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DONOR INFECTIOUS DISEASE TESTING

 West Nile virus nucleic acid persistence in whole blood months
after clearance in plasma: implication for transfusion and
| transplantation safety

Marion C. Lanteri,! Tzong-Hae Lee,’ Li Wen,' Zhanna Kaidarova,’ Marjorie D. Bravo,?
Nancy E. Kiely,? Hany T. Kamel,? Leslie H. Tobler,! Philip J. Norris,*>* and Michael P Busch'*

BACKGROUND: Previous reports of West Nile virus
(WNV) RNA persistence in biood compartiments have
raised concerns around the remaining risk of WNV'
transfusion transmission. This study characterized the
dynamics of WNV viremia in blood compartments in a
longitudinal cohort of 54 WNV-infected blood donors.
STUDY DESIGN AND METHODS: Blood samples were
collected throughout the year after WNV RNA-positive
blocd donation (index) and characterized for WNV
immunoglobuiin (Ig)M and 1gG antibodies and for WNV
RNA by real-time reverse transcription-polymerase

" chain reaction, WNV viral loads were compared in
plasma and whole blood samples and correiated with
blood groups and clinical outcomes.

RESULTS: WNV RNA persisted in the red blood cell
(RBC) compartment up fo 3 months postindex in 42%
of the donors. Donors with the highest WNV RNA levels
in plasma at index maintained the highest WNV BNA
levels in whole blood over the 3 months postindex.
Blood group A donors maintained higher postindex
WNV viral load in whole blood than bleod group O indi-
viduals (p = 0.027). Despite a trend for WNV RNA to
persist longer in whole blood from symptomatic sub-
Jacts, no significant association was found between
WNV RNA levels in whole blood and disease cutcome.
CONCLUSION: This study confirmed that WNV RNA
persisis in the RBC fraction in whele blood and further
suggested that the level of persistence in whole blood
may be a reflection of initial viral burden in plasma. The
association with blood groups suggests that WNV
adherence to RBCs may be médiated by molecules
overrepresented at the surface of blood group A RBCs,
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est Nile virus. (WNV), a mosquito-borne
arbovirus and transfusion-transmitted
flavivirus, was introduced into the United
States in 1999 and has since been respon-
sible for more than 39,000 reported clinical cases, of which
17,463 presented with neuroinvasive disease, 22,094 with .
West Nile fever, and 1668 with a fatal outcome.! However,

“WNV infection is asymptomatic in more than 30% of

cases? and a recent study projected that more than 3
million persons have been infected with WNV in the
United States from 1999 to 2010, resulting in approxi-
matély 780,000 illnesses.®* With no treatment and no
vaccine to prevent the development of sympto-
matic infections in humans,® it is essential to prevent .
transmission. . :

The demonstration of WNV transfusion transmission

" in 2002 alerted the blood banking community to the blood

safety implications of large-scale arbovirus epidemics and
to the need for expanded hemovigilance and focused
research to proactively protect recipients from this class of

ABBREVIATIONS: ID = individual donation; LOD = limit of
detection; MP = minipool; TMA = transcription-mediated
amplification; WINV = West Nile virus.
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blood-borne agents.® In late 2002, the US Food and Drug
Administration (FDA), US blood collection organizations,
and test manufacturers began an accelerated program to
develop and implement WNV nucleic acid amplification
technology (NAT) assays to screen doners for WNV before
the 2003 season. Assays were developed for use in a mini-
pool (MP)-NAT format {plasma from six to 16 donations is
pooled and tested), and by July 2003 essentially all blood
donations in the United States were being tested for WNV
using MP-NAT assays developed by Roche and Gen-Probe
(San Diego, CA). Although MP-NAT of blood denations
prevented hundreds of cases of WNV infection in 2003, it
failed to detect units with a low level of viremia, some of
which were antibody negative and infectious.” Documen-
tation of MP-NAT “breakthrough” infections suggested
that a significant rate of low-level viremic donations were
missed by MP-NAT. Consequently, relatively cost-effective
strategies for targeted NAT of individual donations (ID-
NAT) in_high-prevalence regions was developed and
implemented successfully in 2004 with subsequent refine-
ments over the past decade.?

Capitalizing on blood bank resources allowed for
unparalleled access to WNV "‘RNA-positive donors.
Samples were collected from these otherwise inaccessible
individuals in the a- or presymptomatic stage of acute
WNV infection and systematic follow-up studies of
viremic donors were conducted, which contributed to a
better understanding of the natural history of viremia and
immune responses.*!* Those studies provided insights
into the dynamics of viremia and immune responses; the
rates, determinants, and pathogenesis of symptomatic
WNV disease; and refinement of screening strategies and
deferral policies that have essentially eliminated the risk
of WNV transfusion transmission in the United States.
However, some questions remain unanswered and require
further study, including the risk for transfusion transmis-.
sion by units collected in the tail end of WNV viremia, 105

WNV RNA compartmentalization (ie., the associa-
tion of viral nucleic acids and infectious virus with blood
cells) was first reported in a cross-sectional cohort by Rios
and colleagues'® and was recently further characterized by
Lai and coworkers” in a longitudinal cohort of 10 WNV-
infected blood donors from Blood Systems, Notably, WNV
RNA concentrations were consistently greater in whole
blood than in plasma after seroconversion, and viral RNA
was detected in whole blood up to 200 days after initial
detection.”” Further work was needed to more precisely
characterize the dynamics of acute virémia in blood com-
partments and the association with WNV clinical disease.
This study reports these findings based on laboratory and
clinical characterization of a longitudinal cohort of 54
additional Blood Systems WNV-infected blood donors
with symptom data collected around the time of initial
donation and samples collected throughout the year
postdonation. This study also explores the association

WNV RNA PERSISTENCE iN WHOLE BLOOD

between WNV RNA persistence in whole blood and blood
groups, with potentially informative insights into WNV
pathogenesis. ‘

MATERIALS AND METHODS

Study population

WNV infected donors were enrciled by Blood Systems
Research Institute between 2009 and 2011, Demographics
such as age and sex were collected from all donors. AJl
donors who tested positive for WNV RNA by routine dona-
tion screening (index; Procleix WNV transcription-
mediated amplification [TMA] assay [Gen-Probe]) at
United Blood Services collection facilities were eligible for
enrollment. Infection was confirmed when index dona-

“tion was repeat reactive by TMA and follow-up samples

showed seroconversion to anti-WNV immunoglobulin
(Ig)M. Confirmed infected donors were enrolled after
signing an informed consent approved by the UCSF Com-
mittee on Human Research. Samples were successfully

_ collected from 54 WNV-positive donors. Symptom gues-

tionnaires covering 12 possible WNV-related symptoms
were administered at study enrollment and 2 weeks later
for all donors.! As previgusly described,'*® a cutoff of
four symptoms was used to categorize infected donors as
asymptomatic {number of reported symptoms < 4, n = 26)
or symptomatic {number of reported symptoms=z4,’
n = 28). The mean age was 51 years for the WNV-positive
cohort, 48 years for asymptomatic, and 53 years for symp-
tomatic WNV-positive donors {p = 0.19). '

Sample preparation”

Whole blood, peripheral blood mondnuclear cell
(PBMNC), and plasma samples were prepared from anti-
coagulated blood specimens collected in ethylenedia-
minetetraacetate tubes. Blood was centrifuged at 872 x g
for 10 minutes before plasma was removed and aliquoted
for long-term storage.- The remaining white blood cells
(WBCs), red blood cells (RBCs), and small-volume
plasma, referred to here as “whole blood,” were also
aliquoted into cryovials for long-term storage at —80°C.
PBMNCs were isolated on a Fieoll-Pague PLUS density
gradient (GE Healthcare Life Sciences, Piscataway, NJ).
Aliquots of 10 x 10° cells were frozen in medium contain-
ing 90% FBS (HyClone, Logan, UT) and 10% dimethy]
sulfoxide (DMSO; Fisher BioReagents, ThermoFisher Sci-
entific, San Diego, CA) and stored in liquid nitrogen.

WNV real-time reverse transcription-polymerase
chain reaction assay

The WNV real-time reverse transcription-polymerase
chain reaction (RT-PCR) assay in this study was used as
previously described.'” Briefly, RNA was extracted from
undiluted thawed plasma and whole blood samples and
washed PBMNCs (to remove any trace of DMS0) using a

Veolume 54, December 2014 TRANSFUSION 2233
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viral RNA kit (Qiagen, Chatsworth, CA} with procedures

slightly modified from the package insert. Viral RNA was
extracted from 100 pL of plasma or whole blood samples

and from 10 x 108 PBMNCs (thawed, washed with 500 uL -

. of phosphate-buffered saline [PBS] and resuspended in
100 pL. of PBS). Real-time RT-PCR used primers and
probes that targeted highly conserved sequences within
the capsid region or the NS1/NS2 region of the WNV
genome.® After amplification, the mean cycle threshold
values from two replicate tests were determined for whole
blood and plasma-derived samples processed in parallel.
WNV RNA-positive plasma with a known concentration,
originally sourced from an FDA stock of WNV isolate
(NY99) culture supernatant, was obtained from Center for
Biologics Evaluation and Research/FDA and spiked into
plasma as well as whole blood, which were then used as
the standards for viral load extrapolation as previously

" described.” :

. WNV IgM and IqG antibody assay '

Serologic testing of plasma for WNV IgM and IgG was per-
formed using ELISA kits (Focus Diagnostics, Cypress, CA)

in accordance with the manufacturer’s instructions and as -

previously described ®

Statistical analysis
The t test (Excel, Microsoft Corp., Redmond, WA) was used

to compare the age of asymptomatic and symptomatic

WNV-positive donors. Computer software - (GraphPad
Prism, GraphPad, Inc., San Diego, CA) was used to
compare differences in viral load between blood group A
and blood group O WNV-positive donors and between
asymptomatic and symptomatic WNV-positive donors by
the nonparametric Mann-Whitney test. The nonparamet-
ric Wilcoxon signed rank test for matched pairs was used
to compare viral load levels in plasma, whole blood, and

PBMNC samples from the same 10 donors at a given time - '

point. The nonparametric Mann-Whitney test was used to

. compate viral loads at index time points between groups
of WNV-positive donors maintaining high versus low viral
loads in whole blood at 60 days postindex. The method of
generalized estimating equations was used to examine the
difference between blood groups A and O over the time
postindex and between asymptomati¢ and symptornatic
WNV-positive blood donors in association with WNV viral
ioad mean quantities per milliliter of whole blood. Signifi-
cance was determined at p values of less than 0.05.

RESULTS

WNV RNA is malntained in whole blood at higher
levels than in plasma for up to.3 months postindex

The 54 WNV-positive blood donors with available plasma
and whole blood samples included in this study were
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0 30 60 9 120 150 180
Days postindex

—
b=
f=3
(=3
[=3

WNV viral load (copies/mL) %
3

. \
0 3 60 e 120 150 180
Days postindex

Fig, 1. Viral and immune variables of WNV infection over the
6 months postindex donation. (A) Mean anti-WNV IgM (—-)

~and I[gG (O) titers are shown for 54 WNV-positive donors aver

the 180 days after index donation and expressed as fold
increase from cutoff (signal to cutoff [S/CO]). (B) Mean WNV

. viral load measured by real time RT-PCR in plasma (W) and

whole blood samples (A) from the same 54 WNV-positive
donors over the same period are expressed in copies/mL.

enrolled between 2009 and 2011 as part of an intensive

follow-up study that allowed for the collection of pedi- -
greed biospecimens characterized for immune markers

{Big. 1A} and WNV viral load in plasma and whole blood

{Fig. 1B). Frozen follow-up plasma and whole blood

samples were available. from these donors at 1 week,

2 weeks, 3 weeks, 4 weeks, 6 weeks, 2 months, 3 months,

and 6 months postinitial blood donation (index). Speci-

mens were thawed and characterized for WNV viral load

by real-time RT-PCR (Figs. 1 and 2).

At the time of index RNA-positive donations, when
only six of 37 (16%) WINV-positive donors with viral load
and antibody data had seroconverted to anti-WNV IgM
{Table 1), there was no significant difference in thelevel of
WNV viral load between plasma (4123 copies/mL) and
whole blood (2488 copies/ml; p=036; Fig. 1B). At
follow-up visits, as an increasing numhber of WNV-positive
donors seroconverted to anti-WNV IgM (on Day 7, 47 0f 54
WNV-positive donors were IgM positive and by Day 14 all
had seroconverted; Table 1}, viral loads were significantly
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Fig. 2. WNV viral load in plasma (O) and whole blood {A)
samples from 54 WNV-positive blood donors over the year
- postindex donation. WNV viral load was measured by real-
time RT-PCR in plasma and whole blood samples from 54
WNV-positive donors over the 3 months postindex donation
_and expressed in copies/mL. Bars = median viral loads.
Dashed lines = 50 and 95% LOD of the assay, as previously
characterized,'” respectively, for plasma and whole blood.

higher in whole blood than in corresponding plasma
samples (25-fold difference on Day 7; p < 0.0001). Viral
loads persisted at higher levels in whole blood than in
plasma throughout the first 3 months postindex (fold dif-
ference on Day 14, 210; on Day 21, 525; on Day 30, 532; on
© Day 60, 157; on Day 90,.187 times higher in whole blood
than in plasma; p < 0.0001; Fig, 2). The mean WNV viral
load was more than 1000 copies/mL over the first month
(median, >300 copies/mL), then decreased over the
second (mean, 666 copies/mL; median, 169 copies/mL)
and third months {mean, 139 copies/mL; median, 35
copies/mL) postindex. While 100% of the WNV-paositive
donors had WNV RENA levels below the 95% upper limit of
detection (LOD) of the assay in plasma (73.7 copies/mlL)
by the third week postindex, 42% of them maintained
WNV RNA levels above the 95% LOD of the assay in whole
blood (89 copies/mL) up to 3 months postindex (Fig. 2).

WNV RNA is associated with the RBC rather than
the WBC compartment

. To investigate whether the persisient, high levels of WNV
RNA detected in whole blood relative to plasma are due to
associations with the WBC and/or RBC compartments of
the whole blood, samples from the 10 WNV-positive
donors previously characterized by Lai and colleagues!”
for WINV viral loads in plasma and whole blood were
further characterized for WNV viral load in plasma,
PBMNCs, and whole blood by real time RT-PCR (Fig. 3).
While WNV RNA was confirmed to be significantly higher
in whole blood than in plasma on Day 7 {p = 0.002}, Day 14

~

WNV RNA PERSISTENCE IN WHOLE BLOOD

(p =0.004), Day 21 (p = 0.002), and Day 30 (p = 0.008}, it
was also significantly higher in whole blood than in the
corresponding concentrated PEMNC preparations on Day
14 (p = 0.0039), Day 21 (p = 0.002}, and Day 60 (p = 0.015).
WNV RNA levels were slightly higher in PBMNCs than in
plasma but the difference was only significant at day 21
(p = 0.03). Overall we concluded that WNV RNA was asso-
ciated with the whole blood but not the PBMNC compart-
ment, and-therefore we inferred that the WNV RNA was
more likely associated with long-lived RBCs than with

‘short-lived granulocytes and platelets (PLTs).

Correlation between the level of WNV RNA in
whole-blood and the level of WNV RNA in plasma
at index donation

WNV viral load data in plasma and whole blood were only
available for a limited number of index donations (n = 22).
WNV-positive donors with the highest levels of WNV RNA
in plasma (classified as “high” when index WNV RNA was
more than 1000 copies/mL, compared to those classified
as “low” when' index WNV RNA was <1000 copies/mL)
exhibited higher levels of WNV RNA in whole blood at
index {p=10.034) and also maintained higher levels of
WNV RNA in whole blood at 60 days postindex compared
to those who exhibited lower levels of WNV RNA in plasma
at index (p = 0.01; Fig. 4A). Eleven of the 12 donors with
WNV RNA in plasma of more than 100 cepies/mL had
detectable WNV RNA in whole blood, except for one donor
whe had a negative whole blood sample result but later
had detectable WNV RNA in whole blood at 60 days ~
postindex. All eight donors with the highest levels (>1000
copies/mL) of WNV RNA in plasma at index had WNVRNA
in whole blood at 60 days postindex, whereas 60% (3/5) of .
those with WNV RNA in plasma between 100 and 1000
coples/mL maintained detectable WNV RNA levels in
wheoleblood at 80 days postindex and eight of nine donors
with WNV RNA in plasma of less than 100 copies/mL at
index had undetectable WNV RNA levels in whole blood at
60 days postindex (Fig, 4B). .

Overall these data suggest that WNV RNA was
already present in the whole blood fraction at index (even
though 84% of the WNV-positive donors had not yet
seroconverted to anti-WNV [gM at that time), and donors
with the highest WNV RNA levels in plasma during acute
viremia were also those with the highest persistent levels
of WNV RNA in whole blood.

Blood group A donors maintained higher WNV
viral load in whole blood over the 3 months
postindex than blood group O donors

Within the 54 WNV-positive denors included in this analy-
sis, there were 23 blood group O, 23 blood group 4, six

- blood group B, and two blood group AB individuals.
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Days postindex

Days postindex

TABLE 1. Availahility of samples and data over first three follow-up visits
. Follow-up visit .
Type of data available Index First Second Third
WNV-positive donors with TMA and IgM or 1gG data o
Number 44 54 54 .54
TMA positive*t - 44 (100} 45 (83) 35 (65) 24 (44)
igM positive* 10 (23) 45 (83) 54 (100) 54 {100)
IgG positive* ‘ B{18) 32 (59) 47(87) 53 (58)
Days Pif ] 8 (2-35) 16 (9-48) 23 (16-56)
WNV-positive donors W|th viral load data .
Number 37 54 54 54
TMA positive 37 (100) 45 (83) 35 {65) C 2444
lgM positive 6 (16) 45 (83) 54 (100) 54 (100)
lgG positive 4 (1) 32 (59) 47 (87) 53 (98) -
Days P 0 8 (2-35) 16 (9-48) 23 (16-56)
* TMA and IgM or 19G reactivity are listed as number (%)
1 Samples were considered TMA-reactive (+) if at least one of the 2 or 3 replicates were reactive.
4 Days postindex (PI} are listed as mean (range}.
Plasma . PBMNCs Whole blood
:'é 1(]00001E 100000 100000-%
2 100007 10000 10000
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Fig. 3. WNV viral Iads in plasma, PBMNCs, and whole blood samples frem 10 WNV-positive blood donors over the 6 months
postindex donation., Relative distribution of WNV RNA was investigated in plasma, PBMNCs, and whole blood samples from a
longitudinal cohort of 10 WNV-positive donors enrolled in 2008,'" WNV viral loads were measured in plasma, PBMNCs, and whole
blood samples. WNV RNA concentrations are expressed in copies/mL. Bars = medians. Dashed lines = 50 and 95% LOD of the assay,
as previously characterized,'” respectively, for plasma and whole blood,

Examining the WNV viral load dynamics over time
postindex in blood group O (n = 23) and blood group A
(n = 23; excluding blood group B and AB individuals), it
seemed that a stightly higher percentage of bload group A
{70%) than blood group O donors (50%) maintained WNV
RNA levels of higher than the 95% LOD of the assay in
whole blood at 2 months postindex (Fig. 54). It appeared
that blood group A donors retained higher median WNV
viral loads in whole blood than others during the
3 months after index donation (Fig. 5B). At 42 days
postindex, blood group A donors had higher median viral
loads than blood group O donors (medians A, 624; and O,
128 copies/mL; p=0.028). Comparing the mean WNV
viral ioad over time in whole blood from blood group ©
and AWNV-positive donors, it appeared that blood group
A WNV-positive donors maintained higher mean viral
loads over the 3 months postindex period than blood
group O WNV-positive donors (generalized estimating
equation p = 0.027; Fig. 5B).

3236 TRANSFUSION Volume 54, December 2014

WNV RNA persistence is not significantly
associated with WNV disease outcome

The association between WNV persistence in whole blood
and pathogenesis was investigated by comparing WNV
RNA levels in asymptomatic (n=26) and symptomatic
WNV-positive donors (n = 28) over the 3-month period
after index donation (Fig. 6). While at Day 7 postindex 79%
of symptomatic -and 76% of the asymptomatic WNV-
positive donors had WNV RNA levels higher than the 95%
10D of the assay in whole blood, 52% of the symptomatic
versus 35% of the asymptomatic WNV-positive donors
with available samples had still detectable WNV RNA in.
whole blood at 90 days postindex (Fig. 6A), suggesting that
asymptomatic WNV-positive donors may clear WNV RNA
from whole blood faster than symptomatic WNV-positive
donors. Despite a trend for the median viral load in whole
blood to be 2.3 and 23 times higher in symptomatic than
in asymptomatic WNV-positive donors at 2 and 3 months
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Fig. 4. Plasma WNV RNA levels in the first 2 weeks postindex
predict ﬁersistem WNV RNA in whole blood at 2 months
postindex, WNV viral load was measured by real-time RT-PCR
in plasma and whole blood samples from 54 WNV-positive
donors over the 3 months postindex donation and expressed in
copies/mL for each individual donor over the 3 weeks
postindex in plasma and over the 3 months postindex in whole
blood. (A) WNV-positive donors with WNV viral load of fewer
than 1000 copies/mL in plasma at index were classified as
having “low” plasma WNV viral Ioad and those with WNV viral
load of more than 1000 copies/mL in plasma at index were
classified as having “high” plasma WNV viral load, WNV viral
load in whole blood for those classified as high or low WNV
viral load in plasma at index are shown at index and at 60 days
postindex. Middte bars = medians. *p < 0.05,**p < 0.01,and
*440 < 0.0001 by Mann-Whitney test. (B) Individual WNV viral
loads are shown for the 22 WNV-positive donors with available
WNV RNA viral load data in plasma at index and for corre-
sponding whole blood samples from the same donors at index
and at 60 days postindex. Thicker lines are for WNV-positive
donors with index plasma viral load of more than 1060 copies/
mL. Dashed lines are for thase with index plasma viral load
between 100 and 1000 copies/mL. Thinner lines are for those
with index plasma viral load of fewer than 100 coples/mL.
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Fig, 5. Dynamics of WNV viral load in whole blood samples
from WNV-positive blood donors with different blood groups.
(A) The histog‘rams‘represent the percentage of donors within
blood group O (T, n = 23) and blood group A (M, n = 23)
WNV-positive donors with WNV viral load in whale blood
above the 95% LOD of the WNV real time RT-PCR assay at dif-
ferent time points postindex. (B) Box and whiskers for 10th to°
90th percentiles represents the distribution of WNV viral load
in whole blood samples from blood group A (E=) and blood
group O () WNV-positive donors; middle bars = medians;
+ = means. *p < 0.05 by Mann-Whitney test to compare blood
group A to blood group O WNV-positive donors on Day 42
postindex. '

postindex, respectively, there was no significant difference
between symptomatic and asymptomatic WNV-positive
donors when mean or median WNV viral loads in whole
blood were compared (Fig, 6B). Therefore, even though
WNV RNA seemed to persist longer in symptomatic WINV-
positive donors than in asymptomatic WNV-positive
donors, there was no significant association between WNV
BNA persistence in whole blood and WNV disease
outcome,

DISCUSSION

This study was designed to rmeasure WNV RNA levels
in plasma and whole blood from a cohort of 54
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Fig. 6. Dynamics of WNV viral load in whole blood samples
from asymptomatic (C) and symptomatic (ams) WNV-positive
donors over the 3 months postindex donation. WNV viral load
was measured by real-time RT-PCR in whole blood samples
from asymptomatic {n = 26) and symptomatic (n = 28)
WNV-positive donors over the 3 months postindex donation.
(A) The histograms represent the percentage of donors within
asymptomatic and symptomatic WNV-positive donors with
WNV viral load in whole bload above the 95% LOD of the WNV
real-time RT-PCR assay at different time points postindex. (B)
Box and whiskers for 10th to 90th percentile represents the
distribution of WNV viral load in whole blood samples from
asymptomatic and symptomatic donors at 7, 14, 21, 30, 42, 60,
and 90 days postindex; middle bars = medians, + = means.

WNV-infected bleod donors enrolled from 2009 to 2011
who had demographic and symptom data collected
around the time of donation and samples collected
throughout the year after initial detection. Longitudinal

samples were characterized for levels of WNV IgM and IgG -

antibodies and WNV RNA. The phenomenon of WNV
blood compartmentalization'” was confirmed: while 100%
of the 54 donors had cleared WNV RNA from their plasma
within the first 3 weeks postindex, 42% of the donors
maintained substantial levels of WNV RNA in whole blood
over the first 2 months postindex and in some cases up to
3 months postindex. As previously reported by others,*
WNV RNA was found associated with whole blood and not
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the PBMNC fraction of whole blood. Interestingly those
maintaining the highest levels of WNV RNA in whole
blood were those with the highest levels of WNV RNA in
plasma at indey, suggesting that WNV RNA in whole blood
could be the consequence of initial viral burden as
reflected in the levels of acute viremia in plasma. Further-
more, WNV RNA persisted in whole blood from blood
group A donors at higher levels than in whole blood from
blood group O donors, suggesting binding to RBCs may be
linked to blood group glycoproteins or mediated by mol-
ecules present at greater frequency on blood group A
RBCs. Additionally, despite a trend for WNV RNA to persist
longer in whole blood from symptomatic WNV-positive
donors than .in whole blood from asymptomatic
WNV-positive donors, no strong association was found
between WNV burden in whole blood and WNV disease
course. ) )

The persistence of WNV RNA in whole blood does not
necessarily mean that infectious WNV is present. The per-
sistence of infectious WNV in host tissues long after
plasma clearance was demonstrated after investigating
clusters of WNV organ transplant transmissions.* Indeed
WNNV was transmitted by organs collected from a donor
without plasma viremia and with high titers of anti-WNVZ
This suggests that low-level persistent viral particles are
able to transmit WNV infection even after the develop-
ment of humoral immune responses and clearance of
detectable plasma WNV RNA. This is a concern as infec-
tious diseases present particular risk to recipients of organ
transplantations, who are often immunosuppressed and
hence at greater risk of serious disease sequelae. From a
transfusion transmission perspective, all cases of WNV
transfusion transmissions have been linked to donations
that tested WNV plasma RNA positive.??¢ Even though a
group at the FDA reported that infectious WNV could be
amplified by cocultivating whole blood collected months
after index donation with Vero cells and monocyte-
derived cells despite the presence of anti-WNV/'®#"2 gnly
one out of thousands of units collected in the seropositive
convalescent stage of WNV infection®® has ever been
linked to a breakthrough infection. Therefore, it is prob-
ably reasonable to assume that WNV particles persisting at
low levels bound to RBCs in whole blood are neutralized
after the development of antl-WNV. However, the recent

- exception is a case of WNV transfusion transmission that

occurred in 2012 and had a fatal outcome despite donor
seroconversion to WNV IgM antibodies® This patient,
who had non-Hodgkin’s lymphoma, chemotherapy, and
an autologous stem cell transplant, received allogeneic,
leukoreduced, irradiated blood products coilected from
multiple donors including a donor who had tested nonre-
active for WNV RNA by TMA and had seroconverted to
WNV IgM antibodies.® Therefore, with several cases of.
transplantation transmission® and isolated cases of trans-
fusion transmission despite universal blood screening,



WNV remains a concern for the blood bank and organ
transgplantation communities.®

The findings in this study could have implications for
enhanced sensitivity screening of blood collected from
donors in the seropositive phase of WNV infection in that
a higher level of sensitivity could be achieved by screening
whole blood instead of plasma. Improvement of the sen-
sitivity for WNV detection assays might help in reducing
WNV transfusion transmission from low-level viremia
units, which may be particularly important for marrow
and organ transplant recipients who are a more vulner-
able population.? With better sensitivity, MP-NAT screen-
ing might be extended to reduce the period for ID-NAT
screening, which could in turn decrease the cost for blood
screening. Donors who tested positive for WNV RNA in
plasma are deferred for a period of 120 days. This deferral
period was defined based on evidence of WNV clearance
in plasma after few weeks postindex donation; however,
WNV RNA can now be identified in whole blood for several
months postindex. Compremising between WNV MP- or
ID-NAT testing and adjusting the deferral period during
which blood donors who tested reactive for WNV are
excluded from donation are key variables to ensure high

quality, affordability, and availability .of blood in the '

United States. This study suggests that an increased sen-
sitivity could be reached by screening whole blood.
However, the current screening platforms from Roche and
Gen-Probe/Hologic, Inc., are optimized for plasma and it
will require adaptation to be able to process whole blood.

The molecular basis underlying the persistence of
WNV RNA in the BBC fraction of the whole blood, includ-
ing whether the virus sticks to the RBC membrane or pen-
etrates into the RBCs, remains unclear, The findings in this
study corroborate the association of WNV with the RBC
fraction of the whole blood previously reported by Rios
and colleagues,’® who suggested that WNV adheres to
RBCs. Based on the finding that WINV RNA was associated
with the whole blood but not the PBMNC compartment,
we inferred that WNV RNA was more likely associated with
long-lived RBCs than with short-lived granulocytes and
PLTs. However, it would be interesting to further investi-
gate the potential adherence to PLTs, and if detected the
infectivity of PLT-associated WNV, as most of those are
transfused to severely immunocompromised recipients
who are at risk for the development of symptomatic WNV
disease outcome.

Intriguingly, while WNV RNA is retrieved in the RBC
fraction of all blood groups, blood group A donors seemed
1o maintain higher WNV RNA levels in whele blood than
blood group O donors. This observation raises the possi-
bility that the molecules mediating WNV attachment to
theé RBC membrane may be present at a higher concentra-
tion on the surface of RBCs from blood group A individu-
als than at the surface of RBCs from blood group O
individuals. Similar mechanisms described for other

WNV RNA PERSISTENCE IN WHOLE BLOOD

pa_n‘.ho gens such as Plasmodium falciparum could be at
play during WNV infection. The utilization of blood group
A antigen as a receptor or coreceptor for R falciparum to .
enter the RBCs has been documented® and severe malaria

outcomes are more frequent in blood group A individu-

als.®* The longer persistence of the parasite in blood group
A than in blood group O individuals was also explained by
lower macrophage avidity for blood group A than for
blood group O-infected RBCs.* Our finding of higher per-
sistence of WNV RNA in the RBC compartment of blood
group A individuals warrants further investigation as it
could reveal mechanisms of viral entry and propagation,
and potential genetic susceptibility that would have
to be addressed in larger cohorts and ex vivo through
spiking experiments investigating possible direct viral
or antibody-mediated mechanisms. Characterizing the
molecular basis for WNV adherence to RBCs is also impor-
tant t6 understand whether WNV binds to the membrane
at the surface of RBCs or penetrates into the cytoplasm of
RBCs and whether the virus can be washed away during
deglycerolyzation of frozen RBCs. Although not signifi-
cant, the association between WNV RNA persistence and
clinical disease outcome also suggests a link with patho-

- genesis. Indeed more symptomatic than asymptomatic

WNV-positive donors exhibited persistence of WNV RNA
up to 3 months postindex. This means that WNV infec-
tious particles or WNV antigens may be persisting longer
in symptomatic than in asymptomatic WNV-positive .
donors despite the development of the humoral and cel-
lular immune response. RBCs have a life span of 120 days
and represent potent vehicles to carry viruses and other
pathogens throughout the body and the tissues, including
the central nervous system, until they are eliminated. This
may allow for infectious particles to reach otherwise inac-
cessible organs and tissues in a timely manner. This also
poses a threat to organ recipients who are immunosup-
pressed and at risk for the development of symptomatic
WNV disease after receiving transplants with remaining
blood potentially carrying RBC-associated WNV, The per-

_sistence of WNV RNA in blood during the approximate life

span of the RBCs in the circulation may be responsible for
sustained immune responses that could translate into
sustained tissue inflammation and immunopathogenesis.
Further work in animal models may be required to address
the correlation between levels of WNV RNA persisting in
whole blood and initial viral burden in plasma as well as
the potential association with pathogenesis in groups with
different clinical disease outcomes, '

In conclusion, this study confirmed the phenomenon
of WNV RNA persistence for extended periods of time in
whole blood compared to plasma in a cohort of 54 WNV-
infected donors. The mechanisms underlying the persis-
tence of WNV RNA in the RBC fraction remains unelear,
but the association between the persistence of higher
WNV RNA levels in whole blood from blood group A

Volume 54, December 2014 TRANSFUSION 3239



LANTERI ET AL.

donors is intriguing and requires further investigation as it
could lead to new insights into the molecular basis of WNV
attachment to host cells. This study examined the associa-
tion between WNV RNA persistence and disease outcome
with suggestive but not conclusive findings. Further
studies will be required to determine whether longer WNV
RNA persistence in whole blood from symptomatic WNV-

positive donors is the cause or the consequence of .

immunopathogenesis. Finally, further studies addressing
the persistence of infectivity in whole blood are needed to
ascertain whether current screening strategies are suffi-

cient for ensuring the h1ghest quality of blood in the
United States. -
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Inactivation of dengue virus in plasma with amotosalén and
ultraviolet A illumination

Didier Musso,’ Vaea Richard,’ Julien Broult,? and Van-Mai Cao-Lormeau’

BACKGROUND: Dengue virus (DENV) is the most
prevalent arbovirus in tropical and subtropical regions.
Transfusion-transmitted DENV infections have already
been reported and the risk for blood products to be
contaminated by DENV needs to be considerad in
dengue-endemic areas, especially during outbreaks.
Blood product inactivation processes, including
amotosalen and uitraviolet A (UVA) illumination, have
been developed to reduce transfusion-transmitted infec-
fions. In this study we demonstrate the efficiency of
using atriotosalen and UVA illumination for DENV inacti-
vation in human plasma.,

STUDY DESIGN AND METHODS: Plasma units from
volunteer blood donors were spiked with DENV. Viral
titers and viral RNA loads were measured in plasma
befare and after amotosalen and UVA photochemical
treatment, '

RESULTS: The mean DENV titer in plasma before
inactivation was 5.61 log 50% tissue culture infectious
dose (TCIDg)/mL and the mean viral RNA load was
10.21 log copies/mL. In inactivated plasma, the mean
DENV BNA load was 9.37 log copies/mL, but cell cul-
tures inoculated with inactivated plasma did not result in
infected cells and did not produce any replicative virus
nor detectable viral RNA.

CONCLUSION: We report here that amotosalen com-
bined with UVA light inactivated DENV in fresh-frozen
plasma (5.61 log inactivation of viral titer). This inactiva-
tion process is an efficient method to prevent plasma
transfusion-transmitted DENV infections.

2924 TRANSFUSION Volume 54, November 2014
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engue fever is caused by four related envel-

oped single-stranded RNA viruses {dengue

virus [DENV]-1, DENV-2, DENV-3 and

DENV-4) belonging to the genus Flavivirus,
family Flaviviridae.! DENV is the most prevalent arbovirus
in tropical and subtropical regions, and. this disease is a
global public health problem. According to the World
Health Qrganization, 50 to 100 million dengue infections
occur annually in more than 100 countries and are
responsible for 20,000 deaths.? The spectrum of the
disease is large, ranging from asymptomatic to mild
disease to severe dengue.® Natural transmission of DENV
occurs through the bite of infected female mosquitoes of
the genus Aedes.* Other modes of transmission have been
reported including marrow® and renal® organ transplanta-
tion, intrapartum,’ nosocomial,? mucocutaneous expo-
sure to infected blood,® and blood transfusion.!*'2 DENV
transfusion-transmitted cases have been reported after
the use of blood componerits including fresh-frozen
plasma (FFP), red blood cells {RBCs), and platelets
{PLTs)."® Evidence for transfusion-transmitted dengue
requires documentation of the virus in the blood product
or from blood recipient and blood donor; in addition, viral
isolates identity must be demonstrated. This is rarely pos- |
sible in most of the endemic areas, and the number of
transfusion-transmitted DENV infections is probably
underestimated. '

ABBREVIATIONS: DENV = dengue virus; IFA(s) = indirect
immunofluorescent assay(s); TCIDso = 50% tissue culture
infectious dose; WNV = West Nile virus.
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Screening of potential donors for blood transfusion
usually includes medical questions, serologic screening
and/ornucleic acid testing (NAT), and geographic exclu-
sions based on potential exposures. Screening strategy
based on medical questions does not detect asymptom-
atic viremic donors or donors before onset of symptoms.
Serologic screening and/or NAT cannot be performed
for all pathogens. The option to minimize the risk of
transfusion-transmitted DENV by deferral of at-risk blood
donors (like persons who recently have traveled in a
country where dengue is reported} is impossible in
endemic areas because the entire population is at-risk for
DENV infection. Because these screening strategies
cannot totally guarantee the absence of any transfusion-
transmissible agent, additional strategies such as
pathogen inactivation have been developed. Pathogen
intactivation consists of the addition of a compound to
blood to reduce or abolish infectivity of pathogens includ-
ing viruses, bacteria, and protozoa.'s :

Several inactivation processes have been developed
including photochemical treatment of blood products by
the use of psoralen combined with ultraviolet A (UVA)
light illumination.!® Amotosalen HCI ($-59), in combina-
tion with UVA light illumination, is a photoactive psoralen
that has been demonstrated to inactivate a broad range of
DNA and RNA-based single- and double-stranded patho-
gens.'8 The process occurs in three steps: 1) amotosalen

“intercalates into the double-helical structure of DNA or
RNA; 2) after illumination with long-wavelength UVA
light, the intercalated psoralens undergo a photo-
addiction with a pyrimidine base to form a covalent
monoadduct; and 3) the psoralen then undergoes another
photoaddition with a pyrimidine base on the opposite
strand forming a diadduct or interstrand cross-link. Cross-
link formations in single-strand genomes of DNA and
RNA viruses also occur. The high frequency of interaction
between amotosalen and pyrimidine makes replication
and transcription irnpossible and also inhibits DNA repair
mechanisms. Amotosalen has no nucleotide sequence
specificity so it can inactivate alarge number of pathogens
including viruses, bacteria, and parasites. Amotosalen is
suitable for treatment of plasma and PLT components.
Psoralen inactivation cannot be used for pathogen inacti-
vation of RBC components due to poor penetration of
UVA light in this dense material.’®

The amotosalen photochemical treatment has been
validated for DENV inactivation in apheresis PLTs sus-
pended in plasma with up to 3.012% and 5.3% log reduction
of DENV-2 as determined by plague assay. To our knowl-
edge, the efficacy of amotosalen and UVA light to inacti-
vate DENV in plasma has never been demonstrated.

To validate the use of amotosalen and UVA light for
inactivation of DENV in plasma, we spiked DENV into
pooled plasma units and determined viral titers and viral
RNA loads before and after inactivation, in accordance
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AMOTOSALEN INACTIVATION OF DENGUE VIRUS
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Fig. 1. Schematic flow diagram of the experimental design.

with the recommendations for evaluation of pathogen
reduction efficacy.?

MATERIALS AND METHODS

Blood collection and inactivation of the contaminated
plasma units were performed at the blood bank center of
French Polynesia (Tahiti). The handling of infectious.
material (virus culture, infection of plasma bags, viral and

- RNA load determination) was performed at the “Institut

Louis Malardé” (Tahiti, French Polynesia). The schematic
flow diagram of the experimental design is illustrated in
Fig. 1.

Virus

The DENV-1 strain (PF08/130208-76), initially iselated
from the serumn of a French Polynesian patient in 2008,
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was propagated in larval Aedes albopictus C6/36 cells® as
previously described.” The cell culture supernatants were
- concentrated by ultrafiltration using centrifugal filter
devices (Centricon Plus-70, 100K NMWL, Millipore,
Schwalbach am Taunus, Germany). Four viral concen-
trates (approx. 2 mL each) were recovered and stored at
-80°C with heat-inactivated fetal bovine serum (Life Tech-
nologies, Grand Island, NY) added at a dilution of 1:5.

'Selectioh of blood donors

All plasma units were obtained from the blood bank
center of French Polynesia. Blood donors without risk
factors for previous DENV infection were selected during
the medical questionnaire before blood donation. Accord-
ing to the French law, samples were collected after signed
consent was obtained from the blood donors.

Whole blood and plasma collection

Whole blood samples were collected from venous punc-
ture using whole blood collector devices {LQT6280L,
MacoPharma, Tourcoing, France); the volume collected
ranged from 450 to 500 mL. Whole blood units were stored
at +4°C for 24 hours. During that time, all mandatory
blood tests were performed (immunohematologic tests;
human immunodeficiency virus [HIV], hepatitis B virus
[HBV], hepatitis C virus [HCV], human T-lymphotropic
virus, and Treponema pallidum detection by serology;
HIV, HBV, and HCV detection by NAT} and, to confirm the
absence of previous DENV infection, the detection of
immunoglobulin (Ig)G antibodies against DENV was per-
formed using IgG kit (DxSelect, EL1500G, Focus Diagnos-
tics, Cypress, CA) and the detection of IgM antibodies
against DENV was performed using anti-dehgue IgM
capture enzyme-linked immunosorbent assay (11EK20,
Standard Diagnosis, Gyeonggi-Do, Korea). Any DENV IgG-
and/or IgM-positive plasma units were discarded from
the study to avoid interfering with the experimental infec-
tion of plasma with DENV. The selected plasma units were
separated from whole blood according to the blood bank
center procedure using a blood component extractor
(T-ACE I+, Terumo, Somerset, NJ}. Four pools of two
plasma units each were prepared (4, B, C, and D).

Addition of DENV-1 into plasma units

Pooled plasma units 4, B, C, and D were infected by injec-
tion of DENV concentrates in the plasma units with a
0.45-um needle. After thorough mixing, a sample from
each infected plasma unit (preinactivation sample} was
collected with a new (.45-um needle. Preinactivation
samples were stored at —80°C until the determination of
viral titers and RNA loads.
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Inactivation process

Infected pooled plasma units A, B, C, and D were trans-
ferred into Intercept plasma inactivation sets (Intercept
disposable INT3102B, Cerus Corporation, Concord, CA)
containing 15 mL of 6 mmol/L amotosalen HCl solution
using a sterile-connect device. The final volume of the
pooled plasima units ranged from 550 to 580 mL, in accor-
dance with the volume recommended by the manufac-
turer (385 to 650 mL). A, B, and C infected pocled plasma
units were exposed to 3 J/cm? UVA light for 6 minutes
using an luminator (Intercept, INT100, Cerus Corpora-
tion} according to manufacturer's instructions. Infected
pooled Plasma Unit D was not inactivated and was the
positive control. All samples were then transferred by
gravity flow into a container with a compound absorption
device to remove the residual amotosalen and the free
photoproducts. A sample from each inactivated plasma-
unit {inactivated sarmple) and from the positive control
(noninactivated sample) were then collected and stored at
-80°C until the determination of viral titers and RNA

- loads.

Detection of replicative DENV and viral titration

For the detection of replicative DENV, all postinactivation
and noninactivated samples weie inoculated in duplicate
on C6/36 cells on 24-well plates at a 1-in-40 dilution. After
30 minutes of incubation, inocula were removed and cells
were rinsed twice with maintenance medium. The
infected cells were maintained at 30°C for 7 days. Then,
five successive passages of 7 days each were done by
inoculation of 200 pL of the pure previous passage super-
natant onto fresh C6/36 cells to amplify any trace of rep-
licative viral particles. After each passage, indirect
immunofluorescent assays (IFAs) were performed to
detect DENV-infected cells. '

For viral titration, triplicate 10-fold dilutions of all
preinactivation and control samples were inoculated on
C6/36 cells on 96-well plates. The infected 'cglls were
maintained at 30°C for 7 days before revelation by IFA,
Infectious wells were counted for each dilution and viral .
titers were expressed as 50% tissue culture infectious dose
{TCIDsy/mL) using the method of Reed and Muench.®

IFA

' For the 96-well plate titration assays, cells were directly

fixed and immunostained on the plates. The cells from
24-well plates were scraped and then deposited on a glass
slide before fixation and IFA. Cells were fixed in cold
acetone for 10 minutes at room temperature and air-
dried. DengueType 1 hyperimmune ascitic fluid (National
Institute of Allergy and Infectious Diseases, Bethesda,
MD) diluted 1:100 in phosphate-buffered saline (PBS) was
applied for 30 minutes at 37°C in a humid chamber. Cells
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TABLE 1. Detection of replicative DENV and DENV titration in log TCIDs/mL

Replicative DENV after

fritial viral First Second Third Fourth Fifth Log
Samples titers passage passage passage passage passage reduction
Plasma A
Preinactivation sample 5.74 +* + + s + 5,74
Inaclivated sample -t - - - - -
Flasma B o '
Prelnactivation sample 5.62 + + + + + 5.62
[nactivated sample - - - - - -
Plasma C
Preinactivation sample - 5.46 + + + + + 5.46
Inactivated sample - ‘ - - - - -
Plasma D {control)
Preinactivation sample 6,15 + + + + +
Nontnactivated sample 8,06 + + + + +

* Positive immunoflucrescence.
4 Negative immunofluorescence.

TABLE 2. DENV RNA quantification in log coples/ml.

RNA loads after

Samples Initial RNA loads ~ First passage  Second passage  Third passage Fourth passage  Fifth passage
Plasma A _ '
Preinactivation sample 10.19 10.81 10.64 10.63 10.31 10.16
Inactivated sample 939 —* — - —_ | —_
Plasma B
Preinactivation sample 10.28 10.86 10.88 10.61 10.07 9.1
Inactivated sample 9.23 —_ — —_ —_ —
Plasma C
Prainactivation sample 10.16 10,75 10.32 10.28 10.02 9.98
Inactivated sample 9.49 —_ —_ —_— — —_—
Plasma D (control)
Preinactivation sample 10.01 10.74 10,52 10.59 10.16 9.96
Noninactivated sample 10.05 10.89 10.29 9,67 9.51 9.80
* DENV RNA not detected.
were washed twice in PBS and incubated in a solution of RESULTS

fluorescein isothiocyanate-conjugated anti-mouse IgG
(Bio-Rad Laboratories, Steenrvoorde, France) diluted 1:100
in PBS and Evans blue diluted at 1:10,000. After incubation
for 30 minutes at 37°C, cells were washed in PBS and air-
dried. Mounting medium (Fluoprep, bioMérieux, Marcy
I'Etoile, France) was used for fixing coverslips.

