'H1—2

A WBR#HES (GFHAR)

Ipk2 8% 9H14H
(Epk2 8ES A~ 2 8& 7 A%ER)



rO'6L48A 1/vdaPsi

" RENE MO U LENSUAT RO
I CRUR|EDPY "D L IR B LB O 2 T
9% ‘LR AL R ELL IR B (YY) E B2 B
OB BIEH TN 2 M RCIRERE T D T

"G LR AT
S Y LT PTRDE H H 62 NF RO ch T 5
TN LA NS BV N B D B M LA C

L1 ©N

WEKOBS BEOEIRE
=
£
X (QOEZD5A0n m
I_lm_._.e ~ f—m Ald R
S , GUSTR L (AR g
S Az O eR TYURTH LA LGOI R GG B B LOBHED RS b WY UP G " LAFHOT ag
MMZH [T o I HS LB ORI L (K LALL GRS RO T LMZ USRS U2 U2 m.
| BT VU ooy s as e Aot B HOTENION G T 1Ay ue ) FELAT L Bt H 6c A A LHTHED
N2 H ATRTEY | oo o2 T £ B H 0TS 3T BIVNSLACY G Y C@ B D NG 2 F ch YN TR
EHMEZEWOS THAQYNIY A b L~ M O TR Y T T E MRS N EYDILF S D UEHAF F =32 HT=59I0CE S |
UREEETROTHEY . LB I 0100) RN
T OVNILAL S L0 IEPHEE @ (AYIZ) ! b QL SRR 0 < L C LSF ) B YN E R LAL L OYEIMSE L =30
*65T0°01° 12°9102"SH'LI6L LS H) L E TR ac
Ligy ~09GT/208Z 01 L s ey | (FED) FEW
10p *(01)12¢9107 ‘Meaing omg| MYk X ST S HE 20 ‘ :
=
_ 19 Y 0ag ‘W nusded T UOZIeg
EE WY g B GHH —
LR 0T 7 9103 ]
BETHBSH CROSBESY | HEYH-—® S8 REZE- SEEE
SEHTE SHEL WES w
-5 =0




RAPID COMMUNRICATIONS

Isolation of infectious Zika virus from saliva and
prolonged viral RNA shedding in a traveller returning

JRC2016T-010

from the Dominican Republic to Italy, January 2016

L Barzon **, M Pacenti ?, A Berto*, A Sinigaglia 3, E Franchin **, E Lavezzo *, P Brugnaro ¢, G Palii *2
1. Department of Molecular Medicine, University of Padova, Padova, Italy
2. Microbiology and Virology Unit, Padova University Hospital, Padova, ltaly

3. Veneto Institute of Oncology IOV [RCCS, Padova, ftaly

4, Infectious Disease Department, Venice City Hospital *SS. Giovanni e Paole’, Venice, lealy

Correspondence: Luisa Barzon (luisa.barzon@unipd.it}

Citation style for this article:
Barzon L, Pacenti M, Berto A, Sinigaglia A, Franchin E, Lavezzo E, Bru
in a traveller returning from the Dominican Republic to Italy,
ES.2016,21,10.30159

graro P, Pall G, Isolation of infectious Zika virus from saliva and prolonged viral RNA shedding
january 2016, Euro Surveill. 2016;21(10):pli=30159. DOk http://dx.doi.orgf10.2807/1560-7917.

Artlcle submitted on 03 March 2016 ! accépted on 10 March 2016 [ published on 10 March 2616

We report the isolation of infectious Zika virus (ZIKV} in
cell cuiture from the saliva of a patient who developed
a febrile illness after returning from the Dominican
Republic to ltaly, in January 2016, The patient had
prolonged shedding of viral RNA in saliva and urine,
at higher load than in blood, for up to 29 days after
symptom onset. Sequencing of ZIKV genome showed
relatedness with strains from Latin America.

Case report
A young woman in her 205 was admitted to the

Infectious Disease Unit of Venice City Hospital in ltaly .

because of persisting fever (38°C) associated with
arthralgia, myalgia, and macular cutanecus rash, that
had developed four days before, upon return from a
two-week stay in the Dominican Republic, in January
2016, Clinical examination was remarkable for a mild
macular erythematous skin eruption on the arms and
the abdomen, and for conjunctival hyperaemia. There
was no lymph node, liver or spleen enlargement. The
abdominal ultrasound did not reveal pathological find-
ings. Fever disappeared on the second day of hospi-
tal stay, and the skin eruption faded away completely
after three days. The patient had no underlying dis-
eases or impartant medical history and was not taking
any medication,

None of the household contacts reported suspected
symptoms similar to that of the patient.

Laboratory findings

Upon hospital admission, laboratory tests showed
blood ceil count, haemoglobin, liver and kidney fune-
tion fests in the normal range. Real-time RT-PCR tests
for dengue virus (DENV) [] and chikungunya virus
(CHIKV) [2] were negative, while real-time RT-PCR for

www.eurosurveillance.org

Zika virus (ZIKY) [3] was positive in plasma, urine, and
saliva, with estimated ZIKV RNA loads of 30 copies/mL;
0.5x10° copies/mL; and 3x10° copies/ml, respectively;
lgM and lgG antibodies against DENV (ELISA, Focus
Diagnostics Inc., Cypress, CA), CHIKV (immunoflucres-
cence assay, [FA, IgM and 1gG, Euroimmun AG, Luebeck,
Germany), and ZIKV (IFA Mosaic Arbovirus 2 lgM and
lgG and ELISA Zika virus IgM and 1gG; Euroimmun AG)
were negative.

The patient was invited to collect saliva and urine sam-
ples daily and to return weekly for follow-up visits and
blood sampling. Real-time RT-PCR testing of follow-up
blood, urine, and saliva samples demonstrated persis-
tent shedding of ZIKV RNA in saliva and urine for up
fo 29 days after symptom onset, while viral RNA was
detectable in plasma up to day 10 after symptom onset.
ZIKV RNA load in saliva and urine was higher than in
blood also in follow-up samples (Figure 1). Anti-ZiKV
lgM and 1gG antibodies appeared on days 7 and 10,
respectively, as demonsirated by IFA and ELISA.

Viral genome sequencing

Full ZIKV genome sequence was obtained with the
Sanger method from nucleic acids purified from saliva
and urine specimens collected on day 6 after symptom
onset {GenBank KUBs53012). No nt sequence differ
ences were observed between ZIKV in saliva and urine.
Phylogenetic analysis demonstrated that the virus
belonged to the Asian lineage and clustered with ZIKV
strains from Latin America; it had»99.6% nt identity
with ZIKV strains isolated in French Polynesia (2013)
and Brazil (2015), 97.9% nt identity with a ZIKV strain
isolated in Yap island in 2007, and 88.9% identity with
the Uganda MR766 strain isolated in 1947 (Figure 2).



FIGURE 1

Kinetics of ZIKV RNA load measured by quantitative
real-time RT-PCR in plasma, urine, and saliva samples of
a patient with ZIKV infection, Italy, January 2016
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For real-time RY-PCR analysis, viral RNA was purified from 1 mL of
plasma, saliva, or urine samples and eluted in a final volume
of 50 pluby using a NucliSENS easyMag automated nucleic acid
purification system (bioMérieux, Marcy-UEtoite, France); 10 plL
of purified nuclefc acids were used for each real-time RT-PCR
reaction, in a final volume of 30 pL. Real-time RT-PCR was
performed using the primers and probe set 1086/1162c/1107-
FAM developed by Lanciotti et al. {3] and AgPath-ID One-Step
RT-PCR Reagents (Thermo Fisher Scientific, Waltham, MA) on a
7900HT Fast Real-Time PCR System (Thermo Fisher Scientific) for
45 cycles. ZIKV RNA load was estimated against a standard curve

obtained l? ditution of a plasmid in which the target sequence
was ¢loned,

Viral isolation :

Within the diagnostic workup for arboviral infections,
viral isolation was attempted from serum, urine, and
saliva specimens collected during the first week after
symptom onset. In particular, ZIKV was isolated from a
saliva sample collected on day 6 after symptom onset.
For virus isolation, both Vero and Vero E6 cells were
used, following the procedures described for WNV iso-
lation, with slight modifications [4]. Briefly, saliva was
diluted 1:3 in serum-free Dulbecco’s modified Eagle’s
medium (DMEM), centrifuged at 1,200 % g for 10 min-
utes fo separate cells- from supernatant. Both saliva
cells and supernatant were then inoculated into Vero
and Vero E6 cells grown at 70% confluence in shell
vials. After inoculation, shell vials were centrifuged at
290 X g for 30 minutes and incuhated for 60 minutes
at 37°Cin 5% CO,; then, DMEM with 2% fetal bovine
serum was added, followed by cell culture at 37°C in
5% CO, for up to seven days. On day 4, a cytopathic
effect appeared in all infection conditions, i.e. both

Vero and Vero E6 cells infected with saliva cells or with |

saliva supernatant. Viral replication in cell culture was
- confirmed by increased ZIKV RNA load in cell super
natant (ca 330x10% copies/mL). The ZIKV .isolate was
then propagated in Vero cells; a titre of 0.5x105 TCID50
was obtained at the second passage in cell culture.
Sequencing of the full ZIKV genome from the first pas-
sage of the viral cell culture (GenBank KU853013) iden-
tified only a G to A synonymous nt change in position
6971 in comparison with the ZIKV genome that was

sequenced directly from urine and saliva specimens
(Figure 2),

Background _

ZIKV is a mosquito-borne flavivirus that generally
causes asymptomatic infections in humans and, in an
estimated 20% of cases, a mild and self-limited febrile
illness associated with rash, arthraigia, and conjuncti-
vitis, The virus, endemic in central and western Africa
and in south and south-east Asia, was not considered
a relevant human pathaogen until outbreaks occurred
in Yap, Federal States of Micronesia, in 2007 [5], in
French Polynesia in 2013 [6], and in other countries in
the Pacific Region in 2013-2014 [7]. In Brazil, the first
cases of ZIKV infection were confirmed in March 2015
(8]; since then, the virus has spread exponentially also
to other countries In South and Central America and
has been estimated to have caused o0.5-1.5 million
human infections [g].

The association of the recent human epidemics of
ZIKV infection in French Polynesia and Brazil with
an increased incidence of Guillain—-Barré syndrome
and foetal microcephaly has led the World Health
Organization (WHQ) to declare a public health emer-
gency of international concern on 1 February 2016 [g].
The aetiological link between foetal microcephaly and
ZIKV infection has been recently supported by detec-
tion of the virus in the amniotic fluid [10] and in brain
tissues of microcephalic foetuses [g,11,12], while the
association with Guillain-Barré syndrome has been
confirmed by a case—control study in French Polynesia
f13]. '

ZIKV is transmitted between humans through Aedes
Spp. mosquito vectors, mainly the anthropophilic Ae.
aegypti [14], which is widespread in tropical and sub-
tropical regions in Africa, Asia, and Latin America, and
is the main vector also for DENV and CHIKV. The virus
has also been detected in Ae. albopictus [15], which
has been shown to be a competent vector by experi-
mental infection [16]. Ae. albopictus is established in
Europe, especially in Mediterranean countries, includ-
ing northern ftaly [17], where the case reported in this
study was imported. Due to the risk of emergence of
outbreaks of vector-borne viruses following the intro-
duction of a viraemic individual in areas where the
vector is present [18], an integrated surveillance pro-
gramme for imported dengue, chikungunya, and Zika
virus infections has been implemented in Italy, along
with veterinary and entomologic surveillance [17]. -

Although conceivably rare, non-vector-barne modes of
ZIKV transmission may also occur, including trans-pla-
cental and perinatal transmission [11,19], blood-trans-
fusion [20], and, potentially, organ donations. Unlike
other arboviruses, sexual transmission of ZIKV is also
possible and is of particular concern during pregnancy
[21]. Actually, ZIKV has been detected and isolated in
cell culture from semen samples of patients with infec-
tlon and cases of probable sexual transmission of ZIKY
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FIGURE 2

Phylogenetic tree of full genome sequences of Zika virus obtained directly from saliva and isolated in cell culture from
saliva of a traveller returning from the Dominican Republic to Italy, January 2016
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The evelutionary history was inferred by using the Maximum Likelihood method based on the Tamura-Nei modet {36]. The percentage of
trees in which the associated taxa clustered together Is shown next to the branches. A discrete Gamma distribution was used to model
evolutionary rate differences among sites (5 categories (+G, parameter=0.2745)). The analysis involved 23 nt sequences. All positions
containing gaps and missing data were eliminated, There were a total of 10,092 positions in the final dataget, Evolutionary analyses were

conducted in MEGAS [37].

infection from males fo their female partners have
been documented [22-24].

Discussion and conclusions

In this report, we described the isolation of infectious
ZIKV in cell culture from saliva collected from a patient
during acute ZIKV infection. This finding poses ques-
tions eon the potential risk of human-to-human trans-
mission of the virus through saliva.
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In particular, the virus was isolated from saliva col-
lected on day é after symptom onset. It is conceiv-
able that viral isolation is more successful from saliva
samples characterised by high viral load and collected
during the first week after symptom onset, before the
appearance of antibodies. However, further analyses in
other patients are required to assess the infectivity of
ZIKV in saliva, '



Shedding of ZIKV RNA in saliva has been reported
in-the literature. In particular, it has been ohserved
in 48% of patients tested during the first week after
symptom onset, l.e. more freguently, although not for
a longer time, than in plasma [25]. For this reason, test-
ing ZIKV in saliva by RT-PCR has been recommended
as a non-invasive and sensitive method for the direct
diagnosis of ZIKV infection during the first week after
symptom onset [25]. In the case reported here, ZIKV
RNA was present at high fitre during the first week
after symptom onset and remained detectable for
a relatively long period, up to 29 days after onset of
symptoms. Viral RNA was also excreted in urine for a
long-time, in agreement with previous reports on ZIKV
detection in urine formore thanio days after onset of
disease [26,27]. Shedding in saliva and urine has also
been demonstrated for other vector-borne flaviviruses,
i.e. DENV [28,29] and West Nite virus {30,31], and these
samples are used for direct diagnosis based on viral
nucleic acid or antigen detection. While isolation of
ZIKV in cell culture from urine, semen, and breast milk
has been described {22,32,33], to our knowledge, iso-
lation of ZIKV from saliva has not been reported so
far. Epidemioclogical data and experimental studies are
needed to assess the potential risk of ZIKV spread and
transmission through saliva. Interestingly, a human
case of ZIKV infection following a monkey bite has heen
reported [34]. In addition, CHIKV, a mosquito-borne
alphavirus, has been isolated in oral fluids of patients
with severe infection and in the saliva of experimen-
tally infected mice and monkeys, and mouse-to-mouse
transmission of CHIKV without an arthropod vector was
demonstrated {35].

Finally, from the laboratory perspective, the resulis of
this study showed that saliva is a useful sample not

only for ZIKV nucleic acids detection, but also for virus
isolation.
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Zika Virus Associated with Microcephaly

Jernej Mlakar, M.D., Misa Korva, Ph.D., Natasa Tul, M.D., Ph.D.,

Mara Popovi¢, M.D., Ph.D., Mateja Poljgak-Prijatelj, Ph.D., Jerica Mraz, M.Sc.,
Marko Kolenc, M.Sc., Katarina Resman Rus, M.Sc., Tina Vesnaver Vipotnik, M.D.,
Vesna Fabjan Vodusek, M.D., Alenka Vizjak, Ph.D., Joze Pizem, M.D., Ph.D.,
Miroslav Petrovec, M.D., Ph.D., and Tatjana Av&i¢ Zupanc, Ph.D.

SUMMARY

A widespread epidemic of Zika virus (ZIKV) infection was reported in 2015 in
South and Central America and the Caribbean. A major concern associated with
this infection is the apparent increased incidence of microcephaly in fetuses born
to mothers infected with ZIKV. In this report, we describe the case of an expectant
mother who had a febrile illness with rash at the end of the first trimester of
pregnancy while she was living in Brazil. Ultrasonography performed at 29 weeks
of gestation revealed microcephaly with calcifications in the fetal brain and pla-
centa. After the mother requested termination of the pregnancy, a fetal autopsy
was performed. Micrencephaly (an abnormally small brain) was observed, with
almost complete agyria, hydrocephalus, and multifocal dystrophic calcifications in
the cortex and subcortical white matter, with associated cortical displacement and
mild focal inflammation. ZIKV was found in the fetal brain tissue on reverse-
transcriptase—polymerase-chain-reaction (RT-PCR) assay, with consistent findings
on electron microscopy. The complete genome of ZIKV was recovered from the
fetal brain.

IKV, AN EMERGING MOSQUITO-BORNE FLAVIVIRUS, WAS INTTIALLY ISO-
lated from a rhesus monkey in the Zika forest in Uganda in 1947." 1t is
transmitted by various species of aedes mosquitoes. After the first human
ZIKV infection, sporadic cases were reported in Southeast Asia and sub-Saharan
Africa.? ZIKV was responsible for the outbreak in Yap Island of Micronesia in 2007
and for major epidemics in French Polynesia, New Caledonia, the Cook Islands,
and Easter Island in 2013 and 2014.3* In 2015, there was a dramatic increase in
reports of ZIKV infection in the Americas. Brazil is the most affected country, with
preliminary estimates of 440,000 to 1.3 million cases of autochthonous ZIKV
infection reported through December 2015.°
The classic clinical picture of ZIKV infection resembles that of dengue fever and
chikungunya and is manifested by fever, headache, arthralgia, myalgia, and macu-
lopapular rash, a complex of symptoms that hampers differential diagnosis.
Although the disease is self-limiting, cases of neurologic manifestations and the
Guillain-Barré syndrome were described in French Polynesia and in Brazil during
ZIKV epidemics.>® Recent reports from the Ministry of Health of Brazil suggest
that cases of microcephaly have increased by a factor of approximately 20 among
newborns in the northeast region of the country, which indicates a possible asso-
ciation between ZIKV infection in pregnancy and fetal malformations.®
We present a case of vertical transmission of ZIKV in a woman who was prob-
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ably infected with ZIKV in northeastern Brazil at
the end of the first trimester of pregnancy. Our
discussion includes details of fetal imaging and
pathological and virologic analyses.

CASE REPORT

In mid-October 2015, a 25-year-old previously
healthy European woman came to the Depart-
ment of Perinatology at the University Medical
Center in Ljubljana, Slovenia, because of assumed
fetal anomalies. Since December 2013, she had
lived and worked as a volunteer in Natal, the
capital of Rio Grande do Norte state. She had
become pregnant at the end of February 2015.
During the 13th week of gestation, she had be-
come ill with high fever, which was followed by
severe musculoskeletal and retroocular pain and
an itching, generalized maculopapular rash. Since
there was a ZIKV epidemic in the community,
infection with the virus was suspected, but no
virclogic diagnostic testing was performed.
Ultrasonography that was performed at 14 and
20 weeks of gestation showed normal fetal
growth and anatomy.

The patient returned to Europe at 28 weeks of
gestation. Ultrasonographic examination that
was performed at 29 weeks of gestation showed
the first signs of fetal anomalies, and she was
referred to the Department of Perinatology. At
that time, she also noticed reduced fetal move-
ments. Ultrasonography that was performed at
32 weeks of gestation confirmed intrauterine
growth retardation (estimated third percentile
of fetal weight) with normal amniotic fluid, a
placenta measuring 3.5 cm in thickness (normal
size) with numerous calcifications, a head cit-
cumference below the second percentile for gesta-
tion (microcephaly), moderate ventriculomegaly,
and a transcerebellar diameter below the second
percentile, Brain structures were blurred, and
there were numerous calcifications in various
parts of the brain (Fig. 1A and 1B). There were
no other obvious fetal structural abnormalities.
Petal, umbilical, and uterine blood flows were
normal on Doppler ultrasonography.

The clinical presentation raised suspicion of
fetal viral infection. Because of severe brain dis-
ease and microcephaly, the fetus was given a
poor prognosis for neonatal health. The mother
requested that the pregnancy be texminated, and

the procedure was subsequently approved by
national and hospital ethics committees. Medi-
cal termination of the pregnancy was performed
at 32 weeks of gestation. At the delivery, the only
morphologic anomaly was the prominent micro-
cephaly. Genetic consultation that included a de-
tailed maternal family history revealed no suspi-
cion of genetic syndromes or diseases. An autopsy
was performed, as is mandatory in all cases of
termination of pregnancy. The mother provided-
written informed consent for the publication of
this case report.

METHODS

AUTOPSY AND CENTRAL NERVOUS SYSTEM [CNS)
EXAMINATION

An autopsy of the fetus and placenta was per-
formed 3 days after termination of the pregnancy,
with an extensive sampling of all organs, pla-
centa, and umbilical cord. Samples were fixed in
10% buffered formalin and embedded in paraf-
fin. Fresh tissue samples were collected for micro-
bioclogic investigations. Brain and spinal cord were
fixed in 27% buffered formalin for 3 weeks, after
which a neuropathological examination was per-
formed with extensive sampling of the brain and
spinal cord. Sections of all tissue samples were
stained with hematoxylin and eosin. Immunos-
taining for glial fibrillary acid protein, neurofila-
ment, human leukocyte antigen DR (HLA-DR),
CD3 (to highlight T cells), and CD20 (to high-
light B cells) was performed on representative
CNS samples.

ELECTRON MICROSCOPY
Tissue was collected from forrhalin—ﬁ_xed brain
and underwent fixation in 1% osmium tetroxide
and debydration in increasing concentrations of
ethanol. The sample was then embedded in Epon.
Semithin sections (1.4 pm) were made, stained
with Azur'Il, and analyzed by means of light
microscopy. Ultrathin sections (60 nm) were
stained with uranyl acetate and lead citrate, In
addition, a small piece of brain (5 mm? was
homogenized in buffer. The suspension was then
cleared by low-speed centrifugation, and the ob-
tained supernatant was ultracentrifuged directly
onto an electron microscopic grid with the use
of an Airfuge (Beckman Coulter). Negative stain-
ing was performed with 1% phosphotungstic
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recognizable owing to autolysis.

Figure 1. Prenatal Ultrasonographic Images and Photographs of Coronal Slices of Brain.

Panel A shows numerous calcifications in various parts of the brain (some marked with arrows) and the dilated
occipital horn of the lateral ventricle (Vp, marked with a measurement bar) as seen on transverse ultrasonography.
Panel B shows numerous calcifications in the placenta. Panel C shows multifocal cortical and subcortical white cal-
cifications (arrows) and almost complete loss of gyration of the cortex. The basal ganglia are developed but poorly
delineated (black asterisks), and the sylvian fissures are widely open on both sides (arrowheads on the left). The
third ventricle is not dilated (white asterisk). Panel D shows dilated body of the lateral ventricles (white arrowheads);
the left is collapsed. Temporal horns of the lateral ventricles (black arrowheads) are also dilated. The thalami (black
asterisks) and the left hippocampus (white asterisk) are well developed, whereas the contralateral structure is not

acid. Imaging of the ultrathin sections and brain
homogenate was performed with the use of a
120-kV JEM-1400Plus transmission electron mi-
croscope (JEOL).

INDIRECT IMMUNOFLUORESCENCE
Paraffin-embedded sections of the fetal brain
tissue and brain tissue of an autopsied man as a
negative control were incubated with serum ob-
tained from the mother of the fetus (dilution,
1:10), followed by antihuman IgG antibodies
labeled with fluorescein isothiocyanate (FITC)
(dilution, 1:50). In addition, fetal brain tissue
was incubated with a serum obtained from a
healthy blood donor, as well as with FITC-labeled
antihuman IgG antibodies only.

MICROBIOLOGIC INVESTIGATION

RNA was extracted from 10 mg of the placenta,
lungs, heart, skin, spleen, thymus, liver, kidneys,
and cerebral cortex with the use of a TRIzol Plus
RNA purification kit (Thermo Fisher Scientific).
Real-time RT-PCR for the detection of ZIKV RNA
(NS5) and one-step RT-PCR. for the detection of
the envelope-protein coding region (360 bp) were
performed as described previously.”® In addition,
next-generation sequencing was performed in
samples of fetal brain tissue with the use of Ion
Torrent (Thermo Fisher Scientific) and Geneious
software, version 9.0.6. Reads from both runs
were combined and mapped to the reference
sequence (ZIKV MR766; LC002520) with the use
of default measures. For phylogenetic analysis,
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complete-genome ZIKV sequences were used, and
multiple sequence alignments (ClustalW) were
performed. A neighbor-joining phylogenetic tree
(GTR+G-+ model) was constructed, with the use
of the MEGAS software system,’ to show the
phylogenetic relationships. The nucleotide se-
quence of ZIKV that was obtained in this study
has been deposited in GenBank under accession
number KU527068. A detailed description of the

. molecular methods is provided in the Supple-

mentary Appendix, available with the full text of
this article at NEJM.otg. The results of compre-
hensive serologic analyses of maternal serum
and a description of the molecular differential
diagnostic procedures used with fetal tissue
samples are provided in Tables S1 and S2 in the
Supplementary Appendix. All the authors vouch
for the completeness and accuracy of the data
and analyses presented.

