory evidence of possible recent Zika
virus infection during pregnancy should receive postnatal neuroimaging and Zika virus testing in
addition to a comprehensive newborn physical exam and hearing screen. Identification and follow-up
care of infants born to women with laboratory evidence of possible recent Zika virus infection during
pregnancy and infants with possible congenital Zika virus infection can ensure that appropriate clinical
services are available.

introduction - ~Top

In response to the outbreak of Zika virus in the World Health Organization Region of the Americas and
concerns about birth defects linked to Zika virus infection during pregnancy, CDC issued a travel
notice on January 15, 2016, advising pregnant women to consider postponing travel to areas with
active transmission of Zika virus. As part of the initial phase of the emergency response, CDC
collaborated with state, tribal, local, and territorial health departments to establish the U.S. Zika
Pregnancy Registry (USZPR) as an enhanced national surveillance system to monitor pregnancy and
fetal/infant outcomes among pregnancies with laboratory evidence of possible recent Zika virus
infection { 4). The USZPR includes data on pregnant women and their infants at birth and at ages 2, 6,
and 12 months. :
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The USZPR includes data from all 50 states, DC, and all U.S. territories except Puerto Rico; pregnancies
in Puerto Rico are monitored separately by the Zika Active Pregnancy Surveillance System (2. To he
included in the USZPR, either the pregnant woman, placents, or fetus/infant must have laboratory
evidence of possible recent Zika virus infection. Pregnant women in the United States and U.S.
territories {(with the exception of Puerto Rico) with laboratory evidence of possible recent Zika virus
infection (regardless of whether they have symptoms) and the periconceptional]\),* prenatally, or
perinatally exposed infants born to these women are eligible to be included. The USZPR also includes
infants with laboratory evidence of possible congenital Zika virus infection (regardless of whether they
have symptoms or findings at birth) and their mothers.

This report updates the previous report (3) from the USZPR and provides data on pregnancies
completed in the 50 U.S. states and DC from December 1, 2015 through December 27, 2016, reported
to CDC from January 15, 2016, through March 14, 2017.7 Completed pregnancies include those of any
length of gestation that end in a liveborn infant or a pregnancy loss. The baseline prevalence of defects
consistent with those that have been observed with congenital Zika virus infection was approximately
2.9 per 1,000 live births.in the pre-Zika years (4. The initial findings from the USZPR represent an
approximate twentyfold increase in Zika virus-associated birth defects among pregnant women with
laboratory evidence of possible recent Zika virus infection, with an approximate thirtyfold increase in
brain abnormalities and/or microcephaly. Updated data in this report can also be compared with this
benchmark (34). ‘

Methods . , ~Top

The USZPR defines [aboratory evidence of possible recent Zika virus infection as 1) recent Zika virus
infection detected by a Zika virus RNA nucleic acid test (NAT, e.g., reverse transcription-polymerase
chain reaction [RT-PCR]) on any mafernal, placental, or fetal/infant specimen or 2) detection of recent
Zika virus infection or recent unspecified flavivirus infection by serologic tests on a maternal or infant
specimen (i.e., either positive or equivocal Zika virus immunoglobulin M [1gM] AND Zika virus plaque
reduction neutralization test [PRNT] titer 210, regardless of dengue virus PRNT value; or negative Zika
virus lgM, AND positive or equivocal dengue virus lgM,AND Zikavirus PRNT titer 210, regardless of
dengue virus PRNT titer). Infants with positive or equivocal Zika virus IgM are included, provided a
confirrhatory PRNT has been performed on a maternal or infant specimen. The USZPR laboratory
inclusion criteria are specified as “possible” recent Zika virus infection because the USZPR includes
mother-infant pairs with serologic'al evidence of a recent unspecified flavivirus infection, as well as
those with laboratory-confirmed Zika virus infection.

Analyses were done on both the overall completed pregnancies in the USZPR from the 50 U.S. states
and DC and a subset of completed pregnancies that demonstrated confirmed recent Zika virus
infection (54). These are pre-gnancie,s in which the presence of Zika virus RNA in a maternal, placental,
or fetal/infant specimen was documented by a positive NAT, or in which Zika virus IlgM was positive or
equivocal and Zika virus PRNT titer was 210 and dengue virus PRNT was <10.

Among symptomatic women, gestational timing of Zika virus infection was calculated using symptom
onset date. Among asymptomatic women, the trimester of exposure was calculated using dates of
travel to areas of active Zika virus transmission or sexual exposure. First trimester exposure was
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classified into two categories: 1) women with symptoms or exposure in the first trimester only®
(defined as first trimester or first trimester and periconceptional period); and 2} women with exposure
du’ring multiple trimesters including the first trimester. Estimates were not calculated for exposure in
other trimesters because of small numbers. Pregnant women who did not have first trimester exposure
might have had exposure in the periconceptional period only, second trimester, third trimester, or both
the second and third trimester: for many women, the information on trimester of exposure was
missing.

The Zika virus-associated birth defects (henceforth referred to as “birth defects”) were analyzed in _

' two mutually exclusive categories: 1) brain abnormalities and/or microcephaly regardless of the
presence of additional birth defects, and 2) neural tube defects and other early brain malformations,
eye abnormalities, and other consequences of central nervous system dysfunction, among fetuses and
infants without evident brain abnormalities or microcephaly (7. Clinical experts reviewed reported
information to ensure that each fetus or infant with birth defects met the criteria of the USZPR case
definition.

The prdportion of fetuses or infants with birth defects among completed pregnancies was estimated
among asymptomatic and symptomatic pregnant women, and women with first trimester exposure,
using the Wilson score interval and $5% C! for a binomial proportion. Outcomes from multiple
gestation pregnancies were counted once. Separate estimates were calculated for pregnancies with
any laboratory evidence of recent Zika virus infection and for the subset of pregnancies with
laboratory-confirmed recent Zika virus infection. For all liveborn infants with and without birth
defects, the proportion who had any reported postnatal neuroimaging (cranial ultrasound, computed
tomography, or magnetic resonance imaging) was calculated, as well as the proportion who had
laboratory testing for Zika virus reported on an infant specimen. CDC released updated Interim
Guidance for the Evaluation and Management of Infants with Possible Congenital Zika Virus infection
in August 2016 (&), which stated that postnatal neuroimaging and testing should be routine for all
infants born to women with laboratory evidence of Zika virus infection during pregnancy; the
proportion of infants with neuroimaging performed was calculated before and after this guidance was
released. ‘

Results ~Top

From January 15 through December 27, 2016, a total of 1,297 pregnancies with possibie recent Zika
virus infection were reported to the USZPR from 44 states { Figure 1), including 972 completed
pregnancies with reported outcomes (895 tiveborn infants and 77 pregnancy losses). Among the
completed pregnancies, 599 (62%) pregnant women were asymptomatic, 348 {36%) were
symptomatic, and 25 (3%) had missing symptom information ( Table 1},

Birth defects were reported for 51 (5%) of the 972 completed pregnancies with laboratory evidence of
possible recent Zika virus infection. The proportion was higher among completed pregnancies with
confirmed Zika virus infection (24/250, 10%). Among completed pregnancies with confirmed Zika virus
infection, 217 of 250 (87%) tested positive by RT-PCR, including 24 pregnancies with a fetus or infant
with birth defects.
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Birth defects were reported in similar proportions of fetuses/infants whose mothers did and did not
report symptoms of Zika virus disease during pregnancy. Brain abnormalities and/or microcephaly
were reported in 43 (84%) of 51 fetuses/infants with birth defects. Among pregnancies with confirmed
Zika virus infection, brain abnormalities and/or microcephaly were reported in 18 (75%) of 24
fetuses/infants with birth defects, The 51 fetuses or infants with birth defects were from pregnancies
with Zika virus exposure from the following 16 countries/territories with active Zika virus
transmission: Barbados, Belize, Brazil, Cape Verde, Colombia, Dominican Republic, El Salvador,
Guatemala, Guyana, Haiti, Honduras, Jamaica, Mexico, Puerto Rico, Republic of Marshall Islands, and
Venezuela. ‘

Birth defects were reported in a higher proportion of fetuses or infants whose mothers were infected
during the first trimester of pregnancy. Amang 157 pregnancies in which women had symptom onset
or exposure to Zika virus infection during the first trimester, 14 (9%) fetuses/infants had reported birth
defects (Table 1). When pregnancies with symptom onset or exposure during first trimester were
limited to those with laboratory-confirmed Zika virus infection, nine {15%) of 60 completed
pregnancies had reported birth defects.

Among the 895 liveborn infants, postnatal neuroimaging results were reported to the USZPR for 221
(25%). Zika virus testing results of any specimen were reported for 585 (65%) infants; 94 (11%) of all
895 liveborn infants had positive Zika virus test results. Among the 45 liveborn infants with birth
defects, 25 (56%) had positive infant Zika virus testing results reported, and 29 {(64%) had postnatal
neuroimaging reported to the USZPR ( Table 2}. Among the 850 liveborn infants without birth defects,
69 (8%) had positive infant Zika virus testing results reported, and 192 (23%) had postnatal
neuroimaging reported to the USZPR. The percentage of infants reported to have received postnatal
neuroimaging was 20% among 406 born through August 2016, and 28% among 489 born during
September-December 2016, after the updated CDC guidance was released (8) ( Figu re 2),

Conclusions and Comments ’ ~Top

The number of pregnant women with laboratory evidence of possible recent Zika virus infection and
the number of fetuses/infants with Zika virus-associated birth defects continues to increase in the
United States. The proportion of fetuses and infants with birth defects among pregnancies with
confirmed Zika virus infection at any time during pregnancy was more than 30 times higher than the
baseline prevalence in the pre-Zika years, and a higher proportion of those with first trimester
infections had hirth defects {4, Although microcephaly was the first recognized birth defect reported
in association with congenital Zika virus infection, Zika virus-associated brain abnormalities can occur
without microcephaly, and neuroimaging is needed to detect these abnormalities (9. Neuroimaging is
also used in other congenital infections to identify brain abnormalities; for example, neuroimaging
findings in infants with congenital cytomegalovirus infection are correlated with neurodevelopmental -
outcomes ( Z0). Postnatal neuroimaging is recommended for all infants born to women with laboratory
evidence of Zika virus infection to identify infants with brain anomalies that warrant additional
evaluation to ensure that appropriate intervention is provided (&), Based on data reported to the
USZPR, the majority of these infants had not received recommended neurcimaging. In addition to
“infants with birth defects, complete follow-up and routine developmental assessment of all infants
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born to women with laboratory evidence of possible recent Zika virus infection is essential to help
identify future outcomes potentially associated with congenital Zika virus infection and ensure that the
referrals to appropriate support and follow-up care are made.

The findings in this report are subject to at least four limitations, First, selection bias might affect which
pregnancies are reported to the USZPR, because pregnant women with symptoms of Zika virus disease
might be more likely than asymptomatic women to be tested. Pregnant women with Zika virus
exposure and prenatally detected fetal abnormalities or infants with birth defects might be more likely
to be tested for Zika virus infection, In addition, pregnancies resulting in a loss might be more likely to
have had a confirmed Zika virus infection and more likely to have the placenta or other pathologic
specimens tested (77). However, it is also possible that birth defects in pregnancy losses, including
stillbirths, have not been reported. Second, while CDC has worked closely with state and local health
departments to obtain complete information, delays in reporting postnatal neuroimaging or infant Zika
virus testing results are possible. In addition, some of the pregnancies included in the analysis were
completed before CDC’s most recent infant guidance (&) was released, and thus, current
recommendations for neuroimaging or testing might not have been implemented. Third, current
testing methodologies are limited in that they can only identify recent Zika virus infections (5) and
might miss those women who are tested when Zika virus RNA and/or-1gM is no longer detectable;
these pregnancies would not be included in the USZPR unless the fetus/infant or placenta hasa
positive Zika virus test result. Also, serologic testing cannot readily discriminate between flaviviruses
because of crossreactivity (5); therefore, some pregnancies in the USZPR might have had a recent
infection with a flavivirus other than Zika virus which could lead to an underestimate of the proportion
of fetuses/infants affected. For this reason, in this report, analysis of the subset of pregnancies with
laboratory-confirmed recent Zika virus infection was included. Finally, limited data are available about
other maternal risk factors for birth defects, including genetic or other infectious causes, which might
be causal factors for a few of the birth defects reported here.