DENV RNA quantification

For all plasma samples (preinactivation, noninactivated,
and postinactivation), RNA extraction was performed
from 140 pL of each sample using an automatic system for
extraction of total nucleic acids from various specimens
(NucliSENS miniMAG, bioMérieux), and real-time
reverse transcription-polymerase chain reaction (RT-
PCR) was performed_in a thermocycler- (Model CFX96,
Bio-Rad) as previously described®# A standard curve
using serial dilutions of a DENV RNA khown concentra-
tion sample was included within the RT-PCR run to esti-
mate the copy number in plasma samples. Results are
expressed in log copies/mL.

17

Detection of replicative DENV and DENV titration
Viral titers in all samples collected before inactivation
ranged from 5.46 to 5.74 log TCIDs/mL (mean, 5.61 log
TCIDse/mL; Table 1). The cultuze of A, B, C preinactivation,
and D noninactivated samples showed the presente of
replicative viruses during the five successive passages. In
conirast, no replicative virus was detected in inactivated
samples, even after five passages.

DENV RNA quantification

Viral RNA loads in samples collected before the inactiva-
tion process ranged from 10.16 to 10.28 log copies/mL
(mean, 10.21 log copies/mL; Table 2). Inactivated samples
showed DENV RNA loads ranging from 9.23 to 9.49 log
copies/mL (mean, 9.37 log copies/mL). From the first
passage on C6/36 cells, DENV RNA was undetectable in all
supernatants derived from inactivated samples, indicat-
ing that no viable virus was present after inactivation.
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DISCUSSION

Transfusion-transmitted DENV should be considered in
all endemic areas, especially during outbreaks. Members
of the AABB reviewed information sources to identify
infectious agents identified as being actual or potential
causes of transfusion-transinitted diseases, and DENV
was classified in the higher-risk category based on scien-
tific and epidemiologic evidence of transfusion transmis-
sibility.2® The main documented transfusion-transimitted
arbovirus is West Nile virus (WNV) with 33 confirmed
cases in 2002 in the United States through transfused
.RBCs, PI'Ts, and FFP;® as a consequence WNV NAT was
implemented in the United States in 2003.%® Since then,
‘approximately 3500 WNV-infected units have been
removed from the blood supply in the United States and
only 12 cases of transfusion-associated transmission of
WNV have been identified.® it has been postulated that
DENV could represent a greater blood safety threat world-
-wide than WNV, but it has been neglected because dengue

oceurs principally in developing countries.®
The true incidence of transfusion-transmitted

dengue is probably underestimated for several reasons. .

Most dengue infections are asymptomatic or result in.a
‘mild febrile disease and posttransfusion dengue may not
be reported as transfusion acquired or possibly misdiag-
nosed as another adverse transfusion affect. In most of the
endemic countries specific dengue diagnosis tests are not
available and case confirmation is not possible; in addi-
tion, those countries often lack hemovigilance tools te
accurately investigate all potential posttransfusion
dengue cases. There is no licensed test for dengue screen-
ing by NAT. In endemic areas it is difficult to prove trans-
fusion transmission versus vector-borne transmission if
culture or molecular testing of samples from the trans-
fused blood products is not possible.

Duration of viremia in DENV infections correspond
approximately to the duration of fever, typically 1 week. In
addition, patients may be viremic from Day 2 before onset
of symptoms according to studies conducted on human
volunteers in the 1920s.% Blood donors are adults and the
percentage of asymptomatic dengue in adults has been
reported to be up to 76%.* The main risk is to collect
blood donations from asymptomatic virernic patients.
Retrospective studies performed to detect DENV RNA in
samples from blood dornors in endemic areas detected

positive samples: 0.07% in blood donors during a dengue

outbreak in Puerto Rico in 2005 (DENV-2 and DENV-3,
viral ENA load ranging from 2 x 10° to 8.12 x 107 copies/
mL);% 0.19% in Puerto Rico in 2007 (DENV-1,DENV-2, and
DENV-3; viral RNA loads ranging from 1 x 10° t0 1.12 x 107
copies/mL); 0.3% in Honduras in 2004 and 2005 (DENV-1,
DENV-2, and DENV-4; viral RNA load ranging from 3 x 10*
10 4.2 x 10* copies/mL);* 0.06% in Brazil in 2003 {DENV-1
and DENV-3; viral load ranging from 12 to 294 copies/mL);
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0.4% in Brazil in 2010 (DENV Serotype 3);* and 1.5% in
Madeira/Portugal in 2012 (DENV Serotype 1).% All DENV
serotypes have been detected in blood donoss. In Puerto

- Rico, a patient developed dengue hemorrhagic fever after

transfusion of a blood unit containing 1.35 x 10¢ copies of
DENV/mL; the donor did not report any dengue-related
symptoms before, diring, and after blood donation.

For arboviruses, transfusion risk models have been
developed for WV, DENV, and chikungunya virus.?® For
DENV, an average transfusion risk of 1.6 to 6 per 10,000 has
been determined in Singapore in 2005.

Routine NAT could be implemented to identify
viremic DENV blood donors, as was done in Madeira
during the 2012 dengue outbreak. In Tahiti, we have
implemented NAT for DENV as routine practice during
outbreaks, but it is expensive and time-consuming. The
cost and required equipment limit its use, especially in
developing countries. In DENV-endemic areas, cost for
pathogen inactivation versus NAT should be evaluated,
especially in the area of cocirculation of arbovirus
because, even if expensive, pathogen inactivation covers
multiple pathogens compared to NAT and then is time-
and cost-saving. On the other hand, pathogen inactiva-
tion by amotosalen and UVA light is suitable for PLT and
plasma components but not for cell inactivation, high-
lighting the importance of NAT.

Theoretically the inactivation process is nonspecific
and it can inactivate a wide range of pathogens, but there
are some limitations. For example, some nonenveloped
viruses with very tight nucleocapsids, such as porcine
parvovirus, are resistant to inactivation by amotosalen
and UVA light. However, the closely related virus, human
erythrovirus B19, was inactivated.*

" Inaddition, hepatitis E transmission by transfusion of
plasma treated with amotosalen and UVA light inactiva-

- tion has been reported* For pathogens resistant to

pathogen inactivation, the addition of NAT should be con-
sidered. Thus, it was important to demonstrate inactiva-
tion of DENV in plasma by amotosalen and UVA, even
though inactivation of more than 6.8 logs of the closely
related Flaviviridae, WNV, had already been reported.”
In our experiment, we monitored the DENV inactiva-

~ tion by both viral culture and RT-PCR. Immediately after

inactivation we detected no replicative viruses. To ensure
that we have no replicative forms we performed succes-
sive passages on C8/36 cells and we detected no replica-
tive particles, even after five passages.

Immediately after inactivation, we détected a mean
DENV RNA load of 9.37 log copies/mL. It was not surpris-
ing because NAT detects genomic material regardless of
whether or not it is infectious and pathogens inactivated
by amotosalen and UVA light can be detected by NAT. It
was previously demonstrated that amotosalen and UVA
light treatment did not impair PCR detection of alpha and
poxviruses significantly when compared to untreated



samples;® a similar result was obtained with DENV.-After
the first passage on C6/36 cells, DENV RNA was no longer
detected; it confirmed that there was no passible replica-
tion after inactivation treatment because all replicative
particles were abolished.

Our study was conducted in accordance with the
Food and Drug Administration, which recommends that,
ideally, the pathogen inactivation process should be able
to reduce the pathogen load by 6 to 10 logs. This level of
efficacy was proposed in regard to the viral titers that can
be up to 10° to 10'° copies/mL during the window period
of detection of infected donors. In our experimental study,
we demonstrated that amotosalen was able to inactivate a
mean viral load of 5.61 log TCIDs/mL and a mean DENV
RNA load of 10.21 log copies/mL, which achieves the goal
recornmended by the FDA,

French Polynesia is a high endemic area for DENV
and the country is also at risk for the introduction of other
arboviruses circulating in the Pacific. Amotosalen and
UVA illumination have already been implemented in
routine practice for PLT concentrate preparation during
dengue outbreaks; based on our results we will also imple-
ment amotosalen inactivation of fresh plasma.

In this study we have demonstrated that DENV was
inactivated in plasma below the limit of detection and was
able to achieve a 5.61-log reduction of DENV viral titer. It
should be'kept in mind that amotosalen and UVA illumi-
nation are not suitable for RBC inactivation and that the
risk of RBC transfusion-transmitted DENV persists.
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Blood Transfusion and Breast Milk Transmission
“of Cytomegalovirus in Very Low-Birth -Weight Infants

A Prospective Cohort Study

Cassandra D. Josephson, MD; Angela M, Caliendo, MD, PhD: Kirk A, Easlay, MS, MApStat:
Andrea Knezevic, MS; Neeta Shenvi, M5; Michagl T. Hinkes; MD; Ravi M, Patel, MD, MS¢;
Christopher D. Hillyer, MD; John D. Roback, MD, PhD

IMPORTANCE Postnatal cytomegalovirus (CMV) infection can cause serious morbidity and
imortality in very low-birth-weight (VLBW) infants. The primary sources of postnatal CMV
infection in this population are breast milk and blood transfusion. The current risks
attribitable to these vectors, as well as the efficacy of approaches to prevent CMV
transmission, are poorly characterized.

OBJECTIVE To estimate the risk of postnatal CMV transmission from 2 sources: (1) transfusion

of CMV-seronegative and leukereduced blood and (2) maternal breast mill.

DESIGN, SETTING, AND PARTICIPANTS A prospective, multicenter birth-cohort study wés

conducted from January 2010 to June 2013 at 3 neoriatal intensive care units (2 academically

affiliated and 1 private) in Atlanta, Georgia. Cytormneggzlovirus serologic testing of enrolled

mothers was performed to determine their status. Cytomegalovurus nucleic acid testing (NAT)

of transfused blood components and breast milk was performed to identify sources of CMV
transmission. A total of 539 VLBW infants (birth welght, =1500 g) who had not received a
blood transfusion were enrolled, with their mothers (n = 462), within 5 days of birth. The
infants underwent sertimn and urine CMV MAT at birth to evaluate congenital infection and
surveillance CMV NAT at 5 additional intervals betweén birth and 90 days, discharge, or
death.

EXPOSURES Blood transfusion and breast milk feeding.

MAIN OUTCOMES AND MEASURES Cumulative incidence of postnatal CMV infection, detected

by serurn or urine NAT,

RESULTS The seroprevalence of CMV among the 462 enrolled mothers was 76.2% (n = 352).

Among the 539 VLBW infants, the cumulative incidence of postnatal CMV infection at12

weeks was 6.9% (95% Cl, 4.2%-0.2%; 5 of 29 infants (17.2%}) with postnatal CMV Infection

developed symptomatic disease or died. A total of 2061 transfusions were administered
among 57.5% (n = 310) of the infants; none of the CMV Infactions was linked to transfusion,
resulting in a CMV infection incidence of 0.0% (95% Cl, 0.0%-0 .3%) per tnit of
CMV-seronegative and leukoraduced blood. Twenty-seven ©of 28 postnatal infections
occurred among infants fed CMV-posnwe breast milk (12-week incidence, 15.3%; 85% C,
9.3%-20.2%).

CONCLUSIONS AND RELEVANCE Transfusion of CMV-seronegatlve and leukoreduced blood
produtcts effectively prevents transmission of CMV to VLBW infants. Among infants whose

care is managed with this transfusion approach, maternal breast milkis the primary source of

postnatal CMV infection.
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Postnatal Transmission of Cytomegalovirus

breast milk-transmitted CMV (BM-CMV) infections can
cause serious morbidity and mortality in immunologi-
cally immature, very low-birth-weight (VLBW) infants (birth
weight, <1500 g). Transfusion of CMV-serofegative and/orleu-
koreduced blood components is a common strategy used to
prevent TT-CMV; however, studies* conducted tovalidafe this
approach were sinall and yielded imprecise estimates of TT-
CMV risk. Many of these studies™* did not address factors as-
sociated with breakthrough cases of TT-CMV including leu-
koreduction quality control (linked to white blood cell filter
failures and CMV transmission) and donor window period in-
fections (when immunologically based assays may not detect
CMV viremia).* Additionally, studies of TT-CMV have not sys-
tematically evaluated BM-CMV, which may confound identi-
fication of the source of the infection. The burden of BM-
CMV in VLBW infants has not been well quantified.® Other, less
common, sources of CMV in this population are genital secre-
tion from CMV-seropositive mothers and community-
acquired transmission.®?
We performed a multicenter, prospective, birth-cohort
study to quantify the risk of CMV infection from transfusion
"CMV-seronegative and leukoreduced blood components. We
also evaluated CMV iransmission from matemal breast milk
among infants who were fed breast milk and applied CMV
nucleic acid testing (NAT) to transfused blood products and
breast milk samples to determine the source of CMV in cases
of postnatal transmission.

T ransﬁlsion-transmitted cytomegalovirus (FT-CMV) and

[ cbime izt

Methods

Infants born at 3 Atlanta-area hospitals (2 academically affili-
ated institutions [Emory University Hospital-Midtown and

Grady Memorial Hospital] and 1 private hospital [Northside

Hospitall) were screened (Figure 1), The institutional review
boards of all centers approved the study. The participants did
not receive financial compensation. Infants meeting the study
criteria and whose parent or guardian gave written informed
consent weré enrolled and monitored from birth to 90 post-
natal days, hospital discharge, or death. Infants transferred to
Children’s Healthicare of Atlanta hospitals were monitored at
Jat hospital. Race and/or ethnicity, known to be associated
with CMV infection, was determined by maternal report from
options defined by federally funded study guidelines.®

CMV Surveillance
Maternal serum at study entry was tested with a CMV 1gG/
TgM assay, If the result of the serology test was positive, the
sample was retested by an IgM-specific assay. For seronega-
tive mothers, CMV NAT was performed on a maternal blood
sample at study entry and conclusion to exclude infection that
developed during the study.

Cytomegalovirus infection was prospectively evaluated in
" all infants through CMV NAT of residual blood samples and
urine, Congenital CMV infectjon was defined asa positive result
of CMV NAT {or positive viral citlture obtained from clinician-
ordered testing) in blood or urine samples within 2 weeks of life.

Jjamapediatrics.com
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Postnatally acquired CMV infection was defined as a positive
CMV NATor viral culture result in blood or urine after 2 weeks
of life with a previously documented negative result.s Trans-
fusion-transmitted CMV was defined as a positive result of CMV
NAT performed oit blood products that were transfused to the

infant combined with a positive result of CMV NAT detected in

the infant’s bloed or urine after transfusion. Blood was tested
on the day of birth and at 4 time windows (x4 days) near days
of life 21, 40, 60, 90, and at discharge; urine was collected on
the day of birth and at discharge if blood was not available. In
the event of clinical or laboratory suspicion of CMV infection,
results from clinician-initiated CMV testing were included in the
study data, At least 2 times per week, screening for CMV-
associated disease, defined as pneumonitis, hepatitis, abnor-
mal hematologic indices, or fever in the setting of CMV infec-
tion, was performed by study personnel,

All transfused red blood cell and apheresis platelet units
were CMV seronegative, leukoreduced before storage, and ir-
radiated (some before and some after storage); residual leu-
kocyte quantitation and CMV NAT were performed on samples
from these products {Figure 1). Breast milk samples were ob-
tained from lactating mothers during weeks 1, 3, and 4, as well
as days 34 to 40.2 If postnatal CMV infection was detected, CMV
NAT was immediately performed on available milk samples.
Otherwise, breast milk was stored and batch tested oncean in-
fantreached the study end point. Positive results of CMV tests
werereviewed immediately by the study investigators (C.D.J.
and A.M.C.) and reported to the patient’s treating neonatolo-
gist who determined further evaluation and/or treatment.

Laboratory Methods

The presence of IgG/IgM-polyspecific CMV antibodies in ma-
ternal blood was determined by a US Food and Drug Admin-
istration-approved commercial serology assay (Immucor), Se-
rum samples were tested for CMV IgM by enzyme-linked
immunosorbent assay (Bio-Quant). Nucleic acid extraction for
CMV NAT was performed using a commercial product (EZ1 Vi-
rus Mini Kit, version 2.0; Qiagen, Inc) All assays were per-
formed following the manufacturers’ protocols. Nucleic acid
testing was performed with apolymerase chain reaction kit (Ar-
tus CMV TM, using the Roto-Gene instrument; Qiagen, Inc).*°
The polymerase chain reaction assay was validated on whole
bleod, urine, and breast milk samples, calibrated to the first
World Health Organization international standard.* Newly di-
agnosed CMV in infants with a viral load of greater than 300
IU/mL was verified by repeating the first extraction as well as
anew extraction. If there was an insufficient amount of a speci-
mer for a second test, it was diluted 1:2. Any specimen that
tested positive with a viralload of less than 300 TU/mL wasre-
peated in duplicate and reported as low positive (<300 U/
mL). Specimens discordant on a second test were reported as
indeterminate. Prior to testing breast milk samnples were stored
at 4°C for up to 7 days and at -=20°C for long-term storage. Blood
samples were stored at 4°C and tested within 7 days of collec-
tion. To quantify residual white blood cells in leukoreduced
cellular blood products, a 100-HL volume of blood was added
to 400 yL of propidium iodide/RINase reagent (Leucocount; BD
Biosciences) and analyzed by fiow cytometry (3Ti).
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Flgure 1. Study Flow Diagram and LaboraturyTestlnéSchematic

—

i 1455 Assessed for eligih'ijity_}:r--—--w

Screening criteria?
All lnfants born weighmg <17E|0 g
(Novemher 2010- June 2013)
All Infarits hogn we19hing 51500 g
(January 2010-October 2010)

Y,

415 Excluded
230 Blrth welght >1500¢ equuded

(Nu\rember 2010 June 2013)

37 Birth welght >1250 o exclided
January 2010- Dl:tober 2010

56 ]nfant not expected o llve >7 days

11 $evara congenltal abnormallty

2 Blood transfusitin pHor to screenlng

3t nonstidy hospital -

26 Could nét bé énralled within first
5 days of life

‘[541 Enrolied

499 Declined to pamclpate

538 Iifants (462 mothers) |
followed for 80 hospital §
days or until discharge '

Infant/mother
CMV testing

2 Excluded from fallow- up
1 Improper Inclusion (blrlh welight >1250 g}
1 Mother refused partlclpalwn after consent

Mother's CMV serclogic status teited at

enroliment

116 Mothers CMV seronegatlve at eriroltment
tested for CMY Cid end of sjudy
Infant CMYV NAT in hluod and Urine during
hospital stay at 4 time witidaws and B0
daysor. hospltal d|5charge

All |nfants tested af least twice; 97.8%
‘tested 23y times

| Testing of infants angd mothers.

538 (99 8%) Day of ltfe 0-5 (462 [100%]
_mothers)

379 {74.1%) Day of life 17- 25 (379 [74.1%]
mothers)

331 (74.7%) Day of life 36-44 (no testlng of
mothers)

224 (74.1%) Day ofllfe 56-64 (no testlng of

. mothers}

494 (92,9%) Day of life 90-dischaige
(55 [50%] mothers)

Breast milk
CMV testing
o

Samples tested from preastfeeding mothers
durrng infants’ hospltal stay

90.6% of hreast‘feedlng mothers tested
21 time; 69.0% tested ¥2 times

740 Milk sainples tested dur|ng infants’
hospltal stay
229 (73. A%y Week 1 (312 rnothers)
208 (68.6%) Weelc 3 (303 mothers)
153 (57.1%) Wéek 4 (268 mothers}
150 (59 5%) Days 34—40 (252 mothers)

Blood product
testing ~

'

1038 R8C, platelet FFP and cryopremmtate
hits transfused <] 310 infants

o |-52.5% (882!954) of cellular blood units tested

for CRAY (NAT)

92,0% (878/954) of cellular blogd urits testéd
fof residual WBCs

536 Infants completed study
3 Lost to follow-up )
(transferred to nonstudy
affiliated hospital)

enrollment,

CMV indicates cytomegalovirus; FFP, fresh frozen plasma; NAT, nudlele acid
testing; RBC, red bload cell; and WBCs, white blood cells.

2 The weight inclusion criterion was changéd in November 2010 to Increase

1056

JAMA Pediatrics November 2014 Volume 168, Number 11

Postnatal Transmission of Cytomegalovirus

Statistical Analysis

The onset of CMV infection time was estimated as the mid-
point between the last negative result of CMV NAT and the first
positive NAT result in blood or urine. The incidence of first-
time CMV infection and death was estimated by the cumula-
tive incidence function.® A competing risk analysis was done
to estitnate the cause-specifichazard ratio (CSHR) and the sub-
distribution hazard ratio for CMV and mortality using a Cox re-
gression model. The 95% Cls were calculated using the Wil-
son score method and wete 2-sided except in cases where the
incidence was zero. In those cases a 1-sided upper limit con-
fidence boundary is reported.*® The cumulative incidence of
CMYV infection at given time points was estimated from the
CMV cumulative incidence function. The Cls were estimated
using bootstrapping by mother as the clustering unit (1000
bootstrap samples). The competing risk model for the CSHR
was implemented with SAS PHReg, version 9.3 (SAS Institute
Inc), using robust sandwich covariance estimates to account
for within-mother correlation that may occur in outcomes of
multiple-birth infants.”® Additional methods are contained in
the eMethods in the Supplement. ’

LTS ey i e
Results

Baseline Characteristics

From January 16, 2010, to June 11, 2013, a total of 541 VLBW

infants bomn to 462 mothers were enrolled; 2 were excluded

from follow-up (Figure 1), Three hundred fifty-two of the moth-

ers (76.2%) tested positive for the CMV IgG/IgM combination

testand, of these women, 11 (3.1%) tested positive for CMV 1gM

antibody. Infants born'to CMV-seropositive or CMV-

seronegative mothers did not differ significantly in baseline

characteristics except for race and Apgar score (Table 1). The

maternal groups did not differ significantly except in receipt

of prenatal care and isolated spontaneous labor as an indica-

tion for premature delivery.?? Three hundred seventy-one of
the mothers (80.3%) fed breast milk to at least 1 of their in-

fants, and the median duration of breastfeeding was 38 days -
(interquartile Tange, 19-56 days).

CMV Infection and Disease

Cytomegalovirus infection was detected in2g infants {5.4%¢
the cohort) (Table2). The cumulative incidence of postnatal CMV
infection at 12 weeks was 6.9% (95% CI, 4.2%-9.2%) (Figure 2A).
Five of 29 (17.2%) CMV-infected infants developed CMV dis-
ease and/for death (Figure 2B). All 29 infants with CMV infec-
tion had blood or urine CMV. NAT performed within the first 5
days of life. Twenty-seven infants (93.1%) had CMV NAT per-

. formed on their blood and 25 infants (86.2%) had CMV NAT pez-

formed ontheir urine, One infant had positive blogd and urine
results, consistent with congenital infection, and the results of
initial CMV NAT were negative in all remaining infants.

The percentage of longitudinal blood and urine samples
from 539 VLBW infants with detectable CMV increased from
0.5%at1to 3 weeks t03.2% at 4 to 6 weeks. By 10to 12 weeks,
9,1% (95% CI, 4.9%-16.8%) of the samples had detectable virus
(eFigure 1and eMethods in the Supplement). Of29 infants with

‘jamapediatrics.com
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Table 1. Baseline Characteristics

Original investigation Research

. No. (36) ‘
Characteristic * Qverall® CMV Seronegative  CMV Serppositive P Valueb
Infants, No. 535 127 412
Gestational age, mean (D), wic C80E 28103 27.72.7) 14
Birth weight, mean {SD), g 1011 (273) 1032 (264) 1004 (276) 33
Maleséx o 263 (48.8) 65(51.2) 198 (48.1) 54
i%'ac-e'fethr[i&ity . B '} . '
Hispanic 44(82) 6 (4.7) 38 (9.2) a1
Black 313 (58.1) 47 (37.0) 266 (64.6) .
White 179 (33 69 (543) 110 (26.7)
Asian 23 (4.3) 4(3.1) 19 (4.6) <001
>1 Race/ethniclty 203.7) 6(4.7) 14 (3.4)
Others 407 1(0.8) 3(0.7)
Singleton birth " 366 (67.9) 89 (70.1) 377(67.2) 55
Small for gestatfonal age® 91 (16.%) 26 (20.5) 65 (15.8) 28
Outborn 7013) 2(16) 5(132) 75
Apgar score, median (IQR)® T o srme T Abbreviations: .
1-min - 5 (3-7) 6'(4-3) 5(2-7) 005 CMV,l cytomega?hvirus;
s-min 8(7-9) 9 (6-9) B <o et Ace
SNAP, median (IQR) 11 (7-14) 12 (5-14) 11(7-14) .60 Physiclogy. .
Time in study, median {IQR), d 64 (46-90) 71 (50-90) 63 (46-90) a7 3 Data are not fncluded for 2
Mothers, No. ' 452 110 152 infant/mother pairs who were
Age, mean (3D, y 29.4 (6:5) 293 (5.8) 29.4(6.7) 97 excludied from follow-up.
>1 Prenatal vigit 429(929) 108 (98.2) 321(12) oy Sroupswere comparedwith:
‘ ( -sample ttest for continueus
Premature rupture of membranes 173 (37.4) 41 (37.3) 132 (37.5) 95 variables and a %> test for
Rupture of membranes, >18 h 99 (21.4) 27 (24.5) 72 (20.5) 20 categorical variables.
Choriamnionitis 68 (14.7) 10 (9.1) 58 (16.5) g6 " Otherracefethnicly category
- - - - included American Indian and
Cesare?n delivery 349 {75.5) 28 (80.0). 261 (7‘}.1) 21 Alaska Native, Native Hawalian o
Receipt of antenatal corticosterpids 382(82.7) 92 (83.6) 290 (82.4) .76 other Pacific Isfander, or other
tndications for premature delivery : unidentified racefethnicity.
tsolated spdntaneuus {abor 138 (ﬁB.é) 24 (21.8) 114 (32.4)' .03 "Bas.ed on previt?usly reported’
; . . = : weight percentiles for small for
Premature rupture of membranes, <37 wlf 128 (27.7) 34 (30.9) 94 (26.7) -39 gestational age.
Pregnancy-associated hypertension 109 (23.6) 29 (26.4) 80 (22.7) .43 =The -mirute Apgar score was ‘
Fetal distress/poor biophysicat profite 67 (14.5) 14 (12.7) 53 (15.1) .54 missing for 4 Infants: the 5-minute
Bleeding complication 4095 1001 34(9.7) 86 Qﬁag:;“m was missing for 2

CMV infection, virus was detected in blood samples of 26 in-
fants and in urine samples of 16 infants (eFigure 1in the Supple-
nent). With mixed linear models used to account for mul-
tiple tests from each infant, the geometric mean viral load
detected in the infants was estimated to be 2887 IU/ml. (95%
Cl, 1462-5703) in blood and 133 783 IU/mL (95% CI, 23 922-
. 748 170) in urine. Of the 27 mothers with infants who devel-
oped postnatal CMV infection, only 2 women (7.4%) had a posi-
tive CMV [gM test, Furthermore, of the 11 motherswho tested
positive for [gM antibody, only-2 (18.2%) had an infant with CMV
infection. ‘

Five of 25 infants (17.2%) with CMV infection had abnor-
mal laboratory values at the time of initial detection of CMV
(details available in eResults in the Supplement), Among the
24 (82,8%) infants determined tohave asymptomatic CMV in-
fection, including 1infant with a congenital infection, no labo-
ratory abnormalities associated with CMV were detected up
to 10 days before diagnosis of CMV infection (details avail-

jamapediatrics.com

able in eResults in the Supplement). Furthermore, no clinical
suspicion of disease occurred for these 24 infants, and no fur-
ther investigation or antiviral treatment was pursued. How-
ever, 5 CMV-infected infants developed disease or died, In-
fants with CMV disease or associated mortality had viral loads
similar to those of infants with asymptomatic CMV infection.
One infant died of pneumonia following the development of
necrotizing enterocolitis (NEC). This infant had a maximum
CMV viralload of 13 000 IU/mL. Two other infants died of NEC
with viral loads at death of 8000 and 4000 IU/mL. The 2 sur-
viving infants who developed CMV disease, one with punc-
tate densities in the basal ganglia consistent with early signs
of CMV infection and the other with a sepsis-like syndrome,
were the only infants who received ganciclovir and/or valgan-
ciclovir treatrnent, Both patients had clinical improvement with
treatment. All infants with CMV disease or associated mortal-
ity received only frozen/thawed breast milk and had negative
initial CMV testing in the first 2 weeks of life,

JAMA Pediatrics November2014  Volume 168, Number 11
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Table 2. Study Outcomes Figure 2. Cytomegalovirus (CMV) incidence and Viral Load
et '- | Inclden - @ Cumulative Incidence of CMV infection and mnrtahty over time
. D d
A Characterlstic .(No l'l'lo‘lalNo ) [95 i ,'] for 539 Infants in birth cohort
1 cmv lnfection ) 0.250+
i — €MV infection]
t" - 02254 |~ Mortality
i 8
i e - - § 0.1751
5 12 5
| i‘:, P [IPRE g 0 150_
i £MV infection in infants bern 5 .
a to CMV-séronegative m mothers ‘g 0,125+
CMY infection in Infants bnrn E 0.100 .
to CMV-SEI‘DPDSItIVE mathers e - 7|-_| _
Cumulatave Inc1de:1ce functmn, wk ' ' J 0.075 ‘
4 0.050+ Ll
& . . 0.0254
12 : 91[55 23] ol o
CMY disease “04 (2/539) {o 1.1 3] 12

Weeks in Study

CMV infection-related mortality No.atRisk 532 508 473 372 257 166

All—cause rnortahty
K Suurr.e of CMV mfection

0.6 (3]539) [D 2- 1. 6]

) 5 5 (30]539) [3 9 7 8]

. Cumulative incidence of BM-CMV Infection and mortality over titne
for221 mfants exposed to CMV-pasitive BM

Breastmilié

123 (27/221) [8.5-17.1] 0.250
. BT — CMV infectlen)
Curiulative lncldencq function, wik 0.2254 | =~ Mortality
g 4 e e e 38[14_45] 0,200 g
8 . - 132[.,8 4-17.61 g 0.175-
12 =
o = 0,150
Transfusion® z2
Vertical 0.2 (1/539)‘[0.0 1.0] 2012
Unknown 0.2 (1/539) {0.0-1.0] 3 0200
quast milk . 3 0,075
CMVDNA lactia - 74.1 (183/255) [69.7-80.3] 0,050
in CMV-seropositive rnuthers" ! : _ 0,025
CMV DNA tactia - ! 0.0 (0/81)10.0-4.5] =
“n CMV—seronegatwe mothers® L o oo — - S
‘Blood products 6 .2 4 6 8 s

Weeks In Study

T7-CHIV rate from CMV-séronegative, 0.0 (0/880) [0.0-0:3] No.atRisk 221 211 200 158 105 77

ieuknreduced cellular hlood components
Leukomductmn tailure rate“

" '0.1(1/878) [0.02-0.6]
Abbreviations: BM, breast milk transmitted; CMV, cytomegalovirus;
TT, transfusion-transmitted. ‘

* lncldenceis reported as the relative frequency.

b BM-CMV was reported in 221 infants who received breast milk from 189
mothers (32 infants from muitiple births) whose millkk contained CMV
-according to nucleic acig testing.

<JT-CMV reported in infants who received transfusions.

% Atotal of 282 of 352 CMV-seropositive mathers fed breast milk to their infants
(801%}. Breast milk samples were obtained for testing from 255 feeding
mothers (90.4%).

e A total of 89 of 110 CMV-seronegative mothers fed breast milk to their infants
 (80.99). Breast mill samples were obtained for testing from 81feeding
mathers (91.0%).

f Atotal of 882 of 954 (92.5%) cellular blood components were tested with
CMV nucleic acid testing; the results were negative in 880 U and

indeterminatein2U. CMV Transmitters 14 18 1t 12
& A total of 878 of 954 (92.0%) cellular blood compuonents were tested for CMVY Nontransmltters 67 103 . 88 45
residual white blood cells. - \

BM-CMV viral load over time for 26 CMV transmitter mothers
and 163 nonstransmitter mothers

50000
1 [— v vontransmite
e CMV Transmitters -|—

40000

= 30008

20000+

100004

BM-CMV NAT Expression, Geometric Mean

1 23, 4:5 5
Weelks BN Tested {CMV Transmitters/Nontransmitters)

Aand B, The cumulative incidence of CMV infection and mortality during the
study period, including 55% Cis at weels 4, 8, and 12, C, Log;, CMV viral load

CMV and Blood Transfusions

A total of 310 infants (57.5%) received 1 or more transfusions.
A total of 2061 transfusions were administered from 1038 cel-
lular blood components during the study (1545 red blcod cell

1058  JAMA Pediatrics . November2014 Volume 168, Number 11

values were analyzed with a repeated-measures model; mean estimates and
their 95% Cis were back transformed to the original scale and are reported as
the geometric mean with 95% Cls, BM indlcates breast milk; NAT, aucleic acid
testing; and limit lines, 5% Cl.
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Table 3. Risk Factors for CMV infection and Mortality Using Univariable Cox Regression Model

cMY.

No. of - o Morgality
Characteristic Infants,  CSMR(95%CiJ*"  PValue  CSHR(95%C)* . Pyalye  Abbreviations:
CMV risk factor o ' i j . i — - MY, cyfumegaluyirus:
ot Eoits s - pertes o e e ceremen e e i eaens CSHR, cause-specific hazard ratio;

Birth welght 100-5 Increase 539 ) .62 0.5__3_(0._4%:0._&‘39) <001 NAT, nuclelc acld testing; SNAP, Score
Leckapenia at bisth 539 154 (o 62-3.88) .35 1.34(0.50-353) .56 for Neonatal Acute Physiology:
(WBCcount <$c100/uL)_ L L . o . WEC, white blood cell.

2 -onset SEPSIS >7 d° 8 0. 58 (D 15-2-21) - 3 a2 Siconversion factar: to convert the
Breast mslI(—feedlng days, 538 168(1,21-2.34) 002 0.64 (0.41-0.39) .05 WBC count to 10%/L. multiply by
per? dmcreagg__ e o ) 0.001.

Isolated spontaneous labor 539 0.53 (9‘22_-1.?'.9‘)' 16 128(0.58-2.80) . .54 3 Competing risks: 23 infants with

Chorlbamnionitis, 539 090(0.31-262) .84 171(0.69-4 25 CMVinfection and 30 total deaths;

clinical or histologlc diagnasis ) 3 Infants with CMV infection died;

Premature rupture of meribrands 538 4 73) 003 1.30(0.61-2.78) 50 and 27 deaths were usedto
BRI - L P L R - estimate the CSHR for mortality.

Rupture of membranes, >18 h 539 1.83 (0. . 12 0.81(0.31-2.12) .66 N

Lody CMV NAT Sog . 505°  271(2.20-335) <0001 117 (0.88-156) .30 - Vime dependent covarlte.

ogo expresson , . 71.(2.20-3.3 <, . .88-1. . N
in h?eas’t fhill, per 1o, IU Tneréase® C{A:"ta' 3f4f3;1 mo(tr(!:eh;svwnh 28

t infected infants (1 sourcewas

Add: |ona! rnorta'llty rrsl(factors e = unkniown), Thirty-four infants who

Cfemalesec T sk 050023007 07 1050049321 8L recelved breastmilkfrom3]
SNAP, per 1-U increase 539 1.02 (0.95-1.09) 58 115 (1 07 1 23) o001 mothers whose breast mitk was not
Recelptof anfenstal corticosteroids 530 0.96(037-246) .93 047(021-L08) .07 e crenet ncludedinhe

*ransfusions from 703 units, 379 platelet transfusions from 251
units, 129 fresh frozen plasma transfusions from 76 units, and
8 cryoprecipitate transfusions from 8 units). The overall TT-
CMV incidence for infants was 0.0% (95%CI, 0.0%-0.9%); simi-
larly, the TT-CMV incidence from 880 CMV seronegative and
leukoreduced cellular blood components was 0.0% (95% CI,
0.0%-0.3%) (Table 2). One platelet unit had a leukoreduction
failure (5.2 % 108 residual leukocytes), for an overall failure in-
cidence of 0.11% (95% CI, 0.02%-0.6%). All blood compo-
nents showed negative results on CMV NAT. The unit that failed
leukoreduction was not associated with CMV transmission.

CMV and Maternal Breast-Mill Feeding
All 28 infants with postnatal CMV infection were fed mater-
nal breast milk from CMV-seropositive mothers. Twenty-
seven of these infanis (96.4%) received maternal breast miik
with positive CMV NAT before BM-CMV from 26 mmothers (1set
of twins). The mean (SD) time fromthe first detection of CMV
in maternal breast milk to the first detection of postnatal CMV
infection in the infants was 36 (22) days. The source of CMV
infection for the 28th infant, born to a CMV-seropositive
mother, could not be identified. This infant's CMV infection
was detected by NAT on day of life 25, prior to any blood trans-
fusion and after receipt of breast milk with negative CMV NAT
(tested in week 1). The 12-week incidence of CMV infection
among infants fed CMV-positive breast milk was 15.3% (95%
'Cl, 9.3%-20.2%) (1 = 221) (Table 2 and Figure 2B). '
Overall, 74.1% (95% CI, 69.7%-80.3%) of CMV-
seropositive mothers had CMV DNA lactia in their expressed
breast milk, compared with 0% (95% CI, 0.0%-4.5%) of
CMV-seronegative mothers (Table 2). Once CMV was ini-
tially detected in breast milk, all subsequent breast milk
samples contained CMV DNA. Of 189 mothers with CMV-
positive breast milk, 26 women (13.8%) were CMV transmit-
ters and 163 (86.2%) were CMV nontransmitters. Mean
breast milk CMV viral loads according to NAT were similar

jamapediatrics.com

for transmitting and nontransmitting mothers at week 1
(1306 vs 664 IU/mL; P = .13) but became significantly higher
in CMV-transmitting mothers during postpartum weeks 2 to
3 (9129 vs 2033 IU/mL; P < .001} and in weeks 4 to 5 (20 421
IU/m vs 3064 IU/mL; P < .001) (Figure 2C). .

Most breast milk-fed infants (78.2%) received exclu-
sively frozen/thawed milk. The CMV transmission rate from
breast milk for 221 infants fed CMV-positive breast milk did not
differ significantly between infants who were fed some fresh
breast milk vs those fed exclusively frozen/thawed milk (12-
week CMV incidence, 17.6% vs 11.6%; HR, 0.55; 95% CI, 0.15-
1.56; P = .26). '

Risk Factors for CMV Infection

Factorsthatinereased the risk for postnatal CMVinfectionin-
cluded a higher number of breast milk-feeding days, higher
breast milk CMV viral load, and premature rupture of mem-
branes (PROM)} (Table 3). The adjusted hazard of CMV infec-
tion increased as the breast milk CMV viral load increased and
the hazard was more than 3 times higher for infants bom to
mothers with PROM prior to delivery compared with infants
bomn to mothers with other indications for preterm delivery
(Table 4). PROM was also associated with an increase in the
cumulative incidence of CMV infection {(subdistribution haz-
ard rate, 3.07; 95% CI, 1.31-7.18; P = .01).

_Furthermore, PROM was an independent predictor of
mother-to-infant CMV transmission among 189 CMV-
seropositive mothess, whereas the mode of delivery was not
associated with mother-to-infant transmission (eTable and
eMethods in the Supplement), In addition, maximum log,,
CMYV expression in breast milk was associated with mother-
to-infant CMV transmission among CMV-seropositive moth-
ers, although the accuracy of CMV viral expression in breast
milk to identify postuatal CMV infection was poor, as re-
flected by the receiver operating characteristic curve (eFig-
ure 2 and eMethods in the Supplement).

" JAMA Pediatrics November2074 Voluma 168, Number 11
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Table 4. Risk Factors for CMV Infection and Mortality Using Multivariable Cox Regression Mode!

oMV L Mortality

Risk Facto CSHR {95% CI)® P Value (Relizbility®) CSHR (95% CIY PValue (Reliability®)
Birth weéight, pe 100-g Inciease NA 0.58 {0.47-0.71} <001 (100}
Breast mill-feeding days, per 7-d increase® NA ' 0.65 (0.43-1.00) S5 (54
Premature rupture of membranes 321 (143-723) © p05(83) R T S
Logy CMIV NAT expréssion [n breast milk, 1.87 (1.48-2.35) <001 (100) T N )

per 1 logyp U increase®

Abbreviations: CMV, eytomegalovirus; CSHR, cause-specific hazard ratio:
NA, not applicable: NAT, nuclefc acid tasting.

3 Competing risks: 29 infants with CMV Infection and 30 total deaths; 3 infants
with CMV infection died; and 27 deaths were used to estimate the CSHR for
mortality.

b percentage of times the risk factor appears in 1000 bootstrap models.'*'S
Covariates with reliabllity <50% were not included in the multivariable model.

© Time-dependent covariate,

it i iy
Discussion

Toour knowledge, the present prospective, multicenter, birth-
cohort study is the largest reported evaluation of both blood
transfusion and breast milk sources of postnatal CMV infec-
tion in VLBW infants. Prior to our study, the residual risks of
TT-CMV with CMV-seronegative or leukoreduced transfu-
sions were estimated to be 1% to 396,24 Furthermore, the ef-
ficacy of combining both approaches had not been rigorously
examined.” The present results demonstrate that the exclu-
sive use of blood components that are both CMV-seronega-

" tive and leukoreduced is effective in preventing TT-CMV, We

believe that this approach should be adapted as a standard of
care when administering transfusions to VLBW infants until
the comparative effectiveness of alternative transfusion strat-
egies to prevent TT-CMV can be evaluated. o
Historically, failure to prevent TT-CMV with CMV-
seronegative units of blood components was attributed to do-
nors in the window phase of an infection,' whereas leukore-

~duced units were believed to transmit CMV if the

leukoreduction filters failed.*s*® In our study, only 1 unit had

- a filter failure and no donor-window-phase infections were
identified. Thus, recent advances in serologic and leukore- -

duction methods may account for the effectiveness of the com-

- bined approach to prevent TT-CMV.

The American Academy of Pediatrics™ states that, “the
value of routinely feeding {fresh] human milk from [CMV] se-
ropositive mothers to preterm infants outweighs the risks of
clinical disease, especially because no long-term neurodevel-
opmental abnormalities have been reported.” Given the ben-
efits of breastfeeding, new strategies to pfevent BM-CMV are
needed, betause freezing and thawing breast milk did not com-
pletely prevent transmission in the present study. Alterna-
tive approaches may include routine CMV-serologic testing of
pregnant women to enable counseling regarding the risk of
CMV infection and risk stratification of infants.?® For feeding
breast milk to VLBW infants born to seropositive mothers, pas-
teurization of breast milk until a corrected gestational age of
34 weeks, asis tecommeénded by the Austrian Society of
Pediatrics,2»?2 and routine screening for postnatal CMV infec-
tion may be warranted. Given the toxicity of antiviral therapy,®
further research is needed to determine whether antiviral treat-

JAMA Pedlatrics November 2014 Volume 168, Number 11

ment in infants with asymptomatic CMV infection is benefi-

cial, especially because it is unclear which infants will prog-

ress to CMV disease. Although we found an association

between CMV DNA levelsin breast milk and BM-CMV, we could

not identify a viral load cut-off below which BM-CMYV did not

occur, Thus, any level of CMV DNA in breast milk should be

considered potentially infectious until more detailed investi-

gations can be performed. We also found that PROM and the,
amount of CMV virus in breast milk were independently as-

sociated with an increased risk of postnatal CMV infection. The

role of PROM in postnatal CMV infection is unclear. Two

studies?** have reported that intrauterine CMV infection is

not associated with PROM. Furthermore, vaginal delivery was

not associated with postnatal infection in our study, making
intrapartum acquisition an unlikely source of postnatal CMV
infection. :

Our study has several limitations, We did not compare the
relativerisk of TT-CMV between CMV-seronegative and CMV-
leukoreduced units and blood components that were leukore-
duced from only CMV untested donors. Therefore, we could
not determine the relative safety of thelatter approachin VLEW
infants, Furthermore, we were unable to test all breast milk

. for entolled infants since samples were not available or moth-

ers were not breastfeedirig during the evaluation period. Also,
we were unable to ascertain with certainty whether CMV in-

" fection caused NEC or was sitnply a co-occurrence in the 3in-

fants with CMV infection who died, although CMV infection
is areported cause of NEC.2® We were also unable to test geni-
tal tract secretions at delivery to identify this potential source
of CMV infection owing to the complexity of cur enrollment
at sites involving numerous obstetrical practices, However,
most infants in this study were delivered by cesarean sec-
tion, and we digd not detect an association between mode of
delivery and mother-to-infant transmission of CMV inféc-
tion. Furthermore, the results of all urine and blood CMV NAT
of infants, with the exception of 1 infant with congenital CMV,
were negative in the first 2 weeks of life. This makes the pos-
sibility that we misclassified infants with congenital CMV in-
fection as having postriatal CMV infection untikely. Finally, we
did not perform systematic hearing assessments or long-
term neurodevelopmental assessments.

The effect of asymptomatic postnatal CMV infection on
long-termneurodevelopmental outcomes is unclear, with some

jamapediatrics.com
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studies demonstrating an increased risk of adverse neuro-
logic outcomes® and others revealing no difference in long-
termoutcomes?® or suspected sensorineural hearingloss. %29
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infants. Among infants whose care is managed with this trans-
fusion approach, maternal breast milk from CMV seroposi-
tive mothers, is the primary source of postnatal CMV infec-

tion. The frequency of CMV infection in our cohort raises

Conclusions

Transfusion of CMV-seronegative and leukoreduced blood
products effectively prevents transmission of CMV to VLBW
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Quantitative polymerase chain reaction for
~ detection of human herpesvirus-7 mfectlon in

umblllcal cord blood donors

E. Abedi, M. Kheirandish, Z. Sharifi, S.. Samiee, P. Kokhaei,

Z. Pourpak, M.]J. Ashraf. Quantitative polymerase chain reaction for
detection of human herpesvirus-7 infection in umbilical cord blood
donors. '

Transpl Infect Dis 2015: 17: 21-24. All rights reserved

Abstract: Objective. Umbilical cord blood (UCB) has been a
reasonable alternative to granulocyte colony-stimulating factor-
mobilized peripheral blood or bone marrow, as a source of
hematopoietic stem cells with a lower risk of graft-versus-host
disease. In immunocompromised hosts after transplantation, the

| risk of viral infection in adults, especially with beta-herpesviruses
such as human herpesvirus-7 (HHV-7), may be increased. This virus
in immunocompromised patients can be reactivated from latency
and converted to an active phase. Therefore, lightupon-extension
real-time polymerase chain reaction (PCR) was developed to assess
the prevalence and load of HHV-7 in the plasma and buffy coat of
donors.

