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DONOR INFECTIOUS DISEASE TESTING

Detection of hepatitis C virus (HCV) core-specific antibody
suggests occult HCV infection among blood donors

Juan A. Quiroga,’ Ana Avellén,? Javier Bartolomé,” Maria Andréu,® Elena Flores,*
Maria I Gonzdlez,® Rocio Gonzalez,® Sonia Pérez,® Luis A. Richart,? Inmaculada Castillo,*
Javier Alcover,® Ricardo Palacios,® Vicente Carreiio,’ and José M. Echevarria®

BACKGROUND: Blood transfusion safety is based on
reliable donor screening for fransmissible infections such
as the hepatitis C virus (HCV} infection.

STUDY DESIGN AND METHODS: A novel HCV
core-specific antibody was assayed on random single
donations from 2007 first-time blood donors who tested
negative for anti-HCV and HCV RNA on routine
screening. Sample collection broke the code between
donations and donors for ethical reasons.

RESULTS: Forty-two donatlonsJ?_J%) displayed
reactivity in the novel test. The specificity of the reactivity
was evaluated by a peptide inhibition assay, and testing
against additional nonoverlapping HCV core peptide
epitopes and other HCV antigens was performed on
these samples. Six donations (14.3%; 0.30% from the
total} were considered to contain anti-HCV after such
supplemental testing. HCV RNA detection was also
performed in peripheral blood mononuclear cells
(PBMNCs) and serum or piasma samples from reactive
donors after virus concentration by ultracentrifugation.
HGCV RNA tested negative in all PBMNCs samples, and a
very low amount of viral genome was detected in serum
or plasma concentrates from three anti-HCV core-
reactive donors {7.1%) but not among concentrates from
100 randomly selected nonreactive donors. Sequencing
of these polymerase chain reaction products revealed
differences between the isolates that excluded partially
sample contamination from a common source.
CONCLUSION: Thess findings argue in favor of an
ongoing occult HCV infection among these blood donors
and account for some rather low, but perhaps not
negligible, infection risk for such donations. Future
studies involving larger samples of donations from
traceable donors wauld enlighten the significance of
these findings for the viral safety of the blood supply.

hronic infection caused by hepatitis C virus
(HCV) is characterized by the presence of both
specific antibody to HCV (anti-HCV) and HCv
RNA in serum or plasma.? Anti-HCV in the
absence of viremia presumably reflects immune memory
after a past, resolved infection. Anti-HCV and HCV RNA

ABBREVIATIONS: Al = absorbance index; CNM = Centro

‘Nacional de Microbiologia; Ct = threshold cycle; DEPC =

diethylpyracarbonate; FEHV = Fundacién para el Estudio de
las Hepatitis Virales; GGTP = v-glutamyl transpeptidase;

NC = noncoding; OCI = occult hepatitis C virus infection;
PI = percentage of inhibition.
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testing are mandatory as part of blood donor screening,
and both markers must test negative for the donor to be
accepted. However, the risk of HCV transmission,
although very low, is not zero>*® .

Occult HCV infection (OCI) has been reported and
was characterized by the presence of HCV RNA in periph-
eral blood menonuclear cells {PBMNCs) and/or liver tis-
sue among patients who tested negative for both anti-HCV
and HCV RNA in serum or plasma.’ HCV RNA was also
detected in serum after concentrating viral particles by
ultracentrifugation, which increases the sensitivity of the
testing.” OCI has been found among patients with crypto-
‘genic hepatitis and chronic renal diseases, but also in 3.3%
of individuals from the general population displaying nor-
mal liver function tests.’®*° A proportion of these cases
tested in addition positive by a novel anti-HCV core-spe-
cific antibody test,*® but this test has not been yet com-
pared with conventional screening assays among blood
donors, Actually, the occurrence of OCI among first time
blood donors has never been communicated.

The aims of this prospective, collaborative study were:
1} to investigate the frequency and the significance of the
finding of HCV core-specific antibody reactivity among
blood donors testing negative for anti-HCV and HCV RNA in
screening and 2) to assess whether such reactivity correlates
with the finding of HCV RNA sequences in PBMNCs and/or
serum or plasma concentrated by ultracentrifugation.

PATIENTS AND METHODS

Study population

A total of 2012 consecutive, unselected, first-time unpaid
blood donors admitted for screening of blood donation
markers were prospectively enrolled from Octcber 2014 1o

" July 2015 at three transfusion centres: Red Cross Spain

{n = 823} and the transfusion centers from the communities
of Madrid (n = 1094} and Castilla y Leén (n = 95). The inclu-
sion criteria were: 1) first-time blood donors who agreed to
sign the informed consent and 2) availability of sufficient
serum, plasma, and PBMNC samples collected at the time of
study entry. Units testing positive for markers of HCV infec-
ton {anti-HCV and/or HCV RNA), human immunodefi-
ciency virus (HIV; anti-HIV and/or HIV RNA}, hepatits B
virus (HBV) infection (HBV surface antigen and/or DNA), or
other infections (syphilis, malaria) were not excluded. Five
donations were excluded because the lack of PBMNC sam-
ples, and the final population consisted of 2007 donors of
whom 1104 were rnales and 903 females. No cother demo-
graphic data were provided to the investigators, and the link
between unit and donor identification was broken before
sending the materials to the laboratories involved in the
study. This procedure prevented communication of results to
the donors, although also the obtaining of additional samples
and the design of follow-up studies, The study was approved
by the Ethic Committee of the Hospital Clinico San Carlos

1884 TRANSFUSION Volume 56, July 2016

(Madrid, Spain) and was conducted according to the Helsinkd
Declaration of the World Medical Association.

Screening tesis

Participating centers performed anti-HCV screening by
either PRISM or ARCHITECT chemiluminescent imrmuno-
assays (Abbott Laboratories), and individual HCV nucléic
acid test (NAT) by Procleix Ultrio Elite (Grifols Diagnostic
Solutions Inc.) or Cobas MPX Multiplex on the Cobas 6800/
8800 platform (Roche Molecular Diagnostics). Anti-HCV-
reactive, HCV NAT-nonreactive denations were confirmed
by immunoblot (INNO-LIA HCV-Score, Fujirebio Furope).
Liver function tests (aspartic aminotransferase {AST], ala-
nine aminotransferase [ALT), and y-glutamyl transpepti-
dase {GGTP]) were determined centrally at the Fundacién
para el Estudio de las Hepatitis Virales (FEHV) upon denor
inclusion in the study by the Roche Cobas Mira analyzer
{normal values for AST, <34 IU/L; ALT, males <40, females
<32 IU/L; GGTP males <50, females <30 IU/L).

Testing of anti-HCV core-specific antibody

HCV core-specific antibedy was tested by an immunoas-
say with enhanced sensitivity (anti-hcv core high-
sensitivity enzyme-linked immunosorbent assa (ELISA kit,
DIATER Laboratories) using as antigen a single peptide
from a conserved HCV core region (Amino Acids 5-19).
The test is based on an investigational anti-HCV core
immunoassay.'® According to current CE labeling regula-
tions, calculation of the cutoff value was referred to the
formula CO=05 X (NC+0.} X PC), where NC is the
mean value for the negative control (six replicas) and PC
is the mean value for the positive control (two replicas)
after assaying more than 1000 positive, negatlve, and
interfering samples in parallel with two CE-marked meth-
ods. Testing was performed in prediluted samples (1/10)
according to supplier’s instructions, and sample-to-cutoff
absorbance ratios (absorbance index [AI]) of at least 1.2
were considered reactive. The assay has shown 100% diag-
nostic sensitivity in chronic infections by HCV Genotypes
1 to 6, and specificities of 100 and 99.7% among blood
donors and clinical specimens, respectively,'!

Anti-HCV core-reactive samples were further analyzed
by: 1) peptide inhibition assay,'® the percentage of Inhibi-
ton (PI) being calculated by the formula PI =1 - [{absorb-
ance of sample with 100 ug/mL of peptide)/(absorbance of
sample without peptide)] X 100; 2) a supplemental anti-
HCV core peptide immunoassay based on peptides span-
ning Amine Acids 21 to 40 and 101 te 120 of the HCV core
sequence (European Patent EP2258714B1), the testing proce-
dure being exactly as described for Peptides 5 to 19,19 and
3) conventional confirmatory testing by a commercial immu-
noblot assay (INNO-LIA HCV-Score, Fujizebio Europe),

Reactivity for anti-HCV core was thought specific
when the P was at least 50%. Concurrent reactivity in the
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TABLE 1, Primers and probes used for HCV RNA amplification®
Nama ' Nucleotide sequence (§' to 3) Position
Real-time PCR
Forward primer CTGTGAGGAACTACTGTCTT 36-55
Reverse primer CTCGCAAGCACCCTATCAGG 283-302
Anchor probe GCAGCCTCCAGGACCCCCC-Fl 98-116
Sensor probe LCB40-CCCGGGAGAGCCATAGTGGTCTG-ph 119-141
Nested PCR
Outer forward primer CCCTGTGAGGAACTWCTGTCTTCACGC 38-62
Quier reverse primer GCTCATGRTGCACGGTCTACGAGACCT 312.338
Inner forward primer TCTAGCCATGGCGTTAGTAYGAGTG 71-85
Inner reverse primer CACTCGCAAGCACCCTATCAGGCAGT 279-304
* Nuclaotide dssignation according to Takamizawa et al.™

supplemental anti-HCV core peptide test and the finding
of reactivity (positive or indeterminate results) by immu-
noblot were also taken into account for the final interpre-
tation. Samples testing positive by at least two of the three
supplemental tests were considered positive for anti-HCV,

HCV RNA detection in PBMNCs and in
ultracentrifuged serum and plasma samples

Nonrefrigerated blood samples were received at FEHV
within 24 hours after extraction. Upon arrival, serum
samples were obtained from coagulated blood, made into
aliquots, and stored at —30°C. PEMNCs and plasma were
isolated from anticoagulated bloed by density gradient
centrifugation (Biocoll, Biochrom). Plasma was aliquoted
and stored at —30°C, while cells were washed three times
in phosphate-buffered saline and thereafter stored in solu-
tion (RNAlater, Ambion) also at —30°C.

HCV RNA detection was performed by laboratory per-
sonnel who were blinded to the serologic status of the
donors. Each polymerase chain reaction {PCR) run included
a maximum number of 10 samples along with negative con-
trols (repeatedly HCV RNA-negative sera and PBMNCs sam-
ples) and reagent blanks in which total RNA was replaced
with PCR-grade water. Negative controls and blanks were
coprepared with the samples and accompanied them
through the entire PCR process. As positive controls, HCV
RNA-positive sera and PBMNCs from patients with chronic
HCV infection were used. The guidelines of Kwok and Higu-
chi'® were strictly observed for avoiding contaminations.

Total RNA was isolated from PBMNCs with an RNA
isolation system (SV Total, Promega). After precipitation,
pellets were dissolved in diethylpyrocarbonate (DEPC)-
treated water and RNA concentration was determined by
spectrophotometry. Total RNA was extracted from 250 plL
of serum using reagent (Trizol LS, Invitrogen), and the pel-
let was dissolved in 10 pL of DEPC-water. In addition, 2 mL
of serumn and 2 mL of plasma were ultracentrifuged” over a
10% sucrose cushion at 100,000 X g for 17 hours at 4°C.
Pellets were dissolved in 250 pL of TE buffer (10 mmol/L
tris(hydroxymethyllaminemethane-HCl, 10 mmol/L ethyl-
enediaminetetraacetic acid; pH 7.5) and total RNA was iso-

lated with reagent (Trizol LS, Invitrogen) and precipitated,
and the pellet was dissolved in 10 pL of DEPC-water.
Amplification of the HCV RNA 5 noncoding (NC)

region (226 bp) was performed by quantitative real-time,

reverse transcription (RT)-PCR with fluorescence resonance
energy transfer probes. Two microliters of total RNA isolated
from 250 uL of serum or from 2 mL of ultracentrifuged
serum or plasma, or 0.5 pg of total RNA from PBMNCs was
retrotranscribed and amplified in a single-tube reaction
containing RNA reaction. mix (LightCycler Master
Hybprobe, Roche Diagnostics), 3.25 pmol/L Mn{OAc),, 0.5
pmol/L. of each primer, 0.2 ymol/L of the anchor probe,
and 0.4 ymol/L of the sensor probe. RT was performed at
61°C for 30 minutes; the mixture was then heated at 95°C
for 2 minutes; and then PCR was performed for 50 cycles of
95°C for 0 seconds (denaturation), 55°C for 12 seconds
(annealing), and 72°C for 10 seconds (extension). The fluo-
rescence was measured at the end of each annealing step. A
standard curve constructed with 10-fold dilutions of a syn-
thetic HCV BENA was used for quantification. The lower limit
of HCV RNA detection of the assay was 10 IU/mL (mean
threshold cycle [Ct], 39.32) with a lower limit of quantifica-
tion of 100 IU/mL (mean Ct, 35.64), as determined by test-
ing serial dilutions of HCV RNA-positive serum sample, in
which HCV RNA quantification was previously assessed by
an HCV test (Cobas TagMan, Roche Diagnostics), PCR test-
ing was considered positive if the Ct level was obtained at
no more than 39 cycles, and quantification was achieved by
reference to the standard cuxve.

To further. confirm the results, the remaining total
RNA extracted from positive samples was sent to a second
laboratory (Centro Nacional de Microbiologia {CNM]) and
used to perform an additional amplification of the 5 NC
region of the HCV genome by nested RT-PCR.* The PCR
products obtained (235 bp) were also purified and
sequenced as described below. The sequences of the pri-
mers used in these tests are given in Table 1.

Sequencing and sequence analysis

PCR products from positive samples obtained either at
the FEHV or at the CNM were purified by PCR clean-up
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technology (Ilustra Exoprostar I step, VWR International
Eurolab), and both strands were direcily sequenced using
Sanger sequencing, Sequence analysis was performed on
the fragment comprised between Nucleotide 104 and
Nucleotide 287, which were present in all PCR products.

Statistical analysis

Categorical variables were compared using the chi-square
test (or Fisher's exact test when applicable). Continuous
variables were compared using the nonparametric Mann-
Whitney's U test. All p values reported are two-tailed.

RESULTS

Infectious testing at the transfusion centers

Anti-HCV reactivity was recorded in two donors (0.1%), but
none of them coud be confirmed on supplemental immu-

- noblot testing, Therefore, all donors finally tested negative

for anti-HCV. Markers of other infectious diseases were
detected in six donors (0.3%): HBV DNA in two (0.1%),
malaria in two (0.1%), syphilis in one, and cytemegalovirus
in one. None of the 2007 donors gave a HCV NAT vield.

Anti-HCV testing

Forty-two samples (2.1%) displayed reactivity in the anti-
HCV core test, and the eight samples reacting for any
infectious marker in the blocd bank screening did not
account among them. Table 2 shows the Al values
obtained for each sample (mean, 1.88; range, 1.20-6.20)
and the individual results obtained from supplemental
testing. Twelve reactive samples (28.6%) renderad PI of
meore than 50% in the inhibition test, which led us to con-
sider the reactivity as due to a specific reaction involving
some aniibody species and some epitope represented in
the linear peptide spanning Amino Acids 5 to 19 of the
HCV core antigen. Reactivity to epitopes spanning Amino
Acids 21 to 40 or 101 to 120 was found in 15 samples
(35.7%}. Seven samples (16.7%) reacted with at least one
antigen in immunoblot: six samples were indeterminate
(C1, E2, or NS4 lines; Samples 2, 19, 21, 26, 30, and 33)
and one was positive (C1 and C2 lines; Sample 40). Crite-
ria for anti-HCV positivity were satisfied by six samples
(14.3%, 0.30% from the total; Samples 2, 19, 21, 30, 33, and
40), and one sample was considered indeterminate
because of isolated reactivity to NS4 antigen in immuno-
biot (Sample 26).

HCV RNA detection

First, HCV RNA was tested in 250 uL of serum, in 2 mL of
ultracentrifuged serum, and in PEBMNCs from the 42 anti-
HCV core-reactive donors and from 100 ant-HCV core-
negative donors. RNA testing was negative in all sera (250
#L) and PBMNCs, but was positive (Ct value, 37.121; 10-
100 TU/mL) in the 2 mL of ultracentrifuged serum from
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one donor who tested indeterminate for anti-HCV by
immunoblot (Donor 26, Table 2). Viral RNA was also then
tested by a different laboratory worker, who was unaware
of the previous results, in 2-mL ultracentrifuged plasma
samples from the 142 donors mentioned above. Donor 26
tested also positive in plasma (Ct value, 36.84: 10-100 TU/
ml), as well as two additional donors (Donors 14 and 19;
Ct values, 37.48 and 37.73, respectvely) who had tested
negative in ultracentrifuged serum. Positive results were
obtained in different runs on different days, excluding
intersample cross-contamination. Donor 14 did not meet
the tentative criteria for anti-HCV positivity, but Donor 19
met them and tested indeterminate (single E2 line) in
immunoblot. The 5' NC region of these three doners was

-again amplified from the remaining FEHV-concentrated

plasma in CNM, by nested RT-PCR, with positive results.

Overall, three of 42 (7.1%) anti-HCV core-reactive
donors displayed low amounts of circulating viral RNA,
while none of the 100 anti-HCV core-negative donars tested
positive (p = 0.025). HCV RNA was also tested in wultracen-
trifuged serum, plasma, and PBMNC samples from the two
donors yielding reactivity for anti-HCV in the screening tests
at the blood banks, and all samples tested negative,

Sequencing and sequence analysis

Analysis of the sequences of the PCR products identified
all isolates as HCV Genotype 1b (BLAST analysis, NCBI).
Donors 14 and 19 shared an identical nucleotide sequence
for the genome fragments amplified independently in two
laboratories, Identity reached 100% in the BLAST analysis
performed with 94 sequences of the NCBI database,
including the sequence used as reference in the atignment
(Fig. 1). In contrast, the sequence from Donor 26 displayed
six nucleotide changes (C114G, A116C, G253C, G256C,
G271C, and A276G) in comparison with the former. Substi-
tutions C114G and G256C were detected in fragments
amplified from serum but not from plasma, and substitu-
tions A116C and G253C were found only in the product
amplified at one of the two laboratories (CNM).

Liver function tests

Abnormal liver functien tests were recorded in 306 of 2007
(15.3%) donors. Altered transaminase levels were detected
in one of five (20%) anti-HCV core-positive donors and in
five of 37 (13.5%) among the remaining anti-HCV core—
reactive donors (four males and two females). The fre-
quency of anti-HCV core reactivity did not display signifi-
cant differences in regard to this feature (6/306 with
altered values vs. 36/1701 with normal values).

DISCUSSION

The prevalence of anti-HCV among blood donors declined
dramatically in Spain during the past decade and was
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TABLE 2. Results obtained on Individual samples from anti-HCV core-reactive donors
Supplemental anti-HCV core
ELISA*
Anti-HCV core test
P . . Supplemental  Interpretation of  HCV RNA
AST/ALT/ and inhibition assay  21-40test  101-120 fest ant-HOV antkHCV in plasma
Bonor Sex GGTP (LYY Abs. Al Pl (%) Abs. Al - Abs. Al immune blot testing (2 mL), 1U/mL
1 Female 8/9/18 0.206 1.67 9.8 0394 1.76f 0.29% 1.77f Negative Negallve -0
2% Mala 10/17/35 0310 258 75.7¢ 0080 044 0.073 043 C1(1+)} Positlves 0
3 Female 1iM8/21 0.766 6.20 90.5% 0.106 077 0.112 0.66 Nogative Negativa 0
4 Female 6/6/14 0.348 263 79,04 0.075 055 0100 058 Negative Negative 0
& Male 11H4/22 0.476 3,59 80.1f 0.068 0.50 0092 0.54 Negative Negative o
8 Male 25/64/29 0176 1.3%9 201 0134 060 0,20 071 Negative Negative 0
7 Female 18/20/25 0.142 121 <5 0.073 053 01456 0.82 Negative Negative 0
8 Male 14/27/65 0,167 142 <5 0.262 1.17 0.244 1.44% Negative Negative 0
g Femnale 141111 0:229 1,78 125 0,405 077 0,126 0.74 Negative Negative 0
10 Male 2422116 0.202 1.79 <5 0075 055 0.101 059 Negative Negative 0
1 Female 1713/27 0.150 133 <5 0.304 1.674 0.424 2.39% Negative Negative 0
12 Malei 366/36/24 0,175 153 11.3  0.109 048 0.102 0.60 Negalive Negative 0
13 Male 12/1418 0.250 218 70.0+ 0.064 047 0080 047 Negative Nagative 0
14t Male 16/19/20 0.139 1.21 <5 0.085 0.62 0.164 092 Negative Negative Pasitive
(<100)}
15 Male 1911718 0.182 1.49 5228 0.087 047 0.157 0.88 Negative Negative 0
16 Female 1411513 0.155 1,20 <5 0,082 060 0.240 1.36% Negative Negative 0
17 Female 29/26/14 0457 1.21 104 0199 1.089 0306 1.73F Negative Negative 0
18 Male 18/28/24 0171 123 112 0.076 041 0.3¢ 073 Negative Negative 0
194 Male 1719/23 0.220 1.81 67.6¢8 0.060 051 0.0968 057 E2(1+)}¢ Paositive Positlve
‘ {<100)%
20 Famale 16/15/23 0.225 1.86 323 0.068 0.50 0.092 054 Negative Negative 0
21 Female 30/22/21 0.202 1.66 66.9F 0.082 036 0082 049 C1(1+} Positive 0
22 Female 14718116 0.218 1.82 <5 0.273 1.22¢ 0210 1.24% Negative Nagative o
23 Female 2017118 0.181 1.5t 101 0.268 1.20% 0.286 1.69f Negative Negative 0
24 Male 26/39/31 0147 122 <5 0.061 0.83 0.160 0.80 Negative Negative 0
25 Male 32/33/40 0.166 138 <5 0106 057 0195 1.10 Negallve Negative 0
264 Female 17/24112 0.643 535 <5 0,058 043 0075 044 NS4 (1+) Negative Positive
(<100)
27 Female ig8/2118 0.189 140 <5 0,287 1.57f 0419 2.37¢ WNegatlve Negative 0
28 Female 19/28/40% 0.224 168 381 0206 092 0,129 076 Negative Negative 0
29 Male 29/538/21 0.171 1.44 605 0.131 059 0.127 0.75 Negative Negative .0
30 Male 32/28/20 0,202 1,70 51.0+ 0.008 044 0.002 0.54 E2(1+)f Positlvet 0
31 Male 30/40/39 0.167 146 7.8 0,22 067 0.475 092 Negative Negative 0
32 Male 25/28/26 0,180 180 <5 0.533 292¢ 0675 3.81% Negative Negative 0
33% Female 17M15/20 0.238 1.99 67.3F 0.072 039 0.142 0.80 C1 (14} Positivet 0
34 Male 21/22/18 0154 125 80 0446 243} 0,343 1.82F Negative Negatlve 0
35 Female 25/28/118f 0,165 1.40 62 0.250 1.36f 0271 1.44% Negative Negative .0
36 Female 23/18/24 0.165 140 <5 0,524 2.86t 0551 2.92f Negative Negative 0
37 Male 1316/20 0224 1.88 67.6% 0089 042 0.101 0.54 Negative Negative 0
38 Male 24/16/19 0.188 1.58- 6.7 0320 1.75¢ 0.326 1.72¢ Negalive Negative 0
39 Male 19/19/30 0.262 2.02 <& 0.166 0.80 ' 0.161 0.85 Negative Negative 0
404 Female 17M6/16 0176 1.51 <5 0416 2271 0370 1.96¢ C1(1+), C2(1+)F Positivet 0
4 Male 22/28/47 0261 210 <5 0.620 3.38t 0.674 3.57¢ Negative Negative 0
42 Famale 12M13/23 0.293 252 <5 0.075 041 0,078 041 Negative Negative 0
* Additional HGV core peptide antibody reactivity against epltopes spanning Amino Acids 21-40 and/or 101-120 of the HCV core sequence
(European Patent EP225871481), ‘
t Normal values for AST, <34 IU/L; ALT, males <40 IU/L, females <32 IU/L; normal values for GGTP, males <50 IU/L, females <30 1U/A).
t Values above the normal level.
Bold highlight means significant reactivity in the test.

recently reported 0.013% from 1.7 million first-time
donors.!® Among the general population of adults, the
overall prevalence is more than 100-fold higher (1.8%).!®
The small size of the sample studied might account for
the lack of anti-VHC-positive donors resulting in this
study from the screening performed at the transfusion
centers,

In contrast, anti-HCV core testing selected 42 donors
to investigate, and supplemental studies could identify,
according to the criteria explained, five donors displaying
prior contact with HCV but not actual inifection and three
donors displaying OCI (Table 3). The yield of this alterna-
tive testing was 0.39% (8/2007). Most of the donors (34/42,
81%) lacked, therefore, any eyidence of prior contact with
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Fig. 1. Sequence comparison of PCR products amplified from plasma and serum of the three positive donors. Nucleotide posi-
tions and sequence of HCV 1b were taken from AB249644. (A) PCR products obtained at the CNM; (B) PCR products obtained at

the FEHV. P = plasma sample; S = serum sample,

TABLE 3. Interpretation of the results shown in
Table 2

Anti-HCV Conventional Number of denors
presant HCV infaction ocCl (donor number)
No No No 34
Yes No No 5 (2, 21, 30, 33, 40)
Yes No Yes 1(19)
No No Yes 2 (14, 26)

HCYV, and these false-positive cases represented 1.7% of the ,

sample studied.

The novel assay could actually detect anti-HCV where
sorme current assays did not, including some assays using a
sample dilution lower than 1:10. These findings would sug-
gest that minute amounts of antibody directed ‘toward an
epitope present in the single peptide used could be more
prone to be detected when the specific activity of the target
is not diluted in the multiantigen design of the solid phase
of a conventional immunocassay (European Patent
EP2258714B1).*° The results obtained by immuncblot sup-
ported the interpretation for seven samples, and recording
of isolated reactivity to core antigens by INNOLIA among
four of them was of interest.)” This advantage was, how-
ever, jeopardized by the finding of a large number of false-
positive results, which might be elicited by some human
protein displaying cross-reactivity with epitopes of this
region of the HCV core protein.’®?® Altematively, presence
of maturation-altered or low-avidity anti-HCV?#* could
explain the results, as suggested previously for OCL®

1888 TRANSFUSION \olume 58, July 2016

Although sample concentration by ultracentrifuga-
tion does not account among the procedures standar-
dized for HCV diagnosis by PCR, it offers a valuable
research tool for improving the knowledge of the natu-
ral history of the HCV infection. Sample contamination,
either from external sources before testing or from
sample to sample during testing, must be carefully con-
siderel to discuss the results obtained with this
approach. Three facts would support the results of this
study in regard to this important issue: 1) positive
results were obtained in different runs on different
days; 2) negative controls, the rest of the samples
included in each PCR run, and 100 anti-HCV-negative
donors tested negative; and 3) results were reproduced
from the RNA extracts by a second laboratory using a
different set of primers and a totally independent ali-
quot of sample, which is of special significance for sup-
porting the results obtained on Sample 14 (presence of
HCV RNA in absence of .anti-HCV). Sequencing con-
firmed the identity of the products as corresponding to
the expected region of HCV Genotype 1b, a viral geno-
type common in Spain.?* The fragments displayed, in
addition, sequence diversity, which excludes contami-
nation from a common source, Given that the 5 NC
region of the HCV geneme is highly conserved,®® the
sequence identity found for two of the three isolates
would fall within the expected and should not be nec-
essarily interpreted as reflecting sample-to-sample
contamination. In regard to the interlaboratory discrep-
ancy found in the sequencing of the third isolate, it



ed

~might represent an artifact of the amplification proce-
dures or could alternatively reflect differential amplifi-
cation of viral quasispecies present in the sample.
In conclusion, these findings reinforce the notion of
OCI as part of the natural history of the HCV infection,?®
30 although a couple of points remain obscure, First, the
discrepancy between the resuits obtained by PCR on sam-
ples of serum and plasina taken at once from the same.
donor, which perhaps reflects unknown technical issues
that could be critical when the viral load is extremely low.
. Second, the differences found in the sequence of the frag-
ments amplified from samples from Donor 26 at the two
participating laboratories, which can respond either to
technical or biologic reasons. Third, the weak antibody
response and the very low viral load found at once in
these donors, which is a feature characteristic of OCI that
awaits satisfactory explanation in terms of the putative
pathogenic mechanisms leading to it, Although not con-
clusive yet, the findings of this report suggest that the
safety of the blood supply might be improved by the anti-
HCV core test used in the study and would justify future
studies with larger samples of traceable donors who can
be fully characterized and submitted to follow-up studies
after selection by the novel test. In regard to such future
investigations, collecting and storing PBMNCs for per-
forming cellular recall HCV antigen studies would be of
interest, and the evaluation of the outcome of anti HCV
core-positive units among their recipients must be
regarded in these studies as an ethical commitment.
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Excretion of Infectious Hepatitis E Virus
Into Milk in Cows Imposes High Risks
of Zoonqsis |

Fen Huang," Yunlong Li," Wenhai Yu,” Shenrong ]ing,]' Jue Wang,! Feiyan Lcmg,1 Zhanlong He,> Chenchen Yang,’
Yanhong Bi,! Wentao Cao,* Chengho Liu,! Xiuguo Hua,? and Qjuwei Pan?

Hepatitis E virus (HEV) represents the main cause of acute hepatitis worldwide, HEV: infection in immunocompromised patients
involves a high risk for the development of chronic hepatitis. Because HEV is recognized as a zoonotic pathogen, it is currently
believed that swine is the primary reservoir. However, this is not sufficient to justify the strikingly high seroprevalence of HEV in
both developing and Western countries. Thus, this study aimed to identify new zoonotic sources that bear a high risk of transmis-
sion to humans. We collected fecal, blood, and milk samples of cows in a typical rural region of Yunnan Province in southwest
China, where mixed farming of domestic animals is a common practice. HEV RNA. was quantified by quantitative real-time poly-
merase chain reaction, and the whole genome was sequenced, HEV infectivity was assessed in rhesus macaques. We found a high
prevalence of active HEV infection in cows as determined by viral RNA positivity in fecal samples. Surprisingly, we discovered
that HEV is excreted into milk that is produced by infected cows. Phylogenetic analysis revealed that all HEV isolates from cow/
milk belong to genotype 4 and subtype 4h. Gavage with HEV-contaminated raw and even pasteurized milk resulted in active
infection in rthesus macaques. Importanty, a short period of boiling, but not pasteurization, could completely inactivate HEV.
Conclusion: Infections HEV-contaminated cow ‘mill is recognized as a new zoonotic source that bears a high risk of transmission
to humans; these results call attention to understanding and establishing proper measurement and control of HEV zoonotic trans-

o ST T R

mission, particularly in the setting of mixed farming of domestic animals. (HEPATOLOGY 2016;64:350-359)

epatitis E virus (HEV) is 2 positive single-

stranded RNA virus with four defined geno-

types and other newly discovered strains that
have not been assigned to these known genotypes.® It
is the most common cause of acute hepatitis globally.
In the Western wosld, chronic hepatitis has been fre-
quently described in immunocompromised patients.®
Thus, HEV infection has emerged as a global public
health issue with a particularly high mortality rate in
pregnant women.® Seroprevalence is rather high in
the developing world, ranging 30%-80%. Strikingly, it
is also very high in Western countries. In the United
States, population-based surveys have indicated a sero-

@

prevalence of 21% from 1988 to 1994 and 6% from

2009 to 2010.%) An overall seroprevalence of 22.4%

and 27% was found in French® and Dutch® blood
~ donors, respectively.