These findings underscore the serious risk for birth defects posed by Zika virus infection during
pregnancy and highlight why pregnant women should avoid Zika virus exposure and that all pregnant
women should be screened for possible Zika virus exposure at every prenatal visit, with testing of
pregnant women and infants in accordance with current guidance
(https://www.cdc.gov/zika/pdfs/zikapreg screeningtool.pdf
{https://www.cdc.gov/zika/pdfs/zikapreg_screeningtool.pdf)) (8, 12. Zika virus testing of infants is
recommended for 1) all infants born to women with laboratory evidence of Zika virus infection in
pregnancy and 2) infants with findings suggestive of congenital Zika syndrome borri to women with an
epidemiologic link suggesting possible transmission, regardless of maternai‘testing results. Infants
without abnormalities born to women with an epidemiological link suggesting possible Zika virus
exp'osu re during pregnancy, and for whom maternal testing was not performed or was performed more
than 12 weeks after exposure, should have a comprehensive exam. If there is concern about infant
foilow-ub or maternal testing is not performed, infant Zika virus testing should be considered. The
initial evaluation of infants should include a comprehensive physical examination, including a
neurologic examination, postnatal neuroimaging, and standard newborn hearing screen. Additional
evaluation might be considered based on clinical and laboratory findings, however routine
developmental assessment is recommended as part of pediatric care (&), Based on initial USZPR
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reports, most infants born to women with laboratory evidence of possible recent Zika virus infection
during pregnancy might not be receiving the recommended evaluation {e.g., postnatal neuroimaging). _
CDC is working with public health officials, professional societies, and health care providers to increase
awareness of and adherence to CDC guidance for the evaluation and management of infants with
possible congenital Zika virus infection. |dentification and follow-up care of infants born to mothers

with laboratory evidence of possible recent Zika virus infection during pregnancy and infants with
possible congenital Zika virus infection can ensure that appropriate intervention services are available
to affected infants.
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Developmental Disabilities, CDC. -

* Periconceptional exposure is defined as maternal Zika virus infection during the 8 weeks hefora Top
conception (6 weeks before and 2 weeks after the first day of the last menstrual period).

T Data on pregnancies reported to CDC by December 27, 2016; all data have been updated with
additional information reported on these pregnancies through March 14, 2017. Completed
~ pregnancies are limited to those with a pregnancy completion date on or before December 27, 2016.

§ First trimester is defined as last menstrual period +14 days to 13 weeks, 6 days (97 days).
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FIGURE 1. Cumulative number of pregnant women with laboratory evidence of possible Return |
recent Zika virus infection reported to the U.S. Zika Pregnancy Registry, by month of
report — United States, January-December 2016 (n = 1,297)
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The figure above is a line chart showing the cumulative number of pregnant women with laboratory
evidence of possible recent Zika virus infection reported to the U.S. Zika Pregnancy Registry, by month
of report in the United States, during January-December 2014,

TABLE 1. Pregnancy outcomes* for 972 women with completed pregnanciest with Return} Top
laboratory evidence of possible recent Zika virus infection, by maternal symptom

status and timing of symptom onset or exposure — U.S. Zika Pregnancy Registry, United States,
December 2015-December 2016
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Brain
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and/or
microcephaly

Characteristic ' (No.)

NTDs and early
brain
malformations,
eye
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or
consequences
of CNS
dysfunction
without brain
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or
microcephaly
(No.)

Total
with
21
birth
defect
(No.)

Any laboratory evidence of possible recent Zika virus infection?

Total .

43

Maternal symptom status

Symptoms of
Zika virus
infection
reported

18

No symptoms of 24

Zika virus
infection
reported

Unknown

Timing of symptoms or exposure**

First
trimester8

Multiple
trimesters
including first

1

13

22

8

Confirmed evidence of Zika virus infection'

Total

18

Maternal symptom status

Symptoms of
Zika virus
infection
reported

8

6

78

51

21

28

14

28

24

11

Completed
pregnancies
(No.)

972

348

599

25

157

396

250

141

Proportion
affected by

. Zika virus

—associated
birth
defects, %
(95% CI%)

5{4-7)

6 (4—9)

5(3-7)

9 (5-14)

7 (5-10)

10 (7-14)

8 (4-13)



No symptoms of 10 ° 2 12 102 12 (7-19)
Zika virus

infection

reported

Unknown 1 0 1 7 —

Timing of symptoms or exposure**

First 8 1 9 60 15 (8—26)
trimester®" '

Multiple 8 | 4 12 58 21 (12-33)
trimesters

including first

Abbreviations: Cl = confidence interval; CNS = central nervous system; |gM= immunoglobulin M;
NAT=nucleic acid test; NTD = neural tube defect; PRNT = plague reduction neutralization test; RT-
PCR = reverse transcription-polymerase chain reaction.

* Qutcomes for multiple gestation pregnancies are counted once.

t Includes live births, spontaneous abortions, terminations, and stillbirths.

5§ 95% C| for a binomial proportion using Wilson score interval.

T includes maternal, placental, or fetal/infant laboratory evidence of possible recent Zika virus
infection based on presence of Zika virus RNA by a positive NAT (e.g., RT-PCR] or similar test,
serological evidence of a recent Zika virus infection, or serological evidence of a recent unspecified
flavivirus infection.

** Estimates-were not calculated for exposure in other trimesters because of small numbers. Pregnant:
women who did not have first trimester exposure might have had exposure in the periconceptional
period only (8 weeks before conception or 6 weeks before and 2 weeks after the first day of the last
menstrual period), second trimester, third trimester, both the second and third trimester; many women
were missing information on trimester of exposure.

 First trimester is defined as last menstrual period +14 days to 13 weeks, 6 days (97 days).

. % First trimester exposure includes women with exposure limited to the first trimester and women
with exposure limited to the first trimester and periconceptional period.

%% Includes maternal, placental, or fetal/infant laboratory evidence of confirmed Zika virus infection
based on presence of Zika virus RNA by a positive NAT (e.g., RT-PCR) or similar test or serological
results of IgM positive/equivocal with Zika PRNT 210 and dengue PRNT <10.

TABLE 2. Postnatal neuroimaging* and infant Zika virus testing results for 895 Returnj TOD
liveborn infants in the U.S. Zika Pregnancy Registry — 50 U.S. states and the District
of Columbia, 2016
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No (%) liveborn infants

, With birth Without birth
Testing ‘ defects defects Total

Total 45 850 895
- Neuroimaging

Any neuroimaging reported to USZPR ' 29 (64) 192 (23) 221
: * (25)

Infant Zika virus tes'ting

Positive test result on an infant specimen”8 "~ 25(56) ‘ 69 (8) 94 (11)
Negative infant test results among infants with 21 17(38) 474 (56) 491
infant specimen reported as tested (55)
No infant specimen test results reported to USZPR 3 (7) 307 (36) 310

: (35)

Abbreviations: [gM= immunoglobulin M; NAT=nucleic acid test; RT-PCR = reverse franscription -
-polymerase chain reaction; USZPR = U.S. Zika Pregnancy Registry.

* Neuroimaging includes any cranial ultrasound, computed tomography, or magnetic resonance
imaging test reported to the USZPR.

t Positive infant tests included the presence of Zika virus RNA by a positive NAT (e.g.,, RT-PCR) and/or :
serological results of |gM positive/equivocal.

§ Infant specimens include serum, urine, blood, cerebrospinal fluid, cord serum, and cord blood.,

~Top
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FIGURE 2. Postnatal neuroimaging for infants reported to the U.S. Zika Pregnancy Re:ﬂ.ﬁ
Registry, by month of birth — United States, December 2015-December 2016

400
[F1 Any neuroimaging reported
350~ [ Noneuroimaging feported

300+
250=

200

No. of infants

1504

100+

50+

0 T T
December 2015~ September-
August 2016 ' December 2016

Month of birth
The figure above is a bar chart showing the number of infants with postnatal neuroimaging reported to
the U.S. Zika Pregnancy Registry, by month of hirth in the United States, during December 2015
~December 2016.

-

" ~Jap

Suggested citation for this article: Reynolds MR, Jones AM, Petersen EE, et al. Vital Signs: Update
on Zika Virus-Assaciated Birth Defects and Evaluation of All U.S. Infants with Congenital Zika
Virus Exposure — U.S. Zika Pregnancy Registry, 2016. MMWR Morb Mortal Wkly Rep
2017;66:366-373. DOI: http://dx.doi.org/10.15585/mmwr.mmé613el
(http://dx.doi.org/10.15585/mmwr.mmé613e1)

Use of trade names and commercial sources is for identification only and does not imply endorsement by the U.S.
Department of Health and Human Services,

References to non-CDC sites on the Internet are provided as a service to MMIVRreaders and do not constitute or imply
endorsement of these organizations or their programs by CDC or the US. Department of Health and Hur;an Services.
CDC is not responsible for the content of pages found at these sites. URL addresses listed in MMIAV/Rwere current as of

the date of publication.

All HTML versions of MMWRarticles are generated from final proofs through an automated process. This conversion

might result in character translation or format errors inthe HTML version, Users are referred to the electronic PDF

version (https://www.cdc.gov/mmwr (https://www.cdc.gov/mmwrl} and/or the original MAMWRpaper copy for printable

versions of official text, figures, and tables,

Questions or messages regarding errorsin fbrmatting should be addressed to mmwrg@cdc.gov
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LETTERS TO THE EDITOR

- JB2017-003

Verification of effective Zika virus

reduction by production steps used in the
manufacture of plasma-derived medicinal
products

Blitmel and colieapues® recently performed studies in
generic model systems that demonstrated that Zika
virus (ZIKV) is sensitive to some of the commonly used
inactivation and removal procedures that are widely
used during the manufacture of plasma-derived medici-
nal products (PDMPs). We have data that are specific to
actual manufacturirig processes for products currently
available for patients in the United States, Europe,
Australia, and other parts of the world that supplement
and corrcborate their report.

The manufacturing processes of PDMPs include
specific virus inactivation or virus removal steps
designed to ensure a high safety margin with regard to
virus transmission. The efficacy and robustness of the
inactivation or removal steps are shown through virus
validation studies performed with a panel of relevant
human pathogenic viruses or with model viruses that
have similar properties to the blood-bome viruses of
concern. ‘

Previous studies with Flaviviruses such as bovine
viral diarrhea virus (BVDV} and West Nile virus (WNV),
conducted as part of PDMP licensing submissions,
clearly demonstrate the efficacy of the manufacturing
process(es) to reduce such viruses.®* In light of the
recent ZIKV epidentic, additional studies have now been
conducted to verify the efficacy of pasteurization, low
pH treatment, solvent/detergent (S/I}) treatment and
20-nm virus filters against ZIKV using samples of inter-
mediates obtained from commercial manufacturing
processes and employing validated scale-down models
of commercial manufacturing processes. ZIKV was
spiked into these production intermediates and virus
reduction was evaluated by determining virus titers at
specific time points (feed volume for virus filtration}
using a Vero cell culture—-based virus infectivity assay
(log CCIDsp/ml). Replicates were performed for all
studies and the mean value was reported when infec-
tious virus was detectable, whereas the highest log
reduction value (LRV) was reported when no detectable
infectivity was observed (since the capacity of the step
exceeded the maximum LRV  experimentally
demonstrable).