RESULTS

AUTOPSY AND NEUROPATHOLOGICAL FINDINGS

The fetal body weight was 1470 g (5th percentile),
the length 42 cm (10th percentile), and the head
circumference 26 cm (Ist percentile). The only
external anomaly that was noted was micro-
cephaly. The placenta weighed 200 g, resulting
in a placental-fetal weight ratio of 0,136 (<3rd
percentile). Macroscopic examination of the CNS
revealed micrencephaly with a whole-brain weight
of 84 g (4 5D below average), widely open sylvian
fissures, and a small cerebellum and brain stem.
Almost complete agyria and internal hydro-
cephalus of the lateral ventricles were observed.
There were numerous variable-sized calcifica-
tions in the cortex and subcortical white matter
in the frontal, parietal, and occipital lobes. The
subcortical nuclei were quite well developed (Fig.
1C and 1D). In spite of some autolysis, micro-
scopic examination revealéd appropriate cyto-
architecture of the fetal brain. The most promi-
nent histopathological features were multifocal
collections of filamentous, granular, and neuron-
shaped calcifications in the cortex and subeorti-
cal white matter with focal involvement of the
whole cortical ribbon, occasionally associated
with cortical displacement (Fig, 24 and 2B), Dif-
fuse astrogliosis was present with focal astrocytic
outburst into the subarachnoid space, mostly on
the convexity of the cerebral hemispheres (Fig.
2C). Activated microglial cells and some macro-

phages expressing HLA-DR, were present through-
out most of the cerebral gray and white matter
{Fig, 2D). Scattered mild perivascular infiltrates
composed of T cells and some B cells were pres-
ent in the subcortical white matter (Fig. 51 in
the Supplementary Appendix). The cerebellum,
brain stem, and spinal cord showed neither in-
flammation nor dystrophic calcifications. The
brain stem and spinal cord showed Wallerian
degeneration of the long descending tracts, es-
pecially the lateral corticospinal tract, whereas
ascending dorsal columns were well preserved
{Fig. 2E). Indirect immunofluorescence revealed
granular intracytoplasmic reaction in destroyed
neuronal structures, which pointed to a possible
location of the virus in neurons (Fig. 2F, and Fig.
$1 in the Supplementary Appendix). Histologic
examination of the placenta confirmed focal
calcifications in villi and decidua, but no inflam-
mation was found. There were no relevant patho-
logical changes in other fetal organs or in the
umbilical cord or fetal membranes. Fetal karyo-
typing with the use of microarray techmnology
showed 2 normal 46XY (male) profile.

ELECTRON MICROSCOPY

Although analysis of the ultrathin sections of
the brain showed pootly preserved brain tissue
with ruptured and lysed cells, clusters of dense
virus-like particles of approximately 50 nm in
size were found in damaged cytoplasmic vesi-
cles. Groups of enveloped structures with 2 bright
interior were also detected. At the periphery of
such groups, the remains of membranes could
be seen, Negative staining of homogenized brain
revealed spherical virus particles measuring
42 to 54 nm with morphologic characteristics
consistent with viruses of the Flaviviridae fam-
ily (Fig. 3).

MICROBIOLOGIC INVESTIGATION

Positive results for ZIKV were obtained on RT-PCR
assay only in the fetal brain sample, where
6.5x107 viral RNA copies per milligram of tissue
were detected. In addition, all autopsy samples
were tested on PCR assay and were found to be
negative for other flaviviruses (dengue virus, yel-
low fever virus, West Nile virus, and tick-borne
encephalitis virus), along with chikungunya
virus, lymphocytic choriomeningitis, cytomegalo-
virus, rubella virus, varicella—zoster virus, herpes
simplex virus, parvovirus B19, enteroviruses, and

N ENGL ] MED 374,10 NEJM.ORG MARCH 10, 2016

The New England Journal of Medicine
Downloaded from nejm.org on August 18, 2016. For personal use only. No other uses without permission.
Copyright © 2016 Massachusetts Medical Society. All rights reserved.



BRIEF REPORT

SR BT
R
‘.ﬁ' 23
(g R

N 5
' A
A
(o

?(f.,

Figure 2. Microscopic Analysis of Brain Tissue.

Panel A shows thickened leptomeninges (black arrowhead) and irregular cortical and subcortical calcifications (asterisks)
associated with cortical displacement (arrows), with preserved germinative matrix (white arrowhead); gyration is absent.
Panel B shows higher magnification of calcifications with filamentous structures (arrow), possibly representing encrust-
ed, damaged axons and dendrites, and oval and polygonal structures (arrowheads), possibly representing encrusted,
damaged neuronal-cell bodies (hematoxylin and eosin staining in Panels A and B). Panel C shows immunohistochemical
labeling of proliferated reactive astrocytes that extend into the subarachnoid space (asterisk) (glial fibrillary acid protein,
clone 6F2 [Dako]). Panel D shows immunohistochemical labeling of numerous activated microglial cells and macro-
phages in the cortex (full thickness marked with a line) and subcortical white matter (lower part of the figure). Nonspecif-
ic staining of the calcifications is present (arrow). Focal leptomeningeal infiltrates of macrophages are seen (arrowhead)
(HLA-DR, clone TAL 1B5 [Dako]). Panel E shows neurofilament immunohistochemical staining of axons in a cross-sec-
tion of the lumbar spinal cord with severe Wallerian degeneration of the |ateral corticospinal tracts (black asterisks), mod-
erate involvement of other descending tracts (arrows), and well-preserved ascending tracts in the dorsal columns (white
asterisk) (neurofilament, clone 2F11 [Dako]). Panel F shows indirect immunofluorescence of fetal brain tissue, revealing a
green granular intracytoplasmic reaction (see also inset). The yellow signals adjacent to the green granules indicate auto-
fluorescence of lipofuscin, suggesting that viral particles are located in the cytoplasm of neurons.
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Figure 3. Electron Microscopy of Ultrathin Sections of Fetal Brain and Staining of a Flavivirus-like Particle.

Panel A shows a damaged brain cell with a cluster of dense virions located in the disrupted endeplasmic reticulum.
Remains of membranes derived from different cellular compartments and filamentous structures are also seen.
A magnified view of the boxed area with virions clearly visible (arrows) is shown in Panel B, Panel C shows a group
of enveloped structures with a bright interior, presumably indicating viral replication (arrow}. Panel D shows a nega-
tively stained viral particle with meorphologic characteristics consistent with those of Flaviviridae viruses (arrow).

Toxoplasma gondii (Table 82 in the Supplementary
Appendix). .
A complete ZIKV genome sequence (10,808
nucelotides) was recovered from brain tissue.
Phylogenetic analysis showed the highest iden-
tity (99.7%) with the ZIKV strain isolated from a
patient from French Polynesia in 2013 (KJ776791)
and ZIKV detected in Sao Paolo, Brazil, in 2015
(KU321639), followed by a strain isolated in Cam-
bodia in 2010 (JN860885, with 98.3% identity)
and with a strain from the outbreak in Microne-
sia in 2007 {BU545988, with 98% identity) (Fig. 4).
In the ZIKV polyprotein, 23 polymorphisms were
detected in comparison with the strain from
Micronesia and 5 polymorphisms in comparison
with the isolate from French Polynesia; three
amino acid changes were found in the NS1 re-
gion (K940F, T1027A, and M1143V), one in the

NS4B region (T2509I), and one in the FtsJ-like
methyltransferase region (M2634V).

DISCUSSION

This case shows severe fetal brain injury associ-
ated with ZIKV infection with vertical transmis-
sion. Recently, ZIKV was found in amniotic fluid
of two fetuses that were found to have micro-
cephaly, which was consistent with intrauterine
transmission of the virus.® Described cases are
similar to the case presented here and were
characterized by severely affected CNS and gross
intrauterine growth retardation. Calcifications
in the placenta and a low placental-fetal weight
ratio, which were seen in this case, indicate
potential damage to the placenta by the virus.
Among the few reports of teratogenic effects of
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Figure 4. Phylogenetic Analysis of the Complete Genome of Zika Virus.

The evolutionary histary was inferred by means of the neighbor-joining method under a GTR+G+| substitution mod-
el. The percentage of replicate trees in which the associated taxa clustered together in the bootstrap test (2000 rep-
licates) is shown next to the branches. The GenBank accession number, year of isolation, and country of origin are
indicated on the ZIKV branches for all strains except for those identified in 2015 and 2016. ZIKV strain Bahia, Brazil
(KU527068), was obtained in this study. The complete genome sequence was recovered from fetal brain tissue, The

0.01 scale bar denotes the genetic distance in nucleotide substitutions per site,

flaviviruses, investigators described the brain
and eyes as the main targets.’>* No presence of
virus and no pathological changes were detected
in any other fetal organs apart from the brain,
which suggests a strong neurotropism of the
virus.

The localization of immunofluorescence sig-
nal and the morphologic appearance of the cal-
cifications, which resembled destroyed neuronal
structures, indicate a possible location of the
virus in neurons. The consequent damage might
cause arrested development of the cerebral cor-
tex at the embryonic age of approximately 20
weeks." The mechanism involved in the neurot-
ropism of ZIKV is currently not clear. The asso-
ciation between ZIKV infection and fetal brain
anomalies was also noted by findings on electron
microscopy that were consistent with ZIKV de-
tection in the fetal brain. Dense particles consis-
tent with ZIKV were seen in damaged endoplas-
mic reticulum, Groups of enveloped structures
with a bright interior resembling the remains of
replication complexes that are characteristic of
flaviviruses'*'® indicate viral replication in the
brain. The findings on electron microscopy sug-

gest a possible persistence of ZIKV in the fetal
brain, possibly because of the immunologically
secure milieu for the virus. The number of viral
copies that were detected in the fetal brain
were substantially higher than those reported in
the serum obtained from adult ZIKV-infected
patients?” but similar to those reported in semen
samples,’®

The complete genome sequence of ZIKV that
was recovered in this study is consistent with the
observation that the present strain in Brazil has
emerged from the Asian lineage.”® The presence
of two major amino acid substitutions posi-

tioned in nonstructural proteins NS1 and NS4B

probably represents an accidental event or indi-
cates a process of eventual adaptation of the vi-
rus to a new environment. Further research is
needed to better understand the potential impli-
cations of these observations. It is likely that the
rapid spread of ZIKV around the globe will be a
strong impetus for collaborative research on the
biologic properties of the virus, particularly

‘since the risk of neurotropic and teratogenic vi-

rus infections places a high emotional and eco-
noniic burden on society.
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SHARING DATA IN A PUBLIC HEALTH EMERGENCY

The case for sharing data, and the consequences of not doing so, have been brought into stark relief by the Ebola and Zika
outbreaks. In response, the New England Journal of Medicine has become a journal signatory to the following statement.

“In the context of a public health emergency of international concern, it is imperative that all parties make available any information
that might have value in combatting the crisis. As research funders and journals, we are committed to working in partnership to
ensure that the global response to public health emergencies is informed by the best available research evidence and data.

Journal signatories will make all content concerning the Zika virus free access. Any data or preprint deposited
for unrestricted dissemination ahead of submission of any paper will not preempt later publication in these journals.

Funder signatories will require researchers undertaking work relevant to public health emergencies to establish mechanisms
to share quality-assured interim and final data as rapidly and widely as possible, including with public health and research
communities and the World Health Organization.

We urge other journals and research funders to make the same commitments.”

N ENGL ) MED 374,10 NEJM.ORG MARCH 10, 2016

The New England Journal of Medicine
Downloaded from nejm.org on August 18, 2016. For personal use only. No other uses without permission.
Copyright © 2016 Massachusetts Medical Society. All rights reserved.




AN A0 &Y EERY

R TCLERE IO
EONEER W MR EWES
G T v b QO WA RO R

0T D09 L ASKNTTERN ‘L1 7WHE
2 e A S T T AR R VN1 i g it

B (L0 L BYY HERYG G T2 |

W 4 < L L £ 2 VAT “TET 000F A/ — = (i
L AALT (| ALY YD LA — 7 &
TEEQ We) 2N FHURHTS LEESR
EEUNEEMOW Y Y SENEEHOTYT
‘R " LHHN MR E CADTYE
YA L O AN IWER ¢e
AL EIIET Gl R W BE
T (IVN) BESHEA LA AN
AGH “T-ATH B2 AC- DT 2L A — L

N EZHANRNTSREOEYHESHEY

"G R UMBORES D0 YER

LDEAN p GALFTRE G2 T UVYEE LA} L L2 0T
(fainy A “Harialbgsadk) ¥ "Ly ar ki Wil GeER Lt T LY v o
ALLRWLA I LALLABR YA VLA YL ¥Th LA P LYFE Ay L 464 "2y
AP LUUREIEGY (WHE L L) 159107 BT (0 4 A4 L 4 23 LV6T Bl (SNITA BYIZ) YA L Qs

CGALYE R CUREY AL Y EANBTIIFOMY T AL L0 XAk
L CQURLH T

HxoRS

YEOETES

U AL TERE R T CRIFEYY &
Z-ATH 14 T-ATH LG "4 AOH 1% ¥4 i
SO TRONC S F T EE Ol (1 . YURHIVE LA S L UG (8°0) 929 CQ (Y SEE |
BHWYELHER T |y ¢) v 2952 QN TR YN EZEE YURWRCIRE YA L 4 EGT (8T 4381 ‘G ¢ @l THST AU TW G T M 1 % o
LB | pisy CWEHE S WSERYIE) NWOBRIYA VL KE UURWECER A L LES D (%98 Y SEEE WHG G) Y o
BOTIR 05 T HL 2 (L 0 & L2 RHEN | pegp y 220 BRI RUMFINLEROWE YA V4462 (O) PIQATO) JO 301NSTI QTS MOEN “H S I e~B ¢ H T4 9702
HIEZFEHO Y | B
YRS T O T B HSHE~HE K 1259107 ‘EH-~— s QT /YA b 4 450G CHBOMKOIT T Yoy | I
/¥0/9102/% 1067 Ggum N (BT H)  THOSIREHI AL/ 5L @ e a6y
=pIo”s5u3y "[egTgm = (HFLEEWY H) THOSZHEHI (L 5L @
s | /amsgoyseunion/m | QBRI AL L RS HE T © |
By | /007 opo amn//dany A0 LD 5B HEPYTWA = (4 A1LT 08 @D BN~
o7 H 5% B ¥0 =5 9702 ot - .
METEELTE | SO THY H ek Vi —8 H 8 Bl Bx - =R
W)
EEUEM SMI 3T
81 55 |

1-8 SEEEMNY



Morbidity and Mortality Weekly Report

JB2016-009

Patterns in Zika Virus Testing and Infection, by Report of Symptoms and
Pregnancy Status — United States, January 3-March 5, 2016

Sharoda Dasgupra, PhD!+Z; Sarah Reagan-Steiner, MD3; Dana Goodenough, MPH4; Kate Russell, MDU%; Maty Tanner, MDY Lillianne Lewis, MD16;
Emily E. Pecersen, MD7; Ann M, Powers, PhD8; Krista Kniss, MPHS; Dana Meaney-Delman, MD?; Titilope Ocuyebo, MD7; Dan O’Leary, DVM!0;
Sophia Chiu, MD!L; Pamelz Talley, MDU12; Morgan Hennessey, DVM!8; Susan Hills, MBBS®; Amanda Cohn, MD!3; Christopher Gregoty, MD:

The Zika Virus Response Epidemiology and Laboratory Team

On April 15, 2016 this report was posted as an MMWR Early
Release on the MMWR website (bisp:/fwww.ede.govimmuwr,).

CDC recommends Zika virus testing for potentially exposed
persons with signs or symptoms consistent with Zika virus
disease, and recommends that health care providers offer
testing ro asymptomatic pregnant women within 12 weeks of
exposure. During January 3—March 5, 2016, Zika virus testing
was performed for 4,534 persons who traveled to or moved
from areas with active Zilea virus transmission; 3,335 (73.6%)
were pregnant women. Among persons who received testing,
1,541 (34.0%) reported at least one Zika virus-associated sign
or symptom {e.g., fever, rash, arthralgia, or conjunctivitis),
436 (9.6%) reported at least one other clinical sign or symp-
tom only, and 2,557 (56.4%) reported no signs or symptoms.
Among 1,541 persons with one or more Zika virus-associated
symptoms who received testing, 182 (11.8%) had confirmed
Zika virus infection. Among the 2,557 asymptomatic persons
who received testing, 2,425 (94.8%) were pregnant women,
seven (0.3%) of whom had confirmed Zika virus infection.
Although risk for Zika virus infection might vary based on
exposure-related factors (e.g., location and duration of travel),
in the cutrent setting in U.S. states, where there is no local
transmission, most asymptomatic pregnant women who receive
testing do not have Zika virus infection.

Zika virus is a flavivirus primarily transmitted by Aedes
species mosquitoes (Z,2) that has recently spread in the Region
of the Americas (2). From January 1, 2015 to April 13, 2016,
a total of 358 eravel-associated cases of Zika virus disease were
reported from U.S. states, 351 of which were in persons who
traveled to or moved from areas with active Zika virus trans-
mission (htep://www.cde.gov/zika/index.html). Most Zika
virus infections are asympromatic or cause mild clinical disease
(3). Among persons with clinical illness, signs and symptoms
commonly include one or more of the following: fever, rash,
arthralgia, and conjunctivitis (3,4). Zika virus infection during
pregnancy has been causally linked to congenital microcephaly
and has been associated with other adverse pregnancy out-
comes, including pregnancy loss (5-8), CDC recommends that
persons with possible exposure to Zika virus receive testing if
they have symptoms of Zika virus discase within 2 weeks of
exposure. On February 12, 2016, CDC recommended that

US Department of Health and Human Services/Centers for Disease Control and Prevention

health care providers offer testing to asymptomaric pregnant
women with possible exposure to Zika virus ().

CDC caleulated the number of persons in the 50 U.S.
states and Districe of Columbia (DC) who traveled to or
moved from areas of active Zika virus transmission and
received testing for Zika virus infection in early 2016, and
the proportion of tested persons who had evidence of con-
firmed Zika virus infection or recent unspecified flavivirus
infection, by pregnancy status and presence of reported signs
and symptoms. This analysis included specimens that were
received for Zika virus testing at CDC'’s Arboviral Diseases
Branch during January 3-March 5, 2016, corresponding to
epidemiologic weeks 1-9. Confirmed Zika virus infection
was defined as detection of 1) Zika virus RNA by reverse
transcription-polymerase chain reaction (RT-PCR) or 2) anti-
Zika immunoglobulin M (IgM) antibodies by enzyme-linked
immunosorbent assay (ELISA) with neutralizing antibody
titers against Zika virus, at levels 24-fold higher than those
against dengue virus. Recent unspecified flavivirus infection
was defined as detection of anti-Zika or anti-dengue virus
IgM antibodies by ELISA with <4-fold difference in neutral-
izing antibody titers berween Zika and dengue viruses. State
and local health departments collected informarion on clinical
signs and symptoms. Zika virus-associated signs and symp-
toms were defined as at least one of the following; fever, rash,
arthralgia, or conjunctivitis (5). Other signs and symptoms not
necessarily associated with Zika virus disease were defined as
one or more of the following: headache, myalgia, vomiting,
diarrhea, edema, oral ulcers, chills, influenza-like illness, or
malaise. Persons who reported no symptoms were considered to
be asymptomatic. All persons tested in this analysis had traveled
to or moved from areas with active Zika virus transmission.
Suspected cases of sexually transmitted and congenital Zika
virus disease were excluded from the analysis.

During January 3-March 5, 2016, Zika virus testing was per-
formed for 4,534 persons {Table), among whom 3,335 (73.6%)
were pregnant women. Among all persons receiving testing,
197 (4.3%) had confirmed Zika virus infection, 55 (1.2%) had
recent unspecified flavivirus infecrion, and 4,282 (94.4%) had
no evidence of recent Zika virus infection. Among 2ll persons
receiving testing, 1,541 (34.0%) reported one or more Zika
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virus-associated symptoms, 436 (9.6%) reported at least one
other symptom only, and 2,557 (56.4%) were asymptomatic.
Among persons with at least one Zika virus-associated symp-
tom, 620 (40.2%) were pregnant women; among persons with
at least one other symptom only, 290 {(66.5%) were pregnant
women; and among persons with no symptoms, 2,425 (94.8%)
were pregnant womerl.

During epidemiologic weeks 1-5 (weeks ending January 9-
February 6, 2016), <10% of persons receiving testing were
asymptomatic (Figure). After the recommendation to offer
serologic testing to asymptomatic pregnant women was pub-
lished on February 12, 2016 (9), the propostion of persons
receiving testing for Zika virus infection who were asymptom-
atic increased, ranging from 26.1% to 75.9% during epide-
miologic weeks 6-9. The proportion of persons who received
testing who had confirmed Zika virus infection decreased from
33.3% (epidemiologic week 1) to 1.5% (week 9).

Among all persons with one or more Zika virus-associated
symptoms, 182 (11.8%) had confirmed Zika virus infection
and 41 (2.7%) had recent unspecified flavivirus infection
(Table). Among persons who reported one or more other symp-

toms only, eight (1.8%) had confirmed Zika virus and three

(0.79) had recent unspecified flavivirus infection. Among
asymptomatic persons, seven (0.3%) had confirmed Zika virus
and 11 (0.4%) had recent unspecified flavivirus infection.
Among 3,335 pregnant women receiving testing, 28 (0.8%)
had confirmed Zika virus infection and 19 (0.6%) had recent
unspecified flavivirus infection. Among pregnant women with

Morbidity and Mortality Weekly Report

at least one Zika virus-associated symprom, 18 (2.9%) had
confirmed Zika virus infection, and nine (1.5%) had recent
unspecified flavivirus infection. Among 2,425 asymptomatic
pregnant women, only seven {0.3%) had confirmed Zika
virus infection, and 10 (0.4%) had recent unspecified flavi-
virus infection. Among pregnant women tested after guide-
lines were expanded to recommend testing of asympromatic
pregnant women (epidemiologic weeks 6-9), seven (35%)
of 20 pregnant women with confirmed Zika virus infection
were asymptomatic, Among the seven asymptomatic pregnant
women with confirmed Zika virus infection, five were residing
in areas with active Zika virus transmission at some time during
their pregnancy and two were short-term travelers.

Discussion

Overall, relatively few persons receiving testing for Zika virus
at CDC had confirmed Zika virus infection, and the propor-
tion with confirmed Zika virus infection was higher among
persons who reported at least one Zika virus-associated symp-
tom than among persons with other symprtoms only or asymp-
tomatic persons. These results reflect the current situation in
U.S. states and DC, whete there is no local mosquito-borne
transmission; results of testing in areas with active Zika virus
transmission might be different. Although confirmed Zika
virus infection was identified in seven (0.3%) asymptomatic
pregnant women who received testing, it is reassuring that the
proportion of asymptomatic pregnant women with confirmed
Zika virus infection in this report was low. However, because

TABLE, Zika virus testing outcomes among persons with specimens tested at CDC’s Arboviral Diseases Branch, by Zika virus infection status,
reported symptoms, and pregnancy status* — United States, January 3-March 5, 2016t

=1 Zika virus-assoclated

symptom? =1 other symptom only? No symptoms Total
Testing cutcome No. (%) No. (%) No. (%) No. (%}
All persons tested
Confirmed Zika virus infection 182(11.8) 8(1.8} 71(0.3} 197 (4.3)
Recent unspecified favivirus infection 412.7) 3(0.7} 11(04) 55(1.2}
No Zika virus infection 1,318 (85.5) 425 [97.5) 2,539 (95.3) 4,282 (94.4)
Total 1,541 (100} 436 (100} 2,557 (100} 4,534 (100)
Pregnant women*
Confirmed Zika virus infection 18(2.9) 30.0) 7(0.3) 28(0.8)
Recent unspecified flavivirus infection 9(1.5) [+J(0)] 10{0.4) 19{0.6)
Ne Zika virus infection . 593 (95.7) 287 (99.0) 2,408(99.3) 3,288 (98.6)
Total 620 (100) 290 (100} 2,425 (100) 3,335(100)
Other persons (excluding pregnant women)
Confirmed Zika virus infection 164 (17.8} 534 0(0) 169(14.1)
Recent unspacified flavivirus infection 32(35) 3(2.) 1(0.8) 36 (3.0
No Zika virus infection 725(78.7) 138 (94.5) 131 (99,2} 994 (82.9}
Total 921{100) 146 (100) © 1,199 (100}

* Determined at the time of iliness onset (or date of specimen collection, among asymptomatic persons).

t As of April 11, 2016.
§ Fever, rash, arthralgia, or conjunctivitis.

132 (100)

¥ Headache, myalgia, vomiting, diarrhea, edema, oral ulcers, chills, influenza-like illness, or malaise.
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FIGURE. Number of symptomatic and asymptomatic persons who received Zika virus testing,* by pregnancy status, and percentage of positive
results among all persons tested, persons with symptoms, and asymptomatic persons, by epidemiclogic week — United States, January 3-

March 5, 20161
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* Testing performed at CDC's Arboviral Diseases Branch.
t As of April 11, 2016,

of the potential serious adverse pregnancy and neonatal ouc-
comes associated with maternal Zika virus infection, health
care providers should continue to offer testing to pregnant
women with potential exposure to Zika virus, even if they do
not have symptoms (9). Follow-up of women with confirmed
Zika virus infection ot recent unspecified flavivirus infection
during pregnancy is important to identify congenital Zika
virus infection and other possible adverse pregnancy outcomes.