In the developing world, epidemics of hepatitis E
occur periodically and are mainly attributed to geno-
types 1 and 2. They account for annually 20 million
infections, over 3 million cases with symptomatic dis--
eases, and 70,000 deaths.® Fecal contamination of
drinking water is a major route of transmission of these
two genotypes.(s)

In contrast, in developed countries, HEV genotype
3 is predominant and spread by zoonotic transmission,

Abbreviations: cDNA, complementary DNA; HEV, hepatitis E virus; IpG/AgM, immunoglobulins G and M; ORF, gpen reading frame; PCR, poly-

merase chain reaction; gRT-POR, quantitative real-time PCR.
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It is believed to be mainly transmitted tbrou%h consump-
tion of uncooked or undercooked pig meat.”? Genotype
4 is also a zoonotic strain, mainly found in China®%*?
and Japan®¥ as well as some sporadic cases reported in
Europe.®*” Thus, zoonotic strains are circulating in
both developing and developed countries. The initial
concept of zoonotic transmission was based on the iden-
tification of HEV stains in various animals, including
swine, boars, deer, and rabbits.%®2Y Recent studies have
confirmed the genetic similarity between strains circulat-
ing in pigs and in indigenous human cases as well as
cross-species inff:cﬁon,(1 22) indicating that swine is the
most important reservoir of HEV zoonotic transmission.

Given the factor of cross-species infection, traditional
mixed farming of different types of domestic animals
may potentially expand the zoonotic sources that medi-
ate the transmission of HEV to humans. Thus, besides
direct contact with infected pigs or consumption of
uncooked pork contaminated with HEV, other uniden-
tified zoonotic sources may also contribute to the high
prevalence of HEV. In this study, we unexpectedly
found = high prevalence of HEV infection in cows in a
rural area of Yunnan Province, southwest China. We
discovered that infected cows excreted HEV into milk.
Furthermore, we demonstrated that HEV from raw and
even pasteurized fresh milk are infectious in rhesus mac-
aques yet can be inactivated by boiling.

Materials and Methods

SAMPLE COLLECTION

Fresh stool, serum, and milk samples of Holstein cows
were collected from Dali, Yunnan, China, during Sep-
tember to December 2015. The region where samples
were collected has traditional mixed farming of different
types of domestic animals, Typically, each household

owns one to three cows, whereas a few families own larger

ARTICLE INFORMATION:
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numbers of cows. The samples were stored at -80°C until
use. Details are described in Supporting Table S1.

"DETECTION OF HEV RNA

Stool specimens were suspended at 10% w/v in
phosphate-buffered saline (pH 7.4), containing 0.01%
diethyl pyrocarbonate, and centrifuged at 12,000g for
10 miinutes. Total RNA was extracted from the super-
natant of stool, milk, or serum using the QlAamp
Viral RNA mini-kit (Qiagen, Germany) according to
the manufacturer’s instructions. Reverse-transeription
was performed using a reverse transcriptase kit (AMV
XL for real-time polymerase chain reaction [RT-
PCR]; Takara, Japan) according to the manufacturer’s
directions. A 348-nucleotide amplicon from HEV
open reading frame 2 (ORF2) was amplified by nested
RT-PCR as described (Supporting Table 52).%

. GENOME SEQUENCING

Three full-length nucleotide sequences of HEV were
obtained by amplification of five overlapping fragments
covering the complete genome (Supporting Table S2).
The extreme 5’ and 3' ends of the viral genome were
amplified using the rapid amplification of complementary
DNA (cDNA) ends technique as in our previous
study.®? The complete nucleotide sequence  was
assernbled and analyzed using the MegAlign software, All
sequences have been submitted to the GenBank database.

VIRAL TITER QUANTIFICATION
BY QUANTITATIVE RT-PCR

. The viral titer of HEV in serum, feces, or milk was
quantified using SYBR green-based quantitative RT-
PCR (qRT-PCR) with HEV-specific primers as
described (Supporting Table 52).%% In brief, 200 4L
of milk or serum or 0.4 g of fecal samples was subjected
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to RINA isolation. Isolated RNA was used to synthe-
size the first-strand cDNA, and ¢cDINA was added as a
template for qRT-PCR. qRT-PCR was performed
under the following conditions: 95°C for 30 seconds,
followed by 39 cycles of 95°C for 5 seconds and 60°C
for 31 seconds. It was performed using an ABI
PRISM 7300 Real-Time PCR System.

VIRAL TITER CALCULATION

A standard plasmid was constructed by cloning the
RT-PCR-amplified ORF2 partial gene (348 bp) into the
pMD 18-T cdlone vector. The copy number of the
recombinant plasmid was calculated using the following
formula: (DNA concentration [ng/ul] X 107° X
6.0233 X 10% copies/mol)/(DNA size [bp] X 660). The
standard curve was drawn based on the copy number and
the cycle threshold value of gqRT-PCR. The accuracy of
HEV RNA quantification by qRT-PCR was validated
with a 10-fold serial dilution of this standard plasmid.
We first performed dilutions from 1 X 10* copies/mL to
1 X 107 copies/mL to generate 2 linear range. However,
there was no clear distinction of cycle threshold values
between 1 X 10' copies/mL and 1 X 107 copies/mL,
suggesting that this assay is not sensitive to quantify at a
Jow copy number of 1 X 10" copies/mL. Therefore, a lin-
ear range was generated from 1 X 10? copies/mL to 1 X
107 copies/mL with R* = 0.9966 (Supporting Fig. S1).

PHYLOGENETIC ANALYSIS

The nucleotide sequences of the amplified PCR
products and of prototypes of different genotypes of
HEYV strains were aligned using MEGA 4.1 software
(version 4.10, http://www.megasoftware.net). The ref-
erence sequences of prototype HEV strains were
obtained from the GenBank database. The standard
classification of HEV genotypes and subtypes was
according to previous studies.®%)

Phylogenetic trees were generated by the minimum
evolution and interior branch methods. Bootstrapping
with 1,000 resamplings of the data was performed to
calculate branch percentages. The identity between
nucleotide sequences was calculated using the MegA-
lign program (DNAstar package, version 5.03).

HEV INFECTIVITY IN RHESUS
MACAQUES

Healthy male rhesus macaques (n = 7), 2-3 years old,
negative for HEV RNA and anti-HEV immunoglobu-
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fin G (IgG) and immunoglobulin M (IgM) antibodies,
were used. The protocol of animal experimentation was
approved by the commitiee of Laboratory Animal Wel-
fare and Ethics of the Kunming University of Science
and Technology. Monkeys were numbered randomly

~ and housed in individual cages. HEV-contaminated raw

or pasteurized milk and a swine HEV strain (KMO01, 2
% 10* copies/mL) that we have demonstrated has robust
infectivity in rhesus' macaques®” were used. The first
monkey was inoculated with gavage of 5 mL supernatant
of KIMO1 (viral titer 2 X 10°) pretreated at 62°C for 30
minutes, The second monkey was inoculated with
gavage of 5 mL supernatant of KMO1 pretreated at
72°C for 30 seconds. The third monkey was inoculated
with gavage of 5 mL supernatant of KMO1 pretreated at
100°C for 3 minutes. The fourth monkey was gavaged
with 5 mL of pasteurized (the exact pasteurization con-
dition was unclear) commexcial milk positive for HEV
RNA (shelf life 24 hours, viral titer 3 X 10* copies/mL).
The fifth monkey was gavaged with 5 mL of raw milk
from the cow that was HEV-positive in both feces and
milk (viral titer in milk 2 X 10* copies/mL). The sixth
monkey was gavaged with 5 mL of phosphate-buffered
saline. The seventh monkey was gavaged with 5 mL of
milk negative for HEV RNA. Heating treatment of the
indicated samples was performed using a PCR machine.
The effectiveness of our pasteurization protocols was
validated on Escherichia coli (Supporting Fig. 52). Fecal
samples were collected from each monkey twice per
week for HEV RNA detection/quantification. Sera were
collected every week for anti-HEV IgG and IgM test-
ing, HEV RNA quantification, or liver enzymes analysis.
All samples were tested immediately or stored at -80°C
until use.

DETECTION OF ANTI-HEV IgG
AND IgM ANTIBODIES

Serum samples were tested for the presence of anti-
HEV 1gG and IgM antibodies using commercial
enzyme-linked immunosorbent assay kits (KHB,
China) containing recombinant ORF2 peptides from
the HEV genome as well as both positive and negative
controls. Samples were tested in duplicate according to
the manufacturer’s instructions, with cutoff values for
IgG and IgM assays set at 0.22 and 0.26, respectively,
which were determined based on the mean optical
density 450 values from the negative controls (*
standard deviation).
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SERUM LIVER CHEMISTRY
PROFILE '

The activities of alanine aminotransferase and aspartate
aminotransferase in serum were measured with an auto-

mated biochemistry analyzer (Olympus 2700, Japan).

Results

HIGH PREVALENCE OF ACTIVE
HEV INFECTION IN COWS

To investigate the prevalence of active HEV infec-
tion in cows, we collected stool samples from 140 indi-
vidual Holstein .cows from Dali, Yunnan Province,
southwest China, from September to December 2015.
Livestock are important components of the agricultural
economy in that region, and many of the households
typically own one to three cows, as well as other types
of domestic animals (Supporting Table S1). The pres-
ence of HEV genomic RNA (a hallmark of active
infection) in stool samples was examined by nested
RT-PCR as described.%® We found that 52 out of
140 samples were positive (37.14%), in line with previ-
ous reports of HEV RNA positivity in cows (8.79%,
8/91) on dairy farms in Xinjiang Province (northwest
China)®® and in swine (7.8%, 20/256) in Kunming,
the capital of Yunnan Province.®”

Complete genomic nucleotides of three strains of cow

- HEV were sequenced by amplification of five overlap-
ping fragments covering the complete genome from fecal
samples (Supporting Table S2). The extreme 5 and 3’
ends of the viral genome were amplified using the rapid

amplification of cDNA. ends technique, similar to our

' previous study.?? The complete genomic sequence was

assembled and analyzed using the MegAlign software.

Sequences were submitted to the GenBank database

(KU356187, KU356188, and KU356189 for HEV iso-

lated from fecal samples of cows and KU974927,

KuU974928, KU974934, KU974936, KU974938,

KU974946, KU974947, KU974948, KU974949,

KU974950, and KU974952 for partial HEV ORF2

sequences isolated from raw milk in Dali, Yunnan Prov-
ince, China) (Supporting Table S3).

EXCRETION OF HEV INTO COW
MILK

A recent case report showed the presence of HEV in
breast milk of a woman with acute hepatitis E.59 We
thus investigated whether HEV is excreted in the milk
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of infected cows. Paired serum, feces, and milk samples
were collected from 6 out of the 52 HEV-infected cows
that we have identified. As shown by qRT-PCR analy-
sis, all samples were positive, and the titers in milk were
considerably high (Fig. 1A; Supporting Table $4).

We further extended the collection of milk samples
from all of the identified HEV-positive cows. The
presence of HEV RNA (100%, 52/52) was first con-
firmed by RT-PCR, and the genomic copy number
was subsequently quantified by qRT-PCR (Fig. 1B;
Supporting Table S4). With respect to the milk sam-
ples derived from cows for which the complete HEV
genome was sequenced, the amplified ORF1 and
ORF2 (partial) sequences were also determined. As
expected, these ORF1 and ORF2 sequences were per-
fectly matched with their parental genome (Supporting
Fig. §3), providing further confirmation that HEV in
milk was excreted by the infected cows.

HIGH HOMOLOGY OF COW/
MILK HEV TO HUMAN AND
SWINE STRAINS

To find the homology relationship, phylogenetic
analysis was performed based on the complete genomic
sequences of our identified cow HEV strains and
ORF?2 (partial) sequences from milk. A phylogenetic
tree clearly illustrated that all HEV isolates from cow/
milk belong to genotype 4 (Fig. 2A), subtype 4h (Fig.
2B). More importantly, these HEV strains were closely
clustered to human and swine HEV isolated in Kunm-
ing City, the capital of Yunnan Province,

Homology analysis based on the complete sequence of
HEV indicated that these cow HEVSs shared 99.296-99.4%
similarity to human HEV isolated from a pregnant woman
in Kunming City, in early 2015, and shared 99.5%-
99.8% identity with swine HEV isolated in Kunming City
in 2010.%% These results strongly suggest that these HEV
isolates prevalent in human, swine, and cows in Yunnan
Province probably originated from the same source.

HEV FROM RAW OR
PASTEURIZED MILK IS |
INFECTIOUS IN RHESUS
MACAQUES

Cow milk produced in this area is mainly for house-
hold consumption and local market supplies. To
address the key issue of whether HEV-contaminated
milk can be a mediator of zoonosis, we next evaluated
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whether it is infectious in rhesus macaques. We
employed this sophisticated animal model for HEV
infection that bad been previously used by our

group(m and others.®33% We selected a representative
- milk sample with intermediate HEV viral titers
(approximately 2 X 10* copies/mL of genomic RNA)
(Fig. 1B).
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Experimental rhesus macaques were prescreened
and confirmed as being HEV-negative. Oral gavage of
raw milk containing HEV resulted in active infection
in a monkey showing an elevated viral titer from 7-10
days postinoculation in feces (Fig. 3A) and a high titer
at 4 weeks postinoculation in serum (Fig. 3B). In con-
trast, HEV was not detectable in the monkey gavaged
with HEV-negative raw milk.

* Fresh pasteurized milk is readily available dt local
markets supplied by the farmers. As expected, we iden-
tified HEV-contaminated packages but were curious
to know whether they remained infectious. Surpris-
ingly, oral gavage of pasteurized milk in a rhesus maca-
que resulted in a substantiafly high level of HEV viral
load (viral genomic RNA. approximately 1.1 X 10°
copies/mL) in serum at 4 weeks postinoculation (Fig.
3B), although viral RNA was hardly quantifiable inr
feces (Fig. 3A). Thus, pasteurization seems insufficient
to completely inactivate HEV,

COMPLETE INACTIVATION
OF HEV BY BOILING

To more clearly demonstrate the effects of pasteuri-
zation on HEV infectivity, we mimicked the com-
monly used protocols of pasteurizing raw milk by
preheating at 62°C for 30 minutes or at 72°C for 30
seconds using a PCR machine. We used a swine geno-
type 4 strain that we have previously demonstrated to
produce robust infection in monkeys.?” We found
that pretreatment with our pasteurization protocols is
not sufficient to completely inactivate the HEV infec-
tivity in monkeys as shown by quantified viral load in
both feces and serum (Fig. 4).

We next explored whether boiling of HEV at
100°C for 3 minutes is sufficient for complete inactiva-
tion. Indeed, similar to the phosphate-buffered saline-
treated negative control monkey, HEV viral RNA was
not detectable in both feces and serum of the monkey
inoculated with the boiled HEV sample (Fig. 4).
Thus, these results alert us to the potential zoonotic
risk of both raw and pasteurized cow milk. Fortunately,
a short period of boiling is already sufficient to com-
pletely inactivate the virus, providing a cost-effective
approach that can be easily implemented even in
resource-limited regions. . :

Discussion

Shortly after the discovery of the HEV genome,
which was attributed to the cause of non-A, non-B

<
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hepatitis in patients,®” the identification of HEV in
pigs(%} has raised the assumption of a potential zoo-
notic feature of this virus, The cross-species infectivity
of swine HEV demonstrated in nonhuman prima-
tes®” and of human HEV in pigs,?® as well as the
strong association of the consumption of undercooked
animal meat with HEV infection in humans,®® have
now firmly established its zoonotic nature, The evi-
dence of HEV infection in animals is rapidly expand-
ing. %) Besides in swine, genotype 3 and 4 strains
have also been identified in other hosts, including deer,
wild boar, mongoose, macaque, sheep, yak, and catile.
Many new strains that have not been assigned to any
genotype were recently discovered from camel, birds,
rabbits, bats, rats, ferrets, and fish. (139

Because many of these newly identified animal hosts
are not closely associated with human life, we currently
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only recognize swine as the primary source of zoonotic
transmission. However, the recent discovery of HEV
in other common domestic animals may revise our
classical concept. In cattle, a seroprevalence of 15%
was described in the United States“” and an HEV
RNA positivity of 8% was reported in cows on dairy
farms in Xinjiang Province, China.®® Seroprevalence
of FIEV in cows has been described in various regions
in China.®**® In this study, we described a 37% posi-
tivity of HEV RNA in cows surveyed in a rural area of
Yunnan Province, China. In this area, cows are
regarded as an important component of the agricultural
economy - and each household typically owns one to
three cows. Mixed farming in this region is a common
practice. Family-based, small-size farms host diverse
domestic animals including buffalo, cows, goats, sheep,
pigs, chicken, and ducks. In fact, a mixed farming sys-:
tem is one of the oldest and most traditional farming
methods practiced all over the world and remains the
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backbone of agriculture in Asia and many developing
countries, % However, an increased risk of zoonosis
has been raised as an important concern in this sys-
tem.“? Domestic animals are reared primarily on grass
and naturally grown crops, while composted animal
wastes are often used to fertilize the soil for growing
crops. When livestock are reared outdoors, this
increases the potential for contact with disease vectors
including rodents, wild birds, and insects, as well as
interaction among different types of domestic animals.
Given the ability of cross-species infection, we were
not astonished by a high rate of HEV infection in
cows found in our study with a high homology to
human and swine HEV strains as a high prevalence of
HEV has been reported in both swine and patients in
Yunnan Province,®1:46) Importantly, especially with
respect to mixed farming systems, we call attention to
the proper measurement and control of HEV circulat-
ing among different types of domestic animals, to
eventually prevent transmission to humans.

We were indeed concerned by the discovery of
HEV in milk that was produced by the infected cows.
The most common virus contaminating cow milk is
bovine leukemia virus. Bovine leukemia virus-infected
lymphocytes circulate through the blood of infected
cattle and can also infect the mammary epithelial cells
of cows. Infected cells could be disseminated into milk,
Exposure to bovine leukemia virus through consump-
tion of cow milk has been associated with breast cancer
in women.“”) Although there is no direct evidence yet
to illustrate milk-mediated transmission of HEV, a
recent study has demonstrated isolation of the virus
from breast milk of an acute hepatitis E patient, sug-
gesting that breast-feeding could be a potential route
of HEV transmission from mother to child.®®
Another case of liver transplantation with chronic hep-
atitis E infected with a camel strain was related to reg-
ular consumption of camel meat and milk.“® Because
camel meat is often well cooked but the milk is often
consumed fresh without processing, this might indi-
cate that camel milk is a possible source of
transmission.

To concretely prove whether milk represents a valid
source for HEV transmission, we assessed the infectiv-
ity of HEV-contaminated cow milk in rhesus maca-
ques in this study. The rhesus macaque is one of the
most robust animal models for HEV infection, #7437
although it is not commonly accessible for most
researchers. We successfully demonstrated that gavage
of raw milk resulted in active infection, as shown by
the quantification of HEV RNA in feces and blood.
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Surprisingly, inoculation of pasteurized milk also led to
active infection, although it appeared less robust. Con-
sistently, mimicking the commonly used protocols of
pasteurization by preheating at 62°C for 30 minutes or
at 72°C for 30 seconds still resulted in active infection
in monkeys. In contrast, boiling of HEV at 100°C for
3 minutes is sufficient for complete inactivation. Rhe-
sus macaques are in general tolerant of HEV infection,
often with weak or no clear humoral immune response,
as we have desctibed.®”) Except for one monkey that was
inoculated with HEV preheated at 62°C for 30 minutes
and showed a dramatic elevation of alanine transaminase
2 weeks postinoculation (Supporting Fig. $4), a strong.
indication of liver injury, all of the others had normal ala-
nine aminotransferase and aspartate aminotransferase lev-
els (Supporting Figs. 54 and S5). Most of these monkeys
had no clear humoral immune responses (Supporting
Figs. 56 and S7), except one that was inoculated with
HEV preheated at 72°C for 30 seconds and had a high
level of anti-HEV IgM at 3 weeks postinoculation
{Supporting Fig. S7).

In fact, several factors have been proposed to affect
the thermal stability of HEV. An early study reported
that an HEV isolate from Guangzhou, China, could
be inactivated by heating at 56°C for 30 minutes.“”
There are probably also genotype-dependent differen-
ces and variations between different isolates. The
genotype 1 strain (Akluyj) could be completely inacti-
vated at 56°C for 1 hour, Another genotype 1 strain -
(Sar55) was more. heat-resistant and was not inacti-
vated at 56°C, but ~80% of the viruses were inacti-
vated at 60°C for 1 hour. Approximately 50% of the
viruses of a genotype 2 strain (Mex 14) could be inacti-
vated at 56°C, and 96% of the viruses were inactivated
by incubation at 60°C for 1 hour.®® Heat treatment.
for 1 minute up to 75°C was not able to completely
inactivate a genotype 3 strain (47832c). Complete
inactivation was achieved-at 80°C or higher tempera-
tures. These data have been used to calculate predictive
heat inactivation models for HEV.®® Thus, we specu-
late that the tradition of consuming raw pork and raw
milk in regions where HEV is highly prevalent could
be the key route of transmitting HEV to humans.

In summary, we found a high prevalence of active
HEV infection in cows in a typical rural region of
Yunnan Province in China, where mixed farming of
domestic animals is a common practice. Furthermore,
we discovered that infectious HEV is excreted into the
milk that is produced by the infected cows, although
the mechanism of action remains to be elucidated.
Importantly, we demonstrated that a short period of
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boiling, but not pasteurization, could completely inac-
tivate HEV. This provided a cost-effective approach
that can be easily implemented even in resource-
limited regions to eliminate the risk of milk-mediated
HEV transmission to humans. Finally, we call atten-
tion to understanding and establishing proper mea-
surement and control of HEV zoonotic transmission,
in particular in the setting of mixed farming of domes-

tic animals.
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Background and objectives Human hepatitis E virus (HEV) is prevalent
worldwide. Iatrogenic HEV has recently been identified based on the reports of
transfusion-transmitted cases. The detection rate of HEV-RNA and seroprevalence
of HEV-IgG/IgM have been regionally evaluated in Japan, and donor plasma col-
lected in Hokkaido is currently screened by nucleic acid amplificaiion testing.
However, the detection rate of HEV-RNA in blood donors in Japan outSlde of
Hokkaido has not been reported.

Materials and Methods A total of 620 140 qualified donor plasma samples from
Japanese regions excluding Hokkaido were tested for HEV-RNA (pools of 50 or
500) between 2004 and 2014. HEV-RNA-positive plasma bags were identified,
and the HEV viral load, genotype and anti-HEV immunoglobulin (Ig)G/IgM were
evaluated.

Results The detection rate of HEV-RNA (pools of 50) was 1/15 075 and higher in
eastern than in western Japan, All 36 HEV-RNA-positive samples were genotype
3 with viral load ranging from <1-69 to 7-22 log10 copies/ml.

Conclusions Our detection rate of HEV-RNA in donor populations in Japan out-
side Hokkaido (1/15 075 denations) is generally lower than reported in Europe
and lower than previously reported for Hokkaido (1/8173 donations). As methods
varied, we cannot exclude that these differences are reflective of differing RNA
detection limits. In contrast to Hokkaido where genotype 4 has been reported
among blood doenations, all our positive donations were genotype 3, which is less
pathogenic.

Key words: blood donors, HEV, NAT testing, serological testing,.
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Introduction

Human hepatitis E virus (HEV) is the causative agent of
viral hepatitis E [1]. HEV, which belongs to the genus
Hepevirus of the family Hepeviridae, has a diameter of
approximately 27-34 nm. The viral capsid is nonen-
veloped, and the nucleocapsid contains positive-sense
single-stranded RNA of approximately 7.3 kb. HEV has
one serotype, with genotypes 1-4 (G1-G4) and recently
identified genotypes 5 and 6 (G5, G&} [2—4]. Genotypes 3
and 4 are zoonotic, with transmission occurring mainly

Correspondence: Mikihire Yunoki, REtD Division, Japan Blood Products
Organization. 7F, WIC building, 2-4-1, Hamamatsu-cho, Minato-ku,
Tokyo 105-6107, Japan

E-mail: yunoki-mikihiro@jbpo.orjp

242

24

through ingestion of uncooked or undercooked meat in
developed countries [5, 6]. In addition, HEV infections
transmitted by transfusion have been reported in Japan
[7, 8]. HEV can also be transmitted through solvent-f
detergent-treated pooled plasma [9]. On the other hand,
HEV-RNA is not detected in plasma derivatives, which
have not been implicated in any reported cases of trans-
mission [10]. Previous studies have described the detec-
tion rate of HEV-RNA in donor plasma in severai
countries [11~13], and the results suggest regional varia-
tions. The seroprevalence of HEV has also been found to
vary by region [14-17], In Hokkaide, Japan, an HEV
nucleic acid amplification testing (NAT) screening trial
for donated blood was Implemented by lapanese Red
Cross {JRC} in 2005 {18], since most HEV patients in this
region are infected with genotype 4, which has a higher

JRC2016T-035
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pathogenicity than genotype 3 [19]. Plasma derivatives —_ . B
have been manufactured from donor plasma (source § ~ §'§;‘ 72' N8R G
plasma) collected in all regions of Japan. However, the 28 2 ; 28 = &=
detection rate of HEV-RNA in the donor population in T ® cTTS e §
. . . @ Mo n [ I )
areas other than Hekkaido and the relationship between B _moSo%y oliNTEIng2d
HEV-RNA detection and seroprevalence of HEV-IgG/lgM 2 SES5ESS S=-E£L35EE
in these areas are unclear. This study addressed this issue
by evaluating the detection rate of HEV-RNA in source
plasma donated between 2004 and 2014. E
f=4
8
Materials and methods % W2 g L8 =
. B & L
A total of 620 140 source donor plasma samples donated é— -gi. -';: :é?_ g %l E g; .E. 36 Z55g -.g_
between 2004 and 2014 in six Japanese regions (exclud-
ing Hokkaido, see figure 1). NAT was used to detect HEV
genomes in donor plasma pools of 50 or 500, as briefly g2 =
described below. Each donor sample was collected from 2 ¥
the segment tube of donor bag. A mini-pool of 10 donors 'Q -g:
was a mixture of 10 donor samples. On the other hand, a % I § 0B o w3
mini-pool of 50 or 500 donors was a mixture of 5 or 50 2 BodBe RRaRET Qo
mini-poals of 10 donor samples. A mini-pool sample of o 255555 ©6SRESESW
0-2 ml was tested. When HEV-RNA was detected in the
mini-pool sample of 50 or 500° donors, the positive donor o © BN oo
bag was identified by testing individual donor samples _ | _ vl 8 L,gRoRIgdd
N . . . . o = I T M= O B3 -
following the mini-pool of 10 donors. Nucleic acids were &1 £ EE5588 S8=555258
extracted from test samples using the MagNA Pure 96 &
System with the MagNA Pure 96 DNA and Viral NA E
Small Volume kit (Roche Diagnostics, Mannheim, Ger- 3} . )
many). Viral RNA amplification was carried out on a E § o
7500 Real-Time PCR System (Applied Biosystems, Foster = | 3 2
City, CA, USA) using the QuantiTect Probe RT-PCR kit 2 u g o & oo 8 REB .8
(Qiagen GmbH, BHilden, Germany} and the JVHEVF/ | 2 cB 88k £2 _E_ EXzg _E_‘_ &
JVHEVR and JVHEVP primer and probe set [20]. The g1- #eeSee o959 -S o
detection limit was 152 IUfml (95% detection limit) for E_
undiluted samples. HEV-RNA-positive donor plasma bags £ | = = e =T
were identified and removed by retesting individual é ﬁ g 3 E ) g E 2 § 2
plasma samples when the mini-pool yielded positive ZE % & .f_ hd % & E.. SEZ
results. HEV-RNA-positive plasma samples were evaluated 5 | T CECTEEad
. & o2 EE T R85
for HEV-RNA viral load, genotype and the presence of ) £ e R e A E =
anti-HEV immunoglobulin (Ig)G/IgM antihodies. HEV & | 8 ESSSTR =ETHIBESETR
viral load was quantified with the JVHEVF/JVHEVR and %
JVHEVP primer and probe set as described above. To =
identify HEV gehotype, sequences amplified with primers 2 T 3§
HE044 and HE041 covering open reading frame 2 were -
analysed using a 3500 Genetic Analyzer and the BigDye £ ® E §
Terminator Cycle Sequencing kit (Applied Biosystems). ; E - + 32833 ¥
Sequences were aligned with Clustal W from the DNA = | £ = %. 583 %. 55 g esd -§. % 5
Data Bank of Japan based on a 412-bp sequence corre- ;
sponding to nucleotides 5969-6380 (GenBank accession 2
no. AB073912) [21]. An IgG/IgM anti-HEV enzyme-linked £ | §
jmmunosorbent assay kit {Institute of Immunology Co., & -§"
i-HEV- - o | % TU8538F BB82ozuesg
:Z:?::' i.;ag:gp\;:s used to detect anti-HEV-1gG/IgM anti E E - SEE8R8E83 - BBEEEEE z g
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Results

Donor plasma samples were evaluated; 36 of these tested
positive for HEV-RNA, corresponding to an HEV-RNA
detection rate of 1/53 788 (500 pool}) and 1/15 075 {50
pool) (Table 1a,b). HEV genotype 3, but not genotype 4,
was detected among the samples (<1-69-7-22 logy,
copies/ml). Of the 36 HEV-RNA-positive samples, seven
_were positive for anti-HEV IgM or IgG (Table 2). Detec-
tion rates of 50-pool NAT in each area were as follows:
Kyushu and Okinawa (including Fukuoka), 0f21 511;
Kinki (including Osaka), 1/75 930 (0-001%); Tokai and
Hokuriku (including Aichi), 2/71 596 (1/35 798, 0-003%);

Table 2 Properties of HEV-RNA-pesitive donor plasma

Chugoku and Shikoku (including Okayama), 2/42 829
(1/21 415, 0-005%); Tohoku (including Miyagi), 5/81 469
{1/16 294, 0-006%); and Kanto and Koshinetsu {including
Tokyo), 24/219 229 (1/9135, 0.011%) (Fig. 1).