ZIKV was highly susceptible to inactivation by heat
treatment, $/D treatment, and low pH incubation. Similar
to that demonstrated by Bliimel and colleagues, ZIKV was

doi:10.1111/10£.14038
. ©2017 AABB
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inactivated by S/D treatment (1% polysorbate 80, 0.3%
TNEBP) reaching the limit of detection within 30 minutes of
incubation. ZIKV was completely inactivated to the lirnit of
detection within 2 hours of pastewrization (10 hr at 60°C)
in an aqueous sucrose stabilized von Willebrand factor
(VWE)/Factor (F)VILI (Fig. 1A, Table 1); this is in line with
the results by Bliimel and colleagues where susceptibility
to heat treatment was evaluated in a non-sucrose-
stabilized albumin solution (Table 1}. We also supple-

‘mented the data by Bliime] and colleagues, by demonstrat-

ing that ZIKV was highly susceptible to low pH
inactivation (pH 4.0 at 37°C)—being completely inacti-
vated within 30 minutes of incubation (Fig. 1B). Finally,
our data confirmed that ZIKV was removed to below the

100 Pasteurization in sucrose stahilizer: VIME/FVII1 A
80 \‘
I
E T ety
g
o
[+]
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&
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- - - - - - )
20§ 1 2 3 [ 5 6 7 8
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'—l-l--ﬂ
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[*]
o
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:‘j ------------------- iy I‘A
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£} - -

o
(=4
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..-.......@.............-..........-..-..-__.__.g
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-2.0 ¥

Time {min)
= ZIKV —l— WY = BYDV
e ZIKV 20N st WHNV control m—joms BYDV control
------ LOD {2IKY, BVDV) - 10D (W] = <= 10D large volume

Fig. 1. Susceptibility of Flaviviruses to (A) pasteurization in a
sucrose-stabllized VWE/FVIII intermediate (60°C) or (B) low
pH treatment in an IgG intermediate (pH 4.0, 37°C). Hold
control samples are shown in gray. Closed symbols =
infectivity was detected; open symbols = no residual
infectivity detected; limit of detection (LOD) sensitivity is
dependent on volurne assayed; higher sensitivity emplayed
large-volume testing LOD = dotted gray or black lines.
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TABLE 1. Log reduction factors for Inactivation or removal of ZIKV and other model Flaviviruses by manufacturing
steps of plasma-derived products

ZIKV log virus reduction factor
(tirme to no detectable Infectiviiy)*

Virus reduction method Test virus {size): ZIKV (48-50 nm) WNV {50 nm) BVDV (40-60 nm)

Pasteurization (VWF/FVIII) >7.2 (2 hn) =6.0 (2 hn) >6.7 (4 hn)

S/D treatment (PSB0/TNEP) 6.0 (30 min) ND >2.6 (5 min)
{FVIll—Product A} >5,2 {180 min}}

pH 4 treatment (IgG—SCIG/IVIG) >6.8 {60 min) >6.0 (360 min) >4.6 (180 rain}

20 nm virus filtration (FVIIl—Preduct B) 27.0 ND >5.8

other.

ND = not determined.

* At Jsast two runs were performed for each study; the highest factor achiaved is shown. Replicate valuss were always within 1 log of each

1 At 180 min, large-volume testing was perfermed to increase assay sensnlwty

limit of detection by a 20-nm virus filter {(>7.0 log). Our

- process-specific data demonstrate that these common
virus inactivation and removal steps are highly effective in
eliminating ZIKV, as predicted based upon our previously
validated data for WNV and BVDV (Table 1).

Overall, these scientific product and process specific
data corroborate and supplement the data by Bliimel and
coworkers providing additional evidence that current
PDMP manufacturing processes are very effective in
reducing Flaviviruses, including ZIKV, and support the
concept that BVDV or WNV can be considered as valid
model viruses for ZIKV,

If infectious ZIKV were to be present in a plasma
manufacturing pool, residual risk calculations performed
according to regulatary guldance demonstrate that the
efficacy and capacity of the validated virus inactivation
and virus filiration steps in eliminating ZIKV (or any

- lipid-enveloped arbovirus with a diameter of 40-60 nm)
would result in final fractionated products that have a
‘high margin of safety against ZIKV transmission. The
results reaffirm that the dedicated virus inactivation and
removal process steps within the manufacturing process-
es of PDMPs, in combination with virus validation stud-
ies that demonstrate the effectiveness of these steps
against a broad variety of pathogens, provide a highly
effective proactive approach toward assuring the safety
of PDMPs against emerging pathogens.
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ORTHOPOXVIRUS INFECTION - USA: (ALASKA)
***************************************
A ProMED-mail post

htto://www.promedmail.or

ProMED-mall is a program of the

International Society for Infectious Diseases
http://www.isid.org

Date: Wed 15 Mar 2017
Source Clin Infect Dis cix219. DOI; https://dol.org/10.1093/cid/cix219 [edited]

academic.oup.com/cid/article-abstract/doi/10.1083/cid/cix219/3072047/Novel-Orthopoxvirus-
mfectlon in-an-AlaskazredirectedFrom=fulltext ‘ ’

Ref: Springer YP, Hsu CH, Werle ZR, et al. Novel Orthopoxvirus infection in an Alaska resident. Clin
Infect Dis cix219. DOI: https://doi.org/10.1093/cid/cix219.

Abstract

Background

Human infection by orthopoxviruses is being reported with increasing frequency, attributed in part to the
cessation of smalipox vaccination and concomitant waning of population-level immunity. In July 2015, a
female resident of interior Alaska, presented to an urgent care clinic with a dermal lesion consistent with
poxvirus infection. Laboratory testing of a vlrus isolated from the lesion confirmed Infection by an
Orthopoxvirus.

Methods '

The virus isolate was characterized by using electron microscopy and nucleic acid sequencing. An
epidemiologic investigation that included patient interviews, contact tracing and serum testing, as well
as environmental and smazlt mammal sampling was conducted to identify the infection source and
possible additional cases,

Results

Neither signs of active infection nor evidence of recent prior infection were observed in any of the 4
patient contacts identified. The patient's Infection source was not definitively identified. Potentlal routes
of exposure included imported fomites from Azerbaijan by the patient's cohabiting partner, or from wild
small mammais in or-around the patient's residence. Phylogenetic analyses demonstrated that the virus
represents a distinct and previously undescribed genetic lineage of Orthopoxvirus, which is most closely
related to the Old World orthopoxviruses.

Conclusions

Investigation findings point to infection of the patlent following exposure in or near Fairbanks. This
conclusion raises questions about the geographic origins {Old World versus Morth American) of the genus
Orthopoxvirus. Clinicians should remain vigilant for signs of poxvirus infection and alert public health
officials when cases are suspected.

Communicated by
ProMED-mail
<promed@promedmail.org>

[This is the tst Orthopoxvirus infection in humans in Alaska, USA that ProMED-mail has reported. The
close relationship of this virus to Old World Orthopoxviruses raises the question of the origin of the
Alaska virus, If fomites from Azerbaijan might have been the source of the virus, it would be of interest
to know what those fomites were and If virus was recovered from that scurce. Fortunately, there was no
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transmission of the virus from the case to other people. - Mod.TY

A HealthMap/ProMED-mail map can be accessed at: hitp://healthmap.ora/oromed/p/206.]
YRS ISP dk/ty/ao/dk

©2001,2008 International Society for Infectious Diseases All Rights Reserved.

Read our privacy guidelines. Use of this web site and related services is gaverned by the
Terms of Service,
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Novel Orthopoxvirus Infection in an Alaska Resident
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Background. Human infection by orthopoxviruses is being reported with increasing frequency, attributed in part to the ces-
sation of smallpox vaccination and concomitant waning of population-level immunity. In July 2015, a female resident of interior
Alaska presented to an urgent care clinic with a dermal lesion consistent with poxvirus infection. Laboratory testing of a virus iso-
lated from the lesion confirmed infection by an Orthopoxvirus.

Methods. The virus isolate was characterized by using electron microscopy and nucleic acid sequencing. An epidemiologic
investigation that included patient interviews, contact tracing, and serum testing, as well as environmental and small-mammal sam-
pling, was conducted to identify the infection source and possible additional cases.

Results. Neither signs of active infection nor evidence of recent prior infection were observed in any of the 4 patient contacts
identified. The patient’s infection source was not definitively identified. Potential routes of exposure included imported fomites from
Azerbaijan via the patient’s cohabiting partner or wild small mammals in or around the patient’s residence. Phylogenetic analyses
demonstrated that the virus represents a distinct and previously undescribed genetic lineage of Orthopoxvirus, which is most closely
related to the Old World orthopoxviruses.

Conclusions. Investigation findings point to infection of the patient after exposure in or near Fairbanks. This conclusion raises
questions about the geographic origins (Old World vs North American) of the genus Orthopoxvirus. Clinicians should remain vigi-

lant for signs of poxvirus infection and alert public health officials when cases are suspected.

Keywords.

Alaska; lesion; North America; Orthopoxvirus; phylogenetics.

On 29 July 2015, a middle-aged woman (specific details about
the index patient, her residence, and contacts identified during
the investigation have been generalized or removed in the inter-
est of maintaining privacy) presented to an urgent care clinic in
Fairbanks, Alaska, with the chief complaint of a suspected spi-
der bite on her right shoulder. She reported having experienced
fever, fatigue, malaise, and tender lymph nodes during the 5
days before seeking care. Her medical history was significant
only for hypothyroidism. She denied any recent contact with
other sick persons, out-of-state travel, or recurrent skin infec-
tions. A physician examination confirmed a superficial ulcer-
ation, approximately 1 cm in diameter, and 2 smaller adjacent
vesicles, approximately 2 mm in diameter, on posterior upper
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aspect of the patient’s right shoulder. The ulceration was associ-
ated with localized induration, warmth, and tenderness but had
no fluctuance or discharge (Figure 1A). A single linear streak
of erythema extended anteriorly over the patients right shoul-
der and back to the upper part of her chest on the right side,
without crossing the midline. Her physician concluded that the
distribution of erythema was consistent with a fifth cervical
nerve root dermatome and raised concern for a viral infection.
He deroofed and swabbed a vesicle and sent the swab sample
(in universal transport media) to the Alaska State Public Health
Virology Laboratory for culture and diagnostic testing,

The swab sample was placed into culture in MRCS5, HEp-2,
and RMK cell lines on 3 August, and by 10 August cytopathic
effects were observed in all 3 tissue cultures. Results of both a
direct fluorescent antibody test for herpes simplex virus and a
polymerase chain reaction (PCR) test for varicella zoster virus
(performed at the California Department of Public Health)
were negative. On 17 August, an isolate from the MRC5 cell line
was sent to the Alaska State Public Health Laboratory where
results of non-Variola and Variola-specific Orthopoxvirus PCR
tests were negative; however, a generic Orthopoxvirus PCR test
had positive results. On 24 August, the original swab sample
and 3 cell culture isolates (1 from each of the 3 cell lines) were
sent to the Poxvirus Laboratory of the Centers for Disease
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Figure 1. A, B, Patient’s lesion on 28 July 2015 {4) and 20 August 2015 (B). C—E, Electron microscopic images of the virus isolated from the patient showing crescents (C),
spherical immature virus in virus factories (D), and A-type inclusion bodies occluded with mature virus in infected cells ().