The findings in this report are subject to at least five limita-
tions. First, because testing might have been performed weeks
after potential exposure, persons might not recall symptoms,
particularly if they were mild. Second, only tests performed at
CDC’s Arboviral Diseases Branch were included in this analy-
sis. Some state health departmencs were testing for Zika virus
during this time and the total number of cases reported in this
period from U.S. states (http:/fwww.cdc.gov/zika/index. html)

US Department of Health and Human Services/Centers for Disease Control and Prevention

exceeds the number of cases described in this analysis. Third,
this study did not account for heterogeneous exposure risk
among persons receiving testing. Travel-associated exposure
can vary by location, dutation, accommodations, and activities
during travel, Fourth, findings in this report are not generaliz-
able to residents of areas with active Zika virus transmission.
Finally, patients with unspecified flavivirus infection likely
experienced a previous infection with or had been vaccinated
against other related flaviviruses making results difficult to
interpret. In the setting of the current Zika virus outbreak
and because of the concern for adverse fetal effects, pregnant
women with unspecified flavivirus infection should follow
CDC guidance for pregnant women with possible Zika virus
infection (7).
In the U.S. states and DC, the proportion of persons

who traveled to or moved from areas with active Zika virus

MMWR / April 22,2016 / Vol.65 / No.15 387



Morbidity and Mortality Weekly Report

.vims'dlsegse have, béﬁrﬁo tad |
! MM A
tates?ﬁk%ft‘ﬁﬂsz foct on‘c'lﬁmpé'agr‘glg’ﬁaﬂcy-has ee

usally iln!ked 1o, c°"§§ﬂ‘ microcephal andipas been 3

TP
with:ptherad\‘rerse pr na cyoutcomes,.lncludmg.p
iy 01 BIGDGRCOm ended that

cy loss: OR| Febru 5
mmpm Mt é?’t‘i‘ng degrpurtinTy im

a oL Om3ta 3
ogone
e _mm@.‘l

realisselnadic

,ﬁ;&vi}nﬂ
ately @m@?mrm

havel @J@%ﬁn&lﬁﬁt&@m@;ﬁi ;
[Bﬁira )
infectiontamonglasymptomaticperso
‘ ﬂa}‘@zggmmyaiﬁlﬂim
i %mﬂa

ﬁiﬁﬁ@dﬁl.

transmission, who received testing, and who had confirmed
Zika virus infection was substantially higher in sympromatic
than asymptomatic persons. Furthermore, 64% of pregnant
women with confirmed Zika virus infection had at least one

Zika virus-associated symptom, and approximately 99% of

asymptomatic pregnant women who received testing did
not have Zika virus infection. Because of the potential for
adverse outcomes associated with Zika virus infection dur-
ing pregnancy and the lack of current understanding of the
risks for infection in asymptomatic pregnant women, health
care providers should continue to offer Zika virus testing to
asymptomatic pregnant women with potential exposure (9).
Although individual risk for Zika virus infection will differ
on the basis of exposure, these data suggest that in the current
setting in U.S. staces, where most exposure is travel-associated,
most asymptomatic persons do not have Zika virus infection.

398 - MMWR / April 22,2016 / Vol.65 / No. 15

LEpidemic Ineelligence Service, CDC; 2Division. of HIV/AIDS Prevention,
Mational Center for HIV/AIDS, Viral Hepatitls, STD, and TB Prevention,
CDC; 3Immunization Services Division, National Center for Immunization
and Respiratory Diseases, CDC; 40ak Ridge Institute for Science and Education
(ORISE) Fellow, Division of Human Development and Disability, National
Center on Birch Defects and Developmental Diszbilities, CDGC; SInfluenza
Division, National Center for Inmunization and Respiratory Diseases, CDC;

6National Center for Environmental Health, Division of Environmental
Hazards and Health Effects, CIXC; 7 Division of Reproductive Health, National
Center for Chronic Disease Prevention and Health Promotion, CDC; 8Division
of Vector-Borne Diseases, Narional Center for Emerging and Zoonotic
Infectious Diseases, CDC; ?Office of the Director, Nadional Center for
Emerging and Zoonotie Infectious Diseases, CDC; Division of State and
Local Readiness, Office of Public Health Preparedness and Response, CDC;

Narional Institute for Occupational Safery and Heslth, Division of
Surveillance, Hazard Evaluations, and Field Srudies; 2 Minnesora Department
of Health; 130Office of the Direcror, National Center for Immunization and
Respiratory Diseases, CDC; 14Djvision of Global Health Protection, Center
for Global Health, CDC.,

Corresponding author: Sarah Reagan-Steiner, sorl @cdc.gov, 404-639-8205.

The Zika Virus Response Epidemiology and Laboratory Team

Janeen Laven, Olga Kosoy, Amanda Panella, Marc Fischer, Amanda
Calvert, Jane Basile, Christin Goodman, Robert Lanciott, Jeremy
Ledermann, Jennifer Lehman, Eric Mossel, Katherine Chu, Charles
Futoran, Paul Burns, Sandor Karpathy, Joseph Singleton, ‘Aubree
Kelly, Michelle Allerdice, Rachael Priestley, Kelly Fitzpatricle, Sher'i
Brooks, Avi Stein, Molly Lauterbach, Ryan Pappert, Adam Replogle,
Brook Yockey, Chris Sexton, John Young (all these individuals meet
collaborator criteria).

References

1. Hayes EB. Zika virus ourside Africa. Emerg Infect Dis 2009;15:1347-50.
heep://dx.doi.org/10.3201/e1d1509.090442

2. CDC. Areas with Zika, Atlantz, GA: US Department of Health and
Human Services, CDC; 2016, http:/fwww.cde.govizika/geo/

3. Duffy MR, Chen TH, Hancock WT, er al. Zika virus outbreak on
Yap Island, Federated States of Micronesia. N Engl ] Med 2009:360:2536—
43, hrtp://dx.dol.org/10.1056/NE]Moa0805715

4. Armstrong P, Hennessey M, Adams M, et al. Travel-associated Zika virus
disease cases among US residents—United States, January 2015-
February 2016, MMWR Morb Mortal Wkly Rep 2016;65:286-9.
hetp://dx.doi.org10.15585/mmwr.mm651 1el

5. Oliveira Melo AS, Malinger G, Ximenes R, Szejn.féld PO, Alves Sampaio S,
Bispo de Filippis AM. Zika virus intrauterine infection causes fetal brain
abnormality and microcephaly: tp of the iceberg? Ultrasound Obster
Gynecol 2016;47:6-7. hrep://dx.doi.org/10.1002/v0g. 15831

6. Martines RB, Bharnagar ], Keating MK, etal. Notes from the field: evidence
of Zika virus infection in brain and placental tissues from two congenitally
infeceed newborns and two fetal losses—Brazil, 2015, MMWR Morb Mortal
Widy Rep 2016;65:159-60, heep://dx.doi.org/10,15585/mmwr.mm6306e1

7. Mlakar J, Korva M, Tul N, eral. Zika virus associated with microcephaly.
N Engl ] Med 2016;374:951-8. hrepi/fdx.doi.org/10.1056/
NEJMoa1600651

US Department of Health and Human Services/Centers for Disease Control and Prevention



Morb'idity and Mortality Weekly Report

8. Rasmussen SA, Jamieson DJ, Honein MA, Petersen LR. Zika virus and 10, Perersen EE, Polen KN, Mmcy.dean D, etal. Update: interim guidance

birth defects—reviewing the evidence for causairy. N Engl ] Med 2016. for health care providers caring for women of reproductive age with possible
E-pub April 13, 2016, http://dx.doi.org/10.1056/NEJMsr1604338 Zika virus exposure—United States, 2016, MMWR Morb Mortal Wkly
9. Oduyebo T, Petersen EE, Rasmussen SA, et al. Update: interim guidelines Rep 2016;65:315-22. htip:/fdx.dol.org/10.15583/ mmwr.mm6512e2

for health care providers caring for pregnant women and women of
reproductive age with possible Zika virus exposure—United States, 2016,
MMWR Morb Morral Wkly Rep 2016;65:122-7. hups//dx.doi.
org/10.15585/mmwr.mm6505¢2

US Departmerit of Health and Human Services/Centers for Disease Control and Prevention MMWR / April 22,2016 / Vol.65 / No.15 399



PRV AR

TRTCLEH
L2 o RN FHIEF WS
SHWEY & T 2 w v b 00 W T
IYYEsCoEl 0T ‘0,09 2 IBTER ‘)

1 RGHE BFY - Ak 4 GRALIET |

AR - MR (L 0 oYY HE Y G
TOIEHEW Y 4~ LL 22 AVAd HW 000F A7
—E [ £ £T (13 EEEE 3 H. il £or
— W woy "2 R RS 6
HE X s g o il ey SRR
OT 1 “RliE "G LB IEEHF L G0

SO FE ER QURTFEY - Uk A

SNBTEROIEY “QQENEM Y L L1 4L QOYA I GAULTHE "2
UNYHE LA L LA S *QURYM LT (Lanrny A "Kat
Y &AL W 2LV W QEBRL—ae Am G LEHANE YAV 0 A L LA S 4
TG T RESOEY Do ¥eR | ALLABR LAV QAU Ly YT L AUV LYY E AU Q4L T3
MEYERBENNTFEOMY S Sy | UR Y DY (YL E) 153T0] oI O 4 A 420 LP6T T (SMTABYIZ) YA L LR

ANEL A b 60 RSO N R R KOG . HEORTH
SESALT HEERE O 2T SN S8
NIEZ (IVN) BERISWE D 12 AOHN
WAMH “T-AIH ‘RGBT =L A — YA LR UEE B
L ANE PN EHE I T ERILTEYY | TEo@AOYESWHI . K2 00Ty 0rTen ‘R CEIGEEY ¢ T T UGTH H ¢ “p) seorateg ueuny pue yiyesy Jo quswiredeq ‘ST T
CATHIG PG T-ATHIE O AOHY B | o3y oy & R UEN VMR R SR 0. T BRI UTHEE WL ) G (4 ST ¥ el 0oniorsond o= | @
SAH ﬁvi_n\uﬁgmﬁwiﬁﬁ@_ﬁ% (1) : Q@I ALY LG LTHER AL W ZFWOT WS “UTERLZgE v | F
ERGATITE €| 16 OBWD. ROV ST~ 3L W 71—~ A IWHO MBS IHE () SEbIoIGo) “F V0% 71 | B
- NIRRT —K L] CLLAPBERFTEC AL UIHINWELL A= 6 XQEAU LA Ly YTl HHEIODTSETES AIH "L
O H ST Y HI < (1 £ 7 L1 T ZEY G UNUHEIBE YA S L €A LI R T — &~ 2O © §Ep 00T] 0110J  “p) ﬁmw.ﬁmov mm_mroﬂiom wmﬁmm.w m&awm WN
HHESZEWHOX : ‘ : i
- RYEREETROT HE DG LY RS Y A ) L LG QI G (18h2) 00Ty 03T80d "Rt (S1D) SUCTINTOG BUTISIL ATIRIID
S1/50/9102/% (HBEMGRYYH) W 0B HRECAL L @ sy
do vnegap/sodd) | ggop | (CHEMBATRUNH) T 0051 T HL (L SL @ wimm
saodeatppan/siora | SOUE T | (MBMAGHIYE) T 098 BH Nl AGL 84 =
eo1Tqnd/suezsord /3 g
EANYTL | ‘qqee mam//d13y A LA 4B HEGR © L G
EEY A L0 4 SV HEGWUYTFEWA -5 (£ AALT (3 @D B
MR H 92 & %0 =5 9108
WEWEEEES | Sonwg eV H S8 | el - = REAR
Ry
FEEHEM SElcl WslEsE=
[REE . WREHE

-2 SN



JB2016-010
000

Home > Programs & Services > Publications > Weekly Report > 2016 > AABB
Weekly Report - April 15, 2016

AABB Weekly Report - April 15, 2016

A

Adeanevug Trancfouon arsd
Celluby Treeapam Warkbual:

AABB

WeelklyReport

& visit aabb.org

B Unsubscribe to thisANewsIeﬂer April 15, 2016 | Vol. 22 | No. 13

IN THIS ISSUE

CDC Confirms Causal Relationship Between Prenatal Zika Virus Infection, Microcephaly »'
I CIS Begins Screening Donated Blood for Zika Virus in Puerto Rico » | '
CDC Collaborates With Puerto Rico DOH on Rapid Assessment of Blood Collection and Use »
CDC to Provide $3.7 Million to Puerto Rico DOH to Combat Zika Virus Quthreak »
House Approves Legislation Praviding Incentives te Develop Zika Virug Therapies »

- AABB Launches Web Page With Resources for Clinicians »
AABB Posts Summary of April Board Meeting »

Scientists Develop Technigue to Mass Produce Platelet-Praducing Cells from hPSCs »

Medical Laboratory Professionals Week Offers Opportunity to Celebrate Lab Workers, Increase Public

Awareness of Their Vital Public Heaith Role »

AABB Solicits Early Career Professionals to Serve as Junior Committee Members »

ICBS Early Registration Ends Today; Abstract Submission Deadline Extended »

Reminder; Sign Up to Receive a Message When Registration Opens for 2016 AABB Annual Meeting »
AABB Participates in GARS Meeting »

ZIKA UPDATE

CDC Confirms Causal Relationship

Event Calendar

Between Prenatal Zika Virus Apil 27 — AR
. R Audicconference: HOT TOPIC:
mfeCtlon, MlCI’OCEpha[y Implementation of Day 7

Based on an analysis by the Centers for Disease Control and Prevention,
researchers determined that there is sufficient evidence to infer a causal
relationship between prenatal Zika virus infection and microcephaly, and
other saevere brain abnormalities. Scientists reviewed available data on the
effect of Zika virus infection during pregnancy using a framework based on
seven proposed criteria for establishing proof of teratogenicity and other
criteria to assess causation. The determination is expected to spur
additional prevention efforts, such as increased vector control strategies,

Platelets — You Can Do It!
Here's How read more »

May 9 — AABB CT
Audioconference: Expansion of
Umbilical Cord Blood Stem
Cells for Transplantation

read more »

May 12 — AABB CT Webinar;
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and to accelerate the development of a Zika virus vaccine, improved
diagnostic tests and therapeutic measures. The review appears in “The
New England Journal of Medicine.”

CTS Begins Screening Donated
Blood for Zika Virus in Puerto Rico

Creative Testing Solutions {CTS) has begun screening blood collected in
several blood centers in Puerto Rico for Zika virus. The test uses the same
platform as a test already in use to screen for HIV, hepatitis B and C, and-
West Nile virus. The Food and Drug Administration reviewed the test within
six weeks of receiving an investigational new drug application (IND) for its
use and approved it to screen blood for Zika virus in Puerto Rico under the
IND protocol. CTS plans to use the test under the IND in the continental
United States, as well.
Puerto Rico has had to import blood products in recent weeks that
“were collected in mainland locations without active mosquito-borne Zika
virus transmission. The U.S. Department of Health and Human Services
provided financial assistance to Puerto Rico for the imported components
under contracts that expired today.

CDC Collaborates With Puerto
Rico DOH on Rapid Assessment of
Blood Collection and Use

All of Puerto Rico's blood centers and 91 percent of its hospital transfusion
services indicated that they collected more whole blood units locally than
they imported from the continental U.S. in 2015, according to a survey
conducted by CDC and the Puerto Rico Department of Health (DOH). The
survey shows that 82,381 units were collected locally and 52,411 units
were imported from areas in the continental U.S. without active Zika virus
transmission. Also, approximaiely 25 percent of apheresis platelets were

" treated with pathogen reduction technologies (PRT), and 36.4 percent of -
the treated platelets were transfused to patients.

CDC and the Puerto Rico DOH surveved 12 blood centers and 56
hospital transfusion services that collected or transfused whole blood or
components during 2015. The survey asked respendants about collection
methods, product types, importation of blood products, blood use and
extent of PRT used for plasma and platelets. The survey, which was
open Feb, 10-24, 2016, was the first effort to estimate blood collection and
use in Puerto Rico. . :

There have been no confirmed cases of transfusion-transmitted Zika
virus in Puerto Rico or the continental U.S. at present. Based on the
likelihood of local mosquito-borne Zika virus transmission and resulting
asymptomatic infections, CDC suggests that blood establishments and
public health agenciés collaborate to develop plans to ensure local blood
safety and adequacy in the continental U.S.

Landscape of Ancilfary Cord
Blood Banking Services
read more »
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Audioconference: HOT TOPIC:
Anti-CD38 Interference with
Serologic Testing [ead more »

May 18 — AABB
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Donor Praducts — Group O
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[ead more »

June 1 —AABB
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Care — Building Trust,
Establishing Rapport and
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read more »

Full Calendar read more »

New Web Resources

FDA Corrects Docket Number
of Guidance on Denor
Screening Recommendations
to Reduce Risk of Transmission
of Zika by HCT/Ps read more »

FDA Approves Venclexta
(Venetoctax) to Treat Patients
With Chromosomzal Abnormality
Suffering From Chronic
Lymphocytic Leukemia

[ead more »
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Dengue Virus Antibodies Enhance Zika Virus Infection
Short Title: Dengue gives Zika a boost
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Abstract:

Background

For decades, human infections with Zika virus (ZIKV), a mosquito-transmitted flavivirus,
were sporadic, associated with mild disease, and went underreported since symptoms
were similar to other acute febrile diseases endemic in the same regions. Recent
reports of severe disease associated with ZIKV, including Guillain-Barré syndrome and
severe fetal abnormalities, have greatly heighténed awareness. Given its recent history
of rapid spread in immune naive popuiations, it is anticipated that ZIKV will continue to
spread in the Americas and globally in’regions where competent Aedes mosquito
vectors are found. Globally, dengue virus (DENV) is the most common mosquito-
transmitted human flavivirus and is both well-established and the source of outbreaks in
areas of recent ZIKV introduction. DENV and ZIKV are closely related, resulting in
substantial antigenic overlap. Through a mechanism known as antibody-dependent
enhancement (ADE), anti-DENV antibodies can enhance the infectivity of DENV for
certain classes of immune cells, causing increased viral production that correlates with
severe disease outcomes. Similarly, ZIKV has been shown to undergo ADE in response
to antibodies generated by other flaviviruses. However, response to DENV antibodies
has not yet been investigated.

Methodology / Principal Findings

We tested the neutralizing and enhancing potential of well-characterized broadly
neutralizing human anti-DENV monocional antibodies (HMAbs) and human DENV

immune sera against ZIKV using neutralization and ADE assays. We show that anti-
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DENV HMADbs, cross-react, do not neutralize, and greatly enhance ZIKV infection in
vitro. DENV immune sera had varying degrees of neutralizétion against ZIKV and
similarly enhanced ZIKV infection. |

Conclusions / Significance

Our results suggest that pre-existing DENV immunity will enhance ZIKV infection in vivo
and may increase disease severity. A clear understanding of the interplay between
ZIKV and DENV will be critical in informing public health responses in regions where
these viruses co-circulate and will be particularly valuable for ZIKV and DENV vaccine

design and implementation strategies.
Author Summary:

Recent reports of severe disease, including developmental problems in néwborns, have
greatly heightened public health awareness of Zika virus (ZIKV), a mosquito-transmitted
virus for which there is no vaccine or treatment. it is anticipated that ZIKV will continue
to spread in the Americas and globally in regions where competent mosquitoes are
found. Dengue virus (DENV}, a closely related mosquito-transmitted virus is well-
established in regions of recent ZIKV introduction and spread. It is increasingly common
that individuals living in these regions may have had a prior DENV infection n;Jr may be
infected with DENV and ZIKV at the same time. However, ve;'y Iiftle is known about the
impact of DENV infections on ZIKV disease severity. In this study, we tested the ability
of antibodies against DENV {o prevent or enhance ZIKV infection in cell culfure-based

assays. We found that DENV antibodies can greétly enhance ZIKV infection in cells.
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Our results suggest that ZIKV infection in individuals that had a prior DENV infection
may experience more severe clinical manifestations. The results of this study provide a
better understanding of the interplay between ZIKV and DENV infections that can serve

to inform public health responses and vaccine sirategies.

Introduction:

Zika virus (ZIKV), a mosquito-transmitted flavivirus, was first isolated in a sentinel
rhesus monkey and Aedes africanus mosqqitoes in the Zika Forest near Entebbe,
Uganda in 1947 during routine arbovirus surveillance by the Virus Research 1nstituie in
Entebbe [1]. A subsequent survey of human sera for ZIKV neutralizing antibodies in
localities i.n Uganda including Zika, Kampala and Bwamba concluded that 6.1% of
individuals tested were ZIKV seropositive [2]. Although no human disease had been
associated with ZIKV at the time, it was speculated that ZIKV infection was not
necessarily rare or unimportant. Neutralizing anti-ZIKV activity was found in serum
collected between 1945 and 1948 from individuals residing in East Africa inctuding
Uganda and then northern Tanganyika south of Lake Victoria. Over 12% of individuals
tested had ZIKV neutralizing activity though at the time ZIKV was an agent of unknown
disease [3]. Simpson described the first well-documented case of ZIKV disease and
virus isolation in humans [4]. He became infected while working in the Zika Forest in
1963, and his mild disease symptoms, that lasted for 5 days, included low-grade fever,
headache, body aches, and a maculopapular rash. These symptoms have since
become halimark features of ZIKV human disease. In 1968, ZIKV was isolated from 3

non-hospitélized children in Ibadan, Nigeria indicating that ZIKV was not restricted o
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93  East Africa [5]. A 1953 and 1954 serological survey in South East Asia that included
94 individuals from Malaysia near Kuala Lumpur, Thailand, and North Vietnam found ZIKV
95  protective sera in individuals residing in these regicns ranging from 75% positive in
96 Malayans, 8% in Thailand, and 2% in North Vietnam [6]. An early 1980s serologic study
97  of human volunteers in Lombok, Indonesia reported that 13% had neutralizing
98  antibodies to ZIKV [7]. These studies illustrated that ZIKV had spread beyond Africa and
99  at some point became éndemic in Asia [8].
100 For decades, human ZIKV infections were sporadic, spread in geographic
101 location, remained associated with mild disease, and perhaps went underreported since
102 its symptoms were similar to other acute febrile diseases endemic in the same regions.
103  As is the case with other fIaViviruses, it is known that ZIKV antibodies cross-react with
104  other flavivirus antigens ihcluding dengue virus (DENV) as was illustrated in the Yap
105 State, Micronesia ZIKV outbreak in 2007. Initial serclogic testing by igM capture ELISA
106  with DENV antigen was positive which led physicians to initially conclude that thé
107 causative agent for the outbreak was DENV, though the epidemic was characterized by
' 108 a rash, conjunctivitis and arthralgia symptoms clinically distinct from DENV [9].
109  Subsequent testing using a ZIKV-specific reverse transcriptase polymerase chain
110 reaction (RT-PCR) assay revealed that ZIKV was the causative agent [10]. Sequencing
111  and phylogenetic analysis indicaied that only one ZIKV strain circulated in the epidemic
112 and that it had a 88.7% nucleotide and 96.5% amino acid identity to the African 1947
113  ZIKV strain MR766. A 12-nucleotide sequence was found in the envelope gene that was
114 absent in the ZIKV African prototype. The consequence of this addition with regards to

115  virus replication, fitness, and disease outcome is not yet known. No further transmission
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116  was reported in the Pacific until 2013 when French Polynesia reported an explosive
117  ZIKV outbreak with 11% of the population seeking medical care [11]. Phylogenetic

118  analysis revealed that the outbreak strain was most closely related to a Cambodia 2010
119  strain and the Yap State 2007 strain corroborating expansion of the Asian ZIKV lineage.
120  Perinatal ZIKV transmission was also reported in French Polynesia [12]. In addition, 3%
121 of blood bank samples tested positive for ZIKV by RT-PCR even though the donors

122 were asymptomatic when they donated, underscoring the potential risk of ZIKV

123  transmission th'rough blood transfusions [13]. ZIKV transmission and spread maintained
124 ’a solid foothold in the Pacific [14] and continued its spread in 2014 with confirmed

125 outbreaks in French Polynesia, New Caledonia, Easter Island, and the Cook Islands
126  [15-18].