Discussion

We determined the rate of HEV-RNA in source plasma
collected in Japan between 2004 and 2014, We detected
HEV-RNA in 34/512 564 50 domor pools {115 075,
0-007%) from donations outside of Hokkaido, whereas the
reported detection rate in donors from Hokkaido between
2005 and April 2015 was 348/2 844 182 (1/8 173,

Genome amount

Anti-HEV antibody

Collected year Genotype (log4 copies/mI) lgG 1gM Collected arca
2008 3 722 - - Kante & Koshinetsu
3 4.79 + + Kanto & Kashinetsu
3 4.64 - - Kanto & Koshinetsu
2009 3 3-60 + - Kinki
3 4.14 - - Kanta & Koshinetsu
3 L 2:34 - - Kanto & Koshinetsu
3 334 - - Kanto & Koshinetsy
Unelassified <1-69 + - Kanto & Koshinetsu
3 345 - - Kanto & Koshinatsu
2010 3 499 - - Kanto & Koshinetsu
3 3.38 - - Kanta & Koshinetsu
3 348 - - Chugoku & Shikoku
3 <1.59 + - Kanto & Koshinetsu
3 4.57 - - Tohoku
k) 356 + - Kanto & Koshinetsu
3 3.93 - - Chugoku & Shikoku
201 3 2:53 - - ’ Kanta & Koshinetsu
3 2.80 + + Kanta £ Koshinetsu
3 3.63 - ~ Tohoku
3 356 - - Kanto & Kashinetsu
3 4.06 - - Tokai & Hokuriku
3 3.89 - - Kanto & Koshinetsu
3 3-89 + - Kanto £t Koshinetsu
2012 3 3.67 - - Kanta & Koshinetsu
.3 573 - - Kanto & Koshinetsu
3 <1-69 - - Kanto £ Koshinetsu
3 4.65 - - Kanto & Koshinetsu
2013 3 4.81 - - Tahoku
3 312 - - Kanto & Koshinetsu
3 3.86 - - Tohoku
3 <1.69 - - Tahoku
3 4.89 - - Tekai & Hokuriku
3 4.01 - - Kanto & Koshinetsu
3 462 - - Kanto £t Koshinetsy
2014 3 4.75 - - Kanto & Koshinetsu
3 3.75

- - Xanto & Koshinetsu

26

® 2016 International Society of Blood Transfusion
Vox Sanguinis (2016) 111, 242-246

1 (ﬁ)



()

N

Hepatitis E virus in donor plasma collected in Japan 245

Kinkl

500 pool: 0/21 356
50 pool: 1/75 930

Chugoku & Shikoku

500 pool: 0/15 748

50 pool: 242 328 (121 415}

Fig. 1 Positivity rate of HEV-RNA in donor
plasma samples derlved from seven
geographical areas In lapan.

0-012%) [13]). While our rate for donations outside Hok-
kaide is lower, it is not appropriate to compare the rates
directly, since HEV-RNA detection limits differed. Sero-
positive rates in western Japan — namely, Fukuoka,
Okayama, Osaka and Aichi — were 1.7%, 1-0%, 1.1% and
3.29%, respectively; in eastern Japan — namely, Tokyo,
Miyagi, and Hokkaido — the rates were 8.6%, 4-4% and
3.9%0, respectively [14]. HEV has been reported in the
general population as well as in animals in Japan [19].
Reported HEV transmission routes in a nationwide Japa-
nese study were unknown (58%), zoonotic food-borne
{319}, travel and import (7-9%), blood transfusion (230}
and contact with animal (0-5%) [22). Also, prevalence
seems to be affected by consumption of pork {14). These
findings suggest that rate of HEV-RNA carriage and sero-
prevalence of HEV-IgG{IgM correlates across regions. In
our study, the detection rates of HEV-RNA in Japan were
generally lower than in European countries and higher
than in the U.S.A [11-13]. However, as the detection limit

. for the tests applied in these studies vary, it is not appro-

priate to compare rates directly. The impact of the test
detection limit can be seen in our own data where the
HEV-RNA. detection rate in pools of 50 was almost four-
fold higher than in pools of 500, Detection of only geno-
type 3 in our study, along with previous data from the
JRC, demonstrates genoiype 4 has to date only been
detected in samples donated in Hokkaido [13]. Interest-
ingly, detection rate of HEV genotype 4 in Hokkaido is
higher than other areas in the general population and the

© 2016 International Seciety of Blood Transfusion
Vox Sanguinis (2016) 111, 242-246

27

Tokai & Hokuriku
500 pool: 0/11 924
50 pool: 2/71 586 (1/35 708)

Hokkaido
HEV-NAT screened source plasma
donated In Hokkaldo were suppliad.

Tohoku
500 pool: 0/8752
50 pool: 5181 469 (1/16 204)

Kanto & Koshinetsu
500 pool: 231 283 {1115 642)
50 pool: 24/219 228 {1/9135)

Kyushu & Okinawa
500 pool: 0117 973
50 pook: 021 511

pathogenicity of genotype 4 is more severe than genotype
3 [22]. It remains unclear why genotype 4 has only been
detected in donor samples from Hokkaide. Hence, the
publication on HEV issued by the European Medicines
Agency is useful for the risk assessment of plasma deriva-
tives of donor plasma samples collected in Japan [23].
More discussion may be needed for the risk of genotype 4
since the genotype 4 has not been detected in the donors
in European countries and has more severe pathogenicity
than genotype 3. Further studies on solid transplantation
and vertical modes of transmission as well as chronic
infection are needed to clarify the risk of genotype 4. In
addition, the risk posed by animal reservoirs must also be
evaluated.
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Transmission of human immunodeficiency virus Type-1 by
fresh-frozen plasma treated with methylene blue and light

Manuel Alvares,” Mar Luis-Hidalgo,® Maria Alma Bracho,” Amando Blanquer! Luis Larrea,

7

José Villalba,® Nieves Puig,’ Dolores Planelles,” José Montoro,” Fernando Gonzélez-Candelas,® and

Roberto Roig!

BACKGROUND: The risk of transfusion-transmitted
infection (TTI) has been minimized by introduction of
nuclele acid testing (NAT) and pathogen inactivation (Pi).
This case report describes transmission of human
immunodeficiency virus Type 1 (HIV-1) to two reciplents
despite these measures.

STUDY DESIGN AND METHODS: |n March 2008 a
possible TTI of HIV-1 was identified in a patient that had
received pooled buffy coat platelat concentrate (BC-PLT)
in November 2005. The subsequent lookback study
found two more patients who had recelved methylens
blue (MB)-treated fresh-frozen plasma (FFP) and red
blood cells (RBCs) from the same denation. In November
2005 the denor had tested negative for both HIV
antibodies and HIV-1 RNA by 44 minipacl (44 MP) NAT.
Repository samples of this donation and samples from
the reciplents were used for viral load (VL) and sequence
analysis. )

RESULTS: HIV-1 RNA was detectable by individual
donation (ID}-NAT in the repoesitory sample from the 2005
window period donatlon and a VL of 135 copies/mL was
measured. HIV-1 Infection was confirmed In both
reciplents of both BC-PLT (65 mL of plasma) and
MB-FFP (261 mL of plasma), but not in the patient that
had received 4-week-old RBCs (20 mL of plasma). The
sequence analysls revealed a close phylogenstic
relationship between the virus strains isolated from the
donor and reclplents, compatible with TT1.
CONCLUSIONS: Approximately 17,600 and 4400
virions in the MB-FFP and BC-PLT were infectious, but
1350 virions in the RBCs wera not. ID-NAT would have
prevented this transmission, but the combination of
MP-NAT and MB-FI did not.

30

-

he main cause of transfusion-transmitted infec-

tions (TTIs) are incident window period (WF)

infections in donors that are not detected by the

screening tests.! It is estimated that a validated
donor selection policy can eliminate 86% to 90% of this
risk.? The length of the WP for human immunodeficiency
virus Type-1 (HIV-1) has decreased from 56 days, with
first-generation serologic tests,! to approximately 19 and
15 days with the third- and fourth-generation serologic
assays, respectively® The introduction of nucleic acid
amplification technology (NAT) has further reduced the
diagnostic WE The length of the infectious WP depends
on the sensitivity of the NAT method, the minipool (MP)
size, and the transfusion. plasma volume.* In addition, the
first-generation polymerase chain reaction (PCR) assays

ABBREVIATIONS: BC-PLT = buffy coat platelet concentrate;

_ID = individual donation; LOD(s) = limit(s) of detection;

MB = methylene blue; MID50 = 50% minimum infectious
dose; MP = minipool; MSM = man practicing sex with
men; PI = pathogen inactivation; TMA = transcription-
mediated amplification; TTI(s) = wansfusion-transmirted
infection(s); VL(s) = viral load(s); WP = window period.
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are known to have caused detection failures due to mis-
matches in primers or prébes.>”

In July 1999, hepatitis C virus (HCV) NAT was intro-
duced in the Valencian Regional Blood Transfusion Cen-
ter (Valencia, Spain) in minipools of 44 donations (44
MP-NAT).2 A few years later, in February 2004, HIV-1
RNA screening was incorporated in this 44 MP-NAT pro-
cedure. Later, in July 2006, individual-donation (ID) NAT
was introduced in our center, which reduced the infec-
tious WP to 1 to 4 days depending on the estimates of
the 50% minimum infectious dose (MID50).>* In addi-
tion, since Naovember 1997 pathogen inactivation (PI)
has been performed for fresh-frozen plasma (FFP) by
adding methylene blue (MB) and subjecting the plasma
bags to a visible light source. Validation studies claimed
more than 6 logs reduction of infectivity of HIV model
virus in tissue culture by this PI procedure.® Hence, MP-
NAT screened MB-FFP units are believed to be safe with
regard to HIV-1 transmission. This report calls this in
question.

CASE REPORT

In March 2009, a Valencian hospital identified HIV-1
seroconversion in a 24-year-old patient who was diag-
nosed with T-cell acute lymphoblastic leukemia. He had
received blood components from 77 donors from Sep-
ternber 2005 to April 2006. During the traceback process,
63 donations were identified from returning donors who
had negative serologic results. Hence, they were
excluded from being the source of transmission. The
remaining 14 donors were called back for a follow-up
sample. Twelve donors returned, of whom 11 tested
HIV-1 negative, The remaining donor tested pesitive for
HIV-1 antibodies and RNA by ID-NAT in April 2009. The
donor acknowledged being an HIV carrier since May
2006. His last blood donation was on November 23,
2005, from which red blood cells (RBCs), MB-FFF, and
buffy coat platelet concentrate (BC-PLT) had been pre-
pared. The buffy-coat had been included in a platelet
(PLT) pool transfused to the recipient who subsequently
had seroconverted to anti-HIV, as confirmed in a sample
taken in 2009. At the time of donation, all mandatory
screening assays were negative, including HIV-1 RNA by
reverse transcription-PCR (RT-PCR} in 44 MP format.
The cellular components from this donation had been
leukoreduced. The lookback identified another HIV-1-
infected recipient who had received MB-FFP in the con-
text of a liver transplant. The other patient, who had
received the RBC unit, was not infected, according to
anti-HIV test, 23 months after transfusion. This could

‘not be confirmed in 2009, because she had died earlier

by a cause not related to transfusion.
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MATERIALS AND METHODS

Routine tests

All blood products transfused were screened using a
chemiluminescent immunoassay for anti-HIV-1 and HIV-
2 antibodies (Abbott PRISM anti-HIV-1/2 assay, Abbott
Laboratories, North Chicago, IL) and HIV-1 RNA in 44
MP-NAT using PCR (COBAS AmpliScreen HIV-1 test, Ver-
sion 1.5, Roche Molecular System, Branchburg, NJ}. For
each donoi, plasma containing EDTA was cenirifuged at
1750 % g and held at 4°C until processed. An application
for the Hamilton dispenser designed in the Galicia Blood
Transfusion Center was used for pooling. The final volume
of each 44-member MP was 1 mL. To minimize dilution
effects, each MP was centrifuged at 23,600 x g for 60
minutes at 2 to 8°C. Then 900 pL of supernatant was dis-
carded, and the 100 pL of RNA pellet was extracted.® The
95 and 50% lower limit of detection (LOD) of HIV-1 RNA.
in the multiprep Ampliscreen method was 78 (60-137)
and 22 (13-29) [U/mL, respectively, according to analytical
sensitivity studies on the WHO 97/656 International
Standard reported by the manufacturer in the package
insert. Recalled donors in April 2009 were also tested by
ID-NAT by transcription-mediaied amplification (TMA4;
Proclelx Ultric Assay on Tigris Systern, Chiron/Novartis,
Emeryville, CA). The 95 and 50% LOD of HIV-1 RNA on
the WHO International Standard 97/650 in the Uliro
assay was reported to be 20.3 (18.1-23.1) and 4.5 (3.5-5.9)
IU/mL.'® The sérum sample from the HIV-1-infected
donor obtained in 2009 tested anti-HIV positive repeat
reactive and confirmed by immunoblot assay (INNOLIA
HIV I/1I Score, INNOGENETICS N.V,, Gent, Belgium). The
donor sample was also ID-NAT reactive and was identified
as HIV-1 RNA positive by TMA discriminatory testing.
Viral loads (VLs) were determined using the Roche COBAS
Amplicor HIV-1 Monitor Test Version 1.5 (Roche Molecu-
lar Systems). Recipient plasma samples were obtained
from the hospitals where they were receiving treatment;
gach one was frozen and sent to the reference center for
amplification, sequencing, and phylogenetic analysis.

Phylogenetic analysis

Two plasma samples of the donor were available for
sequence analysis, one from the donors’ repository sam-
ple of 2005 and the other obtained in 2009, Plasma sam-
ples from the infected recipients were obtained in 2009,
Plasma from 37 newly HIV-1 diagnosed persons obtained
in the same city between 2004 and 2009 were used as local
control samples. Specimens from the donor, the infected
recipients, and the local controls underwent HIV RNA
purification followed by RT-PCR and direct sequencing
using procedures described elsewhere with minor modifi-
cations.™! Sequences were obtained for a 728-nucleotide-
long region from the pol gene, comprising partial protease
(Codons 10 to 99} and reverse transcriptase (Codons 1 to
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TABLE 1. First HIV-1-infected patient results: traceback study

Viral testing results

Diagnosts for Time of Day of Date of blood
Subject transfusion storage {days)  transfusion drawing NAT (TMA} HBsAg Antl-HCV  Antt-HIV  HIV Imblot
BC-PLT T-cell acute 2 Nov 25, 2005 Oct 14, 2005 ND Neg Neg Neg NA
recipient lymphoblastic NA NA Feb 08, 2009 ND Neg Nag Pos ND
leukemia

Imblot = immunoblof; NA = not applicable; ND = not done or not raportad; Neg = negative; Pos = positive.

TABLE 2. Subsequent lookback study

Viral testing results

Diagnosis for Time of Day of Date of blood
Subject tfransfusion  storage (days}  transfusion drawing - NAT (TMA) HBsAg Anti-HCV  Ant-MIV - HIV Imblot
Donor . NA ‘NA NA Nov 23, 2005 Pas* Neg Neg Neg NA
NA NA NA Apr 28, 2008 Pos Neg Neg Pos Pos
MBE-FFP In the context 15 Dec 8, 2005  May 24, 2009 ND Neg Neg Pos ND
raciplent of livar '
transplant )
RBC Anemia of 27 Dec 20, 2005  Nov 15, 2007 ND Nag Neg Neg + ND
raciplent chronlc :
diseasa :

TMA.

* In 2005 NAT tested negative In 44 MP-NAT using PCR. This same sample, from the repository, tested positive In 2009 by 1D-NAT using

Imblot =immunoblot; NA = not applicable; Neg = negative; ND = not done or not reported; Pos = posltive.

152) genes. To establish the relationship between viruses
obtained from the donor and the infected recipients, a
phylogenetic 4nalysis was carried out as described
before.*?

Pathogen inactivation

Plasma inactivation was perfermed using MB-Plasma
Theraflex (MacoPharma, Towrcoing, France), following the
manufacturer’s instnuctions.

RESULTS

On November- 23, 2005, a donation that transmitted HIV
to two recipients tested negative for anti-HIV and HIV-1
RNA by NAT in 44-member MP and all other required
screening tests. In March 2008, HIV seroconversion was

- detected in the BC-PLT and MB-FFP recipients. The REC
recipient remained healthy and anti-HIV negative 23
months after transfusion. In Apxil 2009, a repository sam-
ple collected in 2005 from the donor tested HIV-1 RNA
positive, with a VL of 135 copies/mL. The infectious blood
was donated by a man practicing sex with men (MSM)
aged 42 who knew of his HIV infection in May 2006,
although he did not report this information to the blood
center. A more recent blood sample from this donor, col-
lected in April 2009, tested positive for anti-HIV by chemi-
luminescent immunoassay, immunoblet assay, and HIV-1
RNA by TMA (Tables 1 and 2). :
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Viral RNA was isolated from two donors’ samples (the
2005 repository and 2009 blood drawing) and from each
recipient’s samples. HIV-1 RNA could not be isolated by
the RT-PCR procedure in the reference laboratory from
the 2005 repository sample probably due to its low VI, and
therefore could not be sequenced. The HIV RNA from the
second donor sample and the samples from the MB-FFP
recipient and the BC-PLT recipient, all collected’in 2009,
was successfully amplified and sequenced, Using different
amplification strategies, two closely related nucleotide
sequences were obtained from the sample corresponding
to the MB-FFP's recipient. The four sequences corre-
sponded to HIV-1 subtype B and they grouped in a well-
supported monophyletic clade when compared with local
reference sequences for this subtype (Fig. 1). The mean
nucleotide identity for these sequences (excluding one
redundant sequence from the MB-FFP's recipient} was
99.3% (range, 99.0%-99.7%) whereas the mean nucleotide
identity to unrelated control sequences was 94.2% (range,
91.9%-96.8%). This type of phylogenetic grouping and
high genetic identity are indicative of samples sharing a
relatively recent common origin, compatible with a TTI
from blood components from a single donor,

DISCUSSION

To our knowledge this is the first case of HIV-1 transmis-
sion related to a blood component undergoing a PI pro-
cess, It Is difficult to imagine how MB-treated plasma that

Volumne 56, April 2016 TRANSFUSION 833

@



»

ALVAREZ ET AL.

. 100 ———— control 1
L— control 2

control 3
control 4
control 5

control 6

control 7
contral 8
control 9
control 10

control 11
control 12
control 13

control 14
7‘-_—‘_—— control 15

100

control 16
cantrol 17

contral 18

) Doner |
l E BC-PLT reclpient
0T MB-FFP reciplent seq 1
. MB-FFP reclplent seq 2
contral 18

controt 20

control 21
control 22
control 23

contrel 25
control 26

control 28

control 24

centrol 27

control 29
contral 30

— control 31

control 32
control 33

cohtrol 34

control 35

control 38
D—— control 37

—
0,005

Flg, 1. Maximum likelthood phylogenetlc tree for pol sequen-
ces (728 nucleotides) from blood donor, BC-PLT reciplent,
and MB-FFP recipient (two sequences) along with 37 local
control sequences. The phylogenetic tree was built with
RAxML with bootstrap support for branches after 1000 repli-
cates. Only hootstrap values higher than 70% are shown. The
scale bar Indicates number of substitutions per nucleotide.

tested nonreactive in 44 MP-NAT (Ampliscreen) method
used in 2005 might have transmitted HIV-1. One explana-
tion: is that the PI failure could be due to manufacturing
or process errors, such as: 1) the Plasmaflex PLAS4 filter
was defective, allowing the passage of residual HIV-
infected white blood cells into the illumination bag. The
inactivation of intracellular virus by MB is known to be
inefficient;? 2) there was no MB pili in the bag system; 3)
the MB tablet was not completely dissolved or homogene-
ously mixed over all compartments of the bag; 4) some-
thing had gone wrong with the illumination of the plasma
bag (the inactivation is known to be limited without visi-
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ble light); 5} standard operating procedures related to
good manufacturing practices in the blood center were
vialated. Another explanation may be that viruses associ;
ated with human cell membranes or lipids in plasma aré
partially protected from inactivation by MB. The manu-
facturer found more than 6-log reduction of HIV-1 by MB.
treatment in tissue culture experiments but these may not
be representative for the infectivity of HIV in the WP of
plasma transfused to humans. Finally, jt is theoretically
possible that the viremia level (135 copiesfmL) of the HIV-
1 strain detected in the infectious donation was under-
quantified by the Amplicor Monitor PCR assay as a conse-
quence of oligonucleotide mismatches. This, however,
seems unlikely since the RBC unit did not transmit HIV
infection and other differential transmission cases in
which RBCs were not infectious were associated with
even lower VL.

The observed transmission of HIV-1 by MB-FFP and
BC-PLT but not by the RBC unit is not surprising because:

1. RBCs contain approximately 20 mL plasma;'* there-
fore, fewer virions than the BC-PLT and MB-FFP unit
in which 65 and 261 mL of plasma was present,

2. The MB-FFP and BC-PLT recipients were receiving
immunosuppressive therapy, whereas the RBC recipi-
ent was not.

3. The storage period of the RBCs before transfusion
was 27 days (in contrast to only 2 days of the infec-
tious BC-PLT) during which the infectivity of the viral
particles has likely been more than 10-fold reduced
as has been observed in tissue culture experiments.’®
Weusten and coauthors* constructed a probabilistic
infectivity risk model for NAT-screened units donated
within the WE A major driver of the residual risk in
this model is the MID50 that may lie between 1 and
10 virions in FFP units or BC-PLT but is likely much
higher (between 100 and 1000 virions} in longer-
stored RBC units as estimated from MP-NAT break-
through transmission cases.!*

Since plasma volurme was 261 mL, the amount of virj-
ons in MB-FEP was calculated to be 17,618 particles (since
one virion contains two RNA copies); likewise, 65 mL of
BC-PLT contained 4388 virions and RBC carried 1350 viri-
ons (20 mL of plasma). One can imagine that the amount
of infectious virus in the BC-PLT stored for 2 days was log-
arithmically higher than in the RBC unit, in which the
infectivity of the virus had likely reduced during the long
storage period of 4 weeks, For example, with the formulas
of Weusten and colleagues,* it can be estirnated that the
probability of infectivity of 1350 virions in the RBC unit
would be reduced from 100% to 25% if the MID50 had
reduced 1000-fold (from 1-10 to 1000-10,000 copies).
Finally, it must be emphasized that the RBC recipient was
immunocempetent, while the others were under immu-
nosuppressive therapy, If the MB-FFP unit (like the RBC
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unit) had also been borderline infectious the immune sta-
tus of the liver transplant patient could very well have
contributed to the outcome of the infection. It is impor-
tant to note that these transmission cases would not have
occurred if ID-NAT had been in place in 2005, The 95 and
50% LODs of the Ulirio assay are estimated at 13,8 and 2.4
copies/mL, whereas for the multiprep Ampliscreen assay
these were 135 and 38 copies/mL, respectively (calculated
from the LODs reported in IU in metheds with a conver-
sion factor of 0.58).° With a MID50 of one virion and a
doubling time of 0.85 days it can be calculated with the
formulas given by Weusten and coworkers® that the
lengths of the infectious WPs for RBC, BC-PLT, and FEP
transfusion were 4.2, 5.7, and 7.4 days, respectively, and
for the previously used 44 MP-NAT system, 12.2, 13.6, and
15.3 days. Hence the introduction of ID-NAT reduced the
infectious WP by 8 days.'®

Nevertheless, in Spain, HIV RNA blood donation
screening is not mandatory nowadays. However, there is
no doubt of the added value of NAT or additional sensitiv-
ity of ID-NAT compared to MP-NAT5'7 It should be rec-
ognized that all blood safety programs have limitations
and that absolute safety, in terms of absence of infectious
risk, cannot be guaranteed.'® Careful donor selection
remains critical, even in the era of application of both
NAT and PL*® This is the first step to avoid individuals at
risk of being in an early infection stage from donating. In
our case, the donor did not admit MSM practices and risk
for HIV infection when he donated in 2005. In Spain, 74%
of HIV-positive blood donations are given by noncompli-
ant MSM donors.*® R ‘

In conclusion, the following lessons can be learmed
from these HIV-1 transmission cases: 1) PI methods may
not always be sufficiently efficacious (as was recently also
observed by transmission of hepatitis E virus by FFP
treated with the Intercept method).2' 2) Zero sk is not
attainable even if a combination of MP-NAT and PI is
used, but the residual risk may become negligible when
ID-NAT is combined with PL 3) Efficient quality control
checks on proper performance of NAT and PI may need to
be developed to guarantee consistent efficacy of these
interventions. 4) Further improveéments in the sensitivity
of NAT screening tests and the effectiveness of PI are
desirable, considering that, according to conservative esti-
mates, one infections virion in a blood component is
enough to cause infection in a recipient. 5) Continuing
attention should be given to the selection of safe blood
donors®? and finally 6) with limited resources currently
available the cost-effectiveness of the applied blood
screening methods and PI needs to be seriously
monitored.
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A man in his early 30s reported in January 2016 a his-
tory of fever, asthenia and erythematous rash during
a stay in Haiti. On his return to Italy, ZIKV RNA was
-detected in his urine and saliva 91 days after symp-
tom onset, and in his semen on day 188, six months
after symptom onset. Our findings support the possi-
bility of sexual transmission of ZIKV and highlight the
importance of continuing to investigate non-vector-
borne ZIKV infection,

Case description and laboratory
investigations

In the second half of January 2016, a previously healthy
man in his early 305 reported o the National Institute
of Infectious Diseases in Rome, Haly, a history of five-
day self-limiting febrile syndrome (¢38°C) associated
with asthenia and an erythematous rash during a stay
in Haiti from mid-January to early February 2016. Zika
virus (ZIKV) infection was diagnosed in Haiti by ZIKV-
specific [gM serology four days after symptom onset
(Figure). He returned to ltaly 14 days after symptom
onset,

Dengue virus and chikungunya virus infections were
ruled out following testing of serum and urine samples
taken 17 days after symptom onset by both qualita-
tive real-time reverse transcription (RT)-PCR {RealStar
Dengue RT-PCR Kit and RealStar Chikungunya RT-PCR
Kit, altona Diagnostics, Germany) and serclogy (indi-
rect immunofluorescence assay (IFA), Arbovirus Fever
Mosaic 2, 1gM and IgG, Euroimmun, Germany). ZIKV
serology (IFA, Arbovirus. Fever Mosaic 2, Euroimmun)
was positive: ZIKV IgM and IgG antibody titres were
1:160 and 1:640, respectively. Serum ZIKV-specific
neutralising antibodies were confirmed by microneu-
tralisation test [11. ZIKV real-time RT-PCR (RealStar Zika
Virus RT-PCR Kit, altona Diagnostics) in saliva was pos-
itive with a threshold cycle (CT) value of 36.4; serum
and urine samples were both negative,
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Testing of convalescent sera taken 91 and 134 day.™
after symptom onset were ZIKV real-time RT-PCR nega-

tive. On day o1, the test was positive for urine, saliva
and semen samples, with CT values of 36.1, 35.4, and
29.6, respectively. On day 134, only a semen sample
was positive (CT: 32.5). At the subsequent follow-up, on
day 188, a semen sample was again positive (CT: 30.2);
the patient is still under evaluation. The patient was
not affected by any chronic disease or immunological
impairment.

All samples were tested also using a pan-flavivirus
NS5 nested RT-PCR (modified from [2]}, followed by
sequencing of the amplicons (data not shown) to
exclude any sample mismatch.

On day g1, ZIKV IgM and 1gG titres were 1:40 and

1:1,280, and on day 134, 1:20 and 1:2,560, respectively. 7_

ZIKV isolation on Vero-Eé cells was attempted with é‘lu()

the collected samples. Briefly, bodily samples were
diluted 1:5 in serum-free Dulbecco’s-modified Eagle’s
medium (D-MEM) with antibiotics, inoculated -into
Vero-E6 cells that were 24 hours-old and then incu-
bated for 60 minutes at 37°C. After incubation, D-MEM
with 2% heat-inactivated fetal bovine serum was
added. The cells were followed daily for the appearance
of cytopathic effects. After seven days, the cells were
subcuitured by scraping them and adding fresh cells.
Each blind subpassage (three times) was checked for
the presence of ZIKV RNA by real-time RT-PCR. No ZIKV
isolates were obtained from samples collected during
the convalescent phase.

Throughout the course of the ZIKV infection, the
patient always had protected sexual intercourse with
his spouse, using condoms. His spouse did not report
ZIKV-refated symptoms, and as at 18 july 2016, her
ZIKV serology was stilt negative.



FIGURE

Laboratory findings related to Zika virus infection in a traveller returning from Haiti to Italy, February-July 2016

S

in Haitl In Italy
Symptom 21KV
onset IEM First samale [n ltaly Second sample Third sample Fourth sample
day o positive day 17 day 91 day 134 day 188
Number of days l l l ' 'l' l l
after symptom - 2 3 4 5 6 17 18 19 20 21 22 87 BB B89 90 1 92 93 G4 132 133 134 135 136 137 1B5 186 187 188 180 190 101
nnsetIIIIIiJIIIIII,iIIIIlII_lllllli,,lilllllv
Uznuary) {February) (Aprit) (May) (luly)
Results
Type of test and sample
Day 17 Day g Day 134* Day 188"
ZIKV real-time RT-PCR serum Neg Neg Neg NT
Pas
ZIKV real-tima RT-ECR urine Neg (CT: 36.9) Neg - NT
Pos Pos
KV real-time RT-PCR sallva (CT: 36.4) {cT: 35.0) Neg NT
Pos Fos Fos

ZIKV real-time RT-BCR semen NT (CT: 29.6) (CT: 32.5) [CT: 3D.2)

IFA ZIKV IgM titre 1,160 140 120 20

1FA ZiKV (G titre 1:640 111,280 1:2,560 1:640

MNT antibody titre 1:160 211320 ®11320 NT

*Number of days after symptom onset.

CT: threshold cycle; IFA: indirect immunofluorescence assay; NT: not tested; Neg: negative; Pos: positive; RT-PCR: reverse transcription-BCR;

ZIKV: Zika virus; MNT: microneutralisation test.

Background

Zika virus is a single-stranded RNA virus (genus
Flavivirus) mainly transmitted by the Aedes mosquito,
as well as through sexual contact with symptomatic
and, possibly, asymptomatic individuals [3,4]. This
non-vector-related mode of transmission was first
described in 2008 in the United States [5] and was
then reported in several other countries [3,4,6,7].

ZIKV RNA can be detected in different bodily fluids with
a wide range of viral loads, depending on the sam-
pling time since acute infection [8,9]. ZIKV from human
semen samples has been isolated in African green
monkey Vero cells [10] and higher viral loads have
been detected in sperm compared with other bodily
samples during the convalescent phase [11]. Previous
reports have shown that ZIKV RNA has been detected
in semen up to day 62 after symptom onset [12-14].
Taken together, these data suggest that virus could
replicate specifically in the male genital tract and may

persist in semen, with implications for potential male-

to-female sexual transmission, even in the absence of
haematospermia.
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Discussion

In previous reports, convalescent phase saliva and
urine samples were positive by ZIKV real-time RT-PCR
in 39 days after symptom onset [3,14].