Control and Prevention, where an Orthopoxvirus-generic PCR
assay showed positive results on 27 August for all 4 submitted
samples.

METHODS

An investigation was initiated to characterize the virus and identify
the patient’s infection source. The phylogenetic position of the virus
was determined by using DNA sequence analysis. Phylogenetic
inference was based on 9 genes located within the central, con-
served region of the genome (Supplementary Methods). Virus
morphological characteristics were observed by using transmis-
sion electron microscopy (Supplementary Methods).

Methods used to identify the patient’s infection source
included interviews with the patient, contact tracing and anal-
ysis of serum samples for the presence of anti-Orthopoxvirus
immunoglobulin (Ig) G and IgM, and a visit to the patient’s res-
idence to conduct environmental sampling and peridomestic
small-mammal trapping. Given the uncertainty about an incu-
bation period for this novel poxvirus, a conservative threshold of
4 weeks was assumed based on the incubation period of human
monkeypox [1]. The patient was asked to identify persons with
whom she had regular or close contact during the 4 weeks
before and after symptom onset. The patient and each contact
were interviewed to ascertain whether they had ever received a
smallpox vaccination, had traveled recently, or had experienced
any unusual health events during the presumptive incubation
period. Serum samples were obtained from these persons and
tested with enzyme-linked immunosorbent assays to determine
the presence of anti-Orthopoxvirus IgM and IgG antibodies [2].

On 8 September, environmental samples were collected in
and around the patient’s home during a site visit. Household
surfaces that the patient indicated had been contacted by wild
small mammals that periodically entered the home and possible
fomites associated with international travel by the patient’s part-
ner were swabbed by using HydraFlock Dacron swab samples
(Puritan Medical). Feces of wild small mammals found around
the home’s perimeter were also collected. Approximately 6 weeks
later, small mammals were trapped around the perimeter of the
patient’s home and at a site approximately 1 km away where she
and her partner were building a new home (Supplementary
Methods). Environmental and nonblood small-mammal sam-
ples (oral swab, liver tissue, and feces) were tested using real-time
PCR assays that target specific orthopoxvirus generic sequences
[3-5]; small-mammal blood samples were tested using enzyme-
linked immunosorbent assays for anti-Orthopoxvirus IgG [6].

RESULTS

Phylogenetic analyses of the concatenated sequence alignment
(28037 base pairs in length) indicate that the virus isolate rep-
resents a distinct genetic lineage of orthopoxvirus that is highly
divergent from congeners included in our analysis. We will here-
after refer to the virus as AK2015_poxvirus. A well-supported
topology was recovered in which the grouping of Taterapox virus
and Variola virus as sister taxa (Bayesian posterior probability,
0.5983) was the only node with a Bayesian posterior probability
<0.999 (Figure 2, Supplementary Figure 1, and Supplementary
Table 1). AK2015_poxvirus was grouped within the genus
Orthopoxvirus and recovered as sister to a monophyletic clade

1738 « CID 2017:64 (15 June) « Springeretal

93



Reacoonpox virus
L Sk North American
Volepox virus
——————  AK2015_poxvirus
"} Camalpox virus
_ Taterapox virus
}Van‘ora Virus
} Monkeypox virus

Old World
_ Vacclnia virus

0.0t
} Cowpox virus

-——{ "} Ectromella virus
Akhmeta virus

Figure 2. Results of Bayesian phylogenetic inference, indicating the position of AK2015_poxvirus within the genus Grthopexvirus. Analysis was based on 9 genes located
within the central, sonservad region of the gename (Vaccinia virus Copenhagen strain homologues A7L, A16L, A24R, DR, D5R, E6R, ESL, H4L, and JER),

containing all Old World orthopoxviruses with high support;  reported a rash on her chest within 1 week of being in physical
- it was estimated to be 6.1%-7.3% divergent from different spe-  contact with the patient in the days after the patient’s symptom
cies of Old World orthopoxviruses, and 12.3%-12.6% divergent  onset. A history of smallpox vaccination was reported by both
from isolates within the North American clade. The genetic dis- adult contacts (vaccination before 2003) but neither adolescent
tances estimated between examined isolates of recognized Old ~ contact. The patient did not recall being vaccinated and did not
World orthopoxvirus species varied from 0.6% (Taterapox virus ~ have a vaccination scar. Serological tests performed on speci-

to Camelpox virus). to 3.2% (Ectromelia virus to Variola virus). mens collected from these persons did not identify evidence of

Electron microscopic observation of cells infected with  recent exposure among the contacts; anti-Orthopoxvirus 1gM
AK2015_poxvirus demonstrated the presence of different mor-  was only detected in serum from the patient (Table 1). Consistent
phological forms, including crescents (Figure 1C) and imma-  with their self-reported smallpox vaccination histories,

ture virus particles (Figure 1D). In addition, infected cells had  anti-Orthopoxvirus IgG was detected in the serum from both
inclusion bodies formed b}} accumulation of A-type inclusion  adult contacts but neither adolescent contact. The serum sample
proteins, The inclusion bodies were embedded with mature  from the patient also tested positive for anti-Orthopoxvirus IgG.
virus particles and surrounded by ribosomes (Figure 1E). The patient reiterated that no out-of-state travel occurred
During interviews, the patient reiterated a lack of sick con-  during the 4 weeks before symptom onset. She reported work-
tacts during the 4 weeks before symptom onset. During the  ing intermittently in the petroleum industry in the North Slope
4 weeks after symptom onset, she reported contact with 4 per-  region of Alaska, during February-April 2015. Her cohabitating
sons, Of 3 household contacts (adult male partner and 2 teen-  partner was also employed in the petroleum industry and had
aged children), all had regular, direct physical contact with her ~ worked intermittently (5 weeks on and 5 weeks off) on oil-drill-
and with common household items, but none reported any  ing platforms in Azerbaijan, from October 2013 to March 2015.
unusual health events. One social contact (adult female friend)  He had no other out-of-state travel during this period and while

Table 1.  Anti-Orthopexvirus IgG and IgM Results for Serum Samples from the Patient and 4 Eontacts’

Person Smalipox vaccination IgM Vafue® IgM lnterpretanon IgG Value® IgG |nterpretat|on
' ST T iy 0 0,091 T L Posftive 33 e
Negative ]
"Equivocal®” L

Pa nts yuunger chlld (household cont' 1l

: Pauants fnend (somal contact}

. ‘Megative.-. ~ . i Positive -

Abbreviation: Ig, immunoglobulin,

*Serology was performad using snzyme-linked immunosorbent assays.

®Serurn optical density (OD) cutoff values {OD value — 3 standard deviations of negative control) at 1:50 srd 1:100 dilutions were considersd positive for [gM and 19G, respactively.
“The patient did not recall being vaceinated and did not have a vaccination scar,

9Tha sampla from the patient's oldar child was positive for antl-Grihopoxvirus IgM, but because thfs value was low and the correspanding anti-Orthopoxvirus IgG result was negative, the
resuit was intarpreted as equivocal.
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overseas he remained almost exclusively on oil platforms with
limited in-country travel. He returned to Alaska from his last
trip to Azerbaijan in March 2015 (approximately 4 months
before the patient’s symptom onset) and did not report any unu-
sual health events during or within 4 weeks after the trip. When
he returned from atrip to Azerbaijan in October 2014 (approxi-
mately 9 months before the patient’s symptom onset), he brought
back souvenirs for the patient (a wooden jewelry box containing
a cloth jewelry pouch) and a collared work jacket that he wore
regularly during the trip and that the patient wore periodically
after his return to Alaska. Swab samples of the surfaces of these
items were tested to dgtermiﬁe whether any might have served as
fomites. No evidence of orthopoxvirus DNA was detected,

The home that the patient shared with her partner and 2 chil-
dren was located in a forested, low-density area, within 50 miles
of Fairbanks. She reported that wild small mammals {eg, shrews,
voles, squirrels) were abundant in this boreal forest environ-
ment, were regularly observed around the home’s perimeter, and
entered the home on occasion. She also reported that her chil-
dren periodically handled the carcasses of squirrels that they shot
near the home using a pellet rifle. When asked about construc-

" tion of her new home, the patient reported that she and her part-
ner had used scrap weood from an abandoned shed located near
her home that had been occupied by wild small mammals. A1l 23
environmental samples collected during the site visit, including
swab samples of scrap wood from the abandoned shed at the new
home construction site, tested negative for orthopoxviruses by
PCR (Supplementary Table 2). At the time of the site visit to the
patients residence (approximately 45 days after symptom onset),
her symptoms included an active lesion that had decreased in size
since initial presentation but remained raised, tender, and warm
{approximated in Figure 1B), Thirty-one small-mammal sam-
ples, collected from 12 individual animals belonging to 2 species
(Sorex cinereus, n = 3; Myodes rutilus, n = 9), tested negative for
orthopoxviruses by PCR (Supplementary Table 3).

DISCUSSION

An Alaska resident was infected by a previously undescribed
genetic lineage of Orthopoxvirus. The patient reported that the
lesion took approximately 6 months to fully resolve, No evi-
dence of transmission from the index patient, or fatalities asso-
ciated with infection, was reported.

Epidemiologic information gathered during the investigation
provides inconclusive evidence for 2 general hypotheses concern-
ing the patient’s route of exposure. The first invelves importation
of an Old World orthopoxvirus into Alaska, either as an active
infection in a person with whom the patient came into contact
or by way of one or more fomites. The limited number of contacts
identified by the patient, and the apparent absence of additional
cases, indicates that the probability of unidentified secondary
spread is remote. Work-related travel to Azerbaijan by the patient’s

partner represents a possible fomité-associated importation sce-
nario, although sampling and testing of travel-related fomites
returned negative results. Although the recent discovery of a
novel, zoonotic orthopoxvirus in the nearby Republic of Georgia
[7] indicates that unidentified orthopoxviruses might be cireulat-
ing in this region, the delay between the arrival of these fomites in
Alaska and the timing of onset of the patient’s symptoms indicates
that infection by this routé is unlikely. The duration of viability of
AK2015_poxvirus on fomites is uncertain; however, a laboratory
study of Vaccinia virus demonstrated retention of viability on envi-
ronmental surfaces for up to 56 days [8]. The presence of A-type
inclusion bodies occluded with mature virus in the AK2015_pox-
virus isolate observed by electron microscopy might be indicative
of enhanced environmental resilience and prolonged ﬁability [9].
Alternatively, AK2015_poxvirus might be endemic to Alaska,
perhaps circulating within one or more wildlife reservoir pop-
ulation, and infection might have oceurred through an animal
exposure. Different species of wild small mammals occur in
the boreal forest environment surrounding the patient’s resi-
dence, and infection by indirect animal contact (eg, contact with
household surfaces, squirrels shot by the patients children, or
handling of potentially contaminated wood from the shed occu-
pied by wild small mammals during construction of the new
home} might be implicated. Rodents and other small mammals
are known or suspected reservoirs for multiple orthopoxviruses
[10], and evidence of infection has been produced by serosur-
veys in Eurasia [11-14], Africa [5, 15], South America [16, 17},
and the continental United States [18]. Among the limited num-
ber of wildlife serosurveys of terrestrial mammals conducted in
Alaska, the majority have focused on large mammals [19-21],
and those that sampled small mammals did not test for evidence
of a poxvirus infection. or exposure [22-24]. Small-mammal
serosurveys in regions of nerthern Europe that are ecologically
similar to Alaska have identified seropositive animals [25-27),
Although results of our small-mammal trapping and testing were
negative, the sample was limited and taxonomically restricted.
Phylogenetic analyses indicate that AK2015_poxvirus is more
closely related to the Old World orthopoxviruses than to North
American congeners. However, that the virus is known only from