127 The first report of local transmission of ZIKV in the Americas occurred in the city
128  of Natal in Northern Brazil in 2015 [19]. Natal patients reported iniense pain resembiing
129  Chikungunya virus (CHIKV) infection but with a shorter clinical course, in addition to
130 maculopapular rash. No deaths or complications were reported at the time, though

131 given the naive immunological status of the Brazilian population, ZIKV expansion was
132 predicted. Several theories arose to explain the probable introduction of ZIKV into

133 Brazil. These included the soccer World Cup in 2014, though no ZIKV endemic

134 countries competed [19], the 2014 Va’a World Sprint Championships canoe race held in
135  Rio de Janeiro with participants from French Polynesia, New Caledonia, Cook [slands,
136 and Easter Island [20], and the 2013 Confederations Cup soccer tournam.ent which
137 included competitors from French Polynesia [21]. Molecular clock analysis of various

138 Brazilian ZIKV strains estimated that the most recent common ancestor dated back to
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139 2013 making the first two theories less likely [21]. By mid-January 2016, ZIKV

140 transmission had occurred in 20 countries or territories in the Americas as reported to
141  the Pan American Health Organization [22]. The primary mode of ZIKV transmission
142  appeared to be through mosquito vectors, although cas.es of perinatal and sexual

143  transmission were also reported [12,23]. Given its recent history of rapid spread in
144  immune naive populations, it is anticipated that ZIKV will continue to spread for the
145  foreseeable future in the Americas and globally in regions where competent Aedes
146  mosquito vectors are present. Kindhauser et al. 2016 can serve as a comprehensive
147  account of the world-wide temporal and geographic distribution of ZIKV from 1947 to
148  present day [24]. ., |

149 _ Until relatively recently, due to its mild clinical outcome, ZIKV disease had not
150 been a critical public health problem. As a result, compared to other related viruses, it
151 remained understudied. However, recent reports of severe ZIKV disease including
152  Guillain-Barré syndrome in French Polynesia [14,25] and associations between ZIKV
153  and microcephaly and other severe fetal abnormalities in Brazil [26-30] have greatly
154 heightened awareness of ZIKV. Retrospectively, the incidence of Guillain-Barré

155  syndrome during the 2014 ZIKV French Polynesia outbreak and the incidence of

156  microcephaly in Brazil in 2015 were both 20 times higher than in previous years. The
157  cause of these severe ZIKV disease ouicomes remains an open question. Recent ZIKV
158 outbreaks in the Pacific and the Americas have been éxplosive and associated with
159  severe disease, yét earlier expansions in Africa and Asia were gradual, continuous and
160  associated with mild clinical outcomes. Much of thé difference may lie in the age of

161 exposure. In ZIKV endemic areas, most adults have pre-existing ZIKV immunity and
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162  new cases primarily occur in children. Introduction of ZIKV into immune naive

163  populations where all ages are susceptible to infection, including women of child-‘

164 bearing age; is the new scenario for ZIKV expansion. However, we are still left without
165 an understandiﬁg of why certain individuals develop severe disease such as Guillain-
166  Barré syndrome, and why some expectant mothers transmit ZIKV to their developing
167  offspring in utero, resulting in fetal infection and developmental abnormalities, whereas
168  others do not. A possible explanation could be the impact of pre-existing immunity to co-
169 circulating flaviviruses.

170 Globally, DENV is the most common mosquito-transmitted human flavivirus [31]
171 and is both well-established and the source of new outbreaks in many areas of recent
172 ZIKV introduction [15,16]. DENV and .ZIKV are very closely related resuliing in

173  substantial antigenic overlap. The four serotypes of DENV (DENV-1, DENV-2, DENV-3,
174  and DENV-4) have an antigenic relationship that impacts disease severity. Infection
175  with one serotype typically results in a life-long neutra!i’zfng antibody response to that
176  serotype, but yields cross-reactive, non-neutralizing antibodies against the other

177  serotypes. These cross-reactive, non-neutralizing antibodies are responsible for

178  antibody-dependent enhancement (ADE), a phenomenon where DENV particles are
179  bound (opsonized) by these antibodies, which allows the infection of antibody Fc

1.80 receptor (FCR) bearing cells, such és macrophages, dendrocytes, and monocytes, that
181  are normally not infected. The presence of enhancing antibodies correlates with

182 increased DENV viremia and disease severity {32-34]. Similarly, ZIKV has also been
183 shown to undergo ADE in response to sub-neutralizing concentrations of homologous

184  anti-serum, and in response to heterologous anti-serum from several different
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185 flaviviruses [35]. In addition, anti-ZIKV sera has been shown to enhance infectivity of
186 related viruses [36]. In one stuciy, immune mouse ascites against various flaviviruses
187 including ZIRV, West Nile virus (WNV), Yeliow Fever-17D (YF17D), Wesselsbron virus,
188  Potiskum, Dakar Bat, and Uganda S were tested for ZIKV ADE in P388D,, a mouse

189  macrophage Fc receptor cell line [35]. All heterologous immune mouse ascites, as well
190 as homologous immune ascites, enhanced ZIKV in culture. Of note, the fold- |

191  enhancement was greater for ZIKV compared to peak enhancement of other .

192 flaviviruses tested against their heterologous immune ascites. Given the incidence of
193  co-circulating flaviviruses, the study authors alluded to the importance of testing human
194  sera for ADE potential of circulating flaviviruses. In a subsequent study, human cord
195  blood and sera of newborns and adults collected in Ibadan, Nigeria, was tested for ADE
196 of DENV-2, YF17D and WNV in P388D+, but the ADE potential of ZIKV was not tested
197  [37]. To our knowledge, only mouse sera and mouse cells have been used to date for in
198  vitro ZIKV ADE assays. In addition, anti-DENV immune serum hés never been tested
199 for ZIKV enhancement activity. Curiously, the 2013-14 French Polynesia ZIKV outbreak
200  demonstrated that all the patients with Guillain-Barré syndrome had pre-existing DENV
201  immunity [25]. |
202 In this study, we investigated the role that pre-existing DENV immunity plays
263 during ZIKV infection. Here we report that human anti-DENV serum and well-

204 characterized human anti-DENV monoclonal antibodies (HMADbs) cause substantial

205 ZIKV ADE in a human Fc¢ receptor bearing cell line. Our results suggest that pre-existing
206  antibodies from a prior DENV infection will enhance ZIKV infection in vivo and may

207 increase disease severity.
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208
209 Methods:

210 Human Sera and Monoclonal Antibodies

211 The collection of human blood samples was reviewed and approved by the

212  institutional review board of Florida Gulf Coast University (protocols 2007-08 énd 2007-
213  12) and the research ethics committee of the Centre Hospitalier de I'Université de

214  Montréal. Informed written consent was obtained from all subjects. Jamaica 1, and

215  Singapore 1 sera have been previously described, from subject 8C and subject DA0O3,
216 respectively [38]. Subject Jamaica 1 (8C) was infected with DENV in Jamaica in 2007
217 and had blood drawn in 2008, approximately 3 months post-recovery. The subject had
218 fever for 12 days, headache, retro-orbital pain, and blood in sputum. Subject Jamaica 2
219  (10E) was infected with DENV in Jamaica in 2007 with severe symptoms and h‘ad blood
220 drawn in 2008, 3 months after recovery. Subject Singapore 1 (DA003) was hospitalized
221 in Singapore in 2008 for complications due to DENV infection and had blood drawn

222  approximately 4 weeks post-recovery. No hemoconcentration or bleeding was present.
223  Subject Singapore 2 (PHC) was infected with DENV and hospitalized in Singapore in
224 -2008 and had blood drawn approximately 4 weeks after recovery. A healthy subject
225 from Montreal, Canada provided control serum that was collected in 2003 prior to

226  vaccination with yellow fever 17D vaccine. Travel history confirmed that the subject had
227 not travelled to regions outside North America and had no previous exposure to DENV
228  or ZIKV. Sera were heat inactivated for 30 min at 56°C prior to use. Anti-DENV HMAbs

229 1.6D and D11C isolated from subject Jamaica 1 and Singapore 1, respectively, were

10
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230 - kindly provided by J. 8. Schieffelin from Tulane University and have been weli-
231 characterized and described previously [38].
232

233  Viruses and Cell Culture

234 The 1947 Ugandan isolate, ZIKV MR766, and DENV-1 strain HI-1, DENV-2 strain
235 NG-2, DENV-3 strain H-78, and DENV-4 strain H-42, were kindly provided by R. B.

236  Tesh at the University of Texas at Galveston through the World Reference Center for
237 Emerging Viruses and Arboviruses. ZIKV stock was propagated by single passage in
238  African green monkey (Cercopithecus aethiops) kidney epithelial cells, Vero (ATCC

239 _CCL-81, American Type Culture Collection, Manassas, VA), cultured in Eagle's

240  Minimum Essential Medium supplemented with 10% (v/v) fetal bovine serum (FBS),
241 2mM Glutamax, 100U/mL penicillin G, 100ug/mL streptomycin, and 0.25ug/mL.

242 amphotericin B at 37°C with 5% (v/v) CO,. Rhesus macaque (Macaca mulatta) kidney
243  epithelial cells, LLC-MK2 (ATCC CCL-7) used tb prépagate DENV and titer and perform
244  focus-forming unit reduction neutralization assays, were cultured in Dulbecco’s Modified
245  Eagle Medium (DMEM) supplemented with 10% (v/v) FBS, 2mM Glutamax, 100U/mL
246  penicillin G, 100ug/mL streptomycin, and 0.25ug/mL amphotericin B at 37°C with 5%
247  (viv) CO2. Human bone-marrow lymphoblast cells bearing FcRIl, K-562 (ATCC CCL-
248  243) usedto perform antibody-dependent enhancement assays (ADE), were cultured in
249 RPMI-1640 (Hyélone, Logan, UT) supplemented with 10% (v/v) FBS, 2mM Glutamax,
250  100U/mL peniciliin G, 100ug/mL streptomycin, and 0.25ug/mL amphotericin B at 37°C
251  with 5% (viv) CO,. All reagents were purchased from ThermoFisher, Waltham, MA

252  unless otherwise noted.
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253

254  Enzyme-linked Immunoscrbent Assay

255  Enzyme-linked immunosorbent assays (ELISA) were performed as follows. Corning
256  brand high-bind 96-well plates (ThermoFisher, Waltham, MA) were coated with 100uL
257  Concanavalin A (ConA) (Vector Laboratories, Burlingame, CA) at 25ug/mL in 0.01M
258 HEPES (Sigma, Saint Louis, MO) and incubated for 1 hr at room temperature. Wells
259  were washéd with phosphate buffered saline (PBS) with 0.1% (v/v) Tween 20 (Sigma)
260 and incubated for 1 hr at room temperature with 100uL of filtered ZIKV or DENV-2

261  culture supernatant inactivafed With 0.1% (v/v} Triton-X100 (Sigma). After a wash step
262  with PBS containing 0.1% (v/v) Tween 20, wells were blocked with éOOuL PBS

263  containing 0.5% (v/v) Tween 20 and 5% (w/v) non-fat dry milk for 30 min. Primary

264 HMAbs D11C and 1.6D in PBS containing 0.5% (v/v) Tween 20 were incubated for 30
265 min at room temperature. After a wash step, 100ul. of a peroxidase-conjugated affinity
266  purified anti-human IgG (Pierce, Rockford, IL) diluted to 1ug/mL in PBS-0.5% (v/v)

267 Tween 20 was incubated at room temperature for 30 min to detect thelprimary antibody.
268  After a final wash step, color was developed with tetramethylbenzidineperoxide

269 (ProMega, Madison, Wi) aé the substrate for peroxidase. The reaction was stopped
270 aft_er 3 min by adding 100uL1M phosphoric acid (Sigma), and the absorbance was read
271  at 450 nm. Negative controls included media without virus, ConA only, and ConA

272 without primary or secondary antibodies.

273

274  Focus-forming Assay
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275  Focus-forming assays were performed essentially as previously described [38]. LLC-
276  MK2 target cells were seeded at a density of approximat;aly 500,000 celis in each well of
277  a12-well plate 24-48 hrs prior to infection. For titer assays, 10-fold serial dilutions of
278 virué were prepared. For neutralizatioh assays, approximately 100 focus-forming units
279  of virus were incubated with dilutions of heat-inactivated serum or purified HMAbs in
280 serum-free DMEM for 1 hr at 37°C. Mixtures were allowed to infect confluent target cell
281 mono]ayers for 1 hr at 37°C, with rocking every 15 min, after which the inoculum was
282  aspirated and cells were overlaid with fresh Minimum Essential Medium (MEM)

283  supplemented with 10% (v/v) FBS, 2mM Glutamax, 100U/mL penicillin G, 100ug/mL
284  streptomycin, and 0.25ug/mL amphotericin B containing 1.2% (w/v) microcrystalline

285  cellulose Avicel (FMC BioPolymer, Philadelphia, PA). The infected cells were then

286 incubated at 37°C with 5% (v/v) CO; for 48 hr (DENV-4), 60 hr (ZIKV), or 72 hr (DENV-
287 1 -2, and -3). Cells were fixed in Formalde-Fresh Solution (ThérmoFisher), either

288  overnight at 4°C or for 1 hr at room temperature and permeabilized with 70% (v/v)

289  ethanol for 30 min. Foci were detected using primary HMAbs 1.6D or D11C incubated
290 for8hrat room temperature, followed by secondary horseradish peroxidase-conjugated
291  goat anti-human 1gG (H+L) (Pierce, Rockford, IL) incubated for 8 hr at room

292 temperature. Foci were visualized by the addition of 3,3-diaminobenzidine

293 tetrahydroéhloride (Sigma-Aldrich, St. Louis, MO).

294

295  Antibody-dependent Enhancement Assay

296  Antibody-dependent enhancement assays were performed as previously described

297  [38,39] Briefly, 250 focus-forming units of ZIKV were mixed with human sera or HMAbs
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298 and RPMI medium in a 200ul volume and incubated for 1 hr at 37°C. Mixtures were

299 added to 80,000 K562 cells in 300ul of complete RPMI medium and incubated for 3

300 days at 37°C, 5% (v/v} CO.. Control experiments were performed by pre-incubating
301 cells for 1 hr at 37°C with a mouse anti-human FcRIl MAb (anti-CD32) (Biclegend, San
302 Diego, CA). Cells we‘re collected by centrifugation and total RNA was isolated using an
303 RNeasy Mini-kit (Qiagen, Valencia, CA) following the manufacturer’s protocol.

304 Quantitative reverse transcription (QRT-PCR) was performed on isolated RNA using
305 ZIKV-specific forward (CTGCTGGCTGGGACACCCGC) and reverse

306 (CGGCCAACGCCAGAGTTCTGTGC) primers to amplify a 99bp product from the ZIKV
307 NS5 region. A Roche LightCycler 480 [l was used to run qR'i'—PCR using a LightCycler
308 RNA Master SYBR Green | kit (Roche, Indianapolis, IN). Amplification conditions were
309 as follows: reverse transcriptiion at 61°C for 40 min, denaturation at 95°C for 30 sec,
310 followed by 45 cycles of denaturing at 95°C fof 5 sec, annealing at 47°C for 10 sec, and
311 extension at 72°C for 15 sec.

312

313 Results:

314

315 Cross-recognition of ZIK‘V E protein by human anti-DENV antibodies

316 It is well known that infection with closely related flaviviruses often results in a
317  cross-reactive serum antibédy response. The primary neutralizing epitopes targeted by
318 human antibodies during a flavivifus infection are found in the envelope glycoprotein (E
319  protein) [38,40-46]. The role of the E protein is to facilitate virus entry by binding and

320  mediating the fusion of the virus membrane and cellular membrane in target cells. The

14
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321 E protein of ZIKV and the four serotypes of DENV have a high degree of genetic
322  similarity and the amino acid sequence of fusion loop region of these viruses is
323 identical. In é previ_ous study, we characterized broadly neutralizing anti-DENV human
324 monoclonal éhtibodies (HMAbs) derived from patients that had recovered from DENV
325 infection [38]. These MMAbDs recognized the E protein with high affinity, neutralized the
326 four DENV serotypes, and mediated ADE in vifro at subneutralizing concentrations.
327  Their neutralization activities correlated with a strong inhibition of intracellular fusion,
328 rather than virus-cell binding. Additionally, we mapped epitopes of these HMAbs to the
329 higﬁly conserved fusion loop region of the E protein.
330 Given the high degree of similarity between the DENV E protein and the ZIKV E
| 331 protein, we thus tested the ability of two of these well-characterized anti-DENV HMAbs,
332 1.6D and D11C, fo recognize the glycosylated ZIKV E surface protein using a conA
333  capture assay [38]. In this assay, the glycoprotein-binding lectin, conA, is used to
334  capture ZIKV MR76‘6 E glycoprotein, which is then recognized by anti-DENV HMAbs
| 335 that recognize the DENV E protein fusion ioop. The HMAD is then detected with an
336 anti-human IgG HRP-conjugated secondary antibody and an HRP colorimetric
337 substrate. Our results show that anti-DENV HMAbs, 1.6D and D11C, strongly recognize
338 the ZIKV E surface glycoprotein (Fig 1A, B). In addition, we iested the ability of these
339 HMAbs fo recegnize ZIKV-infected cells in an immunostained focus forming assay (Fig
340 1C, D). This resulf confirms that anti-DENV E fusion loop HMAbs cross-react with ZIKV.
341
342 Fig 1. Cross-reactivity of anti-DENV HMAbs against ZIKV. Anti-DENV HMAbs 1.6D

343 and D11C that recognize the DENV E protein fusion loop cross-react with ZIKV MR766

15
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390 We tested two human anti-DENV sera from Singapore and two from Jamaica, in
391 addition to serum from a DENV-negative donor from Canada. The Singapore patient
392 sera were collected in 2008 during which time ZIKV was endemic in Southeast Asia and
393 after its expansion in the Yap State in Micronesia in the Pacific in 2007. The Canada
394 donor serum was collected in 2003 and the Jémaica sera were coliected in 2008 prior to
395 documented introdl;Jction of ZIKV in the Americas. Additionally, the Jamaica and
396 Canada subjects had no travel history to ZIKV endemic countries. We purposely
397 selected Singapore .1 and Jamaica 1 sera for these studies since subject Singapore 1
| 398 was the source of HMADb D11C and subject Jamaica‘1 was the source of HMAb 1.6D
399  [38]. We wanted to determine whether the antibody repertoire of the samel individuals
400 contained DENV antibodies that could also neutralize ZIKV infection. Singapore 2 and
401 Jamaica 2 sera were selected based on their broadly neutralizing activity against DENV.
402  As shown in Fig 4, the Singapore (1 and 2) and Jamaica (1 and 2) sera showed broadly
403 neutralizing activity against all four serotypes of DENV [38], indicating that they were
404 likely from subjects with secondary DENV infections.
405 _
406 Fig 4. Neutralizing activity of anti-DENV human sera against DENV. All anti-DENV
407 human sera showed broad neutralizing activity against multiple DENV serotypes 1-4.
408  (A) Singapore 1, (B) Singapore 2, (C} Jamaica 1, (D) Jamaica 2. DENV-1, -2, -3, and -4
409 neutralizing activity of Singapore 1 and Jamaica 1 sera has previously been described
410 and is shown here for clarity [38].

411
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412 ~ The results of the ZIKV neutralization assays with human anti-DENV sera are
413  shown in Fig 5. We found that Singapore 1 serum strongly neutralized ZIKV, even at
414  high dilutions (1 :10,000 dilution), while Singapore 2 had no ZIKV neutralizing activity.
415  Jamaica 1 serum neutralized ZIKV at the highest serum concentratioﬁs tested (1:100,
416  1:50), while Jamaica 2 serum did not. We suspect that the strongly ZIKV neutralizing
417 ' Singapore 1 serum may be the result of a prior undiagnosed ZIKV infection, as ZIKV
418 has been present in Southeast Asia for decades [6,7,24]. However, the less potent
419 neutralizing activity from Jamaica 1 serum is very likely due to cross-neutralization from
420  prior DENV infection, or infections, as ZIKV was unknown in the Americas at the time
421 the serum was collected. Serum from Canada with no exposure to DENV or ZIKV was
422  used as a negative control gnd had no ZIKV neuiralizing activity [48].

423

424 Fig 5. Neutralizing activity of anti-DENV human sera against ZIKV. Human anti-
425 DENYV sera from Singapore and Jamaica show both non-neutralizing and neutralizing
426  activity against ZIKV MR766. Singapore 1 serum strongly neutralizes ZIKV MR766,
427  suggesting prior ZIKV infection, while Singapore 2 serum Has no neutralizing activity.
428 Jamaica 1 serum neutralizes ZIKV MR766 at high serum concentrations, while Jamaica
'429 2 serum shows no neutralizing activity at the dilutions tested. Control serum from

430 Canada shows no ZIKV neutralizing activity. The results shown are the average +/- thé
431 standard deviation of 6 replicates.

432

433  In vitro ZIKV enhancement activity of human anti-DENV serum
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434 We then tested whether human DENV immune sera could mediate ADE jn vitro.
435 We show that ZIKV infection of FcRIi bearing K562 ceils can be strongly enhanced (up |
436 1o 200 fold) by all human anti-DENV sera tested (Fig 6). In compariso'n, the control

437  serum from Canada showed no enhancement. The highly neutralizing Singapore 1

438  serum showed strong ZIKV enhancement at intermediate dilutions (1:100,000 to

439 1:10,000) that diminished at lower dilutions (1:5,000 to 1:100), indicating that highly

440 neuiralizing antibodies can overcome ZIKV infection enhancement at sufficiently high
441 concentrations. To confirm that the mechanism of enhancement involved eniry of

442  antibody-bound ZIKV particles through the K562 FcRIl pathway, we pre-incubated K562
443  celis with a mouse anti-FcRIl MAb prior to infection with ZIKV that had been pre- |

444  incubated with a highly enhancing dilution (1 :50,000) of the ZIKV-neutralizing Singapore
445 1 serum. Our results demonstrate that the ZIKV enhancement effect can be effectively
446  blocked in a dose-responsive manner with an anti-FcRII MAb (Fig 7).

447

448 Fig 6. Enhancing activity of anti-DENV human sera against ZIKV. The effect of anti-
449 DENV human sera on enhancement of ZIKV infection was determined in the human
450 macrophage-like FcRII bearing cell line K562. All human anti-DENV sera tested showed
451 strong infection enhancing activity of ZIKV MR766. At high serum concentrations,

452  Singapore 1 serum blocked enhancement due to ifs strong neutralizing activity.

453 Independent assays were repeated twice in friplicate.

454 |

455 Fig 7. Anti-FcRIl antibody blocks ZIKV enhancement activity of anti-DENV serum.

- 456 K562 cells were pre-incubated with increasing concentrations of mouse anti-FcRII MAb
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457  prior to infection with ZIKV MR766 that had been pre-incubated with a highly enhancing
458  dilution (1:50,000) of Singapore 1 serum. The results indicate that the ZIKV

459  enhancement effect can be effectively blocked in a dose-respon.sive manner with an
460  anti-FcRIl MAb.

461

462  Discussion:

463 The present scenario of ZIKV introduction and spread in the Pacffic and the

464  Americas is complicated by pre-existing immunity to DENV. A recent selgological survey
465  of women giving birth in 2008-2010 in central Brazil documented that 53% of the new
466  mothers were IgG positive for DENV [49]. ZIKV enhancement has been previously

467 described to occur in the presehce of cross-reactive sera raised against other

468  flaviviruses. However, previous studies of ZIKV enhancement have not reported the
469  effect of anti-DENV sera or antibodies or used human sera and cells [35,36]. Here we
470  demonstrate that broadly neutralizing anti-DENV E protein fusion loop HMAbs cross-
471  react with ZIKV, do not neutralize ZIKV, and greatly enhance ZIKV infection in vitro.
472 Although the 10 amino acid E protein fusion loop region itself is identical between DENY
473  and ZIKV, the binding epitope for these HMADs is likely to be much Iargér and include
474  important interactions with other variable portions of the E proteins that impact

475 neutralization activity. We noted previously that these two HMADbs show little or no

476  neutralizing activity against YFV or WNV [38].

477 : In this study, we also investigated the role of secondary anti-DENV sera that
478 might be considered as the worst-case scenario in DENV endemic regions. Our results

479  show that human sera from secondary DENV infections can show varying degrees of
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480 neutralization, from neutralizing to non-neutralizing, and similarly enhance ZIKV

481 infection. We have confirmed t_hat the in vitro mechanism of ZIKV enhancement occurs
482  through an FcRII—dependent process in human‘K562 cells in a manner very similar fo
483 DEI;IV. If ZIKV ADE is fundamentally similar to DENV ADE, it is highly likely that pre-
484  existing anti-DENV antibodies will increase ZIKV viremia in humans and lead to more
485 severe disease in vivo. This correlation will need to be conﬁrmed clinically.

486 These results have implications for our understanding of ZIKV spread and

487  persistence. In areas where DENV is endemic, ZIKV may transmit more readily and
488 - persist more strongly than expected from epidemiological transmission models of ZIKV
489 alone, as has been observed in the récent ZIKV expansion in the Pacific and the

490 Americas. How this plays out as ZIKV continues to spread in the Americas and other
491 parts of the world where competent Aedes mosquito vectors are present, remains to be
492  seen. One hopeful possibility is that ZIKV spread may be slower in areas where DENV
493  immunity is low.

494 These results also have consequences for DENV and ZIKV vaccine design and
495 use. We identified two serum samples that showed neutralizing activity against both
496 DENV and ZIKV. The activity of highly neutralizing Singapore 1 serum is most likely
497  explained by prior, undiagnqsed ZIKV infection, whereas the Jamaica 1 serum -

498 neutralizing activity is likely not due to prior ZIKV infection, but may be a combined
499  response against multiple DENV infections. In any case, this raises the possibility of
500 inducing dual ZIKV and DENV immunity, perhaps with a single vaccine. Although the
501 broédly neutralizing, anti-BENV HMAbs we tested did not neutralize ZIKV, there may be

502 other human antibodies that may recognize and neutralize both ZIKV and DENV.
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503 However, DENV vaccines that induce a broadly reactive antibody response against viral
504 surface envelope proteins with a large non-neutralizing antibody component may result
505 in a cross-reactive, enhancing response against ZIKV, especially as the vaccine

506 response wanes over time. Additionally, we know little about the reciprocal response of
507 anti-ZIKV antibodies and their capacity to enhance DENV infections, although it would
508 seem plausible that anti-ZIKV antibodies might similarly enhance DENV. A clear

509 understanding of the interplay between ZIKV and DENV infections will be critical to
510 ZIKV planning and response efforts in regions where ZIKV and DENV co-circulate, and
511 particularly valuable for vaccine design and implementation strategies for both ZIKV and
512 DENV.