For the case described here, detection of ZIKV RNA
in urine and saliva 91 days after symptom onset and
in semen up to day 134 might indicate a possibie role
played by other non-vector modes of transmission dur-
ing kissing or vaginal, oral and anal sex. Because of
the lack of virus isolation from ail the collected sam-
ples, we cannot definitively state that saliva, urine and
semen represent a potential source of ZIKV that could
be transmitted without a vector. During the outbreak in
French Polynesia, ZIKV was more frequently detected
in saliva than in blood after the first week from symp-
tom onset [13] and it was isolated on day 6 from the
saliva of a patient during acute ZIKV infection [14]. No
cases involving ZIKV transmission through biologi-
cal fluids other than semen have been reported, but
potential transmission of ZIKV through saliva warrants
investigation [15].

www.eurosurveitfance.org



The detection of ZIKV RNA in semen up to day 134 might
indicate a prolonged potential risk for sexual transmis-
sion, for a period longer than previously reported [12].
In reports of Ebola virus disease, suspected sexual
transmission of Ebola virus occurred 179 days after
onset of the disease {16] and Ebola virus RNA has been
detected in semen for 4—6 months after disease onset
in 43% of survivors [17].

The lack of isolation of ZIKV from the various biological
samples of our patient, during the convalescent phase,
is not unexpected. The high CT values found are con-
sistent with a low Zika viral load during the convales-
cent phase of infection, making it difficult to obtain
viral cultures and thus sequence data.

Because of prolonged detection of ZIKV RNA and isola-
tion of replication-competent virus in semen [11,13], the
testes are considered an immunoprivileged replication
site for ZIKV [18]. Seminal shedding of ZIKV seems to
coincide with the duration of spermatogenesis (69-80
days), suggesting a hypothesis of infection of sperm
progenitors and viral shedding during the differentia-
tion process [18]. Qur results showed the persistence
of ZIKV RNA for 188 days after symptom onset, but this
is not sufficient to support a hypothesis of ZIKV RNA
being present in sperm progenitors until spermatozoa
are fully differentiated and eliminated. Further stud-
fes are needed in order to understand persistence of
ZIKV in semen and the potential risk of ZIKV sexual
transmission.

Public health impact

The European Centre for Disease Prevention and
Control and the World Health Organization recommend
that all travellers returning from areas with ongoing
ZIKV transmission should adopt safer sex practices or
consider abstinence for at least eight weeks after their
return [4,19]; if men have ZIKV-related symptoms, they
'should adopt safer sex practices or consider absti-
nence for at least six months,

Considering the 80% incidence rate of asymptomatic
ZIKV infection [20], further studies are needed to
assess viral persistence in asymptomatic men and the
potential risk for sexual transmission and fetal abnor-
malities following infection during pregnancy. The
prolonged genital shedding reported here may have
implications for screening measures to detect ZIKV
RNA for semen cryopreservation in sperm banks [21].
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During summer 2016, all the conditions for local transmission of ZIKV in mainland France is at its height
mosquito-borne transmission of Zika virus (ZIKV) are in the summer months of 2016, We describe the sur-
met in mainland France: a competent vector, Aedes veillance system and control measures implemented in
albopictus, a large number of travellers returning from mainland France to reduce this risk, as well as some
ZIKV-affected areas, and an immunologically naive preliminary results.
population. From 1 January to 15 July 2016, 625 persons
with evidence of recent ZIKV infection were reported in Surveillance of Zika virus infection in
mainland France. We describe the surveiilance system mainland France
in place and control measures implemented to reduce Surveillance of ZIKV infections has been integrated
the risk of infection. into the system implemented for chikungunya and den-
gue in mainland France, which has been in place since
From 1 January to 15 July 2016, 625 persons with evi- 2006 [2]. The objectives of the surveillance are to detect
dence of recent Zika virus (ZIKV) infection were reported imported or autochthonous cases early and to prevent
in mainland France. This large influx of ZIKV-infected local transmission by the early implementation of vec-
travellers reflects the current epidemic of ZIKV infec- tor control measures. An additional specific objective
tion in the French departments and collectivities of for ZIKV surveillance is to identify ZIKV-infected preg-
the Americas — Martinique, Guadeloupe, Saint Martin, nant women, in order to ensure enhanced follow-up of
Saint Barthélemy and French Guiana [1] — and coincides their pregnancies in specialised centres, and describe
with the activity period (May to November) of the vec- their pregnancy outcomes.
tor Aedes albopictus in mainland France. Because of
an increase in the number of travellers from the French The surveillance system comprises several compo-
departments and collectivities of the Americas dur- nents related to ZIKV infection:

ing the summer holidays, the risk of introduction and
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FIGURE 1

Cases of Zika virus infection by administrative
department, mainland France, 1 January-15 July 2016
(n=0625)
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of Zika virus infection
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Source: Santé publique France, French national public health
agency, France, 2016.

* nationwide year-round notification of probable and
confirmed cases of ZIKV infection (in place since 1
January 2016, mandatory since 5 June 2016);

e seasonal enhanced surveillance in administrative
departments where the vector is established. From 1
May to 30 November, when the vector is active, all sus-
pected imported cases must be immediately reported
to the regional health authorities. Without waiting for
laboratory confirmation, an entomological investiga-
tion is immediately carried out around the places vis-
ited by the patient during their likely viraemic period
(defined as two days before until seven days after the
onset of symptoms). According to the findings, appro-
priate vector control measures, comprising the elimina-
tion of larval breeding sites and spraying of larvicides
(Bacillus thuringiensis israelensis) and adulticides
(pyrethroids) [2,3], are implemented in an area of 200m
around these places;

e daily reporting from a network of laboratories of the
results of Zika serological or RT-PCR tests to the French
national public health agency. This allows caiching
up on confirmed cases which have not been reported
through the notification system and the seasonal
enhanced surveillance;

e notification of pregnancy outcomes for pregnant
women infected by Zika virus, or possibly exposed
to the virus through sexual or mosquito-borne
transmission.
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A suspected case of ZIKV infection is defined as a per-
son presenting with rash, with or without fever and at
least two of the following: arthralgia, myalgia or con-
junctivitis/conjunctival hyperaemia, not explained by
another medical condition.

A probable case is a suspected case with anti-ZIKV IgM
antibodies in serum sample(s).

Cases are confirmed by serology (anti-ZIKV IgG anti-
bodies confirmed by plaque-reduction neutralisation
test, or fourfold increase in IgG titre or seroconversion)
or by detection of viral nucleic acids in body fluids
(blood, cerebrospinal fluid, urine, semen, saliva, etc.)
by reverse transcription (RT)-PCR.

To characterise ZIKV infection, information on patients’
demographics, recent travel history and exposure,
clinical presentation and symptoms are collected for
each confirmed case.

Since January 2016, the National Reference Centre for
Arboviruses in Marseille has contributed to diagnostic
capacities for ZIKV in hospital and private medical lab-
oratories by making available reference material, oper-
ating procedures and testing/diagnosis algorithms.
The Ministry of Health has ensured the reimbursement
of serology and RT-PCR tests for ZIKV, under certain
conditions, through the National Health Insurance
Scheme.

Cases of Zika virus infection in mainland
France

From 1 January 2016 to 15 July 2016, 625 cases of ZIKV
infection, 537 confirmed (86%) and 88 probable (14%),
were reported (Figure 1).

Among the 625 cases, 617 (99%) reported recent travel
to an area with active ZIKV transmission and 8 (1%)
were infected after sexual intercourse with an infected
traveller [4-6].

Atotal of 357 cases (57%) were female. The median age
of the cases was 45 years (range: 2—-84) (Table).

ZIKV infection was confirmed by detection of viral
nucleic acids by RT-PCR in blood or urine for 487 (78%)
cases, RT-PCR in blood or urine and serum IgM posi-
tivity for 36 cases (6%), seroconversion for two (0.3%)
cases, detection of ZIKV RNA by RT-PCR in semen for 6
cases (1%) and in cerebrospinal fluid for 1 case (0.2%)
with meningoencephalitis, by detection of neutralis-
ing antibodies against ZIKV for 5 cases (0.8%). For 88
(14%) cases, only a positive serological test (IgM) was
available.

Clinical illness was reported in 570 cases (91%), 46
(7%) are still under investigation to obtain clinical
information and 7 (1%) were asymptomatic.



FIGURE 2

Establishment of Aedes albopictus in mainland France, by administrative department and year (2004-15), and number of
cases of Zika virus infection since the start of the vector activity season, 1 May--15 July 2016 (n=185)
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Among the seven asymptomatic cases, three were
tested because of a planned medically assisted procre-
ation intervention (one woman, two men). One woman
was tested because she had been in a ZIKV-epidemic
area and wanted to get pregnant, one woman was
tested during the investigation of an instance of likely
sexual transmission of the virus and two women were
tested because they had been exposed in an epidemic
area and were pregnant. All asymptomatic cases were
confirmed by detection of viral nucleic acids by RT-PCR
(four in urine and three in blood).

Among the 570 cases with clinical illness, the most
commonly reported signs or symptoms were rash
(84%, n = 480), fever (64%, n = 367), arthralgia (64%,
n = 367), myalgia (57%, n = 325) and headache (52%,
n = 295). Only 20% (n = 112) reported conjunctivitis.
Three cases had neurological complications: two had
Guillain-Barré syndrome, one had meningoencephali-
tis [7].
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Santé publique France, French national public health agency, France, 2016.

Nine patients reported other neurosensitive symptoms
including paraesthesia of the hands, arms or around
the mouth (n = 4), hypoesthesia of the hands (n = 3),
cutaneous hyperesthaesia (2/9).

Hospitalisation was required for 29 (5%) patients and
there were no deaths. There were 16 pregnant women
among the cases.

A majority (85%, n = 527) of confirmed imported cases
of ZIKV infection were travellers returning from the
French departments and collectivities of the Americas
(327 from Martinique, 160 from Guadeloupe, 21 from
French Guiana, 16 from Saint Martin and 3 from
unspecified locations in the French departments and
collectivities of the Americas). The remaining cases
had returned from other Caribbean islands and Central
or South American countries (Table).

On their return to mainland France, 185 (30%) had
stayed in an Ae. albopictus-established area during the



FIGURE 3

Imported cases of Zika virus infection in mainland France (weeks 4-27 2016%, n=617), imported cases staying in an
Aedes albopictus-established area in mainland France during the period of vector activity (weeks 18-27 2016°, n=183) and
estimated number of cases in the French departments and collectivities of the Americas (week 51 2015-week 26 2016°,
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vector activity period (Figure 2), 84% (n = 156) of them
were viraemic. The median delay between the onset
of symptoms and date of return in an area with active
vectors was two days (range: -7 to 10) with 82% (0 =
128) of cases staying in those areas during the entire
period of viraemia. Entomological investigations led
to the implementation of vector control measures for
21% (32/156) of the cases. The median delay between
onset of symptoms and implementation of vector con-
trol measures was 13 days (range: 4-58) and between
notification and intervention 5 days (range: 2—38).

Before 2016, few imported cases of ZIKV infection were
reported by the National Reference Centre in main-
land France, with the majority returning from French
Polynesia. The number of imported cases stead-
ily increased in 2016, reflecting the epidemic in the

=

47

French departments of the Americas [1,8] (Figure 3),
as observed during the chikungunya virus outbreak in
2014 [9].

Background

Zika virus is an emerging mosquito-borne flavivirus
which typically causes mild disease. Since 2015, ZIKV
has spread rapidly throughout the Americas, includ-
ing the French departments and collectivities [8], and
revealed new ways of transmission and severe compli-
cations [10-12], including sexual transmission, congen-
ital malformations [13,14] and neurological syndromes
[15]. By 5 August 2016, 43 countries and territories had
confirmed local, vector-borne transmission of ZIKV in
South and Central America since 2015 [16,17].



TABLE

Characteristics of cases of Zika virus infection, mainland
France, 1 January-15 July 2016 (n=625)

Sex P

Female J 357 (57)
Age group in years

<10 6 (1)
10-19 15 (2)
20-29 83 (13)
30-39 155 (25)
40-49 106 (17)
50-59 122 (20)
60-69 109 (17)
=70 29 {5)
Regions visited during the incubation period®
;rrﬁ:?i?;::partments and collectivities of the 527 (84)
Caribbean islands 28 (4)
South America 25 (4)
Central America 8 (1)
Asia 1(0.2)
Pacific 1(0.2)
Africa 1(0.2)
Not documented 26 (4)
No travel 8 (1.3)
Complications

Guillain-Barré syndrome 2 (0.3)
Meningoencephalitis 1(0.2)
Hospitalisation 29 (5)
Viraemic cases® 156 (25)
Month of notification

January 8 (1)
February 76 (12)
March 74 (12)
April 121 (19)
May 144 (23)
June 158 (25)
July: 44 (7)

2 During the two weeks before symptom onset.

®|n an area in which the vector Aedes albopictus is established and
active.

¢ Until 15 july 2016.

Discussion

Although no local mosquito-borne transmission of
ZIKV has been documented in mainland France to date,
criteria for local mosquito-borne transmission of ZIKV
are met: a population that is immunologically naive
to the virus; a high probability of introduction of the
virus by travellers returning from ZIKV-affected areas;
and an established competent vector. The number of
returning travellers is expected to further increase
over the summer months (there are approximatively 2.5
million passengers travelling by air between mainland
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France and Martinique, Guadeloupe and French Guiana
annually [18]). In mainland France, as at 15 july 2016,
156 (25%) cases were viraemic in an area where Ae.
albopictus is established, during the period of vector
activity. These cases have the potential to trigger local
vector-borne transmission in the absence of appropri-
ate vector control measures. The findings of a study
in Gabon suggest that Ae. albopictus played a major
role in transmission of ZIKV of the African lineage [19].
However, under laboratory conditions, Ae. albopictus
has a much lower competence for ZIKV amplification
and transmission than Ae. aegypti (the ZIKV vector
present in Americas) [20], and to date, no vector-borne
transmission of ZIKV has been documented in Europe.

The occurrence of local mosquito-borne transmission
of dengue virus in 2010, 2013 and 2015 as well as chi-
kungunya virus in 2010 and 2014 in mainland France
highlights the risk of local transmission of arboviruses
transmitted by Ae. albopictus [21-25].

The proportion of ZIKV infections that are asymptomatic
is currently estimated at 80% [26]. Although the role
of asymptomatic ZIKV-infected people in vector-borne
transmission has not yet been formally demonstrated
and quantified, a high proportion of such cases might
increase the risk of local mosquito-borne transmission
where Ae. albopictus is established and active, since
most asymptomatic cases will remain undetected, and
therefore no mosquito control measures will be imple-
mented around these cases.

Eight cases of sexual transmission of ZIKV have been
reported in mainland France as at 15 July 2016, includ-
ing transmission by an asymptomatic man [5]. Some
authors have suggested that sexual transmission may
play a significant role in transmission of ZIKV and has
contributed to the higher proportion of female cases
observed in Brazil [27). Case finding should therefore
not only focus on travellers returning from areas with
ZIKV transmission but also on their sexual partners,
even in the absence of symptoms in the traveller. Cases
infected by sexual transmission can initiate further vec-
tor-borne fransmission, emphasising the importance of
the implementation of vector control measures around
all cases. The lack of knowledge on the persistence of
ZIKV and the dynamics of RNA viral load in semen still
pose a considerable challenge to guidance on preven-
tion of sexual transmission of ZIKV.

Other questions remain regarding the aetiological
link between ZIKV infection and neurological presen-
tations and their spectrum [28]. Since January 2016,
two cases of Guillain-Barré syndrome and one case
of meningoencephalitis were reported (0.5% of all
cases) in maintand France. Paraesthesia, hypoaesthe-
sia or hyperaesthesia were reparted for nine additional
cases (1.5% of all cases): the frequency and relevance
of these milder symptoms deserves further attention.



The expected high number of imported cases of ZIKV
infection in areas where Ae. albopictus is established
and severe ZIKV-related adverse outcomes trigger the
need to monitor closely cases of ZIKV infection. Vector
control measures are essential during the vector’s
active period.

Furthermore, it is essential to maintain a high level of
commitment of healthcare professionals, especially
family practitioners, to continue their participation in
surveillance and in health education. They are a major
source of information for patients on the risk of ZIKV
infection and for the general population on measures
to prevent infection by ZIKV and other arboviruses.
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Likely Sexual Transmission of Zika Virus from a Man with No Symptoms
of Infection — Maryland, 2016

Richard B. Brooks, MD1:%; Maria Paz Carlos, PhD3; Robert A. Myers, PhD3; Mary Grace White, MPH4; Tanya Bobo-Lenoci, MS% Debra Aplan, MSNS;
David Blythe, MDZ; Katherine A. Feldman, DVM?2

On August 26, 2016, this report was posted as an MMWR
Early Release on the MMWR website (http:/fwww.cde. govimmuwr).

In June 2016, the Maryland Department of Health and
Mental Hygiene (DHMH) was notified of a nonpregnant
woman who sought treatment for a subjective fever and an
itchy rash, which was described as maculopapular by her pro-
vider. Laboratory testing at the Maryland DHMH Laboratories
Administration confirmed Zika virus infection. Case investi-
gation revealed that the woman had not traveled to a region
#ith ongoing transmission of Zika virus, but did have sexual
contact with a male partner who had recently traveled to the
Dominican Republic. The male partner reported exposure
to mosquitoes while traveling, but no symptoms consistent
with Zika virus infection either before or after returning to
the United States. The woman reported no other sex partners
during the 14 days before onset of her symptoms and no receipt
of bleod products or organ transplants.

The couple reported having had condomless vaginal inter-
~ course twice after the man’s return from the Dominican
Republic and before the woman's symptom onset, approxi-
mately 10 days (day 10) and 14 days (day 14) after the man’s
return. The man also reported that he received fellatio from
the woman during their sexual encounter on day 14. On
day 16 (2 and 6 days after the episodes of condomless vaginal
intercourse) the woman developed symptoms of Zika virus
infection, including fever and rash. On day 19 (3 days after
‘ymptom onset) she sought medical care; the provider sus-
pected Zika virus infection, and serum and urine specimens
were collected. Flavivirus and chikungunya virus tests were per-
formed at the Maryland DHMH Laboratories Administration.
Zika virus RNA was detected in urine, but not in serum, by
real-time reverse transcription—polymerase chain reaction
(rRT-PCR) using a test based on an assay developed at CDC
(). Serum rRT-PCR testing for dengue virus and chikungunya
virus was negative. Serologic testing was negative for Zika virus
immunoglobulin M (IgM) antibodies using the CDC Zika
IgM antibody capture enzyme-linked immunosorbent assay
(Zilkka MAC-ELISA) and negative for dengue virus and chikun-
gunya virus IgM antdbodies using InBios ELISA kits (InBios
International, Inc., Seattle, Washington). Confirmatory sero-
logic testing at the CDC Arbovirus Diagnostic Laboratory
was equivocal for Zika virus IgM antibodies using the Zika
MAC-ELISA. Plaque-reduction neutralization tests (PRNTS)

US Department of Health and Human Services/Centers for Disease Control and Prevention
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performed at the CDC Arbovirus Diagnostic Laboratory con-
firmed a recent Zika virus infection. Convalescent serologic
testing performed at the Maryland DHMH Laboratories
Administration ori day 56 (40 days after symptom onset) was
equivocal for Zika virus IgM antibodies using the CDC Zika
MAC-ELISA and negative for dengue virus and chikungu-
nya virus [gM antibodies using InBios ELISA kits, PRNTs
performed at the CDC Arbovirus Diagnostic Laboratory
confirmed a recent, unspecified flavivirus infection. ™
The woman's male sex partner was interviewed on day 2y’
after his return to the United States. He reported that he had
no symptoms consistent with Zika virus infection (i.e., fever,
rash, conjunctivitis, or arthralgias) either during his travel or
since his return, and he did not have any of the following other
symptoms: myalgias, chills, eye pain, oral ulcers, genital ulcers,
anal ulcers, hematospermia, hematuria, dysuria, and prostate
pain. He reported feeling tired, which he attributed to having
recently traveled. Serum, plasma, and urine specimens were
collected from him on day 29, at which time he reported no
new symptoms, Zika virus rRT-PCR testing performed at the

" Maryland DHMH Laboratories Administration was nega-

tive on serum and plasma and equivocal on urine. Serologic
testing was positive for Zika virus IgM antibodies using the
CDC Zika MAC-ELISA and positive for dengue virus IgM
antibodies using an InBios ELISA kit. PRNTs performed at
the CDC Arbovirus Diagnostic Laboratory confirmed a recerr,
unspecified flavivirus infection. Semen collected on day 31 (\,, )
no detectable Zika virus RNA by rRT-PCR testing performed
at the Maryland DHMH Laboratories Administration.

To date, only one other case has been reported in which a
man without symptoms might have sexually transmitted Zika
virus to his female partner (2). However, in that reported
case, both the man and the woman had traveled to a country
with ongoing Zika virus transmission where they were likely
exposed to mosquitoes. In that case, although the detection of
Zika virus RNA in the woman's serum and urine by rRT-PCR.
39 days after return from travel suggested sexual transmission
from her male partner, it could not be ruled out that she had
been infected from a mosquito bite duting travel and had a
longer than average incubation period or a prolonged period
of viremia. No cases of sexual transmission of Zika virus from

" an asymptomatic man returning from travel to an area with

active Zika transmission to his female sex partner who did
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not travel have been reported. Absence of Zika virus symp-
toms in persons returning from areas with ongoing Zika virus
transmission might not preclude sexual transmission of Zika
virus to their sex partners. Ongoing surveillance is needed to
determine the risk for sexual transmission of Zika virus infec-
tion from asymptomatic persons, The findings in this report
indicate that it might be appropriate to consider persons who
have condomless sex with partners returning from areas with
ongoing Zika virus transmission as exposed to Zika virus,
regardless of whether the returning traveler reports symptoms
of Zika virus infection. Providers should request Zika virus
testing for any patients with illness compatible with Zika virus
disease who have had sexual exposure without barrier devices
to prevent infections to a partner who traveled to an area with
active Zika virus transmission (3). Such patients should also be-

< ™ reported to local or state health departments (4,5).

S

Current recommendations for the prevention of sexual trans-
mission of Zika virus in returning travelers differ depending on
whether the returning traveler is symptomatic and on whether
the couple is planning to become pregnant (3,6). Couples in
areas without active Zika transmission with circumstances in
which one partner traveled to an area with active Zika virus
transmission but did not develop symptoms of Zika virus
disease should wait at least 8 weeks after the partner who
traveled returned from the Zika-affected area before attempt-
ing conception, regardless of the sex of the traveler. Men
with a diagnoesis of Zika virus infection should wait at least
6 months before attempting conception, and women with a
diagnosis of Zika virus infection should wait at least 8 weeks
befoxe attempting conception. Health care providers should
counsel couples that correct and consistent use of condoms
reduces the risk for sexually transmitted diseases and discuss
the use of the most effective contraceptive methods that can
be used correctly and consistently (6). Couples who do not

desire pregnancy should consider abstaining from sex or using .

916 MMWR / September 2, 2016 / Vol. 65 / No.34
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the most effective contraceptive methods that can be used cor-
rectly and consistently in addition to barrier methods, such as
condoms, which reduce the risk for sexual transmission of Zika
virus and other sexually transmitted infections (3). As more is
learned about the incidence and duration of seminal shedding
of Zika virus in infected men, recommendations to prevent
sexual transmission of Zika virus will be updated if needed.

1Epidemic Intelligence Service, Division of Scientific Education and Professional
Development, CDC; 2Prevention and Health Promotion Administration,
Maryland Department of Health and Meneal Hygiene; 3Mary|and Department
of Health and Mental Hygiene Laboratories Administration; 4Baltimore Ciry
Health Department, Maryland; "Montgomery County Department of Health
and Human Services, Maryland

Corresponding author: Richard B. Brocks, richard.brocks@maryland.gov,
410-767-7393.
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COMMENTARY

Zika virus: a new threat to the safety of the blood supply with
worldwide impact and implications

Marion C. Lanteri,»* Steven H. Kleinman,® Simone A. Glynn,* Didier Musso,” W. Keith Hoots,*
Brian S. Custer,”? Ester C. Sabino,® and Michael B Busch™?

n emerging pathogen is an infectious agent that
was previously unknown or whose geographic
range or virulence has expanded.' Zika virus
(ZIKV) qualifies as the latest emerging virns
impacting the human population,*® with major implica-
tions for blood safety and availability®*™® Here we review
historical and recent outbreaks of ZIKV and consider the
response of transfusion medicine experts to the current
explosive ZIKV epidemic, in light of recent efforts to define
processes and criteria for emerging infectious disease risk
assessmnent and response measures related to blood
safety. 10-12 ¢ : -

HISTORICAL CONTEXT

ZIKV is an emerging arthropod-bome virus (arbovirus) of
the Flavivirus genus in the Flaviviridae family.'* ZIKV was
first isolated in 1947 from a sentine] Rhesus macaque in
the Zika forest in Uganda and then from humans during
its westward spread throughout Central Africa.**'® The
first human infection was reported in 1954 in Nigeria.!’
Serologic and molecular evidence of viral circulation was
generated over the next two decades within several Afri-
can countries including Tanzania, Egypt, Central African
Republic, Sierra Leone, and Gabon (Fig. 1).'%'81% The
virus then migrated to Asia where its circulation was
repor(ted in India, Pakistan, and southeast Asian countries
including Thailand, Cambodia, Vietnam, Malaysia,
Indonesia, and the Philippines.’® Approximately 80% of
infections are asymptomatic; of those that are sympto-
matic, most result in mild illness!®?" with mild fever,
maculopapular rash, conjunctivitis, and arthralgia or
myalgia.?? As only 14 clinical cases of human infection had
been reported before 2007,% ZIKV did not attract sustained
interest from the scientific and medical communities.

In 2007, a ZIKV cutbreak on the Micronesian island of
Yap caused about 5000 infections (75% of the population)
over a short period of 3 months?*** suggesting that ZIKV
could be responsible for explosive outbreaks (Fig. 1). The
subsequent French Polynesian ZIKV outbreak in 2013 and
2014 attracted international attention after the virus was
implicated in about 30,000 symptomatic cases and 42

56

cases of Guillain-Barré syndrome (dBS; a 20-fold increase
of GBS incidence), over a period of 5 months.?>**” This
was the first report of severe complications associated
with ZIKV infection. A case-control study conducted in
French Polynesia that was recently published confirmed
the link between ZIKV infection and GBS.® Subsequently
ZIXV has spread throughout the Pacific.?®

RECENT ZIKV EPIDEMICS AND EXPANDED
DISEASE ASSOCIATIONS IN THE
AMERICAS

The first confirmed cases of ZIKV infection in the Ameri-
cas were reported in north-central Brazil in May 2015,25°
although there is genetic evidence that the Asian strain of

ABBREVIATIONS: CHIKV = chikungunya virus; DENV(s) =
dengue virus(-es); GBS = Guillain-Barré syndrome; IND =
investigational new drug; ZIKV = Zika virus.
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Fig. 1. ZIKV spread, expanded clinical associations, and evidence for potential transfusion transmissions.

the virus was probably carried by a viremic traveler to
Brazil in 2014.3%%* As the virus spread throughout north-
eastern Brazil, astute pediatricians noted a temporal asso-
ciation between regional ZIKV circulation and severe
neurologic ‘malformation' in neonates (e.g, microce-
phaly).3*3%37 Microcephaly is a rare newbom condition
that has been linked to genetic disorders and fetal infec-
tions with other viruses, but not previously with arbovi-
ruses. While it was difficult to prove retrospectively that
ZIKV was responsible for this severe outcome, the tempo-
ral and regional associations between ZIKV outbreaks and
severe neurologic diseases became increasingly compel-
1ing.***° Over the subsequent months ZIKV RNA positivity
was documented in mothers (blood, placenta, and amni-
otic fluid) and fetuses (including replicating virus isolated
from brain tssue) suffering from microcephaly, which
supported the association between maternal ZIKV infec-
tion and newbom congenital disorders3%4%% The
increase in GBS cases described in French Polynesia has
been reported in nine countries and territories as of
March 2016*° and, similarly, an increase in microcephaly
cases has been reported retrospectively in French Polyne-
sia,*”* confirming that these complications were not
related to local conditions in Latin America (e.g., pesticide
exposure}.

In February 2016, ZIKV was declared a public health
emergency of intermational concern by the World Health

1908 TRANSFUSION Volume 58, July 2016
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Organization (WHO0).*° By March 2016, according to the
Brazilian Ministry of Health, of 6480 suspected cases of
microcephaly reported by the media in Brazil, 863 cases of
microcephaly and other neurologic syndromes were con-
firmed including 97 cases that had unequivocal evidence
of ZIKV infection by nucleic acid testing (NAT) and serol-
ogy (many additional cases are pending evaluation). Sig-
nificantly elevated numbers of cases were diagnosed in
several other Latin American countries compared to what
had been previously reported. However, the proportion of
infections of pregnant women resulting in ZIKV-related
microcephaly and other neurologic syndromes is
unknown due to reporting bias,*® and case-control studies
are needed to clearly demonstrate the rate of congenital
syndromes after maternal ZIKV infection.

While studies are being launched to better under-
stand the incidence and pathogenesis for newbom con-
genital diseases after maternal ZIKV infection, the virus
has rapidly spread to almost all countries in South and
Central America as. well as in the Caribbean and re-
emerged in Africa (Cape Verde).!® There are also increas-
ing numbers of symptomatic ZIKV infections diagnosed
in travelers returning from epidemic areas to the United
States, Canada, Burope, Asia (Japan and China), and
Pacific (Australia and New Zealand) countries, including
cases of ZIKV-infected pregnant women with severely
affected fetuses and infants.> After the confirmation of



five cases of imported ZIKV infection in the United States,
including a woman with a history of travel to an epidemic
country (Brazil) delivering a baby with microcephaly in
Hawaii, the Centers for Disease- Control and Prevention
(CDC) issued a travel advisory recommending pregnant
women avoid travel to countries currently experiencing
ZIKV outbreaks.’?

ROUTES OF TRANSMISSION

ZIKV, like dengue viruses {DENVs), chikungunya virus
{CHIKV), and yellow fever virus, can be transmitted in a
human-mosquito-human transmission cycle by Aedes
mosquitoes.”>>* Given that the mosquito vectors, primar-
ily Aedes aegypti and potentially Aedes albopictus, are
present throughout the Caribbean islands and in the
southern part of the United States,®® emergence of ZIKV
in the continental United States is likely®® (Fig. 1). In addi-
tion, other Aedes mosquito species may serve as vectors.
Tndeed, ZIKV was shown to be transmitted by Aedes
hensili during the Yap jsland outbreak, even though this
mosquito has a very limited distribution in the Pacific
area.’” As of March 2016, the United States and French
territories in the Caribbean have already reported hun-
dreds of autochthonous cases of ZIKV infection and such
cases have been doubling by the week in Puerto Rico,
where large arbovirus outbreaks peak every year in August
and September.®® Noteworthy, approximately half of the
world population lives in areas where ZIKV competent
vectors are present.'**

Intrauterine,**4? perinatal,”® and sexual®® routes of
transmission have also been documented and the poten-
tial for transfusion transmission has been recognized.®
ZIKV RNA and infectious ZIKV have been found in urine,*®
breast milk,>® saliva,®® and semen.®® Considering docu-
mented viral persistence in urine for up to 1 month and in
semen for up to 62 days after symptom development, per-
sistence in solid organs and tissues and transmission
through trangplantation, as previously documented for
WNV® and DENVs® can be suspected.