* North America creates a discordance that precludes its assignment

to one or the other of these geographically defined groups with
confidence, The global distribution of other genera and unassigned
isolates within Chordopoxvirinae, and incomplete sampling of
potential reservoir taxa as part of our investigation, create additional
uncertainty regarding this assignment. Nevertheless, given the
inconsistent timelines of contact travel and patient symptom onset,
negative results of travel-associated fomite testing, and the poten-
tial for regular and close contact with wild small mammals in and
around the patients home, the most parsimonious explanation of
infection is exposure to AK2015_poxvirus near Pairbanks. Evidence
of virus circulation in Alaska or elsewhere in North America (ie,
infections in persons or reservoir species) would indicate either
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a New World origin of orthopoxviruses or an Old World origin
with multiple introductions to the New World. Both scenarios run
counter to the present characterization of North American and Old
World orthopoxviruses as representing reciprocally monophyletic
lineages, and challenge the currently accepted hypothesis of an Old
World origin of the genus Orthopoxvirus with a solitary introduc-
tion of the New World orthopoxviruses to North America [28].
This discovery of a novel orthopoxvirus is the latest in a growing
number of reports of human poxvirus infection published in recent
years. These include the emergence of novel poxviruses [7, 29-31]
and the increased incidence of human monkeypox, an orthopox-
virus illness historically associated with relatively low incidence
[32]. Because smallpox vaccination has been demonstrated to
provide cross-protection against other orthopoxviruses [33, 34],
these observations have been attributed to the cessation of rou-
tine smallpox vaccination after eradication of Variola virus in 1980
and the subsequent waning of population-level vaccine-derived
immunity [7, 32, 35]. Continued emergence and reemergence of
orthopoxviruses is expected. To effectively treat persons infected
by orthopoxviruses, clinicians should remain vigilant for signs of
poxvirus infections and immediately alert public health officials
when infection is suspected so that prompt diagnostic testing and
appropriate control measures can be implemented. Within Alaska,
populations that might represent foci for surveillance include per-
sons, such as the patient’s partner, whe-travel to geographic regions
associated with the emergence or reemergence of orthopoxviruses,
and persons with regular direct or indirect contact with wildlife (eg,
residents of rural settings, scientists, environmental consultants,
hunters, and adventure guides). The latter population in Alaska
might be relatively large, given the high proportion of state resi-
dents and visitors who live, work, or recreate in wilderness areas.

Supplementary Data

Supplementary materials are available at Clinical Infectious Diseqses online,
Consisting of data provided by the authors to benefit the reader, the posted
materials are not copyedited and are the sole responsibility of the authors,
s0 questions or comments should be addressed to the corresponding author.
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CDC Assisting lllinois and Wisconsin Investigation of Seoul Virus
Outbreak Associated with Home-based Rat-Breeding Facilities

Media Statement

For Immediate Release: Friday, January 20,2017

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

Experts from the Centers for Disease Control and Prevention are working with the Hlinois Departmen:
of Health and the Wisconsin Department of Health Services to investigate cases of Seoul virus
infections among eight people who worked at several rat-breeding facilities in the two states. Seoul
virus is not commonly found in the United States, though there have been several reported outbreaks in
wild rats. This is the first known outbreak associated with pet rats in the United States.

Ahome-based rodent breeder in Wisconsin was hospitalized in December 2016 with fever, headache,
and other symptoms. CDC tested a blood specimen and confirmed that the infection was caused by
Seoul virus, a member of the Hantavirus family of rodent-borne viruses. A close family member who
also worked with rodents also tested positive for Seoul virus. Both people have recovered. A follow-up
investigation at several rat breeders that supplied the initial patient’s rats revealed an additional six
cases of Seoul virus at two lllinois rat breeding facilities.

Seoul virus is carried by wild Norway rats worldwide. People usually become infected when they come
in contact with infectious body fluids (blood, saliva, urine) from infected rats or are bitten by them. Moz
cases in people are reparted in Asia. The virus is not spread between people and cannot be transmitted
to or from other types of pets. Rats infected with Seoul virus typically do not appear sick.

CDC has deployed two epidemiologists to work with local and state health authorities to determine if
any customers who bought rats have become ill. Human and animal health officials are working
together to make sure infected rats are not distributed further. CDC and its state and local health
partners are reaching out to rodent suppliers to learn more about suppliers for the Wisconsin rat
breeder. These efforts will help determine how the two individuals in Wisconsin were initially exposed
to Seoul virus and allow public heatth officials to take actions to prevent future spread of the virus. CDC
staff will also provide laboratory testing for blood samples from people who may have come in contact
with rats from the affected rat breeders.
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Though Seoul virus is in the Hantavirus family, it produces a milder illness than some other
Hantaviruses. Symptoms may include fever, severe headache, back and abdominal pain, chills, blurred
vision, redness of the eyes, or rash, In rare cases, infection can also lead to acute renal

disease. However, not all people mfected with the virus experience symptoms. Most people infected
with Seoul virus recover. '

People in illinois and Wisconsin who are concerned thatrthey have purchased or come in contact with
rats from the affected breeders should contact their local or state health departments. Anyone who

recently purchased a rat in the affected areas and experiences Seoul virus symptoms should contact
their healthcare provider immediately.

To prevent infections from Seoul virus and other diseases carried by rats, people should:

¢ Wash vour hands with soap and running water after touching, feedihg, ot caring for rodents, or
cleaning their habitats. Be sure to assist children with handwashing.
¢ Beaware that pet rodents can shed germs that can contaminate surfaces in areas where they live

and roam. Make sure rodent enclosures are properly secured and safe, so your pet doesn’t get hurt
or contaminate surfaces.

» Clean and disinfect rodent habitats and supplies outside your home when possible. Never clean

rodent habitats or their supplies in the kitchen sink, other food preparation areas, or the bathroom
sink.

» Avoid bites and scratches from rodents, Be cautious with unfamiliar animals, even if they seem

friendly. Take precautions (httgs:L[www.cdc.gov[rodents[cleaning[index.hfml1 when cleaning out

rodent cages or areas with rodent urine or droppings.

* Visit your veterinarian for routine evaluation and care to keep your rodents healthy and to prevent
infectious diseases.

If bitten by a rodent:
o Wash the wound with warm soapy water immediately. Even healthy pets can carry germs.
Seek medical attention if:

e Pet appears sick.
Your wound is serious,

Your wound becomes red, painful, warm, or swollen.

Your last tetanus shot was more than 5 years ago.
You develop sudden fever or flu-like iliness in 1-2 weeks after being bitten

Tell your healthcare provider that you have been around pet rodents, whether at home or away from
the home, especially if you are sick or have been bitten or scratched.

For more mformat(on on Seoul virus, please visit https://www.cdc. gov[hantawrus[outbreaks[seoui-
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For more information, please visit:www.cdc.gov/healthvpets (http://www.cde.gov/healthvpets) or

https://www.cdc.gov/healthypets/resources/pet-rodents-8x11-508.pdf
(https://www.cdc.gov/healthypets/resources/pet-rodents-8x11-508.pdf) .
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During March 2013—February 24, 2017, annual epidemics of avian influenza A(H7N9) in China resuited
in 1,258 avian influenza A(H7N9) virus infections in humans being reported to the World Health
Organization (WHO) by the National Health and Family Planning Commission of China and other
regional sources (7). During the first four epidemics, 88% of patients developed pneumonia,‘GB% were
admitted to an intensive care unit, and 41% died (2). Candidate vaccine viruses (CVVs) were
developed, and vaccine was manufactured based on representative viruses detected after the
emergence of A(H7N9) virus in humans in 2013. During the ongoing fifth epidemic (beginning October
1, 2016),* 460 human infections with A(H7NS) virus have been reported, including 453 in mainland
China, six associated with fravel to mainland China from Hong Kong (four cases), Macao (one) and
Taiwan (one), and one in an asymptomatic poultry worker in Macao (7). Although the clinical
characteristics and risk factors for human infections do not appear to have changed (2,3), the reported
human infections during the fifth epidemic represent a significant increase compared with the first four
epidemics, which resulted in 135 (first epidemic), 320 (second), 226 (third), and 119 (fourth epidemic)
human infections (2). Most human infections continue to result in severe respirétory illness and have
been associated with poultry exposure. Although some limited human-te-human spread continues to be
identified, no sustained human-to-human A(H7N9) transmission has been observed (2,3).
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CDC analysis of 74 hemagglutinin (HA) gene sequences from A(H7N9) virus samples collected from
infected persons or live bird market environments during the fifth epidemic, which are available in the
Global Initiative on Sharing All Influenza Data (GISAID) database (4,5), indicates that A(H7N9) viruses
have diverged into two distinct genetic lineages. Available fifth epidemic viruses belong to two distinct
lineages, the Pearl River Delta and Yangtze River Delta lineage, and ongoing analyses have found that
69 (83%) of the 74 HA gene sequences to date have been Yangtze River Delta lineage viruses.
Preliminary antigenic analysis of recent Yangtze River Delta lineage viruses isolated from-infections
detected in Hong Kong indicate reduced cross-reactivity with existing CVVs, whereas viruses belonging
to the Pearl River Delta lineage are still well inhibited by ferret antisera raised to CVVs. These
preliminary data suggest that viruses from the Yangtze River Delta lineage are antigenically distinct from
earlier A(H7N9) viruses and from existing CVVs. In addition, ongoing genetic analysis of neuraminidase
genes from fifth epidemic viruses indicate that approximately 7%—9% of the viruses analyzed to date
have known or suspected markers for reduced susceptibility to one or more neuraminidase inhibitor
antiviral medications. The neuraminidase inhibitor class of antiviral drugs is currently recommended for
the treatment of human infection With.A(H?NQ) virus. Antiviral resistance can arise spontaneously or
emerge during the course of treatment. Many of the A(H7N9) virus samples collected from human
infections in China might have been collected after antiviral freatment had begun.

Although all A(H7N9) viruses characterized from the previous four epidemics have been low pathogenic
avian influenza viruses, analysis of human (three} and environmental (seven) samples from the fifth
epidemic demonstrate that these viruses contain a four—-amino acid insertion in a host protease
cleavage site in the HA protein that is characteristic of highly pathogenic avian influenza (HPAI) viruses.
Chinese authorities are investigating and monitoring closely for outbreaks of HPAI A(H7N9) among

poultry.