513
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Inactivation of Zika virus in plasma with amotosalen
and ultraviolet A illumination

Maite Aubry,’ Vaea Richard,® Jennifer Green,? Julien Broult® and Didier Musso’

BACKGROUND: Zika virus (ZIKV) is an arthropod-borna
virus (arbovirus) transmitted by mesquitoes. The potential -
jor ZIKV transmission through blood transfusion was
demonstrated during the ZIKV outbreak that occurred in
French Palynesia from Qctober 2013 to Aprll 2014,
Pathogen Inactivation of blood products Is a proactive
strategy that provides the potential to reduce transfusion-
transmitted diseases. Inactivation of arboviruses by
amotosalen and ultraviclet A (UVA} lllumination was
previously demonstrated for chikungunya, West Nile, and
dengue viruses. We report here the efficiency of this
process for ZIKV inactivation of human plasma.

STUDY DESIGN AND METHODS: Plasma units
wers spiked with ZIKV, Viral titers and RNA loads were
measuted In plasma before and after amotosalen and
UVA photochemical treatment,

RESULTS: The mean ZIKY fiters and RNA loads in
plasma before inactivation were respectively 8.57 log
TCIDso/ml and 10.25 log copies/mL. Aiter inactivation,
the mean ZIKV RNA loads was 9.51 log copies/mL, but
cell cultures inoculated with inactivated plasma did not
result in infected cells and did not praduce any raplicative
virus after one passage, nar detectable viral RNA from
the second passage.

CONCLUSION: In this study we demonstrate that
amotosalen combined with UVA Jight inactivates ZIKV in
fresh~{rozen plasma. This inactivation process is of
particular interest to prevent plasma transfusion-
transmitted ZIKV infections in areas such as French
Polynesia, where several arboviruses are coclrculating.

ika virus (ZIKV) is an arthropod-bome virus

(arbovirus) of the genus Flavivirus, family Flavi-

viridae. ZIKV was first isolated in 1947 from a

Rhesus monkey from the Zika forest in Uganda.!
Until 2007, only sporadic cases have been recorded in
Africa and Asia.?"® The first reported outbreak of ZIKV out-
side Africa and Asja occurred in 2007 on the North Pacific
island country of Yap Island (Federated States of Microne-
sia).” ZIKV then caused the largest outbreak ever recorded
from October 2013 to Aprl 2014 in French Polynesia,
South Pacific, with an estimated 28,000 cases.®'? In 2015,
the first documented outbreak of ZIKV in the Americas
occurred in Brazil!! in which dengue (DENV} and chikun-
gunya (CHIKV) viruses also circulate. The most common
clinical manifestations of ZIKV infections are rash, con-
junctivitis, fever, and arthralgia,” but severe neurologic
complications have also been reported in French Polyne-
sian patients,'?

" ABBREVIATIONS; CHiK\irr = chilungunya virus; DENV =

dengue virus; TCIDg = 50% tissue culture infectious dose;
WNV = West Nile virus; ZIKV = Zika virus.
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Fig. 1. Schematic flow diagram of the experimental design.

The ZIKV natural transmission cycle inveolves mosqui-
toes. ZIKV has been isolated from several Aedes (Ae,) mos-
quito species, with Ae'? and Ae'* being confirmed as
competent vectors. In French Polynesia, Ae. aegypti and
Ae. polynesiensis are suspected to have contributed to
ZIKV transmission during the 2013 to 2014 outbreak?
Non-vector-borne transmissions of ZIKV by sexual inter-
course'™!® and perinatal infection!” have also been
reported. The potental for ZIKV transmission through
blood transfusion has been demonstrated during the
- French Polynesian outbreak as 2.8% of blood donors, who
were asymptomatic at the time of donation, were found
positive for acute ZIKV infection using specific reverse
transcription-polymerase chain reaction (RT-PCR).*®

Prevention of transfusion-transmitted ZIKV infections
is challenging because most of the cases are asymptomatic
and are not detected during medical questionnaire,’® and
nucleic acid testing (NAT) for ZIKV is often not routinely
available, An alternative strategy to NAT is pathogen inacti-
vation, a proactive method designed te reduce or abolish
infectivity of pathogens in blood products.’® Several proc-
esses have been developed for the inactivation of pathogens
during the preparation of fresh-frozen plasma (FFP) and
platelet (PLT) concentrates.'® Among them, a photochemi-
cal treatment using a psoralen (amotosalen, $-59), in combi-
nation with ultraviolet A (UVA) illumination, has been
shown to inactivate a broad range of viruses, bacterja, and
protozoans.®®? Amotosalen intercalates into double-helical
structures of DNA and RNA and forms covalent adducts
with pyrimidine bases upon UVA illumination. These
adducts prevent nucleic acid replication and trahscripﬁon
to occur and also inhibits DNA repair mechanisms.
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Inactivation of arboviruses in plasma by treatment
with amotosalen and UVA light has been previously dem-
onstrated for CHIKV;* arbovirus of the Alphavirus genus,
and for West Nile virus (WNV)? and DENV;*® arboviruses
of the Flavivirus genus. However, o our knowledge, the
use of this process to inactivate ZIKV in plasma has never
been investigated.

To evaluate the efficacy of amotosalen and UVA light
treatment for inactivation of ZIKV in human plasma, we
performed a spiking experiment of plasma units with
ZIKV and compared the viral titers and viral RNA. loads
before and after inactivation, in accordance with the rec-
ommendations for evaluation of pathogen reduction effi-
cacy.*” Moreover, we measured the reduction of viral RNA
loads induced by inactivation and compared it to the viral
RNA loads of sera collected in French Polynesia in 2013
and 2014 from ZIKV-infected, but asymptomatic blood
donors™ to validate the use of amotosalen and UVA light
to prevent transfusion-transmitted ZIKV infections.

MATERIALS AND METHODS

The handling of infectious material {virus culture, infee-
tion of plasma bags, viral and RNA load determination)
was performed at the “Institut Louis Malardé” (Tahiti,
French Polynesia). Inactivation of the infected plasma
units was performed at the blood bank center of French
Polynesia (Tahiti). The schematic flow diagram of the
experimental design is illustrated in Fig. 1.

Virus

The ZIKV strain (PF13/251013-18) was isolated from the
serum of a French Polynesian patient infected in 2013.
ZIKV was propagated in African green monkey kidney cells
(VERO) grown at 37°C in an atrnosphere of 5% CO, in
minimum essential medium supplemented with 2% fetal
bovine serum (FBS), 1% penicillin-streptomycin, and 3%
sodiumn bicarbonate 7.5% (Life Technologies, Carlsbad,
CA). From the cell culture supernatants, four viral concen-
trates (between 1.25 and 7 mL each) were obtained as pre-
viously described® and stored at —80°C with 20% FBS.

Plasma and serum collection

Plasma units were collected from American blood donors
by the Inteistate Blood Bank of Chicago (Chicago, IL) to
eliminate risk of ZIKV antibodies. To assess the absence of
previous infections by Flaviviruses known to circulate in
the United States (DENV and WNV), each plasma unit was
tested with a dengue immunoglobulin {(Ig)G capture kit
(Platelia, Bio-Rad, Hercules, CA) and a classic WNV 1gG kit
{Serion Elisa, Abcam, Cambridge, UK}, to detect IgG anti-
bodies against DENV and WNV, respectively, Only plasma
units found negative for both DENV and WNV IgG were
selected for the study. The 26 sera of French Polynesian



ZIKV-infected and asymptomatic blood donors were
obtained from the blood bank center of French Polynesia
as previously reported.!®

Infection of plasma units with ZIKV

Four plasma units (A, B, C, and D) were inoculated with
ZIKV as previously described® A sample from each
infected plasma unit (preinactivation sample) was then
collected and stored at —80°C untl the determination of
viral titers and RNA loads.

Inactivation process

Inoculated Plasma Units A, B, and C were treated with amo-
tosalen combined with UVA illumination as previously
described,?® whereas inoculated Plasma Unit D was not
inactivated and was the positive contral. After transfer into
a container with a compound absorption device that
removes the residual amotosalen and the free photoprod-
ucts, samples from each inactivated plasma unit {inacti-
vated samples) and from the positive conirol
{noninactivated sample) were collected and stored at
—80°C until the determination of viral titers and RNA loads.

Detection of replicative ZIKV and viral titration

For the detection of replicative ZIKV, all pre-, post-, and
noninactivated samples were inoculated in triplicate on
VERO cells in 24-well plates, and five successive passages
were performed as previously described.?® For each pas-
sage, inoculated cells were maintained at 37°C in an
atmosphere of 5% CO, for 4 to 6 days. After each passage,
indirect immunoftuorescence assay was performed as pre-
viously reported®® to detect ZIKV inoculated cells, using
. anti-flavivirus mouse antibodies 4G2 (Institut Pasteur,
Paris, France) at a dilution of 1:50 in phosphate-buffered
saline (PBS, Biomérieux, Marcy l'Etoile, France).

For viral titration, triplicate 10-fold dilutions of prei-
nactivation, postinactivation, and control samples were
inoculated on VERO cells in 96-well plates. Inoculated
cells were maintained at 37°C in an atmosphere of 5%
CO;, for 6 days and then were washed twice with 400 uL
of PBS using a microplate washer (Bio-Rad). Cells were
fixed in cold acetone for 10 minutes at room temperature
and air-dried. Fifty microliters of antibodies 4G2 diluted
1:2000 in diluent buffer coniaining PBS with 5% skimmed
milk (Régilait, Saint-Martin-Belle-Roche, France) and
0.3% Tween 20 (Merck, Darmstadt, Germany)} were dis-
tributed in all wells. Plates were stored at 30°C for 1 hour,
and then cells ‘were washed four times with 400 pL of
wash buffer (PBS with 0.3% Tween 20). Fifty microliters
of goat anti-mouse 1gG conjugated to horseradish peroxi-
dase {Santa Cruz Biotechnology, Santa Cruz, CA) diluted
1:2000 in diluent buffer were distributed in all wells.
Plates were stored at 30°C for 1 hour, and then cells were
washed four times with 400 pl of wash buffer, Cells were

AMOTOSALEN INACTIVATION OF ZIKA VIRUS

incubated at room temperature in the dark for 5 minutes
with 50 yL of peroxidase substrate tetramethylbenzidine
before the addition of 50 uL of tetrametlrylbenzidine stop
solution (KPL, Inc, Gaithersburg, MD). Absorbance was
read at a wavelength of 450 nm (ODy5) using a micro-
plate photometer (Thermo Scientific, Waltham, MA).
Infectious wells were counted for each dilution and viral
titers were expressed as 50% tissue culture infectious

dose (TCIDsp/ml) using the method of Reed and
Muench,2®

ZIKV RNA guantitation

For all plasma (pre-, post-, and noninactivated samples),
cell supernatant, and serum samples, RNA extraction was
performed from 200 pL of each sample using an extraction
system (easyMAG, bioMérieux), and real-time RT-PCR
was performed in a thermocycler (CFX96, Bio-Rad} as pre-
viously described.” A standard curve using 10-fold serial
dilutions of a ZIKV RNA ftranscript, obtained from the
strain PF13/251013-18 with an in vitro transcription sys-
tem (Riboprobe System-T7, Promega, Madison, WI) and
quantitated using a RNA assay kit with a fluorometer
{Quant-iT and Qubit, respectively, Invitrogen, Carlsbad,
CA), was included within the RT-PCR run to estimate the
copy number in samples, The limit of detection for this
assay is 25 to 100 viral RNA copies?® Results were
expressed in log copies/mL.

RESULTS

Detection of replicative ZIKV and ZIKV titration
Viral titers in preinactivation samples (A, B, and C) ranged
from 6.46 to 6.63 log TCIDse/mL {mean, 6.57 log TCIDsq/
mL; Table 1). The culture of preinactivation and noninac-
tivated (D) samples produced replicative viruses during
successive passages, whereas no replicative virus was
detected in inactivated samples, even after five passages.

ZIKV RNA quantitation

Viral RNA loads in preinactivation and inactivated sam-
ples, respectively, ranged from 10.11 to 10.41 log copies/
mL (mean, 10.25 log copies/mL) and from 9.41 to 9.67 log
copies/ml. (mean, 9.51 log copies/mL; Table 2). Viral RNA
load (copies/mL) and viral infectivity {TCIDse/mL) values
are different because not all virus particles are infectious.
After the first passage of inactivated samples on VERQ
cells, ZIKV RNA loads ranged from 3.63 to 4.07 log copies/
ml (mean, 3.86 log copies/mL), and from the second to
the fifth passage, viral RNA remained undetectable indi-
cating the absence of replicative virus following inactiva-
tion. The 26 sera from French Polynesian blocd donors
showed ZIKV RNA loads ranging from 3.40 to 6.91 log cop-
fes/ml (mean, 4.85 log copies/ml; Table 3).
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TABLE 1. Detection of replicative ZIKV and ZIKV titration (log TCIDg/mL) In plasma samples before and after
inactivation
Replicative ZIKV after
Initial First Second Third Fourth Fifth Log

Plasma samples viral titers passage passage passage passage passage reducticn
A

Preinactivation sample 6.46 +* + + + + >6.46

Inactivated sample - =t . - — - -
B .

Preinactivation sample 6.63 + + + + + »>6.63

Inactivated sample - - - - -

Preinactivation sample 6.61 + . + + + + >6.81

Inactivated sample . - - - - -~
D (control)

Preinactivation sample . B4 + + + + +

Neninactivated sample 6.28 + + + + +
* Positive immunoflucrescence.
1 Negative imrnunofluorescence.

TABLE 2. ZIKV RNA quantitation (log copies/mL) in plasma samples before and after inactivation
RNA loads after
Initiz| First Second Third Fourth Fifth

Plasma sample RNA leads passage passage passage passage passage
A

Preinactivation sample 10.22 10.31 10.08 10.36 1017 10.48

Inactivated sample 987 4.07 ND* ND ND ND
B

Preinactivation sample 1041 10.30 1017 10.26 10.22 10.42

Inactivated sample 9.44 3.63 - ND ND ND ND
C

Preinactivation sample 1011 10.43 10.18 10.30 10.20 10.65

Inactivated sample 8.41 3.87 ND ND ND ND
D (control) :

Preinactivation sample 10.36 10.26 10.02 10.32 10.02 10.28

Noninactivated sample 9.90 9.89 9.99 9.85 10.18 10.01
* ZIKV RANA not detacted.

DISCUSSION

Members of the AABB's Transfusion Transmitted Diseases
Committee identified emerging infectious disease agents
that pose a real or theoretical threat to transfusion safety,
due to their presence in blood during the donor's asymp-
tornatic phase; their survival or persistence in blood dur-
ing processing and storage; and the fact they must be
recognized as responsible for a clinically apparent out-
come in some recipients who become infected.®**! Arho-,
viruses are considered as threats for the blood supply
since evidence of their transfusion transmissibility has
been found. WNV is the best documented transfusion-
transmitted arbovirus with 23 patients that were con-
firmed to have been infected in 2002 in the United States
through transfused red blood cells {RBCs), PLTs, and
FFP* DENV infections after transfusion with RBCs or FEP
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have been reported in 2002 in Hong Kong* and in 2007
in Puerto Rico® and Singapore,®® the latter two resulting
in cases of DENV hemorrhagic fever. In addition, the
potential for CHIKV transmission by blood transfusion
has been demonstrated in the Caribbean in 2014

ZIKV is an emerging pathogen that has caused several
outbreaks in the Pacific region since 2007, and the
potential for ZIKV transfusion-transmitted infection has
been demonstrated in French Polynesia.!® Symptoms of
ZIKV infections are typically mild, but severe neurologic
complications can occur'® and raise the question of the
threat posed by ZIKV for the blood supply. Although no
posttransfusion ZIKV infection has ever been reported,
the detection of a high number of ZIKV asymptomatic
infections among blood donors (42/1,505) during the 2013
t0 2014 cutbreak in French Polynesia'® revealed the risk of



TABLE 3. ZIKV RNA quantitation {log copies/mL) in
sera of French Polynesian asymptomatic blood
donors
Sample |Ds RNA loads
27/11/13-66 P2 - 570
271111371 P 5.25
28/11/13-86 P1 3.85
28/11/13-86 P2 3.76
28/M11/13-95 P2 533
28/11/13.85 P3 4.15
29/1113-59 P3 4.96
04/12/13-106 P1 5.65
08/12/13-79 P1 4.06
09/12/13-117 P2 6.9t
Q8/12/13-121 P2 5.54
08/12/13-193 P1 672
10/12/13-36 P2 : 6.186
20/12/13-59 P2 4.63
20/12/13-63 P2 3.73
20/12/13-70 P2 3.47
20/12/13-78 P9 5.35
23/12113-38 P1 5.15
2412/13-43 P2 5.34
31/12/13-34 P9 4.49
03/01/14-34 P3 6.19
03/01/14-38 P1 3.40
08/01/14-116 P3 4.24
09/01/14-122 P1 3.45
24/01/14-44 P2 4.71
13/02H14-128 P2 3.90

transfusion-associated transmission of this virus, Subse-
quently, the European Center for Disease Control recom-
mended that the blood safety authorities be vigilant
regarding the risk of Zika fever, including deferral of blood
doncrs with travel history in areas with ongoing circula-
tion of ZIKV®

During outbreaks, several strategies have been Imple-
mented to prevent transfusion-associated transmission of
arboviruses. During the CHIKV outbreaks in 2005 to 2007
on Reunion Island®® and in 2007 in Italy*® local blood
donations were interrupted, and blood products were
imported from blood bank centers elsewhere. In geo-
graphically isolated areas such as French Polynesia,
importation of blood products from foreign blood bank
centers is not routinely possible. In addition, the deferral
of blood donors that have spent time in epidemic areas,
as was recommended in Europe, is impossible. During the
French Polynesian outbreak, blood products were kept in
quarantine during 1 week, and blood donors were asked
to contact the blood bank center in case of Zika fever
symptoms. However, this procedure was not effective for
asymptomatic infected blood donors.

Specific ZIKV NAT was implemented in routine prac-
tice during the French Polynesian outbreak,'® on the basis
of protocols implemented to prevent WNV transmission
by transfusion in North America. In the United States,
NAT has been routinely used since 2003 for the detection
of WNV in donated blood products, after cases of post-
transfusion infections that occurred in 2002, Some limi-

AMOTOSALEN INACTIVATION OF ZIKA VIRUS

tations are to be considered when using NAT: first, it does
not detect all infected blood donations, especially when
nucleic acid loads are low and when sera are tested in
large pools; second, due to its nucleotide sequence speci-
ficity, NAT cannot be used to screen a wide range of
pathogens with one nun, necessitating the use of multiple
assays if several pathogens are cocirculating in the same
area; third, it requires molecular biology expertise or
access to a validated screening facility; and fourth, testing
several pathogens by NAT is very expensive and time-
consuming. Failures of NAT have also been reported.
Indeed, since implementation of systematic screening of
blood donations in the United States for the detection of
WNV, several cases of transfusion-associated transmission
of WNV have been documented.®** In addition, one
fatal case of WNV infection after probable transfusion-
associated transmission, with a blood donation that was
nonreactive by individual NAT, was reported in 20125

In contrast to NAT, the pathogen inactivation process
is nonspecific and it can inactivate a broad spectrum of
pathogens including bacteria, viruses, and protozoan.2>-2¢
This process is particularly suitable in areas with endemic
circulation of pathogens and/or with cocirculation of mul-
tiple pathogens. Photochemical treatment is efficient for
pathogen inactivation in PLT and plasma blood compo-
nents, but it cannot be used on RBCs because UVA light is
absorbed by hemoglobin and poorly penetrates through
RBCs."® Thus, until the introduction of a new pathogen
inactivation technology that can be used in RBCs concen-
trates, both NAT and inactivation strategies should be con-
sidered to reduce the risk of transfusion-associated
transmission diseases, depending on the pathogen tar-
geted, its mode of circulation, and the type of blood prod-
uct used for transfusion.

Photochemical treatment of plasma with armotosalen
and UVA light has been previously shown to inactivate
more than 6.8 logs of WNV® and more than 5.61 logs of
DENV® The efficacy of the treatment of plasma with
amotosalen and UVA light to inactivate ZIKV should be
specifically demonstrated, even though other members of
the Flaviviridae family have been shown to be inactivated
by the same process.

In our study, we inoculated plasma units with ZIKV
‘and monitored the ZIKV inactivation by both viral culture
and RT-PCR. As a large part of the French Polynesian pop-
ulation had been immunized against ZIKV during the
2013 to 2014 outbreak,® the plasma samples used for our
experiments were collected from American blood donors
to avold virus neutralization by existing ZIKV IgG antibod-
ies. In addition, because cross-reactions exist within the
Flavivirus genus,*® DENV and WNV IgG-negative plasma
units were selected for the experiments.

Immediately after inactivation, we found no replica-

-tive viruses in plasma samples, To ensure that there were

no remaining infectious viral particles, we performed
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" successive passages on VERO cells and, even after five
passages, we detected no replicative viruses. According to
the recommendations of the Food and Drug Administra-
tion (FDA) for evaluation of pathogen reduction efficacy,
the pathogen inactivation process should, ideally, have
the ability to reduce the pathogen load in a blood product
by 6 to 10 log copies/mnL.* Qur results showed that amo-
tosalen and UVA light treatment of ZIKV inoculated
plasma samples was able to inactivate a mean viral RNA
load of 10.25 log copies/ml, which meets the criteria set
by the FDA.

After inactivation, we still detecied high viral RNA
loads in plasma samples. It was previously demonstrated
that amotosalen and UVA light treatmment, although abol-
ishing viral infectivity by blocking viral RNA replication
and transcription via adduct formation on nucleic acids,
does not impair RT-PCR detection of DENV and viruses
belonging to alpha- and poxvirus genera®” Similarly,
even though ZIKV particles became noninfections after
photochemical inactivation, amotosalen-modified viral
RNAs could still be detected by RT-PCR. Indeed, it has
been shown that RT-PCR amplification of nucleic acid
fragments of Jess than 300 bp are not inhibited*® and our
RT-PCR protocol generated amplicons of 76 bp.2® After
one passage on VERQ cells, the mean viral RNA load dra-
matically decreased, and from the second passage, ZIKV
RNA was no longer detected, confirming the absence of
viral replication due to the fack of infectious particles after
inactivation with amotosalen and UVA light. The fact that
replicative viruses were still detected in the noninactivated
sample {positive control) confirmed that the inactivation
of ZIKV was due to the amotosalen and UVA treatment
and not to the compound absorption device that removed
residual amotosalen.

When testing the blood samples of asymptomatic
blood donors from French Polynesia by RI-PCR, we
measured ZIKV RNA loads ranging from 3.40 to 691 log
copies/mL {(mean, 4.85 log copies/mL). Equivalent ZIKV
RNA loads, ranging from 930 to 728,800 copies/mL (ie.,
2.97 to 5.86 log copies/ml; mean, 440 log copies/mL)
have been previously found from blood samples of 17
patients infected during the ZIKV outbreak in Yap Island in
2007.# In our experiments, amotosalen and UVA light
treatment induced a reduction in ZIKV RNA loads of 10.25

 log copies/mL on average, that is, at least 10° times higher
than the mean viral RNA loads and at least 10° times
higher than the upper viral RNA loads measured in blood
samples of infected patients and asymptomatic blood
donors detected positive respectively during Yap's and
French Polynesia’s epidemics. These results suggest that
the amotosalen and UVA light treatment may be used to
Inactivate ZIKV in blood products collected in ZIKV
epidemic areas.

French Polynesia is a highly endemic area for DENV
and has also recently experienced two large outbreaks of
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ZIKV and CHIKV. Amotosalen and UVA light treatment
has been already shown to inactivate DENV and CHIKV in
FFP*?® Our study demonstrates that this photochemical
process also inactivates ZIKV in plasma and induces a
decrease of viral RNA loads higher than those found in
ZIKV-infected French Polynesian blood donors. Based on
our results, the amotosalen and UVA light inactivation
process appears suitable to reduce the risk of plasma
transfusion-transmitted ZIKV infections. This procedure is
of particular interest in areas, such as French Polynesia or
Brazil, in which several arboviruses are cocirculating.
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Emergencies preparedness, response

Human infection with avian influenza A
(H7N9) virus — China

Disease outbreak news
3 May 2016

On 18 April 2016, the National Health and Family Planning Commission
{NHFPC) of China notified WHC of 17 additional laboratory-confirmed
cases of human infection with avian influenza A(H7N9) virus, including &
deaths.

Onset dates range from 21 February to 20 March. Cases range in age
from 26 to 86 years, with a median age of 60 years. Of these 17 cases,
11 (65%) are male. The majority (15 cases, 88%) reported exposure to
live poultry, slaughtered poultry, or live poultry markets. The exposure
history of one (1) case is unknown. One (1) case is linked to a cluster of
. two (2} cases reported earlier to WHO (see below).