DIAGNOSTIC CHALLENGES

The association between microcephaly and ZIKV maternal
infection was difficult to prove in great part due to the fact
that ZIKV diagnosis previously relied on serology, which
has proven to be challenging in areas endemic for den-
gue®*%® (and all endemic areas for ZIKV are also endemic
for DENVs);% ZIKV is-a flavivirus closely related to DENVs
and existing DENV antibodies may cross-react as ZIKV
antibodies or may blunt ZIKV-specific immunoglebulin
(Ig)M and IgG seroconversion after infection.® Serology-
based assays should be confirmed by neutralization assays
that can only be performed by a limited number of labora-
tories.!? Consequently, the WHO and CDC have encour-
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aged moving away from serology-based assays and

 transitioning to NAT assays that are more specific but are

only sensitive if performed during the acute phase of
infection,55% NAT assay sensitivity could be increased by
processing larger volumes of plasma or testing saliva dur-
ing the acute phase of infection,* and the period of detec-
tion of ZIKV RNA could be extended by testing urine.%®
Application of sensitive NAT assays may also prove useful
for monitoring pregnant women who were infected with
ZIKV to detect persistent Jow level RNA derived from
infected fetal and placental tissues as a prognostic marker
for congenital disease.®! Virus isolation is challenging and
can only be performed by a limited number of laborato-
ries.'® Significant effort is now being devoted to develop-
ment of improved molecular and serologic assays for
acute, recent, and past ZIKV infection, tools that are
needed for diagnosis; surveillance; and blood, organ, and’
tissue donor screening, '

A NEW THREAT TO THE SAFETY OF THE
BLOOD SUPPLY

Blood donor viremia rates of up to 2.8% were documented
in a blood donor screening study during the French Poly-
nesia outbreak.®? With several probable cases of transfu-
sion transmission reported in Brazil™® and high viral loads
(up to 8.1 X 10° copies/mL) detected during the viremic
phase of ZIKV infection, which may last up to 14
days,2*®%7! there are growing concerns about the risk of
transfusion transmission.®*7%?%7* There is particular con-
cern over ZIKV infections and consequent severe out-
comes in at-risk recipient populations such as pregnant
women and those with sickle cell disease in need of regu-
lar blood transfusions.®

With endemic transmission of ZIKV confirmed in
over 38 countries/territories in the Americas, including
Mexico, Puerto Rico, and numerous other Caribbean
islands, and travel-related cases diagnosed throughout the
continental United States and Eurcpe, the Food and Drug
Administration (FDA),™ AABB,’>" WHO,” and European
Center for Disease Prevention and Contiol™ have issued
guidance documents to reduce the risk of transfusion
transmission of ZIKV in areas without active transmission
of ZIKV based on deferral from blood donation for 28 days
after travel to countries experiencing ZIKV outbreaks or
sexual contact with a male who has traveled to ZIKV risk
regions,2®317%-81 EDA alse issued guidance for areas with
active transmission (including-Puerto Rico and the US Vir-
gin Islands), which requires that whole bloed and blood
components be obtained from areas of the United States
without active transmission, except for plasma and aphe-
resis platelets (PLTs) that can be collected locally if patho-
gen inactivated. Cerus Corporation has demonstrated 6-
log kill (highest level of infectivity that could be evaluated)
of ZIKV in plasma (with a reasonable inference that the
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Fig. 2. Assessing the risk of transfusion transmission and studies of donors and recipients to provide insights into epidemiology,
natural history, and pathogenesis of ZIKV and other emerging infectious diseases.

same will occur in PLTs)***? and blood collection organi-
zations in Puerto Rico can consider preparing pathogen-
inactivated PLTs and plasma. Although not yet available,
additional efforts are under way to develop pathogen-
inactivated RBC componenis. The other option to allow
for ongoing blood collection and transfusion of all blood
components fromn donations collected in active ZIKV
transmission regions is to screen donors for ZIKV RNA
using an FDA-licensed blood donor screening NAT or in
the near term a test performed under an FDA investiga-
tional new drug [IND] exemption before licensure? On
March 30,-2016, the first ZIKV NAT assay for blood donor
screening, developed by Roche Molecular Systems,
became available under an FDA IND, The NAT manufac-
turing industry is working with regulators and blood test-
ing laboratories to develop and implement additional
ZIKV NAT assays for blood screening as well as multi-
plexed NAT assays for simultaneous detection of ZIKV,
DENV, and CHIKV,

In addition, WHO is currently working-on the provi-
sion of international reference preparations for ZIKV RNA
and for ZIKV antibodies to be used for comparative evalu-
ation of both diagnostic and screening assays. Indeed, in
its interim guidance document to maintain a safe and
adequate blood supply during ZIKV outbreaks,®* WHO
encourages sensitive NATs designed for diagnostic pur-
poses and in house-developed NATs to be used for blood
screening as long as they ave properly validated. In addi-
tion to donor deferral, implementation of pathogen inacti-
vation for plasma and PLTs, and NAT, WHO also
recommends that donors self-report the development of
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any ZIKV-compatible symptoms within a 14-day time
frame and encourages quarantine of blood components
for a period of 3 to 14 days postdonation or until lack of
symptom development; however, this latter recommenda-
tion will be challenging to implement (especially for PLTs
with a 5-day shelf life) and is acknowledged to be of lim-
ited value given that most ZIKV infections are asymptom-
atic. WHO also acknowledges that the implementation of.
new transfusion transmission mitigation strategies will
represent an economic challenge for some countries.

PLANNED STUDIES IN RESPONSE TO THE
- ZIKV EMERGENCY AND BLOOD SAFETY
CONCERNS

In response to WHO declaring ZIKV a public health emer-
gency of international concern, and because of growing
concerns about the risk of transfusion transmission, the
National Heart, Lung, and Blood Institute {(NHLE]) of the
US National Institutes of Health announced in February its
interest in supporting research to evaluate the risk of and
clinical impact of potential transmission of ZIKV by transfu-
sion (NOT-HL-16-307). NHLBI also announced its partici-
pation in an NIH program announcement with review
(PAR-16-106) to encourage rapid assessment of ZIKV com-
plications related to blood safety. In addition, NHLRI will
exploit its existing Recipient Epidemiclogy and Donor Eval-
uation Study-III (REDS-IIN) blood safety research program
to investigate ZIKV in the comtext of blood donations and
transfusion (Fig. 2). One of these REDS-III studies will be
launched over the next few months in Puerto Rico and the



continental United States. Blood screening by NAT was
implemented under IND to screen blood donations in
Puerto Rico in April 2016 and it is anticipated that such
screening {under IND) may potentially also be imple-
mented mid-2016 in regions of the United States such as
Florida and Texas that are at high risk for local transmission.
Blood components from ZIKV RNA-positive denors will be
interdicted to prevent ZIKV transfusion transmission. From
a research perspective, index donation ZIKV-positive
plasma will be made available for further study and acutely
infected donors will be asked to participate in follow-up
studies. These follow-up studies will investigate the natural
history and clinical outcomes of ZIKV infection, including
dynamics of viral and immune variables, kinetics of persist-
ence or clearance in blood compartments and other body
fluids, and viral and immune mechanisms leading to viral
clearance or clinical pathogenesis. The studies will also
establish repositories of pedigreed longitudinal samples to
advance molecular and serologic test development.

Three other REDS-II studies will be launched in Brazil
to avaluate ZIKV or CHIKV transfusion transmission rates
and evaluate risk of disease outcome in transfusion recipi-
ents, as well as evaluate the rate of viremia among blood
donors in several geographical areas. The REDS-III central
laboratory and REDS-II Brazil program, both led by Blood
Systems Research Insttute in San Francisco, California, are
working with the Fundagio Faculdade de Medicina and
Hospital das Clinicas of the Medical School of the Univer-
sity of Sao Paulo in Brazil. This study plans to enroll up to
3500 hospital patients receiving blood transfusions in April
and May 2016 and January to June 2017. The study is exam-
ining ZIKV, in addition to DENV and CHIKV, A new research
NAT assay to simultaneously detect ZIKV, CHIKV, and
DENV RNA is being developed in the United States and is
expected to be ready for research use by this summer, The
study will collect blood samples in recipients before and
after transfusions. The posttransfusion blood samples will
then be tested for direct evidence of ZIKV, CHIKV, and
DENV using the new research test. In cases where recipients
are identified with one or more of these viral infections after
transfusion, stored samples from the donations transfused
to that recipient and pretransfusion samples from the
infected and control uninfected recipients will be tested to
determine if the infection was. probably tansfusion-
transmitted or acquired from mosquite exposure, Partici-
pants will also be evaluated for symptoms that could be
caused by these viral infections, both through prospective
symptom ascertainment and through chart review, similar
to a previous study focused on transfusion transmission of
DENV® Another study is also being established to deter-
mine the rate of ZIKV RNA detection in six donation mini-
peols of plasina from blood donors at four Hemocenters in
Brazil participating in the REDS-IIl program {located in
Recife, Belo Horizonte, Rio, and Sao Paulo). A third study is
being planned to evaluate chronically transfused sickle cell
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disease patients for acquisition of transfusion-transmitted
ZIKV at the four REDS-III Brazil Hemocenters and to evalu-
ate clinical symptoms if ZIKV positive (regardless of the
route of transmission). These studies performed in a collab-
orative manner with Brazilian investigators should help
Brazil further build its expertise and infrastructure so as to
maintain an adequate and safe blood suppiy.®®

Additional studies under consideration would investi-
gate the transfusion transmission of ZIKV in macaque and
murine models. For example, it would be possible in a rel-
evant nonhuman primate model-to 1) rigorously charac-
terize the dynamics of acute ZIKV in blood
compartments, 2) determine the minimal infectious dose
for ZIKV required for transfusion transmission from
donors in serial stages of acute and resolving ZIKV infec-
tion, and 3) determine the efficacy of pathogen inactiva-
tion on prevention of transmission from blood products
with high viral loads.

PROACTIVE BUT EVIDENCE-BASED
APPROACH TO ZIKV RESPONSE

It is worth considering the recent response to ZIKV in the
context of efforts in the past 5 years to develop tools for
systematic risk assessment of emerging infectious dis-
eases and consideration of potential interventions.”!%!#
Despite the lack of unequivocal evidence of ZIKV transfur-
sion transmission (although likely) or the lack of data as
to whether ZIKV transfusion transmission would result in
serious ZIKV disease, a preemptive approach to safe-
guarding the safety of the blood supply including donor
deferral, blood importation, pathogen inactivation, and/or
NAT seems justified. This rapid and proactive response
strategy was motivated by the explosive ZIKV epidemic in
the Americas and the global urgency precipitated by previ-

()

ously unrecognized neurologic complications of ZIKV Q )

infection, particularly congenital infections causing death
and severe neurologic disease in fetuses and newborns.
The studies summarized should confirm and help us
quantify the risk of ZIKV transfusion transmission and
consequent disease, inform additional refinement of
donor screening and deferral policies, and allow for the
collection of samples from healthy donors, transfused
recipients, and animal models with ZIKV infection col-
lected longitudinally throughout the acute and resclution
phases of ZIKV infection. Such biospecimen collections
will be available for the scientific commmunity to optimize
serology-based diagnostics and identify host immune
markers of infection and pathogenesis. Such studies
would not be possible without strong coilaboration
between all stakeholders including industry partners,
Health and Human Services agencies, Brazilian govern-
mental agencies (Fapesp, Fapemig, and CNPQ), interna-
tional and US investigators, and the patients and blood
donors who agree to participate.3® These investigations
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are performed in a partnership manner and build on the
existing collaborative networks established through the
REDS-I-IT programs by mobilizing multidisciplinary
teams of experts in the fields of infectious diseases, virol-
ogy, immunology, and epidemiology with interest in blood
banking, blood screening, hemovigilance, and public
health. It is hoped that, as a result, the findings from these
studies will inform donor screening strategies, diagnostics,
vaccine development, and clinical care nationally and
internationally.®®
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LY SCIENCE MEDICINES HEALTH

EUROPEAN MEDICINES AGENCY

European Medicines Agency - Science, medicines, health

Zika virus infection: plasma- and urine-derived
medicines safe to use

21/09/2016

Zika virus infection: plasma- and urine-derived
- medicines safe to use | - o)

Manufacturing processes for these products successfully inactivate or remove virus

Assessments carrled out by the European Medicines Agency (EMA} and competent authorities in
the EU Member States have confirmed that there is no increased risk of contamination with the
Zika virus for patlents who take plasma-derived or urine-derived medicines.

Plasma-derived medicines are manufactured from human blood. They are used to treat and
prevent serious diseases and include coagulation factors (treatments which help blood to clot)
and immunoglobulins (proteins used in patients who need more antibodies In thelr blood to help
fight Infections and other diseases). Urine-derived products are manufactured from pooled
human urine and Include certain hormone-based treatments and urokinase products (medicines
used to break up blaod dots).

These medicines are produced from body fluids, which might be sourced in parts of the world
where the Zlka virus is prevalent. EU regulators sought reassurance that there is no risk of the
virus contaminating the final product and thus affecting the patients taking It If the plasma or
urine came from donors who had contracted the Zika virus,

EMA’s Committee for Medicinal Products for Buman Use (CHMP) has addressed the potential risk Q
from Zlka virus for plasma-derived medicinal products. The CMDh has coordinated the

assessment by EU Member States on the potential risk from Zika virus for urine-derlved

medicinal products.

The CHMP concluded at Its meeting last week that the manufacturing processes used for
plasma-derived products, including for example the solvent/detergent method to inactivate
viruses, pasteurisation (liquid heat inactivation) and virus filtration, inactivate or remove the Zika
virus from the finished product. The CHMP therefore considered that no additional safety
measures such as the testing or exclusion of certain plasma donors was necessary.

Concerning urine-detived products, the CMDh, following the assessment of the data, concluded
that the manufacturing processes for these products contain complementary steps with

. inactivation/removal capacity for enveloped viruses, which are considered sufflcient for Zika
virus safety of these products. Additional safety measures such as the screening of urine donors
or donations or the deferral of donors returning from affected areas are not consfdered
necessary.

The findings from these assessments on the viral safety of plasma-derived and urine-derived

medicines are avallable in a report from the CHMP’s Biologics Working Party (BWP) published
today.
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Notes:

« The CMDh is a medicines regulatory body representing the European Union (EU) Member

States.

« The Blologics Working Party (BWP) provides recammendations to EMA's scientiflc
committees on all matters relating directly or indirectly to quality and safety aspects
relating to biological and biotechnological medicines.

+ The BWP recommendation on plasma-derived products is In line with the guidance
published in July 2016 by the European Centre for Disease Prevention and Control (ECDC)
entitled “Zika virus and safety of suhstances of human origin - A guide for preparedness
activities in Europe®”,

' First Last
Name Language published updated
Zlka virys infection: plasma- and urine-derlved (English
medicines safe to use only) 21/09/2016

How useful is this page?

Average rating:
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The ASTMH 85th Annual Meeting, November13-17, 2016, Atlanta, GA, United States

Sesslon 27 - Late Braakers in Clinical Tropical Medicine and Global Health e}
LB-5149 - Incidence and cutcome of severe
thrombocytopenia associated with Zika virus
infection — Puerto Rico, 2016

@

&) November 14, 2016, 12:15- 1225 PM 9 Marriott - Imperial A

Authors
Tyler M. Sharp', Aidsa Rivera’, Melissa Sello Pagan?, Laura Adams?!, Jorge Munoz-jordan’, Miriam Garcia? Jennifer S.
Read!, Stephen H. Waterman’, Brenda Rivera-Garcia?
Centers for Disease Control and Prevention, San fuan, PR, United States, 2Puerto Rico Departrnent of Health, San juan,
PR, United States ‘

Disclosures
T.M. Sharp: None.

Abstract
Zika virus (ZIKV) recently emerged in the Americas, and was first detected in Puerto Rico in late 2015. ZiKV disease is
generally mild {fever, rash); however, ZIKV infection has been associated with life-threatening outcomes including
severe thrombocytapenia. We sought to define the incidence and outcome of ZIKV-Infected patients with severe
thrombocytopenia (platelet count < 20,000/p)). We reviewed passive surveillance data for patients with ZIKV infection
(defined by RT-PCR or anti-ZIKV [gM ELISA) and reported thrombocytopenla (platelet count £ 100,000/pl), Patients with
a condition that would explain thrombocytopenia were excluded. Of 13,200 patients with current or recent ZIKv
infectlon reported through August 24, 2016, a total of 121 (0.9%) had reported thrombocytopenia. Of 35 madical
records from patients with reported thrombocytopenia reviewed to date, thrembocytopenia was confirmed in 19 |
{54%). Seven patients had severe thrombocytopenia, in whom nadir platetet count ranged from 1000-18000/yl
{median: 6000). Median age of these patlents was 45 years (range: 30-88), and 5 (71%) were male. Six (86%) reported a
recent fllness, which in all cases Included fever and rash. Nadir platelet count occurred a median of 5 days after lliness
onset (range: 3-7). All 7 viere hosplitalized, and median duration of hospitalization was 3 days (range: 1-7). Six {86%)
patients had major hemorrhage, including hematochazia or melena (n = 3), ecchymoses or hematomas (n = 2), frank
hematuria {n = 2), and intracranial hemarrhage (n = 1). Two (25%) patlents died, both within 24 hours of hospitalization;
nelther received corticosteroids or intravenous immunoglobulin (IVIG). Of 5 non-fatal cases, 4 received corticostercids,
and 2 were diagnosed with Immune thrombocytopenic purpura and recelved IVIG. One fatal case and all nan-fatal
cases recelved transfusions of platelets or red blood celis, Thus far, severe thrombocytopenia appears to be a rare
camplication associated with ZIKV infaction. Further investigation is heeded to characterize the pathogenesis of ZIKv-
associated severe thrombocytopenia and interventions associated with survival.
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58th ASH® Annual Meeting & Exposition, December 3-8, 2016, San Diego, CA

2630 lnacttvation of Zlka Vlrus By So!vent/ Detergent Treatment or Pasteur!zatlon-\

Basic Science and Clinical Practice in Blood Transfusion
Program: Oral and Poster Abstracts
Session: 403, Basic Science and Clinical Practice in Blood Transfusion: Poster I

Sunday, December 4, 2016, §:00 PM-8:00 PM
Halt GH (San Dlego Conventlon Center)

Torben Schmldt’, Denis Kuehnell”, Sebastian Mueller”, Alexander Fichotta™, Kal Uwe Radomski’, Andreas Volk'*
and Sigurd Knaub?

IQctapharma Blopharmaceuticals GrnbH, Frankfurt am Main, Germany
20ctapharma AC, Lachen, Switzerfand

BACKGROUND: Since 2015 Zika virus (ZIKV) has spread within the Amerlcas and even before in other regions. In
2016, the World Health Organisatlon {(Wid0) declared the ZIKV as a “Public Health Emergency of International
Concern” (PHEIC). Therefore, It Is very important to confirm the pathogen safety of blood plasma products. These
products generally demarid an effective denor selection as well as robust pathogen eliminationfreduction steps
within the manufacturing processes. Here, we provide experimental evidence that both solvent/detergent (5/I)
treatment and pasteurization effectlvely inactivate ZIKV.

STU‘DY DESIGN AND METHODS: The ZIKV inactivation capacity of the pasteurization step and the $/D treatment for
different products and process conditions were investigated. Therafore, In-process materlal from commercial
batches was collected and spiked with ZIKV in a ratio of approximately 1:10. Viral loads were determined prior to
the safety steps and at pre-defined intervals during the individual processes to investigate the Inactivation
kinetics. Each process was investigated in duplicate runs.

RESULTS: Sixty minutes after S/D treatment the viral titer was balow detection {imit during manufacturing of
human plasma resulting In mean ZIKV reduction factor (LRF) of = 6.78 logia. For Immunoglobulin (1gG) after 240
min of §/D treatment the LRF was determined to be = 7.00 log,,. ZIKV was inactivated = 6.18 log,q after 480 min
by S/D treatment during the manufacture of factor VII.

During pasteurization of human albumin ZIKV infectivity was already below the detection limit after the heat-up
phase, This finding was conflrmed by subsequent test samples up to 2 hours. A LRF of = 748 log,, was
demonstrated.

CONCLUSION: We showed that different S/D treatment procedures inactivate the ZIKV to below the detection limit.
This effect was seen Independently of various product matrices or the choice of $/D reagent at various
concentrations and temperatures, while taking product-specific treatment tlmes into consideration. We also
showed that pasteurization is a very efficient inactivation step for the ZIKV. These results demonstrate the
effectiveness of 5/D treatment agalnst even newly emerging fipld-enveloped viruses like ZIKV in the
manufacturing of human plasma and derivatives thereof, such as IgG or factor Vil

Disclosures: Schmldt: Octapharma: Employment. Kuehnel: Octapharma: Employment. Mueller: Octapharma;
Employment. Plchotta: Octapharma; Employment. Radomskl: Octapharfna; Employment, Volk: Octapharma:
Employment. Knaub: Octapharma: Employment.

See more of: 401. Baslc Science and Clinical Practice in Blood Transfusion: Poster Il
See more of: Basic Science and Clinlcal Practice in Blood Transfusion
See more of: Oral and Poster Abstracts
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Centers for Disease
D Control and Prevention
_CDC 2447 Saving Wves, Prolecting Paople™

CDC, US and Brazilian researchers find evidence of onset of
Zika-associated microcephaly and other neurologic
complications after birth

Media Statemént

For Immediate Release: Tuesday, November 22, 2016

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

S

CDC researchers in collaboration with researchers from the United States and Brazil
investigated the first series of infants with laboratory evidence of congenital Zika virus infection
documented to have onset of microcephaly after birth,

The report, published today in CDC's Morbidity and Mortality Weekly Report, describes 13
infants in Brazil with congenifal Zika virus infection who did not have microcephaly at birth, but
later experienced slowed head growth. Among these infants, 11 later developed microcephaly.
Slowed head growth and microcephaly were accompanied by significant neurologic '

- complications. Although microcephaly was not present at birth, the infants had other brain
abnormalities consistent with congenital Zika syndrome. '

The study reveals that among infants of mothers exposed to Zika virus during pregnancy, the ‘
absence of microcephaly at birth does not rule out congenital Zika virus infection or the U
presence of Zika-related brain abnormalities.

_ The findings highlight the importance of recent CDC guidance (https://www.cdc.gov/zika/hc-
providers/infants-children.html) on initial and continuirg medical and developmental
evaluations of infants with possible congenital Zika virus infection and the importance of earl'Iy
neuroimaging for infants who were exposed to Zika virus prenatally.

CDC Guidance for Preghant Women and Women Consideting Preghancy

CDC continues to recommend that pregnant women not travel to areas with Zika, If a pregnant
woman travels to or lives in an area with active Zika virus transmission, she should talk with
her healthcare provider and strictly follow steps to prevent mosquito bites and sexual
transmission of Zika virus. Pregnant women with possible exposure to Zika virus should be
tested for Zika infection even if they do not have symptoms. For more information, please visit
www.cde.gov/zika/pregnancy/ (htips://www.cde.gov/zika/pregnancy/).
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CDC continues to encourage women considering pregnancy and their partners in areas with
active Zika transmission to talk to their healthcare providers about pregnancy planning so that

.they know the risks and the ways to reduce them. For more information, please visit

www.cde.gov/zika/pregnancy/thinking-about-pregnancy.htmi

hitips: / /www.cde.gov/zika /pregnancy/thinking-about-pregnancy.html).
##4

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

Page last reviewed: November 22,2016
Page last updated: November 22,2016
Content source: Centers for Disease Contral and Prevention (/)
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Prevention of sexual transmission of Ebola in Liberia through
a national semen testing and counselling programme for
survivors: an analysis of Ebola virus RNA results and
behavioural data

Moses | Soka*, Mary ] Choi*, April Baller, Stephen White, Emerson Rogers, Lawrence f Purpura, Nuha Mahmoud, Christine Wasunra,

Mases Massaquoi, Neetu Abad, Jomah Kollie, Straker Dweh, Philip K Bemah, Athalia Christie, Victor Ladele, Oneychachi C Subah, Satish Piflai,
Margaret Mugisha, Jonathan Kpake, Stephen Kowalewski, Emilio German, Mark Stenger, Stuart Nichol, Ute Stréher, Kristin £ Vanderende,
Shauna Mettee Zarecki, Hugh Henry W Green, Jeffrey A Bailey, Pierre Roflin, Barbara Marston, Telbert G Nyenswah, Alex Gasasira, Barbara Knust,
Desmond Williams '

Summary

Background Ebola virus has been detected in semen of Ebola virus disease survivors after recovery. Liberia's Men's
Health Scaeening Program (MHSP) offers Ebola virus disease survivors semen testing for Ebola virus, We present
preliminary results and behavioural outcomes from the first national semen testing programme for Ebola virus,

Methods The MHSP aperates out of three locations in Liberia: Redemption Hospital in Montserrado County, Phebe
Hospital in Bong County, and Tellewoyan Hospital in Lofa County. Men aged 15 years and older who had an Ebola
treatment unit discharge certificate are eligible for inclusion, Participants’ semen samples were tested for Ebola virus
RNA by real-time RT-PCR and participants received counselling on safe sexual practices. Participants graduated after
receiving two consecutive negative semen tests. Counsellors collected information on sociodemographics and sexual
behaviours using questionnaires administered at enrolment, follow up, and graduation visits. Because the programme
is ongoing, data analysis was restricted to data obtained from July 7, 2015, to May 6, 2016.

Findings As of May 6, 2016, 466 Ebola virus disease survivors had enrolled in the programme; real-time RT-PCR
results were available from 429 pariicipants. 38 participants (9%) produced at least one semen specimen that tested
positive for Ebola virus RNA. Of these, 24 (63%) provided semen specimens that tested positive 12 months or longer
after Ebola virus disease recovery. The longest interval between discharge from an Ebola treatment unit and collection
of a positive semen sample was 565 days. Among participants who enrolled and provided specimens more than
90 days since their Ebola treatment unit discharge, men older than 40 years were more likely to have a semen sample
test positive than were men aged 40 years or younger {p=0-0004). 84 (74%) of 113 participants who reported not using
a condom at enrolment reported using condoms at their first follow-up visit (p<0.0001). 176 {(46%) of 385 participants
who reported being sexuaily active at enrolment reported abstinence at their follow-up visit (p<0.0001).

Interpretation Duration of detection of Ebola virus RNA by real-time RT-PCR varies by individual and might be
associated with age. By combining behavioural counselling and laboratory testing, the Men's Health Screening
Program helps male Ebola virus disease survivors understand their individual risk and take appropriate measures to
protect their sexual partners.

Funding World Health Organization and the US Centers for Disease Control and Prevention.

Copyright This is an Open Access article published under the CC BY-NC-ND 3.0 IGO license which permits users to
download and share the article for non-commercial purposes, so long as the article is reproduced in the whele without
changes, and provided the original source is properly cited. This article shall not be used or reproduced in association
with the promotion of cormunercial products, services or any entity. There should be no suggestion that WHO endorses
any specific organisation, producis or services. The use of the WHO. logo is not permitted. This notice should be
preserved along with the article’s original URL.

Introduction

In March, 2015, a 44-year-old female from Monrovia,
Liberia, contracted Ebola virug disease and died in an
Ebola treatment unit (ETU). An extensive investigation
revealed one epidemiclogical link to Ebola virus
exposure: unprotected sexual intercourse with a male

Ebola virus disease survivor! A semen specimen
collected from the Ebola virus disease survivor tested
positive for Ebola virus RNA by realtime RT-PCR (RT-
PCR} 199 days after he first became ill with Ebola virus
disease, Although no infectious virus was isolated from
the semen, genetic analysis of the Ebola virus collected
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Research in context

Evidence before this study
We searched PubMed and MEDLINE for the following search
terms: “Ebola” and “sexual transmission®, “semen”, and “viral
persistence”, The search was done from Nov 15, 2015, to

May 30, 2016, Search results were then limited to research
studies using RT-PCR or virus culture, or both, to detect the
presence of Ebola virus in semen of survivors of Ebola virus
disease. This search yielded seven articles. Four publications
reported resuits for Ebola virus disease survivors of the 2014
west Africa Ebola virus disease outhréak treated in west Africa.

Of these, the [drgest cohort of Ebola viris disease sirvivors tested
was 100. The longest perfod oftime between disease onset and
the detection of Ebola virus disease RNA by RT-PCRwas

276 days. Viral culture results were niot.reported in the four
articles reportirig semen test results of Ebola virus disease
survivors cared for in west Africa. One artlcle reported semen test
results from five male Ebola virus disease survivors cared for in
the USA. The longest period of time hefieen disease onsetto
the detecticn of Ebola virus disease RNA by RT-PCR inthese men
was 290 days. The highest cycle threshold value far the
nucleoprotain gene target for semen specimens from which
Ebola virus disease was isolated by viral culture was 30,

Added value of this study

We describe the preliminary test results and behavioural
outcomes for, to our knowledge, the first national semen’
testing and counselling public health programm for Ebola

from the semen of the Ebola virus disease survivor
closely matched the Ebola virus recavered from the
fermale patient.?

Based on virus-isolation results from previous Ebola
virus disease and Marburg virus disease survivors,*
Ebola virus disease survivors were encouraged to practice
abstinence or use condoms for 90 days after recovering
from the disease. However, the possibility of infectious
Ebola virus persisting in the semen of survivors beyond
this timeframe prompted WHO to issue new guidance.
In May, 2015, WHO released interim guidance for male
Ebola virus disease survivors.® This interim guidance
recornmended the following: (1) in addition to receiving
condoms and sexual risk reduction counselling at ETU
discharge, all male survivors should be offered semen
testing for Ebola virus RNA by rRT-PCR until their
semen tests negative twice for Ebola virus RNA; (2) male
survivors and their sexual partners should be provided
with condoms and receive counselling to ensure safe
sexual practices until their semen has twice tested
negative; and (3) if a survivor's semen has not been
tested, he should practise safe sex for at least 6 months
after onset of symptoms.

At the time WHO released their interim guidance,
semen testing for Ebola virus RNA was not widely
available in Liberia. To address this gap, on July 7, 2015,
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virus disease survivors, We present serfal RT-PCR semen test
results for 429 Ehola virus disease survivors in Liberia, and
report a possible association of age and the duration of
detection of Ebola virus RNA by RT-PCR, We also report, to our
knowledge, the longest interval between discharge fromthe
Ebola treatment unit and the collection of a positive semen
sample (565 days}. We found that counselling paired with
laboratory testing favourably affected reported condom use by
men enrolled in the programme, with 74% of participants who
reported not using a ¢endom at enrolment subsequently
réporting Using 4 tandorm at their fast séxual ericounter.
Impllcatlons of all the avajlable evidence

We found that the duration for which Ebola virus is detected in
the sernen of Ebola virus disease survivors varies by individual,
As such, semen testing programmes that comb:ne behavioural
counseﬂing and laboratary testing can play an Important part
in educating male survivers of Ebgla virus disease of their risk of
transmittihg Ebola virus through sex and cold potentially
mitigate future outbreaks associated with sexual transmission,
The Men's Health Screening Program can serve as a miodel for
future semen testing programmes for Ebola virus, We also
found that the duration in which Ebola virus isdetected inthe
semen of Ebola virus disease survivors might be associated with
age, Future studies should be designed to invastigate this
possible association and to Identify other factors that might be
assoclated with prolonged viral persistence in semen.

the Liberian Ministry of Health, in collaboration with
WHO, the Academic Consortiumn Combating Ebola in
Liberia, and the US Centers for Disease Control and
Prevention (CDC), launched the Men’s Health Screemng
Program (MHSP). Based on the principles outlined in
WHO's interim guidance,® the MHSP provides male
Ebola virus disease survivors with semen testing for
Ebola virus RNA by rRT-PCR and behavioural counselling
on safe sex practices. We describe Liberia’s national
semen testing programme for Ebola virus, present
preliminary semen testing results, and report sexual risk
behaviours.