Since April 2013, the Influenza Risk Assessment Tool has been used by CDC to assess the risk posed
by certain novel influenza A viruses. Although the current risk to the public’s health from A(H7N9)
viruses is low, among the 12 novel influenza A viruses evaluated with this tool, A(H7N9) viruses have
the highest risk score and are characterized as posing moderate—high potential pandemic risk (6).
Experts from the World Health Organization (WHO) Global Influenza Surveillance and Response
System (GISRS) met in Geneva, Switzerland, February 27-March 1, 2017, to review available
epidemiologic and virologic data related to influenza A(H7N9) viruses to evaluate the need to produce
additional CVVs to maximize influenza pandemic preparedness. Two additional H7N9 CVVs were
recommended for development: a new CVV derived from an A/Guangdong/17SF003/2016-like virus
(HPAI), which is a highly pathogenic virus from the Yangtze River Delta lineage; and a new CVV derived
from A/Hunan/2650/2016-like virus, which is a low pathogenic virus also from the Yangtze River Delta
lineage (7). At this time, CDC is preparing a CVV derived from an A/Hunan/2650/2016-like virus using
reverse genetics. Further preparedness measures will be informed by ongoing analysis of genetic,

~antigenic, and epidemiologic data and how these data impact the risk assessment. CDC will continue to
work closely with the Chinese Center for Disease Control and Prevention to support the response to this
epidemic. Guidance for U.S. clinicians who might be evaluating patients with possib]e H7NS virus
infection and travelers to China is available online (hitps://www.cdc.gov/flu/avianflu/h7nS-virus.htm
(https://iwww.cdc.gov/flu/avianflu/h7ng-virus.htm)).
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BLOOD COMPONENTS.
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Storage medium of platelet transfusions and the risk
of transfusion-transmitted bacterial infections

Aukje L. Kreuger;" Rutger A. Middelburg,™? Jean-Louis H. Kerkhoffs,* Martin R. Schipperus,*
Johanna C. Wiersum-Osselton,* and Johanna G. van der Bom™?

BACKGROUND: Transfusion-transmitted bacterial
infections (TTBIs) are among the most concerning risks
of transfusion of platelet (PLT) concentrates. Storage
medium influences bacterial growth dynamics and
thereby the sensitivity of screening tests for bacterial
contamination, :

STUDY DESIGN AND METHODS: The aim of this
_study was to quantify the assoclation of storage media
with the incidence of TTBIs after transfusion of PLT
concentrates. In the Netherlands, the choice of storage
medium is determined solely by geographic location of
the hospital, We compared types of storage medium of
all reported cases of TTBIs after transfusion of a PLT
concentrate with types of storage medium of all produced
PLT concentrates in the Netherlands from 2003 to 2014.
RESULTS: Fourteen cases of TTBIs were reported, of
which 57.1% received a PLT concentrate stored in PLT
additive solution (PAS} and 42.9% a PLT concentrate
stored in plasma. Of all produced PLT concentrates
22.3% were stored in PAS and 77.7% in plasma. The
relative risk of TTBI after transfusion of a PAS-stored PET
concentrate was 4.63 {95% confidence interval [C1],
1.4-16.2) compared to transfusion of a plasma-stored
PLT concentrate. The incidence of TTBIs was 22,2 per
million (95% CI, 12.1-37.2 per million) transfused buffy
coat PLT concentrates.

CONCLUSION: Transfusion of PAS-stored PLT
concentrates is assoclated with a fourfold increased
incidence of TTBIs, compared to plasma-stored PLT
concentrates.
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ransfusion-transmitted  bacterial  infections
(TTBIs) are one of the leading causes of mortali-
ty associated with blood transfusion.! Risk of
TTBI is particularly associated with transfusion
of platelet (PLT) concentrates, as these are stored at room
temperature, allowing for proliferation of bacteria,

In many cotmtries, PLT concentrates are screened for
bacterial contamination, using the BacT/ALERT culture
system (bioMérieux), and released on a “negative-to-date”
basis.® Despite preventive efforts, a significant number of
TTBIs are still reported every year. With complete bacteri-
al screening, the incidence of TTBI was 7.14 per million
PLT transfusions in Germany between 1997 and 2007 and
9.14 per million in the United States (2007-2011)34
Approximately 300,000 PLT concentrates are transfused
yearly in the United Kingdom and in 2015 the first case
since 2009 was reported.® In the absence of bacterial
screening, the incidence of TTBIs was 26.5 per million in
France (2009-2011).8

Sensitivity of the screening method is influenced by
variability in the inoculum and kinetics of bacterial

ABBREVIATIONS: RR = relative risk; TRIP = Transfusion
and Transplantation Reactions in Patients; TTBI(s) =
transfusion-transmitted bacterial infection(s).

From the 'Center for Clinical Transfusion Research, Sanquin
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growth.” Bacteria have been shown to be present in higher

.concentrations, making them more likely to be detected
by culture metheds, in apheresis- and buffy coat-derived
PIT concentrates stored in PLT additive solution (PAS),
compared to those stored in plasma,51°

Interestingly, for some products yielding a positive
BacT/ALERT screen, a subsequent resampling of the
stored PLT concentrate results in a negative culture.'!
Apparently not all bacteria are able to proliferate in a PLT
concentrate. It has been suggested that complement and
antibodies can eliminate bacteria and sterilize the blood
product, This process of autosterilization is probably
more pronounced in PLT concentrates stored in plasma
than in those stored in PAS.»

It is not known how these different effects of storage
media influence the total risk of TTBIs. The aim- of this
study was to quantify the association of storage medium
with the incidence of TTBIs after transfusion of a PLT
concentrate.

MATERIALS AND METHODS

We performed a nested case control study to assess the
effect of storage of PLT concentrates in plasma or PAS on
the risk of TTBIs. We included all cases of TTBIs in which
a PLT transfusion was involved that had been reported to
the national hemovigilance organization Transfusion and
Transplantation Heactions in Patients (TRIP). between
2003 and 2014. TRIP is the Dutch competent anthority to
which all transfusion reactions must be reported. Product
identification numbers of the involved products were
used to extract information about storage media and pro-
duction method from the blood bank system. We exclud-
ed cases of TTBIs that occurred after transfusion of PLT
concentrates collected by apheresis for the main analysis,
because these are used for specific indications and mostly
stored in plasma.

TTBI was defined as clinical features of bacteremia or
sepsis during or after transfusion, with a relevant positive
blood culture in the patient and assessed with a high level
of imputability (definite or probable) to the transfused
product, Imputability of all cases of postiransfusion sepsis
was assessed by an expert panel. Since 2011 the expest
panel has additionally judged whether the bacterial cul-
ture findings support a formal classification of the case as
TTBL Severity of transfusion reactions was scored on a
scale from 0 to 4, with 0 indicating “no morbidity” and 4
indicating “mortality.”3

PLT concentrates were prepared from buffy coats of
five donors, leukoreduced, and resuspended in plasma, or
PAS, with 25 mL of plasma left per donor. PAS-B (T-sol,
Baxter) was used through 2013, with PAS-C (Intersol,
Fenwal, Inc.) being used since. The diversion pouch was
introduced universally in July 2004. Throughout the
entire study period, a standardized skin disinfection
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method was used and all PLT concentrates were screened
for bacterial contamination with the BacT/ALERT system,
according to a standardized protocol

For the incidence of TTBI the number of all PIT con-
centrates produced in the Netherlands between 2003 and
2014 was used as the denominator. The storage medium
of PLT concentrates involved in a TTBI was compared to
storage medium of all produced PLT concentrates. Pro-
duction data according to storage medium were available
only for the period 2008 to 2014. The ratio of used storage
media was stable over this period and could therefore be
extrapolated back to 2003 (Table $1, available as support-
ing information in the online version of this paper). The
type of storage medium of PIT concentiates is only deter-
mined by the geographic location of the hospital. There-
fore, location of the hospital where the case of TTBI arises
behaves as an instrumental variable in this analysis and it
is expected that all potential confounders are randomly
distributed.'® To assess this assumption we explored the
distribution of storage medium among hospitals licensed
for stem cell transplantations and we compared the inci-
dences of transfusion reactions related to red blood cell
(RBC) transfusions between the regions.

We performed two sensitivity analyses. First, we
included apheresis products in our analysis. Second, we
excluded all cases before July 1, 2004, when use of the
diversion pouch was introduced in all production centers.

RESULTS AND DISCUSSION

Between 2003 and 2014, a total of 14 cases of TTBIs were
reporied to TRIE Table 1 provides the characteristics of all
these cases. One case was of minor severity (Grade 1), 10
cases were moderate to serious (Grade 2}, one was directly
life-threatening (Grade 3), and one was fatal (Grade 4).
Twelve patients had a hematologic malignancy, one
patient had a solid tumor (prostate carcinoma), and for

one patient the indication for transfusion was stated to be

thrombocytopenia without further reported diagnosis.
Both cases in 2003 were related to Buacillus cereus. The
bacterial strains differed in genotype, so it seemed unlike-
ly that both PIT concentrates were contaminated by a
common source.'®

During the study period 631,347 pooled buffy coat
PLT concentrates were produced. The incidence of TTBIs
was 22.2 per million (95% confidence interval (Ci], 12.1-
37.2 per million) buffy coat PLT concentrates, This inci-
dence is relatively high compared to other counties, but
this is probably a reflection of the accuracy of the Dutch
herovigilance system.!”

Eight patients (57.1%) with TTBIs received a PAS-
stored PLT concentrate (seven PAS-B, one PAS-C) and six
patients (42.9%) received a PIT concentrate stored in plas-
ma. Of all produced PLT concentrates, 22.3% were stored
in PAS, and 77.7% in plasma. Transfusion of PAS-stored

o
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PLT TRANSFUSION AND TRANSMITTED INFECTIONS

TABLE 1. All cases of TTBIs reported to TRIP between 2003 and 2014 .
Cases Year Ade (years) Diagnosis Severity* Bactesia Storage medium
2003 18 Acute myelold leukemia 2 B. cereus PAS-B
2 . 2003 57 Chironic miyslold leukemia NAT B, cereus PAS-B
3 2004 28 NAT 2 B. cereus PAS-B
4 2005 33 Acute myeloid leukemia 2 Hemolytic streptococei group G Plasma
5 2005 58 Mantle cell lymphoma 2 B. coreus PAS-B
6 2005 46 Aplastic anemia 3 Staphylococcus aureus PAS-B
7 2005 58 Non-Hodgkin's lymphoma 2 Hemolytic strepiococei group G Plasma
8 2008 53 Acute myslold leukemia 2 Coagulase-negative staphylococel Plasma
9 2010 72 Prostate carcinoma 1 Coagulase-negative staphylococcl PAS-B
10 2010 39 Acute myeloid leukemia 2 Streptococcus dysgalactiae PAS-B
11 2011 59 Acute myelold lsukemia 2 Salmonella group B Plasma
12 2012 75 Non-Hodgkin's lymphoma 2 Hemolytlc streptococet group C Plasma
13 2013 C 62 Chronic lymphold:leukemia 2 Coagulase-negative staphylocoesi PAS-C
14 2014 60 Multiple myeloma 4 Staphylococeus aureus ) Plasma
* Severity of transfusion reactlon. Grade 1 =minor morbidity, not life-threatening; Grade 2 =moderale to serlous morbidity, may or may not
be life-threatening or leading to hospitalization or prolongation of iliness or associated with chronic disability or incapacity; Grade 3 = serious
morbldity, directly life-threatening; Grade 4 = mortality affer transfusion reaction,
+ NA =not avallable; information was not reported to TRIP,

PLT concentrates was assoclated with a relative risk (RR)
of TTBIs of 4.63 (95% CI, 1.4-16.2) compared to plasma-

stored PLT concentrates, Including the PLT concentrates

collected via apheresis showed similar results (RR, 5.01;
95% CI, 1.66-15.83). Exclusion of the period before univer-
sal use of the diversion pouch yields a RR of 3.48 (95% CI,
10.83-13.01). ’

The increased risk of TTBI after transfusion of
PAS-stored PLT concentrates could be explained by auto-
sterilization of plasma-stored PIT. concentrates, which
potentially inhibits a high bacterial load in a contaminat-
ed product. The aforementioned in vitro studies showed
differences in growth characteristics of some bacterial
strains suggesting improved sensitivity of bacterial screen-
ing of PIT concentrates stored in PAS-C or PAS-E. Howev-

“er, as shown in Fig. 1, the frequency of confirmed-positive
results was higher for PLT concentrates stored in plasma
compared to those stored in PAS-B. This is in line with the
results of a previous study that compared the screening
results of all PLT cencentrates in 2002 and 2003.28 With
our data, it was not feasible to compare the different gen-
erations of PAS, since PAS-C has only been in use for 2
years, during which only one case of TTBI related to PAS-
C has been reported.