Cases were reported from & provinces and municipalities: Anhui (4),
Jiangsu (4}, Fujian (3}, Guangdong (3}, Zhejiang (2) and Hubei (1).

One cluster was reported. The cluster includes an 85-year-old female
from Zhejiang Province. She had ohset of symptoms on 1 March and
passed away on 8 March. She had been admitted to the same hospital
and shared the ward with a confirmed case between 22 and 23
February. She was not exposed to live poultry or live poultry market,
according to her relatives.

The confirmed case admitied at the same ward was a 28-year-old male
from Zhejiang Province who developed symptoms on 15 February. He
had exposure to a live pouliry market and @ household contact who was
also a confirmed case. The contact from Fujian Province developed
symptoms on 4 February and had exposure to a live poultry market.

Human to human, transmission between the 28-year-old male and the
85-year-old female cannot be ruled out. Further virological information is
awaited.

Public health response

The Chinese Government has taken the following surveillance and
control measures:

+ strengthening outbreak surveillance and situation analysis;
+ reinforcing all efforts on medical treatment; and

+ conducting risk communication with the public and dissemination of
information.

JB2016-011



WHO risk assessment

Mast human cases are exposed to the A(H7N9) virus through contact
with infected poultry or contaminated envirenments, including live poultry
markets. Since the virus continues to be detected in animals and
environments, further human cases can be expected. Although small
clusters of human cases with influenza A(H7NS) viruses have been
reported including those involving healthcare workers, current
epidemioclogical and virological evidence suggests that this virus has not
acquired the ability of sustained transmission among humans, Therefore
further community level spread is considered unlikely.

Human infections with the A(H7N9) virus are unusual and need to be
monitored closely in order to identify changes in the virus and/or its
transmission behaviour to humans as it may have a serious public health
impact.

WHO advice

WHO advises that travellers to countries with known outbreaks of avian
influenza should avoid poultry farms, contact with animals in live bird
markets, entering areas where poultry may he slaughtered, or contact
with any surfaces that appear to be contaminated with faeces from
poultry or other animals. Travellers should also wash their hands often
with soap and water. Travellers should follow good food safety and good
food hygiene practices.

WHO does not advise special screening at points of entry with regard to
this event, nor does it currently recommend any travel or frade
restrictions. As always, a diagnosis of infection with an avian influenza
virus should be considered in individuals who develop severe acute

" respiratory symptoms while travelling or soon after returning from an
area where avian influenza is a concern.

WHO encourages countries to continue strengthening influenza
surveillance, including surveillance for severe acute respitatory infections
{SARI) and to carefully review any unusual patterns, in order to ensure
reporting of human infections under the IHR (2005), and continue
national health preparedness actions.
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Relationship among Strongyloides stercoralis Infection, Human T-Cell Lymphotropic Virus
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Abstract. This study evaluated the prevalence of Strongy

loides stercoralis infection and human T-cell lymphotropic

virus type 1 (HTLV-1) infection in the population. In addition, this study investigated the relationship between

S. stercoralis infection or HTLV-1 infection and a patient’s risk of develo
cohort study of 5,209 patients. The prevalence of . stercoralis infection
among men (6.3%) was significantly higher than among women (3.6%,
among this population was 13.6% and the prevalence among women (15.5%
(12.3%, P < 0.001). HTLV-1 seroprevalence was higher in p

95% confidence interval [CI]: 1.24, 2.95) and in those with lymphoma other than adul

(ATLL) (P = 0.005, adjusted OR: 2.76, 95%

atients with liver cancer (P =

ping related cancers. This is a retrospective
was 5.2% among all patients. The prevalence
P < 0.001). The prevalence of HTLV-1 infection
) was significantly higher than that of men
0.003, odds ratio [OR}: 1.91,
t T-cell leukemia/lymphoma

CI: 1.36, 5.62) if compared with patients without any neoplasm. The preva-

lence of both S. stercoralis and HTLV-1in the Okinawan population has been steadily decreasing over the past 24 years,
HTLV- infection significantly increases the odds of developing liver cancer and lymphomas other than ATLL.

INTRODUCTION

Strongyloides stercoralis is one of the most common human
gasirointestinal parasites in the world. The Okinawa Prefecture
of Japan is located in a subtropical region, which is endemic
for S. stercoralis.» With humid and warm soil, subtropical
regions provide the preferred external environment for
8. stercoralis. The filariform larvae, which inhabit the soil,
usually infect humans via skin penetration. After infection,
the larvae travel to the duodenum to become adult females.
Rhabditiform larvae, hatched from eggs produced by the
females, are excreted from the human host. However, some lar-
vae reinfect the host through the intestinal mucosa or perianal
skin, using a process called awtoinfection, which is unique to
only a few parasites, allowing S. stercoralis to complete its life
cycle and proliferate successfully within a single host.?

Okinawa Prefecture is also endemic for human Tecell
lymphotropic virus type 1 (HTLV-1), a virus associated with
adult T-cell leukemia/lymphoma (ATLL).*S There are three
possible transmission routes for HITLV-1: sexual transmission,
mother to child transmission via breast milk, and exposure to
contaminated blood. In Japan, the virus is most commonly
transmitted from mother to child” It is well known that
infection of HTLV-1 early in life may increase the risk for
subsequent diseases, particularly ATLL.®

Infectious agents, including parasites, often have oncogenic
potential. Infection can initiate or promote carcinogenesis by
any of three main mechanisms: 1) chronic inflammation due
to a prolonged persistence of infectious agents within the host
tissue, 2) insertion of active oncogenes into the host genome,
and 3) reduced immunosurveillance as a result of immunosup-
pressiou.9 Similarly, the autoinfection route of S. stercoralis in
host gastrointestinal and lung tissue also has the potential to
cause chronic inflammation and promote subsequent carcino-

*Address correspondence to Teruhisa Tanaka, Department of
Infectious, Respiratory, and Digestive Medicine, Faculty of Medicine,
University of the Ryukyus, 207 Uehara, Nishihara, Okinawa 903-0215,
Japan. E-mail: teruhisa. t@gmail.com
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genesis. Some stmdies have reported an association between
HTLV-1 infection and carcinomas other than ATLL; however,
this link is still controversial 1>

With this foundational evidence, we conducted an inpatient
study to investigate the prevalence of S. stercoralis and
HTLV-] infections, as well as the relationship between these
two infections. Within the same cohort, we also conducted a
retrospective cohort study to investigate the relationship
between a history of S. stercoralis or HTLV-1 infection and a
potentially increased risk of developing various cancers.

MATERIAL AND METHODS

Study population. This retrospective cohort study included
5,209 patients (3,154 men and 2,055 women) who were
admitted to the First Depariment of Internal Medicine for
Infectious, Respiratory, and Digestive Medicine at University
of Ryukyus Hospital in Okinawa between 1991 and 2014
(Table 1).

Controls, included for the investigation of S. stercoralis
infection and its association with the development of cancer,
were composed of all patients born before 1960 without cancer
or a history of cancer. The controls used in thé HTLV-1 infec-
tion analysis included all patients born before 1990 without )
cancer or a history of cancer. All patients were admitted as
inpatients to the First Department of Internal Medicine at the
University of Ryukyus Hospital during the same period.

Evaluation of S. stercoralis and HTLV-1 infections. Infection
of §. stercoralis was diagnosed in all patients using the stool
agar plate culture method.'® Serum antibody to HTLV-1 was
measured in all patients using the gelatin particle agglutina-
tion method.™*

Cancer diagrosis. The diagnosis of cancer was based on
histology, cytology, and radiological findings. Patdents diag-
nosed with metastatic cancer were excluded because the source
of primary cancer conld not be determined within reasonable
time constraints.

Statistical analyses. The %2 test was used to compare the
prevalence of §. stercoralis or HTLV-1 infection between



366 TANAKA AND OTHERS

TabLE 1
Patient characteristics (N = 5,209)

_ Men 3,154 (60.5%)
Age 564 (SD: 17.9) range: 11-101 years
Cancers

Esophagns 114 (2.2%)
Stomach 262 (5.0%)
Biliary tract 71 (1.4%)

" Liver 143 (2.7%)
Colon and rectum 200 (3.8%)
Lung 444 (8.5%)
Pancreas 38 (0.7%)
Lymphoma without ATLL 42 (0.8%)
Others*

171 (3.3%)

ATLL = adult Tell kukemiadymphoma; SD = standard deviation.
*Other cancers include breast cancer, uterine cancer, kidney cancer, pharyngeal and
laryngeal cancer, and ATLL, among others.

sexes. The %* test was also used to compare the prevalence of
each cancer in a crude analysis with a history of S. stercoralis
or HTLV-1 infection. Logistic regression analyses adjusted
for age and sex were used to examine the odds of developing
each cancer considering the incidence of S. stercoralis or
HTLV-1 infection. All statistical analyses and graphical rep-
resentations were performed using SPSS (version 21.0; IBM
Corp., Armonk, NY) software packages. The P values
reported here are two sided.

RESULTS

Prevalence of S. stercoralis and HYLV-1 infection. The
study population was composed of 3,154 men and 2,055 women,
with a mean age of 56.4 = 17.9 (standard deviation [SD]) years
(range: 11-101 years). The total prevalence of S, stercoralis
infection in our study population was 52% (Table 2, Figure 1A).
The prevalence of 8. stercoralis in the male population (6,3%)
was significantly higher than that in the female population
(3.6%, P < 0.001). There were no patients with a S. stercoralis
infection that were born after 1960. The total prevalence of
HTILV-1 infection was 13.6% (Table 2, Figure 1B). The prev-
alence of FITLV-1 infection in men and women was 12.3%
and 15.5%, respectively. HTLV-1 infection was significantly
more prevalent in women than in men (P < 0.001). The number
of §. stercoralis and HTLV-1 infections steadily decreased for
both sexes in each successive generation.

To evaluate the relationship between §. stercoralis infection
and HTLV-1 infection, we compared only patients born
before 1960. The total number of patients born before 1960
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Figure 1. The study included 5,209 patients who were admitted to
the First Department of Internal Medicine for Infectious, Respiratory,
and Digestive Medicine at the University of Ryukyus Hospital in
Okinawa, Japan, between 1991 and 2014. (A) The prevalence of
Strongyloides stercoralis infection in men (cireles) and women (squares)
by age. (B) The prevalence of human T-cell lymphotropic virus type 1
infection in the men {circles) and women (squares) by age.

was 4,056 (2,459 men and 1,597 women). Within this popula-
tion, the prevalence of S. stercoralis infection was significantly
higher in patients with FITILV-1 infection compared with that
in patients without HTLV-1 infection (Tables 3 and 4). The

TaABLE 2

Prevalences of Strongyloides stercoralis infection and HTLV-1 infection

Number of 5. stercoralis-positive patients/oumber of tested patients (%)

Number of HTLV-1 positive pati umber of tested patients (%)
Birth year Men Women Total Men Women Total
<1919 24/168 (14.8) 14/106 (13.2) 381274 (13.9) 31/168 (18.5) 297106 (27.3) 60274 (21.9)
1920-1929 50/526 (11.2) 22326 {6.7) 81/852 (9.5) 83/526 (15.8) 774326 (23.6) 160/852 (18.8)
1930-1939 76/794 (9.6) 27/500 (5.4} 103/1,294 (8.0) 1411794 (17.8) 112/500 (22.4) 253/1,294 (19.6)
1940-1949 33/522 (6.3) 81365 (2.2) 41/887 (4.6) 66/522 (12.6) 54/365 (14.8) 120/887 (13.5)
1950-1959 7/449 (1.6) 2/300 (0.7) /749 (1.2) 38/449 (8.5) 26/300 (8.7) 641749 (8.5)
1960-1969 0/331 (0.0) 0/207 (0.0 0/538 (0.0) 23/331 (6.9) 13207 (6.3) 36/538 (6.7)
1970-1979 0/251 (0.0 0/163 (0.0) 0/414 (0.0) 6/251 (2.4) 8/163 (4.9) 147414 (3.4)
19801989 0/88 (0.0) 072 (0.0) 0/160 (0.0 1/88 (1.1) 0172 (0.0 17160 (0.6)
> 1990 0/25 (0.0) W16 (0.0) /41 (0.0) 0/25 (0.0) /16 (0.0) 0/é1 (0.0)
Total 199/3,154 {6.3)* 7312,055 (3.6) 27215209 (5.2) 389/3,154 (123)  31972,055 (155  708/5209 (13.6)

HTEV-1 = human T-cell lymphotropic virus typs 1.
* P < 0.001 for male vs. female by ¥" analysis.
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TaBLE 3
Crude analysis (all cases and controls born before 1960)
HTLV-1
Pesitive Negative - Tote]
Strongyloides  Positive 82 (2.0%) 190 (4.7%) 272
stercoralis Negative 575 (14.2%) 3,209 (79.1%) 3,784

Total 657 3,399 4,056

" HTLV-1 = human T-cell lymphotrepic virus type
Odds ratio = 2,41 (5% conflidence interval = 1 33 3.17; P < 0.001) by y? analysis.

odds ratio (OR) of this comparison was higher in female
patients than in male patients.

Association between §. stercoralis infection and each type
of cancer. Within the 4,056 patients bom before 1960, we
' identified 1,352 patients with diagnostically confirmed cancer.
The cancer patients consisted of 953 men and 399 women,
with a mean age of 67.0 + 102 (SD) years. The cancer-free
control group consisted of 1,446 men and 1,150 women with a
mean age of 61.8 = 12.9 (§D) years.

Table 5 presents the prevalence and association of
§. stercoralis infection among cancer patients and controls, The
prevalence of §. stercoralis infection in controls and in cancer
patients were significantly different from one another at 5.7%
and 8.7% (P < 0.001), respectively. Using a logistic regression
model adjusted for age and sex, we calculated the OR stratified
for each cancer. Although our data suggest that 8. stercoralis
patients are more likely to develop cancer (P < 0.001),
S. stercoralis infection was not found to be significantly asso-
ciated with any specific type of cancer.

Association between HTLV-1 infection and cancer. Within
the 5,168 patients born before 1990, we identified 1,437 patients
with diagnostically confirmed cancer. In this population, the
cancer patients consisted of 1,005 men and 432 women with a
mean age of 654 = 119 (8D) years. The control group
consisted of 2,056 men and 1,556 women with a mean age of
51.4 4 17.9 (8D) years.

Table 6 presents the prevalence and association between
HTLV-] infection among controls and cancer patients. The
prevalence of HTLV-1 infection in controls and in cancer
patients were significantly different from one another at 12.9%
and 152% (P = 0.03), respectively. In addition, the prevalence
of HTLV-1 infection in patients with liver cancer (P = 0,01) or
with lymphomas other than ATLL were significantly higher
than that in patients with other types of cancer (P = 0.03).

TabLE 4
Gender-stratified analyses
HTLV-1
Positive Negative “Total
Men*

Strongyloides  Positive 48 (2.0%) 151 (6.1%) 199
stercoralis Negative 311 (12.6%) 1949 (79.3%) 2,260
Total 359 2,100 2,459

Woment
S. stercoralis Positive 34 (21%) 3% (2.4%) 73
Negative 264 (16.5%) 1,260 (78.9%) 1,524
Total 298 1,299 1,597

HTLV.1 = human T-cel lymphotropic virus type 1.

*Odds ratio (OR) = 1.99 (5% confidence interval (CI} = 141, 2.8% P < 0.001) by
analysis.

OR < 416 (95% CI = 2.58,6.72 P < 0.001) by  analysis.

Using a logistic regression model adjust for age and sex, we
calculated the OR stratified for each cancer. HTLV-1 infection
was not shown to significantly increase the odds of developing
most types of cancer, except for liver cancer and lymphomas
other than ATLL. Patients with an HTLV-1 infection in.our
cohort were approximately twice as likely to develop liver
cancer (OR: 1.91, 95% confidence interval [CI]: 1.24, 2.95)
and approximately three times more likely to develop lym-
phoma other than ATLL (OR: 2.76, 95% CL: 1.36, 5.62) com-
pared with patients without HTLV-1.

DISCUSSION

Our results show that there were no patients born after
1960 with S, stercoralis infection in cur cohort. Although some
publications report younger patients with S. siercoralis infec-
tion who have never traveled outside of Japan,'*'¢ the overall
prevalence of S. stercoralis infection has markedly decreased
since 1960. This change is most attributed to improvements in
public health and sanitation. After World War II, intestinal
parasitic infections were common in Okinawa because of pov-
erty, poor sanitation, the use of human waste as fertilizer, and
the common practice of barefoot agricultural work. 13 At that
time, pubhc health centers also lacked the ability to detect,
treat, or provide prevention for parasites.'” In Qzato village,
Okinawa, in 1957 the recorded prevalences of hookworm and
8. stercoralis infections were 78.9% and 10.3%, respectively.!”?
After implementation of the “Zero Parasite Campaign” from
1965 to 1569, the infection rate of parasites was drastically
reduced and soil sanitation was improved.

Our study also shows that the prevalence of HTLV-1 infec-
tion is decreasing steadily, which supports existing literature
from Japan and Okinawa.'®'? Satake and others suggested this
reduction might be called the “birth cohort effect” whereby
the high-prevalence cohort (those born 1930-1960) ages while
younger cohorts (those born after 1960) have lower preva-
lence rates.®” These findings may be the result of increased
knowledge regarding HTELV-1 and its transmission routes,!®
In Japan, the transmission of virus via transfusion has been
eliminated since the implementation of HTLV-1 screening of
donated blood in 1986. Japanese mothers have increased the
number of bottle-fed babies, % thereby decreasing the ver-
tical infection of HTLV-1. In 2011, the Japanese Ministry of
Health, Labour and Welfare initiated a nationwide program
to prevent mother-to-child infection by screening all pregnant
women for HTLV-1 infection and recommendmg bottle feed-
ing for women with positive results.2*

The data suggest a strong correlation between S. stercoralis
and HTLV-1 infections. The prevalence of §. stercoralis infec-
tion was significantly higher (P < 0.001) in patients  with
HTLV-1 infection compared with that in patients without
HTLV-1 infection. Patients infected with HTVL-1 developed
S. stercoralis infection 2.4 times more often than noninfected
patients. Multiple studjes in Okinawa have showed an increased
risk for S. stercoralis infection when the hest is immuno-
compromised,'®*% and similar findings were reported in stud-
ies conducted in other regioms, such as South America. 2>
Furthermore, when the data were stratified for sex, we also
found that females were four times more likely to have con-
current infections of 8. stereoralis and HTLV-1. This altered
susceptibility is most likely due to the difference in effective-
ness of FHITLV-1 transmission. It has been documented that
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TABLE 5
Association between Strongyloides stercoralis infection and each cancer type {patients born before 1960, N = 4,056)

Stratifisd analysis Multivariate analysis

3. stercoralis infection rate P yslue QR 95% CI P value
Control 5.7% (147/2,596) :
Total cancer 8.7% (117/1,352) < 0.001* 1.28 0.98-1.66 (063
Esophagus 6.4% (7/109) .48t 0.65 0.29-1.45 0.29%
Stomach 9.9% (24/242) 0.451 1.22 0.76-1.97 0.42%
Biliary tract 14.5% (10/69) 0.051 1.90 0.93-3.87 0.088
Liver 6.4% (9/140) 0.43+ 0.72 0.35-1.47 0.37§
Colon and rectum 7.7% (15/194) 0.68t 0.94 0.53-1.66 0.828
Lung 9.6% (40/418) 0.46F 1.09 0.73-1.64 0.68%
Pancreas 5.4% (2/37) 0.77% 0.83 0.19-3.55 0.808
Lymphoma without ATLL 2.7% (1/37) 0.37% 0.28 0.28-2.08 0.21%

ATLL = adult Tcell leukemialymphoma; CI = confidence interval; OR, = odds ratio.

'Ag analysis was used to compaze $. stercoralis infection between patients with cancer (lotal cancer) and control patients {control).
TA

analysis was used {0 compare 5. stercoralis infection between
TA logistic regression analysis, adjusted for a
§ A logistic regression analys

male-to-female sexual transmission is more efficient than
female-to-male sexual transmission®® Sexual transmission
requires intimate and prolonged contact between partners.
Several studies have also suggested a correlation between
older age and risk of infection, particularly for women,
whose increased susceptibility may be due to the thinning of
vaginal epithelia tissue after menopause’®2*® However,
some studies have shown that there are no correlations
between the prevalence of S. stercoralis and HTLV-1 infec-
tions.Z"™* Carvalho and others suggested that the controversial
results were due to the type of technique used to determine
8. stercoralis infection: stool examination or serological test
In our study, results show a strong correlation between
S. stercoralis and HTLV-1 infections because only stool exami-
nations were used for determining S. stercoralis infection.

No statistically significant associations between S. stercoralis
infection and the development of any specific types of cancer
were found in our data. One study from Okinawa shows a
significantly high prevalence of S. stercoralis infection in
patients with biliary tract cancer®® Adult S. stercoralis persist
in human duodenum and upper jejunum, and the nematodes
often migrate via the biliary tract. The resulting damage
could cause cholangitis or pancreatitis or it could initiate and
promote carcinogenesis.**=° Although our study shows that
patients with biliary tract cancer may be almost twice as
likely to have evidence of S. stercoralis infection as control

paticnts with each type of cancer and patients with othex types of cancer.
Ee and sex, was used to compare 5. stercorais infection between patients with cancer {total cancer) and control patients (control),
is, adjusted for age and sex, wes used 1o compars 5. stercoralis infection between patients with each type of cancer and patients with other types of cancer.

patients (OR: 1.50, 95% CI: 0.93, 3.87), the evidence for this
association is not statistically significant (P = 0.08), This
result may be due to low statistical power, as only 69 cases
of biliary tract cancers were included in our cohort.

Some studies suggest that HTLV-1 inféction is associated
with many types of cancer, mainly liver and other blood can-
cers2%2 Other reports showed that HTLV-1 infection
may have a protective effect against gastric cancers.}343
Our data show that HTLV-1 infection is not associated with
cancer development apart from liver cancer and lymphomas
other than ATLL. In addition, although our study found that
patients with gastric cancer might be less likely to have evi-
dence of HTLV-1 infection than patients with other types of
cancer (OR: 0.73, 95% CI: 0.50, 1.12), the data are not statisti-
cally significant (P = 0.16). Similatly, we saw a trend that
patienis with esophageal cancer might be less likely to have
evidence of HTLV-1 infection than patients with other types
of cancer {OR: 0.56, 95% CI 0.29, 1.11), but this difference
also failed to reach statistical significance (P = 0.10). A report
from Iran also described a trend toward an association of
HTLV-1 infection and esophageal squamous cell carcinoma,
but their data similarly failed to reach statistical significance **

"'This study found that HTLV-1 infection is associated with
the development of liver cancer (OR: 1.91, 95% CL: 1.24,
295, P = 0.003). Similarly, a previous report showed a high
association of HTLV-1 jnfection with the incidence of liver

TasLE 6
Association between HTLV-1 infection and each cancer type (patients born before 1990, N = 5,168)

Stratified analysis

Multivariate analysis

HTLV-] infection rate

P value OR 95% C1 Fyalne
Control 12.9% (467[3,612) - - - -
Total cancer 15.2% (219/1,437) 0.03* 0.90 0.75-1.09 028%
Esophagus 8.8% (10/114) 0.06¢ 0.56 0.20-1.11 0.10§
Stomach 12.2% (32/262) 0.15¢ 0.75 0.50-1.12 0.16%
Biliary tract 16.9% (12/71) 0.73t 0.96 0.53-1.84 0.90§
Liver 22.3% (32/143) 0.01% 1.91 1.24-2.95 00038
Colen and rectum 15.0% (30/200) 1.00¢ 0.91 0.60-1.40 0.68%
Lung 13.5% (60/444) 0.23t 0.81 0.58-1.12 0.19%
Pancreas 7.8% (3/38) 026+ 045 0.14-1.49 {0198
Lymphoma without ATLL 28.5% (12/42) 0.031 276 1.36-5.62 " 0.005%

ATLL = aduit T-cel] leukemia/

ymphoma; HTLV-1 = hursan T-cell lymphetropic vitus typs 1; CI = confidence interval; OR = odds ratio.

A g anelysis was used to compare HTLV-1 infection between patiznts with cancer (total cancer) and contral patients {contral).
tA

analysis was used to compare HTLV.1 infection between
1A logistic regression analysis, adjusted for a,
§A logistic regeession analysis, adjusted for a

patients with each tyne of cancer and patients with other types of cancer.
e and sex, was used to compare HTLV1 infection between patients with cancer (total cancer) and contral patients (control),
ge and sex, was nsed to compare HTLV-1 infection between patients with 2ach 1ype of cancer and patients with other types of cancer.



RELATIONSHIP AMONG S. STERCORALIS, HTLV-1, AND CANCER 369

cancer.'> Here, we also showed that HTLV-1 infection in
patients with non-ATLL lymphoma was significantly higher
than that in patients with other types of cancer (OR: 2.76,
95% CI: 1.36, 5.62, P = 0.005). Although HTLV-1 has not
been previously associated with the occurrence of lymphoma
other than ATLL, some reports have suggested that HTLV-1
carriers with B-cell lymphoma tend to have worse prognosis
or that the frequency of primary malignant neoplasms in
HTLV-1 carriers is higher than that in seronegative cases, %4
Another report also suggested that the interaction between
Epstein-Barr virus and HTLV-1 could promote T- and B-cell
dysfunctions and cell proliferation and inhibit apoptosis,
favoring lymphomagenesis.*?