Methods

Study design and participants

The MHSP operations manual is provided in the
appendix (pp 2-34), The MHSP operates out of three
locations in Liberia: Redemption Hospital in Mentserrado
County, Phebe Hospital in Bong County, and Tellewoyan
Hospital in Lofa County (figure 1). Men are eligible to
entrol if they are aged 15 years or older and can provide an
ETU discharge certificate. Due to insufficient laboratory
capacity and challenges in specmlen transportation
during the height of the Ebola virus disease outbreak in -
Liberia, laboratory confirmation of Ebola virus infection
was not available for all patients with suspected Ehgla
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New Ebola cluster
detected in Liberia
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Height of Ebola Sexual transmission Programme office Pragramme office Programme office
outbreak in Liberia of Ebola virgs opensin apensin opensin
: in Liberia Montserrado County Bang County Lofa County
Py adit A >

Figure 1: Programme implementation timeline

virus disease™” As such, possession of an ETU discharge
certificate was used as proof of survival from the disease.

Potential programme participants are identified
through two primary methods: informational events held
in conjunction with Ebola. virus disease survivor
association meetings and through the national Ebola
virus disease survivor registry. Maintained by the Liberia
Ministry of Health, as of June 17, 2015, the national Ebola
virus disease survivor rvegistry listed 1541 laboratory-
confirmed Ebola virus disease survivors, 534 of whom
were males individuals aged 15 years or older.

Created to implement a WHO-recommended semen
tesiing programme for male Ebola virus disease
survivors, the MHSP was granted a non-research
determination by the CDC. On June 18, 2015, the Liberian
Minisiry of Health officially adopted the MHSF as.a
public health programme of Liberia. Programme
participation was voluntary and wuitten informed

consent was obtained from participants before
programme enrclment.
Procedures

Upon programme enrolment, trained counsellors collect
information from enrollees on sociodemographics and
sexual behaviours since ETU discharge of the enrollee
uging a standardised baseline questionnaire (panel;
appendix pp 35—47); provide counselling on safe sexual
practices (appendix pp 48—69); and provide condoms and
instruction on condom use. Date of discharge from an
ETU is established from the partitipant's discharge
certificate. Additionally, all participants receive a
brochure listing health-care facilities that provide clinical
care services to Ebola virus disease survivors, Participants
presenting with physical or psychological complaints are
referred for health-care services as needed or if requested,
In keeping with the MHSP's non-research status, data
collection was limited to those items that directly affected
programme delivery and services. As such, participants
were not asked about any pre-existing medical disorders
{eg, hypertension, diabetes, or HIV).

Participants were also asked to provide a semen sample
for testing by rRT-PCR. After collection of the first semen
sample, the frequency of subsequent semen tests was
dependent on the test result of the previous sample
{figure 2). Participants whose previous semen sample
tested positive for the presence of Ebola virus RNA were

www.thelancat.com/lancetgh Vol4 October 2016

Panel: Selected questionnaire data fields

Baseline questionnairé
Whether he (the patient) has resumed sexual activity
Frequency of sexual intercourse

Condom use at last sexual encounter; where he procured the condoms

Signs and symptoms of a sexually transmitted infection®
Age

Highest level of education attained

Marital status

Date of ETU admission or discharge

Did ha recelve counselling on when they were safe to resume sexual activity; if so,

wha provided this counselling?

After ETU discharge, did he discuss with his sexual partnerwhento resume sexual

activity?

Follow-up questionnaire

Whether he has had sex since the last visit

Frequency of sexual intercourse

Condom use at last sexual encounter

Signs and symptoms of a sexually transimitted infection*

Graduation questionnaire

Wheather he has had sex since the last visit

Frequency of sexual intercourse

Condom use at last sexual encounter

Signs and symptoms of a sexvally transmitted infection®

O

Whethar he plans to share his semen test results with his saxval partneror partners

Confidence In correctly putting on and taking off a condom
Participant satisfaction with programme services
Why he choose to receive services from the clinic or mobile team

) ETU=Ebola treatment unit, *Dysurla, penlle discharge, Lestleular pain ar swelling, or genita! sores or biisters,

tested once a month. Participants whese previous semen
sample did not detect Ebola virus RNA were tested every
2 weeks, which is the minimum furnaround time for
specimen transport and processing. In accordance with
WHO guidelines,*® participants graduate from the
programme after receiving two consecutive semen test
results that do not detect the presence of Ebola virus
RNA by rRT-PCR. Participants who are repeatedly unable
to produce a specimen (at least three unsuccessful
attempts) are referred for health-care services but may
remain enrolled in the programme.

During follow-up visits, participants are informed of

their individual rRT-PCR results, asked about their sexual
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First sarmple is PCR 2weekslater

positive for Ebola virus Second semen sample

Returm in 2 weeks collected and tested for

¥ Eholavius

No semen sample
Enrolment visit 2weeksiater collacted Follow-up visits every
First semen sample First semen sample PCR 2weeks until two
collected and tested tast result given censecutive PCR semen
for Ebola virus RNA samples are negative for

Firstsample is PCR 2weekslater Ebolavis

negative for Ebola virus Second semen sample

- Second semen sarple PLR test result given

collected and tested for

Ebola virus

Return In 2weeks

Figure 2: Semen testing algorithm

Frequency of semen collection is dependent on the previous semen test result: If posltive, the next sample is taken 4 weeks later; if negative, the next sample is taken

2 weeks later.

practices since their last visit using a standardised follow-
up questionnaire (panel), counselled on safe sexual
practices, and provided with condoms. In addition to
questions about their sexual practices, questions were
added on Qct 20, 2015, to assess graduating participants’
satisfaction with programme services, and their
confidence in correcly putting on and taking off a
condom {graduation questionnaire; panel). Consistent
with other semen testing services for Ebola virus disease
survivors in Liberia, MHSP participants were giver US$5
to cover transportation costs and $20 for semen samples,

The primary location for service delivery for both the
enrolment and follow-up visits was the programme
clinic. However, Ebola virus disease survivors who were
unable to travel to the programme clinic were offered
services at a location of their choosing by a two-person
mobile team composed of a counsellor and a semen
technician. In addition to the services offered in the
clinic setting, participants who receive services from the
mobile team were offered the opportunity to include
their sexual partners in their counselling sessions.

The risk reduction behavioural counselling used in the
MHSF was adapted from the Ebola virus disease Viral
Persistence Study in Sierra Leone The goal of the
counselling programime was to (1) encourage abstinence
or condom use among programme participants until
they had received twa consecutive semen test results that
did not detect the presence of Ebola virus RNA by rRT-
PCR; and (2} refer programme participants to available
Ebola virus disease survivor services in the community
as needed for other health concems.

Behavioural counselling to reduce the risk of spreading
Ebola virus disease was provided at each visit (appendix
PP 48-69). At the first visit, counsellors introduced the
participant to the session; provided information abont
the semen rRT-PCR test; conveyed the importance of
abstinence or condom use, or both, to reduce risk of
transmitting Ebola virus; engaged the participant in a
conversation regarding his sexual behaviour and intimate
relationships; negotiated risk reduction steps with the
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participant; and demonstrated how to safely use and
dispose of condoms using a wooden penis model. At
each subsequent visit, counsellors delivered the semen
test resulis from the previous visit, explained what the
test results mean, and provided education on ways to
reduce the risk of sexual transmission of the virus, These
processes continued until the participant was discharged
from the programme after having two consecutive
negative semen test results. At all counselling sessions,
counsellors asked participants to report any medical,
psychosocial, or other issues they were experiencing.
Counsellors referred these participants to appropriate

"health-care services.

All self-collected semen specimens submitted by the
MHSP were stored and transported at—20°C or colder to
the Tappita Ebola virus disease laboratory in Nimba
County. Upon receipt in the laboratory, specimens were
maintained at ~20°C or colder until testing with the
CDC's Ebola Virus NP and VP40 Real-Time RT-PCR
Assays (CDC, Atlanta, GA, USA)" Briefly, semen
specimens were allowed to thaw for up to 30 min before
total nucleic acid isolation using the MagMAX Pathogen
RNA/DNA Kit {Applied Biosystems, Foster City, CA,
USA). Inactivation of the semen specimen with MagMax
lysis buffer (ThermoFisher Scientific, Waltham, MA,
USA) was done in a glove box. After proper exterior
decontamination of the vial, automated nudleic acid
extraction was done using the BeadRetriever platform
{Applied Biosystems). rfRT-PCR was done on the Bio-
Rad CFX96 Touch (Hercules, CA, USA) instrument
as per the Emergency Use Authorization protocols.”
The combined Emergency Use Authorization assays
detected specific sequences of the Ebola virug'
nucleoprotein and viral matrix protein (VP40) genes and
the human RNage P gene that controlled for nucleic
extraction and specimen quality. Samples of the
extracted nucleic acids were stored at -70°C or colder for
potential retesting.

Interpretation of the rRT-PCR results was done in a
similar way to that described previcusly” Semen test

wwwithelancet.comflanceigh Vol 4 Octoher2016
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resulis were reported to the MHSP with target PCR cycle
threshold values (ie, the number of cydes needed for the
fluorescent signal to exceed the background level) and
interpretation. Specimens were deemed positive if both
targets (nucleoprotein and VP40} were amplified within
40 cycles of replication. Specimens were deemed negative
if neither of the Ebola virus targets was amplified within
40 cycles of replication and the RNase P target yielded
amplification in less than 30 cydes of replication.
Specimens were considered indeterminate if only one
of the Ebola targets showed positive amplification,
Specimens without amplification of either Ebela virus
target and RNase P amplification of over 30 cycles of
replication were judged to be of poor quality and re-
collection was requested. Testing of semen samples was
limited to tRT-PCR because undertaking virus isolation
was not possible in Liberia.

Statistical analysis

Data were collected through the use of questionnaires at
baseline and all follow-up visits and were entered into a
- Microsoft Access database. We used the ¥2 test to test for
an association Dbetween categorical variables and the
Kruskal-Wallis test to test for a difference between the
median of non-normally distributed numerical variables
across categorical groups. McNemar's test was used to
test for differences between paired nominal data between
baseline and the first follow-up visit. We used SAS
version 9.3 for data analysis. Because the programme is
ongoing, data analysis was restricted to data obtained
from Tuly 7, 2015, to May 6, 2016.

Results ‘
As of May 6, 2016, 466 Ebola virus disease survivors had
enrolled in the programme. Median time from ETU
discharge to programme enrolment was 384 days
(range 7-697; table 1j; four survivors who were a part of
an Bbola virus disease cluster in July, 2015 {figure 1), were
enrolled within 2 weeks of ETU discharge. The median
age of participants was 33 years (range 15-79), 266 (57%)
were residents of Montserrado County, and 79 ({17%)
chose to receive services from the mobile team,

rRT-PCR results were available for 429 of 466 pro-
gramme participants. Semen test results for nine
participants were not available at the time of data analysis
for this manuscript (May 6, 2016); five cited personal or
religious objections to masturbation; seven were unable to
provide a semen specimen because of erectile dysfunction;
two reported being unable to produce a specimen as 2
result of ongoing medical issues, one because he was
recovering from a hernia operation and the other because
of testicular pain; eight were lost to follow-up according to
the programme protocol after missingseveral follow-up
appointments despite several attempts to re-engage them;
and six were unable to produce a specimen at enrolment
and had follow-up appoiritments scheduled afier the
cutoff date for data analysis for this report (May 6, 2016).

www.thelancet comffancetgh Vol 4 October 2016

Participants
(n=466)
Age (years) 33 (15-79)
County of residence .
Montserrado 266 (57%)
Margibi 67 (14%)
Bong 49 (11%)
Lofa 49 (11%}
Other 35 (8%)
Point of service delivery
Montserrado Program Office 273 (55%)
Bang Program Office 64 (14%)
Lofa Program Office 50 (11%)
Mohile team 79 (17%)
Time from ETU discharge to programme enrolment 384 (7-697)
(days)
Sexually active at time of programme enrolment 424 (91%)
Reported sexval frequency at programme enratment
Twice aweek or more 126/454 (28%)
Morethan once a month but lessthantwice aweek  195/454 (43%)
Once a month or less ] 333/454 (29%)}
Reported using a condom the last fime they had sex 190/422 (45%)
Reported experiencing at least one sign arsymptomofa  118/463 (25%)
sexuvally transmitted disease at programme enrolment*
Data are median (range), number (%3, or n/N (%). Some percentages do not addup
t0 100 because of rounding. ETU=Ebala treatment unit. * Dysuria, penife discharge,
testicular paln or swelling, or genital scres or blisters.
Table 1: Participant characteristics

Among the 429 programme participants with tRT-PCR
results, 38 (9%) had at least cne semen sample test
positive for Ebola virus RNA by rRT-PCR., The median
age for those with positive Ebola virus results was
40 years (range 18-68) comnpared with 32 years (15-70)
for these who never had a positive test {table 2). The
proportion of men reporting at least one sign or
symptom of a sexually transmitted disease did not differ
between those who had at least one semen sample test
positive for Ebola virus RNA {42%) and those who never
had a semen sample test positive for Ebola virug RNA
(39%; p=0.74).

24 (696) of 429 participants provided semen specimens
that tested positive for Ebola virus RNA atleast 12 months
after their ETU discharge. The longest interval between
ETU discharge and the collection of a poditive specimen
was 18 months (565 days), One participant whose semen
tested rRT-PCR positive more than 12 months after ETU
discharge self-disclosed that he was diagnosed with HIV
infection in 2009 and was taking antiretroviral therapy.

Ebola virus RNA was detected in the initial semen
specimen of all four participants who were enrolled
within 90 days of their ETU discharge, eight (22%) of
37 enrolled within 181-270 days, ten (8%) of 123 enrolled
within 271-360 days, 11 (8%) of 133 enrolled within
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MHSP*

Sierra Guinea  USAMS

Leonet
1-90days 4/4(100%)  9/9(100%) 4714 (29%) 4/4({100%)
91-180days O 26/40(65%)  3/18(17%).  3/4(75%)
181-270days  B/37(22%) 1143(26%) 2/31(6%)  2/5(40%)
271-360days  10/123(8%) NA 1/29(3%)  0/1(0%)

- 361-450days 11/233(8%) NA 0/6 (0%)  0/1(0%)

451-540days  S72(7%) NA NA NA
541-630days  0/1(0%) NA NA NA

Data are n/N (%). MHSP=Liberia’s Men's Health Screening Program, ETUsEbola
treatment unlt. NA=not applicable. *Days from acute iflness caleulated from ETU
discharge. tDays from acute lliness calculated from symptom onset. $Days from

Participantswithat Participantswhonever pvalue
least one positive  had a positive semen
semen test for testfor EBOV (n=391)
EBOV (n=38)
Participants with detectable Ebola virus in 24.{63%) NA NA
semen ¥12 months after ETU discharge
Age (years) 40 (18-68) 32 (15-70) 0.0002*
Reported =1 sign or symptom of a sexually 16 (42%) 154 (39%) 074}
transmitted infection
Reported sexual frequency at baseline
Twice aweak or more 11 (29%) 106/381 (28%) 045t
Morethan oncea month but lessthan 13 (34%) 167/381 (44%)
twice a week
Ore amonth or less 14 (37%} 108/381 (28%)
Data are number {%), median (range). EBOV=Ebola virus RNA. ETU=Ebola treatment unit. NA=not applicable.
*Kruskal-Wallis, 1" test.
Table 2; Participant characteristics by semen test result
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" 361-450 days, and five (7%) of 72 enrolled within

451-540 days (table 3). No participants were enrolled
91-180 days after ETU discharge.

In semen specimens collected within 90 days of ETU
discharge, the mean cycle threshold value was 32.2%
(range 27-55-36-38) for VP40 and 33-37 (29-17-37-10) for
nucleoprotein (table 4), After 90 days, mean cycle
threshold values for both gene targets plateaued (VP40
range of means 35-91-36 82, nucleoprotein 36 99-38 . 70).

Among participants who enrolled and provided
specimens more than 90 days since their ETU discharge,
men older than 40 years were more likely to have at least
one semen sample test positive for Ebola virus RNA by
rRT-PCR than were men aged 1540 years (p=0-0004;
table 5). Also, reported sexual frequency did not differ
between the two age groups (p=0-45). Participants who
were tested within 90 days of ETU discharge were excluded
from this analysis because Ebola virus persists in semen
during this time period.’

427 (929%) of 466 participants reported being counselled
by ETU staff to either abstain from sex or to use condoms
for 90 days after recovering from Ebola virus disease, At
enrolment, 424 (91%) participants reported having
resumed sexual activity; 42 (9%) reported current
abstinence {table 1), Of the 410 participants who reported
the date they resumed sexual activity, 363 (89%) waited
90 days or more after their ETU discharge before
resuming sex. Frequency of sexual intercourse was not
associated with age (p=0-41; appendix p 69).

Of the 424 participants who reported resuming sexual
activity on their initial enrolment questionnaire,
190 {45%) reported using a condom the last time they
had sexual intercourse. At the first follow-up visit,
84 (74%) of 113 participants who reported mnot
using condoms at enrolment reported use at their
last sexual encounter (intrasubject comparison
between enrolment and follow-up visit: p<0-0001). At
graduation, 80 (76%) of 105 participants who reported
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acute iflness calculated from disease onset. SDays from acute llness caleulated from
first blood sarnple negative for Ebola virus on PCR.

Table 3; Proportion of patients with Initial samples positive for Ebola
virus on qualitative RT-PCR by days from acute illness

not using condoms at enrolment reported use at
their last sexual encounter (intrasubject comparison
between enrolment and graduation: p<0-0001).
Additionally, 176 {46%) of 385 participants for whom
follow-up data were available who reported being
sexually active at enrolment reported abstinence at the
first follow-up visit (intrasubject comparison between
enrolment and first follow-up: p<0-0001). At
graduation, 109 (36%) of 300 participants who reported
being sexually active at enrolment and for whom
graduation data were available reported abstinence
{intrasubject comparison between enrolment and
graduation visit: p<0-0001).

326 participants graduated from the programme after
two consecutive semen samples tested negative for Ebola
virus RNA. 24 (63%) of 38 participants who had at least one
semen samplé that tested positive for the presence of Ebola
virus RNA have graduated from the programme. The
median time from programme enrolment to graduation
was 50 days (range 24-226). Of the 299 programme
graduates who were asked, 290 (97%) reported that they
would refer a family member or friend to participate in the
semen testing programme and 257 (86%) shared or
planned to share their semen tests results with their sexnal
partners. Of the 294 programme graduates who provided a
response to the graduation questionnaire question about
confidence with condom use, 220 {75%) reported feeling
“very confident” about knowing how to correctly put on
and take off a condom, 52 (18%) reported feeling
“somewhat confident’, and 22 (7%) reported feeling “not
confident” or “not at all confident”,

Discussion

Among participants enrolled in the MHSP, 38 (9%) of
429 produced at least one semen sample that tested
positive for Ebola virus RNA by rRT-PCR. Of these,
24 provided semen specimens that tested positive for the
presence of Ebola virus RNA at least 12 months after
ETU discharge. The longest interval between ETU
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discharge to the collection of a positive semen sample
among MHSP participants was 565 days, which exceeds
previously reported time intervals"®* However,
detection of Ebola virus RNA by rRT-PCR does not
necessarily indicate the presence of infectious virus.***"

Consistent with findings from previous studies,™" the
lowest mean rRT-PCR values for both geme targets
cccurred in MHSP participants who were within
3 months of ETU discharge. Also consistent with
findings from previous studies,*™* the tatal number of
MHSP participants whose semen tested pasitive for the
presence of Ebola virus RNA declined over time. Unlike
findings from previous studies," the mean cycle
threshold values for both gene targets for MHSP
participants seemed to plateau. Although some of these
differences probably occurred because this study had a
larger sample size and longer follow-up period than
previous studies, this finding also suggests that
heterogeneity exists in Ebola virus persistence in semen
among survivors of Ebola virus disease,

Among men for whom more than 90 days had passed
since their ETU discharge, age older than 40 years seemed
to be a factor in the likelihood of having at least one
semen sample test positive for Ebola virus RNA by rRT-
PCR. This possible association, to our knowledge, has not

_been reported previously and the reason for this finding
is not clear. Also, for men enrolled in the programme,
1eported sexual frequency was not associated with age. In
view of these findings, differences in the persistence of
Ebola virus RNA in semen might be a result of age-related
factors such as changes in semen composition®* or age-
related changes inimmune function, Because participants
are not asked about pre-existing medical disorders,
sustained viral persistence in semen could also be a result
of the presence of other immunocompromising
disorders, such as HIV or diabetes.

91% of men reported having resumed sexual activity at
the time of programme enrolment. This finding is not
surprising because the programme launched 9 months
after the peak of the Ebola virus disease outbreak in

Liberia, Initial examination of condom use and abstinence -

showed that counselling, paired with laboratory testing,
Ied to a reduction in reported high-risk sexual behaviours.

. This reduction was noted at the first follow-up visit and at
programme graduation, However, because these measures
are all selfreported, the implications of these findings are
limited by social desirability bias.

Preliminary data analysis of participants enrolled in the
MHSP suggests that duration of detection of Ebola virus
RNA by rRT-PCR varies by individual and might De
associated with age. In view of this finding, semen testing
prograrames such as the MHSP, which combine
behavioural counselling with laboratory testing, can play
an important part in educating male Ebola virus disease
survivors of their risk of transmitting Ebola virus thiough
sex and could potentially mitigate future outbreaks
associated with sexual transmission. However, our
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Number of Number of

semen samples  participants with at

testing positive  least one semen

VP40 mean (range)

Nucleoprotein mean
{range)

forEbolavirus  sampletesting

positive for Ebola

virus*
1-90 days 8 4 3228(27.55-3638) 3337 (29:17-37:10)
91-180days 3 2t 36-82(36-38-37.62)  3818(37-43-39.22}
181-270 days 6 36.02 (30-58-3839)  37.25(32:00-39-54)
71360 days 12 1 36.59(3431-39.09)  37.72(34:87-39.58)
361-450days 31 18 3622 (31-40-39:50) 3739 (32:64-39-68)
451-540days 13 8 35-91(31.58-39.74) 36-99 (32:14-39-74)
§41-630days 2 2 36.43 (35:20-37-66)  38.70(38-48-38.91)

*These numbers are cumulative and only include patients who had not yet graduated. tTwo patlents produced o
samples that were of poor quality and could not be tested. : (

Table 4: Mean RT-PCR cycle threshold values by days from Ebola treatment unit discharge to collection of
a positive semen sample

Participants withatleast  Participants who never
one semen sample testing  hacla semen sample test
positive for Ebola virus positive for Ebola virus
(n=34) (ne381)
Agexd0years 17 (50%) 302 (77%) '
Age>40years 17 {50%) 89 (23%)

Analysls excluded four participants wha enrolled within 90 days of Ebola
treatment unlt discharge. y* p=0-0004 for the difference between age groups.

Table 5: Semen test results stratified by age

experience shows that implementing and sustaining such
a programme is time and resource intensive. Health-care
facilities caring for survivors after ETU discharge should
offer semen testing and behavioural counselling as part of
a standard package of health-care services. In addition to
fostering a holistic approach to survivor care, integration
would probably reduce the ime and costs associated with
implementing a semen testing programme and ensure a
better surveillance for potential future transmission events,
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EDITORIAL

Optimal prevention of transfusion-transmitted cytomegalovirus
(TTCMV) infection by modern leukocyte reduction alone: CMV
sero/antibody-negative donors needed only for leukocyte
products

ytomegalovirus (CMV) is a ubiquitous DNA

virus of the human herpesvirus group that

infects most individuals at some time during

life by a variety of routes, including blood
transfusions. Children and young adults are infected
most commonly via exposure to respiratory secretions
from other individuals with primary infections. When
CMV infection occurs during infancy, an important
route of primary infection is from mother to infant via
breast milk. It is well known by the transfusion commu-
nity that another route of primary infection can be via
transfusion transmission,

Primary infection with CMV begins as an acute
upper respiratory infection that, despite the presence of
viremia, is often subclinical with few overt signs/symp-
toms. As with .other herpes viruses, primary infection
and viremia resolve as antibodies emerge. As is true for
all human herpesvirus infections, CMV then progresses
to a “latent” phase of chronic infection or carrier state,
during which the patient is asymptomatic, but the CMV
virus resides within blood leukocyies. If activation of
the latent infection occurs—which can happen with
many perturbations of the immune system, including
normal pregnancy, cancer, chemotherapy/radiotherapy,
and solid organ or stem cell transplantation—the virus
proliferates and can reappear in body fluids and/or tis-
sues as a reactivation/secondary infection.

In healthy individuals, primary and reactivation
CMV infections are of little consequence; however, in
patients with immunodeficiency, these infections can
produce severe, even fatal, disseminated disease.
Patients at risk of severe infections include children
with congenital immunodeficiency disorders, patients
with human immunodeficiency virus/acquired immu-
nodeficiency syndrome (HIV/AIDS), recipients of organ
allografts and/or stem cells, patients with cancer who
are undergoing chemotherapy/radiotherapy, fetuses
who receive intrauterine transfusions, and preterm neo-
nates. During the latent or carrier stage of CMV infec-
tion, previously infected individuals are asymptomatic
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and fulfill all requirements to donate blood. However, in
the bloodstream of individuals who have latent infec-
tion, CMV is associated almost exclusively with mono-
nuclear leukocytes, and the transfusion of blood
containing these leukocytes can infect the recipient
with CMV. Although there has been debate about the
subpopulation(s) of leukocytes carrying the virus, it has
been consistently demonstrated that effective leukocyte
reduction (i.e., that done in the blood center/bank with
quality control to document satisfactory leukocyte
removal, not filtration at the bedside) profoundly
reduces—and, in some reports, actually eliminates—the
risk of CMV transmission by transfusion,!®

Despite the resounding success/efficacy of modern
leukocyte reductionn and the fact that this technology
has never been found to be inferior to any other
method of preventing transfusion-transmitted CMV
(TTCMV), a potential problem does exist during the
onset of primary infection: namely that, before ant-
CMV antibodies form, CMV virions are “free” and are
present in plasma. Clearance of these plasma “free”
CMV virions shortly follgws the emergence of CMV anti-
bodies, and the virus becomes partitioned within leuko-
cytes, where it can be removed along with the carrier
leukocytes by effective leukocyte reduction to prevent
the transmission of CMV by transfusion. In contrast,
leukocyte reduction canrnot remove plasma “free” viri-
ons. Accordingly, leukocyte-reduced blood components
that are collected from donors who are in the earliest
stage of primary infection and are still both asymptom-
atic and CMV sero/antibody-negative (ie, in the
“window phase” of primary CMV infection) theoretically
could transmit CMV—findings that initially gave rise to
the unsettling possibility that neither leukocyte reduc-
tion nor the selection of CMV sero/antibody-negative
donors could prevent occasional TTCMV infections.

In this regard, it is important to note that later lon-
gitudinal studies of seroconverting donoers in the early
stages of primary CMV infections largely dispelled this
concern by several interrelated findings. Those studies
found that the number of plasma “free” CMV virions

_was very low at the time CMV infection began—when

CMV antibody test results were still negative. As infec-
tion progressed, the number of CMV virions increased
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quickly as antibodies began to emerge, until rapidly
increasing amounts of CMV antibody led to the disap-
pearance of plasma “free” CMV virlons and their parti-
tioning into leukocytes. The possibility must be
vanishingly smail that an individual will present for don-
ation during the early stages of primary CMV infection
when they are clinically asymptomatic, have a suffi-
ciently large quantity of plasma “free” CMV virions to be
infectious, and still be CMV sero/antibody-negative. This
pattern seriously challenges the notion that transfusion
of plasma “free” CMV virions during the window phase
of CMV infections explains®’ TTCMV “breakthrough”
infections (i.e., those that might occur rarely in suscepti-
ble patients despite the use of leukocyte-reduced prod-
ucts). It must be remembered that convincingly
documented breakthrough TTCMV infections have not
been reported recently’® but only in more historic
reports in which leukocyte-reduction methods were less
rigorous (e.g., bedside filtration) and donor infectious
disease exclusions were less stringent per questioning
and testing (i.e., donors who are at risk for hepatitis and/
or HIV also pose a risk for CMV, so that deferring them
should decrease the risk of TTCMV). Moreover, alterna-
tive routes of CMV infection were not thoroughly investi-
gated in alleged cases of TTCMV infections (e.g., breast
milk as the source in neonatal patients).

The precise risk of acquiring TTCMV from modern
leukocyte-reduced bleod products is unknown but is
based on results from a growing number of relatively
small clinical trials and cohort studies, with the overall
risk ‘believed to be well below 1%. In 18 reports involv-
ing 877 susceptible patients who received leukocyte-
reduced bloed products, only 2 of 877 patients (0.2%)
became infected with CMV}-%8

As an alternative technique to leukocyie reduction,
the risk of TTCMV can be reduced by transfusing blood
collected from CMV sero/antibody-negative donors.
However, because this technique has not been 100%
successful in preventing TTCMV, some experts advocate
first collecting blood fromh CMV sero/fantibody-negative
donors and then reducing leukocytes in the units col-
lected. This technique, referred to as the “belt-and-
suspenders” approach, as compelling as it appears, has
never been shown in properly designed, head-to-head
clinjcal trials to be superior to either transfusing only
CMV sero/antibody-negative blood products or to leu-
kocyte reduction alone when effectively performed by
the blood center,

The current risk of acquiring TTCMV from sero/anti-
body-negative blood components is unclear, but it prob-
ably is smaller than the 2% to 3% reported in historical
studies.'® The risk from the combined “belt-and-
suspenders” approach must be <1.0%—perhaps much
less, because a prospective study involving 310 very-low-
birth-wejght (VLBW) infants found no CMV infection

1922 TRANSFUSION Volume 56, August 2016
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after 2081 transfusions of blood components that were
both leukocyte-reduced and CMV sero/antibody-nega-
tive.® Unfortunately, that study was not designed to con-
cwrently compare the prevention of TTCMV by
leukocyte reduction versus CMV sero/antibody testing
alone. However, in this issue of TRANSFUSION, investi-
gators from the “belt-and-suspenders” study joined
forces with investigators from another institution to
compare the ifesults of TICMV prevention using
leukocyte-reduction alone according to a study that was
designed to be as comparable as possible at the two
institutions.'® Results from the two studies were identi-
cal, and neither detected a single case of TTCMV
whether prevented either by leukocyte-reduction alone*
or by the combined approach of leukocyte-reduction of
CMV sero/antibody-negative blood products.®

The report by Delaney and colleagues does not
provide a definitive answer to the issue of “belt-and-
suspenders” vs. leukocyte-reduction alone as 3 means of
preventing TTCMV infections.!® Actually, it was a pilot
study that involved only a very few infants who were sus-
ceptible to acquiring TTCMV via transfusion of CMV
sero/antibody-positive blood components that were
leukocyte-reduced. If it were not for the link to the earlier
“belt-and-suspenders” study, the current report might
not have achieved sufficient priority for acceptance.
However, it is an important report because it contributes
to the mounting evidence that leukocyte raduction alone
effectively prevents TTCMV infections. This information
is useful for clinical practice, because a three-arm
randomized clinical trial comparing efficacy of
leukocyte-reduction alone vs. CMV sero/antibody-nega-
tive blood products alone vs. the “belt-and-suspenders”
combined approach probably will never be done. The
large numbers of susceptible recipients that would be
required to detect a significant difference among the
study arms of a TTCMV endpoint, which is quite rare,
along with the enormous expense of such a large clinical
trial make it impractical. Moxeover, it would probably
not be possible to show a statistically significant clinical
difference large enough to demonstrate convineing supe-

‘riority of any one method over the three other

approaches to dictate optimal practice. Accordingly,
physicians will have to make evidence-based decisions
without the benefit of a definitive randomized control
trial but on the basis of reported data.