This is the first clinical study investigating the associ-
ation of storage medium of PLT concentrates with TTRIs.
Storage media differ among countries and several genera-
tions of ASs are used.'® Incidences of TTBIs could not be
compared between countries, due to large differences in
hemovigilance.r”

In the Netherlands the choice of storage medium is
determined solely by location of the hospital, Since it is
likely that characteristics of patients receiving PIT con-
centrates are similar in different regions of the Nether-
lands, we expect that these are also equally distributed
among storage media. Because most cases were
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Fig. 1. Percentage of confirmed-positive results for all
screened PLT concentrates screened by storage medium. {15)
PAS; (¥) plasma. Confirmed positive means a microorganism
could be isolated from the positive bottle.** The diversion
pouch has been universally used since July 1, 2004, PAS-C
has been in use since January 1, 2013,

diagnosed with hematologic malignancies, we performed
an additional check, selecting only those hospitals
licensed for autologous or allogeneic stem cell transplan-
tations. Among these hospitals, 20.4% of PLT concentrates
were stored in PAS, which is comparable to the 22.3%
observed for all hospitals. This reaffirms our assumption
that patient characteristics are similar among the different
regions. Differences in vigilance in reporting of TTBIs
could confound the results. The hospitals in which PAS-
stored PLT products are used reported 28.1% of TTBIs
related to RBC products, wheteas these hospitals trans-
fused 22.6% of all RBC products (RR, 1.34; 95% CI, 0.87-
2.08). This seems to indicate that differences in reporting
behavior cannot explain the observed strong association.
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A limitation of this approach is that PLT concentrates
in PAS and plasma were produced at different blood bank
locations. Differences between these locations could theo-
retically also have affected the risk of TTBIs. However, it
seems unlikely that this could fully explain the obsexved
strong association of storage medium with risk of TTBIs,
In conclusion, transfusion of PAS-stored PLT concentrates
is associated with a fourfold increased incidence of TTEI,
compared to plasma-stored PLT concentrates.
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the authors) could be involved in such a condi-
tion, it would be interesting to recheck the pa-
tients’ serum for the presence of circulating
ACTA using an indirect immunofluorescence as-
say, as described by our group.? A possible im-
mune response against the conductive system is
suggested by the reported lymphocytic infiltrare
involving the cardiac sinus, the atrioventricular
node, and the escphageal muscle. In our study,
the patient with circulating ACTA had not only
heart block but also intestinal pseudo-obstruc-
tion, with the latter probably caused by an im-
pairment in the “gut pacemaker” and intestinal
conductive system.?
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THE AUTHORS REPLY: We completely agree with
Ederhy and colleagues that cardiac complications
are rare with immune checkpoint inhibitors when
the drugs are used as single agents. However, our
current data suggest that such complications
may be more frequent with combination therapy
and that simple cardiac screening may be appro-
priate. There are several important considerations

regarding the cardiovascular safety data gener-
ated from oncology clinical trials, as Ederhy et al.
have compiled in Table 1 of their letter. Pirst,
oncology trials often exclude “real world” patients
who have a previous cardiac history and may be
at increased risk for cardiac complications. Sec-
ond, there are inherent limitations in the mannex
in which cardiac toxicity is adjudicated in oncol-
ogy trials. Almost no checkpoint-inhibitor trial
to date has screened patients for myocarditis.
Third, myocarditis is often a diagnosis of exclu-
sion and can be missed if there is no active mon-
itoring for this toxicity. Finally, the cases of myo-
carditis associated with checkpoint inhibitors
that we have seen are characterized less by the
typical features of cardiomyopathy and more by
electrocardiographic instability, which may be
moxe difficult to detect.

Caio’s point is well taken regarding the pos-
sibility of detection of autoantibodies in our pa-
tients. However, it is important to note that the
presence of autoantibodies does not prove causa-
tion. In our patients, we looked for antibody
deposits in the inflamed tissues but did not find
any evidence of antibody depositicn, Instead, we
observed a dense cellular infiltrate composed of
T cells and macrophages in the heart and skel-
etal muscle, We certainly agree that further re-
search in this area should include a detailed
anzlysis of circulating antibodies.

Javid ). Moslehi, M.D.
Douglas B. Johnson, M.D.
Jeffrey A. Sosman, M.D.
Vanderbilt School of Medicine
Nzshville, TN
javid. moslehi@vandarbilt.edu
Since publication of their article, the authors report no fur-
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Variant Creutzfeldt—Jakob Disease in a Patient
with Heterozygosity at PRNP Codon 129

TO THE EDITOR: Prions cause lethal neurodegen-
erative diseases in mammals and are composed
of multichain assemblies of misfolded host-
encoded cellular prion protein (PrP). A common
polymorphism at codon 129 of the PrP gene
(PRNP), where either methionine (M) or valine
(V) is encoded, affects the susceptibility to prion
disease, as well as the incubation period! and
clinical phenotype of prion disease. Human in-

fection with the epizootic prion disease bovine
spongiform encephalopathy resulted in variant
Creutzfeldt-Jakob disease, which provoked a
public health crisis in the United Kingdom and
other regions. All definite cases of variant
CrentzfeldtJakob disease to date have occurred -
in patients with the MM genotype at PRNP co-
don 129

A 36-year-old man was referred to the United
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Figlt.:‘r:e 1. MR! ofthe Brain, -

Trace-weighted diffusion-weighted images (Panels A, B, and €} show high signal intensity in the basal ganglia, hypo-
thalami, and medial thalami but not in the pulvinar nuclei. These structures appear dark on the apparent diffusion
coefficient map (Panel B), thus confirming the presence of restricted diffusion.

Kingdom National Prion Clinic in August 2015
with pexsonality change. Over a period of
9 months, he had become uncharacteristically
irascible and had progressive episodic memory
impairment, gait ataxia, and myoclonus. His
score on the Mini-Mental State Examination
was 25 (with scores ranging from 0 to 30 and
higher scores indicating less impairment); clini-

cal examination revealed extraocular eye-move-
ment abnormalities, pyramidal and cerebellar
signs, and multifocal myoclonus. Magnetic reso-
nance fmaging of the brain (Fig, 1) revealed re-
stricted diffusion in the basal ganglia, hypothal-
ami, insular cortexes, and media) thalami but
not in the pulvinar nuclei.? Examination of the
cerebrospinal fiuid for protein 14-3-3 was nega-
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tive, as was a real-time quaking-induced conver-
sion assay, although these two tests are known
to have low sensitivity for variant Creutzfeldi—
Jakob disease.? His genotype at PRNP codon 129
was MV. During the following 6 months, the
patient’s condition declined progressively, and
severe dysphagia and agitation oceurred shortly
before his death in February 2016,

At autopsy, histologic examination of the brain
revealed frequent florid and cluster plagues in
cerebral and cerebellar cortexes, microvacuolar
degeneration in neuropil, and immunostaining
for abnormal PrP in a stellate periceilular and
perivascular distribution. Minute amounts of
protease-resistant PrP (PrP*) were seen in lym-
phoid tissue of the spleen. Immunoblotting of
brain homogenate revealed type 4 PrP** (accord-
ing to the London classification system), which
is pathognomonic of variant CreutzfeldtJakob
disease. (For more details, see the Supplemen-
tary Appendix, available with the full text of this
letter at NEJM.oxrg.}

This patient’s clinical features differed from
those of typical variant CreutzfeldtJakob dis-
ease, and his neuroimaging features suggested a
diagnosis of sporadic Creurzfeldt-Jakob disease.
He did not meet the epidemiologic diagnostic
criteria for probable or possible variant Creutz-
feldi-Jakob disease yet the results of the neuro-
pathological examination and molecular strain
typing were consistent with variant Creutzfelde
Jakob disease. It remains uncertzin whether this
case marks the start of a second wave of variant

CreutzfeldtJakob disease in persons with the-

MV genotype at PRNP codon 129 (the most com-
mon genotype in the United Kingdom), mirror-
ing the long incubation periods seen in persons
with the MV genotype who have other acquired
. prion diseases, notably kurn.! This case empha-
sizes the importance of performing an autopsy
and molecular strain typing in cases of prion
disease to ascertain the prevalence of human
prion disease related to bovine spongiform en-
-cephalopathy.
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Kingdom. However, both cases had clinical and investiga-
tive features suggestive of sCJD. This diagnosis was con-
firmed in both cases on neuropathologic and blochemical
analysis of the brain. A causal link between the treatment
with plasma products and the development of sCJD has not
been established, and the occurrence of these cases may
simply reflect a chance event in the context of systematic
surveillance for CJD in large populations.

Human prion diseases are a group of rare and fatal
neurodegeperative diseases that include idiopathic
(sporadic), genetic (inherited), and acquired (infectious)
disorders (7). All are associated with the accumulation of
‘an abnormal isoform of the prion protein (PrP*°) in the cen-
tral nervous system (/). The most common human prion
disease is the sporadic form of Creutzfeldt-Jakob disease
(sCID), which occurs worldwide with a relatively uniform
incidence of 1-2 cases per million population per year,
a peak incidence in the 7th decade of life, and a median
duration of illness of 4 months. The relatively consistent
mortality rates associated with sCID, the overall random
spatial and temporal distribution of cases, and the absence
of any confirmed environmental risk factor have led to
the hypothesis that sCJD occurs because of the spontane-
ous generation of PrP® in the brain (7). In contrast, variant
Creutzfeldt-Jakob disease (vCID) is an acquired disorder
that is most likely caused by the consumption of meat or
meat products contaminated with the bovine spongiform
encephalopathy agent. The median age at death in vCJD is
30 years, with a median duration of illness of 14 months.
Most cases of vCID have occurred in the United Kingdom,
which has had the largest epizootic of bovine spongiform
encephalopathy in the world. Of the 178 UK vCJD cases,
3 have been identified as cases of secondary transmission
caused by the transfusion of nonleukodepleted red blood
cell components from vCID-infected blood donors.

Lookback studies have shown no evidence of trans-
mission through blood transfusion in sCID (2,3), despite
the identification of PrP% in some peripheral tissues (4)
and experimental evidence, which demonstrated infectiv-
ity in blood (5) by using intracerebral inoculation of highly
sensitive transgenic mice. The absence of clinical cases
causally linked to past treatment with fractionated plasma
products has been used as evidence of the safety of these
products in relation to sCID (6). These products are gen-
erally manufactured from the pooled plasma from several
thousand donors; production using UK plasma was discon-
tinued in 1999. .

We describe 2 cases of sCID in patients who had
previously received treatment with UK plasma—sourced
plasma products; both patients had been informed that they
were at increased risk for vCJD because of that treatment.
The clinical features and investigations in these cases were

894

typical of sCID; the neuropathologic diagnosis in both cas-
es was sCJD (subtype MM1).