Methods. About 825 UCB samples under standard protocol from
donors were collected. Then, DNA from plasma and buffy coat was
extracted and quantitative realtime PCR was performed with light-
upon-extension primers.

Results. Qverall, HHV-7 was detected in 3.64% (30/825) of UCB
donors. HHV-7 DNA was detected in 26 (3.2%) buffy coat samples
(latent infection), and only 4 (0.48%) of them were positive for HHV-7
DNA in plasma samples (active infection); the mean HHV-7 viral '
load was 1.31 x 10% copies/mL in latent infection, and 1.94 x 10°
copies/mL in active infection.

Conclusions. We suggest that realtime PCR in plasma and buffy coat
could be a useful methed to detect active and latent HHV-7 infection
in UCB doneors and determine its role in subsequent transmission
events,

Since the first successful umbilical cord blood (UCB)
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transplantation for a patient with Fanconi anemia, UCB
has been recommended as a reasonable alternative to

granulocyte colony-stimulating factor-mobilized periph-

Abbreviations: CMV, cytomegalovirus; HHV, human herpesvirus; HSC,
‘hematopeietic stem cells; PCR, polymerase cham reaction; UCB, umbilical
cord blood
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eral blood or bone marrow as a source of hematopoietic

" stem cells (HSC) (1-6). Although UCB is less available,

it is a valuable source for earlier stage of HSC and
progenitor cells to restore the hematopoietic system in
transplant patients (7, 8). In addition, UCB transplan:
tation is associated with lower rates of graft-versus-host
disease, one of the main factors of transplantrelated
mortality.
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Beta-herpesviruses are widespread pathogens with
high seroprevalence in the adult population (@). UCB
transplantation is associated with lower risk of trans-
mission of highly prevalent persisting viral infections,
such as Epstein-Barr viruses, cytomegalovirus (CMYV),
and human herpesvirus (HHV)-6A and -6B (10-12).
However, little is known about HHV-7 (13-15). These

'yiruses in immunocompromised patients can be reac-
tivated from their latent state (10). Some authors have
assumed a potential rise in virulence of HHV-7 during a
simultaneous CMV reactivation, resulting in a greater
danger of CMYV illness after transplantation (14, 16).
HHV-7 infection may impair the differentiation and
survival of megakaryocytic cells (15) and also affect
survival/differentiation of CD34+ hematopoietic pro-
genitor cells (17),

The aim of this study was to investigate the preva-
lence of HHV-7 infections by using a light-upon-exten-
sion realtime polymerase chain reaction (PCR} (LUX
Real-Time PCR) in UCB samples as a source of HSC
transplantation.

Material and methods
Clinical specimens

In this study, 825 UCB samples from pregnant women
with 2 mean age of 26,5 (range 17-35) years were
included. Informed consent was obtained from all sub-
jects, and UCB samples were gathered in Milad Hospital,
Tehran, Iran and Shoshtari Hospital, Shiraz, [ran.

All mothers passed routine lab screening tests for
pregnancy. The exclusion criteria were the existence of
any of following conditions: (i) systemic diseases (e.g.,
diabetes mellitus and autoimmune conditions); (i)
infectious ‘diseases (e.g., patients at high risk for
human immunodeficiency virus infection or acquired
immunodeficiency syndrome; existence of malaria
fever in the past 3 years or taking anti-malaria treat
ment in the past 6 months; or hepatitis C virus antibody
or hepatitis B surface-antigen positivity); (@) any
history of malignancy except for skin and cervix; (iv)
history of tattooing in the past year; or (v) organ
transplantation. o

DNA extraction

In the K2EDTA tube, 10-mL samples of blood were
collected from UCB, and DNA was extracted from buffy
coat and plasma of the UCB samples using the
High Pure Viral Nucleic Acid extraction kit (Roche,
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Mannheim, Germany) according to the manufacturer’s
instructions.

Preparation of plasmid standard DNA for HHV-7 ‘

An HHV-7 DNA fragment of approximately 312 base
pair (bp) (nucleotides 138976-139287; GenBank acces-
sion No. AF(037218) in the U85 gene region was
selected and synthesized. Then, to construct a plasmid
DNA containing the U95 gene region of HHV-7 as a .

reference for the quantitation of HHV-7, the amplified

312-bp product was cloned into the pCRII plasmid by
using the TA cloning kit (Invitrogen Corp, San Diego,
California, USA), according to the manufacturer's

" instructions and transformed into Escherichia coli

TG1. To confirm cloning, recombinant plasmid pCRII-
HHV-7 was purified and sequenced by using the
BigDye Terminator version 3.1 Cycle sequencing kit
(Bioneer Corp, Daejeon, South Korea). The concentra-
tion of the plasmid DNA containing the U95 gene
region of HHV-7 was quantified by using a Nano-drop
Spectrometer (Thermo Scientific, Waltham, Massachu-
setts, USA). Copy number of cloned plasmid was
calculated according to a formula in the Qiagen
QuantiFast Probe PCR Handbook (www.qiagen.com/
resources/downdload.aspx?id).

The sensitivity of this method was determined with
serial dilutions (1 x 10" — 1 x 107 copies/mL) of the
plasmid DNA containing the U95 gene of HHV-7. The
detection limit of this assay was 10 copies/mL.

‘Real-time PCR for HHV-7

Reaction mix consisted of 1X QuantiFast probe PCR
Master Mix without Rox, Lux perimers (forward 139002-
139023:5TCCAACCACCAGTTAGCGTTGTY) (reverse
139096-139078:5 CGGGCACTGTCATTGTGATAATCC
(FAM) G3) (13); 5 pL extracted DNA was added to
15 pL Master Mix. Thermal profile was optimized for the
7500 Realtime PCR System (Applied Biosystems/Life
Technologies, Grand Island, New York, USA} asfollows: 1
cycle of denaturation at 95°C for 3 min, followed by 40X
(cycle) of amplification at 95°C for 15 sec, and 60°C for
60 sec. Melting curve analysis was done according to the
ABI Real-Time PCR default.

Results

Overall, HHV-7 was detected in 3.64% (30/825) of UCB
donors. HHV-7 DNA was detected in 26 (3.2%) buffy
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coat samples . (latent infection), and only 4 (0.48%) of
them were positive for HHV-7 DNA. in plasma samples
(active infection), which indicates the presence of latent
and active HHV-7 infections in donors, respectively. In
this study, the quantltatwe assay of HHV-7 viral load
showed a mean of 131 x 10' copies/mL. and
1.94 x 10° copies/mL in latent and active infections,
respectively.

Discussion

UCB transplantation is increasingly used in children,
because the risk of graft-versus-host disease is lower
compared with unrelated bone marrow transplantation.
Concern exists that a higher risk of opportunistic infec-
tions is transferred with UCB. Therefore, some common
infections, such as HHYV, are checked serologicaily.

In immunocompromised hosts and in primary infec-
tion, the pathogencity of HHV-7 remains unclear.
Interestingly, a potential increase in virulence of both
roseoloviruses (HHV-6, HHV-7) in the course of a
simultaneous CMV reactivation has been postulated
(16). Chapenko et al. (14) showed an association of
latent HHV-7 with development of a febrile syndrome
post kidney transplantation in 2 patients. This syn-
drome was independent to polyclonal anti-thymocyte
globulin treatment. The risk of reactivation of CMV
increased with co-infection of HHV-7 and CMV up to
2.2-fold for HHV-7 and 12-fold for CMV, compared with
each of these infections alone (14). Chapenko et al.
(14) also demonstrated that HHV-7 should be the co-

* factor for CMV disease progression, and they believed
that dual (CMV and HHV-7) infection is a risk factor for
CMYV disease. Therefore, they suggested that “Screen-
ing diagnosis should ‘include testing for both viral
infections in transplant donors as well as in recipients
before and after renal transplant” (14).

HHV-7 infection impairs the differentiation and sur-
vival of megakaryocytic cells (15). Studies by Miran-

dola et al. (17) indicate that HHV-7 infection may affect -
survival/differentiation of CD34* hematopoietic pro-

genitor cells by inhibiting more progenitor cells and
disturbing the maturation of myeloid cells. These
findings may be important for groups at high risk of
HHV-7 infection, such as UCB transplant patients,

developing fetuses, or recipients of solid organ trans-

plant or bone marrow transplant.

In 2005, Weinberg et al. (18) studied 362 mononu-
clear cells and sera from UCB. The incidence of HHV-7
in these samples was zero, which means that none of
the samples were positive for HHV-7 DNA. However,
among 825 UCB donor samples in our study, 26 (3.2%)
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were positive for HHV-7 DNA by real-time PCR in buffy
coat as a latent infection, and 4 (0.48%) were positive for
HHV-7 DNA by realtime PCR in plasma, representing
active infection. The prevalence found in this study was
different from that in other reports. These differences
could be a result of the sample size, PCR sensitivity, or
economic status and samtary situation of the sample
donors.

Based on our results, and con51der1ng the role of
HHV-7 as an opportunistic infection in immunocom-
promised patients in inhibition of myeloid cell matura-
tion and reactivation of CMV in these patients, we
suggest that realtime PCR in plasma and buffy coat
could be a useful marker to detect active and latent
HHV-7 infection in UCB donors.
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TRANSFUSION COMPLICATIONS

The genomic and seroprevalence of human becavirus in healthy
Chinese plasma donors and plasma derivatives

Hongxue Li,! Miao H@I Peibin Zeng,' Zhan Gao,’ Guohui Bian,' Chunhui Yang' and Wuping Li"?

BACKGROUND: Human bocavirus (HBoV) is' a novel
parvovirus identified in 2005. It has mostly been
detected in respiratory and enteric infections and has

not been studied large scale in blood products in rela-

tion to transfusion.

STUDY DESIGN AND METHODS: An in-house quanti-
tative polymerase chain reaction (Q-PCR) was devel-
oped to test HBoV DNA in plasma and plasma
derivatives. Plasma samples (n = 6096) collected from
healthy donors, 241 plasma pools, and 326 plasma
derivatives were screened for HBoV DNA by G-PCR.
Positive samples were confirmed by nested PCR and
further amplified for sequence analysis and phyloge-
‘netic studies. The prevalence of immunoglobulin (1g)G

and IgM specific to HBoV structural proteins was mea- -

sured by enzyme-linked immunosorbent assay in 209
samples grouped according to virus load (Group 1,
HBoV DNA >10% copies/mL; Group 2, HBoV DNA
>5 % 10% copies/mL but below 10* copies/mL; Group
3,HBoV DNA negative). :
RESULTS: The genomic prevalence of HBoV in the
plasma dondrs was 9.06%, ranging from 5.01 x 107 fo
3.02 x 10° copies/mL. HBoV-specific IgG and IgM were
detected al 20,00 and 7.50% in Group 1, at 20.29 and
2.90% in Group 2, and at 13.00 and 4.0% in Group 3,
respectivély. Phylogenetic analyses proved that HBoV
Genotype 1 was the prevalent genotype in Chinese
plasma donors. , ]
CONCLUSION: Low levels of HBoV DNA were detect-
" able at high prevalence in Chinese plasma donors and
plasma derivatives. Further study is needed to deter-
mine whether HBoV screening is necessary.
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uman bocavirus {HBoV) is a member of the

genus Bocavirus of the subfamily Parvovirus

and was first described in 2005 by Allander

and colleagues.! Since its discovery, the
number of bocavirus genotypes isolated has increased
rapidly. Four different species of HBoV have been identi-
fied (HBoVs 1, 2, 3, and 4). HBoV1-was first discaovered in
respiratory samples from pediatric patients with sus-
pected acute respiratory tract inféctions and is frequently
detected in these patients. HBoVs 2 through 4 are mainly
detected in stool samples from patients with enteric
infections.* As HBoVs are frequently codetected with
other viruses in respiratory or stool samples,**¢ the exact
role of HBoVs in disease i still unclear and requires
further study. -

HBoVs are small, nonenveloped viruses with a linear
single-stranded DNA genome approximately S5kb in
length. The HBoV genome consists of three open reading
frames: one open reading frame encodes a nonstructural
protein, the second encodes at least two capsid proteins
{VP1 and VP2), and the third also encodes a nonstructural
protein (NP-1).! The VP2 gene is nested within VP1. Thus,
the sequences of VPl and VP2 differ only in the

ABBREVIATIONS: B19V = parvovirus B1%; HBoV(s) = human
bocavirus(-es); MP = maximum parsimony; NJ = neighborhood
joint; PARV4 = parvovirus 4; PCC = prothrombin complex
concentrate; Q-PCR = quantitative polymerase chain reaction:
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N-terminal extension of VP1, which is deemed to be the
VP1 unique region and plays a critical role in virus infec-
tivity. NSI protein is thought to be important in DNA rep-

lication. The function of NP-1 is unknown and it is absent

in other parvoviruses.” Similar to other viruses of the
Parvoviridae family, HBoVs are approximately 25 nm
in diameter and ‘have icosahedra symmetry with
nonenveloped capsids.®®
HBoVs have been found in many countries, suggest-
ing a worldwide spread of the virus.!® The prevalence of
HBoV1 was between 1.5 and 19% in respiratory specimens
from children hospitalized with acute respiratory dis-
eases,’® while the prevalences of HBoV 2, 3, and 4 have
been reported as 1 to 26, 0.4 to 5, and 0% to 2% in fecal
samples from patients with gastrointestinal illness,
respectively.!1? HBoVs 1 and 2 have also been detected in
the blood of patients with acute respiratory and gastroin-
testinal diseases, indicating that systemic dissemination
-of the virus is possible.>!® However, there is limited infor-
mation about the prevalence of HBoV in blood. Recently,
Bonvicini and coworkers' tested the prevalence of HBoV
DNA in serum samples from healthy bleod donors, and
low virus Ioads and prevalence of the HBoV genome were
indicated.
" In this study, we describe the development of a quan-
titative polymerase chain reaction (Q-PCR) assay to detect
and quantify HBoV. Assays were established for the detec-
tion of HBoV DNA and were used to screen individual
donor plasmia samples, manufactured plasma pools, and
plasma derivatives to determine whether there is any evi-
dence of HBoV contamination in these materials, Donor
plasma samples were also screened for the sefoprevalence
of HBoV-immunoglobulin (Ig)G and HBoV-IgM antibod-
ies, These data provide information about the genomic
and seroepidemiology of HBoVin healthy Chinese plasma
donors.

MATERIALS AND METHODS

Samples

Plasma samples screened in this study consisted of 6096
individual plasma samples collected from one Chinese
blood product manufacturer between October 2012 and
September 2013 (October 2012, 893 samples; November
2012, 90; December 2012, 714; January 2013, 719; February
2013, 711; March 2013, 630; April 2013, 90; May 2013, 630;
June 2013, 449; July 2013, 450; August 2013, 360; Septem-
ber 2013, 360), 241 plasma pools, and 326 batches of blood
products (including 65 batches of albumin, 197 batches of
intravenous immunoglobulin [IVIG], 47 batches of anti-
hemophilic Factor VI [FVINI], 12 batches of fibrinogen,
and five batches of prothrombin complex concentrate
[PCC)) that had been collected in our laboratory during
2010 to 2012. All the samples tested negative for routine

PREVALENCE OF HBoV

pathogens according to standards established by the
Chinese Ministry of Health (routine pathogens were
tested by the blood product manufacturers).'

DNA extraction and nucleic acid
amplification technology

For individual plasma samples, aliquots of plasma (40 u1)
from five plasma samples were pooled and subjected to
nucleic acid extraction using a viral DNA isolation kit
(QlAamp DNA blood Mini kit {250}, Qiagen, Hilden,
Germany) according to the manufacturer's instructions,
The DNA extracts were stored at —-80°C until PCR analysis.
Sereening of HBoV DNA in plasma was performed with
primers located in conserved regions of the HBoV genome
on the basis of our in-house-developed real-time PCR
assay (Fig. 1A). The forward primer (5’-GTCTCCGG
CGAGTGAACAT-3") and reverse primer (5-AGCAGGTTG
AGAAAAAGCTCTAA-3) target a conservative 100-bp
sequence located in the NS1 gene. Real-time PCR was per-
formed on a sequence detection system platform (ABI
Prism 7900, Applied Biosystems, Foster City, CA) accord-
ing to the manufacturer’s instructions. The ampiification
mixture of 20 uL consisted of 10 uL of 2x FastStart
SybrGreen Master Mix (Faststart Universal SYBR Green
Master [ROX], Roche, Mannheim, Germany), 5 pmol of
each primer, and 5 pL, (from a total eluted volume of
50 uL) of DNA extracted from 200 pL of pooled human
plasma. Real-time quantitative amplification of HBoV
DNA was performed under the following conditions: one
cycle of 95°C for 10 minutes; 45 cycles of 95°C for 15
seconds, 60°C for 15 seconds, and 72°C for 30 seconds; and
a final cycle of 95°C for 15 seconds, 60°C for 15 seconds,
and a gradual increase to 95°C over 30 minutes at a ramp
rate of 2%. The quantitative standards used in the real-
time PCR assay were dilutions of plasmid pHBoV-1 con-
taining an HBoV Genotype 1 genome (constructed in our
laboratory). A quantitative standard curve was used to
assign values (copies/mL) io the tested samples. Seven
quantitative standards (5x 105 5x10% 5x10% 5x10%
5x10% 5x 10", and 5 x 10° copies/mL) were included in
each PCR procedure. With fluorescence measured at 2°C -
below the Tm (77°C), as few as five template copies could
be distinguished from background levels. To achieve this
sensitivity, it was necessary to measure fluorescence at
several degrees below the Tm of the specific product. This
avoided fluorescence from primer dimmers, which may
be generated at high cycle numbers in samples with very
few or no target sequences, If the HBoV DNA level in a
reaction with the five pooled samples exceeded five
copies, DNA was extracted from each of the five individual
plasma samples (200 1) and quantitated, separately. For
plasma pools and plasma derivatives, HBoV DNA was
extracted from each sample and measured by real-time
PCR.

Volume 55, January 2015 TRANSFUSION 155

39



LI ET AL.

NP1(2340-2098)

A 5 NS$1(183.2102 C
(‘ ) J VP1(29885-5001) ¥
TR
VP2{3373-6001) ‘
L]

F3Q34333)  Fi(205-227) R3(1027-1045)

RA(LO05-2025)

HBoV isolate ST1
-

Fig. 1. The Iocation of primers and real-time Q-PCR to determine the prevalence of
HBoV DNA. (A) The schemiatic locations of Q-PCR, nested PCR, and sequencing
primers in Bocavirus genome, The primers for real-time PCR—FL, R1, the primers

for nested PCR; first round, F2, R2; second round, F1, R1; sequencing primers—first

round, F3, R3; second round, F4, R4, All these primers are identicat in four geno-
types, except F4, R1, R2, R3, and R4 demonstrated 1- to 5-bp differences in Geno- '
types 3 and 4. Amplification of the conserved NS1 region of HBoV and titration of
HBoV DNA by amplification of pHBoV; (B) the standard curve; (C) the amplification
curve; (D) the melting curve; (E) agarose gel electrophoresis analysis of the HBoV
genome fragment amplified by nested PCR was used to confirm the selected HRBoV-
positive samples. ' . :
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Nested PCR

HBoV  genome-positive  individual
samples were confirmed by nested PCR
using two pairs of conserved primers
located in the NS1 region (first round
—F2 5-TCAGACTGCATCCGGTCTCC-
3, R2 5'-GGATGAGGAGCGCAGTTT-3;
second round—Fl 5-GTCTCCGGCG
AGTGAACAT-3', R15'- AGCAGGTTGAGA
AAAAGCTCTAA-3). The location was
indicated in Fig. 1A. The amplification
was performed with 2% Tag PCR Master-
Mix (Tiangen) in a total volume of
25 uL, containing 12.5 UL of 2x Tag PCR
Master Mix, 10 pmol (each) of forward
and reverse primers, and 5 pL of nucleic
acids (first round) or 2 pL of the first-
round PCR products (second round),
Reaction conditions were as follows:
predenaturation at 95°C for 5 minutes,
followed by 35 cycles of 15 seconds of
denaturation (95°C), 30 seconds of
annealing (56°C), 30 seconds of exten-
sion (72°C), followed by a final extension -
at 72°C for 7 minutes. The cycling condi-
tions of the second-round PCR were the
same as the firsi-round PCR, except the
annealing temperature was increased
to 60°C. PCR cycling was performed
on a thermal cycler (Veriti, Applied
Biosystems).

Serologic assays

Testing for HBoV-specific antibodies
was performed with a commercial assay
kit (HBoV IgG or IgM enzyme-linked
immunosorbent assay [ELISA] kit,
Jinma, Shanghai, China) according to
the manufacturer’s recommendations.
Plasma samples (n=40) with HBoV
genomic DNA titer higher than I¢¢
copies/mL, genome-negative plasma
(n=100) and genome-positive plasma
with HBoV genomic DNA titer below 10*

‘copies/mL (n = 69) underwent serologic

analysis. Testing was performed in dupli-
cate. Ifresults were ambiguous, the assay
was repeaied and the unambiguous
result was taken as the final value for the
specimen. '

DNA sequencing and
phylogenetic analysis
To obtain phylogenetic information,
positive samples confirmed by nested
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trophoresed on 2% agarose gel and ana-
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Fig. 1. Continued

PCR were amplified using another two pairs of primers
(first round—F3 5-TCAGACTGCATCCGGTCTCC-3", R3
5-TACCTCAGGAAGATGTTCCCACG-3; second round
—F4 5-TTAGAGCTTTTTCTCAACCTGCT-3', R4 5'- ACCA
CGTCCTCCATAGGCCAT-3") targeting an 820-bp sequence
in the NS1 region. The location was indicated in Fig. 1A.
PCR was performed in a total volume of 50 pL with 2x Tag
PCR MasterMix (Tiangen). Amplification conditions were
95°C for 10 minutes; 35 cycles at 94°C for 15 seconds, 62°C
for 30 seconds, and 72°C for 30 seconds; and a final exten-
sion of 72°C for 7 minutes. The conditions for the second-
round PCR were the same as for the first-round PCR,
except the annealing temperature was reduced to 60°C
and used 2 pL of the first-round PCR product as template.
Finally, 5 pL of the second-round PCR products was elec-

'
T

I R
e i . .

lyzed on a molecular imaging system
(Iniage Quant 350, GE Healthcare, San
Diego, CA). The positive samples were
sent to the company (Invitrogen, AB,
Carlsbad, CA) for sequencing, using the
second-round primers from the PCR
procedure as the sequencing primers.
| T The resulting sequences were analyzed
using computer software (ClustalX 1.83,
http:/ fwww.clustal.org/)."® Neighbor-
hood joint (N]) and maximum parsi-
mony (MP) analyses were employed to
detect the phylogenetic position of
the samples in relation to reference
i | | seguences using computer software
{MEGA 4, htip://www.megasoftware-
qnet/)Y¥ The GenBank accession
numbers of the reference sequences
are shown in Fig.4. Node support
was evaluated with 1000 bootstrap
replicates. .

3}
1

S 4 — -

Statistical analysis

. | Statistical analyses were conducted
! { using statistics software (SPSS, SPSS
Inc., Chicago, IL). The chi-square and
Fisher's exact tests were applied to
assess associations between categorical
variants. A p value of less than 0.05 was
used as the cutoff level for significance.

RESULTS

Development of a sensitive and

specific PCR method to detect

HBoV DNA and HBoV

screening strategy

Using a sequence detection system plat-
form (ABI 7500 Fast PCR systemn, Applied Biosystems), an
in-house real-time Q-PCR amplification protocol for
HBoV DNA screening was developed. To determine the
sensitivity of the Q-PCR assay, 10 individual plasma
samples with no detectable anti-HBoV specific IgM or IgG
were selected as negative controls. When tested by Q-PCR,
the 10 negative samples demonstrated no specific ampli-
fication after 45 PCR cycles. The detection limit of the
HBoV DNA Q-PCR assay was determined by performing
10-fold serial dilutions of plasmid pHBoV into plasma -
negative for HBoV genomic DNA. The highest dilution at
which all three replicates were positive was taken as the
end point. The detection limit was 5 geq of HBoV.DNA in
each PCR reaction, which is equivalent to 500 copies/mL.
For screening, reactive plasma or plasma pooal samples
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Fig. 2. Prevalence of HBoV DNA in Chinese plasmapheresis donors. (A) Prevalence of HBoV genome DNA from October 2012 to Sep-
tember 2013; (B} HBoV genome DNA prevalence in different age groups (M, male; M, female); (C} HBoV DNA prevalence in different

blood type groups.

‘were retested in duplicate and confirmed by nested PCR.
If a signal of the highest dilution of the standard was
detected at more than 40 cycles, the result was interpreted
as invalid and the experiment was répeated. As indicated
in Fig. 1B, a linear standard curve could routinely be gen-
erated in the range from 5 to 5 x 10° copies, and all the
ditutions could be efficient amplified and distinguished
from background levels (Fig. 1C). A melting curve

_ (Fig. 1D) analysis demonstrated that a single predominant
prodict with a distinct Tm was amplified. The predicted
length of the products was confirmed by agarose gel elec-
trophoresis {(Fig. 1E) and sequencing {data not shown).
Therefore, the Tm was used to identify specific products in
‘subsequent analyses.

Real-time PCR and nested PCR assays were developed
and used for both simultaneous screening and individual
identification of HBoV genomes. Initial screening was per-
formed by a minipool Q-PCR assay as described under
Materials and Methods. Positive sarples were then con-
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firmed and quantitated by the single-virus real-time
Q-PCR assay, with the positive samples further confirmed
by nested PCR.

HBoV DNA and antibodies in

plasmapheresis donors

Real-time PCR assays were performed to detect and quan- -
tify the HBoV genome copy number in individual plasma
donors according to the protocol described under Mate-
rials and Methods. Of the 6096 individual plasma samples,
552 (9.06%, with a 95% confidence interval [CI] of 8.34% to
9.78%) were confirmed as HBoV genomic DNA positive.
The genomic prevalence and trend over time of HBoV
DNA in individuat plasma from October 2012 to Septern-
ber 2013 is shown in Fig. 2A. The DNA levels ranged from
5.01 x 10? to 3.02 x 10° copies/mL, and 40 samples had a
virus load greater than 10* copies/mL. The genome preva-
lence in plasma samples was also analyzed according to
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Fig. 3. Seroprevalence of the HBoV antibody in Chinese plas-
mapheresis donors. High-level and low-level HBoV DNA were
defined as a level higher than 1 x 10* copies/mL and a level
lower than 1 x 10* copies/mL, respectively. (W IgG; (WD IgM.

age (Group 1, 18-29 years; Group 2, 30-39 years; Group 3,
40-49 years; Group 4, 50-55 years), sex, and blood type (A,
B, O, AB). As indicated in Fig. 2B, there was no significant
difference in HBoV prevalence between males (9.33%;
208/2229) and females (8.90%; 344/3866). The prevalence
also did not differ according to age, which suggests HBoV
persistence with no age bias in the plasma doner popula-
tion. A significantly higher prevalence was observed in
blood group B donors than in blood group AB (Fig. 2C},
which suggests B blood group individuals are more sus-
ceptible to HBoV compared to individuals with blood
group AB.

Considering a high load of HBoV may pose a threat to
blood safety, seroprevalence of HBoV antibodies includ-
ing IgM and IgG was investigated. The HBoV DNA-
positive samples were divided into two groups, high or
low, depending on whether the DNA concentration was
higher or lower than 1 x 10* copies/mL. As indicated in
Fig. 3, the seroprevalence of IgG was significantly higher

- in the HBoV DNA-positive samples than in the genome
DNA-negative samples. The seroprevalence of 1gM in the

low-DNA-level group was significantly lower than that in |

the DNA high level group and was not significantly differ-
ent from the HBoV DNA-negative group.

+HBoV DNA in source plasma pool and

plasma derivatives

To investigate HBoV DNA contamination in source
plasma and plasma derivatives, we screened 241 plasma
pools and 326 batches of blood products by individual
Q-PCR. HBoV DNA was detected in 17.84% (43/241) of
plasma pools, ranging from 5.90 x 10%to 8.70 x 10* copies/
mL.Table 1 summarizes the HBoV DNA content in plasma
products. Overall, 44 of 326 (13.50%) of these products

PREVALENCE OF HBoV

were contaminated with HBoV DNA, ranging from
5.38 x 10° t0-8,70 x 10* copies/mL. FVIII was highly con-
taminated, with 55.32% being recorded as positive with a
relatively higher viral load. The rate of contamination of
fibrinogen was lower (16.67%) and with a relatively lower
viral load. The contamination rates of albumin and IVIG
were below 10%, with a relative low genome content. No
HBoV genome DNA was found in the five batches of PCC.

Phylogenetic relationships among different
HBoV isolates

The positive samples confirmed by nested PCR were sub-
jected to another nested PCR to amplify an 820-bp frag-
ment. The samples that were successfully amplified were
then sequenced. With deletion of ambiguous positions at
both the beginning and the end of the gene segments, a
total of 57 sequences with a final 753-bp DNA fragment
(including one that was only 628 bp and one that was
698 bp) were provided by this study. The 57 sequences
were then aligned with 25 reference sequences including
four HBoV genotypes (all the reference sequences were
downloaded from GenBank) using ClustalX 1.83. The
alignment result was used to perform NJ and MP analyses,
both of which provided identical and well-supported tree
topologies. Only the NJ tree is shown {Fig. 4), with the MP
and NJ bootstrap values (or NJ bootstrap values only)
depicted on the branches. Four genotypes of HBoV were

. strongly supported by four main branches, with bootstrap

values greater than 90%. As shown in the NJ tree, all
the samples studied in our report strongly clustered
in a monophyletic of HBoV Genotype 1 (bootstrap
values = 100/99, Fig. 4). -

DISCUSSION

Virus infections not only impose an enormous disease
burden on humanity, but also cause potential threats to
blood safety. Due to a multifocal approach to the collec-
tion, processing, and release of blood and blood compo-
nents over the past decades, the incidence of clinically
significant transfusion-transmitted diseases has markedly
decreased. Regulatory oversight has been strengthened in
the United States and hemovigilance systems have been
established in many countries of the European Union,
Canada, and Japan to identify new and emerging infec-
tious and noninfectious transfusion risks. HBaV was first
identified by Allander and coworkers! in 2005 and was
proposed as a potential respiratory pathogen. Since its

_ discovery, another three types of HBoVs have been iden-

tified in fecal specimens from children with acute gastro-
enteritis and acute flaccid paralysis®* in a variety of
countries, indicating a global circulation of the virus.
Patients with HBoV infection present with a variety of
signs and symptoms, including rhinitis, pharyngitis,
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TABLE 1.'Genomic DNA contamination rate and viral load of HBoV DNA detected in various blood derivatives

Sample types Number of samples

HBoV DNA-positive number

Positive rate (%) Viral load range (copies/mL)

Albumin - 65, 2
WIG 197 . 14
Fvill 47 . 26
Fibrinogen 12 ' . 2 .
PCC 5 1]
Total +326 44

3.08 5.38 % 107, 5,58 % 102
7.11 6.23 X 10%8.95 % 107
55,32 _ 6.82 x 10%1.09 x 10°
"16.67 8,16 % 101,67 x 107
0 - 0
18.50 5.38 x 10%-1.09 x 10¢

cough, dyspnea, wheezing, pneumonia, acute otitis
media, fever, nausea, vomiting, and diarrhea.'® However,

there is still no clear evidence that the other three species -

are pathogenic except HBoVI. Evidence that HBoV1 can

replicate autonomously in polarized primary human

airway epithelia persistently and productively'® alerts 'us

to the potentially high pathogenicity of this. new

. parvovirus. HBoV is frequently detected in nasopharyn-
geal swab and fecal samples. However, HBoV DNA is not
restricted to the respiratory or digestive tracts; it has also
been identified in acute- and convalescent-phase serum
from children with acute respiratory tract infections, with
viral loads in some cases higher than 10* copies/
mL, 54438203 Angther study detected HBoV DNA in healthy
blood donors,™ albeit at low levels, suggesting the possi-
bility that the virus could be transmitted by blood trans-
fusion and could pose a threat to blood safety.

Before HBoV was discovered, parvovirus B19 {B19V)
and parvovirus 4 (PARV4) were the only two parvoviruses
known to infect humans. Because of its small size (20-

- 25 nm diameter) and nonenveloped nature, B19V is diffi-
cult to remove by filtration methods and is very resistant
to many of the virus inactivation procedures used in the
production of plasma derivatives, including solvent/
detergent ($/D) and heat treatment. The transmission of
B19V through the administration of S/D-treated® and
certain dry heat-treated blood products has already been
documented.Z# ' B19V can also be transmitted by blood
components, at least by those with high concentrations of
the virus.®% As a result, the Food and Drug Administra-
tion has proposed a limit of 10* geq/mL B19V for manu-
facturing pools destined for all plasma derivatives and the
European Pharmacopoeia has imposed a limit of
10* TU/mL for B19V in RhIG and pooled virus-inactivated
plasma to reduce the potential risk of transmission. 332
PARV4 is a second pathogen of parvovirus family. Previous
studies demonstrated it as a transfusion-transmissible
agent that is resistant to viral inactivation and removal
methods, PARV4 may still be regularly transmitted by
plasma-derived blood products.®* As a result, HBoV is
similar to B19 and PARV4, with a small size (approx. 25 nin

diameter) and noenveloped; therefore, its genome may -

also be resistant to removal by various virus inactivation
and removal procedures, leading to concern about trans-
mission by transfusion. However, epidemiologic informa-
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tion about HBoV in blood and blood products is currently
sparse, including in China. Therefore, we tested the
genome and seroprevalence of HBoV in healthy Chinese
plasma donors, including individual plasma samples,
plasma paols, and different kinds of plasma derivatives, to
evaluate the risk posed by HBoV.

Past research 6n HBoV has focused more on its epi-
demiology in respiratory specimens and fecal samples
than in serum, plasma, or blood. The proportion of respi-
ratory specimens from symptomatic hospitalized children- .
that contained HBoV sequences ranged from 1.5% to 19%,
while a very low virus prevalence was reported in the
respiratory tract of aduits with symptomatic respiratory
disease.!® There has been little research-on HBoV in blood
and plasma donors. Recently, Italian healthy blood donors
were screened for HBoV, with a prevalence 0of 5.51% and a
load ranging from 1.79 x 10% to 3.33 x 10 copies/mL." Qur
study indicated the genomic prevalence of HBoV DNA in
healthy Chinese plasma donors was 9.06% (552/6096),
with HBoV DNA titers ranging from 5.01 x 10% to 3,02 x 10¢
copies/mL, which were higher than those of Italian blood
donors both in the prevalence and in the viral contents.
Among the 552 pucleic acid testing—positive samples,
7.25% (40/552) had DNA levels of more than 1x 10*
copies/mL, including 0.54% (3/552) with more than 10°
copies/mL and 0.18% (1/552) with more than 10° copies/

- mL. The highest HBoV DNA titer detected was 3.02 x 10°

copies/mL, which was verified by DNA reextraction and

requantification. We also kept track of the donor with this

highest plasma viral load and were able to obtain two
further plasma samples at intervals of 2 weeks and 1
menth after the first plasma sample. Unexpectedly,
these two plasma samples were both HBoV genome
negative, which was verified by DNA reextraction and
requantification and which suggests clearance by the
immune system. As indicated in Fig. 2A, the HBoV DNA
prevalence peaked in winter, which may reflect a temporal -
difference in HBoV infection. Since only 1 year wds moni-
tored in this study, whether it was representative demands
further study. ‘ '
‘ Previous studies investigated the prevalence of HBoV
in blood products or source plasma pools, In 2007, Fryer
and coworkers® tested 351 manufacturing plasma pool
samples for various parvoviruses, including HBoV, and in
2011 Modrow and coworkers® screened nonenveloped
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Fig. 4. Phylogenetic relationships of the NSI region in differ-
" ent clones, The NJ tree was estimated using a 753-bp
sequence. Values on the nodes indicate NJ (or MP/NJ) boot-
strap values. The GenBank number of 25 reference sequence
are shown as follows: B19, NC_000883.2; PBV, NC_023673.1;
PBV1, HM053693.1; PBV2, HM053694.1; PBV3, KC473563.1;
PBV4, NC_016032.1; CPV, NC_004442.1; BPV, NC_001540.1;
BPV2, NC_006259,1; HBoV Genotype 1, DQ000495.1,
DQ000496.1, KC823115.1, JQ411251.1, JX434074.1,
EU984232.1, EF450736.1, JF899044.1; Genotype 2, CU54TH,
_CU1557UK; Genotype 3, NC_012564.1, HM132056.1,
GUJ048665.1, GQB67666.1; Genotype 4, GQ506572.1,
EC__O 12729.2, '

-

viruses, including HBoV, in three batches of FVII product,
three batches of two different FVIII products, four
batches of FVIil/von Willebrand factor concenirate,
and eight batches of activated PCC;?*** however, no HBoV
sequences were detected in either study, which may result
from the sensitivity of the assay they used. In this study,
241 source plasma pools and 326 plasma derivatives were
screened, with the results showing a contamination rate of
17.84% (43/241) in plasma pools and 13.50% {44/326) in
blood products, among which three plasma pools and two
batches of FVIII contained HBoV DNA with titers above
1 x 10* copies/mL. However, it is not known whether the
bloed products produced from these HBoV viremic source
plasma pools were also HBoV genome positive or what
their FiBoV DNA titers were. It is also not known whether
the patients who accepted the HBoV-positive blood prod-
ucts {particularly those with HBoV DNA titers above
1 x 10* copies/mL) presented any side effects or devel-
oped viremia.

ELISAs designed to detect anti-HBoV IgG and IgM
have mostly been based on virus-like particles generated
from prokaryotic or eukaryotic expression systems and
have been used in several studies, with seroprevalence
ranging from 40.7% to 60% for children less than 4 years
old, up to 85% for those 4 years old and older, and greater
than 94% in healthy adults® Antibodies specific for the
different HBoV genotypes (HBoV1-4) were also analyzed
in the studies by Kantola and colleagues® and Qiu
and colleagues®? to minimize the influence of cross-
reactivity of anti-HBoV IgG among the four genotypes.
Seroprevalence of HBoV-specific antibodies, including
IgM and IgG, was reasured in our study using a commer-
cial ELISA kit, with the results showing a relatively low

. seropositive rate of 20,18% for IgG and 4.58% for IgM.

These low values could be due to the low sensitivity of the
BLISA kit or may reflect a regional difference. The higher
seroprevalence of IgG in the HBoV genome-positive
samples than in the genome-negative samples and the
lower seroprevalence of IgM in the “low”-level DNA group
than in the DNA “high” group were consistent with the
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conclusions of Lin and other researchers. There is a limi-
tation of this study, because the four known HBoVs are
highly serologically cross-reactive® and the commercial
assay was used with an antigen of unknown origin, so that
it is difficult to know what species the serologic reactivity
is really targeting that compromised these data.
Although four HBoV genotypes have been identified,

only HBoV1 and 2 have been identified in the blood of -

patients with acute respiratory and gastrointestinal dis-
eases.” The HBoV genotypes prevalent in blood samples
from healthy people have not previously been deter-
mined. We attempted to identify the phylogenetic charac-
teristics in healthy plasma donors, with our sequence
analysis of 57 samples indicating that HBoV Genotype 1
was prevalent in healthy Chinese plasma donors. Larger
sample sizes may be needed for phylogenetic analysis to
clearly understand the epidemiologic characteristics of
the four genotypes of HBoV invplasma donors.

Qur study is the first to identify HBoV DNA in source

plasma pools and plasma derivatives and is the first to
demonstirate the existence of HBoV1 in Chinese plasma
donors. Whether HBoV could be transmitted by blood
transfusion and threaten blood safety demands further
study of recipients nsing HBoV1-contaminated products.
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TRANSFUSION COMPLICATIONS

Probable transfusion-transmission of Anaplasma
phagocytophilum by leukoreduced platelets

Rebecca L. Townsend,! Erin D. Moritz,! Lawrence B. Fialkow,? Victor Berardi,® and Susan L. Stramer’

BACKGROUND: Anaplasma phagocytophilum (AF), a
tick-borne obligate intracellular bacterium, causes
human granulocytic anaplasmosis (HGA) and has been
implicated in seven transfusion-transmitted (TT)-HGA
cases associated with red blood cells (RBCs). Here we
report the first probable case of TT-HGA involving
leukoreduced platelets (PLTs). '
CASE REPORT: A hospitalized male received 25 blood
componenis {November 2012) hefore his death from
trauma. Hospital testing confirmed HGA by peripheral
blood smears; samples were also sent to IMUGEN, Inc.
{Norwood, MA), for AP-polymerase chain reaction
{PCRY) and AP-immunoglobulin (Ig)M and [gG enzyme
immunoassay. All 12 potentially transmitting donors pro-
vided follow-up samples. o

RESULTS: Recipient smears progressed from negative
to predominantly positive 16 days posttransfusion;
hospltal-performed AP-PCR was positive on Day 22.
IMUGEN sample testing was PCR positive and IghM and
lgG negative 14 to 23 days postiransfusion. The recipi-
ent had no known AP risk factors. One of 12 donors of
RBCs or PLTs (leukoreduced 5-day-old PLTs) provided
six follow-up samples; all were strongly 1gG positive
and IgM negative; one was PCR-positive. The I1gG-
positive donor was a 52-year-old female from Hudson -
Valley, New York, an area endemic for AP. She
reported tick bites in September to October 2012 with
no travel outside New York, The donor remained
asymptomatic and recelved no treatiment. The
cocomponent PLT unit was transfused to a 78-year-old
male who died of causes unrelated to AP,
CONCLUSIONS: This eighth case of probable TT-HGA
indicates that leukoreduced PLTs may be infectious. An
antibody- and PCR-positive donor having prior tick |
exposure living in an endemic area was identified. PCR
‘positivity and elevated 1gG levels, which continue fo
exceed the assay’s detectible range even in the
absence of Igh, Indicaté active dorior infection.
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naplasma phagocytophilum (AP} is a tick-

‘borne bacterial (rickettsial) obligate intracel-

Iular pathogen that preferentially infects .

neutrophils and causes human granulocytic
anaplasmosis (HGA). lnfections are primarily asymptom-
atic in healthy individuals, but disease can be severe
in the immunocompromised and elderly. The most
common signs and symptoms include unexplained
fever, malaise, headache, and myalgia; hematologic
-abnormalities include leukopenia, thrombocytopenia,
and increased serum transferases.? Infection is usually
the result of a tick bite and is endemic in regions where
the tick vector, Ixodes scapularis, is present (i.e., New
England, the upper Midwest, and the northern Mid-
Atlantic states). There are seven prior documented
transfusion-transmitted (TT) cases of HGA: two involv-

ing nonleukereduced red bloed cells (RBCs), four

involving leukoreduced RBCs, and one with no impli-
cated product®® (hitp://www.aabb.org/resources/bet/
eid/Documents/anaplasma-phagocytophilum.pdf}. Here
we report the first probable case of TT-HGA involving
leukoreduced platelets {PLTs). '

CASE REPORT

In November 2012, a 41-year-old male presented to a
Hartford, Connecticut, hospital with multiple gunshot

ABBREVIATIONS: AP = Anaplasma phagocytophilumy;
HGA = human granulocytic anaplasmosis; TT = transfusion
transmitted.
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wounds. From November 11 to 25, he received 25 blood
products, including 13 leukoreduced RBC units, three
apheresis PLT units, and nine fresh-frozen plasma (FFP)
units. Peripheral blood smears collected on November 11,
16, 24, and 27 were performed and read by the hospital;
these demonstrated a progressively increasing number of -
intragranulocytic inclusions. A sample collecied 22 days
posttransfusion on December 3 was AP positive by a
hospital-ordered polymerase chain reaction (PCR). The
recipient died on December 5 from trawna unrelated to
AP infection.

Aperipheral blood smear from the recipient was con-
sidered suspicious due to granulocytic inclusions on
November 16 (Day 5 posttransfusion); this triggered the
hospital to begin ordering of AP and tick-borne disease
PCR tests on November 25 {of which all were negative with
the exception of AP from samples collected on December
3). The suspicious smear on November 16 also corre-
sponded with decreased PLT counts and observed RBC
abnormalities including microcytes and macrocytes, as
well as polychromasia; also observed was white blood cell
(WBC) toxic granulation. As time progressed (to Decem-
ber 3), additional RBC abnormalities were observed along

- with increasing numbers of WBC inclusions, vacuolated
neutrophils, and decreased PLT counts including large
and clumped PLTs. '

Investigation

All 25 donors associated with the transfused components
were investigated. Thirteen of 25 donors were excluded, -
* including nine donors of FFP units (acellular) and four
donors of leukoreduced RBCs whose units were trans-
fused after AP-positive results were observed in the recipi-
ent. The 12 remaining donors, who provided nine
leukoreduced RBCs and three leukoreduced PLT units,
were investigated and provided follow-up samples that
were sent for AP immunoglobulin (Ig)M and [gG antibody
and DNA testing at IMUGEN, Inc. (Norwood, MA). The
hospital was contacted and asked to provide residual
volume from recipient samples collected on November 25,
November 27, and December 4 (14, 16, and 23 days

posttransfusion); these samples were sent to IMUGEN for
testing as well. If a donor tested positive, (s)he was con-
tacted by trained counselors at the American Red Cross
Donor Client Support Center and interviewed about
health and exposure history.

Assay characteristics

PCR and IgM and IgG enzyme immunecassay (EIA} char-
acteristics have been reported elsewhere.® Briefly, the fast
real-time PCR targets the A. phagocytophilum msp2 gene;
detection of the product before 42 thermal cycles is con-
sidered positive® IgM and IgG antibodies were detected
with an indirect EIA using a recombinant fusion protein
rErf-1 as atarget?