In their report on a randomized observational study
in this issue of TRANSFUSION, Delaney and colleagues
show that the leukocyte-reduction alone approach com-
pletely prevented TTCMV in VLBW preterm. infants.!®
Three other nonrandomized observational studies indi-
cated that leukocyte reduction alone strikingly reduced®
or completely prevented®® TTCMV in hematopoietic
progenitor cell (HPC) transplant recipients, and all three
of those reports recommended against the use of blood



from CMYV sero/antibody-negative donors—favoring the
selection of leukocyte-reduced blood alone to prevent
TTCMV in HPC transplant recipients.® Although the
comparative degree of immunosuppression and suscep-
tibility to symptomatic TTCMV infections in HPC recip-
ients versus VLBW infants is unknown, it is not likely
that VLBW infants are more immunosuppressed and at
greater risk of TTCMV than HPC recipients; so, it seems
appropriate to apply the results from the HPC studies
‘to VLBW infants.

Therefore, in the absence of superior efficacy in
preventing TTCMV using the “belt-and-suspenders”
approach because of the lack of properly designed clini-
cal trials, coupled with the undesirable and sometimes
dangerous delays posed to some patients who require
urgent transfusions (delayed by searching for suitable
blood units to transfuse; ie., both CMV sero/antibody-
" negative and leukocyte-reduced units)—plus the extra
expenses involved in applying both preventive
measures——the “belt-and-suspenders” appreach is diffi-
cult to justify. These considerations are particularly rele-
vant when the local blood center does not perform
CMYV antibody testing or wishes to discontinue testing.

It is logical to conclude that, because multiple
reports have demonstrated that the practice of leuko-
cyte reduction alone is an effective way to reduce and,
in some studies, to eliminate TTCMV in high-risk
patients and that, because no data demonstrate the
superiority of other practices, leukocyte reduction alone
should be the cuurent standard of practice to prevent
TTCMV infections. With apologies for stating the
obvious, it is important to emphasize one group of
exceptions—namely, when the transfused blood product
consists of viable leukocytes (e.g., granulocyte/neutro-
phil concentrates, peripheral blood stem cells, and
donor lymphocytes to boost immunologic function)—
for which CMV sero/antibody-negative donors must be
selected.

There are two special considerations for neonates
as follows: First, precautions should be taken to prevent
TTCMYV in all neonates/infants for at least the first 4 to
6 months of life, regardless of whether their mothers
are CMV sero/antibody-negative or positive. This rec-
ommendation is because CMV sero/antibody-positive
infants will lose/catabolize CMV antibodies acquired
from their mothers via the placenta during their first
months of postnatal life. Moreover, infants with passive
maternal antibody have not been truly infected with
CMYV and, accordingly, will neither produce their own
antibodies nor have cellular immunity against CMV.
Thus, all newhorns are at risk for TFCMV whether or
not they or their mothers test positive for CMV anti-
body, and all should receive leukocyte-reduced red
blood cell (RBC) and platelet units.

80

EDITORIAL

Second, assuming pathogen-reduction technology
{PRT) becomes widely used in the future to prevent
transfusion-transmitted infections, including TTCMV
infections, for which >4.0 logl0 viral reduction for CMV
has been reported, the use of leukocyte reduction or
any other methed(s} to prevent TTCMV will be sup-
planted by PRT. However, as is true for all medical tech-
nologies, careful attention must be paid to all
precautions/caveats.

As a case-in-point, the INTERCEPT Blood Systemn
for Platelets (Cerus Corporation) has been approved for
use by the US Food and Drug Administration. Because
this PRT system usges Amotosalen S-59 psoralen deriva-
tive, which is activated by ultraviolet A (320-400 nm)
illumination, platelets processed by INTERCEPT tech-
nology should not be transfused to neonates treated
with phototherapy devices that emit energy wavelengths
<400 nm, as specified in the package insert, because'
they may cause erythema. Phototherapy devices in use
at this time in the United States generally do not emit
enerpy wavelengths in the ranges specified, and INTER-
CEPT platelets can be transfused safely. However, for
neonates being treated with: phototherapy, it is prudent
to confirm with the manufacturer of the phototherapy
device or with the package insert that the problematic
energy wavelengths are nmot emitted by the device in
use, Similarly, as other methods of PRT gain approval
by the US Food and Drug Administration, particularly
for RBC units, it will be prudent to carefully review all
cautions and warnings.

In summary, it is clear that the risk of infection with
CMYV is strikingly reduced if current-generation leuko-
cyte-reduction filters are used to remove leukocytes from
cellular blood components such as RBC and platelet
units. The precise dose of white blood cells {(WBCs)
known to transmit CMV in all clinical situations is

unknown, but transfusions that contain <5 X 10° WBCs/'

unit are extremely unlikely to be infectious.>® Although
some physicians would prefer more definitive data from
randomized comparative clinical trials, it is reasonable to
conclude that leukocyte reduction of celiular blood com-
ponents (e.g., RBCs and platelets) by any method capa-
ble of consistently achieving a residual WBC count <5 X
105%/unit optimally reduces the risk of TTCMV, Although
it is logical to hypothesize that first collecting blood from
CMV sero/antibody-negative donors and then removing

the WBCs might improve safety, no data are available

from randomized comparative clinical trials to document
the superiority of this combined “belt-and-suspenders”
approach. Moreover, in the absence of documented ben-
efit, the substantial additional costs of the “belt-and-
sugpenders” approach and the delay of transfusions—
some of which are urgently needed—while searching for
CMV sero/antibody-negative units that have been
leukocyte-reduced, cannot be justified. Accordingly, the
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“belt-and-suspenders” approach to preventing TTCMV
cannot be recommended.

NOTE ADDED IN PROOF

Recently, a special AABB Committee issued a report
addressing the prevention of transfusion-transmitted
cytomegalovirus (TTCMV) in high-risk patients (AABB
Committee Repori: Reducing transfusion-transmitted
cytomegalovirus infections. Transfusion 2016;56:1581-
1587). Following a comprehensive search of multiple
databases, the Committee concluded that data pub-
lished to date were inadequaie to provide definitive
practice guidelines to prevent TTCMV. In particular, the
superiority could not be demonstrated of leukocyte-
reduction alone, selection of CMV-antibody negative
blood components alone, or the combination of both
techniques. Accordingly, rather than creating guidelines
of questionable utility, the report consisted of a focused,
critical analysis of available information. In contrast, for
" all of the reasons presented in the Strauss Bditorial, the
conclusion is that leukocyte-reduction alone is the rec-
ommended method to prevent TTCMV — despite the
lack of definitive randomized clinical trials. ‘
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Elght Multlstate Qutbreaks of Human Sa/mone//a Infections Linked
to Live Poultry in Backyard Flocks

Posted Ju[y 19,2016 1:.00PM ET

W'hat’s New?

One more outbreak was identified, bringing the total to eight outbreaks under investigation.
287 more ill people have been reported.

10 more states have reported cases, bringing the total to 45 states with ill people.

Inthe eight outbreaks, 611 people infected with the outbreak strains of Sa/mone/fawere
reported from 45 states.

().

Highlights

 Read the Advice to Backyard Flock Owners »

e CDC, muitiple states, and the U.S. Department of Agricultdre’s Animal and Plant Health
Inspection Service (USDA-APHIS) are investigating eight separate multistate outbreaks of
human Salmoneflainfections linked to contact with live poultry in backyard flocks.

s Inthe eight outbreaks, 611 people infected with the outbreak strains of Sa/monel//awere
reported from 45 states. |

o lllnesses started on dates ranging from January 4, 2016 to June 25, 2016.

« 138ill people were hospitalized, and one death was reported. Sa/moneffainfection was not
considered to be'a cause of death. )

e 195 (32%) ill people were children 5 years of age or younger.

¢ Epidemiologic, traceback, and laboratory findings have linked the eight outbreaks to contact with -
live poultry such as chicks and ducklings sourced from multiple hatcheries.

» Regardless of where they were purchased, all live poultry can carry Sa/monellabacteria, even if
they look healthy and clean.

o These outbreaks are a reminder to follow steps to enjoy your backyard flock and keep your

family healthy. '
o Always wash hands thoroughly with soap and water right after touching live poultry or
anything in the area where the birds live and roam.
o Do not let live poultry inside the house. .
¢ Do not let children younger than 5 years of age handle or touch chicks, ducklings, or other live
poultry without adult supervision.
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» These outbreaks are expected to continue for the next several months since flock owners might
be unaware of the risk of Saimonefiainfection from live poultry or participate in risky behaviors
that can result in infection.

July 19,2016

Outbreak Summary Update

Since the last update on June 2, 2016, one more outbreak was identified, bringing the total to eight

outbreaks under investigation. Another 287 ill people have been reported from 45 states for these
eight outbreaks.

As of July 14, 2016, 611 people infected with the outbreak strains of Sa/mone/izhave been
reported from 45 states. A list of states and the number of cases in each can be found on the Case

Count Map page.

Among people for whom information is available, ilinesses started on dates ranging from January 4,
2016 to June 25, 2016. Il people range in age from less than 1 year to 93, with a median age of 20.
Of ill people, 52% are female. Among 496 ill people with available information, 138 (28%) reported

being hospitalized, and one death was reported. Sa/monef//lawas not considered to be a cause of
death.

IlInesses that started after June 16, 2016 might not be reported yet due to the time it takes

between when a person becomes il and when the illness is reported. This takes an average of 2to 4
weeks,

Iinvestigation Update

Epidemiologic, traceback, and laboratory findings have linked the eight outbreaks to contact with
live poultry such as chicks and ducklings from multiple hatcheries.

In interviews, ill people answered questions about contact with animals and foods consumed
during the week before becoming ill. Contact with live poultry (chicks, chickens, ducks, ducklings)
in the week before becoming ill was reported by 434 of 493 ill people interviewed, or 88%.

Ht people reported purchasing live baby poultry from several suppliers, including feed supply
stores, Internet sites, hatcheries, and friends in multiple states. Ill people reported purchasing live
poultry to produce eggs, learn about agriculture, have as a hobby, enjoy for-fun, keep as pets, or to
give as Easter gifts. Some of the places ill people reported contact with live poultry include their
home, someone else’s home, work, or school settings.

Public health officials collected samples from live poultry and the environments where the poultry

live and roam from the homes of ill people in several states. Laboratory testing isolated four of the
outbreak strains of Sa/monella.

More information about each outbreak is available in the outbreak summaries below.
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Summaries of tlh_e Eight Separate Multistate Outbreak Investigations
> Outbreak 1: Sa/monel/aEnteritidis Investigation
> | Outbrea.k 2: SalmonellaMuenster Investigation
> Outbreak 3: Sa/monelfaHadar Investigation
> OQutbreak 4: Sa/monel/aindiana lnvestig:;\tioh
> Outbreak 5: Sa/monef/faMbandaka Investigation
> Qutbreak 6: Sa/monellainfantis Investigation
> Qutbreak 7: Salmonellasraendefup Investigation

> Qutbreak 8: Sa/lmonel/ainfantis Investigation

Previous Updates

> Initial Announcement

At A Glance

Case Count: 611
States: 45

Deaths: 1
Hospitalizations: 138

More Information

¢ Advice to Consumers & Retailers
¢ Frequently Asked Questions

e Signs & Symptoms

o Key Resources
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CLICKTO VIEW CASE COUNT MAPS

Page last reviewed: june 2,2016

Page last updated: July 19, 2016

Content source: Centers for Disease Control and Prevention (http://www.cdc.gov/):

National Center for Emerging and Zoonotic Infectious Diseases (NCEZID) (/ncezid/index.btml}

Division of Foodborne, Waterborne, and Environmental Diseases (DFWED) (/ncezid/dfwed/index.htmi)
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Seven Multistate Qutbreaks of Human Salmonella Infections Linked to Live Poultry in Backyard ...

W" Centers for Disecse
Control and Prevention

. CDC 24/7: Saving Lives, Protecting People™

by

Eight Multistate Outbreaks of Human Sa/mone/la Infections
‘Linked to Live Poultry in Backyard Flocks (Final Update)

e Advice to Consumers and RetailessLive Poultry FA@sCase Count Maps
e Epi CurvesSigns & SymptomsKey Resources

Posted October 6, 2016 2:45PMET

These outbreak investigations are over. However, people can still get a Sa/mone//ainfection
from live poultry, including those in backyard flocks. Read more information about

- Salmonellatrom live poultry and how people can reduce the chance they or their children
will get an infection.

Highlights

o Read the Advice to Backyard Flock Owners »

» Although these outbreak investigations are over, people can still get a Sa/monel/a
infection from live poultry, including those kept in backyard flocks. Read more information
about Sa/monelfafrom live poultry
(http://www.cdc.gov/features/salmonellapoultry/index.html) and how people can reduce
their risk of infection. Regardiess of where they were purchased, all live poultry can carry
Sa/maneila bacteria, even if they look healthy and clean. '

o This year saw the largest number of illnesses linked to contact with backyard poultry ever
recorded. These outbreaks are a reminder to follow steps
(http://www.cdc. gov/featu’res/saImonéllapoultry/index.html) to keep your family healthy
while enjoying your backyard flock.

» Always wash hands thoroughly with soap and water right after touching live poultry or
anything in the area where the birds live and roam.

> Do not let live poultry inside the house.

» Do not let children younger than 5 years handle or touch chicks, ducklings, or other live
poultry without adult supervision.

o CDC, multiple states, and the U.S. Department of Agriculture’s Animal and Plant Health
Inspection Service (USDA-APHIS) investigated eight separate multistate outbreaks of
human Sa/moneflainfections linked to contact with live poultry in backyard flocks.
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Seven Multistate Outbreaks of Human Salmonella Infections Linked to Live Poultry in Backyard ...

o |nthe eight ouitbreaks, 895 people infected with the outbreak strains of Salmone//la
were reported from 48 states.

= llinesses started on dates ranging from January4 2016to September 10,2016.

= 209 ill people were hospitalized, and three deaths were reported. Sa/monellainfection
was considered to be a cause of death for one person.in Mississippi. Although the two
people who died in Kentucky and New Jersey had a Sa/mone//ainfection, the infection
was not considered to be a cause of death.

o 254 (28%)} ill people were children 5 years or younger.

» Epidemiologic, traceback, and laboratory findings linked the eight outbreaks to contact
with live poultry, such as chicks and ducklings, sourced from multiple hatcheries.

Outbreak Summary

Introduction

As of September 26, 2016, 895 people infected with the outbreak strains of Salmonel/a
were reported from 48 states. A list of states and the number of cases in each can be found
on the Case Count Map page (http://www.cdc.gov/salmonella/live-poultry-05-
16/map.html).

Among people for whom information is available, ilinesses started on dates ranging from
January 4, 2016 to September 10, 2016. lll people ranged in age from less than 1 year to
106, with a median age of 27. Of ill people, 52% were female, Among 761 ill people with
available information, 209 (27%) reported being hospitalized, and three deaths were
reported. Sa/monellawas considered to be a cause of death for one person in Mississippi.
Although the two people who died in Kentucky and New Jersey had a Sa/moneflainfection,
the infection was not considered to be a cause of death.

Investigation of the Qutbreak:

Epidemiologic, traceback, and laboratory findings linked the eight outbreaks to contact with
live poultry, such as chicks and ducklings, from multiple hatcheries.

In interviews, ill people answered questions about contact with animals and foods
consumed during the week before becoming ill. Contact with live poultry (chicks, chickens,
ducks, ducklings) in the week before becoming ill was reported by 552 of 745 ill people
interviewed, or 74%.
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Seven Multistate Qutbreaks of Human Salmonella Infections Linked to Live Poultry in Backyard ...

Summaries of the Eight Separate Muitistate Outbreak Investigations

>

Il people reported purchasing live baby poultry from several suppliers, including feed
supply stores, Internet sites, hatcheries, and friends in multiple states. lll people reported
purchasing live poultry to produce eggs, learn about agriculture, have as a hobby, enjoy for
fun, keep as pets, or to give as Easter gifts. Some of the places ill people reported contact
with live poultry included their home, someone else’s home, work, or school settings.

Public health officials collected samples from live poultry and the environments where the
poultry live and roam from the homes of ill people in several states or at locations of
purchase in several states. Laboratory testing isolated five of the outbreak strains of
Salmonella.

More information about each outbreak is available in the outbreak summaries below.

Outbreak 1: Sa/monel/aEnteritidis Investigation
Outbreak 2: Sa/monellaMuenster Investigation
Outbreak 3: Sa/mone//aHadar Investigation
Outbreak 4: Sa/monel/aIndiana Investigation
Outbreak 5: Sa/monellaMbandaka Investigation
Outbreak 6: SalmoneffaInfantis Investigation
N Q )
Quthreak 7: Sa/moneflaBraenderup Investigation A

Outbreak 8: Sa/monellaInfantis Invéstigation

Previous Updates

>

>

July 19,2016

Initial Announcement

At A Glance

e Case Count: 895
‘s States: 48
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Seven Multistate Outbreaks of Human Salmonella Infections Linked to Live Poultry in Backyard ...

. Deaths: 3
o Hospitalizations: 209

More Information

Advice to Consumers & Retailers
Frequently Asked Questions
Signs & Symptoms

Key Resources
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University, Rollins School of Public Health, Atlanta, Georgia, United States of Armarica

* Kmurray @ bem,edu

Abstract

Background

Chagas disease (Trypanosoma cruziinfection) is the leading cause of non-ischemic dilated
cardiomyopathy In Latin America. Texas, particularly the southern region, has compouncd-
ing factors that could contribute to T. cruzftransmission; however, epidemiclogic studies
are lacking. The aim of this study was to ascertain the prevalence of T. cruziin three differ-
ent mammaiian species (coyotes, stray domestic dogs, and humans) and vectors {Tria-
toma species) to understand the burden of Chagas disease among sylvatic, peridomestic,
and domestic cycles. Q )
Methodology/Principal Findings

To determine prevalence of infection, we tested sera from coyotes, stray domestic dogs
housed in public shelters, and residents participating in related research studies and found

8%, 3.8%, and 0.36% poslilve for T. cruzi, respectively, PCR was used to determine the
prevalence of T. cruzi DNA in vectors collected in peridomestic iocations In the region, with
56.5% testing positive for the parastte, further confirming risk of transmission in the reglon,

Conclusions/Significance

Our findings contribute to the growing body of evidence for autochthonous Chagas disease
transmisslon in south Texas. Considering this region has a population of 1.3 million, and up
to 30% of T. cruziinfected individuals developing severe cardiac disease, itis imperative
that we Identify high risk groups for surveillance and treatment purposes.

PLOS Neglected Tropical Diseases | DO%1 0.1371/jouma].pnid..0005074 November 10, 2016
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Chagas Diseass along Texas-Mexico Border

Initiative (DND), and NIH/NIAID 1R21AI114877-

01A3, TPFA and RP are supported by the NIH grant
5R25M100885-02 564 awarded to Robert K. Author Summary
Dearth and Jason G. Parsors. The funders had no

In this study, we ibute to the growing body of evidence for autochthonous Ch : s
role in study design, data collaction and analysis, § Study, we contrl e e § body aga

decision to publish, or preparation of the disease transmission in south Texas along the US-Mexico border. We found that coyotes,
manuscript, shelter dogs, and vectors in this region demonstrated high infection rates of T. cruzi. Ran-
Gompeling Inlerests: The authors have deciared dom.sampling of residents also rtlzvealed a higher fl:han expf_ctffd. disease burderj. that had
that no competing interests exist. previously been undiagnosed, With up to 30% of infected individuals developing poten-

tially fatal cardiac disease, it is imperative that we identify and treat patients before irre-
versible clinical manifestations have occurred. Future prospective studies are necessary to
elucidate and validate the disease burden in this area.

Introduction

Chagas disease (Trypanosoma cruzi infection) can cause fatal cardiomyopathy in up to 30% of
infected people (1]. Transmission to mammals occurs via vector, oral, congenital, and/er trans-
fusion/transplantation routes [2]. The triatomine vector, or “kissing bug,” serves as the pre-
dominate mode of transmission, particulatly in established sylvatic and/or domestic
transmission cycles [3]. Over 100 different wildlife mammalian species are competent reser-
voirs of disease and have been implicated in propagation of sylvatic transmission cycles in
nature [4]. Canines, in particular, are important components of peridomestic transmission,
resulting in a bridge between sylvatic and domestic transrmission cycles [5-7). Finally, human
infections can occur when vectors establish nests inside or near the home, and vectors feed on
both humans and domesticated animals [7, §].

Disease prevalence is highest in impoverished regions of endemic countries due to a pleth-
orz of societal factors, including substandard living conditions that result in increased exposure
to vectors [2]. While the southern United States is not traditionally considered an endemic
ares, recent evidence has implicated the establishment of vector transmission cycles, particu-
larly in Texas [10, 11]. Histarical evidence of T, cruzi infected vectors and mammalian reser-
voirs date back to the early 19005 [12]. While the first documented locally acquired human
case was published in Corpus Christi, Texas in 1955, the south Texas region, including the Rio
Grande Valley, has been the subject of investigation by public health authorities dating back to
the 1940s [12].

South Texas has compounding factors that could contribute to this area being a high-risk
region for transmission, Within the state, sylvatic transmission cycles have been reported with
seven different vector species and 27 sylvatic mammalian reservoirs [10). The potential for syl-
vatic spillover to humans in this region has been implicated from increased outdoor exposure
and interactions in rural environments [13]. In addition, colonias (primarily Hispanic commu-
nities) in this region of Texas have unprecedented poverty rates and living conditions that
allow for easy access for vectors to enter and colonize homes, which might place residents at an
increased risk of domestic transmission [5, 14]. Despite this compounding evidence of
increased potential for Chagas disease in the region, epidemiologic assessments are lacking,
The aim of our current assesstment was to ascertain the prevalence of T. cruzi in three different
mammalian species (coyotes, stray domestic dogs, and humans) and vectors (Triatoma species)
to understand the disease burden attributable to Chagas disease among sylvatic, peridomestic,
and domestic cycles.
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Methods
Ethics Statements

Texas Department of State Health Servicesin the lower Rio Grande Valley originally collected
terminal samples of coyote sera as part of their rabies contro] programs in 2005-2006, and sec-
ondary aliquots from these specimens were shared for T. cruzi testing for the purposes of this
study. Canine sera collection and Chagas disease testing were approved by the University of
Texas Health Science Center Anima) Welfare Committee (AWC-07-147 and AWC-03-029).
For the human seroprevalence aspects of our study, the original Cameron County Hispanic
Cohort study was reviewed and approved by the University of Texas Health Science Center at
Houston Committee for the Protection of Human Subjects (HSC-SPH-03-007B), and Chagas
disease testing on coded samples was approved under Baylor College of Medicine Institutional
Review Bpard (H-32192),

Study Population ()

We conducted a retrospective analysis of previously collected sera from cayotes, stray domestic
dogs housed in public shelters, and residents participating in related research studies. With
regards to the coyote specimens, secondary aliquots from specimens noted above were shared
by the Texas Department of State Health Services for T. cruzi testing. For domestic dog speci-
mens, sera were collected in 2007 and 2009 from juvenile (less than 6 months of age and over 8
weeks of age based on tooth development) stray dogs housed in public shelters at one of two
locations (Brownsville in Cameron County and Edinburg in Hidalgo County). The rationale
for collecting samples from dogs under 6 months of age was to identify new, acute cases of
infection so that incidence, as opposed to prevalence, could be determined. We purposefully
excluded puppies under 8 weeks of age to eliminate issues related to the possible transfer of
Chagas-positive maternal antibodies,

Investigators from the University of Texas Health Science Center at Houston, School 6f
Public Health, Brownsville Regional Campus, collected sera from an established cohort living
in Cameron County, TX. The participants were recruited from randomly selected households
between 2005 and 2008 as 2 means of assessing the general health of residents along the
US-Mexico border. Potential participants were not exchuded based on race/ethnicity, with all
race/ethnicities eligible for study inclusion. Data from the original health questionnaire and
echocardiograms performed by the Cameron County Cohort (CCC) study were available for L)
descriptive analysis [15]. .

From 2012 to 2013, we received 115 Triatomine insects that were collected in peridomestic
areas by citizens across 6 counties in south Texas. Insect specimens were shipped, typically live,
to The University of Texas Rio Grande Valley for further processing. PCR testing was per-
formed in collaboration with Baylor College of Medicine Laboratory for Vector-Borne and
Zoonotic Diseases,

Trypanosoma cruzi Diagnostics

Serum samples were thawed and analyzed using Chagas Stat-Pak and DPP assays (Chembio
Diagnostic Systems, Inc, Medford, NY). These rapid immunochromatographic assays test for
antibodies against T. cruzi. These highly sensitive and specific assays were designed for feasibil-
ity in field-testing of both human and canine blood [6, 16-18]. Tests were examined visually
and scored as negative or positive, following manufacturer’s directions, A positive sample was
defined as being positive on both assays. Negative samples included those that were positive on
only one diagnostic but negative on the second diagnostic. Any equivocal samples were retested
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for further clarification. Due to the samples being retrospectively tested without potentjal for
prospective clinical intervention and the exploratory nature of the project, additional confirma-
tion testing with alternate diagnostics was not performed.

For T. cruzi testing and taxonomic species identification of Triatoma insects, the posterior
third of the insects’ abdomen was homogenized with a 5 mm stainless steel bead in AL buffer
{Qiagen, Valencia, CA) in TissueLyser II (Retsch, Haan, Germany) for 3 min at 25 Hz. Follow-
ing manufacturer’s instructions, DNA was then extracted using DNeasy Blood & Tissue kit
(Qiagen, Valencia, CA). T. cruzi DNA detection and insect-specific mitochondrial 165 DNA
for speciation were performed using PCR and sequencing as previously described [8, 19].

Data Analysis

Descriptive statistics were used to identify prevalence infection rates with 95% confidence
interval (CI} and stratified by pertinent variables. For domestic dogs, positive infection was
translated to incidence since all dogs would have acquired infection in the first 6 months of life,
Statistical analysis was performed using STATA v12 (College Station, TX). Spatial analysis was
performed using MapInfo Professional v11.5 (Stamford, CT).

Results
Chagas Seroprevalence in Coyotes

Coyote samples collected in the Rio Grande Valley had an overall seroprevalence rate of 8%
(16 out of 199; 95% CI = 4.2% to 11.8%) (Table 1). Sampled coyotes were evenly distributed by
gender (45% female} and all but one were adults. There was no difference in seropositivity by
year of sampling, Interestingly, seroprevalence varied with regards to county of collection, with
the highest seroprevalence identified in Zapata County (16%; 10/64), followed by Jim Hogg
County (14%; 3/22), Dimmit County (10%; 2/20), and Webb County (1%; 1/83) (Fig 1). No
pasitive coyotes were identified in Cameron, Hidalgo, Starr, or Wallacy counties, although
sample sizes from each of these counties were low (range 1 to 4, total tested = 10),

Chagas Seroprevalence in Domestic Canines

Samples collected from juvenile domestic dogs from neighboring Hidalgo and Cameron coun-
ties had an overall serclogic incidence of 3.8% (8 out of 209 samples; 95% ClI = 1.2% to 6.4%).
We found a pronounced increase (4.4 fold} in Chagas incidence when comparing sampling in
2007 to 2009 (Fisher's exact test, p-value = 0,04, 95% CI = 1.1 to 18.0), with 2% (3/152) of dogs
positive in 2007 versus 5% (5/57) found positive in 2009,

Chagas Seroprevalence and Clinical Data in South Texas Residents
Of 841 human sera samples tested from participants in the CCC, 3 individuals (0.4%; 95%
CI = 0% to 0.8%) tested positive on both Stat-Pak and DPP assays. Limited residential history,

Table 1. Trypanosoma Cruzi{Chagas Disease) Prevalence In Coyotes, Shelter Dogs, Human Resi-
dents, And Vectors Of South Texas.

Samples tested Numbertested | Chagas positiva N (%)
Coyote (Canis /atrans) 200 16 (8.0%)
Shelter dogs (Canis lupus famiiaris) < 6 manths of age 200 8 {3.8%)
Human aduit cohort 841 3 (0.36%)
Triatoma specles vactors ] 115 65 (56.5%)

tlol:10.1371/Journal.pntd.0005074.1001
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medical histories and socioeconomic variables were reported as listed below: The precise origin
and duration of their infection is unknown. '

CCC Participant 1 was a 76-year-old female born in Canary, Texas (now known as Living- ..
ston, Texas) with a 52-year residential history in Brownsville, Texas. Case-patient 1 reported Q)
no current employment with an annual disability-benefitincome of $3,336, Her medical his-
tory included diabetes, stroke, and hypertension, Case-patient 1's mother was botn in Texas
while her father was born in central Mexico (Guanajuato). No data regarding any abnormal
cardiac findings were available for this case-patient. On follow-up, participant’s husband
reported that the participant had died recently with an apparent cause of death reported as
leukemia.

CCC Participant 2 was a 45-yeat-old male born in San Luis Potosi, San Luis Potosi, Mexico
with a 6-year residential history in Brownsville, Texas. In addition, he reported a prior 6-year
residential history (while attending school) in the Brownsville, Texas border town of Matamo-
ros, Tamaulipas, Mexico. Case-patient 2 was employed at the time of enrollment, reporting an
annual income of $12,000. His past medical and social histories included diabetes and smoking.
Both parents were born in north-central Mexico (San Luis Potosi). An echocardiogram per-
formed on this participant showed normal left ventricular and right ventricular systolic func-
tion, mild concentric left ventricular hypertrophy, grade I left ventricular diastolic dysfunction,
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and no significant valvular abnormalities. The participant reported no symptoms related to
any type of infection, and no additional cardiac evaluations were performed.

CCC Participant 3 was a 63-year-old male born in Matamioros, Tamaulipas, Mexico with a
22-year history of living in Brownsville, Texas. Case-patient 3 was retired with a prior occupa-
tional history in agriculture (occupational duration unknown) and a current annual income of
$10,248. His medical history was negative for pre-existing conditions or co-morbidities. Case-
patient 35 parents were born in northern Mexico (Nuevo Leén), An echocardiogram per-
formed at the same time as the original blood collection demonstrated normal biventricular
systolic function, mild concentric left ventricular hypertrophy, grade I left ventricular diastolic
dysfunction, and no significant valvular abnormalities. Simnilarly, the participant reported no
symptoms, and no additional cardiac evaluations were performed.