Some limitations exist in this study. First, only the

paticnts that were admitted to the Department of Infec-

tious, Respiratory, and Digestive Medicine University of the
Ryukyus Hospital and tested for HTLV-1 or S. stercoralis
were included. The use of this population may introduce a

selection bias in our results. Second, we did not examine -

the effect of confounding variables in our logistic regression,
including other known carcinogens, such as smoking, drinking,
parasitic infections other than S. stercoralis, and viral infections
other than HTLV-1 (hepatitis B/C virus, Epstein-Barr virus,
etc.). All patients with HTLV-1 carrier status were included in
this study regardless of age. The number of young patients
that were included in the HTLV-1-associated cancer develop-
ment sub-analysis may have skewed the results in the oppo-
site direction. To help normalize the results, age and sex

were included in the logistic regression model to eliminate
those biases. .

CONCLUSIONS

Our study indicates that the prevalence of S. stercoralis
and HTLV-1 infections have been decreasing in recent years.
Strongyloides stercoralis infection was 2.4 times more likely
in patients with HTLV-1 infection than in patients without it.
Diligence toward the prevention of these diseases through
decreased poverty and increased sanitation has proven effec-
tive. Continued improvements in education, testing, and
treatment could easily eliminate S. stercoralis infections and
drastically reduce the prevalence of HTLV-1 infections.

In addition, HTLV-1 infection in patients with hepatic cancer
or lymphomas other than ATLL appears to be significantly
higher than that in patients with other types of cancer. Fur-
ther investigation regarding the possible mechanisms behind
these associations is needed.
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The eighth meeting of the Emergency Committee under the International
Health Regulations {2005} (IHR) regarding the international spread of
poliovirus was convened via teleconference by the Director-General on
12 February 2018. As with the seventh meeting, the Emergency
Committee reviewed the data on circulating wild poliovirus as well as
circulating vaccine-derived polioviruses (cVDPV). The latter is
particularly important as cVDPVs reflect sericus gaps in immunity to
poliovirus due to weaknesses in routine immunization coverage in
otherwise polio-free countries. In additicn, it is essential to stop type 2
cVDPVs in advance of the globally synchronized withdrawal of type 2
OPV in April 2016.

The following IHR States Parties submitted an update on the
implementation of the Temporary Recommendations since the
Committee last met on 10 November 2015: Afghanistan, Pakistan and
Guinea.

Wild polio

The Committee noted that since the declaration that the international
spread of polic constituted a Public Health Emergency of International
Concern (PHEIC) in May 2014, strong progress has been made by
countries toward interruption of wild poliovirus transmission and
implementation of Temporary Recommendations issued by the Director-
General, There has been an overall decline in the occurrence of
internaticnal spread of wild poliovirus, The Committee was particularly
encouraged by the intensified efforts and progress toward interruption of
poliovirus transmission in Pakistan and Afghanistan despite challenging
circumstances, and the renewed emphasis on cooperation along the
long international border between the two countries.

' The Committee noted however that the international spread of wild
poliovirus has continued, with two new recent reports of exportations
from Pakistan into Afghanistan which occurred in October and November
2015. These cases occurred in Nangarhar and Kunar Provinces, in the
eastern region, adjoining the Pakistan border. While there has been no
new exportation from Afghanistan to Pakistan, ongoing transmission
particularly in inaccessible parts of the Eastern Region of Afghanistan
close to the international border presents an ongoing risk.



The Committee noted that while Pakistan and Afghanistan have
historically shared a vast common zone of poliovirus transmission, the

- angoing spread between the fwo countries is occurring from discrete
zones of persistent transmission in each country. Strong programmatic
action in these zones should interrupt such cross-border transmission, as
iltustrated by the experience in regions that were previously polio-
endemic.

The committee re-emphasized that under the IHR, spread of poliovirus
between two Member States can constitute international spread. The
Committee acknowledged that cross border collaboration efforts have |
continued to be strengthened. Whilst border vaccination between these
two countries is limited to children under ten years of age, efforts are
being made to vaccinate departing travellers of all age groups from
airports when leaving this epidemiological block farmed by the two
countries. The committee was particularly pleased that the Temporary
Recommendations for international travellers of all ages are now being
implemented in Afghanistan at the international airport in Kabul. In this
respect, it noted that all countries, and particularly those with embassies
in Afghanistan and Pakistan, should facilitate implementation of
Temporary Recommendations thraugh adopting procedures that include
proof of polio vaccination as part of visa application pracesses for
travellers departing from Afghanistan or Pakistan.

The committee noted that globally there are still significant vulnerable
areas and populations that are inadequately immunized due to conflict,
insecurity and poar coverage associated with weak immunization
programmes. Such vulnerable areas include countries in the Middle
East, the Horn of Africa, central Africa and parts of Europe. The hard-
earned gains of the GPEI can be quickly lost if there is re-introduction of
poliovirus in settings of disrupted health systems and complex
humanitarian emergencies. The large population movements across the
Middle East and from Afghanistan and Pakistan create a heightened risk
of international spread of polio. There is a risk of missing polio
vaccination among refugee and mobile populations, adding to missed
and under vaccinated populations in Europe, the Middle East and Africa.
An estimated three to four million people have been displaced to Turkey,
Lebanon, and Jordan and are at the centre of a mass migration acrass
Europe.

The committee was very concerned by the weakening of AFP
surveillance in Equatorial Guinea, and urged renewed efforts to
strengthen surveillance and routine immunization there. Insecurity in
Africa, notably in parts of Cameroon and Somalia, continues to pose a
threat to polio eradication in that continent.

Vaccine detived poliovirus,

The current circulating vaccine-derived poliovirus (cVDPYV) outbreaks
across four WHO regions illustrate serious gaps in routine immunization
programs, leading to significant packets of vulnerability to polio
outbreaks. In 2015, six outbreaks of circulating vaccine derived pofiovirus
have occurred — three cVDPV type 1 outbreaks (Ukraine, Madagascar
and Lao People’s Demaocratic Republic) and three cVDPV type 2
outbreaks (Myanmar, Nigeria and Guinea). ‘



Six additional cases of cVDPV type 2 have been reported in Guinea
since the last meeting. This increases the threat of international spread,
particularly to neighbouring countries, where the Ebola epidemic has
weakened health systems including routine immunization. This is of
particular concern given the imminent global withdrawal of type 2 oral
polic vaccine (OPV2) in April 2016. The commitiee noted with concern
that AFP surveillance does not meet international standards in parts of
Guinea, heightening concern about whether circulation could be missed.
Post-Ebola there was a new community reluctance to accept vaccination,
and this needs to be urgently addressed. The committee acknowledged
the efforts to improve the quality of supplementary immunization
activities (SlAs), and urged that this continue.

The committee noted that in Lac People's Democratic Republic and
Myanmar there was ongoing circulation of vaccine derived polioviruses,
particularly in hard to reach populations in both countries, underlining the
importance of communication to counteract vaccine hesitancy.

While there have been no new cases of ¢VDPV in Ukraine, Madagascar,
South Sudan or Nigeria since the last committee meeting, threats
remain. More needs to be done in each of these countries to improve
routine coverage and AFP surveillance. In Ukraine, the committee was
concerned by the restricted availability of polio vacecines {including non-
availability to persons >10 years of age) and suboptimal rautine
immunization, and reports of lack of community acceptance of polio
vaccines. This reluctance to be vaccinated needs to be addressed
through well-crafted communications. In South Sudan and Nigeria, there
was heightened risk of further circulation in areas affected by conflict and
insecurity. Complacency is another risk in Nigeria, and as the number of
SlAs decreases, the strengthening of rautine immunization needs to be a
high priority. ‘

Conclusion

The Committee unanimously agreed that the international spread of polio
remains a Public Health Emergency of International Concern (PHEIC)
and recommended the extension of the Temporary Recommendations
for a further three months. The Committee considered the factors
expressed in reaching this conclusion at the seventh meeting still
applied: '

» The continued intermnational spread of wild poliovirus during 2015
involving Pakistan and Afghanistan.

+ The risk and consequent costs of failure to eradicate globally one of
the world's most serious vaccine preventable diseases.

+ The continued necessity of a coordinated international response to
improve immunization and surveillance for wild poliovirus, stop its
international spread and reduce the risk of new spread.

» The serious consequences of further international spread for the
increasing number of countries in which immunization systems have
been weakened or disrupted by confiict and complex emergencies.
Papulations in these fragile states are vulnerable to ouibreaks of
polic. Outbreaks in fragile states are exceedingly difficult to control
and threaten the completion of global polio eradication during its end
stage.

» The importance of a regional approach and strong cross-border
cooperation, as much infernational spread of polio occurs over land



borders, while recognizing that the risk of distant international spread
remains from zones with active poliovirus transmission.

+» Additionally with respect fo cVDPV:

. cVDPVs also pose a risk for international spread, and if
there is no urgent response with appropriate measures,
particularly threaten vulnerable populations as noted above;

. The emergence and circulation of VDPVSs in four WHO
regions demonstrates significant gaps in population
immunity at a critical time n the polio endgame;

. There is a particular urgency of stopping type 2 cVDPVs in
advance of the globally synchronized withdrawal of type 2
component of the oral poliovirus vaccine in April 2018,

Risk categories

The Committee provided the Director-General with the following advice
aimed at reducing the risk of international spread of wild poliovirus and
cVDPVs, based on the risk stratification as follows:

Wild poliovirus

« States currently exporting wild poliovirus;
= States infected with wild poliovirus but not currently exporting;

- States no longer infected by wild poliovirus, but which remain
vulnerable to international spread.

Circulating vaccine derived poliovirus

« States currently exporting cVDPV;
- States infected with cVDPV but not currently exporting;

- States no longer infected by cVDPV, but which remain vulnerable to
the emergence and circulation of VDPV.

The Committee applied the following criteria to assess the period for
detection of no new exportations and the period for detection of ho new
cases or environmental isolates of wild poliovirus or cVDPV!

Criteria to assess.States no longer exporting (detection of no
new wild poliovirus or ¢VDPV exportation)

« Poliovirus Case: 12 months after the onset date of the first case
caused by the most recent exportation PLUS one month to account
for case detection, investigation, laboratory testing and reporting
period, OR when all reported AFP cases with onset within 12 months
of the first case caused by the most recent importation have been
tested for polio and excluded for newly imported WPV or eVDPV,
and environmental samples collected within 12 months of the first
case have also tested negative, whichever is the longer.

« Environmental isolation of exported poliovirus: 12 months after
collection of the first positive environmental sample in the country that
received the new exportation PLUS one month to account for the
laboratory testing and reporting period.

Criteria to assess States no longer infected (detection of no
new wild poliovirus or cVDPY)

- Poliovirus Case: 12 months after the onset date of the most recent
case PLUS one month to account for case detection, investigation,
laboratory testing and reporting period OR when all reported AFP
cases with onset within 12 months of last case have been tested for
polic and excluded for WPV1 or cVDPV, and environmental samples



collected within 12 months of the last case have also tested negative,
whichever is the longer.

Environmental isolation of wild poliovirus or ¢VDPV (ne poliovirus
case): 12 months after collection of the most recent positive
environmental sample PLUS one month to account for the laboratory
testing and reporting period

Temporary recommendations

States currently exporting wild poliovirus or cVDPV

{Currently Pakistan (last wild poliovirus exportation: 3rd November 2015)
and Afghanistan (last wild poliovirus exportation: 8 June 2015).

Exporting countries should;

Officially declare, if not already done, at the level of head of state or
government, that the interruption of poliovirus transmission is a
national public health emergency; where such declaration has already
been made, this emergency status should be maintained.

Ensure that all residents and long-term visitors (i.e. > four weeks) of
all ages, receive a dose of oral poliovirus vaccine (OPV) or
inactivated poliovitus vaccine {IPV) between four weeks and 12
months prior to international travel.

Ensure that those undertaking urgent travel! (i.e. within four weeks),
who have not received a dose of OPV or [PV in the previous four
weeks to 12 months, receive a dose of polio vaccine at least by the
time of departure as this will still provide benefit, particularly for
frequent travellers.

Ensure that such travellers are provided with an International
Certificate of Vaccination or Prophylaxis in the form specified in
Annex 6 of the IHR to record their polio vaccination and serve as
proof of vaccination,

Restrict at the point of departure the international travel of any
resident lacking documentation of appropriate polio vaccination,
These recommendations apply to international travellers from all
points of departure, irrespective of the means of conveyance (e.g.

" road, air, sea). .

Recognising that the movement of people across the border between
Pakistan and Afghanistan continues to facilitate exportation of wild
poliovirus, both countries should further intensify cross-border efforts
by significantly improving coordination at the national, regional and
local levels to substantially increase vaccination coverage of travellers
crossing the border and of high risk cross-border populations. Both
countries have maintained permanent vaccination teams at the main
border crossings for many years. Improved coordination of cross-
border efforts should include closer supervision and monitoring of the
quality of vaccination at border transit points, as well as tracking of
the proportion of travellers that are identified as unvaccinated after
they have crossed the border.

Maintain these measures until the following criteria have been met: (i)
at least six months have passed without new exportations and (ii)
there is documentation of full application of high quality eradication
activities in all infected and high risk areas; in the absence of such
documentation these measures should be maintained until the state
meets the above criteria of a ‘state no longer exporting'.

Provide to the Director-General a monthly report on the
implementation of the Temporary Recommendations on international
travel, including the number cf residents whose travel was restricted
and the number of travellers who were vaccinated and provided
appropriate documentation at the point of departure.



States infected with wild poliovirus or cVDFPVs but not

currently exporting

{Currenily Nigeria, Guinea, Madagascar, Ukraine, Laoc People’s

Democratic Republic and Myanmar)

Country Virus
type

: Nigeria . cVDPV2
Ukraine GVDPV1
| Guinea oVDPV2
: ‘
Madagascar cVDPV1
; Lao People’s | svDPVA
i Democratic Republic
l H
! Myanmar { cVDPV2

I
| |

These countries should:

# cases since Most recent
outbreak began onset

1 %16ﬂ1May2O15

2 ' 7th July 2015

8 1 14th December
12015 :

11 _ ' 22nd August
2015

10 I 11th January
| 2016

2 | 5th October

%2015

« Officially declare, if not already done, at the level of head of state or
government, that the interruption of poliovirus transmission is a
national public health emergency; where such declaration has already
been made, this emergency status should be maintained.

« Encourage residents and long-term visitors to receive a dose of OPV
or 1PV four weeks to 12 months prior to international travel; those
undertaking urgent travel (i.e. within four weeks) should be
encouraged to receive a dose at least by the time of departure.

- Ensure that travellers who receive such vaccination have access to
an appropriate document to record their polio vaccination status,

+ Intensify regional cooperation and cross-border coordination to
enhance surveillance for prampt detection of poliovirus and
substantially increase vaccination coverage among refugees,
travellers and cross-border populations.

» Maintain these measures until the following criteria have been met: (i)
at least six months have passed without the detection of wild
poliovirus transmission or circulation of VOPV in the country from any
source, and (ii) there is documentation of full application of high
quality eradication activities in all infected and high risk areas; in the
absence of such documentation these measures should be
maintained until the state meets the criteria of a ‘state no longer

infected'.

« Atthe end of 12 months without evidence of transmission, provide a
report to the Director-General on measures taken to implement the

Temporary Recommendations.

States no longer infected by wild poliovirus or cVDPV, but
which remain vulnerable to international spread, and states
that are vulnerable to the emergence and circulation of VDPV .

{Currently Somalia, Iraq, Israel, Equatorial Guinea, Cameroon and South

Sudan)

These countries should:




Urgently strengthen routine immunization to boost population

immunity.

+ Enhance surveillance quality to reduce the risk of undetected wild
poliovirus and cVDPYV transmission, particularly among high risk
mobile and vulnerable populations.

+ Intensify efforts to ensure vaccination of mobile and cross-border
populations, Internally Displaced Persons, refugees and other
vulnerable groups.

= Enhance regional cooperation and cross border coordination to
ensure prompt detection of wild poliovirus and cVDPV, and
vaccination of high risk population groups.

» Maintain these measures with documentation of full application of
high quality surveillance and vaccination activities,

« At the end of 12 months without evidence of reintroduction of wild

poliovirus or new emergence and circulation of cVDPV, provide a

report to the Director General on measures taken to implement the

Temporary Recommendations.

GPEIl and other international organizations, particularly Gavi, should
provide all necessary support to reduce the risk of emergence and
circulation of VDPV.

These countries should provide a final report as per the table below:

| Country l Most recent case onset [ +ve Final ;
environmental isolate : Report due
| Israel ‘L 30-Mar-14 Apr-16
Iraq | 7-Apr-14 . May-16
South Sudan . 1 19-Apr-15 May-16
Equatorial Guinea J 3-May-14 ‘ Jun-16
! Cameroon 9-Jul-14 Aug-16
Nigeria . 16-May-2015* . Aug-16
Somalia 11-Aug-14 ! Sep-16

|
3
| |

I
} * most recent i
[ |
[ !

| ¢VDPV2 in Nigeria

Additional considerations for all infected countries

The Committee strongly urged global partners in polic eradication to
provide aptimal support to all infected countries at this critical time in the
polio eradication program for implementation of the Temporary
Recommendations under the [HR. The Commitiee advised that in view of
the evolving situation, periodic review and assessment of the risk of
international spread and measures to mitigate these risks are warranted.

The Committee recommended that international partners assist countries
affected by cVDPV with development of appropriate communications
strategies and materials to ensure clear public understanding of cVDPV,
their distinction from wild poliovirus, and maintenance of confidence in
the effectiveness, safety and necessity of polio vaccines during the polio
endgame. Recognizing that cVDPV illustrates serious gaps in routine
immunization programs in otherwise polio free countries, the Committee



recommended that the international partners in routine immunization, for
example Gavi, should urgently assist affected countries to imprave the
national immunization program.

The Committee again requested the Secretariat to conduct an analysis of
the public health benefits and costs of implementing the temporary
recommendation requiring exporting countries to vaccinate all
international travellers before depariure.

Based on the advice concerning wild poliovirus and cVDPV, and the
reports made by Afghanistan, Pakistan, and Guinea, the Director-
General accepted the Committee’s assessment and on 26 February
2016 determined that the events relating to poliovirus continue to
constitute a PHEIC, with respect to wild poliovirus and cVDPV. The
Director-General endorsed the Comimnittee’s recommendations for 'States
currently exporting wild polioviruses or cVDPV', for 'States infected with
wild poliovirus ar cVDPYV but not currently exporting’ and for *States no
longer infected by wild poliovirus, but which remain vulnerable to
international spread, and states that are vulnerable to the emergence
and.circulation of VDPV' and exiended the Temporary
Recommendations as revised by the Committee under the IHR to reduce
the international spread of poliovirus, effective 26 February 20186,

The Director-General thanked the Committee Members and Advisors for
their advice and requested their reassessment of this situation within the
next three months.

Related links
Fact sheet on poliomyelitis

IHR Emergency Committee
concerning ongeing events and
context involving transmission and
international spread of poliovirus

Mare on the [HR Emergency
Committee and Members
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TRANSFUSION MEDICINE

Detection of septic transfusion reactions to platelet transfusions by active
and passive surveillance

Hong Hong,* Wenbin Xiao,* Hillard M. Lazarus, Caryn E. Good, Robert W. Maitta, and Michael R. Jacobs

Departments of Pathology and Medicine, University Hospitals Case Madical Center and Case Westemn Reserve University Schooi of Medicine,
Cleveland, OH

Septic transfusion reactions (STRs) resulting from transfusion of bacterially contaminated
platelets are a major hazard of platelet transfusion despite recent interventions. Active

and passive surveillance for bacterially contaminated platelets was performed over 7 years
(2007-2013} by cuiture of platelet allquots at time of transfusion and review of reported
transfusion reactions. All platelet units had been cultured 24 hours after collection and
released as negative. Five sets of STR criteria were evaluated, Including recent AABB criteria;
sensitivity and specificity of these criteria, as well as detection by active and passive v
surveiliance, were determined. Twenty of 51440 platelet units transfused (0.004%: :
389 per million) were bacterially contaminated by active survelliance and resulted in 5 STRs
occurring 9 to 24 hours postiransfusion; none of these STRs had been reported by passive
surveiltance, STR occurred enlyin neutropenic patients transfused with high bacterial loads.

A total of 284 transfusion reactions (0.55%) were reported by passive surveillance. None of

these patients had received contaminated platelets. However, 6 to 83 (2.1%-32.7%) of these

284 reactlons met 1 or more STR criteria, and sensitivity of STR critetia varied from 5.1% to

45.5%. These results document the continued occurrence of bacterial contamination of
platelets resultingin STRin neutropenic patients, failure of passive surveillance to detect STR, and lack of specificity of STR criteria. These
findings highlightthe limitations of reported national STR data based on passive surveiliance and the need to implement further measures

to address this problem such as secondary testing or use of pathogen reduction technologies. (Blood, 2016;127(4):496-502)

Introduction

* Bacterial sepsis from
contaminated platelet
transfusions continues
to occur despite recent
interventions; additional
measures are needed.

» STR to platelet transfusion is

- frequently not recognized or

reported; use of recent AABB

criteria showed highest
diagnostic sensitivity.

Platelet transfusions are important in the prevention or treatment of
bleedmg in patients with thrombocytopenia or impaired platelet
function.! Approximately 2.2 million platelet transfusions were
administered in the United States in 2011, with 2 million in the form
of apheresis units and 200 000 as pooled whole-blood—derived units.?
Bacterial contamination of platelets is currently the leading infectious
risk of platelet transfusion therapy despite recent interventions toreduce
this risk.” Over the 5-year period from 2009 to 2013, 13 fatalities

the diagnostic criteria for other noninfections transfusion reactions such
as febrile-like/febrile nonbhemolytic transfusion reactions (FNHTRs)
and hypotensive transfusion reactions. Moreover, it has been estimated
that reported STR rates have been underestimated by as much as
10-fold due to limitations of passive reporting mechanisms.” ‘

In this study, we retrospectively evaluated the records of patients
who received bacterially contaminated platelet transfusions at our
institation over 7 years, as well as the records of patients with reported

associated with bacterial contamination of platelet products were
recorded by the US Food and Drug Administration (FDA), a rate of
2.6 per year or ~1.3 per million platelet transfusions.* Regrettably,
this situation is underappreciated or undeirecognized by health care
providers caring {or patients receiving platelets, as well as by regulatory
agencies, which have not yet mandated available additional measures to
address this problem.*®

Further confounding our understanding of this problem is the
recognition of septic transfusion reactions (STRs) resulting from
ransfusion of bacterially contaminated platelets.” Criteria for the
diagnosis of STRs caunsed by bacterial contamination of platelets
have been established to trigger recognition, management, and
further investigation. 8These: criteria, however, broadly overlap with

transfusion reactions. We analyzed the associations between bacterial
species, bacterial load, and transfusion reactions, as well as the sensi-
tivity and specificity of various STR criteria in identifying patients with
true transfusion-transmitted bacterial contamination of platelets.

Patients and methods
Patients

The study was conducted at University Hospitdls Case Medical Center
(UHCMC), a 947-bed tertiary care academic medical center affiliated with Case
‘Wester Reserve University. Patients recciving prepooled, whole-blood-derived,
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Table 1. STR definitions and criteria used to analyze study findings
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STR STR definltion (observation period)
crlterion cot™ (4 by SJCRH! (24 1} ARC'2 (4 h) PHAC™ (6 h) AABB® (24 h)
A Fever =39°C Fever =40°C  Fever 230°C Faver 39°C with Féver =38°C with a risa
s ’ arise of =1°C of =1°C PLUS any of;
rigors, dyspnea, nauseafvomitlng,
tachycardia, hypelension, shack
B A rise of =2°C PLUS any of: Cardiovascular A rise of =2°C Fever =38°C with a.rise Any sepsls like syncopa/hypotension
rigors, dyspnea, nauseafvorniting, collapse of 21°C PLUS any of:
tachycardia, hypotension, shock rigars, dyspnea, nausealvamiting,
tachycardia, hypotension, shack
c Any of: Hors, Afiy oifiet Slispicious ciinical changas
tachycardia, :

hypétension, shotck

Observation period refers to the time perlod following transtusion during which changes in signs and symptoms should ba regarded as associated with the transfusion.
Patients meeting any criterion (A, B, or C) during the observation pericd are deemed to have STR.

random-donor platelet units (usually in pools of 5 units), and single-donor
apheresis platelet units from January 1, 2007 through December 31, 2013
comprised the study population, At our institution, 75% to 80% of platelets are
transfused in inpatients and 20% to 25% in outpatients, HH, WX, CE.G., and
RWM. extracted and analyzed the data from clinical and other records, and all
authors had access to primary clinical data.

Platelet units

Leukoreduced apheresis and prepooled whole-blood-derived platelet units were
obtained primarily from local blood suppliers, the American Red Cross (ARC) of
Northeast Ohio (Cleveland, OH), and LifeShare Community Blood Services
(Elyria, OH). Both suppliers diverted the first 5 to 10 mL of each collection,
cultured all platelet units 24 hours after collection, and released uniis if culture
was negative 24 hours later. Culture was performed by inoculation of 8 to 10 mL
of platelets into BacT/ALERT BPA culture bottles (ARC) or 2 to 4 wriL into
eBDS culture pouches (LifeShare).