RESULTS

No history was available for prior health, travel, or other
AP risks in the recipient. Eleven of 12 followed donors
were negative by both AP-PCR and AP-1gM and IgG ElA in
follow-uip samples collected 46 to 192 days subsequent to
their suspect donations collected from October 25 to
November 7, 2012. The 12th donor, an apheresis PLT
donor, whose PLT products were transfused 5 days after

. collection, provided a follow-up sample 70 days after her

suspect collection. This sample was AP-IgG EJA positive
and AP-IgM EIA negative, but not tested by PCR because
the sample was not suitable for the assay. The donor sub-
sequently provided five additional follow-up samples, the
first (collected 105 days after collection of the implicated
unit) was AP-PCR positive and AP-BIA (IgG) positive, fol-
lowed by four AP-PCR-negative and AP-EIA (IgG)-positive
follow-up samples (Table 1). All AP-IgM EIA results for the
donor were negative. No subseguent units were collected
during this time and the donor remains deferred. Recipi-
ent samples that were obtained between 14 and 23 days
posttransfusion and tested at IMUGEN were all AP-PCR
positive and AP-EIA (IgM and IgG)-negative, The timeline
of events related to the AP transfusion transmission
including all AP test results is included in Fig. 1.

The positive donor was a 52-year-old female from
Albany County, NewYork, in the Hudson Valley, areported

TABLE 1. Follow-up test results on the donor implicated in a case of prohable TT-AP*

S/CO
Implicated donor fiu Collect date Days posttransfusion PCR IgM EIA oG E1A
1 January 186, 2013 70 Not tested <1 »>7.8%
2 February 20, 2013 105 Positive <1 >7.51
3 March 30, 2013 143 Negative <t >8.11
4 April 15, 2013 159 Negative <1 »B.0T
5 April 29, 2013 173 Negative <1 »>9.61
] August 2, 2013 268 Negative <1 »>8,51

* Alitesting performed at IMUGEN, Ine.
1+ Exceeded the maximum absorbance of the test.
fu = follow-up; S/CO = signal-ta-cutoff ratio.
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Fig. 1. Timeline of events related to the transfusion-transmission of AP. Donors were not recalled if the donated product was an
EEP or if the RBC units were transfused after the dlagnosis of possible AP infection (November 16, suspicious peripheral

blood smear).

endemic region for AR She was healthy and asymptomatic
* atthe time of donation with no history of travel outside of

New York, but reported tick bites in September to October -

2012. The donor had remained asymptomatic throughout
follow-up and had received no treatment for AP from her
physician, due to resolution of active infection, as demon-
sirated by AP-PCR-negative results. The cocomponent
implicated PLT product was transfused (also on Day 5) to

a 78-year-old male acute myeloid leukemia patient with a -

history of chronic obstructive pulmonary disease, Parkin-
son’s disease, and an upper gastrointestinal bleed. The
patient was on a ventilator and received several RBC and
PLT units. The family chose not to pursue further
treatment and the patient then died of causes unrefated
to AP. . '

DISCUSSION

This is the eighth reported probable case of TT-AP in
a blood product recipient and the first implicating
ieukoreduced, apheresis PLTs as a transmission vehicle.
The donor is considered the probable source since the
donor had risk factors (e.g., reported tick bités), resided in
an endermic area, was the only donor identified as positive
(with levels of AP-IgG that uniformly exceeded the assay's
detectable range throughout the follow-up period of
approximately 9 months), and was AP-PCR positive indi-
cating likely active infection. Previous TT-HGA cases
involved RBCs, including leukoreduced units. RBC

leukoreduction is a gravity-based filtration system :

2830 TRANSFUSION Volurme 54, November 2014
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designed to remove WBCs and, theoretically, any WBC-
associated pathogens from blood products. While Mettille
and colleagues'® showed that leukoreduction removed up
to 10° infectious units of Orientia tsutsuganushi, another
rickettsial agent, from RBCs, this process does not appear

- to be completely effective in removing AP from RBCs>57

Transmission via transfusion might occur because AP
preferentially infects granulocytes, which are relatively
numerous- both before and after leukoreduction.!! This
uhique case report suggests that apheresis PLTs are also
not sufficiently leukoreduced to remove AP providing
additional insights into blood safety in general.

While one of the benefits of leukoreduction is to .
increase blood safety by removing cell-associated infec-
tious disease agents,’21? the fact that TT-HGA. cases have
consistently occurred in recipients of leukoreduced units
should serve as a reminder that a combination of screen-
ing, processing controls, and the future use of inactivation

* by pathogen reduction will likely be required to protect

recipients from TT infectious agents.’*'¢ The implicated
PLT cornponent was transfused on the last allowable day’
of storage {(Day 5); it is unknown if AP can replicate in -

.stored PLTs or metely survives the full length of PLT

storage. Thus, it is possible that this length of storage con-
tributed to the level of pathogen in the unit, although no
estimates of bacterial load are available in this case and
previous reports have indicated that development of clini-
cal symptoms may be related to host response more than
bacterial load."” Reduction of PLT storage time could
serve as a potential intervention point, if aftergrowth is
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believed to occur, particularly for recipients who may be at
increased risk of severe AP disease or those receiving a
high volume of product. '

AP donation screening is a potential intervention to
decrease the transmission of TT-HGA, but additional data
are needed to determine its feasibility and clinical value. It
is likely that cases of AP in the general population are
underestimated due to a low index of suspicion by physi-
cians and the fact that not all patients will develop
morulae visible on blood smear.'® The prevalence of AP in
blood donors in endemic areas (based on three éndemic
US locations) is estimated to be between 0.5 and
11.3%,'*1? but additional surveillance and case reporting
are needed to determine the iisk to recipients and there-
fore the utility of donor screening. Investigational donor
screening has been implemented for another tick-borne
agent (Babesia microti) due to an increasing number of TT
cases reported in the same geographic areas as AP likely
due to the involvement of the same tick vector.™*
Reported cases 0f HGA in the United States have increased
by approximately 50%, from 1761 cases in 2010 to 2575 in
2011, the largest reported increase since HGA became
notifiable in 1998. The reported increase may be due to an
increase in the tick population, expansion of the tick
vector range, or increased use of diagnostic assays (http://
www.cde.gov/mmwr/PDF/wk/mm#6053.pdf).  Similarly,
the state of Massachusetts, another babesia and
anaplasma-endemic state, reported a 60% increase in
reported cases of HGA in 2011 (and 22% increase
in reported cases of babesiosis) (hitp://wwwmass
.gov/eohhs/docs/dph/hga-surveillance-2012.pdf; http://
www.mass.gov/eohhs/docs/dph/babesiosis-surveillance
-2012.pdf). :

AP asymptomatically infects healthy individuals
(e.g., blood donors) and can cause severe disease in
the immunocompromised and the elderly (e.g., blood
product recipients). The incidence of TT-HGA thus far has
been low; however, the aforementioned AP characteristics
and increased spread of its vectors and reservoirs make
this a potentially important pathogen to monitor and a
- future target for consideration of donation screening or
inactivation by pathogen reduction technologies.
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Iniroduction

Transfusion-transmitted infections are feared
complications of blood component administration,
especially in Haematology Departments, where

in-patients are severely immunocompromised and

at a very high risk of opportunistic infections. The
incidence of transfusion-transmitted viral infections
has been greatly reduced (down to less than 1 in
200,000 transfisions) across the years due to increasing
awareness and control', The incidence of transfusion-
transmitted bacterial infections (TTBI) is currently

higher, there being up to 1:60,000 infections following

single unit platelet transfusions®.

Listeria monocytogenes is a Gram- p031t1ve
bacterial pathogen, which is usually foodborne®.
Immunocompromised hosts, pregnant women, neonates
and elderly people are at higher risk of developing

invasive listeriosis, including central nervoug Systemy

infections such as meningo-encephalitis, -cerebritis
or meningitis, endocarditis and sepsis caused by
uncontrolled bacteraemia. Haematological patients are

an important subset of lmmunocomprormscd hosts, who -

are frequently transfused with mulfiple blood components

because of the nature of then_hagmato]oglcal malignancy

and the chemotherapy that ha$ been administered.

Listeriosis caused by iransfusion has not been
reported in the literature yet. However, L. monocyfogenes
contamination of an apheresis platelet product was
previously reported: the contamination was detected
with the BacT/ALERT automated system and confirmed
by pulsed field gel electrophoresis*®. Here we report the
first case of transfusion-transmitted. L. monocytogenes
infection in a haecmatological patient after the transfusion
of ¢ontaminated apheresis platelets, collected from an
asymptomatic donor.

Case reports

A 36-year old Cauncasian female was admitted to
the Haematology Department of Sant'Orsola-Malpighi
Hospital (Bologna, Haly) in July 2012 with a diagnosis
of acute promyelocytic leukaemia, with cutaneous and
mmucosal haemorrhagic syndrome. '

B!orfa' Transfus 2014 12, 6” 4 DOT 10.2450:2014.0322.13
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She had no fever.and her blood pressure, heartrate and
oxygen saturation were normal. Induction chemotherapy
with all-trans-retinoic-acid (ATRA) at a dose of 45 mg/m?
was started. Idarubucin was not started until later.”

On thie 25% of Tuly, during the transfusion of a single unit
of donor-derived apheresis pi@teléts she developed chills,
with headache and vomiting; the transfusion-was stopped
and hydrocortisone was administered based on the diagnosis
of a transfusion reattion. The adverse event was reported
to the Transfusion Centre of our hospital by filling in the
appropriate form. The day afier, the patient had persistent
fever (range 38-38.5 °C), with low systolic blood pressure
and norinal heart rate. Blood cultures were performed, and

-empirical antibiotic therapy with piperacillin-tazobactam

was Started, in consideration of the patient's long-standing,
seveére neutropenia (<500 neutrophils/pL). We recorded an
increase in liver enzymes with aspartate amino-transaminase
1,214U/L (reference <32 U/L), alanine amino-transaminase
816 U/L (reference<3i U/L), lactate dehydrogenase
1,366 U/L (reference 135-214 U/L), total bilirubin 6.98
mg/dL (reference 0.2-1.1 mg/dL), suggesting damage
to the liver caused by the low cardiac output during the
febrile episode.
~ Three days later, the patient's headache worsened,
with increased blood pressure (160/110 mmHg),
vomiting and photophobia, without nuchal rigidity.
She underwent computed tomography of the brain
which did not show density alterations. Because
of the persistence of symptoms, a lumbar puncture
with culture of the cerebrospinal fluid (CSF) was
performed. The protein concentration was 47 mg/dL
(reference <50 mg/dL), while the glucose concentration
was 71 mg/dL (reference 50-80 mg/dL). Cytological
examination was positive, with 400 cells/uL, including
mostly neutrophilic granulocytes and occasional Jymphoid
cells. No blast cells were seen. Computed tomography
brain scanning was repeated, with an intravenous contrast
agent, and confirmed the absence of density alterations.
Blood cultures were positive for L. monocytogenes
serotype 1/2a, which was resistant to penicillin and
trimethoprim-sulphamethoxazole and sensitive to
ampicillin and erythromycin. The cultured CSF was also
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positive for L. monocytogenes serotype 1/2a, with the
same antibiotic sensitivity spectrum (Table I). Piperacillin-
tazobactam therapy was switched to intravenous ampicillin
3 g every 6 hours in combination with intravenous
levofloxacin 500 mg every 12 howrs (favourable kinetics
in the CSF). Therapy was continued for 15 days. The
fever had already resolved on July 26%, whereas the
newrplogical symptoms subsided after a few days (on
August 2™) together with normalization of the laboratory
examinations.

The single-donor apheresis platelets transfused on
July 25% were subsequently cultured and resulted positive
for L. monocytogenes serotype 1/2a. Interestingly, donor
blood cultures had been performed on the day of the
platelet apheresis harvest and tested aerobically and
anaerobically for micro-organisms; however, no micro-
organisms were detected in the blood culture bottles
after 7 days of incubation at 35 °C. The healthy blood

. donor was recalled to the Transfusion Cenire and his
blood was again cultured in aerobic and anaerobic blood
culture bottles. This time, positive results were obtained
after 31 hours. Subculture on horse blood agar revealed
L. monocytogenes serctypel/2a.

The asymptomatic donor was investigated for
possible risk factors related to the bacteraemia, such
as recent ingestion of contaminated food or water or
exposure to farm animals. No relation with his recent
health history, environment or dietary behaviour was
found. The donor was suspended from making other
donations for 3 months. As repeated blood cultures
were negative, the donor was subsequently readmitted
and donated without problems (a new platelet apheresis
was negative for L. monocyfogenes or-other bacteria),

Discussion ,

Our patient is the first definite case of transfusion-
transmitted L. monocytogenes infection, according
to the definition given by Perez er al. in the French
BACHTEM Case-Control Study®, with the same bacteria
being isolated from both the blood product and the

Table I - Listeria monocytogenes isolates,

Tolometi: G et al

transfusion recipient. Furthermore, the case fits the
criteria defined by the "Assessment of the frequency of
Blood Component Bacterial Contamination associated
with Transfusion Reaction” (BaCon) study, i.e. the
occurrence of the symptoms (any one among fever
239 °C, rigors, tachycardia >120 bpm or a rise or drop
0f>30 mmHg in systolic blood pressure) within 4 hours
after transfusion in the blood product recipient, and
confirmation by culture in both the blood component
and the patient’,

Only a few similar case reports have been described
in the literature, but the contaminating organisms were
always identified before transfusion of the platelet product.
Listeria contamination was detected by an automated
BacT/ALERT system following the implementation of
sereening for bacterial contamination of platelet products
by the American Association of Blood Banks in 20045, Tn
the report by Guevara et al., the donor was not interdicted
from making other donatioris and in the subsequent month
gave four othey apheresis platelet donations all of which
tested negative for L. monocytogenes contamination®, In
our Transfusion Céntre, platelets (from pools of buffy
coats or, from apheresis} are not routinely tested for
bacterial pathogens, so we have no data regarding the
frequency of L. monocytogenes contamination in platelet
products. However, routine quality control of blood
components shows that platelets may be contaminated at
an expected rate (<1:1000) by exogenous environmental
bacteria. However, the occurrence of a potentially
life-threatening episode of TTBI has prompted us to
re-evaluate the policy of screening blood products for
_bacterial contamination before transfusion.

The main concern related to this case is the
asymptomatic L. monocytogenes infection in the
donor, which led to a transfusion-transmitted infection
in an immunocompromised patient. This is explained
by transient bacteraemia (see Table I) in a donor
not belonging to a high-risk group. Indeed, febrile
gastroenteritis is the most common syndrome caused
by listerial infection in healthy people, and it has an

Date Source Cultures results  Drug sensitivity Drug resistance .
217 of July Donor's PB Negative / /
(blood culture) i
25% of Tuly Patient's PB Serotype 1/2a Ampiciliin Erythromyein Penicillin
(blood culture) Sulpha/Trimeth
25%of July  Platelet apheresis Serotype 1/2a Ampicillin Erythromycin Penicillin
' Sulpha/Trimeth
30% of July Patient's CSF Serotype 1/2a Ampicillin Erythromycin Penicillin
. Sulpha/Trimeth
1 ofAug'ust Donor PB " Serotype 1/2a ~ Ampicillin Erythromycin Penicillin
(blood culture) Sulpha/Trimeth

Positive cultures of the same L. nonocytogenes serotype were obtained from the patient's and donor's bloed cultures, the patisnt's
CSF and the platelet apheresis, Sulpha/Trimeth: Sulphamethoxazole/trimethoprim: PB: peripheral blood; CS¥: cercbrospinal fluid.
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Transtision-travsiitted Listeria mfection in AML

incubation period of about 24 hours. Invasive listeriosis
with a longer incubation period can be excluded in a
immunacompetent donor.

Prevention of bacterial contamination of blood
products is based on donor history referral, doner.
examination and testing, diversiono of the first flow,
leucoreduction, component inspection and post-donation
information®. Methods to improve tests for bacterial
detection on platelet components before release are
available, but not mandatory. Stringent screening
of blood donors for TTBI is, therefore, crucial to
ensure a safe supply of blood and blood products®,
Donor questionnaires are not useful for screening out
donors because L. monocytogenes infection in healthy
individuals is normally asymptomatic. Indeed, in the
BaCon study, screening 60-70% of blood banks in the
United States over 3 years of active surveillance, cases
of L. monocytogeneés bacteracmia could not be identified.
Risk factors for L. monocytogenes infection in healthy
donors have not been established. Some Authors'® have
shown that iron overload is a risk factor for listeriosis.
Adding questions about iron status during screening of
donors could, theoretically, contribute to identifying
donors at risk of bacterial infection, although the policy
of people with iron overload donating blood is highly
controversiall, It must be noted that a thorough review
of the donor's behaviour did not reveal any known
risk factors of exposure to L. monocyrogenes, as also
previously reported*s,

A bactericidal treatment such as expdsure to
uliraviolet light after psoralen sterilisation may be a
promising method to prevent the oceurrence ofa TTBI2,
In fact, photochemical treatiment of platelet concentrates
inactivates a broad spectrum of pathogenic bacteria,

- including L. monocytogenes®, and 8-methoxypsoralen
with long wavelength UV light- (UVA) was found to
be effective in reducing Ievels of bacteria without
diminishing in vitro platelet function.

It is noteworthy that in our case the donor's blood
cultures performed the same day as the platelet
donation resulted negative, but when the single-donor
apheresis platelet unit partially transfused to the
patient was cultured, it was found to be positive for
L. monocytogenes serotype 1/2a. This result seems
to show a subsequent growth of L. monocytogenes in’
the apheresis product, occurting in the 4-day period
between the day of the donation and the day of the
transfusion, facilitated by the need to store apheresis
platelets at room temperature.

Finally, the management of fever following
transfusion is still controversial and requires cooperation
between the clinician, blood bank, and microbiology
services. As our case report has shown, the differentiation
between an acute transfusion reaction and a TTBI in the

Blood Transfus 2074 12: 611-4 DOT 10.24302014,0322-13

early phase of a febrile episode during transfusion is
the most difficult step. The recommendations include
collecting blood from the opposite arm from that used
for the transfusion and sending it for culture, performing
a direct antiglobulin (Coombs') test and analysing the
urine for free haemoglobin. If there is a high clinical
suspicion of TTBI, empirical broad-spectrum antibiotic
therapy should be started. The hospital blood bank and
microbiology laboratory should also be alerted, and the
blood product bag should be sent for Gram stain and
culture. Moreover, if co-components from the same
donation are present, they should be at léast quarantined,
and when leucocyte-depleted platelet concentrates
obtained with the buffy coat method are transfused,
all of the donors should be screened for a possible
asymptomatic infection'®. In our case, the transfusion
was performed from a single donor platelets (apheresis).
The plasma bag derived from the same apheresis was
sent to the plasma derjvation industry: a haemovigilance
alert was transmitted from' the Transfusion Centre to
the pharmaceutical company to climinate the plasma
unit which was being held in quarantine. Improving the
surveillance of the harvest, manipulation and delivery
of blood products is necessary to improve transfusion
safety, aided by the new pathogen inactivation
techmques

Keywords: Listeria monocytogenes, {ransfusion-
transmitted infection, acute myeloid leukaemia

The Authors declare no conflict of interest.
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ABC Newsletter -12- . November 21, 2014

THE WORD IN WASHINGTON

Pictured left, ABC CEQ Christine
Zambricki, DNAP, CRNA, FAAN,
(left) met with US Rep. Joyce Beat-
ty (D-OH) (right) on Thursday
morning to talk over (tortillas
about issues relevant to ABC’s
member bloed centers. Dr. Zam-
bricki provided Rep. Beatty with
information about ABC and the life-
saving mission of its member blood
centers. She also reviewed the key
advocacy issues that ABC is working
to move forward on behalf of its
member centers. -

GLOBAL NEWS ’

The Biomedical Excelence for Safer Transfusion (BEST) Collaborative announced in a Nov, 13
press release its membership for the next four years (2014-2018). BEST is an international research.
organization that aims to improve the safety of transfusion and cell therapy and related services through
standardization of analytic technigues, development of new procedures and execution of clinical trials in
hematology and cell therapy. More than 80 scientific publications have resulted from the Collaborative’s
work. Thirteen of the 32 scientific BEST member positions have been filled by clinicians and scientists
who are new to the Collaborative. BEST’s work is conducted by four teams. A new Donor team has beent
established and the Clinical Studies and Transfusion Safety teams have been combined into a Clinical
Transfusion Stodies team. The full list of members can be viewed on the BEST website. BEST also an-
nounced that Professor Mike Murphy, MD, of Oxford in the UK, recently succeeded Larry Dumont, MD,
as chair of the Collaborative. (Source: BEST press release, 11/13/14) &

INFECTIOUS DISEASE UPDATES
(O CHAGAS DISEASE " |

Research presented at the American Society of Tropical Medicine and Hygiene (ASTMH) Annual
Meeting on Nov. 4 in New Orleans suggests that Chagas disease poses a largely unrecognized pub-
le health risk to many Americans, While Chagas disease, caused by infection with Trypanosoma cruzi
(T. cruzi), is well-recognized as a public health concern in endemic areas of Latin America, it is becom-
ing more common in the US, particularly in Texas where higher levels of the infection have been
reported in recent years. Among those infected are a significant number believed to have contracted the |
disease within the US borders, according to investigators from Baylor College of Medicine, whose re-
search was presented in abstracts at the ASTMH’s Annual Meeting. One abstract, presented by Melissa

{continued on page 13)
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INFECTIOUS DISEASE UPDATES (continued from page 12)

N. Garcia, MPH, assessed blood donors screened for Chagas disease in Houston from 2008 to 2012. Of
those with confirmed infection, 41 percent (7 out of 17) had heart disease symptoms consistent with
those caused by Chagas disease. Most of these individuals lived in rural areas or spent a significant
amount of time outside. At least six had neither traveled to endemic countries in Latin America nor have
mothers from such areas, indicative of autochthonous infection in Texas. “Cardiologists should consider
the changing transmission dynamics associated with Chagas disease in the southemn US and should con-
sider Chagas disease in patients who may have clinically-compatible electrocardiogram or
cardiomyopathy, even if the patient has no history of residing in a Chagas-endemic country,” concluded
the authors, Previous research by this team, published in August in Epidemiology & Infection, found that
one in every 6,500 blood donors tested between 2008 and 2012 tested positive for T. cruzi exposure. The
researchers highlighted that because national surveillance data on Chagas disease is lacking, blood donor

screening data provides valuable insight into its. burden in the US. (Source: ASTMH press release,
11/4/14) ‘ -

Citation: Garcia MN, et al. Chagas disease transmission and cardiac manifestations among Texas blood
donors. 2014 ASTMH Annual Meeting Abstract.

Garcia MN, et al. Trypanosoma cruzi screening in Téxas blood donors, 2008-2012. Epidemiol Infect.
2014 Aug. 29:1-4,

CHIKUNGUNYA VIRUS

The Centers for Disease Control and Prevention warned travelers in a Nov. 6 statement that despite fewer
mosquitoes in the fall, the chikungunya outbreak in the Caribbean and Central and South American coun-
tries continues to spread. The outbreak, which began last December, has cansed an estimated 795,000
chikungunya cases in 37 countries and territories in the Western Hemisphere as of the end of October.
More than-1,600 travelers returning to the US with chikungunya have been reported. “The beginning of
fall means that mosquito problems in the continental US will be decreasing. However, travelers to areas
where, the chikungunya outbreak continues are at risk of becoming infected. It is important that travelers
understand these risks and take appropriate actions to prevent being bitten by mosquitoes,” said Roger S.
Nasci, PhD, chief of CDC’s Arboviral Diseases Branch. This includes using insect repellent, wearing
long-sleeved shirts and long pants during the day, and staying in air-conditioned or well-screened rooms
at night. Travelers can check CDC’s latest recommendations at www.cde.gov/travel and can learn about
ongoing chikungunya activity at www.cdc.gov/chikungunya. (Source: CDC press release, 11/6/14) ¢

GRANT OPPORTUNITIES

The National Heart, Lung, and Blood Institute (NHLBI) has two engoing funding opportunities
called PARs in support of research on “Selected Topics in Transfusion Medicine (R01 and R21).
These PARs encourage research grant applications from investigators who propose to study research
topics in blood banking and transfusion medicine aimed at improving the safety and availability of the
blood supply and the practice of transfusion medicine. These two funding opportunity announcements
(FOAs) will expire on Jan. 8, 2017. Those interested can find more information about the first finding-
opportunity (R0O1) at http://1.usa.gov/IHv9kBy; information on the second opportunity (R21) can be

found at http./1.usa.gov/111IQ4w. Questions or concerns may be directed to Shimian Zou, PhD, at
shimian.zou@nih.gov or (301) 435-0065. &
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Please Nofe: The ABC Newsletter will iake a two-week publication
break for the holidays. Publication will resume on Jan. 9. ABC sends
"you warm wishes for a happy holiday season and a joyous new year!

FDA Approves Flrst Pathogen Reduction System to Treat
Platelets, Plasma

The Food and Drug Administration today approved Cerus Corp.’s Intercept Blood
System for the treatment of platelets to reduce the risk of transfusion-transmitted
infections {TTIs), after earlier in the week clearing the system for the treatment of
plasma. Intercept is the first pathogen reduction system to be cleared in the US for .
the treatment of blood components to reduce the risk of TT]Is.

Many in the blood community have long awaited the approval of pathogen reduc-
tion technology, adding to the number of interventions aimed at reducing the risk
of bacterial contamination of platelets and protecting the blood supply from
emerging pathogens, particularly those for which there are no available screening
tests like chiikungunya, dengue, and Ebola viruses. The Intercept system offers the
blood community a more proactive approach to preventing both infectious risks,
as well as an alternative to the use of radiation to mitigate the risk of graft-versus-
host disease after transfusion.

Bacterial culture of platelets and other measures currently in place provide some

protection from bacterial contamination of platelets, however it remains one of
the most common causes of serious transfusion-related morbidity and mortality in
the US. Careful donor selection, adherence to good manufacturing practices, and
advanced blood donor screening tests have significantly decreased the risk of a
mumber of TTIs. However, the blood community has long sought a more proactive
approach to blood safety that will afford a margin of safety from emerging patho-

gens that may threaten the blood supply.

“We are pleased that we can now bring Intercept to the US ... As a physician in
San Prancisco in the 1980s, we had to face our patients who had contracted HIV
from transfusions of blood products. I am grateful to now be able fo say to them
that there is a proactive process to inactivate similarly virulent pathogens in the
blood supply, even if we have not yet identified these newly emergent patho-
gens,” Laurence Corash, MD, chief medical officer, senior vice president, and
scientific officer of Cerus, said in a statement.

" (continued on page 3)
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FDA Approves Pathogen Reduction System {continued from page 1)

The Intercept Blood System has been shown to be effective in reducing a broad range of viral and bacte-
rial pathogens using a photochemical process involving a controlled exposure to ultraviolet light and

amotosalen, a chemical that interferes with nucleic acid synthesis in infectious pathogens and residual -
white bload cells in blood components.

Intercept has been approved for the treatment of platelets in Europe since 2002 and is currently used in
more than 100 centers in 20 countries. It has recently been approved by FDA for use in two Investiga-
tional Device Exemption (IDE) studies. In the first study, Intercept is to be used to process platelets to
reduce the risk of chikungunya and dengue virmses. In the second study, Intercept is to be used to prepare

convalescent plasma collected from patients who have recovered from Ebola virus, which is used to treat
patients with active Ebola infections. :

Plasma prepared using the Intercept Blood System was evaluated in eight clinical trials consisting of 704
patients. The studies were conducted in various clinical seftings, including acquired clotting disorders
associated with liver disease and Thrombotic Thrombocytopenic Purpura (TTP). Adverse events experi-

enced by patients receiving Intercept treated plasma were comparable to those experienced by patients
receiving standard plasma.

“This is an important milestone for the US blood community,” said America’s Blood Centers Chief Med-
ical Officer Louis Katz, MD. “Now, in absence of a mandate to use pathogen reduction, we will need to
understand the value — in a very global sense — of what [ believe is a safe and effective technology, which
becomes available at a time of constrained resources. Do our clinicians find value? Do the payers recog-
nize value, i.e., how much adoption of pathogen reduction will we be willing to support'?”

More information on Intercept’s approval in plasma can be found at hitp://1.usa.pov/1s0KsB0, and de-
tails on the approval in platelets can be found at http://1.usa.gov/1JghBKF. The package insert for both

products is available at www.intercept-usa com. (Sources: FDA press release, 12/16/14, 12/19/14; Cerus
press release, 12/16/14, 12/19/14) é

Rushing fo finish up your holiday shopping? Don't
am azo n Com forget fo shop AmazonSmile fo support the Founda-
tion for America’s Blood Centers! When shopping on

e, N o Amazon simply click on the Amazon logo to the Jeft (or
Crorsd this link hitodismile.amazon.comich/52-2038372) and

start shopping! Amazon will donate 0.5 percent of the

sale price of the purchase to the FABC - at no addi-

You shop. Amazon’ gives,  fonslcostto youl

We Welcome Your Letters

The ABC Newsletter welcomes letters from its readers on any blood-related topic that might be of interest to
ABC members. Letters should be kept relatively short and to the point, preferably about a topic that has re-
cently been covered in the ABC Newsletter. Letters are subject to editing for brevity and good taste. Please
send letters to ABC Publications Editor Betty Klinck at newsletter@americasblood.org or fax them to (202)

303.1282. Please include your correct title and organization as well as your phone number. The deadline for
letters is Wednesday to make it into the next newsletter.
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Development of Dose-Response Models of Creutzfeldt—]akob Disease
Infection in Nonhuman Primates for Assessing the Risk of
Transfusmn—Transmltted Variant Creutzfeldt-Jakob Disease

Yin Huang,? Luisa Gregori? Steven A, Anderson,® David M. Asher,® Hong Yang®

Cffice of Biostatistics and Epidemiclogy, U.S, Food and Drug Administration, Silver Spnng Maryland, USA?; Office of Blood Research-and Review, US, Food and Drug
Administration, Silver Spring, Maryland USA®

ABSTRACT ’

BEstimates for the risk of transmitting variant Creutzfeldt-Jakob disease (vCJD) via blood transfusion have relied lIargely on data
from rodent experiments, but the relationship between dose (amount of infected blood} and response (vCJD infection) has never
been well quantified. The goal of this study was to develop a dose-response model based on nonhuman primate data to better

* estimate the likelihood of transfusion-transmitted vCJD (TTvC]D) in humans, Qur model used dose-response data from nonhu-
man primates inoculated intracerebrally (i.c.) with brain tissues of patients with sporadic and familial CJD. We analyzed the
data statistically by using a beta-Poisson dose-response model. We further adjusted model parameters to account for the differ-
ences in infectivity between blood and brain tissue and in transmission efficiency between intravenous (i.v.) and i.c. routes to
estimate dose-dependent TTyCJD infection. The model estimates a mean infection rate of 76% among recipients who receive one
. unit of whole blood collected from an infected donor near the end of the incubation period. The nonhuman primate model pro-
vides estimates that are more consistent with those derived from a risk analysis of transfused nonleukoreduced red blood cells in
the United Kingdom than prier estimates based on rodent models,

IMPORTANCE
TTIvCID was recently identified as one of three emerging infectious diseases posing the greatest immediate threat to the safety of
the blood supply. Cases of TEVCID were reported in recipients of nonleukoreduced red blood cells and coagulation factor VIII

* manufactured from blood of United Kingdom donors. As the quantity of abnormal prions (the causative agent of TTvCJD) var-
ies significantly in different blood components and products, it is necessary to quantify the dose-response relationship for a wide
range of doses for the vCJD agent in transfused blood and plasma derivatives. In this paper, we suggest the first mechanistic
dose-response model for TEvC]D infection based on data from experiments with nonhuman primates. Tl'us new model may im-

prove estimates of the possible risk to humans.

Variant Creutzfeldt-Jakob disease (vCJD) is a human transmis-
sible spongiform encephalopathy (TSE) first reported in the
United Kingdom in 1996 (1). TSEs are slow neurodegenerative
diseases affecting humans and animals with long asymptomatic
incubation periods (IPs). TSEs are most reliably diagnosed post-
mortem based on typical histopathological changes and the detec-
tion, usually in the brain, of the abnormal, protease-resistant form
of the prion protein (PrP™F) generated during this disease. Exper-
imental and epidemiological evidence indicates that dietary expo-
sure to the bovine spongiform encephalopathy (BSE) agent was
responsible for most cases of vCID in humans. Although food-

borne vCJD cases are in decline, secondary transmissions of vCJD

through blood transfusions, first reported in 2003, still pose a
potential risk to public health. A better understanding of the rela-
tionship between the dose of the infectious agent that a person
" mayreceive and resulting infection is crucial to estimate the r1sk of
vCJD transmission through blood transfusion,
The greatest challenge for studying the dose-response (DR)
relationship for transfusion-transmitted vCJD (TTvC]D) is the
scarcity of experimental data. Epidemioclogical studies typically

- provide limited information on the infectious doses. The United

‘Kingdom Transfusion Medicine Epidemiology Review {TMER}), a
survey of human TTvC]D cases (2), reported information on the
infection rate in recipients transfused with one uvnit of infected
blood products, but no DR relationship could be derived from

13732 jvlasm.ory
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such data with a single data point or a narrow range of doses.
Ideally, DR studies for intravenous (i.v.) exposure, the route of

_exposure for TTvC]D, should be based on well-controlled exper-

iments with animals, possibly nonhuman primates, challenged
intravenously with a range of doses of infected blood. However,
sich studies have not been reported. Nonhuman primates aré
preferred animal models because of their close phylogenietic rela-

. tionship to-humans and sienilar clinical signs, histopathological

lesions, and PrP™E profiles following infections with either BSE or

vCJD agents. Therefore, we considered data from a previously
published review of TSE transmission studies conducted at the
U.S. National Institutes of Health (NIFI) over a number of years
with nonhuman primates inoculated intracerebrally (i.c.) with
TSE-infected brain tissues (3). Weused mechanistic nonlinear DR,
models to characterize the animal response to different doses of
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TABLE 1 Dose-response data for 83 nonhuman primates exposed via
the i.c. route to graded doses of brain tissues from patients with sCJD
and fCJD?

No. of No. of
infected uninfected Total no. of
. Dose (g brain tissue) primates primates Pprimates

1X1072 ' 25 0 25
1x1073 [ o 5
1X10°* 15 5 20
1x10°% 4 3 12
1Xx107¢ 3 5 3
1x1077 0 3 6
1x 108 0 3 3
1X1-* 1] 3 3

* See reference 3,

infectious CJD agents. We further adjusted the model parameters

using scaling factors to account for the differences in infectivity .

between blood and brain tissue and transmission efficiency be-
tween the iv. and i.c. routes. The DR model developed in this
study estimates the risk of vCJD infection by blood transfusion as
a function of the volume transfused.

MATERIALS AND METHODS

Dose-response data. We searched PubMed and ISI Web of Seience for
available dose-response data for nonhuman primates exposed to TSE
agents (prions) via the i.v. and i.c. routes (English-langnage original re-
search articles published before March 2014; the search terms were
“dose,” “prion,” “vCJD,” “TISE,” “primate,” “Intravenous,” “intracere-
bral,” and synonyms). We found a review article that surmmarized dose-
response data from the NIH series of experiments with nonhuman pri-
mates infected with prions via the i.c. route (3). This large data set
included eight graded doses causing infection rates ranging from 0 to
100% with intermediate responses, which presented a desirable pattern
for dose-response modeling,

In these nenhuman primate experiments, diluted brain tissues from
27 patients with C]D and other human TSEs were inoculated into the
animals via the i.c. route. Of the 27 patients, 22 were infected with CJD (21
with sporadic CJD [sCJD] and 1 with familial CJD [fCJD]) and 5 other
individuals had Gerstmann-Straussler-Scheinker syndrome (GSS) or kurn,
Only data from nonhuman primates (total number = 83) inoculated with
CJD-infected brainswere used in our analysis to maintain homogeneity of
the type of TSE inoculum. Most of the nonhuman primates were squirrel
monkeys, with smail numbers of chimpanzees, capuchin monkeys, and
spider monkeys. The specific numbers of each species of primates were
not reported. Linkage between CJD donors and recipient primates was
also not described. TSE infection was diagnosed by postmortem neuro-
histopatholegical examinations of the brains of the animals. Table 1 shows
the extracted data, including doses and numbers of infectedfuninfected
anirnals.

Dose-response modeling, Both exponential and beta-Poisson models

have been widely used for DR analyses of infectious agents, Both models .

depend on a mechanistic DR relationship describing an estimated prob-
ability of a quantity of infectious agent surviving in the host and suecess-
fully initiating infection (4). The statistical programming language “R”
(http:/fwww.r-project.orgl) was used to program the mavimum likeli-
hood estimation (MLE) computations for fitting models to DR data, Bi-
nomial MLEs were used to optimize the fit of the likelihood function by
selecting the parameters with the best fit that minimized the deviances of
the estimated function from the observed data, Confidence intervals (Cls)
for best-fit models were determined by using bootstrap analyses with
5,000 bootstrap samples drawn from the DR data sets. Ta test the good-
ness-of-fit for a model's ability to predict the data cutcomes, we compared
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‘the optimal minimum deviance of the model to the critical value of the

chi-squared distribution at a 95% confidence level (X%0.9:045 Where df is
the degree of freedom, calculated by the number of dose levels minus the
number of model parameters). The data in Table 1 were used to generate
the DR model for i.c. inoculations of infected brains into primates. Be-
cause the goal of this study was to use the model to generate a DR curve for
TTvC]D infection, we adjusted it by using a scaling factor that con-
verted i.c. to i.v. transmissions based on the difference of their trans-
mission efficiencies. In addition, as the infectious dose in the i.c. model
was measured as grams of infected brain tissue, the model was adjusted
to the infectious dose for the i.v. route and converted to milliliters of
blood.

RESULTS

Dose-response madels for i.c. exposure. DR models were fit to
the primate data in Table 1. The beta-Poisson model (sec the
equation below) provided a statistically acceptable fit based on the
goodness-of-fit test, while the exponential model did not (data not
shown). In the equation below, 4 represents the infectious dose
(grams of infected brain tissue or milliliters of infected blood) and
P(d) represents the probability of acquiring TSE infection at dose
d. Optimized values for the parameters o and Ny, were 0,456 and
9.6 X 107° (representing a 50% infective dose [ID,] of 9.6 ng
brain tissue), respectively, for brain inoculation i.c.; 0.456 and
13.7 (representing an IDs, of 13.7 mi blood), respectively, for
bloed inoculation ic. (after adjustment with a factor accounting
for the difference in infectivity between brain tissue and blood);
and 0.456 and 75 {representing an IDy; of 75 ml blood), respec-
tively, for blood transfusion (after adjustment with a factor ac-
counting for the difference in efficiencies between the i.c, and i.v.
routes of exposure). For brain inoculation, the parameter Ny, can

e interpreted as the amount (in grams) of brain tissue inoculum
. needed to cause a 50% chance of infection (equal to the ID,). In

this case, an Ny, value equal to 9.6 X 107° means that 9.6 g of
infected brain tissue will cause a 50% chance of infection. o is the
slope parameter describing the host-pathogen interaction. The
experimental data and the beta-Poisson model {mean and 90th
percentile values) are presented in Fig, 1.

Pldy=1- [1 +(I\%o) -(2¥e 1)]”

Adjustment for infectivity in blood versus brain tissue, We
needed to convert the infectivity dose present in a gram of brain
tissue to the equivalent infectivity dose in a volume of blood, To
estimate this conversion, we analyzed data from studies using dif-
ferent methodologies and approaches and obtained a triangular
distribution of scaling factors with the upper bound and most
likely value from a transmission study by Douet et al, (5) and the
lower bound based on other relevant studies.

, Douet et al. (5) inoculated transgenic mice expressing bovine
prion protein via the i.c. route using brain tissue and blood frac-
tions (erythrocytes, plasma, and leukocytes) from a patient with
confirmed vCJD. By comparing the infection rates, those re-
searchers estimated that the quantity of infectivity present in 1 ml
of whole blood was approximately equivalent to that presentin 1.4
X 107 g of vCJD brain. To the best of our knowledge, this was the
only study that quantified the difference in transmission efficien-
cies between vC]D-infected brain- and blood-derived inocula. In
addition to transmission experiments, researchers have alse devel-
oped laboratory techniques to measure the concentration of
PrE™*® in tissue samples directly. Wadsworth et al. (6) estimated
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FIG 1 Beta-Poisson model fit to data from Table 1 for i.c. challenge of non-
human primates (3} with confidence bounds around the optimized model
(o = 0:456; Nyp = 9.6 X 107 [representing an ID,, of 9.6 g brain tissue]).

PrP™E concentrations in different human tissues from patients
with vCJD in the terminal stages of disease by using high-sensitiv-

ity Western blot analysis. Their data suggested that the amount of .

PrP™E in 1 ml blood was less than that in 10”7 g of human vCJD
brain tissue. Both Gregori et al, (7}, using a highly sensitive en-
zyme-linked immunosorbent assay (ELISA)-based assay, and
Chen et al. (8), using protein n'usfoldlng cyclic amplification, es-
timated the concentration of PrP"™* in plasma from scrapie-in-
fected hamsters to be approximately 1 X 10™*t03 X 10" gper
ml of plasma, and the PrP™% concentration in infected brain was
estimated to be 2 X 107% to 6 X 1077 g per g of brain tissue, which
indicated that for hamsters, the amount of PrP™E in 1 ml of blood
was equivalent to the amount present in ~107? g of brain, These
biochemical studies measured PrP™F present as mixtures with
different levels of aggregation, but they did not distinguish be-
tween the PrP™® monomer and multimeric forms that might be
more infections {9).

To account for all these different values from the literature, we
assumed that a reasonable scaling factor between the infectivities
of1 mlblood and 1 gbrain tissue follows a trJangular distribution,
-and we used 107° (from the transmission study using human tis-
sues by Douet et al. [5]) as the upper bound as well as the most
likely value of the distribution. While other biochemical studies
reported lower ratios (<1077 for human by Wadsworth et al. [6]
and 10~ for hamster by Gregori et al. [7] and Chen et al. [8]) for
the PrPT®E concentrations in blood and brain tissues, the correla-
tion between the reported concentrations and infectivity cannot
be verified. Therefore, we used the lowest ratio (10™°) from those
studies to define the lower bound of the triangular distribution,
which contributed much less to the final estimates than the most
likely value (107°) from the study by Douet et al. The median of
the triangular distribution (representing the center of the distri-
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FIG 2 Beta-Poisson dose-response model for risk of transfusion-transmitted
vCID (ce = 0.456; Ny, = 75 [representing an {Dg, of 75 ml blood]}.-The
estimated infection rate for one unit oftransfused whole blood {450 ml) is 76%
{90% CI, 48% to 90%).

bution) was used to convert the Ny, from 9.6 X 107 (g of brain)
to 13.7 (ml of blood). The parameter Ny, for the adjusted model
can be interpreted to mean that 13.7.ml of infected blood inocu-
lated through the i.c. route has a 50% chance of transmitting in-
fection. :

Adjustment for efficiency of disease transmission by the i.v.
versus the i.c. route. The DR model for blood inoculated by the
Lc. route was further converted into a DR for the i.v. route by
multiplying the parameter N, with a scaling factor, which con-

ceptually accounts for the difference in transmission efficiency

between the two routes. Experiments with mice exposed to infec-
tivity by the i.v. and i.c. routes suggested an i.c./i.v. ratio of 5t0 7
{10). Based on those experiments, in a previously reported vC]D
risk assessment for blood clotting factors, the FDA supgested a
uniform distribution, with 1 and 10 being the lower and upper
bounds, respectively, for the ratio between the efficiencies of vCJD
transmission via the i.c. and i.v. routes (11), which we adopted as
the scaling fictor for i.c.-to-Lv. conversion in the current study.
Multiplied by the median of this uniform distribution, the param-
eter Nio (IDs,) was converted from 13.7 for the i.c. route to 75 for
the i.v. route (see above).

Hence, the beta-Poisson DR model for blood transfusion has
been derived with ml blood as the dose unit and with the opti-
mized parameters ofan N, value of 75 and an o value of 0.456 (see
above). The N, value represents an IDy, equal to 75 ml blood.
This model estimates a 76% infection rate {90% CI, 48% to 90%
{CI generated by Monte Carlo simulation with 5,000 iterations))

-for individuals receiving one unit (450 ml) of blood from a person

72

with clinical vCJD (Fig. 2).

DISCUS510N

Linear DR models were prevmusly adopted for vCJD and BSE risk
assessments, (11-13), assuming a linear relationship between the
exposure dose of the TSE agent and the probability of infection for
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the entire range of doses. However, this linear relationship is cer-
tainly a simplification of the true dose-response interaction and
does not account for the interactions between the agent and the
host in the infection process, which may affect the final outcome.
Nonlinear DR. models were previously applied by Gravenor et al.
(14) and by Huang (15) to data for hamsters orally exposed to
scrapie agent (16), but no adjustments were made for the scenario
of human transfusion-transmitted TSEs. In this study, we used a
beta-Poisson DR model developed based on data for nonhuman
piimates to estimate the probability of vCJP infection, or TTvCID
risk, as a function of the volume of blood transfused. We believe
this to be the first mechanistic DR model for TTvCJD generated by
using data from experimental animal dosing studies.

" Gregori et al. (17) analyzed TTvCJD data from the TMER
study (2) and estimated that transfusion of a unit of infected-non-
lenkoreduced red blood cells had a 75% infection rate (90% CI,
569% to 96%). The intervals between donation and clinical onset of
vCID in the implicated donors ranged from 1.4 years to 3.5 years,
Given that the estimated median IP of food-borne vCJD is about
12 years, it seems that those donors whose blood transmitted the
disease donated blood during the last one-third of the IP (17).
Thus, the infection rate per unit transfused suggested previously
by Gregori et al. represented the risk from blood of clinically nor-
mal donors during the later stage of the IP. Our model predicts an
infection rate of 76% (90% CI, 48% to 90%) associated with one
unit of whole blood transfused. If adjusted for a unit of nonleu-
koreduced red blood cells {equivalent to 24% to 30% of the infec-
tious dose of whole blood [18, 19]), the rate would be 58% (90%

" CL, 20% to 78%}. The DR muodel predictions based on nonhuman
primate experiments and the resulis previously reported based on the .
human epidemiologital study appear to be consistent. On the other
hand, the IDs, (75 mi infected bloed or equivalent blood products)
given by this primate model is significantly higher than that based on
rodent data (0.5 ml infected blood) (19, 11, 18). This implies that
although studies of BSE and vCJD in rodents have provided impor-
tant insights into host susceptibility, efficiency of transmission for
different routes, and distribution of tissue infectivity, extrapolation of
a dose-response model for lumans frem rodent data may overesti-
mate the risk. A DR study using species more closely related to hu-
mans, e.g., a primate model, may be more relevant.