Prevalence of T. cruziin Vectors

Finally, to determine the likelihood of infection in vectors in the region, PCR was performed
on 115 insects (Triafoma species) collected around homes across 6 counties of south Texas,
We found 65 (56.5%) positive for T. cruzi DNA, with prevalence ranked by county as follows:
Brooks County (84%; 21/25), Hidalgo County (60%; 6/10), Jira Wells County (50%; 12/24),
Kleberg County (47%; 22/47), Dimmit County (33%; 2/6), and Cameron County (0%; 0/1); 2

- positive insects did not have a georeference provided. The most common insect collected was
Triatoma gerstaeckeri (96.5% of insects; 62/111 T. cruzi positive), followed by T. lecticularia

p (2.6% of insects; 2/3 T. cruzi positive) and T. sanguisuga (0.9% of insects; 1/1 T. cruzi positive).

O

Discussion

Chagas disease transmission has been identifiedalong the Texas-Mexico border dating back to

the 1970s [20, 21]. Our current study is the first to assess the infection status of vectors and

seroprevalence among mammalian and human populations all living in the same geographic

region of south Texas. Seroprevalence was highest among the sylvatic adult coyote reservoir

{8%), moderate among peridomestic juvenile dogs in community shelters (3.8%), and lowest

among local residents (0.36%), with one of the three positive CCC participants having a life-

‘ long history of living in Texas, In addition to finding evidence of infection in canines and

. humens, we found a high percentage (56.5%} of vectors carrying the parasite, further solidify-
’L ) ing the risk of Chagas disease transmission in the region. Prior case reports have suggested the
' potential for domestic transmission along the eastern side of the Texas-Mexico border 5, 20],
and now our larger regional assessment confirms this risk. Compounding evidence of poverty,
substandard housing, rural residential exposure to sylvatic animals, and high infection preva-
lence of multiple species all can contribute to an increased risk of Chagas disease transmission
to local residents [10, 14, 22].

Coyotes (Canis latrans) are den dwelling animals native to North America. Habitat prefer-
ences include caves and natural holes, or abandoned domestic structures such as drainage
pipes, vacant homesteads and railroad tracks [23]. Similarly, triatomine vectors prefer natural
or domestic habitats, living in Jarge numbers within dens that provide constant access to a host
meal source [3]. Our finding of 8% seroprevalence among coyote populations in the Rio
Grande Valley is slightly lower than a prior study in 1978 which found a 12.8% (20 out of 156)
prevalence of infection [20]. A second study published in 1984 found a 14% seroprevalence
rate in coyotes from across Texas; however, none of the eastern Rio Grande Valley counties
were included in this sampling [24]. Tennessee, Georgia, and Virginia are other southern states
with known T cruzi positive coyote populations [25-27]. Comparable to our study, these more
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recent studies found seroprevalence rates between 7-10%, suggesting that infection rates might
be decreasing with time or current diagnostic tests have better sensitivity-specificity.

Dog (Canis lupus familiaris) populations in the United States can be feral or domesticated;
however, both groups can serve as bridge hosts for transferring Chagas disease between sylvatic
environments and humans. Dogs serve as important sentinel for disease surveillance purposes
as their infection rates can be early predictors of iransmission risk to humans, especially con-
sidering dogs develop clinical cardiac disease quicker than humans (5, 21, 28-30]. Using public
health veterinary shelters as a sampling venue is a convenient methodology to capture feral,
community-owned, and domesticated dog populations. The shelter dogs in our study of the
Rio Grande Valley had a seroprevalence of 3.8%, which is considerably lower than other pub-
lished infection-prevalence estimates among shelter dog populations from across the state.

Over 48 different dog breeds in Texas have demonstrated natyral infection with T, cruzi, with
prevalence estimates ranging from 8.8-20.3% [31, 32]. I the greater Brownsville, Texas area,
infection prevalence of shelter dogs has ranged from 7.5% in 2003 to 6.7% in 2014.[5, 32].

While our prevalence is slightly lower than other studies, the reason is most likely related to ~ {* )
our decision to sample dogs that were under 6 months of age, allowing us to estimate incidence™
related to recent vector-borne or congenitally-acquired infection. By estimating incidence, we
can better understand the annual contribution of disease transmission in this geographic area.

The epidemiology and seroprevalence of human infection in the southern United States is
largely unknown. Bven in endemic areas, human seroprevalence is typically lower than sylvatic
and domestic animals due to multiple factors, including increased mammalian-vector habitat
exposure, mammalian predilection for éral ingestion of the triatomine vector, and varying def-
ecation behaviors of different triatomine species [3, 30, 33). While sylvatic transmission cycles
between wildlife and vectors have been established in the sonthern United States, we are still in
our infancy of understanding disease burden and transmission source in infected populations,
A prior study conducted in 1977 found a seroprevalence of 2.4% (12 out of 500) among eastern
Rio Grande Valley residents [20], which is a sharp contrast te our finding of 0.4% (3 out of
841}, Qur study sampling included random selection of participants, while their study biased
their resulis by recruiting patients at Texas Chest Hospital in Harlingen. It is likely our sam-
pling methodologies influenced the varying rates, especially as other historical random-selec-
tion population studies reported 0.01-0.9% seroprevalence [12]. Despite our selection
methodology differences, both Burkholder et al’s study and ours included long-time residents
of the Rio Grande Valley, with one positive participant in our study very likely acquiringthe ..
infection'in Texas. Based on our findings of a seroprevalence estimate of 0.4%, and considerin{\_)
a population of 1.3 million for the Rio Grande Valley, we can estimate that ~4,600 people in
this region are currently infected with Chagas, with ~1,300 at risk for developing Chagas-
related cardiomyopathy. If this estimate is accurate, then the burden of Chagas disease in the
Rio Grande Valley is 23 times higher than what we had previously estimated based on our find-
ings of 1 out of 6,500 (0.02%) blood donors in Texas testing positive for the disease [34]. Future .
studies should aim to further clarify the true disease burden and rate of autochthonous trans-
mission in the Rio Grande Valley, an area with documented sylvatic and domestic T. cruzi
transmission [5]. ' -

Our study had a few important limitations notable for discussion. The current World
Health Organization guidelines require a minimum of two positive results on different anti-
body-based assays for diagnostic confirmation {35]. While we used two different assays, neither
are currently FDA approved in the United States; however, Stat-Pak rapid immunochromato-
graphic assay has demonstrated efficacy in all three populations of mammals in multiple stud-
ies [6, 1618, 27]. For the purposes of this refrospective study we felt confident in the test

 results, especially as they were relatively consistent with other published literature. In addition
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to our finding of a high rate of infection (56.5%) among local vactor species, other studies have
also confirmed high rates of infection (51-82%) in Triatomine vectors throughout Texas (7, 8,
10]. Provided the retrospective nature of our study, the obvious lack of travel history in these
coyote and dog populations, and the establishment of known T. eruzi positive vector popula-
tions in our study, we would argue that these are true infections acquired via local vector-syl-

+ vatic mammal transmission cycles. Another possible limitation, due to our retrospective
sampling of frozen sera collected 810 years prior, is the potential for antibody decay resulting
in a lower prevalence rate. Handling of the specimens included freezing aliquots to -80°C
immediately following collection, constant monitoring of freezer temperature, and adhering to
discipline standards during the serum thawing process in an effort to maintain sample preser-
vation. Finally; we cannot rule-out the potential for cross-reaction with leishmaniasis. Rare
reports of cutaneous leishmaniasis have been reported in the state [36]; howevyer, none of our
three Chagas-positive study participants presented with skin ulcers, lowering the potential for
cross-reaction, '

In conclusion, we contribute to the growing body of evidence for autochthonous Chagas
disease transmission among mamumals in south Texas. Coyotes, shelter dogs, and vectors in
this region continue to demonstrate high infection rates of T, cruzi. Random sampling of resi-
dents also revealed a higher than expected disease burden that had previously been undiag-
nosed, with one human patient suspected of having locally acquired the disease. With up to
30% of infected individuals developing a potentially fatal cardiac disease, it is imperative that
we identify and treat patients before irreversible clinical manifestations have occurred. Future

prospective studies are necessary to elucidate and validate the disease burden in the Ric Grande
Valley. '
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Amendment to “Guidance for
Industry: Use of Serological Tests to
Reduce the Risk of Transmission of
Trypanosoma cruzi Infection in Whole
Blood and Blood Components

Intended for Transfusion” o

Draft Guidance for Industry

This guidance document is for comment purposes only.

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

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

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

from the Internet at _

http:/fwww.fda. gov/BiologicsBloodVaceines/GuidanceComplianceRegulatoryInformation/Guida
nces/default.htm. ‘

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

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

Center for Biologics Evaluation and Research

November 2016
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" Amendment to “Guidance for Industry: Use of Serological Tests to
Reduce the Risk of Transmission of Trypanosoma cruzi Infection in

Wholf: Blood and Blood Components Intended for Transfusion”

Draft Guidance for Industry

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

L INTRODUCTION

This guidance, when finalized, is intended to amend the document entitled “Guidance for
Industry: Use of Serological Tests to Reduce the Risk of Transmission of Trypanosoma cruzi
Infection in Whole Blood and Blood Components Intended for Transfusion” dated December
2010 (the “2010 Chagas Guidance™) (Ref. 1) by 1) expanding the scope of the guidance to
include the collection of blood and blood components for use in manufacturing a product,
including donations intended as a component of, or used to manufacture, a medical device, 2)
removing the recommendation to ask donors about a history of Chagas disease, and 3) providing
a recommendation for a reentry algorithm for certain donors deferred on the basis of screening
test results for antibodies to Trypanosoma cruzi (I. cruzi) or on the basis of answering “yes™ to
the Chagas screening question.

The recommendations in this guidance apply to the collection of blood and blood components,
except Source Plasma, for transfusion or for use in manufacturing a product, including donations
intended as a component of, or used to manufacture, a medical device. Blood establishments are
not required to test donations of Source Plasma for evidence of infection due to 7. cruzi

(21 CFR 610.40(a)(2)(ii)). Within this guidance, “you” refers to establishments that collect
blood and blood components.

This guidance notifies you that T. cruzi is defined as a relevant transfusion-transmitted infection

(RTTT) in 21 CFR 630.3(h)(1) and subject to the testing requirements in 21 CFR 610.40, the
donor deferral practices in 21 CFR 610.41, and the donor notification requirements in
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21 CFR 630.40. Further, this guidance notifies you that FDA has licensed a supplemental test
for antibodies to 7. cruzi and further testing of donations found repeatedly reactive to a screening
test for T. cruzi is therefore required under 21 CFR 610.40(¢). !

When finalized, we will update the 2010 Chagas Guidance by incorporating the new
recommendations provided in this guidance into an updated final guidance. All other
recommendations in the 2010 Chagas Guidance will remain unchanged.

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

1L BACKGROUND

Chagas disease is caused by the protozoan parasite 7. cruzi. Natural infections are transmitted
by infected blood sucking insects (triatomine bugs). Other primary forms of transmission
include oral, congenital (mother to unborn infant), organ transplantation and blood transfusion.
The disease is found primarily in Mexico and Central and South America. Several cases of
natural transmission also have been reported in the United States (U.S.), which were associated
with documented infections in insect vectors and reservoir hosts in the southern U.S. (Refs. 2, 3).
The presence of the pathogenic agent in U.S. donors, however, has increased due to immigration
of infected individuals from endemic areas. Some experts estimate that there may be as many as
300,000 persons unknowingly infected with 7. ¢ruzi who reside in the U.S. (Ref. 4). These
individuals could serve as a potential source of transfusion-transmitted infection should they
become U.S. donors. In the U.S. and Canada, 10 cases of transfusion-transmitted 7. cruzi and
five cases of infection from organ transplantation have been documented through 2013 (Refs. 5,

6).

The voluntary testing of U.S. blood donors for antibodies to T. cruzi was initiated in J January .
2007, subsequent to FDA licensure of the first blood donor screening test. As stated above, in
2015, 2 FDA defined T. cruzi as a RTTI and, as of May 23, 2016, blood establishments must test
for T. cruzi consistent with the requirements in 21 CFR 610.40, subject to the exceptions found
in21 CFR 610.40(c) and (d). Additionally, consistent with 21 CFR 610.40(a)(2)(iii)(4), FDA
currently recommends one-time testing of each donor of.allogeneic units of blood using a
licensed test for antibodies to T. cruzi (Ref. 1). This guidance document, when finalized, will
extend FDA’s recommendations relating to one-time testing of donors to the collection of blood
and blood components for use in manufacturing a product, including donations intended as a
component of, or used to manufacture, a medical device. An online report of the AABB Chagas’

! See Requirements for Blood and Blood Components Intended for Transfusion or for Further Manufacturing Use;
Final Rule (80 FR 29842, May 22, 2015), effective May 23, 2016.
2 See footnote 1.
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Biovigilance Network (http://www.aabb.org) dated May 1, 2015, showed that between January
1, 2007 and May 1, 2015, 10,575 donors gave collections that were repeatedly reactive on a
licensed screening test for antibodies to T. cruzi. Of those collections, 2,046 (19.3%) were
reported as confirmed, 8,010 (75.7%) negative, 427 (4.0%) indeterminate, and 92 (0.9%) cases
were pending at the time the report was generated. FDA’s 2010 Chagas Guidance récommends
that alt donors whose collections test repeatedly reactive on a licensed test for 7. cruzi antibodies
should be deferred indefinitely and notified of their deferral.

A, Donor Screening for History of Chagas Disease

FDA’s 2010 Chagas Guidance recommends asking the question “Have you ever had
Chagas disease?” {o all donors at each donation, to identify donors with a history of
Chagas disease. The 2010 Chagas Guidance also recommends that donots who answer
“no” to the question should be tested with a licensed screening test for antibodies to 7.
cruzi, and donors who answer “yes” to this question should be deferred indefinitely and
notified of their deferral. In a recent study, Steele, et al., identified 34 donors deferred
because of a history of Chagas disease as revealed by the question among approximately
76 million qualified donors screened by the American Red Cross (ARC) between January
2000 and August 2011 (Ref. 7). In comparison, ARC identified 488 donations positive
by the unlicensed supplemental Radioimmunoprecipitation Assay (RIPA) among
approximately 21 million donations tested between January 2007 and August 2011. The
488 T. cruzi RIPA positive donors had not responded in the affirmative to the Chagas
history question during the predonation screening process. This report also showed that
only one of the six who provided a follow-up sample, among the 34 donors deferred
based on the Chagas disease history question, had a repeatedly reactive result with a
licensed screening test. This donor was also ' cruzi RIPA positive on further testing.
The authors concluded that the Chagas question has no added value when all donors are
tested at least once.

Based on this study, the clinical sensitivity of the two currently licensed screening tests
(Refs. 8, 9), the low (0.8%) risk of transfusion-transmitted T cruzi infection in the blood
donor population (Ref. 10), and the observation that 7. cruzi RIPA positive donors are
likely not aware of their infection, we are recommending that one-time testing alone,
without donor questioning for history of Chagas disease, is adequate to identify donors at
risk for Chagas disease. We explain in section III of this guidance that the
recommendation in the 2010 Chagas Guidance to ask the question “Have you ever had
Chagas disease?” to all donors at each donation is no longer recommended, and the
question can be removed from donor history questionnaires.

? Facilities report their data intermittently; consequently, the numbers reported represent what was available in the
database at the time.

120

-



Contains Nonbinding Recommendations
Draft — Not for Implementation

B. Supplemental Testing of Donors Repeatedly Reactive with a Licensed
Screening Test for Antibodies to 7. cruzi

Consistent with 21 CFR 610.40(¢), you must further test each donation found to be
reactive by a donor screening test using a licensed, approved or cleared supplemental test,
when available.* In November 2011, FDA licensed a supplemental test for antibodies to
T. cruzi. This test is intended for use as an additional, more specific test for human serum
or plasma specimens found to be repeatedly reactive using a licensed screening test for
antibodies to T. cruzi.

A positive test result on the licensed supplemental test indicates that antibodies to 7. cruzi
were detected, providing further confirmation of the repeatedly reactive screening test
result.. It is FDA’s view that donors whose blood samples are found to be repeatedly
reactive on a licensed screening test, but negative on a licensed supplemental test, may be
considered for reentry as set forth in section JIL.D of this guidance.

C. Donor Reentry

The reentry of donors deferred on the basis of screening test results for antibodies to 7.
cruzi was discussed at the July 31, 2014 Blood Products Advisory Committee (BPAC or
the Committee) meeting (Ref. 11).

FDA presented an analysis of donor follow-up studies used to develop a proposed donor
reentry algorithm and four alternative scenarios. In these follow-up studies, donors
whose collections were repeatedly reactive on a licensed screening test for antibodies to
T cruzi and negative on a licensed supplemental test for antibodies to T. cruzi on their
initial donation were further evaluated to determine their eligibility for
requalification/reentry as donors. Follow-up testing was performed to assess their most
likely T. cruzi infection status and determine those who could safely be reentered.

Results of the follow-up studies showed that 117/238 (49.2%) of donors in the FDA
analysis had follow-up samples that were non-reactive with the two licensed screening
tests. Among the 117 donors with negative screening tests on follow-up, 115/117
(98.3%) had non-reactive results with the licensed supplemental test. Conversely, 2/117
(1.7%) of these donors had indeterminate results with the licensed supplemental test.

It is FDA’s current thinking that it would not be safe to reenter a donor with any
reactivity with a licensed supplemental test given the higher analytical sensitivity of the
currently licensed supplemental test compared with the licensed screening tests and the
consequent uncertainty regarding the donor’s infectious status. FDA currently considers
donors whose follow-up samples are tested with all three currently licensed tests and
show no reactivity with any of the three tests to be eligible for reentry, provided all other
donor eligibility criteria are met. A least burdensome approach to identifying potentially

* See footnote 1.
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eligible donors would be to perform sequential testing. The donors’ follow-up samples
would be first tested with the two licensed screening tests, which are run on automated
instruments. Only specimens which are non-reactive on both screening tests would be
subsequently tested with the manual licensed supplemental test.

It is FDA’s current thinking that previously deferred donors who have had positive test
results with either the unlicensed 7. cruzi RTPA test or with an investigational or licensed
supplemental test for antibodies to 7. cruzi are not eligible for reentry and therefore
should not be considered for reentry using the recommended algorithm (See section IILD
of this guidance). The T cruzi RIPA test has a long history of being used to identify
individuals infected with 7. cruzi. In a study by ARC of T. cruzi RIPA positive donors, a
high proportion, 74.5% (117/157), were born in a T. cruzi endemic country (Ref. 12).
Data from the licensed supplemental test clinical trial showed high concordance, 98.7%
(151/153), between T. cruzi RIPA positivity and licensed supplemental test positivity
among screening test repeatedly reactive donors (Ref. 13). Similarly, previously deferred
donors who have had an indeterminate test result with either the 7. cruzi RIPA test or
with an investigational or licensed supplemental test are not eligible for reentry and
therefore should not be considered for reentry using the recommended algorithm. These
donors represent a small percentage of currently deferred donors (4.0%, according to an
online report of the AABB Chagas’ Biovigilance Network (http://www.aabb.org) dated
May 1, 2015, as stated in section II of this guidance) and because their infectious status is
unclear due to low level antibody reactivity to 7% cruzi specific antigens, FDA considers
them not eligible for reentry.” Only deferred donors with negative test results on the
unlicensed 7. cruzi RIPA (if so tested) and the investigational or licensed supplemental
test for Chagas (if so tested), and deferred donors who have never been tested by T. cruzi
RIPA or an investigational or licensed supplemental test should be considered for reentry
using the recommended algorithm. FDA recommends that deferred donors who
previously answered “yes” to the predonation screening Chagas question also be
considered for reentry using the recommended algorithm provided that they have had no
positive or indeterminate test results on the unlicensed 7. cruzi RIPA or on the
investigational or licensed supplemental test for Chagas.®

Donors who may be considered for reentry using the recommended algorithm may

- provide a follow-up blood sample for testing after a minimum of 6 months since the time
of their last deferral. Although all 7" cruzi positive U.S. blood donors identified since
testing was initiated in 2007 have shown evidence of a long term rather than recent
infection, the six-month time period prior to reentry testing would add a safeguard by
allowing time for maturation of an early antibody response in a donor with low level

3 FDA may reconsider in the firture the eligibility of donors with an indeterminate test result using the unlicensed 7.
cruzi RIPA test, oran investigational or licensed supplemental test for antibodies to T. cruzi based on newly
acquired supporting scientific evidence that these donors are not infected.

¢ 1f donors participated in follow-up studies, those with a positive or indeterminate test result with an investigational
or licensed supplemental test for antibodies to T, cruzi or with the unlicensed T cruzi RIPA test should not be
considered eligible for reentry.
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antibodies at the index donation due to recent infection. Six months would also allow for
resolution of potential cross-reacting medical conditions that may have produced the repeatedly
reactive screening test result.

While the BPAC did not take a formal vote on the donor reentry algorithm proposed by FDA at
its July 31, 2014 meeting, the Committee discussed this approach and did not express concerns
about the adequacy of this plan as a reentry algorithm (Ref. 11).

m. RECOMMENDATIONS

The recommendations set forth below are intended to update the recommendations in FDA’s
2010 Chagas Guidance at section IILA and section III.C. The recommendations regarding
product management in section IILB of the 2010 Chagas Guidance are unchanged.

These recommendations apply to the coilection of blood and blood components, except Source
Plasma, for transfusion or for use in manufacturing a product, including donations intended as a
component of, or used to manufacture, a medical device.”

A. Donor Screening for History of Chagas Disease

We no longer recommend that the question “Have you ever had Chagas disease?” should
be asked to all donors at each donation. The question may be removed from your donor
history questionnaire.

B. Donor Testing

You must test donations for evidence of 7. cruzi infection using a licensed test for
antibodies to 7' cruzi (21 CFR 610.40(a)), subject to the exceptions found in

21 CFR 610.40(c) and (d). We recommend one-time testing of each donor of blood and
blood components (21 CFR 610.40(=)(2)(iii)(A)). We recommend one-time testing of
autologous donors of blood and blood components only when the circumstances
described in 21 CFR 610.40(d)(1) through (3) are applicable.

Donors who test non-reactive are qualified to return to donate without further testing of
subsequent donations for antibodies to T. cruzi.

C. Donor Deferral and Counseling

Donors who test repeatedly reactive on a licensed test for T cruzi antibody must be
deferred (21 CFR 610.41(a)).

7 Blood establishments are not required to test donations of Source Plasma for evidence of infection due to T. cruzi
(21 CFR 610.40(a)(2)(ii)).
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You must further test each donation which tests repeatedly reactive using a licensed test
for antibodies to T. cruzi with a licensed, approved, or cleared supplemental test for
antibodies to I, cruzi (See 21 CFR 610.40(e)). Further, you must make reasonable
attempts to notify any donor that tests repeatedly reactive for antibodies to 1. cruzi of
their deferral and of their test results including the results of further testing required under
21 CFR 610.40(e) within 8 weeks after determining that the donor is deferred

(See 21 CFR 630.40),

Donors whose blood tests positive or indeterminate on the licensed supplemental test

should be deferred permanently and informed of the likelihood and medical significance

of infection with T. cruzi. Donors whose blood tests negative on a licensed supplemental

test may be considered for reentry using the recommended algorithm and informed of the

procedure to follow for reentry. ( b

D. Reentry for Donors Deferred on the Basis of Screening Test Results for
Antibodies to T. cruzi or Predonation Screening Question

1. FDA recommends that donors with the folIowmg Chagas test results are
not eligible for reentry:

a. Positive or indeterminate with an investigational or licensed
supplemental test for antibodies to 7. cruzi.

OR
b. Positive or indeterminate with the unlicensed 7. cruzi RIPA test.
2. Donors deferred on the basis of screening test results for antibodies to 7.
cruzi who had (at the time of the donation that prompted the deferral) the
following Chagas test results may be considered for reentry using the
recommended algorithm below, provided that they do not meet any of the C h

ineligibility criteria described in item 1 above:®

a. Negative with an investigational or licensed supplemental test for
antibodies to T. cruzi.

OR

b. Negative with the unlicensed 7. cruzi RIPA test.

¥ Effective May 23, 2016, blood collection establishments must use a licensed supplemental test for 72 cruzi in
accordance with 21 CFR 610.40(¢). Accordingly, only donors who were deferred prior to May 23, 2016 should be
considered for reentry on the basis of Chagas test results, at the time of the donation that prompted the deferral, with
the investigational supplemental test for antibodies to T\ cruzi or with the unlicensed T cruzi RIPA test,
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OR

¢. Not tested with an investigational or licensed supplemental test for
antibodies to 7. cruzi, and not tested with the unlicensed T. cruzi RIPA
test.

3. Donors deferred on the basis of answering “yes” to the predonation
screening question “Have you ever had Chagas disease?” may also be
considered for reentry using the recommended algorithm, provided that
they d% not meet any of the ineligibility criteria described in item 1
above. :

C 4, To reenter a donor who meets the criteria described in 2 or 3 above, we
: recommend that you do the following (also see algorithm in the
Appendix):

a. At least 6 months after the date of deferral, obtain a new blood sample
from the donor (no donation is made at this time) and perform follow-
up testing as follows: ' )

i. Test sample using two different licensed screening tests for
antibodies to T. cruzi.

If applicable, one of the two screening tests should be the test that
was repeatedly reactive on the original donation.

- AND

ii. If the follow-up sample is non-reactive with the two licensed
' screening tests, then test the follow-up sample with a licensed
&\ , : supplemental test for antibodies to T cruzi.

Note: As part of this reentry algorithm, FDA recommends that
only follow-up samples that are non-reactive with the two licensed
screening tests should be tested with a licensed supplemental test.

b. Evaluate the results of the follow-up testing on the donor’s new
sample as follows:

i. Ifeither one or both screening tests are repeatedly reactive, we
recommend that you defer the donor permanently.

° If donors participated in follow-up studies, those with a positive or indeterminate test result with an investigational
or licensed supplemental test for antibodies to T. cruzi or with the unlicensed T. cruzi RIPA test should not be

- considered eligible for reentry.
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ii. Ifthe licensed supplemental test is either positive or
indeterminate, we recommend that you defer the donor
permanently.

ifi. If the two licensed screening tests are non-reactive and the
licensed supplemental test is negative, you may reenter the
donor provided all other donor eligibility criteria are met at the
time of donation. Testing for T. cruzi is not required on future
blood donations from the reentered donor.

Iv. IMPLEMENTATION
Note: This guidance is being issued for comment purposes only. Implementation of the ( j
recommendations contained herein is not recommended at this time.

A, Donor Screening

If you hold an approved biologics license and you remove the “Have you ever had
Chagas disease?” question from your donor history c%uestionnaire (DHQ), you must
report this change under 21 CFR 601.12, as follows:

e Revision of your own DHQ and accompanying materials: report in your annual
report consistent with 21 CFR 601.12(d), noting the date the question was .
removed from your DHQ and accompanying materials.

s Revision of a previously FDA accepted DHQ and accompanying materials:
report in your annual report consistent with 21 CFR 601.12(d), noting the date the
question was removed from the accepted DHQ and accompanying materials.

B.  Reentry of Deferred Donors- : C )

We consider the recommendations in section II1.D for donor reentry in this guidance to
be an acceptable requalification method or process, within the meaning of

21 CFR 610.41(b), for reentry of donors deferred due to repeatedly reactive screening
tests for antibodies to 7% cruzi and within the meaning of 21 CFR 630.35(b)"! for donors
deferred for previously answering “yes” to the donor history question, “Have you ever
had Chagas disease?”

Licensed establishments implementing the recommendations for donor reentry must
report this change to FDA as required under 21 CFR 601.12. Specifically, licensed
establishments must submit a statement of this change in an annual report under

19 See 21 CFR 601.12(3)(3).
1 See footuote 1.
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21 CFR 601.12(d), indicating the date that the revised standard operating procedures
were implemented. 2 Unlicensed establishments implementing recommendations for
donor reentry in this guidance in their entirety and without modification are not required
to report this change.

Sections 610.41(b) and 630.35(b) require that a donor requalification method or process
used to requalify a donor be acceptable to FDA. Accordingly, before you implement an
alternative requalification method or process from that described in this guidance, FDA
must first find the alternative method or process to be acceptable for such purpose.
Licensed establishmnents intending to use an altemative requalification method must
submit a supplement for prior approval, as required under 21 CFR 601.12(b). Similarly,
FDA must find an alternative requalification method proposed by an unlicensed
establishment to be acceptable before it is implemented (21 CFR 610.41(b) and
630.35(b)).

12 See 21 CFR 601.12(2)(3).
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APPENDIX

RECOMMENDED REENTRY ALGORITHM FOR DONORS DEFERRED ON THE BASIS OF
SCREENING TEST RESULTS FOR ANTIBODIES TO I. CRUZI OR PREDONATION
SCREENING QUESTION

Deferred denors that meet the following conditions and do not meet the ineligibility criteria

described in this guidance™*:

e Negative (at the time of the donation that prompted the deferral) with an investigational or licensed
supplemental test for antibodies to T. cruzi; or )

e Negative (at the time of the donation that prompted the deferral) with the unlicensed T cruzi RIPA
test; or :

e Not tested (at the time of the donation that prompted the deferral) with an investigational or licensed
supplemental test for antibodies to T. cruzi or with the unlicensed T. cruzi RIPA test; or -

o Deferred on the basis of answering “yes” 1o the predonation Chagas question’ N )

v

Obtain a follow-up sample > 6
months since date of deferral

\l/ ] RR on either

testor RR on

Test follow-up sample with two | both tests _ | Defer donor
different licensed screening tests - Permanently

NR on both tests J/

Test follow-up sample with a POS or IND
licensed supplemental test

NEG \l/

Reenter donor provided all other .
donor eligibility criteria are met. : Q
Testing for T, cruzi antibodies is
not required on firfure blood
"donations from the reentered
donor.

RR = repeatedly reactive; NR = non-reactive; POS = positive; NEG = negative; IND = indeterminate
VEffective May 23; 2016, blood collection establishments must use a licensed supplemental test for T. cruzi

in accordance with 21 CFR 610.40(e). Accoerdingly, only donors who were deferred prior to May 23, 2016 should
be considered for reentry on the basis of Chagas test results, at the time of the donation that prompted the deferral,
with the investigational supplemental test for antibodies to 7. cruzi or with the unlicensed 7. cruzi RIPA test.

2 EDA recommends that donors with the following Chagas test results are not eligible for reentry: (1) Positive or
indeterminate with an investigational or licensed supplemental test for antibodies to T. eruzi or (2) Positive or
indeterminate with the unlicensed 7, cruzi RIPA test.

}If donors participated in follow-up studies, those with a positive or indeterminate test result with an investigational -
or licensed supplemental test for antibodies to T. cruzi or with the unlicensed 7. cruzi RIPA test should not be
considered eligible for reentry.
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