The Investigation
The UK National CID Research and Surveillance Unit has
been carrying out systematic epidemiologic study of CID
since 1990. The methodology of this study has been pub-
lished previously (7). In brief, patients with suspected CID
are referred by clinicians and visited by a research registrar,
who obtains details of the clinical history and investiga-
tions, information on a range of possible risk factors, and
past medical history. The Transfusion Medicine Epidemi-
ology Review study investigates potential links between
donors and recipients of labile blood components and, in
cases of sCID, investigates patients who have a history of
blood donation or having received a blood transfusion.
Coordinated surveillance of CJD has been undertaken
in the European Union since 1993 (8). National surveil-
lance programs for CJD also are in place in several oth-
er countries, including Australia, Canada, Japan, and the
United States. :

Case 1

In 2014, a 64-year-old woman suffered a rapidly progres-
sive dementia with deterioration in driving skills apd bal-
ance disturbance, then limb coordination deficits with
handwriting impairment. In the second month, her gait de-
teriorated, becoming shuffling and unsteady, she struggled
to dress herself, and she had onset of daytime hypersomno-
Jence. She became distractible, had visual misperceptions,
emotional lability, and spatial memory problems. She was
hospitalized at the beginning of the third month of her ill-
ness and had onset of cortical blindness, myoclonus, and
akinetic mutism. She experienced rapid decline and died
after a total illness duration of 3 months.

An electroencephalogram performed during the final
stages of illness showed background slowing and mns of
periodic complexes, and a magnetic resonance imaging
(MRI) brain scan showed high signal in the caudate heads
with posterior cortical ribboning. A cerebral spinal fluid
(CSF) 14-3-3 assay and real-time quaking-induced con-
version test for PrPs both were positive. Prion protein gene
(PRNP) sequencing showed no mutations with methionine
homozygosity at codon 129.

Postmortem examination of the brain showed wide-
spread spongiform encephalopathy of predominantly mi-
crovacuolar type. Immunocytochemistry for prion protein
gave a widespread positive reaction in a granular/synap-
tic pattern (Figure). No plaques or plaque-like structures
were identified. Results of immunocytochemistry for dis-
ease-associated prion protein were negative in peripheral
nerve, liver, lymph node, appendix, and spleen. Western
blot analysis of frontal cortex and cerebellum confirmed

Emerging Infectious Disgases » www.cdc.govleid » Vol 23, No. 6, June 2017
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sCJD in 2 Plasma Product Recipients, UK

Figure. Results of
neuropathologic examinations

. of the brains of the 2 patients
with sporadic Creutzfeldt-Jakob
disease, United Kingdom, 2014.
. A) Microvacuolar spongiform
change in the frontal cortex
(case 1). Hematoxylin and eosin
. stain; original magnification

~ x400. B) Fine granular/
synaptic accumulation of
abnormal prion protein in the
cerebral cortex (case 1). 12F10
antiprion protein antibody;

. original magnification x400.

% C) Microvacuolar spongiform

1 change with neuronal loss and
. gliosis in the frontal cortex (case
2). Hematoxylin and eosin stain;
original magnification x400.

. D) Focally intense granular/

' synaptic accumulation of

. abnormal prion protein in the

" cerebral cortex (case 2). 12F10
antiprion protein antibody;

~ original magnification x400.

the presence of protease-resistant prion protein with a type
1A isoform.

The patient had been diagnosed with von Willebrand
disease in childhood. Her early therapies include numer-
ous transfusions of red blood cells and platelets; in more
recent years, she received plasma-derived and recombinant
factor VIII and additional blood component transfusions at
times of hemorrhage. Factor VIII was administered on 4
occasions in the 1990s and during 2000-2004 and von Wil-
lebrand factor/factor VIII (Haemate-P) during 2001-2013.
Because of her history of exposure to UK-sourced plasma
products, for public health purposes she had been informed
that she was at risk for vCJID, although she was not known
to have been exposed to factor VIII derived from a batch
including a vCJD donation. She had no history of potential
iatrogenic exposure to CJD and no family history of CJD.

Donors for all blood or platelet transfusions since 2001
have been identified. Of the 107 donors, 106 are still alive,
with a median age of 55 years (range 27—80 years). (Table 1).
One donor of leukodepleted platelets, which were transfused

12 years before clinical onset in the recipient, died in 2013
at 76 years of age, and the diagnoses on the death certificate
wetre vascular dementia and bladder cancer. Identification of
donors for transfusions before 2001 has not been possible.

Case 2

In 2014, a 64-year-old woman reported day/night reversal
of sleep patterns and, 3 months later, excessive tearfulness,
for which she was started on antidepressants. She then had
onset of writing problems, followed during the next few
days by increasing language problems that led to expres-
sive dysphasia. She deteriorated rapidly thereafter, requir-
ing assistance with her activities of daily living and having
coordination and memory problems, jerking movements
suggestive of myoclonus, and itching in both arms. She
was admitted to the hospital and experienced a probable
focal seizure with secondary generalization. She had onset
of a homonymous hemianopia and limb rigidity and then
became bedbound and mute, dying 7 months after the onset
of symptoms.

Table 1. Selected characteristics of blood donors to the patient with sporadic Creutzfeldt-Jakob disease described in case 1, United

Kingdom, 2014*

Interval from

transfusion to onset, y Component No. donors No. donors alive No. donors dead
3 RBC LD 4 4 0

6 RBC LD 6 6 0

7 RBC LD 19 19 0

9 - RBC LD 3 3 0

10 RBC LD 4 4 0

12 Whole blood LD; RBC LD; platelets LD 2; 27; 42 2; 27; 41 0;0;1

*LD, leukodepleted; RBC, red blood cells. Median age of donors, 56 years (range 27-80 years).

Emerging Infectious Diseases « www.cdc.gov/eid » Vol. 23, No. 6, June 2017
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An electroencephalogram performed during the final
stages of illness showed widespread slowing, more evident
on the left. An MRI brain scan showed left-sided caudate
head and anterior putaminal high signal. Diffusion weight-
ed imaging showed areas of cortical high signal. Results of
a CSF 14-3-3 assay and real-time quaking-induced con-
version tests were positive. Consent for full sequencing of
the PRNP was not obtained; methionine homozygosity at
codon 129 was identified. '

Postmortem neuropathologic examination of the brain
showed a widespread spongiform encephalopathy with mi-
crovacuolar spongiform change, neuronal loss, and gliosis.
Immunostaining for prion protein showed widespread posi-
tivity with a granular/synaptic pattern (Figure). No amyloid
plaques were identified. Western blot analysis confirmed
the presence of protease resistant prion protein with a type
1A isoform. There was no evidence of abnormal prion pro-
tein accumulation in spleen and appendix either on immu-
nocytochemistry or high sensitivity Westemn blot analysis.

The patient was known to have hemophilia B since
1964 and had received plasma-derived and recombinant
factor IX during 1984-2012. For public health purposes,
she had been informed that she was at risk for vCID and in
1991 had received factor IX derived from a pool containing
plasma from a donor who subsequently had vCJD. She had
no history of potential iatrogenic exposure to CJD and no
family history of CID.

In 1985, the patient received 6 units of fresh frozen
plasma (FFP). Tracing of donors has not been possible.

Discussion i

This report describes 2 cases of sCID in patients with a his-
tory of treatment with UK-sourced plasma products, 1 with
a history of hemophilia B and 1 with von Willebrand’s dis-
gase. To our knowledge, no previous case of sCJD in a per-
son with a history of extended exposure to plasma products
has been reported. It is clearly of concern that there have
been 2 such cases in a relatively short period in the UK,
where many plasma product recipients have been informed
that they are at increased risk for vCJD. However, a causal
link between the treatment with plasma products and the
onset of sCID has not been established, and the occurrence

of these cases may simply reflect a chance event in the con-
text of systematic surveillance of CJD in large populations.

Both patients had been informed that they were at in-
creased risk for vCJD, and considering the evidence for the
type of CJD in the 2 cases is important. Both patients had
a clinical phenotype suggestive of sCID, including a short
duration of illness, typical early symptoms, a suggestive
MRI scan, and, in 1 patient, a typical EEG. Notably, both
patients had a positive real-time quaking-induced conver-
sion test result for PrP% in CSF; previously this test had not
been positive in any case of vCID evaluated in our labora-
tory (Table 2) (9). However, neuropathological examina-
tion was critical; it showed appearances typical of sCJD in
both patients and no evidence of peripheral pathogenesis
on immunostaining of lymphoreticular tissues, a feature
that is observed in all tested specimens of vCID patients
to date (J0). Purthermore, both patjents had a type 1A iso-
form PrPs on Western blot consistent with a diagnosis of
sCID subtype MM1 (11). Neither patient had a history of
potential iatrogenic exposure or a family history of CID,
and for the case for which sequencing of the PRNP was
performed, no mutations were detected. In both cases, an
MM genotype occurred at codon 129 of PRNP, which does
not distinguish between sCJD and vCID. Laboratory trans-
mission studies to provide evidence of agent strain in the
cases have not been possible.

One patient had received multiple transfusions of blood
components over an extended period, and the other had re-
ceived 6 units of FFP 19 years before clinical onset, raising
the possibility that these cases could have resulted from sec-
ondary transmission through blood components. In the case
of the patient with von Willebrand disease, 107 donors have
been traced, and none appear in the register of cases of CID
kept at the National CJD Research and Surveillance Unit.
However, it has not been possible to obtain information
on blood transfusions for this patient before 2001 nor on
the FFP transfusions for the patient with hemophilia B.
Lookback studies in the United States and United Kingdom
have provided no evidence of transfusion-transmission of
sCID (2,3), and although 1 study suggested an increase-in
risk after a lag period of 10 years (12), this finding was not
confirmed in another study (73). The balance of evidence

United Kingdom, 2014*

Table 2. Selected characteristics and clhinical features of the 2 patients with sCJD described Ih cases 1 and 2,
) Case 1

.Characteristic/clinical feature

Case 2

Patient age, y/sex

G4/F

64/F

Symptoms/signs

Ataxia, cognitive impairment, visual
impairment, myoclonus

Somnolence/depression, dysphasia,
cognitive impalrment, myoclonus/ataxia
+

Magnetic resonance imaging

+

Electroencephalogram + Slow activity
Cerebrospinal fluid 14-3-3 assay + +
RT-QuIC + T
Genotype MM MM
Diagnosis Definite sCJD Definite sCJD
Duration 3mo 7 mo

*RT-QuIC, real-time quaking-<induced conversion; sC.D, sporadic Creutzfeldt-Jakob disease.
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indicates that, if sCID is fransmitted by blood transfusion,
it must be a rare event, if it happens at all, and transfusion
transimission is probably not the explanation for the 2 cases
we describe.

Systematic surveillance for CJD, including a coordi-
nated study in Europe (/4), has been carried out in many
countries over the past 25 years and is continuing. Many of
these studies obtain information on potential risk factors,
including details of past medical history. To date, no case
of sCJID has been teported in a person who has received
treatment for a clotting disorder. In fact, the absence of such
a case has been used to argue against the possibility that
plasma-derived products pose a risk for sCJD transmission
(6). CID surveillance centers are aware of the relevance of
this issue, and sCID patients with a history of treatment
with plasma products probably would have been identified
and reported if they occurred, Although it is surprising that
2 cases of sCJD have been identified among a population of
4,000-5,000 patients inthe UK who have been treated for
clotting disorders with fractionated plasma products, the
total population under surveillance for CJD in Europe and
internationally exceeds 500 million. Assuming an annual
incidence rate of sCID of 1.5-2.0 per million population
(15), the occurrence of 2 cases of sCJD in this total popula-
tion may not imply a causal link between the treatment and
the occurrence of the disease. The 2 cases were identified
over a period of months, and no further cases have been
found since 2014; however, continuing to search for such
cases through CJID surveillance programs is essential.
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