Nevertheless, due to the limited data available, our analysis

* necessarily incorporated the following assumptions. (i) The inoc-
ula used in the primate experiments were primarily infected brain
tissues of sCJD patients, and we assumed that those inocula area
relevant surrogate mode] for vC]D-infected brains. Rubenstein
and Chang (20} compared the tissue distributions and levels of
PrP™" in patients with sCJD and vCJD; they reported no signifi-
cant differences between the two TSEs in levels of PrP™E in both
brain and other tissues (spleens, lymph nodes, and tonsils). While
those findings support our assumption, uncertainties remain
about whether infectivity titers in tissues and blood of patients
with sCJD and vCJD are also similar. (ii) Different species of pri-
mates were used in the experiments, While we assumed all primate
species tested followed the same dose-response pattern and could
therefore be pooled into one model, such an 2ssumption could not
be validated. (iii) Extrapolation of the conversion rate of the i.c.
versus the Lv. transmission route was based on imperfect and
limited data and may not be precise. (iv) We assumed the ratio-
between PrP™E and infectivity in blood to be the same as that in
brain, (v) Calculations to convert infectivity from weight of tissue
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to volumie of blood were based on different studies, each with its own
uncertainties. (vi) The current model ignores theimpact of individual
genotypes on susceptibility to vCJD, (vii) Early diagnosis, before
symptoms of vCJD appear, is not yet possible because of the difficulty
in identifying small quentities of abnormal prion protein in blood.
While our mode] based on infected tissues from persons with overt
disease is likely to apply to clinically healthy persons during the late IP
of asymptomatic vCJD, the risk of TTvCJD from donors in an earlier
stage of the disease will be lower.

Keeping these limitations in mind, this analysis establishes, for
the first time, a plausible DR curve needed to quantify the risk of
TTvC]D asafunction of the volume ofbloed transfused. Based on
these data, future vCJD risk assessment models for blood transfis-
sion need no longer rely on a single-point estimate of infectivity
titers. This dose-response curve can be used to better estimate the
magnitude of risk, and the associated uncertainty, from exposures
to low doses of a vC]D agent in transfused blood and plasma
derivatives. This development should assist regulators to make

better-informed science-based policy decisions to protect public
health,
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Variant CJD and blood transfusion: are there addntmnaﬂ
cases7
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o Background and Objectives In this study, we compare variant Creutzfeldt-Jakob
S disease {vCJD) cases definitely linked to blood transfusion, those with a history
of blood transfusion in which no donor has developed vCJD and primary
cases with no history of blood transfusion. The aim is to determine whether
there are any differences in the demographics or clinical phenotype in these
groups - that might suggest additional cases of transfusion t{ransmission of
vCID.

Materials and Methods All cases of vCJD who are old enough to donate blood
(i.e. >17 years old] are notified to the UKRYS at diagnosis, regardless of whether
they are known to have a blood donation history. A search is then made for
donor records and, if found, all components produced and issued to hospitals are
identified and their fate determined. Recipient details are then checked against
the NCIDRSU register to establish whether there is a match between these
individuals and patients who have been diagnosed with vCID. In the reverse
study, attempts are made to trace the donors to all cases reported to have

. received a blood transfusion and donors’ details are checked against the register
to determine if any have developed vCID.

Results OF the 177 cases of vCID diagnosed in the UK as of 1 February 2014, the
TMER study identified 15 cases reported to have received a blood transfusion.
Transfusion records were unavailable for 4 of these cases, all pre-1980, and in -
one other case there was no transfusion recorded in the medical notes. Transfu-
sion records were found for 10 cases. One case transfused at symptom onset was
excluded from this analysis. The mean age at onset of symptoms of the remain-
ing nine transfusion recipients (four female and five male) was 429 years;
57.6 years in the three known transfusion-transmitted cases and 35.5 years in
the six not linked cases. In one of these cases, details of components transfused
were unavailable, and the remaining five cases received a total of 116 donor
exposures with 112 donors identified, none of whom is known to have developed
clinical vCJD. To date, five of the 112 identified donors have died and none was
certified as dying of vCID or any other neurological disorder. Two of the transfu-
sion-transmitted cases did not fulfil diagnostic criteria for probable vCJD during
life but were confirmed at post-mortem. Both cases were in the older age range

Received: 12 February 2014 (68 and 74 years, respectively), and neither had a positive MRI brain scan. The
revised 29 April 2014, ' remaining cases all fulfilled the criteria for the diagnosis of vCID in life, but two
nccépted 30 April 2014, * of these had atypical features and were older than the expected age at onset for
published online 11 June 2014 vCID. :
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Conclusion In conclusion, it is possible that one or more of the vCJD cases that
received a blood transfusion derived from an individual not known to have vCJD
were infected by the blood transfusion. However, the evidence for this is weak,
and the absence of a past history of transfusion in most cases of vCID excludes
a large number of unrecognised transfusion-transmitted cases.

Key words: blood, transfusion, variant Creutzfeldt-Jakeb disease.

Infroduction

Variant Creutzfeldt-Jakob disease (vCJID) was jdentified in
1996 {1} as a zoonotic infection from the dietary trans-
mission of Bovine Spongiform Encephalopathy [BSE) [2].
There have been 177 cases of vCID diagnosed in the Uni-
ted Kingdom to date [3]. Although over recent years the
annual incidence of clinical vCID cases in the UK has
declined, the total number of infected individuals is
unknown. A growing body of evidence indicates that
there may be a population of asymptomatic ‘carrers’ of
vCID who may or may not eventually develop symptoms.
A retrospective study of lympho-reticular tissue estimated
the prevalence of infection in the UK to be 237 per mil-
lion [4], although a more recent survey suggests a higher
prevalence of 1 in 2000 in the general population [5].
These estimates are higher than the number of confirmed
cases and indicate that there may be vCJD infected indi-
viduals who may have a prolonged or permanent asymp-
tomatic carrier state, This subclinical population poses a
major concern for public health, particularly with regard
to blood transfusion as,-in contrast to other human prion
diseases, the transmissible agent in vCJD is present at sig-
nificant levels in tissues other than the central nervous
system [8, 7], including lymphoid tissue.

In 1997, the Transfusion Medicine Epidemiology
Review (TMER) was established. This collaborative study
between the National CJI Research and Surveillance Unit
(NCIDRSU) and the UK Blood Transfusion Services
(UKBTS) had the principle aim of investigating whether

vCID was transmissible via blood transfusion. To date, -

the TMER study has identified three clinical cases of vCID
and orre individual dying of intercurrent illness who were
infected by non-leucodepleted blood derived from asymp-
tomatic donors who later developed the condition [8]. The

subclinical case was an MV heierozygote at codon 129,

providing the first indication that individuals with PRNP
genotypes other than methionine homozygous (MM)
could be infected by the vCID agent [9). It is unknown
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whether this individual would have developed clinical
disease, although infectivity has been demonstrated in the
splenic tissue, but not the brain [19].

There is no validated screening test to identify vCID
infectivity in human blood, and the mainstay of risk
reduction is to prevent those at greater risk from acting
as blood donors [11]. Concem that the infectious agent
may have adapted after cross-species transmission has
been moderated by laboratory iransmission studies
which have suggested that there is no major change in
agent properties between primary and secondary cases of
vCID [12].

Evidence of transfusion transmission of vCID rests on
identifying cases with a history of having received a
blood transfusion derived from individuals who are also
dizgnosed with this condition. However, the potential for
subclinical Infection suggests that it is possible that an
infected donor may never develop clinical disease but
could nevertheless transmit infection, with the implication
that a link between donor and recipient would then not
be identifiable. The TMER study has identified seven cases

* of vCID who received a blood transfusion, in which none

17

of the linked donors is known to have developed vCJD,
including one transfused at the time of onset of symp-
toms in whom transfusion can therefore be ruled out as
the likely source of infection. In this study of vCID cases,
we compare those cases with a history of blood transfu-
sion in which no donor is known to have developed
vCID, with primary cases who have no history of blood
transfusion. The aim is to determine whether there are
any differences in the demographics or clinical phenotype
between these two groups that might suggest additional
cases of transfusion transmission of vCID.

Methodology

The methodology of the UK TMER study has been
deseribed previously [8]. All cases of vCID who are old’
enough to donate blood (i.e. >17 years old) are notified
to the UKBTS at diagnosis; regardless of whether they are
known to have a blood donation history, A search is then
made for donor records and, if found, all components
produced and issued to hospitals are identified and their
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fate determined. Recipient details are then checked
. against the NCIDRSU register to establish whether there
is a match between these individuals and patients who
have been diagnosed with vCID. In the reverse study,
attempts are made to trace the donors to all cases
reported to have received a blood transfusion and donors'
details are checked against the register to determine if
any have developed vCID. Recipient and donor details are
flagged with the Health and Social Care Information Cen-
tre’ to establish the date and certified cavse of death. The
study was granted ethical approval by the local Research
Ethics Committee. '

Resuits

Of the 177 cases of vCID diagnosed in the UK to date, the
TMER study has identified 15 cases reported to have
received a blood transfusion (Fig. 1). Transfusion records
were not available for four of these cases because the
year of transfusion predated available records. In one case
reported to have received a iransfusion, no record of
transfusion was found in their medical notes, Transfusion
records were identified in 10 cases, including the three
clinical cases of vCID previously reported to have been
infected through blood transfusion and 7 not linked cases,
one of whom was excluded from this analysis as the

. blood transfusion occurred at symptom onset. The poten-
tial link to blood transfusion in two of the cases has pre-
viously been reported [13].

Of the 6 not linked cases of vCID who received a blood
transfusion, component details could not be traced in one
case fransfused before 1984 and thought to have had four
donor exposures (Fig. 1).

" 15vCID cases
whao recelved a
blood transfusion

In the remaining five cases, 116 components were
traced with 112 donors identified, none of whom is
known to have developed clinical vCID. Names of all 112
identified donors were sent for flagging, and of these,
103 were positively identified; a possible trace was made
in 4; a further 4 are currently not registered with a Health

_Authority doctor, and cne was not identified. Five of the

cohort of 103 flagged donors have died, and the causes
of death are shown in Table 1. None was certified as
dying of vCID or indeed any other neurological disorder.
The survival period for the: doners since the time of trans-
fusion is shown in Fig. 2. .

Table 2 shows the age, gender and transfusion charac-
teristics of each transfused case. Nine patients were
included in the study, of whom 4 were female and five
male. The mean age at onset of symptoms in the whole
group was 42.9 years; in the three known transfusion-
transmitted cases 57-6 years and in the 6 not linked cases
35-5 years. This compares with a mean age at onset over-
all in vCID of 28-9 years (1 = 177). The number of donor
exposures was in single figures for 5/6 cases not linked
to an affected donor and in one of the known cases of
transfusion-transmitied vCJD. The other three cases had
multiple donor exposures. The interval from transfusion
to onset of clinical symptoms in the recipients ranged
from 4 to 16 years (mean 9-3 years) with no clear distine-
tion in this interval between cases linked or not linked to
an affected donor. The duration of the clinical illness was
similar in al cases, with the exception of one of the not
linked cases, who received treatment with intraventricular
pentosan polysulphate and survived for 45 months [14].

Table 3 details the clinical and investigative features of
the cases that are included in the validated diagnostic

!

Na donor record

in 4 cases

L 4

10 vUID cases

}

Mo transfusion

in one case

B!

v

}

3vCID cases previously
Identified by TMER as
transfusion transmitted

oneg case transfused at
symptom onset

6 vCID cases who received
a blocd transfusien but not
linked to a donor with v&ID

!

' One case with no donar
detalls, thought to have
had 4 donor exposures

" Fig. 1 Outcome of vCID cases who received a
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Table 1 Cause of death among 112 donors to the 5 vCID cases under
review

Interval from
transfusion in

Year of  index case to
death death in donor Cause of death in donor
1994 1 year . njury to abdominal aorta
causing haemarrhage
Verdict: Death by
Misadventure
2001 8 years Hypartensive heart disease
' (Coroner’s post-martem
without inquest)
2006 13 years, 4 months  Putmonary embefism/deep
vein thrombosisfischaemic
heart disease {Coroner's post-mortem
without inquest) ‘
2008 15 years, 2 months  Bronchopneumoniafdisseminated
sigmoid colon carcinoma, pulmonary
embalism
2012 18 years, 8 months  Complications of heart valve surgery
204 g R ——
H Alive
7 Deag
60
SO
g
5 T Sy o
5
3 20 3
g [
3 K Tv
* e
10 e
R P 0, SV
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Survivalin years

Fig. 2 Donor survival from transfusion in index case {7 = 112).

criteria for vCID. All were MM homozygous at codon 129
of the prion protein gene. Two of the three previously
reported transfusion-transmitted cases did not fulfil diag-
nostic criteria for probable vCID during life but were
confirmed at post-mortem (cases 7 and 8 in Table 3).
Both cases were in the older age range (68 and 74 years,
respectively), and neither had a positive MRI brain scan.
The remaining cases all fulfilled the triteria for the diag-
nosis of vCID in life, but two of these had atypical fea-
tures and were older than the expected age at onset for
vCID. In case 2, the clinical presentation was complicated
by concurrent medical conditions that may have contrib-
uted to protracted early neurclogical symptoms. Case 3
had a prodrome of behavioural disturbance for a more
extentded period than that ususlly observed in vCID.
The other cases (1, 4, 5 and 6) had a typical clinical

® 2014 International Society of Blood Transfusion
Vox Sanguinis (2014) 107, 220-225

phenotype for vQID including early psychiatric symptoms
followed by progressive ataxia and cognitive decline
associated with involuntary movements.

Discussion’

The aim of this study was to investigate whether there
may be unrecognised cases of transfusion-transmitted
vCID in the UK, as blood recipients with vCID may have
been infected by donors who have not yet developed clin-
ical disease. Nine transfusion recipients with vCID have
been identifted by the UX surveillance system, and only
three have been linked to an affected donor. The six other -
recipients have not been linked to another case of vCJID,
and the question is.whether it is plausible that these cases
may also have been infected by blood transfusion.

There are some differences between vCID cases who
have received a blood transfusion and those who did not,
notably in relation to age at onset of symptoms. The
mean age at onset in primary vCJD cases is 28-4 years
{n= 174) and in the three transfusion-transmitted cases
57-6 years [8], perhaps reflecting the relatively high mean
age of transfusion recipients and the incubation period of
transfusion-transmitted vCJD of 6-8 years. In the six
recipients with vCID not linked to an affected donor, the
mean age at clinical onset is 35-5 years, which is older
than the mean age in primary cases, and raises the possi-
bility that some of these cases may be caused by blood
transfusion. Two of these cases were aged 47 and
50 years at onset of symptoms, and only 11% of vCID
cases have been aged over 45 years at death. However,
the age differences between the groups are not statisti-
cally significant, perhaps reflecting the small numbers of
transfusion recipients in this study.

The interval between transfusion and symptom onset in
the 6 not linked transfusion recipients ranged from 4 to
16 years. Although only three of our cases have strong
evidence to support transfusion-transmission, it is possi-
ble that some of the remaining six cases in this study
could have been infected via blood transfusion, as the
“potential incubation periods in these cases were of the
same order as the three cases known to be linked to trans-
mission via blood transfusion {8). Three of the six cases
not linked to an infected donor had potential incubation
periods which were more extended than the observed
incubation periods in transfusion~transmission of vCID,
but more extended incubation periods may be expected,
reflecting the incubation period distribution. On the other
hand, the great majority of donors remain alive more than
20 years after the implicated donation (Fig. 2), which
contrasts with the observed transfusion-transmission
cases in which the donors died within 4 years. The recent
population prevalence study indicates that all codon 129

-
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Table 2. Characteristics of vCID cases that

. gl

Age at received a hlond transfusion
symptom Number of Duration
onset donor Transfusion to of illness
Cases  (Years) Gender  Transfusion  exposures symptom onset [Manths)
1 32 Female 1012013821 2 13 yeazs, 1 month 23
2 M Male 1[07/1893) 38 4 years, 9 months 7
2(10/1993) 65 4 years, 6 manths
3 50 Female 1 (09/1983) 2 15 years, 10 months 11
2 [04/1993) 3 B years, 3 manths
27 Male 1 [06/1994) 4 5 years, 4 months 1
5 16 Female 1(02/1989) 4° 16 years, 9 months 16
3 47 Female  1(02/2002) 2° 5years, 11 months 45
7° 68 Male 1{03f1998) ' 5 § years, 6 months 13
! 74 Male 10121997} 23 8 years, 4 months 1
g¢ 21 Male 1{09f1997) 56 . 7 years, 10 nionths 10
*Component details not identified.
"This is the only casé that received leucodepleted red cells,
“eCases of vCID follawing transfusion from donors who later developed the condition.
. Table 3. Clinical and Investigative features of
Early psychiatric Sensory Involuntary tases that received a blood transfusion
Case  symptoms Ataxia sympioms movements EEG MRI Post-mortem :
1 Yes Yes No Yes Slow + Yes
2 Possibly® Yes No 1 episode Stow + Yes
3 Yes but Yes Yes Yes Stow +{2nd) Na
unusual’ s
Yes Yes * No Yes Siow + Yes
5 Yes Yes No Yes Normal  + (2nd)  Yes
& Yes Yes  Yes Yes Slow + Tonsil biopsy
. only
7° Yes No Yes Yes Slow - Yes |
No Yes No No Slow n " Yes
gt Yes Yes Yes Yes Normal 4+ (2nd)  Yes

This ease was older than expected for vCID and has typical clinical features, but assessment was

complicated by concurrent mediczl conditions.

bnusual presentation with significant behavioural disturbance for 2 years foliowed by unexplained
blackouts and falls. Progressive cognitive decling, staxia, paranoid and aggressive behaviour followed
5 months later, There were no clear painful sensory symptoms until later in the illness. This.patient’s

age and initial symptoms make this case an unusual presentation for vCID.

“d<Cases of vCID receiving transfusion from 2 donars who later developed the condition.

genotypes are represented in the presumed infected gen- -
eral population [5], and variation at this site may influ-
ence incubation period. The codon 123 genotypes of the
blood donors in this study are unknown. It is, however, of
note that five of these donors have died, between 1 and
18 years following blood donation, and all were certifisd
as dying of non-neurological conditions. In conclusion,
the interval between transfusion and onset of clinical
symptoms in the recipients is not incomnsistent with the
known incubation périods in transfusion-transmitted

80

vCID and the extended survival following donation in the
great majority of donors does not exclude the possibility
of {ransfusion-transmission. o

The clinical phenotype in the six cases not linked to a
known infected donor is relatively typical for vCID. Two
cases had an unusually extended neuropsychiatric pro-
drome, but in one assessment was complicated by concur-
rent illness, and similar cases have been identified in the
cohort of primary cases. The clinical and pathological
phenotype in the three fransfusion-transmitted cases is

© 2014 International Society of Blood Transfusion
Vox Sanguinis (2014) 107, 220-225
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also consistent with primary cases of vCID, and this is
perhaps not surprising as preliminary evidence from labo-
ratory transmission studies does not suggest any major
change in the agent characteristics after transfusion-
transmission [12]. This suggests that scrutiny of clinical
phenotype may not be useful in the determination of
route of infection in vCJD..

In conclusion, it is possible that one or more of the
vCJD cases that recefved a blood transfusion derived from
donors not known to have developed vCID were in fact
infected by the bloed transfusion, However, the evidence
for this is weak and the epidemiological evidence from
observed cases of vCID excludes a large number of un-
recognised transfusion-transmitied cases as the' great
majority of cases have no history of prior blood transfu-
sion. The mismaich between the large cohort of presumed
infected individuals in the general population, suggested
by prevalence studies, a proportion of whom will be
blood donors, and the very small number of identified
cases of transfusion-transmifted vCID emphasises the
need for careful continued surveillance.
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Evidence for zoonotic potential of ovine
scrapie prions
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. Although Baovine Spongiform Encephalopathy (BSE) is the cause of variant Creutzfeldt Jakob .
disease (vCJD) in humans, the zoonotic potential of scrapie prions remains unknown, Mice

genetically engineered to overexpress the human prion protein (tgHu) have emerged as
highly relevant models for gauging the capacity of prions to transmit to humans. These
models can propagate human prions without any apparent transmission barrier and have
been used used to confirm the zoonotic abillty of BSE, Here we show that a panel of sheep
scrapie prions transmit to several tgHu mice models with an efficiency comparable to that of
cattle BSE The serial transmission of different scrapie isolates in these mice led to the
propagation of prions that are phenotypically identical to those causing sporadic CID (sCID)
in humans. These results demonstrate that scraple prions have a zoonotic potential and raise
new questjons about the possible link between animal and hurdan prions.
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diseases, are fatal neurodegenerative disorders that affect a

large spectrum of mammualian species. These conditions
include for instance, scrapie in small ruminants, bovine spongi-
form encephalepathy (BSE) in cattle and chronic wasting disease
{CWD?} in wild cervids, In humans, the most common form of
TSE is sporadic Creutzfeldt-Jakob disease (sC]D), which affects
~1-2 indjviduals per million of the population per year and is
generally observed in people aged over 50 years. In the absence of
identified external causes sCJD is considered to bea spontaneous
disorder precipitated by mis-folding of the normal cellular prion
protein (PreC),

Transmissible spongiform encephalopathies (TSE), or prion

It has been known for several centuries that scrapie is'endemic

in small ruminant animals used for human food production?,

Despite this dietary exposure, epidemiological studies have failed .

1o identify any clear link between scrapie and TSE occurrence in
humans®®, This apparent lack of zoonotic transmission by
. scrapie is considered to be a consequence of the transmission
barrier phencmenon that naturally limits the propagation of
prions from one specles to another®. In 1996, a new human prion

disease, referred as variant CJD {vCjD), was observed in UK,

individuals. Several lines of evidence have indicated that vCJD is
the probable consequence of dietary exposure of humans to the
agent responsible for epizootic of bovine ‘spongiform
encephalopathy (BSE) in UK cattle’. The occurrence of vCJD
has provided significant evidence to show that the transmission
barrier does not constitute an absolute protection against the
zoonotic risk of prions that circulate in animal populations. This
sugpests that the need for an in-depth assessment of the
permeability of the human species barrier to animal TSE agents
- including those responsible for scrapie in sheep.

The potential diversity of scrapie prions has been investigated
over many yeais by serial transmission of field isolates to the
natural host of this condition, inbred mouse lines or as more
recently to bank voles and mice with transgenic expression of
different PrP sequences™. On the basis of the transmission
features in conventional mice (incubation periods, distribution of
the lesions in the brain), early transmission experiments
described a considerable diversity of the scrapie agents with up
to 20 prion strains reportedly identified®, However, more recent
strain typing in transgenic mouse lines that express ovine PP has
identified & more restricted range that comprises at least four
phenotypically distinct scraple strains®®-12, Despite converging
evidence that scrapie is caused by a variety of prion strains, there
is at this stage no comprehensive description of their diversity.

A fundamental event in prion propagation is the conversion of
the normal cellular prion protein {PrP%, which is encoded by the
PRNP gene) into an abnormal disease-assoclated isoform (PrP5c)
in tissues of infected individuals, PrP€ is completely degraded by
digestion with proteinase K (PK), whereas PrP*¢ is N terminally
truncated resulting in a PK resistant core, termed PrP™ (ref, 13),
According to the prion COIICéFt, Pre%¢ js the principal if not sole
component of the ?rion agent'4 and PrP*® is a disease marker for
. prion diseases’™!>, Particular blochemical properiies of PrP%,
such as detergent solubility, PX resistance-and electromobility in
western blotting (WB) can be used to distinguish between
different prion agents or strains!&17,

After identification of the gene encoding PrP, it was soon
discovered that differences in amino-acid sequence between host
PrPC and donor PrP™ were the main driver for the transmission
barrler. For example, the resistance of wild-type mice to clinical
disease induced by hamster scrapie is abrogeted by transgenic
expression of hamster PrPC in mice!®®, However, it is also
established that strain properties have a significant impact on the
ability of prions to cross the species barrier. This is evidenced by
studies showing that human vCJD Isolates can be transmitted

readily to conventional mice but that it is extremely difficult for
sCJD isolates to propagate in the same mouse lines?02L,
Furthermore, the amino-acid sequence of PrP% influences the
efficacy of interspecies prion transmissions as tgHu models
indicate that the human species barrier is more permeable to
sheep-passaged BSE compared with its cattle counterpart??,

Conceptually, the permeability of the prion transmission
berrier is considered to be driven at the molecular level by
the conformational compatibility between host PreC and the
misfolded strain-specific protein assemblies of PrP that are
present within infectious prion particles®. As a consequence,
mice genetically engineered to express human PrP (tgHu), in the
absence of endogenous mouse PrP, have emerged as relevant
animal models to assess prion transmission across the human
species barrier®, A major determinant of the susceptibility to
human prion disease is Met/Val dimorphism at codon 129 of the
PRNP gene®™?, and tgHu mice lines exist that express
these variants of human PrP?, These tgHu mouse lines
propagate human prions without an apparent speciés barrier
and have been successfully used to confirm the zoonotic ability of
the BSE agent from cattle?2?8, In addition, prion transmission
studies in tgHu mouse lines have highlighted that L-type atypical
BSE in cattle displays a higher capacity to cross the human
specles barrier than does classical BSE in cattle, the prion strain
responsible for vCJD emergence®®, In the context of the
Met/Val dimarphism in human PrPC and the potential diversity
of sheep scraple strains, it is clear that assessment of the
permeability of human sgecies barrier to ovine prions presents a
considerable challenge®3L, .

In this study, we inoculated tgHu mice transgenic for
expression of human PrP codon 129 variants intracerebrally
with a panel of (i) biologicaily distinct ovine scrapie isolates,
{ii) human prions and (i) cattle BSE prions. The serial
transmission of different scrapie isolates in tgHu mice led to
the propagation of prions that were phenotypically identical to
those that cause sporadic CJD (sCID) in humans.

Results

Scrapie isolates transmit in tgHu mice. We initially performed
serial transmission studies in three tgHu mouse lines. These
mouse lines were homozygous for methionine (tg Metiao/ tg340)
or valine (tgVal;35/tg361) at codon 129 of human PrP, or were
thelr F1 cross (methionine/valine heterozygotes at codon 129;
tgMet/Valyzo). All of these mouse lines expressed human PrP
approximately fourfold more compared with that seen in normal
human brain tissue (Fig, 1}. The three mouse lines were inocu-
lated intracerebrally with a panel of six sheep scrapie isolates that
had been collected between 1994 and 2002 from flocks naturally
affected with this prion disease (Table 1). The scrapie isolates
were selected on the basis of the different transmission profiles
they showed when incculated in murine (tga20), bovine (tgBov/
tg110) and ovine (tgShpXI and tg338) PrP transgenic mouse lines
{Fig. 2), which were indicative that they contained different ovine
prion strains®27, :

At completion of the first passage, none of the challenged tgty
mice developed clinical disease (Table 1). However, western blot
analysis' showed weak but consistent disease-associated PK
resistant PrP (PrP™) accumulation in the brains of two tgMet/
Valjz mice inoculated with MFL7 scrapie isolate {Table 1,
Pig. 3a). We considered the PrP*** was not due to residual
inoculum but rather to the conversion of tgHu PrpC into PrPSc,
Consequently, first passage mouse brains from each scrapie
isolate transmission group were pooled and re-inoculated to the
same tgHu line (Table 1). Following second passage of sheep
sctapie in the tgHu roouse lines clinical disease was observed in a
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proportion of the tgMet; 3o and tgMet/Val, 4 mice inoculated with
four of the isolates (Table 1). Western blot analysis confirmed the
accumulation of PrP*® in the brain of these second passage mice
(Fig. 3b). There were no clinical signs of prion disease or PrP™
accumulation- observed in control mice inocubated with PBS or
prion-free control brain homogenate, which had also undergone
two serial passages (Table 1), These controls confirmed that the
prion disease cbserved in inoculated tgHu mice inoculafed with
the sheep scrapie isolates was not the consequence of a
spontaneous PrP conversion and that cross-mouse contamination
was unlikely. '

Relative efficacy of scrapie and BSE transmission in tgFu, To
determine the susceptibility of tgHu mice to a prien strain with

IQMEWGHQQ

!gMetﬂg lgVaI129
& ©
I
tgValyeg Hu contral

Figure 1| Pre€ expression In tgHu mice. Brain homogenate dilutlons
(neat or 174, 1/8, 1716 diluted in Laemmii's buffer) were analysed by
SDS-PAGE and western blot using 12% acrylamide gel. Normal PeP was
detected using the menaclonal antibody 3F4 (0.8pgml—1). (a) tgMetyg,
tgMet/Valyye and tgValize samples. (k) tgVahoo and human contrel brain
samples, ‘

known zoonoti¢ potential, we inoculated human PrP mouse lines
with two different cattle BSE isolates. At first passage there was
cither an absence or an inefficient transmission of bovine prions -
in tgMetys and tgMet/Val zo mice (Table 1), although the attack
rate significantly increased at second passage. No transmission or
brain PrP™ accumulation was observed in tgVal;»s mice inocu-
lated with either of the two BSE isolates (Table 1). These results
concur with the cornmonly held view that a substantial species
barrier limits the transmission of cattle BSE to humans®2228, The
data also support the contention that the relative permeability of
the human species barrier (as modelled here by the intracerebral
transmission in tgHu mice) to cattle BSE and scrapie is not
furidamentally different.

Impact of scrapie adaptation in bovine PrP fransgenic mice,
Sheep scrapie prions can be propagated experimentally in cattle
and the hypothesis that BSE is derived from cattle exposure to
scrapie remains a prominent theory’2~>% Moreover, prpse
aming-acid ‘seqzuence can strongly influence cross-species prion
transmission?243, In this context, the isolates that we obtained
after two passages of sheep -scrapie isolates in bovine PrP
transgenic mice (tgBov) (Fig. 2) were also imoculated into
tgMetyzo tgHu mice (Table 2). On the first passage, clinical
signs were observed in a proportion of tgMetyz mice inoculated
with each of the tgBov-adapted sheep scrapie isolates. Similar
transmission properties were also observed with scrapie isolate
PS48 that failed to propagate in tgHu mice after two passages’
(Table 1). These observations support the contention that the
adaptation of ovine scrapie prions to the bovine PrP amino-acid
sequence increases their capacity to propagate in tgHu mice.

Lack of transmisslon barrier for human prions in tgHu mice.
In parallel to the inoculation with sheep scrapie isolates, we also
inoculated the tgHu mice with human brain material from one
vCJD and two sCJD patients. The sCJD cases were classified as
Met/Met type 1 (MM1) and Val/Val type 2 (VV2), respectively %>,
based on the patient’s PRNP genotype at codon 129 and on the
PrP™ western blot profiles of these samples. On first passage,
100% of the tghln mice inoculated with the two sCJD isolates

e i

h ¢ 'thHu micwlth A p'a_“ljiél.}f‘ hum;a.n,.h;:iylne and‘r.i'\;ln_-:e ptlori Isolates )

Isolate Tg Met/Metis TgMet/Vahys TgVal/Valyo
Passage 1 Passaga 2 Passage 1 Passage 2 -Passagal Passage 2
Positiva  [pcubation  Positive  Incuballors  Positive  Incuballon  Posltiva - Incubation  Poslilve  Incubatlon Positive  Incubation
mice  (dpldsd)  mlea  (dpkksd) mice  (dpheksd)  mike  (dphisd) miee (Aplksd) mke | (dpliisd)

sCHIOMM1 Hu &/6 219417 6/6 239+8 6/6 243x14 5/6 260£13 6/6 32719 6/6 28616
sCIDVWW2 © Hu 6/6 618181 6/6 509441 /6 588474 6/6 594486 /6 188112 o/6 169412
vCID Hu 6/6 5§51 25 6/6 58145 2/6 758,601 . &/6 615165 o/8 »>750 o/ »>750
BSE Bov 0/6 =750 3/6 572164 0/6 >750 NA 0/6 »750 0/6 »750
BSE Bow 1/6 739 6/6 633432 0/6 =750 NA 0/6 »750 o/6 >750
MF17 oy /6 »750 . NA 2/6 743%, 760° 3/6 34%635?4' /6 >750 /6 >700
B509 Ov 0/6 »750 1/é 432 0/6 >750 a/é =600 /s »750 0/6 =700
P§21 Ov 0/6 »>750 2/6 369.57% 0/6 »750 /6 >700 0/6 >750 /6 »>700
p543 Oy o/é > 150 0/6 =750 0/6 >750 0/4 =700 /e =750 0/5 =700
P542 Oy 0/6 =750 1/6 475 0/é >750 0/6 >700 0/6 >750 0/6 »700
P5310 Oy 0/6 > 750 NA 0/ »750 NA - /e © =750 NA
Negative Hu o/ =750 [+Fat >750 | 0/12 >750 /6 =650 0/12 >750 0fé =750
braln '

ov 0/12 >750 o2 . >750 /12 =750 0/6 >650 0/12 =750 /6 . »750
PBS ' [ T3 >800 o2 >650 012 >750 Q76 >650 0/12 >75Q 076 >750
control

£CID) variant Crautzlaldt Jakob (vCID) mathlonine hamozygous patients, (1) bovine (Bav)

Transgantc rrica that exprass the Metiss, Valizg human PiP and thelr cross bred were inoculated inlracerebrally (204 pe moused with a 10% braln homogenale from (1) sporadic Creutzieldi-Jakeb

d catile, (Y avine (Ov) scrapie Isolates (MFI7, PSOS, PS21, PS4B, FS§42

abnormat PP deposition was detected i the braln.

Individually presented, Control mice were
engolng bloassay, results not avaliable.
*Indlcates PeP'e* and found dead animals {asymplomatic).

and PS10). After first.passage, clinfcally affacted or asymplomatlc mie that survived >500 dp/ we posiad and used for second passage I the sae line, Mice were consldared positiva when

Incubation periods (days past faccutation: d.pl.) are shown as mean 5., except when <50% of mice were found 1o be PrE®S.positive. In that latter case, the incubatian pered of PrR™%-pasitive mice {s
Incculated with negative braln tissue or PBS controls. sCID and scrapie fsofates were Inoculated Into milce [n different rooms of the animel facllities. (NA): sull
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Figure 2 | Transmission properties of serapie Isolates In PrP transgenlc

. mice. (a) The PrP™s western blot pattern of six different natural sheep
scraple isolates (MF17, PSO9, PS21, P548, PS42 and PS310) was established
using a manoclonal antibody Sha31. This panel of scraple isolates was
inoculated In transgenic mice (=6 pef group) that express the murine
(tg20-grey circle), the bovine (tgBav-black square), the ovine AagRisaQm
(tgshpXI-triangle up) and the ovine VizgRisaChn (1g338-trlangle down) PP
variants, For each Isolate two serial passages were cartled out: (b) the
Incubation peried (mean & $.d.) as days post inoculation (dpr) of the second
passage In the different mouse lines and (c-f) the PrP™S western Blot
profiles (10% brain homogenate) observed after two passages In each of
the mouse lnes.

developed dlinical disease while the vCJD isolate was only
propagated in tgMet;pp and tgMet/Valyyy mice (Table 1).
Differences in incubanon periods (Table 1) together with Prpres

molecular profile and PrP™ distribution patterns in the tgHu
mouse brains concurred with the view that the vCJD, sCJD MMI1
and sCJD VV2 isclates contained biologically distinet prions
(Bigs 3c and 4), As expected, there was no reduction in incubation
period during the second passage of sCJD and vCJD> isolates in
tgHu mice, which indicated the absénce of a measurable species
barrier between these human prions and the human PP

transgenic mice,

Scrapie and sCJD display identical phenotypes in tgHu mice.
The molecular profile of disease-associated PrP that accumulated
in scrapie inoculated PrP™*-positive tgHu mice was distinet from
that observed in the ongmal sheep jsclates. In contrast, the Prp™®
that accumulated in tgHu mice after inoculation with either sCJD
or scrapie shared a similar molecular profile (Fig. 3b). These data
suggested that transmission of sCJD and sheep scrapie prions in
mice that expressed human PrP might have resulted in the
propagation of same prion strain. To confirm this, brain homo-
genates prepared from clinical prion diseased tgHu mice inocu-~
lated with either sheep scrapie (Table 3) or sheep scrapie adapted
in tgBov (Table 2) were re-passaged in tgMetyzg and tgValysg
mouse lines, All the inoculated samples induced a 100% trans-
migsion attack rate in both tgHu mouse lines. The incubation
periods (Tables 2 and 3}, together with the molecular profile
(Pig. 3d) and distribution of PrP™® (Big. 4} in the brains of these
mice, were similar to those observed in similar animals inoculated
with either VV2 or MMI sCJD isolates, Strikingly, the trans-.
mission profiles of the majority of sheep scrapie prions in tgHu
mice displayed a phenotype that was identical to MML sCJD.
However, one of the sheep scraple isolates that had been adapted
in tgBov (P5310, Table 2) showed the same phenotype as the VV2
sCJD isolate (Figs 3d and 4).

Similar results ave obtained in a different tgHu mouse line. To.
rule out the possibility that the phenomena we observed were a
consequence of the particular tgHu mouse lines used, we inocu-
lated a subset of the panel of bona fide sheep scrapie isolates into
tg650 mice, which overexpress (approximately six fold) human
PrP Metysy (ref, 29), In 2 manner similar to that seen in the
Met, 59 tg340 mouse line, no clinical disease was observed on first
passage of the sheep scrapie isolates in Metyps 18550 mice
(Table 4). However, two tg650 mice (inoculated with two dif-
ferent scrapie isolates) were western blot-positive for PxP™ in the
brain, The second passage in 1g650 mice of isolate PS21 (using
brain homogenate prepared from a PrP™ positive mouse on first
passage) resulted in a 100% transmission attack rate, After third
passage in 12650 mice, the incubation penod of PS21 was 155 %3
days, which was identical to MM1 sCJD in this mouse line, The
molecular profile and distribution of PxP™ in the brain of tg650
mice inoculated with PS21 were identical to those observed in the:
iame ;nouse line after inoculation with sCJD MM1 prions
Fig. 5).

Discussion

Historically, non-human primate models wete considered as the
reference model for testing the permeability of the human species
barrier with regards to prion transmission®”*%, The successful
transmission of cattle BSE prions to marmosets® and
cynomolgus macaques?® was considered as a strong argument
in support of its zoonotic potential. While data related to the
transmission of ovine scrapie in primates remain very limited, the
intracerebral challenge of marmosets with one sheep scrapie
isolate (PG 85/02) induced a typical prion disease with a shorter
mcubahon time than that observed afier challenge with cattle
BSE®, suggesting an equivalent or higher ability of sheep scrapie
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Figure 3 | PrP*5 detection In scrapie-Inoculated tgHu mice, TgMetyzy, 1gValhg and their F1 cross tgMiet/Valyy mice were inoculated (n=6 per group)
with (a) various natural sheep scrapie isolates (see Table 1~ MF17, PS2], P542 and PS310); and {b) the same scrapie isolates after primary passage in tgHu
mice. &) The same mouse lnes were challenged with MM1 and VV2 sporadic Creutzfeldt-lakob disease {(sCJD) and variant CJD (vCID} isolates.

{d) tghetiz and tgValzs mice were Inoculated with scraple Isolates that had been previously passaged twice in human PrP (tgiViet;z or tgMet/Valizo)
or bovine PrP transgenfc mice (tzBov, see Tables 3 and 4, PrP'®s detection was cerried out by SDS-PAGE and western blot with an anti-PrP moneclonal

antlbody Sha31,

to cross the species barrier. In contrast, other experiments failed
to demonstrate the transmissibility of scrapie in non-human
primates?!, However, divergence exists between such these non-
humen primate and human PrP amino-acid sequences, which
only show 96 to 99% homology. Furthermore, 2 numbér of
experimental transmissions in PrP transgenic or wﬂd-typc
animals jndicate that one single amino-acid difference in the
PrP sequence can markedly alter the issue of cross-specles
transmission®®, In our view, these observations rajse some

concemns with regards to the relevance of primates as a model of
human species barrier.

The transmission experiments reported here unambigunously
show that sheep scraple prions propagate in mice that express
variants of human PrP. ‘While the efficiency of transmission at
primary passage was low, subsequent passages resulted ina ]ughly

"virulent prion disease in tgHu Metjpo and Valj, mice,

Transmission of different scrapie isolates in tgFu mice leads to
the emergence of prion sirain phenotypes that showed similar
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'i'"lez I lniracerebral i
ine | Brp. transgenlc mice. .

Isolate Origin ’ First passage Second passage

Tg Meby Tg Metize Tg Vahzs
Positive mite Incubation (dp.k £5.d} Positive mice Incubation {(dp.). ts.d.) Positive mice Incubation (d.p.J. & s,d.)

sCID MM1 Hu | 6/6 29£17 6/6 239%8 &/6 298110
sCiD vv2 Hu 6/6 . 618181 6/6 500 & 41 . 6/6 182+8
vCID Hu 6/6 595125 6/6 58145 0/6 »750
PSA8 TgBov /6 453 6/6 230k%16 . 6/6 ' 305+4
PS310 Tg Bov /6 630 5/5 A92127 6/6 208%5
PS09 Tg Bov 2/6 407, 700* NA NA '
P521 Tg Bov 1/6 450 NA NA

T2 Melsy mice were intracerebrally challenged with scrapie isolates (PS48, PS310, P55, PS21) that had peaviously adapted Inio bovine PrP transgenic mice {twa suceessive passages). In groups
{noculatod with PS48 and PSI10 scraple lsalale cae symptomatic TgMels (showing abnarmal PrP aceurnifation tn its brain) was sefected and its brain used lfor ineculating TaMetizs and TgValyzs.
Incubation perlods {days post inoculation: gl are showrt as maank s.d. NA! still engolng bioassay, rasults not mTIab[a

*Indleates Pro*ipesitve and lound dead anlmals Casymptomatic).

P21 MF17 PS42 PS310 2xTgBov .
stD MM 2ngMet129 2x MetVal,ps  2xTaMet;op TgMeh,zg sGJD VV2

Figure 4 | Braln PeP'®® deposition pattern [n sCJD and scrapie inoculated tgHu mice, TagMetyzg or tgVahay mice were Inoculated with MM1 and VV2
sCJD Isolates. The same motrse lines were challenged with different natural sheep scraple isolates (see Table 1-MF17, P52), PS42 and PS310) that had been
serfally transmitted (fwo passages) In ighetyzs, tgMet/Vahzg (sea Table 1) or in mice that expressed bovine PrP (igBov, see Tables 2 and 3). PK-reslstant
PrP detectfon was carried out by PET blot using an anti-PrP monoclonal antibody Sha3t. Scale bar, 150 um,

R
ble or adajited (two';
thetu_g mlr:e OI' igMeI:/V S o
Isolate Origin Tg Metyzo Tg Valizg
Posltive mice Incubation (d.n.l ts.d.) Posltive mice Ineubation {dp.). & s.d.)
sCID MM1 Met/Met,.5 patient 6/6 219477 6/6 N8x20
T8 Mebzs 5/6 - 239+8 &/6 268110
sCID VW2 Val/Val 429 patient 6/6 618+ 19 6/6 168£12
Tg Metyzo 6/6 58145 6/6 1829
MF17 TeMet/Valyzg 6/6 206+3 6/6 28346
PS21 Te Metz, 6/6 2A4+£2 6/6 28311
PS42 Tg Metye 6/6 213£10 6/6 2913
After twe passages n fgMetyy (scraple [stlates PS21 and PS42) or [n tg Met/Valge (seragle MFIT) mite, lhe brafa from one dinfcally offected mouse per fectate (showing PrP*Y zcoumulatian In the
bratn) was used to Inoculate fresh groups of tgMetzo and igValjsy mice, sCID casos (Mat/Motie lypa Tand Vial/Valize type 2) and the brain material ot ] alfer thelr In ig Metyyo mice wera
usad &5 controls. Incubation peiods (days past Inoculatien: d.p.lY are shown as meantsd,

characteristics to those displayed by MMI or VV2 sCJD prion dwerslty, is limited for a given PrP sequence. This restriction on
isolates passaged in the same mouse lines. Change in phenotype  PrP conformations implies that prion propagation in hosts of a
is a common phenomenon associated with the transmission given PrP sequence results in a predefined range of prion
of prions across a species barrieri®5, Our observation that strains?3#647,

phenotypically similar prion strains emerged following An unexpected result of this study was the finding that
transmission of different sheep scrapie isolates in tgHu mice fransmission of sheep scrapie isolates in tgHu mice resulted in the
is consistent with the concept that the range of PrP® emergence of prions with a similar phenotype to those associated
conformations, which "are considered to reflect prion strain  with sCID. As this result was obtained in two different tgHu
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Table 4 | litracerebral bigcilation of 16650 traisgenlc mica with & panel of shie} sciaple solates, * -

Isolate Origin . Tg 650
Passage 1 Passage 2
Positiva mica Incubation (d.p.i. % s.d.) Positive mice Incubatlon {d.p.}. & s.d.)

SCID MM1 Hu 6/6 KT 4/4 ' B3E3
sCID vv2 Hu 6/6 566 £ 21 6/6 433&18

‘| wCID Hu 8/8 512£15 777 581145
BSE Bov 2/6 627; 842" 6/7 568+ 65
P521 ov ‘ /8 926" 1/11 18018
0100 ) oy ) 595° NA
PS310 oV 0/9 =750 0/15 >750
PS48 oy 0/6 »750 NA
Healthy brain Hu 0/9 >750 0/6 »>750

ov 0/8 =750 0/6 =750

of Ike pasitive miee are Individually presented. Data i lalizs kave been daseribed In previows

Tg650 mice that ars transganic for Matys human PeP'wera Inoculated Intra-cerebrally (20 il per mouse) with 10% brain homegenale Front challeaged wilh 10% brain homagenate from (1) sporadic
Creutzfeldt-fakeb (CID) and variant Crevlafeldt Jakob (vCID) patients, (i) bavine (Bav) spongiform encaphalopathy-atfected calile, {11) ovine (Ov) scraple isolales (P521, 0100, PS4E and P5310), Alter
first passage, cllnically affected ar asymplomalic mice that survived > 500 dpd. were pooled and used for secand passage In the same mouse lIne. Mico wora considered positive when abnormal PrP
dapositich was detected In th braln, Incubation periods (days post inoculation: d.pi) are shown as mean £ 5.d., except when <50% of mice were found posilive, In the Tatler case, the Incubation seriods

hlicath NA: skl . '

results nol

*[ncicatas abnormal PeP posltive and found dead animals (asymptamatic),
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Figure 5 | Pri™®s In the bralus of prion-inoculated 15650 transgenic mice.
‘Transgenic mice (tgMeli29/tg650) that overaxpress the mathicnine
variant at codon 129 of human PrP were Inoculated with different natural
shaep scraple isolates {ov), cattle BSE (bov), human ¢hu) vCJD and sCID
samples (MM and VV2). Bralns from first and/or second passage tg650
mice were tested for the presence of PrP™S by (a) western blot (Sha3lanti-
PrP antibedy) and (b) histo Blot (3F4 antl-P:P antibody). Scale bar, 160 um,

mouse lines, we consider that our data support the view that
passage of sheep scrapie prions across a human transmission
barrier ¢can lead to the emergence of sCJD prions.

Other recent studies hiave similarly reported that, after one
passage, no clinical disease or PrP™ accumulation could be
observed in tgHu mice overexpressing the human PrP following

" intracerebral challenge with a panel of scrapie isolates®®, This
observation concurs with our data here whereby propagation of
sheep scrapie in tgHu mice was only clearly evident after second
passage in these mouse lines. A similar phenomenon was also
reporied in a number of tgHu mouse models following the
inoculation of cattle BSES?%%%, This is 2 likely consequence of the
strong transmission barrier limiting the propagation of both
scrapie and BSE prions in mice that express human PrP. Qur data
were obtained by transmission studies in mice that overexpress
human PrP and are in contrast with the reported lack of
transmission of sheep scrapie isolates in human PrP knock-in
mice®s, However, while no species barrier is expected for
transmission of human prions in tgHu mice, a significant
proportion of sCJD isolates propagates with limited efficiency
in human PrP knock-in mice®”, This suggests that mice that
express physiological levels of PrP might not be the most
appropriate animal model to assess the permeability of the
human species barrier to animal prions.

Do our transmission results in tgiiu imply that sheep scrapie is
the cause of sCJI cases in humans? This question challenges well-
established dogma that sCJD is a spontaneous disorder unrelated
to animal prion disease. In our opinion, our data on their own do
not unequivocally establish a causative link between natural
exposure to sheep scrapie and the subsequent appearance of sC[D
in humans. However, our studies clearly point cut the need to re-
consider thig possibility. Clazification on this topic will be aided
by informed and modern epidemiological studies to up-date
previous analysis that was performed at the end of the last
century%, The value of such an approach is highlighted by the
implementation in the year 2000 of large-scale active animal TSE
surveillance programs around the world that provided an
informed epidemiclogical-based view of the occurrence and
geopraphical spread of prion disease in small ruminant
populations®!, The fact that both Australia and New-Zealand,
two countries that had been considered for more than 50 years as
TSE-free territories, were finally identified positive for atypical
scrapie in their sheep flacks provides an example of how prion
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dogma can be reversed®?, However, the incubation peried for
prion .disease in humans after exposure to prions via the
peripheral route, such as in latrogenic CJD transmission
and Kuru, can exceed several decades®®, In this context, it
will be a challenge to combine epidemiological data collected
contemnporarily in animal populations and hurnans to investigate
the existence of a causative link between prion disease occurrence
in these different hosts, Purthermore, it is crucial to bear in mind
_that sporadic sCJD in humans Is a rare disease (1-2 individuals
per million of the population per year) and that scrapie has been
circulating in small ruminants populations used for food
purposes for centuries, Consequently, it is our opinion that
even if a causative link was established between sheep scrapie
exposure and the occurrence of certain sCJD cases, it would be
wrong to consider small ruminant TSE agents as a new major
threat for public health, Despite this, it remains clear that our data
provide a-new inipetus to establish the true zoonotic potential of
sheep scraple prions. ‘ . .

Methods :

TSE Isolates, All the isolates used in this study were prepared as 10% (w/v) braln
homogenates in 5% glucose. vCJD and sCJD isolates were obtained from the UK
C)D reference centre in Edinburgh, The experimental protocol, including the use of
human samples, was approved by the compatent ethical committees (UK Natfonal
CJD Research 8 Surveillance Unit Tissue bank: REC reference number 2000/4/
157), All the sheep scrapie isolates, except one, were selected from the tissue archive
of UMR INRA ENVT 1225, These scrapie isolates correspond to clinlcally suspect
field cases that were collected between 1994 and 2004 from naturally affected
cornmerelal flocks in France. For ¢ach isolate, the exon 3 of the PrP encoding gene
was sequenced®™%, All these sheep scraple cases were confirmed positive by
histopathology {identification of vacuolar changes in the bralnstem). MF17 was a.
5.5-yeat-old sheep, homozygous for ARQ at codons 136, 154 and 171 of the sheep
PrP gene (ARQ/ARQ). PS09 was o 2.5-year-old ARQ/ARQ. P521 was a 2.5-yeor-
old ARQ/ARQ sheep, P548 was a 5-year-old sheep, homozygous for VRQ at
codons 136, 154 and 171 of the sheep PrP gene (YRQ/VRQ). PS42 wos a 1.5-year-
old VRQ/VRQ sheep. PS310 was o 7.5-year-old ARQ/ARQ sheep. The 0100
scraple Isolate (inoculated in 15650 mice) was provided by the Natlonal French
reference laboratory for scraple diagnosis (ANSES, Lyon, France) and had been
collected from o YRQ/VRQ sheep of unknown age.

Transgenic mouse lines, Transgenic mouse lines that express PrPC of different
species were used to propagate the selected panel of 'TSE Isolates: tgBov {or tg110,
bovine PrP), ts338 (ovine leR;s-;Q;n PIP). thhXI (ovine A]_;gR,s.inn PrP
variant), Except for the bovine PrP expressing mice (tg110) these mice lines were
established on the same PrP null background mouse line (PrPKo) (Zurich I)57-59,
The telative PrP expression level in the brain of these mouse lines in comparison
with the natural host species was of the order; $g338, six- to eightfold; 1110,
elghtfold,; 1gShpXI, three- to fourfold®. 'Tg340 and tg361 mouse lines that express
human PrP methionine at codon 129 or valine at codon 129, respectively, in 2
PrPKo background, were generated following the same procedure a5 described for
18340 mice®., Both 1g340 and 13361 are homozygous for human PRNP gene and
tgMet/Val;29 mice used in our experiments were obtained by mating tg340 and
tg361 mice (FL generation).

Mouse bloassays. All animal experiments were performed In compliance with
otr institutional and French national guidelines in accerdance with the European
Coromunity Council Directive 86/609/BEC. The experimenta] protocal was
approved by the INRA Toulouse/ENVT ethics committee. Six- to ten-week-old
female mice were ansesthetized and ingeulated with 2 mg of brain equivalent (20 1
of a 10% broin homogenate) in the right parietal lobe uslng a 25-pauge disposable
hypodermic needle. Mice were observed daily and their. neurological status was
assessed weekly. When clinleally progressive TSE disease was evident, or at the end
of thelr lifespan, animals were killed and their bealns collected, Half of the Isolated
brain from those anlmals that hed displayed TSE clinfcol signs was fixed by
immersion in 10% formol and the other half was frozen at — 20 °C. Tissues from
found dead anlmals were frozen (no formalin fixation). Splecns from animals were
not systematically collected {in particular in found desd animals) and data related
to PrP¥ accumulation in this tissue are not avallable, Survival time was expressed
as the mean of the survival days post inoculation (d.pd.) of all the mice scored
positive for PrP™, with Its corresponding s.d. In eages where no clinical signs were
observed, mice weze killed at the end of their natural lifespan (650 to 800 days).
In those ¢ases, incubation periods reported in the table (> 650 to 750 dp.i)
corresponded to the survival time observed In ot least three out of the six mice,
Brain homogenates from PrP™ positive mice, when available, were used for serial
tranmission. When all mice were scored negative for PrP* on primary passage,

PrP™%.negative brain homegenates of animals that survived for more than
500 d.p.k. were used for the next passage.

Anti-PrP monoclonal antibodles. The antl-PsP monoclonal antibodies used in
this study (kindly provided by ].Gmss], CEA, France) were Sha3l (edzhope:
HsYEDRYYRE“;) acd 3F4 anti-PrP (epitope: |11HMAGMM|“)6 .

PrP™™ western blot detection, Frozen brain tissue {175 £ 20 mg) was homo-
genized in 5% glucose in distiiled water In grindlng tubes (Blo-Rad} adjusted to
10% (wiv) using a TeSeE™ Precess 48 homogenizer (Bio-Rad), A western blot kit
(TeSeE WE kit Blo-rad) was used following the manufacturer's recommendations
and PeP™ ‘detection used a monoclonal antibedy Sha31 at a dilution of 118,000,
All the orlginal western blot images are presented as Supplemeatary Data
{Supplementary Figs 1-12), ‘

Paraffin-embedded tissue blot and histoblot. Paraffin-embedded tissue
sections were coflected on a 0.45-pum Hitrocellulose membrane, before drying and
deparaffinization. PK digestion {250 pgml ™, 25 per 55°C; Roche 1373200) was
pecformed before denaturation into isothlocyanate guanidium solntion (3 M,

10 min, at room temperature), Imminodetection was carried out with a mene-
clonal ntibady Sha3l (4pgml—?) followed by an alkaline phosphatase coupled
secondary antibody (Dako, Cat. No. D0314) at a dilutlon of 1/500), Alkaline
phosphatase activity was revesled using NEY/BCIP substrate chromogenSl, For the
histoblotting procedure, bralns (=13 per treatment group) were rapidly removed
from killed mice and frozen on dry ice, Cryosections were cut at 8-10mm,
transferred onto Superfrost slides and kept at = 20°C until use. Sections were
tronsferred to o nitrocetiulose membrane (wetted in lysls buffer Nonfdet P-40/0.5%
sodium deoxycholate/100 mM NaClAil mM EDTA/10 mM Tris-HCY, pH 7.8); the
gloss slides were quickly and Immediately pressed onta the membrane for 255,
Membranes were then submitted to PK (Roche ref 1373200} digestion

{250 pgml—1, 2H, 55°C) before denaturation [nto isothlocyanate guantdium
solution {(3M, 10 min, ot room temperature), PrP*f was probed using the anti-PrP
monoclonal antibody 3F4 (concentration: 0.6 pig ml ™), followed by un alkaline
phosphatase coupled secondory antibedy (Dako ref D0314 at a dilution of 3/500).
Enzyematic activity was revealed using NBT/BCIP substeate chromogen®.
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JBPO 2015-003

wir ' ’
- P Bovine spongiform encephalopathy, . ’
l \ / Norway : ’

Informatlon received on 29/01/2015 from Dre Kristlna Landsverk, Chlef Veterinary Ofﬂcer. Norwegian Food Safety Authority,
MinIstry of Agriculture and Food, Brumunddal Norway

Summary
]Report type [Immediate notification |
Date of start of the event HM6/01/2015
Date of pre-confirmation of the 120/01/2015 ]
event g — _ _ L :
Report date [29/01/2015 ’
— S . - - - — e ————— o ]
Date submitted to OIE ]29.'01!2015
Date event resolved 103.'02.'2015 -
‘Reason for notification \Flrst occurrence of s Ilsted disease
Manifestation of disease ’Sub-clinical infection !
Causal agent IPrion (atypical BSE type H)
[Nature of dlagnosis lLaboratory (advanced)
Hhis event pertains to lthe whole country .
r | immediate notification {29/01/2015) ’ !
[Related reporis {Follow-up report No. 1 (06/02/2045)
|Follow—ug report No. 2 {20/02/2015)
New outbreaks (1), _ - I . . _
EOuthreak'I [Verran, Tua; District office Innherred og Fosen, Regdion office Trdelag og Mie og Romdal, NORD-
: ‘ ITRONDELAG B
[Date of start of the 16/01/2015
loutbreak . _
|Outbreak status |Resolved (03/02/2015)
IEpidemiological unit IFarm
: . R - e o=
. |
. Species Susceptible [ ' Deaths Destroyed Slaughtered
iAffected animals I P . P | ases  Lea : ¥ . 9 .
; ' [cattie L 27| i o _ A of
[Affected populatuon ‘The farm isa beef catlle farm with a herd of Smiush H|ghland cattle
|Summa|‘y Of ITcatz-ll outhreaks: 1
louthreaks _1_ .
Dahatek bt - == s = - =
ITotal animals | rm Specles Susceptible Cases Deaths Destroyed Slaughtered
faffocted | [Cattie ‘ 27] 14 ol A o
. + - ) = L = REEEL m o L= A
i 'is acies Apparent morbidlty Apparent mortality Apparent case fatahty Propomon suscepﬂb!a animals
[Outbreak statistics | | — rate - rale . rate _ _Jost* .
‘ |cattie 3.70% 0.00%] 0.00% . 3.70%|
!*Remuved from the susceptible population through death, destruction and/or slaughter
Epidemiclogy
I_Sour-t‘:—;::f the - - ‘ ' -1
|o|.|.ttireak(s) or {Unknown or inconclusive
origin of
Infection n _ e I _ e,
! Based oh status on 29 January 2015: On 20 January 2015, the Norwegian Veterinary Institute reported suspicion of BSE an|
a cow in Norway, based on initial test done on CNS material, Part of this material was sent to European Union Reference
Laboratory in Weybridge (21 Jaruary 2015) for verification of diagnosis. The affected cow was a 15-year-old and bom in E
Norway. The dam was imported from Sweden. The cow did not show clinical signs of neurological disease before she was
killed (12 January 2015) due to old age and injuries. The BSE test was tzken as part of the BSE surveillance program. The
Norwegian Food Safety Authority (NFSA) has put restrictions on movement on the farm, and performed epidemiological '
investigations. The NFSA has identified four risk animals, according to relevant legislation. These animals are also placed
-E \demiclogical under official mevement restrictions, The feur identified risk animals will be killed and disposed by incineration according to
cgm:'lents 8 European Union legislation, The epidemiological investigation including tracing of risk animals from the holding of origin as

well as the present holding has identified 2 offspring borne within two years prior to the incident in addition to 2 cattle

" |betonging either to (1) the ¢ohort of animals born in the same herd as the affected animal within 12 months preceding or |
following the date of birth of the affected cow or (2) the cohort of animals which at any time during the first year of their lives
were reared together with the affected cow during her first year of life. Progeny borne within two years prior to the incident
and the cohert of risk animals are put under movement restrictions and the killing and destruction of these animals will be
carried into effect as soon as possible. The affected cow#i carcass has been completely destroyed. The NFSA ensures that|
' the cowfii carcass has been processed by pressure sterilisation in a Category 1 processing plant and that the resulting
material has been sent for incineration/ce-incineration in accordance with the By-Praducts Regulation. i

Control measures

T | e
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Movement contral inside the country

Measures applied Sereening

Mo vaccination

‘ No treatment of affected animals

lMaasures to be applied’ Modified starmping out
Diagnostic tast results :
Laboratory name and type Jﬁpecles Test
Norweglan Veterdnary Institute (National laboratory) Catile | enzyme-linked immunoscrbant

Norwegian Vetering_r_y_ Institute (National laboratoﬂ

EU Reference Laboratary, Animal and Plant Health Agency (APHA),
Weybridge (United Kingdom) (OIEE Reference Labaratory)

EU Reference Laboratory, Animal and Plant Health Agency (APHA),
Weybridge (United Kingdom) (OlEa_i_i Reference Laboratory)

Future Reporting

r . The event is contlnunng Weekly {ollow-up reports will be submilted.

Map of outbreak locations

i'_éaw_e

Cattle .imrunohistochemical test

ws_sﬁe_arn-b_lot

| Cattie Twestern blat

assay (ELISA)

(WAHDOWL® 20 157

5] Rese lwade-"td"uég el

[ Mo interi n ‘#7
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i 20/01/2015 Pesmv :‘
—
e

Irestdate |Resutt

20/01/2015 |Positive i

28/01/2015 |Positiv

28/01/2015 Positive J
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Detection of Occult Hepatitis C Virus Among
- Healthy Spouses of Patients With HCV Infection

Yahis El Shazly,! Khaled Hemida,' Mona Rafils,” Reham Al Swaff,'*

Zainab A. Ali-Eldin,! and Shaimaa GadAllah!

IDepartment' of Internal Medicine, Foculty of Medicine, Ain Shams University, Cairo, Egypt
?Department of Clinical Paz.fhology, Faculty of Medicine, Ain Shams University, Cairo, Egypt

The criterion standard for the diagnosis of
occult hepatitis C virus {HCV) infection is
detection of HCV-RNA in liver cells. However,
because of the invasive nature of liver biopsy,
other methods have been studied. The present
study aimed to identify subjects with occult
HCV-4 infection among healthy sexual pariners
of patients with chronic HCV-4 infection
by detecting HCV-RNA in peripheral. blood
mononuclear cells (PBMCs) using real-time
polymerase chain reaction (PCR). Fifty healthy
Egyptian spouses of patients with chronic
HCV-4 infection were included in this study.
Real-time PCR was used to detect HCV-RNA in
PBMCs in all the study subjects. The preva-
lence of occult HCV-4 infection was 4%, and a
statistically significant higher prevalence was
found among patients with a history of sexual-
ly transmitted infection. The results of the
present study indicate the importance of intra-
spousal transmission of HCV-4 infection, espe-
cially in subjects with a history of sexually
transmitted infection. J. Med. Virol. 87:424~
427, 2015. © 2014 Wiley Periodicals, Inc.

KEY WORDS: occult; HCV; intra-spousal

~ transmission; STD

INTRODUCTION

Hepatitis C virus (HCV) infection is a blood borne
infection transmitted mainly through injection drug
users, blood transfusion, organ transplantation, acci-
dental needle injuries, and other parenteral expo-
sures [Tahome and Holmberg, 2010]. Intra-familial
and sexual transmission of HCV infection is still
controversial [Atome et al., 2009]. .

“Epidemiological evidence indicates that HCV can
be transmitted via the sexual route, though less
efficiently than the hepatitis B or human immunode-
ficiency virus (HIV) [Caraballo et al., 2008).

© 2014 WILEY PERIODICALS, INC.
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Several high risk sexual factors may affect HCV
transmission, which may include multiple sexual
partners, history of sexually transmitted infection,
and sexual intercourse with an intravenous drug

. user [Caraballo et al., 2008].

Occult HCV infection can be present in two differ-
ent clinical situations, namely in anti-HCV and
serum HCV-RNA negative patients with abnormal
liver function test results, and in anti-HCV positive
subjects with normal liver enzyme levels and without
detectable serum HCV-RNA [Carreno, 2006].

The criterion standard for the diagnosis of oceult
HCV infection is detection of HCV-RNA in liver celis.
However, because of the invasive nature of liver
biopsy, other methods have been studied [Schmidt
et al., 2000]. _ .

Using whole blood for HCV-RNA detection does not
improve the accuracy of the diagnesis of occult HCV
infection. Testing for HCV-RNA in peripheral blood
mononuclear cells {(PBMCs) is much more reliable in
identifying patients with occult HCV infection {Car-
reno et al., 2004].

The primary aim of this study was to identify
individuals with occult HCV.4 infection among
healthy sexual partners of patients with chronic
HCV-4 infection by detecting HCV-RNA in PBMCs

" using real-time polymerase chain reaction (PCR).

SUBJECTS AND METHODS

Fifty healthy spouses of patients with chronic
HCV-4 infection were selected from the gastroenterol-
ogy and hepatology outpatient clinic of Ain Shams
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University Hospitals. All the subjects had negative
test results for HCV antibodies and serum HCV-
RNA4, while their infected spouses had positive quali-
tative andfor quantitative PCR results for serum
HCV-RNA (duration of HCV infection ranged from 5
to 9 years).

This study was approved by the local ethical
committee of Ain Shams University Hospitals, and
written informed consent was obtained from each
participant.

Subjects were excluded from the study if they met
any of the following conditions: HIV infection, any
autoimmune disorder, acute or chronic kidney disease,
organ transplant recipient, current or past history of
any malignancy, ultrasonographic evidence of liver
disease, current or past history of heavy alcohol
consumption or intravenous drug abuse, history of
homosexuality or promiscuous heterosexuality, history
of blood transfusion or a major operation, had under-
gone tattooing, had a history of traditional medicine
use, received any form of immunosuppressive or
antiviral therapy, pregnant or nursing an infant.

All the participants were subjected to detailed
questioning, including sexual history (marital status,
marriage duration, any sexual relationship beyond
marital life, homosexuality or heterosexuality, safe
sex practice, history of sexually transmitted infec-
tions, and average frequency of sexual intercourse
per week); clinical examination; abdominal ultraso-
nography and laboratory investigations, including
complete blood picture; liver functions tests; kidney
function tests; and HIV and HCV antibody tests by
enzyme-linked immunosorbent assay, HBV markers,
and alpha-fetoprotein level measurement.

" HCV genotyping was based on epldemmloglcal
assumption [Kamal and Nasser, 2008].

HCV-RENA detection in serum: HCV-RNA was de-
tected by-using a commercially available RT-PCR kit
with a sensitivity limit of 501U/m] and 99% specifici-
ty. Briefly, viral RNA was extracted from plasma by
lysis of viral particles with guanidinium thiocyanate
(chaotropic agent), followed by alcohol precipitation.
HCV-RNA was retrotranscribed to ¢cDNA and ampli-
fied by the single tube RT-PCR primer set to amplify
a sequence of 244 nucleotides within the conserved
5'UTR of the HCV genome. Amplified DNA was
detected using target-specific oligonucleotide probes
that permitted independent identification of HCV
amplicons and internal econtrol amplicons.

HCV-RNA detection in PBMCs: PBMCs from all
the individuals under study were isolated from ACD-
treated blood by Ficoll-Hypaque density gradient
centrifugation. RNA was purified from 5 to 10 x 10°
cells and stored at minus 80°C. RNA concentration
was determined by spectophotometry. RNA was re-
verse transcribed into ¢cDNA. The detection of the
5UTR of both positive and negative HCV-RNA
strands was performed. Two. positive conirol samples
from the blood of serum positive patients were
processed along with the batch of test samples.

9%
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Sequences of the primers used for HCV strands
detection (Applied Biosystems):

Sense primer; §-CGACACTCCACCATGAATCACT-3'

Antisense primer: 5-GAGGCTGCACGACACTCA-
TACT-3'

Statistical Analysis

Data were collected, coded, and entered to a person-
al computer (IJBM compatible, 3 GHz). The collected
data were analyzed with the program Statistical
Package for Social Science version 16 for the Windows
operating system Mean values were caleulated, and
the chi-square (x%) test was performed The prohab111-
ty of error (P) was interpreted as follows: P> 0.05,
insignificant; P <0.05, significant; P<0.01, highly
significant. .

RESULTS

This study was conducted with 50 healthy spouses
of Egyptian patients with chronic HCV-4 infection
(25 men and 25 women). The mean age of the
subjects was 46.8+10.1 years, and the mean mar-
riage duration was 214+ 104 years (median 19.5
years}). None of the study subjects practiced safe sex
throughout their entire sex life.

Of the study subjects, 8% had a history of sexually
transmitted diseases (STD) (gonorrhea and/for genital
herpes). Patients with chronic HCV-4 infection also
had a history of STD same to their healthy spouses.
A significantly higher prevalence of STD was found
among the male than among the female spouses (16%
vs 0; P=0.03).

The prevalence of accult HCV infection was 4%,
with an insignificant difference between both gen-
ders. However, a significantly higher prevalence of
oceult HCV infection was found among the patients
with a history of STD (Table I). ‘

Neither marriage duration nor the frequency of
sexual intercourse had any significant correlation
with the prevalence of oecult HCV infection (T'ables II
and III); the same finding was true for serum alanine
aminotransferase (ALT) levels (Table IV).

DISCUSSION

Occult HCV infection is distributed worldwide and
all HCV genotypes seem to be involved in this -
infection [Carreno et al., 2012].

Among people in. so-called high-risk groups (gay
men, prostitutes, people with multiple sex partners,

TABLE I. 8TD and Prevalence of Oceult HCV

Negative, Positi\?e,
Occult HCV No. (%) No. (%) 2 P
STD . '
Negative (N =48} 45 (97.8) 1(2.2) 48 002
Positive (N =4) _ 3 (75.0) 1 (25.0)

. Med. Virol. DOI 10.1002imv
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TABLE II. Duration of Marriage and Prevalence of

Occult HCV

Negative Positive
Oceult HCV No. (%) No. (%) ¥ P
Marriage duration
<19.5years (N = 25) 25 (100.0) 0 (0} 28 0,09
>19.5 years (N=25) 23 (92.0) 2{8.0)

TABLE IIl. Frequency of Sexunal Intercoui‘se and
Prevalence of Oceult HCV

Negative Positive
Occult HCV No. (%} No. (%) x2 P
Frequency of sexual intercourse per week
Once (N=13) 12 (92.3) 1 (7.7 11 0.5
Twice (N = 22) 21 (95.5) 145
Thrice (N= 15} 15 (100.0) 0 (O)

TABLE IV. ALT Level and Prevalence of Oceult HCV

Negative Positive ‘
Occult HCV No. (%) No, (%) ¥ P
ALT level '
Normal (N =32) 31(96.9) 1) 0.1 06
High (N =.18) 17 (94.4) 1(5.6)

and people attending STD clinics), sexual transmis-
sion of HCV infection seems to be more corimon. The
fact that the incidence rate of HCV infection is higher
among people with more sex partners and other
" sexual risk factors, indicates that the disease can be
sexually transmitted [Highleyman, 2010].

The present study aimed to identify individuals
with occult HCV infection among healthy spouses of
Egyptian patients with chronic HCV-4 mfectmn by
detecting HCV-ENA. in PBMCs.

The present study revealed a 4% prevalence of

occult HCV-4 infection among healthy sexual partners

of the Egyptian patients with chronic HCV-4 infec-

tion. A higher prevalence of occult HCV infection was -
observed by Rogque-Cuéllar et al. [2011], who investi- -

gated the incidence of occult HCV infection among 31
sexual partners of patients with chronic HCV infec-
tion. They studied the presence of HCV-RNA positive
and RNA negative strands in PBMCs by performing
gtrand-specific real-time PCR and found a 12.83%
prevalence rate (4/31) of occult HCV infection among
healthy sexual partners This discrepancy in the
prevalence rate is mainly related to differences in
* ethnicity, economic, social, and religious factors.

The present study revealed an insignificant differ-
ence in the prevalence of occult HCV infection
between the male and female sexual partners of the
Egyptian patients with chronic HCV-4 infection.
Contrary to this finding, De Marco et al. [2008] found
a higher incidence of occult HCV infection among

J. Med. Virol. DOI 10.1002/jmv
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women (3.6%) than among men (2.7%). Meanwhile,
Youssef et al. [2012] reported a male predominance of
oceult HCV infection among 50 healthy persons. This
contradiction seems to be related to differences in .
sample size and patient selection criteria; the ‘study
by De Marco et al. [2009] was conducted with 276
subjects who were selected from a healthy population,
whereas the study by Youssef et al. [2012] included
100 subjects, of whom 50 had newly diagnosed’
different lymphoproliferative disorders and the cther
50 were healthy volunteers.
. Regarding the possible role of STD in increased
risk of occult HCV infection, the present study
revealed a significantly higher prevalence of occult
HCYV infection among the patients with a history of
STD (25%). This finding agrees with those of Rai
et al, [2012] and Highleyman [2010]. In these studies,
occult HCV infection was found to be more common
among subjects who had a history of STD.

Tanfer et al. [1895] showed that women are three
times more likely to contract sexually transmitted -
infections than men, and that those who have two or

" three sexual partners are more likely to have STD.

Moreover, Madkan et al. {2006] reported that women
are more susceptible than men to acquire HIV
infection and other STD. Once they have contracted

'STD, women often sustain more damage to their

health than men do. In contrast te the previously
mentioned studies, the present study revealed a
significantly higher percentage of men with a history
of STD (16%). Again, this contradiction is related
mainly to differences in patient selection criteria
between different studies, with special consideration
of economie, social, and religious factors.

Regarding the relationship between age and occult
HCV infection, the present study revealed an insig-
nificant difference in prevalence of oecult HCV infec-
tion between different age groups. The same finding
was reported by Youssef et al. [2012), who found that
occult HCV infection seems to most frequently occur
during the age between 22 and 66 years. It seems
logical to relate this finding mainly to increased risks
of exposure to HCV infection, including sexual activi-
ty, during these ages. On the contrary, Abou Elazm
et al. {2009] found a higher intra-spousal transmis-
sion rate of oceult HCV infection with increasing age, .
but this was mainly related to longer marriage
duration among older age groups.

The relationship between occult HCV ‘infection and
gserum ALT levels is controversial. While some au-
thors reported normal liver functions in patients with
occult HCV infection [De Marco et al., 2009], others
reported high serum ALT levels in sich patients

" [Castillo et al., 2004; Saad et al., 2011]. Confirming

this controversy, the present study revealed an
insignificant difference in the prevalence of occult
HCYV infection between patients with normal or high
liver function test results.

"All the previous findings strongly confirm.the need
to screen all high-risk people (including healthy
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spouses of patients with chronic HCV-4 infection) for
ocewlt HCV infection, especially those with a history
of STD. Further studies are required to shed light on
the pathogenic and epidemiological consequences of
occult HCV infection. ‘

The present clinical trial had few limitations. First,
neither the presence of HCV-RENA in liver tissue nor
the presence of HCV core antigen was evaluated in
parallel with detection of HMCV-RNA strands in

. PBMCs. However, the primary aim of the present
study was to evaluate noninvasive alternatives to liver
hiopsy for detection of occult HCV infection. Moreover,
the results of the present study warrant further
studies.to evaluate the role of liver tissue HCV-RNA
.and HCV core antigen detection in patients whose test
results are negative for both HCV-RNA positive and
RNA negative strands in PBMCs by performing
strand-specific real-time PCR. Second, this study was
limited by the relatively small sample size, which
reduced the statistical significance of the results.

CONCLUSION

Intra-spousal transmission of HCV-4 infection is an
important route of the spread of HCV-4 infection,
especially in subjects with a history of sexually
transmitted infection.
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Food products containing raw pork liver are suspected
to be vehicles for transmission of hepatitis E virus. Four
categories of food products, comprising 394 samples, were
analyzéd to determine hepafitis E virus prevalence. Virus
was detecied in 3%-30% of the different categories. Phy-
logenetic analysis showed high identity. with human and
swine sequences.

In humans, hepatitis B virus (HEV) is responsible for an
acute, entero-transmissible form of hepatitis, similar to

that caused by hepatitis A. In most cases, it is a self-lim- .

ited infection with rapid viral clearance, but it can evolve
into more severe forms, including fatal fulminant hepatitis.
Chronic hepatitis ¥ also has occurred in solid-organ trans-
plant recipients and has progressed to more serious condi-
tions, such as fibrosis or liver cirrhosis and liver failure (1).

HEV is the only hepatitis virus that can infect species
other than primates. HEV infects many animal species,
especially pigs, in which. a very high prevalence has been
described (2). Infections acquired in Western countries
involve strains that are genetically similar to local swine
strains, suggesting an autochthonous origin. “Although
water is the main vector of contamination in countries to
which HEV is endemic, the origin of sporadic cases in
other areas is more likely zoonotic, Direct contact with in-

fected animals and consumption of infected meat are pos-

sible transmission pathways (2). :
Inn France, the annual number of autochthonous cases
. appears to have increased, from 9 cases in 2002 to near-
ly 800 in 2012 (hitp://www.cnrvha-vhe.org/wp-content/
upleads/2012/03/2012-Rapport-VHA-VHE pdf). In a na-
tional survey in 2009, the presence of HEV in the swine
reservoir was characterized and 65% of pig farms were
found to have infected animals; 4% of pork livers enter-
ing the food chain were contaminated by the virus (3).
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Molecular analysis of HEV sequences in humans and
pigs has shown high identity between the 2 populations
(4). Food products containing pork liver have repeatedly -
been suspected of causing indigenous cases of HEV in-
fection (35,6) and might be responsible for nearly 40% of
the autochthonous HEV cases (72). Recent studies have
confirmed the presence of HEV in the poik food chain, as
well as in sausages (7,8). The objective of this study was to
determine the apparent prevalence of HEV contamination
in food products containing raw pork liver that were not
marketed to be eaten without cooking.

The Study

-In 2011, four different categories of food products .
in France that were marketed by the food industry were
identified as containing raw pork liver but sold to consum-
ers to be eaten after cooking. These 4 categories were 1)
figatellu and fitone, 2} dried salted liver, 3) quenelle and
quenelle paste, and 4) dried or fresh liver sausages. HEV
can be heat-inactivated by thorough cooking at 71°C for
20 min (9}; however, consumers might not apply such pre-
cise thermal treatment, Thus, these food products might

- be able to transmit HEV, All 4 categories were local re-

gional culinary specialties from eastern or southeastern
France. The samples were collected, then frozen directly
at the production step after packaging, just before distribu-
tion for commercial sale. The frozen samples were sent to
the French Agency for Food, Environmental and Occupa-
tional Health and Safety laboratory and kept at —80°C until
analysis. For each sample, HEV detection was performed
on 20 g of product, which had been manually defatted and
homogenized in 25 mL phosphate-buffered saline by us-
ing a blender. To avoid cross-contamination, each blender
was autoclaved between samples. RNA extraction was per-
formed on 500 pL suspension by using the RNeasy lipid
Tissue Midi kit (QIAGEN, Hilden, Germany). Presence of
inhibitors was assessed by addition of synthetic HEV RNA
to the extracts (9).

Forty producers were randomly selected, and their
relative contributions to total production within each food
category were obtained. For each producer, 10 products
were randomly selected. Six products were not included in
the final analysis because the food category was uncertain,
HEV RNA was detected by using real-time reverse fran-
scription PCR as previously described (9). Of the 394 food
samples analyzed, 68 were found positive (29 figatelli, 1
dried salted liver, 10 quenelle and quenelle paste, and 28
dried or fresh Liver sausages). The HEV RNA quantifica-
tion obtained was 10%-10¢ copies of HEV RNA/g of food
{Table). The prevalence for each food category was es-
timated by using, the relative productmn weight for each
food category, and the 95% CI was estimated by bootstrap.

~ Statistical estimates were performed by using R 2.13.1

1825



- 1926

DISPATCHES

Table. Quantification and prevalence of HEV RNA in food containing

raw pork liver, France, 2011

Food category No. samples analyzed, N = 394 No. copigs HEV RNA/g, range* Prevalence (85% CI)
Figatelli and fitone 140 17 x 100 6.9 x 10° " 0.3 (0.23-0.38)
Dried salted liver 30 6.9 x10° 0.03 (0-0.10)
Quenelie and quenelle paste 55 26v10%t02.83 x 10° 0.25 (0.15-0.37)
Dried or fresh liver sausages 169 1x10%102.3 x 10° 0.29 (0.22-0.36)

*Minimum and maximum numbers in each food praguct per category. Detection fimit of the method used is 4 x 10° copies of HEV RNA/g, HEV, hepaititis

E virus.
—

software (http://www.r-project.org). HEV RNA preva-
lence was high in figatelli (30% [95% CI 23%~38%]), liver
sausages (29% [95% CI 22%-36%]), and quenelles (25%
[95% CI 15%—37%]). The prevalence of HEV RNA was
lower in dried salted liver: 3% (95% CI (0%—10%) (Table).

Four HEV RNA—positive food samples collected in
the present study were tested for infectious virus in col-
Jaboration with 2 laboratories (Animal Health and Veteri-
nary Laboratories Agency, Weybridge, UK, and Wagenin-
gen University and Research Centre Central Veterinary
Institute, Lelystad, the Netherlands). Virus growth from
1 HEV-positive sample was observed in a 3-dimensional
culture system developed by these laboratories (10). This:
analysis thus confirms that live viruses can be present in
food products.

In preparation of these food products, a large quantity
of liver (up to 750 livers per batch) was mixed with fat
and spices. Therefore, even if only 4% of raw livers are
infected, as shown in a previous study (3), the entire batch
becomes contaminated; consequently, HEV prevalence is
high in'the food products. Because high quantities of virus
can be present in liver (up to 10° copies of HEV RNA/g)
(9), the dilution within a large batch will be limited and will
not substantially reduce the risk for contamination. The
oral infectious dose of HEV is still unknown. In contrast,
dried liver is made from only 1 liver; thus the prevalence
observed agrees with the prevalence of HEV in liver at the
slanghterhouse (ie., 4%) (3).

For further evaliiating the link between HEV RNA in
pork liver sausages and human autochthonous cases, 68
partial open reading frame 2 sequences were amplified (3).
This sequence, although short (+290 nt), reflects the diver-
sity of the HEV full-length genome and is frequently used in
phylogenic studies (7 f). All sequences obtained (GenBank
accession nos. KJ558436-KJ558503) were of genotype 3,
which is the major HEV genotype circulating in autochtho-
nous cases in France and the rest of Europe. The overall
mean distance of the sequences from the 68 food products
was estimated to be 0.16 nt. To screen for high sequence
identity between food products and human or swine HEV,
each sequence was analyzed by using BLAST (http://blast.
nchinlm.gov/Blast.cgi) to identify the closest sequences.
Thirty-three sequences had >98% nt identity with human
and/or swine sequences. The human sequences with the
highest identity originated in France, except for 2 sequernces

from the United Kingdom and 1 from Spain (Figure). This
result confirms that most autochthonous cases might have a
foodborne origin. Two food sequences had >99% nt iden-
tity with swine sequences previously described (Figure).
Therefore, swine are also sources of autochthonous cases
through foodborne transmission.

Conclusions
Our findings clearly demonstrate that some food prod-
ucts that contain raw pork liver and are marketed to. be

£ ]
al 2 2 K g"" 2,
& Jés 3
AR B+ I N
iy ]
§ 3§
= ——t

Figure. Phylogenetic tree of hepatitis E virus (HEV) sequences
identified in food samples, France, 2011. Phylogenetictree including
16 HEV sequences detected in food samples (gray circles) and
the closest human (black triangles, French origin; white triangles,
British or Spanish crigin} or swine (white squares) sequences
was constructed by using the neighbor-joining method with a
bootstrap of 1,000 replicates based on the ClustalW alignment’
(MEGA4, hitp://iwww.megasoftware.net) on 290 nt sequences from
open reading frame 2. HEV sequences retrieved from GenBank
with >98% nt identity are indicated with their accession numbers.
Bootstrap values of »>70% are indicated on respective branches.
Scale bar indicates nucleotide substitutions per site. Similar human
and food sequences are shown in black brackeis, similar swine and
food sequences are shown in gray brackets.
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cooked by the consumer can harbor HEV. The close se- '

quence identity observed strongly suggests that foodborne
transmission of HEV occurs frequently. Considering this
high prevalence, consumers at risk for developing severe

forms of HEV (e.g., solid-organ transplant recipients, per--

son having underlying liver conditions, or pregnant wom-
en) should be informed about the HEV risk and should
avoid eating such pork liver food products without thor-
oughly cooking them. ‘ '
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Aggressive new HIV strain detected in Cuba

Researchers said an aggressive HIV strain in Cuba progresses into AIDS. so fast that treatment with
antiretroviral drugs may come too late ‘

By Denise Royal | Feb. 14, 2015 at 4:46 PM

' - Ly

! [Pt A i Vel
B ey

An aggressive few straih of HIV has been deteoed in Ciba. Photo by Steve Collender/Shu

HAVANA, Feb. 14 (UPI) —— A new HIV strain in some patients in Cuba appeats to be much‘more
aggressive and can develop into AIDS within three vears of infection, Researchers said the

progression happens so fast that treatment with antiretroviral drugs may come too late,

Without treatment, HIV infection usually takes 5 to 10 years to turn into AIDS, according to
Anne—Mieke Vandamme, a medical profeasor at Belgium's University of Leuven. According to the
study, published in the journal EBioMedicine, Vandamme was alerted to the new aggressive strain of

HIV by Cuban health officials who wanted to find out what was happening.
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“So this group of‘ patients that progressed very fast, they were all recently infected,” Vandamme
“explained to Voice of America. “And we know that because they had been HIV—negative tested one

or a.maximum two years before.”

None of the patients had received treatment for the virus, and all of the patients infected with the

mutated strain of HIV developed AIDS within three years.

While fast progression of HIV to AIDS is usually the result of the patient's weak immune system

rather than the particular subtype of HIV, what's happening in Cuba is different.

“Here we had a variant of HIV that we found only in the group that was progressing fast. Not in the
other two groups. We focused in on this variant [and] tried to find out what was different. And we

saw |t was a recombinant of three different subtypes.”
The hew variant, named CRF19, is a combination of HIV subtypes A, Dand G.

HIV normally infects cells by attaching itself to what is called a co-receptor, and the transition to
AIDS usually ocours when the virus switches —— after many years —— from co—i’eceptor CCRbte .

co-receptor CXCR4. The new strain makes the switch much faster.
bl .

The variant has been observed in Aftica, but in too few cases to be fully studied. Researchers said

the strain is more widespread in Guba.

While the aggressive form of HIV responds to most antiretroviral drugs, people may not realize they '
have AIDS until it's too late for treatment to do any good. Vandamme said it's vital for people having

unprotected sex with multiple partners to be tested for HIV early and often.

Read more: ‘
http://www.upi.com/Health_News/2015/02/14/ Aggressive—riew—~HIV-strain—detected-in—Cuba/24 .
21 423945549/ H#ixzz3SpDrxkXk
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Concurrent outbreaks of dengue, chikungunya and Zika

JRC2014T-048

virus infections — an unprecedented epidemic wave of
mosquito-borne viruses in the Pacific 2012-2014

ARoth {adamr@spc.int)’, A Mercier®, C Lepers?, D Hoy', S Duituturaga®, E Benyon®, 1. Guillaumot?, Y Souarés!

1. Secretariat of the Pacific Community, New Caledonia

2. Institut Pasteur de Nouvelle-Caledonie, Noumea, New Caladonia

Cltatlon style for this article:

Roth A, Marcier A, Lepers C, Hoy D, Dujtuturaga S, Benyan E, Guillaumot L, Souargs ¥, Concurrent outbreaks of dengue, chikungunya and Zika virus infections
— an unprecedented eptdemic wave of mosguito-hotne vieuses In the Paclfic 20122014, Euro Surveill, 2014;19(41):pll=20929. Available ontine: http:/fwww.

eurosurveiliance.orglVlewArticle.aspx?ArtIcleId=20929

Since January 2012, the Pacific Region has experi-

. enced 28 new documented outbreaks and circulation

of dengue, chikungunya and Zika virus. These mos-
quito-borne disease epidemics seem to become more
frequent and diverse, and it is likely that this is only
the early stages of a wave that will continue for several
years, Improved surveillance and response measures
are needed to mitigate the already heavy burden on
istand health systems-and limit further spread to other
parts of the world.

Since January 2012, the Pacific is experiencing a high
burden of mosquito-borne disease due to concurrent

epidemics of dengue, chikungunya and Zika virus infec-

tions. So far over 120,000 people have been reported
to he affected, a figure that is likely to substantially
underestimate the real numbers due to underreporting.
For as long as there has been data available from the
Region (i.e. 40 years), this epidemic wave of mosquito-
borne viruses with 28 new mosguito-borne viral out-
breaks (n=25) and circulation {n=3) documented since
January 2012 (18 Dengue virus (DENV) serotype 1-4, 7
chikungunya virus and 3 Zika virus infection outbreaks,

_ respectively) is unprecedented (Table} [1-3]. We here

present an overview of the surveillance and epidemiol-
ogy of these mosquito-horne disease epidemics in the
Pacific Region, to help facilitate response measures
that are needed to mitigate the already: heavy burden
on island health systems and to limit further spread to
other parts of the world.

Surveillance of mosquite-borne viruses in
the Pacific Region : :
* The Pacific Public Health Surveillance Network (PPHSN)
is a voluntary network of countries, territeries and
organisations created in 1996. It is dedicated to the
promotion of public health surveillance and response
to health emergencies in the Pacific Region. It covers
" 22 Pacific Island countries and territories (Hereafter
" referred to as the Pacific Region) with a population
of 20.6 million inhabitants [4]. The network services

WWW, BUIoSU rveillance.org
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include the timely exchange of information on out
break-prone disease through PaciNet, an email list with

- around 680 health proféssionals, and diagnostic sup-

port through a network of laboratories for identifica-
tion and verification of pathogens.

In 2010, the Pacific Syndromic Surveillance System
was introduced in the PPHSN.: It monitors four syn-
dromes and aims at improved early warning to comple-
ment routine notifiable disease notification systems
that generally are not timely and seldom used for

~ reglonal surveillance purposes in the Pacific. Region,

The Syndromic Surveillance system is under develop-
ment and currently includes sentinel reporting from
primary healthcare or hospital sites in all countries [s].
Manifest dengue, chikungunya and Zika virus infec-
tions have a similar initial clinical presentation and
may be reported as any of the first three of the fol-
lowing Four monitored syndronies: (i) acute fever and
rash, (i) prolonged fever, (ili) influenza-like illness and
(iv) diarrhoea. Due to similar initial clinical features to
the three mosquito-borne diseases, concurrent mea-
sles epidemics and leptospirosis pose diagnostic chal-
lenges in the Region. '

There is a need for timely, reliable and detailed data on
mosquito-horne virus outbreaks and circulation of the
viruses in the Pacific Region. To obtain a comprehen-
sible overview of the present epidemiological picture,
several sources -of information are used. Further to
PacNet, syndromic and laboratory-hased surveillance,

. event-hased surveillance (mainly media and personal

communications with health professionals) and sur-
veillance by-proxy (reports of exported cases to nelgh-
bouring countries) [6] are also important. To facilitate
better risk assessments and efficiency of data dissem-
ination, this data is visualized in a recently launched
interactive map available from: www.spc.int/phd/epi-
demics. The map, updated weekly, provides the ragion
for the First time with a dynamic real-time picture of the .
current epidemic situation.
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The epidemiology of mosquito-borne
viruses in the Pacific Region

Mosquito-borne virus diseases in the Pacific Region
have a distinct epidemiology dué to small populations
scattered over thousands of tropical and sub-tropical
islands on both sides of the equator in relative geo-
graphic isolation, together with (nowadays) significant
people’s mobility and thereby exposure to circulating
arboviruses through the airline networks of the Asia-
Pacific region (Figure 1).

Between January 2012 and 17 September 2014, a total
of 28 new mosquito-borne viral outbreaks (n=2s)
and circulation (h=3) were documented: 18 DENV 1~4
outbreaks (z012: 7; 2013: 6; 2014: 5), 7 chikungunya
virus (CHIKV) (2012: 1; 2013: 2; 2014: 4) and 3 Zika
virus infection outbreaks (2012: 0; 2013: 1; 2014: 2),
respectively.

Looking at the first semester of 2014, the number of
outbreaks and circulating mosquito-borne viruses
seem to be increasing (Figure 2). During the same
period, DENV-3 became the dominating dengue virus,
and since Zika virus started to spread in the end of
2013, there was concurrent circulation of DENV-1,-2 and
-3, CHIKV and Zika virus (Table, Figure 2)

FiGURE 1

Dengue

The epidemic pattern of dengue in the Pacific Region
has typically presented in form of sporadic or rare epi-
demics rather than a hyperepidemic/endemic pattern,
with one dominating serotype sweeping across the
islands every 3 to 5 years, and with varying duration
of circulation in different islands largely depending on
population size [1,7- 8l. During 2012, there were out-
breaks of all four serotypes of DENV documented for
the first time during one year (Figure 2) [1]. DENV-1 was
the dominating serotype in 2012 and beginning 2013,
causing the largest documented dengue outbreak ever
in New Caledonia, with 10,978 confirmed cases and 5
deaths from September 2012 to September 2013. Since
2012 there have only been reports of ane outbreak with
DENV-2 and -4 respectively: DENV- 2 recently caused
an outbreak in Tuvalu with 408 suspected cases (4%
of the population) and DENV-4 caused a large out-
break in Kosrae in September 2012 to March 2013 with
729 clinical cases (11% of the population) (Table) Is}.
Furthermore there have been reports of new circulation
of DENV-2 in Fiji. (Table) After having been absent in
the reglon.for 18 years, DENV- 3 has after the reintro-
duction in 2012, become the dominating DENV in the
reglon with five ongeing outbreaks, one of them in Fiji,
with 25,300 suspected cases and 15 deaths (Table,
Figure 1) f1,10].

¢

Map of newly reported dengue, chikungunya and Zika virus infection outbreaks or new virus circulation®, Pacific Region®,

January 2012-17 September 2014° (n=28)

© Numbers of cases reported
increasing or peaking.

@ Numbers of cases reported
decreasing or viral circulatien Is
ongaing.

@ Outbreak reported to be oves
andfor no cases have been
reported for cne year,

CHIKV: chikungunya virus; DENV: dengue virus serotype 1-4; ZIKV: Zika virus,

* Only incident cutbreaks and virus circulation reported during the period, Qutbreaks first reported in 2011 (DENV-4 in Marshal Isfands,
DEWV-z in Yap and circulation of DENV in Papua New Guinea and Fiji) and stitl engoing in 2012 are not presented.

b The 22 Pacific [sland countries and territeries that are core members of the Pacific Public Health Surveillance Network and referred to as

the Pacific Region.

¢ Real-time interactive map with current epidemiclogical situation and alerts is available from: www.spe.int?phd/epidemics
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Chilungunya

After being reported in the Pacific for the first time in
a small tightly controiled outbreak in New Caledonia in
2011 [11], CHIKV is currently becoming established in
the Region (Figure 1, Table) [2]. In Papua New-Guinea
in 2012-13, the largest epidemic in the Region so far
with estimated (though poorly documented) tens of
thousands of cases, was caused by the East Central
South African (ECSA) lineage of the virus [2]. The Asian
lineage of the virus was responsible for the outbreak
in Yap State (2013-14) [12] and also in New Caledonia
(2013} where CHIKV re-emerged in the middle of a large
DENV-1 epidemic and caused a small outbreak, similar
to the 2011 outbreak {Table) [13]. Phylogenetic analyses
of the CHIKV invelved in the gutbreaks in Tenga, Samoa
and American Samoa are not yet available. Due to the
on-going geographic expansion of Aedes albopictus in
the Pacific region (Figure 3), virus genotype monitoring
is a crucial aspect of surveillance,

Table) [3]. In French Polynesia, extrapolation of the
8,746 suspect cases reported by the sentinel surveil-
lance network allows to infer that over 30,000 medi-
cal consultations were due to the spread.of Zika virus

- throughout the archipetago. Between November 2013

- and February 2014, increased incidence of neurclogi-
cal complications, including 42 cases of Guillain-Barré
syndrome, was a unigue and worrying feature: of the
French Polynesia outbreak that warrants further stud-
jes [3]. ‘

Discussion and Conclusions

Burden on the Pacific countries and terrifories
Mosquite-borne outhreaks are greatly exacerbating the
pre-existing burden that Pacific Island primary heaith- .
care systems face. if not managed well, the epidemic
wave may threaten societies broadly, affecting trade,
tourism and work force beyond the direct morbidity
and mortality totl [2]. During the chikungunya outbreak
in Reunion Island, one third of the around 800,000
inhabitants were infected, peaking at more than 47,000
estimated cases in one week, with estimated produc-

- tivity loss of €17.4 million (range €6 to €28.9 million)
and medical costs of €43.9 million that were met by the
French state [15-17]. Much of the burden on the Pacific
Region of the concurrent epidemics of all three dis-
eases coverad here is unknown and further studies are
warranted, especially on co-infection and the effect of
saquential infection with different viruses.

Zika virus infections

After the first documented Pacific Zika outbreak in
Yap in 2007 [14], the Asian lineage of the virus reap-
peared in French Polynesia in October 2013, and has
since caused large outhreaks in New Caledonia (1,400
confirmed cases), Cook Islands (over goo cases) and
Easter island that is not part of the PPHSN (Figure 1,

FIGURE 2 ' .
'Incidence and aetiology of newly reported mosquito-borne

virus outbreaks and circulation® by semester®, Pacific
Region, January 2012-17 September 2014° (n=28)

Zika virus disease, generally reported to have a mild
clinical presentation, was associated with neurologi-
cal complications during concurrent Zika virus disease
and dengue epidemics in French Polynesia [3,18]. The
Pacific Region may be particularly vulnerable to com-
municable diseases due to isolation and immuno-
logically naive populations, but.also due to rates of
non-communicable disease, such as cbesity, diabetes’
and cardiovascular disease, that are among the world’s
highest on some islands [19].

10 4

Dengue virus type 1
v Dengue virus type 2
=% Dengue virus type 3
7 3 Dengue virus type 4
eiza Chikungunya virus
6 1zze Zika virus

The risk for further spread
While there have been efforts to improve surveillance
in the Pacific over the past two decades, it is not likely
that the extent of the current increase in diversity and
frequency of mosquito-borne virus outbreaks in the
Pacific can be explained solely by improved surveil-
lance systems. in the island setting of the Indian Ocean,
the largest documented CHIKV cutbreak lasted four
years (2004-2007) [15]. Therefore, considering also the
previous.dengue outbreaks in the Pacific Region [1-2]
and the diversity. of the current outbreaks, it seems

Number of outbreaks

1L, &

S1/z012 Sz/2012  S1f2013 S2f2013  S1f2014  S2/z2014¢

S: semester.

® An outbreak is considered an outbreak when repoarted as such,

and new circulatjon of virus if there has been no event with the
same virus reported during ane year previously.

S1.includes the months from fanuary to june and 52 the months
from july to December.

Gutbreaks or circutation that started before January zo1z or
after 17 September 2014 are not presented ifi this graph tc allow
cbservation of a possible trend over time,

Semester 2 in 2014 is nof conjplete, and only includes reports
from two full months out of six.
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likely that the Pacific Region is in the early stages of
an epidemic wave for the three mosquito-borne viruses
that started in 2012 and is likely to continue for several
years,

The risk for further spread in the Pacific Region is high
for several reasons. Firstly, it is likely that there is little
immunity to these diseases, as DENV-3 had not been



circulating in the Region since 1995 [1] and prior to the
current wave, CHIKV and Zika virus occurrence in the
Pacific was limited to two documented outbreaks [11,
14). Secondly, competent vectors present in the Region,
mainly Ae. aegypti and Ae. albopictus, but also other
local mosquitees such as Ae. polynesiensis or Ae. hen-
silli are known to transmit these viruses (Figure 3)
[20]. These species have been incriminated in DENV
transmission on epidemiological and/or experimental
{laboratory infections) grounds. Several of them are
confirmed or strongly suspected vectors of CHIKY and
Zika viruses [21]. Thirdly, large population mobility and
airline travel facilitate the spread [22]. ’

Vector control capacity in the Pacific Region is often

limited or insufficient [21]. At present, there is no ongo- .

ing entomological surveillance system targeting vec-
tars of dengue and other arboviruses established in

FIGURE 3

the Region except in New Catedonia, Fiji and French

Polynesia. The current knowledge about mosquito dis-

tribution in the other countries and territories is based

on data collected during entomological investigations

in surveys from the second half of the 20th century

and from some more recent surveys [20]. Interestingly,
the three viruses involved in this epidemic wave are

not broadly mosquito-borne, but specificaily Aedes

(Stegomyia)-borne,

The cause of the recent increase in mosquito-horne
disease in the Pacific Region is largely unknown, but
is in line with a global increase of emerging diseases,
and likely driven by a combination of socio-economic,
environmental and ecological factors [23].

The continuous challenges of dengue and chikungu-
nya {24] and more recently Zika virus infections [25]

Map of the known distribution of Aedes (Stegomyia) mosquitoes, vectors of dengue and possible vectors of chikungunya and

Zika viruses, Pacific Region as of beginning October 2014
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t Aedes cegypti (not represented on the map) is present throughout most of the region including North Queensland. It is absent from the rest
of Austraila, New Zealand, Hawaii, Futuna and same other remote islands, and it seems to be currently displaced by Ae. albopictus in many
locations (e.g. Papua New Guinea and Solomon Islands}). .

The known or strongly sispected distributions of other vectors are as follows {not exhaustive): Ae. scuteliaris {Indonesia; Northern .
Australia, Papua New Guinea); Ae. marshailensis (Marshall Isiands; Western Kiribati; Kosrae; Pohnpei); Ae. hebrideus (Papua New Guinea;
Solomon [slands; Vanuatu); Ae. cooki (Niue, Vava'u Group, Tanga); Ae. tongae (Ha'apal Group, Tonga); Ae. tabu (Tongatapu group, Tonga);
Ae. kesseli {Niua group, Tonga); Ae. pseudoscutellaris (Fili). [25] :
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for Europe, the re-emergence of dengue in Japan [26],
and the first-time chikungunya, transmission in the
Americas [27], show that these viruses pose a threat to
any country with competent vectors. The epidemiology
of rnosquito-borne viruses in the Pacific may be chang-
ing. There are close links between the several European
overseas countries and territories in the Pacific Region
and Europe and the United States [28]. Considering the
extensive airline travel between the Pacific Region and
other parts of the world where the viruses have not yet
been established e.g. Europe and the United States, it
should be of international interest to stay informed of
the spread of the current Pacific Region wave of mos-
quito-borne viruses and to support surveillance and
control efforts [2,23,29].

Examptes of response from PPHSN partners to the epi-
demic situation include the provision of support and
capacity building to Pacific Islands in surveillance, out-
break investigation and response, and mass-gathering
surveillance. The Pacific Qutbreak Manualis also being
updated to include specific response guidelines for the
three viruses [30]. X

To further enhance surveillance and response meas-
ures, Pacific Directors and Ministers of Health have
shared the current risk assessment, and the upcom-
ing Pacific International Health Regulations meeting
will focus on mosquito-borne diseases. island primary
healthcare-based systems have difficulties to cope
with high caseloads and there is a need for early multi-
disciplinary preparedness and response to face larger
outbreaks adequately {2].
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Outbreak of Henipavirus Infectlon,
| Philippines, 2014

Paola Katrina G. Ching, Vikki Carr de los Reyes, Marla Nemia Sucaldito, Enrtque Tayag,
Alah Baby Columna-Vingno, Fedelino F. Malbas Jr., Gilbert C, Bolo Jr., James J. Sejvar,
Debbie Eagles, Geoffrey Playford, Erica Dueger, Yoshihiro Kaku, Shigeru Morikawa,
Makoto Kuroda, Glenn A. Marsh, Sam McCullough, A. Ruth Foxwell

During 2014, henipavirus infection caused severe iliness
among humans and horses in southern Philippines; fa-
_tality rates among humans were high. Horse-to-human
and human-to-human fransmission occurred. The most
likely source of horse infection was fruit bats. Ongoing
surveillance is needed for rapid diagnosis, risk factor in-
vestigation, control measure implementation, and further
virus characterization. '

enipaviruses belong to a genus of recently emerg-

ing vituses within the family Paramyxoviridae (1-3)

and include 2 zoonotic mémbers: Hendra virus (HeV) and
Nipah virus (NiV). HeV was first described in Australia in
1994, when it caused an outbreak of severe acute respira-
tory diseases that led to a high mortality rate among horses.
Subsequently, several sporadic cases of HeV infection have
. oceurred in horses in Australia; transmission to humans has
occurred and the fatality rate was high (4,5). NiV was first
recognized as a human pathogen in peninsular Malaysia in
1998. This outbreak among pig farmers and abattoir work-
ers exposed to infected swine secretions (6) was associated

with severe encephalitic illness and a high fatality rate.

Subsequently, NiV emerged as a major public health prob-
Iem in Bangladesh and India (7--9).

The natural reservoir of both viruses is pteropid bats,
which harbor the viruses but do not show clinical illness
(3). Virus transmission from bats to domestic animals is
thought to be through pasture or feed contaminated by bat
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urine, feces, or other excretions (16)). Transmission of HeV
to humans has been invariably associated with close con-
tact with ill horses (4), and transmission of NiV in Bangla-
desh is mainly through date palm sap contaminated with
bat secretions (7). Human-to-human transmission of NiV
also oceurs (72,13).

The Study
On April 2, 2014, the Philippine National Epldelmology
Center received a report of human deaths in 2 villages, Tina-
lon and Midtungok, in the municipality of Senator Ninoy
Aquino, province of Sultan Kudarat, island of Mindanao.
The villages are =15 km apart, and the provincial referral
hospital is in Isulan, 8¢ km away. An outbreak investigation
led by the National Epidemiology Center identified addi-
tional human deaths and nonfaial infections and concurrent
neurologic disease and sudden deaths in several horses, all
of which were subsequently consumed by villagers. On May
12,2014, the Philippine government asked the World Health
Organization for further outbreak investigation assistance.
During May 2224, 2014, a combined team from the
Philippine Department of Health, Department of Agricul-
ture, and the World Health Organization interviewed per-
sons who survived, those with suspected cases, and family
members of the deceased and conducted focus group inter-
views with other persons in affected villages. Key infor-
mants from local human and animal health agencies were
also interviewed, and hospital records for persons with
suspected cases were reviewed. We defined a human case
as illness in any person with an epidemiologic link to the
municipality of Senator Ninoy Aquino and who had expe-
rienced acute encephalitis syndrome, severe influenza-like
illness (ILY), or meningitis during March 3-May 24, 2014,
The case definition was met by 17 persons (11 acute
encephalitis syndrome, 5 IL], 1 meningitis). Clinical signs
developed for the index case-patient on March 10 and for
the last case-patient on April 21 (Figure 1). The case-fa-
tality rate among those with acute encephalitis syndrome

~was 82%; no patient with ILI or meningitis died. Of acute

encephalitis syndrome survivors, 1 experienced residual
severe cognitive impairment, motor weakness, and ataxia,
and the other experienced persistent ophthalmoplegia. Me-
dian incubation period for case-patients with known expo-
sure was 8 days.”
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Table 1. Exposure and infection profile of henipavin.is case-patients, Sultan Kudurat, Mindanao, Philippines, March 3-May 24, 2014

Slaughter and meat Meat consumption  Exposure to probably Uncertain
Clinical presentation consumption alone infected human exposure Total
Acute encephalifis syndrome . .
No. patients 3 3 4 1 11
Sex, M:F 30 3.0 4.0 1:0 11:0
Age .,y 21, 32, 60 30, 51, 54 24, 29, 35, and 46 28 32 (median)
Incubation period 6,88 7,10, 20 3-8.6,7, 8 Unknown 3-20
No. deaths 3 ) 2 3 1 9
Influenza-like illness (n = 5) or meningitis (n = 1)
No. patienis 4 0 1 1 6
Sex, M:F 4:0 NA 1.0 0:1 5.1
Age, ¥ 21,23, 28, 39 NA 45 26 26 (median)
Incubation period, d 7,.9,15,15 NA 4 Unknown 4-15
No. deaths 0 NA 0 0 0
*NA, not applicable, i

i

Of the 17 case-patients, a total of 7 (41%) had partici-
pated in horse slaughtering and horse meat consumption,
and 3 {18%) had only consumed horse meat and had no
history of slaughtering or meat preparation (Table 1). Five
(29%) case-patients had been exposed to other human case-
patients but not to any horses. Of these, 2 were health care
workers from Isulan who did not visit the villages, had no

-contact with sick horses, and did not consume horse meat
(Figure 1); they reportedly wore minimal personal protec-
tive equipment (gloves, face mask) during patient proce-
dures, 2 cared for case-patients in their homes, and 1 helped
transport a case-patient (who.was producing substantial re-
spiratory secretions) to a hospital.

During March 3-May 11, ten horse deaths were re-
ported in the 2 villages (Figure 1); 2 were found dead, and
a]l but 1 of the others showed neurologic signs (head tilting,
circling, ataxia). Progression of clinical signs was rapid.
Among other domestic animals, 4 cats that had eaten horse
meat died within 5 days of their probable exposure date; 3

ot i e Aoy Gl

5 (- ——

3 4 G103 '.._.,22a2«'.'.26_.28'.30;31-'. 23 4.6 T el ,.;14'1516 172t W

were found dead and the other exhibited terminal bleeding
from the nose and/or mouth. A dog was found dead after
eating horse meat, but the epidemiologic link is unknown.

Blood was collected from surviving suspected case-
patients, contacts of human or horse case-patients, and
several domestic animals (cats, buffalo, dogs, horses, pigs,
goats). Refrospectively collected cerebrospinal fluid (n =
2) and serum (n = 7) samples from persons with suspected
cases underwent further testing. No samples were avaijlable
from affected horses.

Testing for a range of neurotropic pathogens was con-
ducted at the Australian Animal Health Laboratory and the
National Institute of Infectious Diseases (Japan). Test re-
sults were negative for all agents except henipaviruses.

To detect neutralizing antibodies against HeV and
NiV, we used neutralization assays with infectious HeV
and NiV (/4) and pseudotyped vesicular stomatitis virus
possessing NiV envelope proteins (15) (Table 2). Samples
with positive results were subsequently tested by ELISA

s L Figure 1. Tempaoral and-

geographic features of human

bD THF ML,

and horse cases in 2 villages

(Midtungok, Tinalon) and at

the provincial referral hospitsl

(Isulan), Philippines, 2014,

i - by date of disease onset. Full
) [ rectangles represent cases

‘,.", _ - based on case description.

The empty rectangle (horse [)
represents the horse death that
did not fit the case description.

SULAN
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Table 2. Chronologic serologic test and nucleic acid detection results for 3 patients in NM outbreak, Philippines, 2014*

Onset of Date of sample NiV SNT NivV SNT
Patient clinical signs collection 1gM ELISA ratio titerf titerd: Nucleic acid detection
1 (AES) Apr7 © Apri2 11.8 Neg 1:150 Pos (gPCR) from serum of Apr 12
’ May 11 85 1:80 111,200 NA
May 22 6.5 1:40 1:950 NA
2 (AES) Apr7 Apri5 13.2 (6 am), 12.9 (3 PM) 1:10 1:200 Pos (NGS) from CSF of Apr 12
May 8 113 1:80 1:2,600 NA
. May 21 8.1 1:20 1:1,800 NA
3 {iLh Aprz May 21 5 1:40 1:420 NA

*The cutoff for the 1gM NIV ELISA Is a ratio of 2, for SNT using infectious NIV Is 21:4, and for pseudotype-based SNT is 1:80, All samples were serum except
far the sample tested by NGS, which was CSF, AES, acute encephalifis syndrome; CSF, cerebrospinal fiuid; fLY, influenza-like iliness; NA, not applicable; Neg,
negative; NGS, next-generation sequencing; NIV, Nipah virus; pes, positive; gPCR, quantitative PCR for NiV; SNT, serum neutralization test.

1Test used infectious Niv.

$Test used pseudotyped vesicular stomatitis virus.

for IgM against NiV. Neutralizing antibodies against NiV
and correspondingly lower neutralizing antibody titers
against HeV were found for 3 patients. IgM against NiV
- wag also detectable in these same 3 patients, The pattern
of neutralizing antibodies and IgM in acute-phase and

A

10

20 an

40 50 &0 ki
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NiV-M (AJ564622)
NiV-M (HM545087)
NiV-M (FN869553)
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| Niv-B (JN8O8857)
NIV-B (JNB0BS63) ,
' HeV (NC 001908)
| ama—
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convalescent-phase serum samples is evidence of recent
exposure to a henipavirus. A serum sample from 1 of these
patients (obtained 5 days after clinical sign onset) was also
positive by real-time PCR for NiV, and a single-sequence
read (71 bp) of the P gene of NiV was detected from 2

Figure 2. Alignment (A) and

‘phylogenetic relationship (B) of partial

phosphoprotein gene sequences {71
mer) of henipaviruses, including the
fragment obtained by next-generation
sequencing from a patient in
Philippines (2014 Philippines).

The alignment was conducted by
using the MUSCLE program
(http:/Amwww.ehi.ac.uk/Tools/msal
musclef), and the phylogenetic tree
from these data was constructed by
using the neighbor-joining method.
The optirmal tree with sum of branch
length equal to 0.23440320 is

shown. The percentage of replicate
trees in which the associated taxa
clustered together in the bootstrap
test (1,000 replicates) are shown, The
phylogenetic tree is drawn 1o scale;
branch lengths in the same units as
those of the evolutionary distances
are used to infer the phylogenetic
tree. The scale bar represents 0.02 .
substitutions per site. The evolutionary
distances were computed by using
the Kimura 2-parameter method and
are presented as number of base
substitutions per site. The analysis
involved 16-nt sequences. All positions
containing gaps and missing data
were eliminated. The final dataset
contained 71 positions. Evolutionary
analyses were conducted by using
MEGAS (hitp:/fwww.megasoftware.
net). The accession numbers of each
sequence are shown for the viruses.
HeV, Hendra virus. N\V-B, Nipah
virus Bangladesh strain; NiVel, Nipah
virus Indian strain; NIV-M, Nipah virus
Malaysian strain. :
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MiSeq (http://systems.illumina.com/systems/miseq. html)
next-generation sequencing run of a cerebrospinal fluid
sample from another of these patients (Figure 2). This
short segment had 99% nt identity with NiV isolates from
Malaysia and 94%-96% identity with NiV isolates from
Bangladesh. Further attempts to amplify additional genome
and isolate the virus were unsuccessful. The short-read ar-
chive has been deposited in the DNA Data Bank of Japan
(accession no. DRA002637). All serum samples from 4
dogs were positive for neutralizing antibodies against NiV.
NiV neutralizing antibodies were not detected in samples
from animals of any other species. '

Conclusions
Clinical presentations, epidemiologic findings, and sero-
logie results suggest that the virus causing this outbreak
'was a henipavirus. It was most likely NiV or a virus that is
antigenically and genetically closely related to NiV,
_Epidemiologic data suggest that the most common route
of virus transmission to humans was direct exposure to in-
fected horses, contact with contaminated body fluids during
slaughtering of sick horses, and/or consumption of under-

cooked meat from infected horses. However, for at least 5

cases, clinical and epidemiologic evidence suggest direct hu-
man-to-human virus transmission. No protective equipment
was used by those who cared for case-patients in the home,

and health care workers used gloves and a face mask but .

not eye protection. The evidence of human-to-human trans-
mission in this outbreak confirms the need for preventative
measures in home care and health care settings.

Although the source of the horse infections is unclear,
_on the basis of the known ecology of henipaviruses, the
most likely source is fruit bats (family Pteropodidae) (10).
Bats belonging to this family were reported near at least 1
of the 2 villages.

Ongoing surveillance in the area and neighboring
regions is needed to help with prompt response to future
outbreaks. Activities should include accurate and rapid di-
agnosis of new outbreaks, investigation of risk factors as-
sociated with spillover and virus transmission, implemen-
tation of control measures, and forther characterization of
the virus involved.
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. Unexpected donor-to-recipient infectious disease
transmission is an important, albeit rare, complica-
tion of solid organ transplantation. Greater work and
understanding about the epidemiology of these
donor-derived transmissions Is continually required
to further mitigate this risk. Herein we present the
first reported case of proven donor-derived trans-

" mission of coxsackievirus serogroup-3, an enterovi-
rus, following solid organ transplant. Swift and
affactive communication hetween the organ dona-
tion agency, treating physicians, laboratory testing
and notification ensured a coordinated appreach. The
resulting clinfcal syndromes in the organ recipients
were mild. This case highlights the requirement for
ongoing surveiilance over a broad range of infecting
pathogens that may present as a donor-derived
infection.

|

Abbreviations: ALT, alanine aminotransferase; BAL,
bronchoalveolar lavage; CMV, cytomegalovirus; ct,
cycle threshold; CVA, coxsackievirus group A; CVB,
coxsacklevirus group B; CVB3, coxsackievirus group B,
serotype 3; DTAC, Disease Transmission Advisory
Committee; EBV, Epstein-Bart virus; EV, enterovirus;
- HHV-8, human herpesvirus 8; HSV-1, herpes simplex
virus type 1; HSV-2, herpes simplex virus type 2; ICU,
intensive care unit; ND, not detected; PCR, polymerase
chain reaction; rt-PCR, real-time PCR; UNOS/OPTN,
United Network for Organ Sharing/Organ Procure-
ment and Transplantation Network; VF, ventricular
fibrillation; V2V, varicella zoster virus
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Intrpduction

Enteroviruses (EVs) are single stranded, positive sense
RNA viruses in the family Picornaviridae. The EV genus is
split Into four distinct human species (human EVA, B, Cand
D} Within sach species, based on molecular and biclogic
characteristics, -individual serotypes maintain their tradi-
tional names such as coxsackievirus, divided into groups A
and B, -poliovirus and echovirus, as well as numbered
strains, such as EV-A71 {1). These small RNA viruses are
quite stable in liquid environments and can survive for many
weeks In water, body fluids and sewage. They are
ubiquitous agents found worldwide. Group A coxsackievi-
ruses {CVAJ, which are split between the species EV-A, -B
and -G, are the predominant EV subgroup associated with
viral encephalitis, while group B coxsackieviruses {CVB),
contained within the species EV-B, are an important cause
of viral myocarditis, dilated cardiomyopathy and aseptic
meningitis (2,3). There are six serotypes of CVB, and
serotype 3 appears to have an additional tissue tropism for
the liver and pancreas {4).

We describe the first report of donos-erived transmission
of an EV by solid organ transplant, where the donor and two
of the three evaluable organ recipients wera all shown to be
viremic with 1the same coxsackievirus serotype 3 {CVB3),
Both recipients fad detectable virus in other specimens,
including fecss, rectal and throat swabs. Clinical conse-
quences for the infected organ recipients appear to have
been relatively roild.

Case Report

The deceased donor, 2 young adult resident in Australia,
without sny significant past medical history, died in the
springtime of 2011 following a subarachnoid hemorrhage
associated with a ventricular fibrillation cardiac arrest after
10 days of headachg culminating in collapse, but no fover.
Other symptoms in the preceding weeks included nonspe-
cific malaise and altered mood. The Tiver, kidnays, pancreas
and lungs were procured for transplantation after develop- -
ment of brain death and with family cansent. The heart was
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not accepted for whole organ transplantation due to poor
cardiac function. Transthoracic echocardiogram had re-

vealed mild to moderate impairment of the left ventricle

systolic function, with severe hypokinesis of the basal half,
to tweo-thirds of the left ventricle, and akinetic septal,
antero-septal and inferior segments. The procured heart
valves were stored by the tissue bank and underwent
routing histopathology and microbiological testing. Dona-
tion resulted In transplantation of the liver (recipient 1}, left
kidney/pancraas {recipient 2}, lungs (recipient 3) and right
kidney (reciplent 4), which occurred in different Australian
states from the donor. :

investigations for a possible donor-derived infection were
prompted clinically, by the development of elevated trans-
aminases In the liver recipient, and diagnostically, by the
findings of a significant neutrophilic pericarditis, myocarditis
and perivascular infiltration on the histopathological sections
from the explanted heart valves. Stored plasma, serum,
heart valva tissue and processing solutions from the donor
were retrospectively recovered and tested. EV was detected
by polymarase chain reaction (PCR} in two sera, one of the
two plasma samples and in the initial heart collection solution
{see Table 1). Herpes viruses {herpes simplex virus typas 1
and 2 (HSV-1, HSV-2), cytomengalovirus (CMV), and varicella
zoster virus and adenovirus wers negative by PCR,

The liver recipient, transplanted for acute fulminant hepatic
failure secondary to a presumed adverse drug reaction,
developed a desquamating rash, markedly elevated alanine
aminotransferase {ALT) greater than 20001U/L {normal
range <451U/L), an elevated troponin | to 0.31 il {(normal
range <0.04 pgfl ) and a small pericardial effusion, in the first
few days following transplant. Imimunosupprassive medi-
cations included basiliximab induction, tacralimus, azathio-
prine and sieroids. A liver biopsy performed at day 5
posttransplant $howed pradominantly lobuylar changes with
pan-acinar disarray, numerous acidophic hepatocytes and
acidophilic bodias and small areas of confluent necrosis with
a maderate lobular mononuclear inflammatory infiltrate.
Eosinophils were not prominent. [mmunchistochemical
stains for HSV-1, HSV-2, CMV, adenovirus, Epstein-Barr
virus and human herpesvirus 8 were negative. EV-specific
stains were not available. The differential diagnosis included
viral hepatitis, Ischemia, drug reaction and antibody
rmediated rejection. Plasma exchange and intravenous
gamrna globulin were initially commenced as treatment
for possible antibody mediated rejection. Antibiotics (doxy-
cycline, vancomycin and ciprofloxacin} were also included to
empirically cover bacterfal pericarditis. Subsequent PCR
testing on serum, throat swab and feces were positive for
both EV and HSV-1. Intravenous acyclovir, 10mgkg 8
hourly, was commenced. The patientimproved clinically and
was discharged from the intensive care unit, 10 days after
transplantation, with an ALT in the normal range. ‘

Following the resuits generated from the first recipient and
the donor, recipient 2, who received a combined kidnay/
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pancreas transplant with immunosuppressant medications
including basiliximab induction, tacrolimus, mycophenclate
mofetil and steroids, undarwent investigations where EV
was detected by PCR in plasma, feces, rectal swab and
throat swab. HSV-2 was also detected from the rectal
swab. H8V-1 was not detected in any of the samples,
Daspite a subsequent brief episode of fever, vomiting and
diarrhea 2 weeks postiransplant, for which the patient
racelved intravenous immunoglobulin for its potential
antiviral sffects, repeat plasma, throat and rectal swab
investigations at that time were negative for BV and the
patient recovered quickly with excellent function of both
organs. Recipient 3, who received a bilateral sequential iung
transplant for end-stage lung disease secondary to cystic
fibrosis, received basiliximab induction, then tacrolimus,
azathiopring ar?ﬁ steroids for immunosuppression, had an
uneventful clinfcal course postiransplant, and throat swab,
rectal swab, plasma and bronchoalveolar lavage (BAL)
specimens were negative for both EV and HSV. She was
discharged from hospital 2 weeks after transplantation. The
treating team caring for recipient 4, who received the right
kidney, was notified of the EV infection of the donor and
recipient 1, but elected to not undertake further testing as

“the patient was asymptomatic, and no follow-up informa-

tion was available. The stored heart valve tissue from the
donor was not used. Pretransplant sera from the three

evaluable recipients were negative for EV when retrospec-
tively tested by PCR.

The |ahoratory used realtime {rt) TagMan PCR for EV
detection (primers and probe targeting 8 UTR) {5) and HSV-
1 and -2 detection {targeting glycoprotein-B, modified from
Druce et al (j6])). PCR was run for 45 cycles. The cycle
threshold {ct) values at which EV and HSV were detected in
the individual samples are presented in Table 1. Where
there was sufficient amplified product, positive EV
detections were genotyped using conventional PCR and
sequenced targeting VP1 (B). All sequenced EV PCR
products from the denor and two recipients were identified
as CVB3. Of the circulating EV strains that were sequenced
in.the same year, CVB3 accounted only for 8.7% of strains
(10 out of 116 EV strains). In order to demonstrate the
molecular relatedness of the CVB3 strains from tha donor
and the two recipients, a phylogenstic analysis compared
these strains with all sequenced CVB3 strains from 2008

" 2013 (Figure 1}. The CVB3 strains isolated from the donor

and the two recipients were genetically identical and
distinct from other circulating CVB3 strains. This analysis
and the fact that the recipients were geographically
separgie from the donor, provides strong evidence for

donor-derived infection rather than community-acquired
infection, '

Discussion

A wide range of infections have been recognized to be
transmitted from donor io yecipient through organ

American Journal of Transplantation 2015; 15: 555-559
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Table 1: lnvestrgation resulis of enterovirus and herpes simplex virus laboratory testing from the donor and recipients

Timing of sample Sarple typs EV it-PCR (et) HSV 1t-PCR {ct)
Donor Predonation Serum Detected (35) Not detected
Detected {40) Not detected
B Plasma Detected (40) Not detected
Not dstected Not detectad
Postrmertermn Heart! Detected {38) Not detected
Recipient 1 (fiver} Pretransplant Serum Not detected HSV-1 detected (41)
5 days postiransplarit Serum Detected {27) HSV-1 detected (30)
Liver biopsy? Not detected Mot detected
7 days posttransplant Throat sweb Detected (43) HSV-1 detected (203
8 days postiransplant Faces Detected (39) HSV-1 detected (31)
13 days posttransplent Liver biopsy® Not tetected Not detacted
17 days postiransplant Serum inhibited - -
Faces Not detected -
18 days posttransplant Throat swab Net detected -
20 days postransplant Plasma Not detected -
" Recipiant 2 (Kidney/pancress) Pretransplant Serum . Not detected Not detectad
. 7 days posttransplant Plasma Detected {36) Not detected
Throat swab Naot detected Inhibited
Rectal swab Detected (36) HSV-2 detected (24)
B days posttransplant Plasma Detected (37} - Not detected .
Feces Detected (31) Not detected
17 days posttransplant Flasima Not detected -
: - Throat swab Not detected -
Rectal swab Not detected -
18 days postiransplant Feces Inhibited -
Retipient 3 {lungs} Pretransplant Serum Not detected Not detected
7 days posttransplant Throat swab Not detected Not detected
. Recta) swab Not detected Mot detected
8 days posttransplant Plasma Not detected Not detected -
10 days postiransplant BAL Not detected Not datected

EV, enterovirus; HSV, herpes simplex virus; rt-PCR, real-time polymerase chain reaction; et cycle threshold; BAL, bronchoalvaeolar lavage;

—. not tested.

1PCH positive from the collectior: solution; negative from gortic and pulmonary tissues and solutions, rinse solution, freeze solution and

tissue trimmings li.e. one positive out of nine samples tested).
Zparatiin-embedded tissue sample.
3Fresh tissue sample.

transplantation (7}, although EV transmission has not been
reported. Transplantation of organs from deceased donors
who had fever or viral syndromes i$ controversial, prampting
the need for improved microbiologic screening tools (8).
Despite logistical constraints, the follow up and microbiolog-
ical testing of the multiple organ recipients from the common
donor was relatively swift and effective in this cass.

Cases of denorderivad disease trensmission are classified

as either proven, probable or possible, based an the ad hoe
United Network for Qrgan Sharing/Organ Procurement and
Transplantation Network Disease Transmission Advisory
Committae (7,9). Our case meeis the classification as a
proven case of donor-terived CVB3 transmission, namely
meeting the following conditions:

o There was a suspected transmission event.
» Laboratory evidence of CVB3 in the organ recipient.

American Journal of Transplantation 2015; 15: 555-559

. Laboratory evidence that the same, geneticaliy identical
virus identified in another organ reciplent and. from the
originat cormmon donoer,

"» Pratranspiant laboratory swdence that the remplents did

not have CVB3.

Cardiotropic viruses, especially CVB and adenoviruses, and
to a-lesser extent, human CMV and parvovitus B19, have
heen detected from a high proportion of myocardial tissue
samples from heart {10) and heart valve donors (11),
suggesting -a significant risk for vira]l transmission by
cardiovascular allografts. The clinical significance of such
a transmission is suggested by the associstion of pediatric
cardiac graft loss with the presence of viral genomes in the
heart tissue {12) and reports of EV infection as an etiological
cause for unexplained late severe adverse cardiac events in
the adult heart-transplant population (13}, EV viremia has
also been reported in Scottish blood donars, at a frequancy
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Figure 1: Phylogentie clustering of donor and recipient coxsackievirus B3. Maximum-likelihood tree depicting the relationships
bétween CVB3 VP1 sequences from the donor, Kidney/pancreas recipient and fiver recipient, and 31 unrelated clinical strains collected over
ihe peried 2008-2013 (1-31). The tree was constructed by maximum-likelihood metheds using the Tamure-3-parameter mode! of avelution
based on analysis of 344 nuclectide VP1 sequances. The coxsackievirus-B3 prototype strain CVB3-2008 was included in the analysis and
used as an gut-group to root ihe iree. Bootstrap values greater than 80% are indicated. The clustering of the CVB3 strains fromthe donor and
1he two organ reciplents indicates molecular evidence of genetic refatedness, distinct from other sequenced circulating CVB3 strains.
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of approximatsly 1 in 4400 donors, which increasesto 1 in
950 in the early winter months {October) (14},

Giventhat CVB3is animportant cause of viral myocarditis, it
is plausible that the donor in this case had an unrecognized
CVB3-related myocarditis, suggested by the reduced
cardiac function premortern and subseguent demonstra-
tion of inflammation on the postmortem histopathology of
the heart. This virus was then transmitted to the organ
recipients, The liver recipient developed a severa hepatitis
with a histological appearance in keeping with acute viral
infection and most likely dus to EV rather than HSV-1
reactivation given the negative HSV-1 immunohistochem-
istry. In contrast, there was a relstively mild clinical
syndrome in the kidney/pancreas recipients, and incom-
plete transmission o the lung recipient. This variation in
clinical severity of diseass, is likely to be related to the
inpculurn and tissue tropism of CVB3 (4,15}, the organ
transplanted and the type of immune suppression used.

A coordinated and systematic approach between the
laboratory and the diffarent transplant units is required
when investigating possible low frequency, “near miss"
transmission events like this, especially given that the
clinical consequences of a CVB3 donor-derived infection
appears to-be mild. A different clinical outcome, however,.
may oceur in the setting of altemative organ procurement,
especially heart transplantation. Furthermore, donor-de-
rived transmission of another species of EV, with different
tissue tropism, may have distinct and more severe clinical
consequences. Given the impracticality of screening
donors for all possible infections, transplant clinicians
should consider and test for EVs when investigating cases
of possible donor-derived infections.
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Severe Fever with
Thrombocytopenia
Syndrome Virus,

South Korea, 2013

Sun-Whan Park; Myung-Guk Han, Seok-Min Yun,
Chan Park, Won-Ja Lee, and Jungsang Ryou

During 2013, severe fever with thrombocytopenia syn-
drome was diagnosed in 35 persons in South Korea. Envi-
ronmental temperature probably affected the monthly and

.regional distribution of case-patients within the country.-

Phylogenetic analysis indicated that the isolates from Korea
were closely related fo isclates from China and Japan,

S evere fever with thrombocytopenia syndrome (SFTS)
is a newly emerging infectious disease. Symptoms
and laboratory abnormalities are fever, thrombocytope-
nia, lenkocytopenia, and elevated serum enzyme levels.
Multiorgan failure occurs in severe cases, and 6%—~30% of
case-patients die. The syndrome is caused by the SFTS vi-
rus (SFTSV) (genus Phlebovirus, family Bunyaviridae).
SFTS case-patients were first reported in China (1) and
more recently were reported in Japan (2) and South Korea
(3). Two case-patients with symptoms consistent with a
similar virus, Heartland virus, were reported in the United
States (4).

Txodid tick species are implicated as vectors of SFTSV
(1,5,6). One study described a SFTSV prevalence in Hae-
maphysalis longicornis ticks, a major vector of SFTSV, of
0.46% minimum infection rate in South Korea (7); in an-

other study, SFTSV was detected in ticks that had bitten

humans (6). From these studies, we realized that SFTSV
was common throughout the country. We aimed to evalu-
ate the prevalence of SFTS in South Korea and isolate the
SFTSV to analyze its phylogenetic properties.

The Study
In March 2013, we established molecular diagnos-
tic methods to detect SFTSV. During Aprit-December
2013, from 125 hospitals throughout the country, we col-
lected 301 serum samples from hospitalized persons who
" had SFTS signs and symptoms, such as high fever (tem-
peratures >38°C), vomiting, diarthea, and/or fatigue and
showed laboratory parameters consistent with thrombo-
cytopenia and/or leukocytopema We conducted reverse

Author affillation; Korea Centers for Disease Control and Prevention, .

Cheongwon-gun, South Korea
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transcription PCR (RT-PCR) to detect the SFTSV medi-
um (M) segment gene from acute-phase serum specimens
with a previously described method (6). We also detected
the SFTSV small (S) segment gene by RT-PCR with spe-
cific primers (SF3, 5-GGGTCCCTGAAGGAGTTG-

" TAAA-3"; SR1, 5'-TGGTGAGCAGCAGCTCAATT-3").

The RT-PCR condltlons were as follows: an initial step

0T 30 min at 50°C for reverse transcription and 15 min at

95°C for denaturation, followed by 35 cycles of 20 s at

95°C, 40 s at 58°C (for M segment) or 55°C (for S seg-
ment), and 30 s at 72°C and a final extension step of 5 min
at 72°C.

From the 301 samples, we detected M and S segment
genes from:34 and 29 samples, respectively. The nucleo-
tide sequences were assembled by the SeqMan program
implemented in DNASTAR software (version 5.06; Madi-
son, WI, USA) to determine the consensus sequences. The
nucleotide sequences of the Korea isolates showed 93%—
93% homology to the China and Japan isolates,

.To isolate SFTSV, we inoculated subconfluent mono-
layers of Vero E6 cells with the RT-PCR—positive serum.
After the monolayers underwent 3 blind passages in new
monolayers of Vero E6 cells (§), we examined the Vero E6
cells for SFTSV by RT-PCR. We.considered the virus to
be isolated when the specific genes were amplified by RT-
PCR. The viruses did not cause cytopathic effects in Vero
E6 cells during isolation. Isolation of SFTSV also was con-
firmed by indirect immunofiuorescent assay (IFA) (Figure
1, panels A,B) and electron microscopy (Figure 1, panel
C). For IFA, Vero E6 cells infected with SFTSV were in-
cubated at 37°C in a CO, incubator. Cells were harvested,
inoculated, and fixed W1th acetone on Teflon-coated well
slides. IFA was conducted by using a monoclonal SFTSV
nucleocapsid protein (N) antibody (manufactured in our
laboratory) as the primary antibody. N proteins of SFTSV
were distributed throughout the cytoplasm (Figure 1, pan-
els A,B). By electron microscopy, Vero E6 cells infected
with the SFTSV Korea isolate KAJJH showed bunyavirus-
like particles, 80—100 nm in diameter, located in cytoplas-
mic vacuoles, presumably in the Golgi apparatus (Figure
1, panel C).

The amplified DNA products from the isolates were
sequenced and compared with the sequences of other Gen-
Bank-registered SFTSV isolates. The sequences of par-
tial M and S segments of the 26 Korea isolates (GenBank
accession nos. KF282701, KF282702, and KJ739543-
KJ739592) were closely related to those of the SFTSV iso-
lates fromd China and Japan with 92%-100% identity. A
phylogenetic tree was constructed by the neighbor-joining
method on the basis of the partial M (Figure 2, panel A,
http://wwwhieede.gov/EID/article/20/11/14-0888-F2 . htm)
and $ segment (Figure 2, panel B) sequences of the Ko-
rea SFTSVs in the study and 15 SFTSVs from China and

"Emerging Infectious Diseasas » www.cdc.govieid * Vol. 20,No. 11, November 2014
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Figure 1. Isolation of severe fever with thrombocytopema syndrome virus (SFTSV) frorn case-pattents South Korea, 2013. A, B} Indirect
immunofluorescent features of Vero E6 cells primed with SFTSV N protein monoclonal antibody.and reacted with fluoresce in isothiocyanate-
conjugatéd ant-mouse IgG. B) Transmission electron microscopy image of Vero E6 cells infected with SFTSV. Scale bar indicates 500 nm.

Japan registered in GenBank. SFTSV isolates formed 2

. major clusters in M and S segment sequences, and 1 other
small group comprising only Korea isolates, KAGNH2
and KAUSH, was formed in M-segment sequences. Many
Korea isolates formed the first cluster with the Japan iso-
lates. Some Korea isolates clustered with the major group
of China isolates, forming the second group.

Conclusmns

We confirmed the SFTS in several localities around
South Korea. We also isolated several SFTSVs from
case-patient serum and analyzed the phylogenetic prop-
erties of the isolates. A total of 36 SFTS case-patients
were reported in South Korea. The first SFTS case was
identified in a retrospective study from 2012 (3). Subse-
quently, SFTS was diagnosed in 35 additional case-pa-
tients in South Korea. Another group diagnosed the first
of the 35 cases in the country; we diagnosed the other 34
cases, from which we isolated the 26 SFTSVs. The ma-
jor signs and symptoms of the 35 case-patients, including
fever (100%), gastrointestinal symptoms (74%), fatigne
(74%), thrombocytopenia (100%), and leukocytopenia
(100%), were similar to those of case-patients in China
and Japan (9).

The case—fatality rate for SFTS in South Korea
was 47.2% (17/36), higher thin that of the recent Chi-
na cases (=~8.7%) (10). The low sensitivity of the de-
tection method, the conventional 1-step RT-PCR, and
the absence of a serologic diagnosis may have con-
tributed to the relatively high case—fatality rate. Most
cases occurred in older persons; ~80% of patientswere
>50 years of age. Approximately 70% were farmers,
including persons who cultivated vegetable gardens
(9). In many case-patients, the disease evolved dur-
ing a relatively warm time of year, from late spring to

Emerging Infectious Diseases » www.cdec.gov/eid « Vol. 20, No. 11, November 2014
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early autumn {Figure 3, panel A). The geographic dis-
tribution of SFTS case-patients also indicated that en-
vironmental temperature affected the SFTS prevalence
because many (86%, 30/35) SFTS cases evolved in rela-
tively warm southern provinces and cities south of Chun-
gcheongbuk, Chungcheongnam, and Gangwon Provinces
(Figure 3, panel B). We have also observed that the tick
density is high during May—August, a generally warm
season in South Korea (7). SFTSV was also mainly de-
tected during this season. These results indicate that the
virug infection in humans is closely related to a high tick
density and SFTSV infection in ticks in a warm climate.

As described in another report, Japan isolates formed
an independent cluster from the China isolates (2). In our
current study, SFTSV isolates formed 2 major clusters.
Most of the Korea isolates formed a cluster with the Japan
isolates, although some Korea and China isolates were in-
chided in the other group, perhaps not surprising given
the geographic location of South Korea between China
and Japan.
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Figure 3. Seasonal (A) and geographic (B) distribution of case-
patients with severe fever with thrombacytopenia syndrome (SFTS),
South Korea, 2013. A) White and black bars indicate the numbers
of total and deceased SFTS patients, respectively, in the indicated
months. B) Black circles indicate the dpproximate residential regions
of 35 SFTS case-patients in 2013 in South Korea. GG, Gyeongyi
Province; GW, Gangwon Province; CB, Chungcheongbuk Province;
CN, Chungcheongnam Province; GB, Gyeongsangbuk Province;
GN, Gyeongsangnam Province; JB, Jeollabuk Province; JN,
Jeollanam Province; JJ, Jeju special aufonomous Province,
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CDC Newsroom (/medié)

CDC and Partners Investigate Newly Discovered Virus

Media Advisory

Contact: CDC Media Relations ,
 {http://www.cdegov/media/)404-639-3286

What

The Centers for Disease Control and Preventioﬁ {CDC)is today
_reporting on the discovery of a new virus that may have

contributed to the death of a previously healthy man in eastern -
Kansas in late spring 2014. A CDC study published today details Bourbon virus belongs to a group of
the progression of the man's iliness and actions taken by CDC, viruses called thogotoviruses.

the Kansas Department of Health and Environment (KDHE), '

and University of Kansas Medical Center (U KMC) to treat and

investigate the case. The virus, named Bourbon virus for the county where the patient lived, is part of agroup
of viruses called thogotaviruses. This is the first time a virus in this group has been shown to cause human

illness in the United States and only the eighth known case of thogotoviruses' causing symptoms in.people,

Where

The article was published toda.y in CDC's Emerging infectious Diseasesjournal and is available at;
http://wwwic.cdcgov/eid/article/21/5/15-0150 article (http: wwwhnc.cdegov/eid/article/21 5/15-
0150 article).

Why

Since viruses in this group (thogotoviruses) have been finked to ticks or mosquitoes in parts of Europe, Asia,
and Africa, Bourbon virus might aiso be spread through tick or other insect bites. The Kansas man had
received multiple tick bites in the days before becoming iil. After test results for many infectious diseases
came back negative, a sample of the patient's blood was sent to CDC for additional testing. Initial CDC testing
showed evidence of an unidentified virus in the sample. CDC resea rchers then used Advanced Molecular
Detection {AMD) and determined that it was a new virus.

http://www.cdc.gov/media/releases/2015/a0220-newly-discovered-virus.html 2015/02/25
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CDC is collaborating with KDHE and UKMC to identify additional cases of Bourbon virus disease, determine
who gets sick and with what symptoms, and how people are getﬁng infected. CDC experts will also be working
in the lab to better understand the virus itself, how it makes people sick, and what animals (if any) may play a
role in its spread. This information will help determine the best ways to potentially prevent and control
Bourbon virus.

The discovery of Bourbon virus, as well as the recent discoveries of Heartland virus in Missouri and severe
fever with thrombocytopenia syndrome viruses in China, leads CDC researchers to believe that other
undiscovered viruses are likely causing people to get sick. Use of AMD methods in laboratories across the
world is an important tool for discovering and addressing new pathogens.

For more information on Bourbon virus, visit htip://www.cdc.gov/ncezid/dvhd/bourhon/index.himl
{http:/Awww.cde.gov/ncezid/dvbd/bourbon/index.htmil, '

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

Page last reviewed: February 20, 2015
Page tast updated: February 20, 2015

Content source: Centers for Disease Centrol and Prevention (/)

Follow CDC

Email (http://www.cdc.gov/Other/emailupdates/)

Reto:ﬁmend (http://Ww.facebook.com/CDC)

Tweet (http://twitter.com/CDégov)

Po;t (http:/fwww.Iinkedin.cor'n/company/centers-for-disease-cohtrol-and—prevention)

RSS (hitp://www2c.cdc.gov/podcasts/rss.asp)
CDC Media

Listen (http://www2c.cdc.gov/po'dcasts/)

Watch (http://www.cdcgov/cdcty)

http://www.cde.gov/media/releases/2015/a0220-newly-discovered-virus.html 2015/02/25
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ProMED-mail post JRC2015T:003

INTERNATIONAL SEETYT |
FOR [NFFCTIONE THEFASES|

ngroMED -

mail

Published Date: 2014-12-25 02:37:53
Subject: PRO/EDR> Bourbon virus - USA (02): (KS)
Archive Number: 20141225,3053772

BOURBON VIRUS - USA (02): (KANSAS)
**********************************
A ProMED-mail post .

"http: /fwww.promedmail.or

ProMED-mail is a program of the
International Society for Infectious Diseases
http://www.isid.org

Date: Tue 23 Dec 2014
Source: New York Times [edited] - ‘
 http: /fwww.nytimes,com/20 14/12/24/science/mysterious-virus-that-killed-a-farmer-in-kansas-is-identified . htmi

The newly discovered virus that led to-the death of a farmer in Kansas last summer [2014] has been named the
Bourbon virus, for the county where the patient lived, the Kansas Department of Health and Environment said in a
statement released on Monday [22 Dec 2014]. The virus was identified by scientists at the federal Centers for Disease
Control and Prevention [CDC]. Dr J Erin Staples, a medical epidemiologist at the CDC laboratory in Fort Collins,
Colorado, said the virus was a type of thogotovirus, part of a larger family known as orthomyxoviruses.

The iliness was fast-moving and severe, causing lung and kidney failure, and shock. The man, previously healthy,
died after about only 10 days in the hospital, according to Dr Dana Hawkinson, an infectious disease specialist who
treated the patient at the University of Kansas Hospital in Kansas City. ’

' Researchers do not yet know whether there have been other cases in the United States. They hope to test stored
blood samples from people who had similar ilinesses in the past that could not be identified.

“There is no treatment for the disease. The best defense is to avoid insect bites by wearing pants and long sleeves
outdoors and applying bug spray that contains the repellent DEET.

The medical mystery beganlate last spring [2014], when the patient was admitted to the hospitai with a high fever,
muscle aches and loss of appetite. He worked outdoors and often had tick bites. That history and his symptoms,
combined with abnormal results on blood tests -- his liver enzymes were too high, his platelets and white cells too
low -- made doctors suspect tickborne diseases like Rocky Mountain spotted fever or ehrlichiosis. But tests for those
illnesses came back negative, as did tests for another recently discovered tickborne illness caused by the Heartland
virus.

But the researchers are not certain whether ticks or mosquitoes transmit the virus, or whether other animals might
carry it. "We will be working with state and local health departments come springtime to do extensive field
investigations," Dr Staples said, :

For now, the risk to the public is low because ticks and mosquitoes are not active in cold weather. But ticks rebound
earlier in the year than mosquitoes do, she said, once the temperature starts consistently reaching 55 degrees
Fahrenheit [14 deg Celsius].

{byline: Denise Grady]

communicated by:
ProMED-mail
<promed@promedmail.org>

[We look forward to learning more about this newly discovered orthomyxovirus. Aithough it has not yet been
definitively shown to be tickborne, a number of other tickborne viruses have emerged recently including Heartland
‘virus and severe fever with thrombocytopenia virus (Bunyaviridae: Phlebovirus) in the US and China, respectively. In
addition, other tickborne viruses such as deer tick virus/Powassan virus (Flaviviridae: Flavivirus) appear to be
' increasing in incidence in regions of the US. - Mod.LK :

A HealthMap/ProMED-mail map can be accessed at: hitp://healthmap.org/promed/p/219.]

hitp://www promedmail.org/direct.php?id=3053772 142




ProMED-mail post

See Also

Bourbon virus - USA: (KS) fatal, 1streport, vectorborne 20141223,3051132

Heartland virus - USA (02): (OK) 20140602.2513295

Heartland virus - USA: (MO) 20140330.2367026

Tick-borne encephalitis virus - USA: (NY) Powassan virus 20140823.2716624

2013

Heartland virus - USA: (MO) 20130724.1841984 ]

Tick-borne encephalitis virus - USA (10): (MA, ME) Powassan virus 20131226.2137895
_ Tick-borne encephalitis virus - USA (09): (ME) Powassan virus 20131225.2136102

Tick-barne encephalitis virus - USA (08): (ME) Powassan virus 20131222,2130989

Tick-borne encephalitis - USA (07): (N]) fatal Powassan virus 20131206.2097190

2012

Heartland virus - USA (MQ) 2009 20120830.127400723

Heartland virus - USA (MO) 2009 20120830,1274007

................................................. Ik/je/sh '

©2001,2008 International Society for Infectious Diseases-All Rights Reserved.
Read our privacy guidelines. Use of this web site and related services is governed by the Terms of
Service, ‘
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The Newr ﬂ ork &imes  http://nyti.ms/1zvIFa3
SCIENCE

Mysterious Virus That Killed a Farmer in
Kansas Is Identified

By DENISE GRADY DEC. 23, 2014

Researchers have identified a previously unknown virus, thought to be
transmitted by ticks or mosquitoes, that led to the death of a farmer in
Kansas last summer.

" The illness was fast-moving and severe, causing lung and kidney
failure, and shock. The man, previously healthy, died after about only 10
days in the hospital, according to Dr. Dana Hawkinson, an infectious

- disease specialist who treated the patient at the University of Kansas
Hospital in Kansas City.

The newly discovered microbe has been named the Bourbon virus, for
the county where the patient lived, the Kansas Department of Health and
Environment said in a statement released Monday. The virus was
identified by scientists at the federal Centers for Disease Control and
Prevention through a process that took several months, according to Dr.

J. Erin Staples, a medical epidemiologist at the C.D.C. laboratory in Fort
Collins, Colo.

She said the virus was a type of thogotovirus, part of a larger family
known as orthomyxoviruses. Its nearest relatives are found in Eastern
Europe, Africa and Asia, Dr. Hawkinson said. Those viruses are spread by
ticks and mosquitoes.

Researchers do not yet know whether there have been other cases in
the United States. They hope to test stored blood samples from people
who had similar illnesses in the past that could not be identified.

“I think we have to assume thishas been around for some time, and
we haven’t been able to diagnose it,” Dr. Hawkinson said. He added, “We
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suspect there have been milder cases and people have recovered from
them, but we don’t have a lot of information.” ‘

There is no ireatment for the disease. The best defense is to avoid
insect bites by wearing pants and long sleeves outdoors and applying bug
spray that contains the repellent DEET.

The medical mystery began late last spring, when the pa’uent was
admitted to the hospital with a high fever, muscle aches and loss of
appetite. He worked outdoors and often had tick bites. That history and
his symptoms, combined with abriormal results on blood tests — his liver
enzymes were too high, his platelets and white cells too low — made
doctors suspect tick-borne diseases like Rocky Mountain spotted fever or

. ehrlichiosis. But tests for those illnesses came back negative. |
| Dr. Hdwkinson suspected another, recently-discovered tick-borne
illness caused by the Heartland virus and sent blood samples to the C.D.C.
for testing. But those tests also came back negative. ,

Researchers at the C.D.C. noticed that something else seemed to be
growing in the samples that were tested for the Heartland virus, and they
eventually identified the Bourbon virus. |

But the researchers are not certain that ticks or mosquitoes fransmit
the virus, or whether other animals might carry it.

“We will be working with state and local health departmerits come
springtime to do extensive field investigations,” Dr. Staples said.

- For now, the risk to the public is low because ticks and mosquitoes
are not active in cold weather. But ticks rebound earlier in the year than
mosquitoes do, she said, once the temperature starts consistently reaching

55 degrees Fahrenheit.

A version of this article appears in print on December 24, 2014, on pagé A13 of the New York -
edition with the headline: Mysterious Virus That Killed a Farmer in Kansas s Identified.

® 2015 The New York Times Company
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Novel Poxvirus Infection in 2 Patients From
the United Statgs

Lynda U. Osadebe,"** Kalpana Manthiram,** Andrea M. McCollum.? Yu Li,2 Ginny L. Emerson,2 Nadia F. Gaflardo-Romero 2
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Background. Some human poxvirus infections can be acquired through zoonotic transmission. We report a pre-
viously unknown poxvirus infection in 2 patients, 1 of whom was immunocompromised; both patients had known
eguine contact.

Methods. The patieiits were interviewed and clinical information was abstracted from the patients’ medical files.
Biopsies of the skin lesions were collected from both patients for histopathology, immunohistochemistry, and trans-
mission electron microscopy analysis. Oral and skin swabs were collected from animals with frequent contact with
the patients, and environmental sampling including rodent trapping was performed on the farm where the immu-
nosuppressed patient was employed. “Pan-pox and high Guanine-cytosine” polymerase chain reaction assays were
performed on patient, animal, and environmental isolates. Amplicon sequences of the viral DNA were used for agent .
identification and phylogenetic analysis. ‘

Results. Specimens from both human cases revealed a nove] poxvirus. The agent shares 88% similarity to viruses
in the Parapoxvirus genus and 78% to those in the Molluscipoxvirus genus but is sufficiently divergent to resist clas-
sification as either. All animal and environmental specimens were negative for poxvirus and both patients had com-
plete resolution of lesions.

Conclusions. This report serves as a reminder that poxviruses should be considered in cutaneous human infec-
tions, especially in individuals with known bamyard exposures. The clinical course of the patients was similar to that
of parapoxvirus infections, and the source of this virus is currently unknown but is presumed to be zoonotic. This
report also demonstrates the importance of a comprehensive approach to diagnosis of human infections caused by
previously unknown pathogens.

Keywords, poxvirus; skin infection; parapoxvirus; immunocompromised; imiquimod.

Four genera of poxviruses contain species that infect
humans: Orthopoxvirus, Parapoxvirus, Yatapoxvirus,
and Molluscipoxvirus {1, 2]. Variola virus (the etiologic
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agent of smallpox} and molluscum contagiosum virus
are primarily human pathogens, whereas the other pox-
viruses are zoonoses and humans are incidental hosts.

_The skin is the primary portal of entry for most pox-

viruses, These viruses ave epitheliotropic and produce
lesions that progress through well-described stages
over several weeks [3]. Lesions may be restricted to spe-
cific body sites as in the case of parapoxvirus infections
or generalized as seen in some orthopoxvirus infections
such as smallpox and monkeypox.

Human infection with zoonotic poxviruses occurs as
a result of direct or indirect contact (via fomites) with

Case Series of a Novel Poxvirus Infection ¢ CID 2015:60 (15 January) « 195
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Figure 1.

A, Large 1'to 1.5 cm facial nodules on patient 1 approximately 3 weeks-after lesions developed. B, Patient 1's lesions 14 months after excision

and cryotherapy. €, Marble-sized lesion in the web space between the right index finger and the thumb of patient 2 about 3 wesks after the lesion emerged.

D Patient 2's lesion 3 weeks after excision and cauterization.

infected animals. Such infections are typically self-limiting but
may be protracted and may involve varying treatment modali-
ties in immunocompromised individuals, as demonstrated in

this case report.

Case Reports
Patient 1
On 16 November 2012, a 17-year-old woman from eastern

Tennessee developed an erythematous macule on her right
cheek. She had an orthotopic heart transplant in 2007 and

was maintained on tacrolimus and mycophenolate-mofetil.
On 18 November the lesion on her cheek grew in size and a
new macule emerged on her right temple. Over the next 1-2
weeks, the lesions progressed from macules to papules to
1 to 1.5 ¢m brown nodules. The lesions were pruritic and pain-
ful. The patient had right cervical lymphadenopathy but no
fever. On 20 November, the patient sought medical attention

at a local children’s hospital, where she was referred to a der-
matologist. The dermatologist excised the right temple lesion
and submitted it for dermatopathologic evaluation. Histopa-
thology revealed ballooning keratinocytes with eosinophilic
cytoplasmic inclusions suggestive of a poxvirus-infection.
The dermatologist prescribed topical and oral acyclovir and
oral minocycline.

On 29 November, the patient returned to her dermatologist
for recurrence of the right temple lesion-and development of 4
additional facial lesions, which followed the same progression as
the prior lesions. The dermatologist then-referred her to a pedi-
atric infectious disease specialist. The following day, at the con-
sultation, 6 facial lesions at varying stages of progression were
noted. The physician prescribed 5% imiquimod cream for
thrice-weekly application and 2% mupirocin ointment for
twice-daily application. The physician requested assistance
from the Centers for Disease Control and Prevention (CDC)

196 » CID 2015:60 (15 January) ¢ Osadebe et al
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Tahle 1. Sampling of Animals That Had Frequent Contact With Patients and List of Surfaces/Fomites Sampled on the Farm and the Horse

Stahle
Sampling AnimalfFomite No. of
Patient Location/Site {No.) Type of Specimen Specimens Comments
Patient 1 Farm Horses {3) Oral swabs, skin scabs, lasion 26 Clinical specimens were collected from all
swabs, and blood/serum animals on the farm in Decernber 2013 and
May 2014,
Hinny (1) Oral and lesion swabs 3
Dogs (2} Oral and lesion swabs 5
Indeor cats {2) Oral swabs 2
Barn cat [1} Oral and lesion swabs 3 The cat had frequent contact with rodents and
would bring dead rodents into the animal bam.
Chickens {3) Oral swabs 3 The chickens were brought to the farm 1 month
prior to the patient’s symptom onset,
Patient’s home Dogs (2) Oral swabs 2
Cats (2) Oral swabs 2
Friend's home Dogs (2} Oral swabs 2
Cats (2} Oral swabs 2
. Animal stall Walls (3) Swabs 20 Scratches were observed on the wall, which
: Windows {4} indicates frequent animal contact,
Feeding and water
troughs [(9) .
Tack room Bridles and Swahs 10 ‘
. harness (9)
Patient 2 Stable Horse {1) Oral swabs 2 The horse was housed in a stable with 20 other
horses.
Patient’s home Dogs (3) Oral swabs 5]
: Cats {5} Oral swabs 10

for laboratory confirmation of a suspected poxvirus infection.
On 4 December, exainination of the patient revealed progres-
sion of the lesion on the glabella and 3 new lesions on the
chin. The crust overlying the oldest nodule on the cheek was
separating from the underlying skin (Figure 1A).

Despite the application of imiquimod for 2 weeks, the exist-
ing lesions progressed. On 13 December, the patient returned to
the dermatologist, who excised the larger nodules and removed
the smaller lesions with cryotherapy. The dermatologist discon-
. tinued imiquimod to lessen the risk of scarring. Four months

- after excision, the patient had atrophic scars and underwent
laser therapy to mitigate scarring. Fourteen months later, only
minimal scarring was evident (Figure 1B).

The patient owned and cared for a horse, which was keptata
stable with other horses, a hinny, dogs, cats, and chickens. The
patient had been working at this stable daily for 4 years and
regularly handled hay, animal manure, and animal feed and
collected chicken eggs. None of these animals had mucus mem-
brane or skin lesions. This history of long-term exposure to a
stable environment coupled with the initial pathology result
of a poxvirus infection led to the suspicion that the patient
was infected with a parapoxvirus, The patient reported no con-
tact with small ruminants, cattle, rodents, or other wild animals.

She had no recent travel or exposure to individuals with prolif-
erative or vesicular skin lesions.

Patient 2

On 8 April 2013, an immunocompetent 28-year-old woman
from western Missouri presented to her physician. with a
marble-sized nodule in the web space between the right index
finger and thumb. She had right axillary lymphadenopathy
but was afebrile. On 10-17 March, the patient had traveled to
northern Tanzania on 2 philanthropic mission providing care
for donkeys and dogs. On 12 March, the patient sustained a
rope burm on her right hand at the site of the lesion while re-.
straining a donkey. On the following day, the patient rescued
another donkey from an animal watering hole during which
her hands were submerged in murky water. On 18 March, the .
patient returned to the United States and noticed a small papule
at the site of the abrasion. By 30 March, the papule had developed
into a nodule (Figure 1C). Given her travel history, she was re-
ferred to an infectious disease specialist and dermatologist. The
dermatologist excised the lesion for dermatopathologic evalua-
tion and the area was cauterized. Topical Neosporin cream as
needed and 10 days of oral doxycycline and levofloxacin were
prescribed for the patient. The day aftet the excision, the patient
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experienced painful swelling of her right arm consistent with cel-
lulitis; ail symptoms resolved after 4-5 days. As of May 1, three
weeks after the excision, the patient reported resolution of the
skin lesion (Figure 1D). Histopathology showed eosinophilic in-
clusions suggestive of poxvirus infection and surface bacterial
colonization. The dermatologist requested CDC assistance for
Iaboratory confirmation. ' o

While in Tanzania, the patient was primarily in contact with

donkeys. The patient recalled seeing wounds on some of the don-
keys® withers and legs. The patient was part of a group of 8 volun-
teers, and none of her colleagues developed lesions. In the United
States, the patient owned dogs, cats, and a horse. The horse was
kept in a nearby stable and the patient saw her horse 1 month
prior to the trip. None of these animals had visible lesions.

METHODS

Clinical Specimens

One formalin-fixed, paraffin-embedded (FFPE) skin specimen
from each patient was examined by histopathology, immunohis-
tochemistry (IHC), transmission electron microscopy (TEM),
and molecular assays.

Histopathalogy, Immunohistochemistry, and TEM

 Sections, 3 micrometer in thickness, were cut from FFPE skin
biopsy specimens and stained with hematoxylin and eosin.
THC for parapoxvirus was performed utilizing an immunoatka-
line phosphatase technique. The antiparapoxvirus antibodies
used were a polyclonal sheep anti-orf virus antibody and a
polyclonal antibovine popular stomatitis virus antibody
known to cross-react with orf. The FFPE sections from both

patients were deparaffinized in xylerie and embedded for thin-
section TEM as previously described {4].

Polymerase Chain Reaction Assays

Extracted DNA was evaluated with the use of a pan-pox polymer-
ase chain reaction (PCR) for general detection of poxvirus, The
pan-pox PCR is a combination of 2 assays based on Guanine-
cytosine (GC) content: a low-GC PCR for the detection of ortho-
poxvirus DNA, and a high-GC PCR for the specific detection of
molluscipoxvirus and parapoxvirus DNA [5]. The amplicon se-
quences from the high-GC PCR assay were used for virus iden-

tification and phylogenetic analysis.
5

Animal and Environmental Sampling

 On 26 December 2012, oral swabs were collected from 20 ani-

mals iy contact with patient 1. The animals were inspected and
no visible lesions consistent with poxvirus infections were pre-
sent. In light of the second case, and because the both patients
had contact with equines, 4 second extensive investigation was
conducted in May 2013 at the farm where patient 1 worked. The

 following occurred during the field investigation: (1) interviews

of the farm owner and veterinarian were conducted to deter-
mine the origin, movements, and health history of animals on

the property; (2) a thorough physical examination was conduct-
ed of all domestic animals present in the barn environment, and
oral swabs and swabs of skin irregularities {scabs, scar, and
wounds) were obtained from 12 animals; (3) swab specimens
of fomites {animal stall walls, surfaces, bridles) with likely con-
tact with the oral mucosa of the equines were obtained; and (4)
180 traps were set for rodents over 2 successive nights. For pa-
tient 2, oral swabs were coﬂe;ted in May 2013 from the patient’s
9 animals. Table 1 lists the animal and environmental speci-
mens collected. DNA was extracted from all swabs using the

RN C:

T . o glie
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Figure 2. A, Photomicrograph of the lesion from patient 2 shows acantholysis, keratinocyte baflooning degeneration, and dermal capillary proliferation. B, '
Cytoplasmic inclusions are, seen within degenerating keratinoeytes {arrowheads). C, Immunohistochemistry staining shows parapoxvirus antigens in red

within the keratinocytes. : -
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BioRobot EZI system DNA tissue kit (Qiagen) according to the
modified pretreatment protocol described previously, and spec-
imens were tested using the pan-pox PCR assay {5].

RESULTS

Histopatholegy and Immunohistachemistry

The biopsies from both patients showed Iesions typical of cutane- -
ous poxvirus infection. The epidermis was acanthotic with a sero-

cellular crust (Figure 2A). Keratinocyte ballooning degeneration

and necrosis were prominent, and scattered, large, eosinophilic
te amphophilic cytoplasmic inclusions were seen within the de-

generating keratinocytes (Figure 2B). The dermis showed edema,

capillary proliferation, and diffuse lymphocytic to mixed in-

flammatory infiltrates. Superficial colonization by bacteria was

also noted. IHC demonstrated positive staining of keratinocyte

&

cytoplasm using polyclonal sheep antisera generated against orf
virus (Figure 2C). No staining was observed with the antisera gen-
erated against bovine popular stomatits virus,

Transmission Electron Microscopy

The FFPE sections from both patients prepared for TEM re-
vealed ovoid virions morphologically consistent with a pox-
virus. Viral particles measured 200-300 nm by 100-150 nm
(Figure 3).

Molecutar Assays and DNA Sequence Analysis

The low-GC PCR assay revealed no amplification, whereas re-
sults of the high-GC PCR assay confirmed a poxvirus infection
in both patients; however, the patients’ isolates were negative for
molluscipox and parapoxviruses using real-time PCR assays
specific for these viruses. Phylogenetic analysis of the amplified

(D H
s
AV

e N

Figure 3. A, Tissue from patient 1 with intracellular poxvirus particles. 8 Mature (arrow) and immature (arrowhead| viral particles at higher magnification,
Similar findings were seen in micrographs taken of tissue from patient 2 {Cand D). L denotes lipids; T denates tonofilaments.
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Figure 4, Phylogenetic tree showing the refationship of viruses isolated from patiént 1 (2012_037} and patient 2 (201\3__013]_’(0 qther poxviru-ses. There
was a single-nucleatide change between tha patients’ isolates. The phylogenetic tree was constructed from 620 nucleptide sequences of a high-GC po-
lymerase chain reaction amplicon targeting the highly conserved viral RNA polymerase gene. GenBank accession numbers of individual amplicons are
listed: patient 1 (KIM491712), patient 2 (KM481713), 3 strains of bovine popular stomatitis virus (BPSV 07005, GOB02054.1; BPSV_ARD2, AY386265.1;
BPSV 07058, GO902053.1), 4 strains of orf virus (ORFV_NZ2p, AX754889; ORFV_NZ2, D0184476.1; ORFV_IA82, AY386263.1,0RFV_SAQO, AY386264},
a red squirrel pox from the United Kingdom (SQRV_UKHEGD1892), a malluscum contagiosum-—like virus from a donkey {MO[‘ZV_,D'onkey J0269324), 3 pseu-
docowpox virus strains (PGPV 06025, 60802049.1; PCPV 08024, 6Q302050.1; PGPV 07012, G0802051.1}, a pseudocowpox-like virus from a US deer hunter
{PCPV_Deer09001) [6], a sealpox virus (SELV_hiGC.), 3 strains of molluscum contagiosum virus {MOCV_T1, U80315.1;, MOCV 08_031, GQA02057; MOCV
* 08_029), and Nile crocodilapox virus {CROV_Nile, DQ356948.1). The DNA sequences were aligned with the use of the BipEdit ?l‘ld Clustal alignment pro-
grams. Phylogenetic analyses were performed with the use of the Bayesian analysis software packages BEAST and BEAU, version 1.7.5. The analyses ran
‘a Markov chain Monte Carla chain length of 5 000 000, with a Hasegawa~Kishino—Yano nucleotide substitution model, strict molecular clock, and sampling
of every 1000 states. To roat the dendrogram, a myxoma virus, MYXV_wel {JX565582) not shown, is used as the outgroup. The 0.02 scale bar denotes the
genetic distance in substitutions per site.

sequences from both patients isolates indicated a novel, high- ~ DISCUSSION

GC poxvirus (Figure 4). Results of a National Center for Bio- ' o .
technology Information Basic Local Alignment Search Tool ~ We present 2 cases of a cutaneous poxvirus infection involving
séarch indicated the amplicon sequence had an 88% similarity & previously unknown, currently unclassified virus. The DNA
to viruses in the Parapoxirus genus and 78% to molluscum  sequence from the highly conserved viral RNA polymerase
contagiosum virus within the Molluscipoxvirus genus, Notably, ~ gene (J6R) suggests that this virus is most closely relat‘ed to
known zoonotic parapoxviruses {orf, pseudocowpox virus, and the Parapoxvirus genus but belongstoa unique Clafie t.ha.t is dis-
bovine popular stomatitis virus) share 92% similarity to each ~ tinct and divergent. IHC data demm.“tfate aﬂtlgenlC'SHnﬂaritieS'
other along the same amplicon sequenced from both patients’ between the new virus and the orf virus but not bovine popular
isolates. All 98 specimens (from 29 animals and 25 environmental stornatitis virus. Studies such as that of Housawi et al suggesta

sites) were negative for poxvirus using the pan-pox PCR assay, link befween cross-teactivity and genetic relatedness among
and no rodents were trapped. - > parapoxviruses [7]. In that study, the authors detected
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variations in the cross-reactivity of 27 monoclonal antibodies
(mAbs) produced against orf vitus for different parapoxvirus
species and strains [7]. Notably, the number of cross-reactive
mAbs decreased when strains were more distantly related.
Only 2 mAbs reacted with the squirrel poxvirus (SQPV_UKJ6R
in Figure 4), whereas 6 mAbs reacted with the seal parapoxvirus
(SELV_hiGC in Figure 4). Thus, our IHC result may suggest a

" closer relationship between the novel poxvirus and the orf virus
than bovine popular stomatitis virus, but due to the paucity of
studies on the cross-reactivity of parapoxviruses, no further de-
ductions can be made about the similarities of this new virus to
other known parapoxviruses.

Based on clinical presentation, it is reasonable to comipare
this novel virus with parapoxvirus infections. Parapoxviruses
are widespread and infect a wide range of mammals including
ungulates and seals, and human infection occurs as a result
of direct or indirect (via fomites) contact with infected animals
[8-10]. The viruses are hardy and highly resistant to environ-
mental degradation under ambient conditions {11]. Patients
with parapoxvirus infections typically have a well-defined histo-
ry of animal contact such as slaughtering, meat processing, or
bottle feeding [6, 10, 12]. We were unable to identify the origin
of this new virus for either patient. Despite this, we cannot rule
out a zoonotic source, as poxviruses have a wide host range and
both patients had habitual exposure to the species-rich environ-
ment of a horse stable. The high degree of genetic similarity be-
tween the 2 viruses could suggest a common geographic origin;
however, patient 2 also had contact with donkeys in Tanzariia,
and the timing of lesion origination suggests that she acquired
the virus in Tanzania. Having failed to identify a potential
source of fomite contamination originating in the United States
(ie, equipment transported from Missouri to Tanzania), we are

'unable to resolve this conundrum,

The appearance and progression of our patients’ lesions was
similar to those of the parapoxviruses. Persons infected with
parapoxviruses generally present with sclitary or regionally. re-
stricted lesions, usually on hands or arms rather than a dissem-
inated rash, as is seen with some orthopoxvirus infections
(smallpox, monkeypox). Furthermore, parapoxviruses replicate
in regenerating epidermal keratinocytes; these cells are rich in
nucleotide poels required for viral replication [13]. Both
patients in this series had a compromised epidermal surface;
patient 1 had mild acne and patient 2 sustained a rope burn
at the site of the lesion 1 week prior to symptom onset,

These patients also highlight the differences in presentation
between immunocompromised and immunocompetent per-
sons, In immunocompetent patients, parapoxvirus lesions are
generally self-limited, as was seen in patient 2. In contrast, im-
munocompromised patients often develop large, rapidly grow-

ing, exophytic lesions in atyplcal sites such as the face {14-17], -

as observed in patient 1.

Treatnient strategies for cutaneous poxvirus infections de-
pend on the patient’s immune status and clinical course, In im-
munocompromised patients with orf virus lesions, application
of imiquimed, an immunomodulatory agent, has been shown to
result in the clearance of lesions within days to weeks [14-16],
although in most of these cases, imiquimod was used in con-
junction with other treatment modalities. Patient 1's lesions ap-
peared o be refractory to imiquimod therapy, as the lesions
continued to grow despite its application. Thus, the therapeutic
effect of imiquimod in poxvirus infection remains unclear. Sur-
gical excision and cryotherdpy are also treatment options, which
proved successful in both patients [17, 18]. Patient 2 experi-
enced symptoms consistent with cellulitis, which is not uncom-
mon in cutaneous infections,

Although we were unable to identify the source(s) of this novel
poxvirus, we recommend the use of nonporous (rubber or latex)
gloves for persons in contact with stable or barn environments, or
involved in animal handling, particularly those individuals who
are immunosuppressed or have open wounds on the hands.
Also, all open wounds should be covered when handling animals,
and skin should be immediately washed after contact with ani-
mals as poxviruses are known to infect damaged skin.

In summary, this is a report of a novel poxvirus infection in
2 patients with 2 common exposure to domestic animals, in-
cluding equids. This report highlights the importance of a com-
prehensive approach to diagnosis.. Collaboration between
multiple specialists aided in dictating appropriate treatment
modalities. In this instance, the identification of a novel poxvi-
rus related to Parapoxvirus helped guide treatment options and
possible outcomes. '
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Abstract.

In malaria-endemic regions, many medical facilities have limited capacity to diagnose non-malarial eticlogies

of acute febrile illness (AFI). As a result, the eticlogy of A¥I is seldom determined, although AFI remains a major cause of
morbidity in developing countries. An outbreak of AFI was reported in the Afar region of Ethiopia in August of 2011,
Retrospectively, 12,816 suspected AFI cases were identified by review of medical records. Symptoms were mild and self-
limiting within 3 days after the date of onset; no fatalities were identified. All initial test results of AFI patient specimens
were negative for selected pathogens using standard microbiological and meolecular techniques. High-throughput
sequencing of nucleic acid extracts of serum specimens from 2% AFI cases identified 17 (59%) of 29 samples as positive
for Sandfly Fever Sicilian Virus (SFSV). These results were further confirmed by specific reverse transeription polymerase
chain reaction. This is the first study implicating SFSV as an eticlogical agent for AFI in Ethiopia.

INTRODUCTION

Acute febrile illnesses (AFI) caused by a variety of pathogens
pose a major public health challenge, in part because clinical
exarmination cannot distinguish specific etiologies. Furthermore,
practical and affordable diagnostic tests for the diagnosis of non-
malarial euolog'xes of AFI are often not available in developmg
countries.* Comsequently, the incidence and relative impor-
tance of the etiologic agents respons1ble for AFI remain
unknown in many parts of the world.? This leads to potential
misdiagnosis, inappropriate patient management, and an inability
to effectively control or prevent additional cases. Sandfly fever,
caused by infection with the Sandfly Fever Sicilian Virus (SFSV),

Institute. As a public health response, this investigation
was not categorized as research; and informed consent was
not required.

In August of 2011, an outbreak of AFI was reported in
Asayta District, Afar Regional State, Ethiopia. The outbreak
later spread to two neighboring districts of Dubti and Afambo
{Figure 1). The illness was characterized by acute onset of fever,
chills, headache, and myalgia.

The regional health burean (RHR) in the affected districts

. soupht assistance from the Ethiopian Health and Nutrition

is common in the Mediterranean region.* SESV is an arthropod-.

bome virus that was first identified in Sicily, Italy in 1943 during
World War II as the eticlogy of sandfly fever that was a cause of
AFI in Allied armed forces”, The virus is spread during the

summer season, which is the active period for Phiebotornus -

papatasi’ the main vector of SFSV. Other sandffies, such as
P. grigsi and sandflies of Larroussivs group, also transmit SFSV,
Sandfly fever is a self-limited miild illness including fever, head-
ache, and muscle and joint pain; patients usually recover fully
_within a few days.” Serologic evidence of sandfly fever indicated
positive titers of SFSV from samples collected in Bangladesh,
Djibouti, Ethiopia, Iraq, Morocco, Saudi Arabia, Somalia,
Sudan, Tunisia, former republics of the Soviet Union, and
Yugoslavia.® This investigation identified SFSV as the etiologic
agent in an AFI outbreak that was initially assumed to be caised
by malaria and. Jater thought to be caused by dengue. To our
knowledge, this is the first report of sandfly fever in Ethiopia.

METHODS AND MATERIALS

Samples were collected as a public health response under
the direction of the Ethiopian Health and Nutrition Research

* Address correspondence to David Wang, 660 South Eﬁclid Avenue,

Campus Box 8230, §t. Louis, MO 63130. E-mail: davewang@Dborcim
.wustl.edu
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Research Institute (EHNRI) when blood samples from
patients with AFI tested negative for malaria. The national
outbreak investigation team from the EHNRI initiated an
investigation by examining medical records from five local
health facilities. Using medical records, a suspect AFI case
was defined as acute onset of fever, chills, headache, and
myalagia from August 7 to September 12, 2011.

The national outbreak investigation team collected blood
specirnens from 29 acutely ill patients with AFI These speci-
mens were tested for malaria using a rapid diagnostic test.
(CareStart Malaria HRP?2 [Pf] Test; Access Bio, Inc., Somerset,
NI) or microscopy on blood smears. In addition, samples were
subeultured onto blood, chocolate, and MacConkey agar.

Sera, which had been stored at —80°C, from 29 acutely ill
patients were transported to the Centers for Disease Control
and Prevention (CDC) laboratories at the Kenya Medical
Research Institute (KEMRI) in Kenya for real-time polymer-
ase chain reaction (PCR) testing,. Total nucleic acid extraction
was performed using the MagMAX Viral RNA Isolation Kit
(Life Technologies, Foster City, CA) as per the manufac-
turer’s instructions. Amplification was done using the
AgPath.ID One-Step RT-PCR Kit (Applied Biosystems,
Carlsbad, CA} in-individual PCR assays for denpuwe, Rift
Valley fever (RVF), yeliow fever (YF) filoviruses (Ebola zaire
virus, Ebela bundibugyo virus, Ebola sudan virus, and Marburg
virus), chikungunya, and Crimean-Congo Hemorrhagic Fever
(CCHF) viruses. Primers and probes for.the filoviruses were
obtained from the CDC, Viral Special Pathogens Branch in
Atlanta, Georgia. Primers and probes for YF, dengue, and RVF
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Figure 1. Acute febrile illness outbreak affected districts of Afar region, Ethiopia, 2011.

have previously been described, whereas those of chikungunya
virus were obtained from the Division of Vector-Bome Diseases,
CDC, in Fort Collins, Colorado.” Thermal cycling conditions
included reverse transcription at 45°C for 10 minutes, AmpliTaq
Polymerase activation at 93°C for 10 minutes, and then, 45 cycles
of denatuwration at 95°C for 15 seconds and primer annealing/
extension at 55°C for 1 minute. '
Total nucleic acids from 2% of the serum specimens
were transported to Washington University in St. Louis for
next-generation sequencing analysis. Nucleic acids were
- randomly amplified by sequence-independent PCR using
barcoded primers, pooled, and sequenced in one run on the
Roche Titanium/FLX platform as described previously®
Sequences were compared with publicly available sequence

databases using a customized bioinformatics platform as -

previously described to identify microbial sequences present

in the sample.9 Contig assembly was performed with the '

Newbler assembler. _

For result confirmation, RNA was extracted from speci-
mens positive by next-generation sequencing and subjected
to a phlebovirus-specific consensus reverse transcription
PCR (RT-PCR) assay. Resultant amplicons were sequenced
using previously described methods at the CDC Division of
Vector-Borne Diseases in Fort Collins, Colorado.® All
generated partial S-segment sequences were deemed identi-
cal in the amplified region. A phylogenetic analysis was con-
ducted on a representative partial S-segment sequence
{284 bp; GenBank accession no. KJ372529), which maps to
nucleotides 139-422 of the GenBank reference SFSV-Turkey
sequence (GenBank accession no. NC_015413.1) along with
diverse SFSV sequences that are available in GenBank.
Alignments were generated using the Clustal W function
of MEGA, version 4 software,'> A neighborjoining tree

163

was generated and analyzed with 2,000 replicates for boot-
strap testing.?

RESULTS

In total, 12,816 suspect AFI cases were identified between
August 7 and September 12, 2011 through the medical records
review from five health centers in Afambo, Asayta, and Dubti
Districts of the Afar region (Figure 2); 9,107 (71%) cases were
male. For 29 patients from whom sera was collected, the age
distribution ranged from 2 to 55 years of age, with a mean age
of 25 years old. Patient symptoms were mild and self-limiting,
with patients recovering within 3-4 days after date of symp-
tom onset.

All 29 blood samples tested negative for malaria (Plasmo-
dium falciparum and P. vivax) by microscopy. In addition,
bacterial culture failed to identify any potential etiologies.
The 29 serum specimens tested negative for dengue, RVF,
YF, filoviruses, chikungunya, and CCHF viruses by real-time
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Figure 2. Suspect AFI casés by date of onset, Afar, August 7
to September 11, 2011. :
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PCR. Attempts to culture virus from selected samples on
Vero cells were unsuccessful.

After next-generation sequencing, computational analysis
detected one or more nucleic acid sequences with = 97%
nuclectide identity to SFSV in 17 (59%) of 29 specimens. In
addition, one specimen was positive for hepatitis B and SFSV;
two specimens were positive for hepatitis GBV-C sequences,
one of which was positive for SFSV. ‘

To further analyze the SFSV-like sequence, data from one

‘sample, where more than 1,000 of approximately 30,000 total
reads derived from SF3V, were assembled. Contigs of
6,355 macleotides (GenBank accession no. KM042102) and
4,349 nucleotides {GenBank accession no. KM042103) that
correspond to the nearly complete L and M segments of SFSV,

respectively, were generated. In addition, two shorter contigs of,
790 and 767 nucleotides {GenBank accession nos. KM042104

and XMO042105) were generated that aligned to different
regions of the S segment of SFSV (with a gap of approximately
100 nucleotides). The four contigs shared 97-99% nucleotide
identity to the reference SFSV-Turkey strain in GenBank
{accession nos. NC_015411.1, NC_015412.1, and NC_015413.1).

Of 17 specimens sent to the CDC in Ft. Collins, Colorado for
confirmatory testing, 7 (41%) specimens were SFSV-positive
by RT-PCR, and 2 (12%) specimens were indeterminate. All
seven positive samples yielded identical amplicons. The resul-
tant tree reveals a strongly supported association between the
SFSV sequences detected in Ethiopia and strains that were
isolated in recent years from Cyprus (2002) and Turkey
. (2008), with Uukeniemi virus as the outgroup (Figure 3).

DISCUSSION

This is the first report of SFSV as the etiology of AFI in
Ethiopia. The symptoms, which were mild and self-limiting
within 3-4 days, are identical to those in previous repoits
of SFSV infection, also known as 3-day fever.5'*

Human case reports and serbprevalence studies have -

suggested that SFSV or an SESV-like virus circulates in the
Mediterfanean region.* Recently, molecular evidence showed
the presence of two distinct phleboviruses closely related to
SFSV in Algeria and Tunisia.’>'® Nucleic acids detected in
this study within positive samples shared approximately 99%
nucleotide sequence identity with strains that were associated
with human illness in Cyprus and Turkey in 2008, implicating
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a possible Eastern Mediterrancan origin of the Ethiopian
strain of SF3V.

This large outbreak of AFI was initially 1dent1f13d through an
extensive medical records review, and althcugh only 29 speci-
mens were ultimately collected, 17 specimens contained
nucleic acid sequences that were = 97% identical to SFSV
using a next-generation sequencing-based assay, These results
were mdependently corroborated by RT-PCR in 7 of 17 speci-
mens in a different laboratory (CDC, Fort Collins, CO).
Sequences obtained in these seven specimens were identical to
those obtained in the Washington University laboratory. |

There were a number of limitations to this study. An
attempt to isolate a pathogen on Vero cells was unsuccessful
(data not shown). Because of resource limitations, no vector
assessment was conducted. Case identification was a challenge
because of the pastoral nature of the aifected community.
Limited specimens were collected relative to the great size of
the affected area, in part because cases were on the wane by
the time that the investigative team arrived.

Although the epidemiologic investigation provided hmlted
information on risk factors for infection or clues to potential
etiologic agents, detection of SFSV in these specimens by
high-throughput sequencing underscores the power of unbiased
metagenomic strategies for pathogen detection, It is unclear at
this point whether detection of sandfly fever reflects a recent
expansion in the geographic range of the virus beyond the
Mediterranean region or alternately, previously unrecognized
endemicity uncovered by the increased diagnostic breadth of
the unbiased next-generation sequencing assay. Broader stud-
ies are needed to determine the prevalence of sandfly fever in

‘this peographic area. Furthermore, disease surveillance

should be implemented in endemic regions to monitor the
trends and quickly identify an outbreak. Surveillance would
also provide data to the national level on disease burden and
etiological agents of focus in resource-limited settings.

This outbreak highlights the diagnostic challenges in iden-
tifying etiologic agents responsible for. AFI outbreaks in
c[eveloping countries. AFI cases usually go wncharacterized
in resource-limited settings and are mainly treated as malaria
or typhoid. In our study, the outbreak etiological identifica-
tion was inefficient primarily because of the lack of advanced
melecular techniques, which necessitated international col-
laboration. Although etiological identification was successful
in this instance, this approach is not cost-effective considering
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the burden of AFI outbreaks in sub-Saharan Africa. There is
a great need to develop laboratory capacity for both tradi-
tional microbiology and molecular techniques to improve
identification of agents responsible for causing outbreaks of
AFlin developmg countries.
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