Surveillance for bacterial contamination of platelet units
and STRs

Active and passive surveillance were performed on all platelet products issued
and patients receiving platelet products during the study period,” Active
surveillance was performed by collecting 1- to 2-mL aliguots of apheresis
or pooled platelet units at the time of issue for culture (see “Microbiology
methods™ below). Patients were evalnated for evidence of transfusion reactions
as soon as positive culture results were obtained. Passive surveillance in our
institution depends on reporting of transfusion reactions by clinicians in
outpatient and inpatient settings to the transfusion medicine service; no
institutional transfusion safety officer has been appointed. Detailed instructions
(kept updated with the most recent FDA hemovigilance guidelines, provid-
_ing guidanee on diagnosis, timing of reporting, laboratory workup, sample
collection, and treatment according to the type of transfusion reaction
encountered) have been developed and are available on the hospital’s intranet
service. Addijtionally, these instructions inclnde educational materials and
forms that are required to accompany all samples sent to the blood bank for
testing. Further assistance is provided by the wransfusion medicine service

once notification has occurred. All reactions are then investigated by the

transfusion medicine service, which follows up the patient’s clinical status to
determine whether resolution of the reaction occurred following treatment
and analyzes applicable laboratory results. Transfusion reaction investiga-
tions are not considered complete until a transfusion medicine physician
writes a comprehensive note verifying that the investigation has been completed
and determines that all appropriate testing has been performed. Investigation of
transfusion reactions to platelets includes patient evaluation and Gram stain and
culture of the remains of implicated platelet units. Patients’ transfusion reactions,
documented by active or passive surveillance, were classified by severity as
previously described” and correlated with platelet and postiransfusion blood
cultures and other investigations,

Microbiology methods

For active surveillance, bacterial culture was performed by plating 0.1-mL
aliguots of platelet samples obtained at time of issue onto blood agar plates,
which were incubated for up to 48 hours in 5% CO, at 35°C; isolates
recovered were identified, and antimicrobial susceptibility testing performed
according to standard procedures, and preserved at —70°C.%° Culture was
repeated on platelet specimens with initial positive culture results from samples
retained at 4°C to determine whether results were true or false positives. True
positives were defined as isolation of the same bacterial species from the repeat
culture. Quantitative cultures to determine bacterial load were also performed on
initial positive cultures by plating 0.1 mL of serial 10-fold dilutions of platelet
specimens (retained at 4°C to prevent further bacterial replication) onto blood
agar plates, which were incubated aerobically for up to 48 hours in 5% CO, at
35°C. Culture results were recorded as colony-forming units {cf) per ml. of
platelet product. Bacterial loads were interpreted as high if = 10° cf/mL and Jow
if <10° cf/mL, as previously described.”

For passive surveillance, Gram stain and plate culture of the remains of
implicated platelet units were performed. The culture method was the same as
used for active surveillance with the addition of a second blood agar plate, which
was incubated anaerobically for up to 48 hours at 35°C.

Blood eultures on patients were performed according to standard procedures

using SA aerobic and SN anacrobic blood culture bottles (BacT/ALERT;
Biomerieux).

STR criteria

The records of patients who received bacterially contaminated platelets
(ie, detected by active surveillance) as well as those with reported transfusion
reactions after platelet transfusion ({2, detected by passive surveillance) were
evaluated and reactions classified according to reaction type as previously
described.™'! Reactions were also classified using 5 sets of STR criteria,
including those from the Centers for Disease Control and Prevention (CDC)
Biovigilance Guidelines'? and recommendations from Sanders et al/St. Tude
Children's Research Hospital (STCRH),!® ARC,*** Blood Safety Surveil-
lance and Health Care Acquired Infections Division, Public Health Agency
of Canada (PHAC),'” and AABB® (Table 1). These criteria are based on the
clinical features of transfusion reactions, including symptoms, observation
period for onset of symptoms after platelet transfusion, and changes in vital
signs. The length of the observation period for onset of symptoms after
transfusion in these criteria varies from 4 to 24 hours. Patient records were
also reviewed for evidence of delayed sequela. '

Data sources

After approval from the UHCMC Institutional Review Board, data were
extracted from available sources, including surveitlance records, clinical

charts, blaod bank investigation logs, transfusion reaction reports, and laboratory
records. .
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Table 2. Bacterial culture results of bacterially contaminated platelets administered to patients,
count, transfusion reactions, and posttransfusion blood cuiture results

BLOOD, 28 JANUARY 2016 » VOLUME 127, NUMBER 4

with patfent peripheral blood leukocyte

Case no, Platelet type Organism WBC, 103/l Load, cfu/mL Transfusion reaction Postiransfuslon blood culture
55 Prepooled § epidermidis g4 2.0 % 10" " No 7w ’
56 Apheresis S gpidsrmitis 0.7 6.0 % 10¢ No Negative
57 Apheresis S épidermidis 27.7 30 % 16° NS, Nagaiive
58 Apheresis Staphylococcus wemeri 0.3 22 x 10% No ‘ Nsgative
59 Aphbresis S'spidormidis 163 15'% 107, No b
60 Apheresis A baumannii 2.4 4,0 x 102 No Negative
& Aptigresls 5 epiermicis 4} 1.00% 108 No Negative
62 Apheresis Streptococeus sanguinis [¢X] 8.0 X 107 No Negative
63 Frepaoled 8 awreus 14 14 x 108 Yes: Pasiive*
84 ' Apherasls S galiolyticus 3 10 x 107 No Negative
65 Apherasls S gallolyticiis 64 1.0 %102 No Negatlve
66 Apheresis 8 epidannidfs 1 85 x 10° No Negative
67 Prapooled £ epldarpidis. 10,8 1.0 % 108 No Negative
68 Apheresis 5 wameri 05 5.0 % 108 Yes Positive*
70 Apheresis S oralls. 07 7.0 x {o¢ Yes Postlive*
71 Apheresis § epidermidis 7.4 4.0 x 10° No Negative
72 Apheresis § epldemmidis 26 50 % 10% Yes - Negalive
74 Prepooled S epidermidis 39 50 x 10° No Neagative
75 Apherasis S Epidemmidis 10.8 .40 x 502 No ND
76 . Apheresis § oralis 1.4 11 x 108 Yes Positive*
ND, not done.

*Same organism as in platelet product,

Statistical analysis

All statistics were performed using Prism 6 (GraphPad Softwate Inc). Results are
presented as mean - standard deviation. The intergroup data comparisons were
performed using the Student ftestar ¢ test. All reported P values are 2-sided with
atype I eor rate of 5% and a P < .05 sex for significance,

Results

A total of 51 440 leukoreduced platelet products were transfused
duting the 7-year study period, of which 38 692 (75.2%) were
apheresis units and 12 748 (24.8%) were pooled units. A total of
284 transfusion reactions were reported by passive surveillance
during the observation period. The rate of transfusion reactions was
not significantly different between inpatients and outpatients.

Bacterial culture resulis of platelet units

Twenty of the 51 440 platelet products (389 per million) transfused
during the study period were detected as bacterially contaminated by
active surveillance. The incidence of bacterial contamination was 4
of 12748 (314 per million) in prepooled products and 16 of 38 692
(414 per million) in apheresis vnits (x test, P = .62). Contaminants
included 19 gram-positive species, predominantly coagulase-negative
staphylococei (n = 13) and streptococei (n = 5, and only 1 gram-negative

Table 3. Clinlcal presentations of patients with confirmed STR

species, Acinetobacter bawmannii (Table 2), Two pairs of isolates,
Staphylococcus epidermidis (cases 56 and 57) and Streptococcus
gallolyticus (Streptococcus bovis) (cases 64 and 65), were from split
apheresis units from the same collections. Bacterial loads ranged from
4 X 10% cfu/mL to 6 X 107 cfu/mL, with 11 units having loads of
210° efu/mL. Demographic information on the 20 patients who received
bacterially contaminated platelet products is shown in supplemental
Table 1 (see supplemental Data, available on the Blood Web site).

No additional contaminated units were detected among the
284 units recultured following reported transfusion reactions (passive
surveillance), which included febrile-like/FNHTR, allergic, and other
transfusion reactions.

STR In patients receiving bacterlally contaminated platelet units

Ten patients who received contaminated platelets had hematologic
malignancies: 2 had other malignancies and 8 had nonneoplastic
thrombocytopenia (supplemental Table 1). Four were undergoing
hematopoietic stem cell transplants. None of the patients were receiving
antimicrobial therapy on day of transfusion. Five of the 20 patients who
received contaminated platelets developed signs and symptoms that
should have been reported to the transfusion service as transfusion
reactions according to transfusion policies (Table 3). However, none of
these reactions had been reported to the transfusion service and were
only revealed during investigation of positive platelet cultures, Four of
these patients received their transfusions in outpatient clinics and the

Case no, Age, yisex Dlagnosis Infout patient Onset, h Presentation Severity
61 56/M MM PEBSCT Out 24 'i-jypoléi'tsloq syncope Moderate
68 62'M AML ‘BMT In 12 Cardian arrest multiorgan faiture Fatal

70 7ama Nl Qut. g Faver (38.5°C); lgors Life-freatening
72 22/F AA Qut 18 Hypotension Moderale
78 C T ALL . Out 1w Fever (30.5C), rigors Severs

AA, aplastic anemia; ALL, acute lymphoblastic leukemia; AML, acute myelold leukemia; BMT, bane marrow transplant; MM, multiple myeloma; NHL, non-

lymphoma; PESCT, peripheral blood stem cell transplant,
*Postiransfusion biood culture was negative.

Hodgkin
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Figure 1. Relationships between WBC and STR and
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bacterial Joad and STR. Conmelation of WEBC count (4) A p=0.02 B p=0.002
and bacterial lcad (B) in patients who received bacteri- p=0 04
ally contaminated platelets with prosence or ahsence p=0.04 58 B it
of STR following transfuslon, Bacterial laad is shown in 301 - = a
cfu/mil. Of the i1 patients who received platslet units g‘ 7 "T—
with high bacterial loads, 5 developsd STRs whersas 3y = B I A
6 did not; nane of the 9 patisnts who received platelet é 20+ = 5 -
units with low bacterial loads developed STRs. 8TRs  — u <] 4 v
were signficantly associated with low WBGC count (A) and % '; 4 -—-:_F’LC-
high bacterial loats (B). 104 {— 4,4 s 3
Y
= ] - TE §e2 e
0O T il oy @ 1 T T T
STR high low STR high  low
nen-STR non-5TR

fifth was an inpatient at the time of transfusion. These 5 patients had
1o symptoms or signs of sepsis prior to transfusion. All 5 patients had
delayed-onset reactions, occurring 9 to 24 hours posttransfusion.
Transfusion reactions were recognized and patients treated appropri-
ately in 3 of these cases (all outpatients). The reaction in another
outpatient was only recognized when the positive culture was reported
and the patient was calted in for treatment. The yemaining reaction
occurred in an inpatient, where the patient presented in cardiac arest.
Bacterial species involved were Staphylococcus aureus (n = 1),
coagulase-negative staphylococci (n = 2), and Streptococcus oralis
(n = 2). Posttransfusion blood culture yielded the same bacterial
species as detected in the product in 4 of the 5 patients. Of the 15 patients
who had no reaction, 13 had blood cultures performed within 48 hours
of receipt of contaminated platelets which were negative; the remaining
2 patients did not have posttransfusion blood cultures performed within
this time perod.

The clinical presentations of the 5 patients with STR inciuded fever/
rigors (n = 2), hypotension (n = 1), hypotension and fever (n = 1), and
cardiac arrest {n = 1) (Table 3). These reactions were not initially
identified as STR, but were recorded as FNHTR or hypotensive
transfusion reactions in patients’ medical records. After chart review,
cormmunication with clinical teams, and comrelation with culture results,
these 5 reactions were clinically deemed to be STR: 1 fatal, 1 life-
threatening, 1 severe, and 2 moderate. In the fatal case, the patient de-
veloped cardiac arrest 12 hours posttransfusion, which progressed to
multiorgan failure, and the patient died 10 days later. No other adverse
events or delayed sequela to receipt of contarminated platelets such as
central venous line infections with the same bacterial species present
in contaminated units were detected on review of long-term patient
records,

Bactertal load and leukocyte count at time of iransfusion in
patients transfused with bacterially contaminated platelets

Bacterial loads were high (210S cfu/mL) in 11 of the contami-
nated units transfused and low (<10° cf/mL) in the other 9 trans-
fused units (Table 2). Of the 11 patients transfused with high
bacterial load products, 5 developed STR. In conirast, none of the
9 patients receiving low bacterial loads developed STR (Figure 1A;
supplemental Table 2). The median bacterial load was 2 logyg
higher in products fransfused to patients who developed STR than
that in products not resulting in transfusion reactions (5 X 10% vs
2 % 10%cfw/mL, P = .005) (Figure 1B). Leukocyte counts at time of
transfusion were eightfold lower in the 5 patients who had STR
than in the 6 who did not but were transfused with high-load con-
taminated products (1.26 £ 0.37 X 10%L vs 10.1 + 4.4 X 10°/L,
P = .04 by ttest) (Figure 1A).

Sensitivity and specificity of active vs passive surveillance in
detecting any transfusion reaction

As noted under “STR in patients receiving bacterially contaminated
platelet units,” no reactions were reported from the 20 patients
who received contaminated platelets, although reactions had occurred
and had been documented in patients’ medical records in 5 cases,
whereas 284 reactions were reported on patients who received sterile
platelets. Demographic information on the 284 patients who did not
recejve bacterially contaminated platelet products was similar to that of
patients who received contaminated platelet products and is shown in
supplemental Table 3. Although the specificity of passive surveiltance
to detect transfusion of bacterially contaminated platelets was high (51

156 of 5] 420, 99.5%), sensitivity was zero (0 of 20) (supplemental
Table 4}. In contrast, sensitivity of active surveillance was 25% (5 of
20), whereas specificity was the same as that for passive surveillance.

Sensitivity and specificity of STR criteria

The sensitivity and efficiency of the diagnostic criteria currently
available for detecting STR was determined for the 5 patients who
developed reactions after receiving bacterially comtaminated plate-
lets. All § patients met AABB criteria, whereas only 3 met STCRY
criteria and 2 PHAC criteria; none met CDC or ARC criteria (Table 4).
The single most important reason for patients not meeting STR criteria
was the short observation time of 4 to 6 hours used by CDC, ARC,
and PHAC (Table 1). For SICRH criteria, the requirement for fever of
=40°C resulted in 2 petients not meeting criteria. The AARB criteria
therefore showed the highest sensitivity (100%) whereas the sensitivities
of the CDC, ARC, SICRH, and PHAC criteria varied from 0% to 60%.

To examine the specificity of these STR criteria, we analyzed re-
ported transfusion reactions in patients receiving culture-negative
platelet products (n = 51 420). A total of 284 reaction’s were reported
(incidence: 0.55%; apheresis 199 of 38 675 [0.51%] vs prepooled
85 of 12 744 [0.67%]), with similar rates of reaction types to apheresis
and prepooled units. The demographic information for these patients
was also similar to that of patients who received contaminated
‘platelets (supplemental Table 3). OFf these reactions, 127 (44.7%)

Table 4. Number of patients with clinically confirmed STR meeting
various STR criteria ’

Total TR (h = 5)

CDC SJCRH ARC FHAC AABB

Casss mesting STR crileria 0 3 o 2 §
Reasons for not meeting various
STR criteria
Long fatency {>6 h) 5 0 5 L) [}
Temparature did not reach =40°C 0 2 o 0 0
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Table 5. Detalls of 284 transfusion reactions in patlents receiving
51 420 culture-negative platelet units from 2007 to 2013

Reaction type Ne. Reaction rate, %
Febiie/FNHTR 127 GE
Alergic transfusion reaction 111 028
Ciher 46 01
Total 284 0.66

were categorized as FNHTR/febrile-like transfusion reactions (TR),
111 (39.1%) as allergic TR, and 46 (16.2%) as other TR (Table 5).
Overall, 36 of these 284 reactions met AABB STR criteria, 52 met
PHAC criteria, and 93 met CDC and ARC criteria; only 6 met
SICRH criteria (Table 6). Of 127 patients with FNHTR/febrile-like
transfusion reactions, 30 met AABB STR criteria, 48 PHAC criteria,
and 81 CDC and ARC criteria; none met STCRH criteria. Of 46 other
transfusion reactions, 6 met AABB STR criteria, 4 PHAC eriteria, 12
CDC and ARC criteria, and 6 SICRH criteria. None of 111 allergic
TR met any of the STR criteria.

Sensitivity, specificity, and positive and negative predictive values
of the 5 STR sets of criteria are shown in Table 7. Specificity and
negative predictive values were high (>99%) for all STR criteria sets,
but sensifivity varied from 0% to 100% and positive predictive value
from 0% to 33.3%. Overall, AABB criteria provided the best predictive
values. As none of the 5 STRs had been reported to the wansfusion
service and were only detected by active surveillance, sensitivity and
positive predictive value of STRs reported by passive surveillance was
0%. Overall sensitivity of STR detection by combined active and
passive surveillance varied from 5 of 98 (5.1%) to 5 of 11 (45.5%);
sensitivity of AABB criteria was 5 of 41 (35.7%).

Discussion

STR is one of the most commonly recognized causes of transfusion-
related fatalities following transfusion-associated acute ung injury,
hemolytic TR, and transfusion-associated circulatory overload 51720
Despite the recognition of these complications of platelet transfision,
their true incidence is unknown as a result of underdetection and
underreporting, notwithstanding improved hemovigilance programs.
A recent report on transfusion-associated circulatory overload showed
considerable underreporting, with a 36-fold difference in detection
between active and passive surveillance: 1:5997 cases reported by
passive surveillance vs 1:167 by active surveillance,”! Furthermore,
there is considerable variation in the reporied incidence of transfusion
reactions to platelets, with recent reporis ranging from 0.01% to
10.0%, with considerable variation in reaction severity definitions
and surveillance methods likely accounting for this wide range 22-2*
Platelet components are particularly vitlnerable to bacterial con-
tamination, mainly due to their storage at room temperature, which
atllows growth of small inocula to very high titers and lirnits the shelf-
life of these products.'*® For several decades, efforts have been
made at multiple levels to reduce STR and fatalities from bacterially
contaminated platelet transfusions, including prevention of contam-
ination during coltection and processing,*® culture of platelet products
24 hours after collection,>*"° point-of-issue testing, 203! a5 well
as pathogen-reduction technologies.**? Introduction of culture of
platelet products in 2004 led to a decrease in gram-negative contam-
inants, which had accounted for one-third of contaminants and two-
thirds of fatalities.>* However, although considerable progress hasbeen
made, pathogen transmission through transfusion has continued and
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STRs continue to oceur In the United States, 13 fatalities were
reported to the FDA associated with platelet transfusion-transmitted
bacterial sepsis during the previous 5 fiscal years (2009-2013), with 4
associated with pooled platelets and 9 with apheresis units.* The fatality
Tate associated with gram-positive seps1s in our study is similar to that
reported in the literature. 3

Our study highlights these issues and extends previous findings at
our institution that bacterial contamination of platelets is an ongoing
problem and that detection by passive surveillance continues to be
poor.”® Specifically, none of the 5 STRs that occurred during the
7-year study period had been reported to the transfusion service, and
cases were only documented as a result of our active surveillance
program. This finding is similar to our experience in 1991 to 2006,
where active surveillance detected 32-fold more bacterially contami-
nated pIatelet units and 10.6-fold more septic reactions than did passive
surveillance.” During this previous period, 54 bacterial contaminants
included 4 gram-negative bacilli, 3 of which were associated with fatal
reactions, 44 staphylococci, 4 streptococei, and 2 Bacillus cereus. This
contrasts with the current study (2007-2013), in which staphylococci
and streptococei accounted for 19 of 20 contarminants; the decrease in
gram-negative bacilli was likely the result of introduction of early
culture in 2004, with improved detection of these rapidly growing
species. This decrease in virulent gram-negative contaminants is also
reflected in reported national fatality data, where fatalities from gram-
negative species decreased from 3.7 per year prior to introduction of
early culture to 1.2 per year following use of early culture vs 2.3 and
2.0 per year, respectively, for gram-positive species. These findings
and trends emphasize the importance of monitoring patients receiving
platelet transfusions closely for at least 24 hours, investigating all
reactions for STR by culture of platelet products regardless of severity
of reactions, and reporting all reactions to the transfusion service.
Although the yield from culture of products administered to patients
who develop any reaction is low, culture or other microbiologic testing
is the only practical method of differentiating STRs from other reaction
types due to overlap of signs and symptoms. Use of active surveillance
of patients by dedicated hemovigilance persommel has been shown to
improve recognition of STRs.”” We also noted that STRs occurred
with high bacterial loads only when patients were neutropemc (white
blood cell [WBC] count <2 X 10°L), likely related to the relatively
low virulence of the gram-positive contaminants transfused, However,
we did not find any evidence of delayed sequela resulting from
transfusion of contaminated platelets, Tn particular, no cases of central
line infections caused by bacterial isolates present in contaminated
platelets were found. Although central line infections did occur,
causative pathogens were very different from those associated
with platelet contaminants. Specifically, strains of Staphylococcus
epidermidis and other coagulase-negative staphylococei associ-
ated with contaminated platelets were very susceptible to antimicrobial
agents, consistent with their origin from the skin of healthy donors.
In contrast, coagulase-negative staphylococci associated with central
line infections were methicillin and multidrug resistant, consistent with

Table 6. Numbers of patients with transfusion reactions meeting
varfous STR criterla who received culture-negative platelets
{n = 51420) according to reaction type

Cases meeting STR criteria

Reactlon type coct SJCRHY ARC™? PHAC'® AABBS

) Allarglc TR =131 o o 0 0 ]
FNHTR/Eebrile-ike TR (0 = 127) 81 0 81 48 30
Olher TR [p = 48) 12 6 iz 4 8
Total (n = 284) 03 6 93 52 36
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Table 7. Evaluation of sensitivity, specificity,
with true septic reactions

SEPTIC TRANSFUSION REACTIONS TO PLATELETS 801

and positive and negative predictive values of 5 sets of STR criterfa in identifying patients

Results of analysls using specitied STR riteria (% values with 95% CI In parentheses)

coc SJCRH ARC PHAC AABB
Sensitivity (n = 5) 0(0-52.2) 60 (14.7-94.7), 0'(6:52.2) 40(5:3-853) 100 (47.8-109)
Specficlty (excluding allorgic TR} (n = 178} 89.82 (97.76-00.85)  90.99 (99.97-100)  99.82 (97.78-69.85)  99.90 (99.87-90.92) 99.93 (99.90-99.95) -
Pésitive pratictive value 0 (6-3.89), 33.33 (7.570.1) d (0-3.89) 5.7 (0.45-12.75) 1220 (4.1:2633)
Negative predictive valug

99.99 (90.98-100)

100 (89.95-100)

99.99 (99,98-100) £9.99 (32.88-100) 100 (99.95-100)

Cl, confidencs interval.

their origin from the skin of patients exposed to antimicrobial agents
and the hospital environment.

The need to take additional measures to address the problem of
bacterial contarnination of platelets has recently been acknowledged

by the AABB and the FDA,>® An AABB Association Bulletin in -

2012 recommended that blood establishments develop a policy or
policies to further reduce the residual risk of bacterial contamina-
tion of apheresis platelets, improve the recognition of and monitoring
for STRs to all platelet components, and optimize appropriate
transfusion practice for all platelet components.?® The AABB
subsequently issued a bulletin in 2014 emphasizing the need to
recognize and provide a timely response to suspected STRs and
to protect other patients from receiving contaminated co-components,
The FDA has also recently issued a draft guidance document
(Bacterial Detection Testing by Blood Collection Establishments
and Transfusion Services to Enhance the Safety and Availability
of Platelets for Transfusion) recommending additional testing
by culture or rapid test during the storage period, or use of pathogen
reduction technologies at time of production to further reduce the risk
of bacterial contamination.®

As documented in this Discussion, the problems of bacterial
contamination of platelets and resultant STRs are well recognized
and the means to address them are available, including delayed
primary testing, use of secondary testing by eulture or rapid device
during storage, and use of pathogen reduction systems; regulatory
agencies strongly recommend use of such systems.®® Another
issue that needs to be addressed is improving both the sensitivity
and specificity of diagnosing STRs. The recent AABB criteria®
provided the best combination of sensitivity and specificity, but
were compromised in our series by the fact that none of these
reactions were reported to the transfusion service, Lack of reporting
was, in part, associated with delayed reactions to transfusions
administered in satellite outpatient clinics, with different clinical
teams seeing patients in acute care settings to those administering
the transfusions. Additionally, overlap in signs and symptoms of
other more common TR further limits clinical diagnosis, and no
specific temperature threshold or clinical feature was shown to be
highly predictive of STRs.
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Bovine spongiform encephalopathy,

France

JB2016-007

Informatlon recelved on 25/03/2016 from Dr Lole Evain, Directeur GE&X2al adjoint, CVO, Direction gk%i%ale de I'alimentation,
Ministiite de I'Agriculture, de Agrealimentaire et de [a For®®, Paris, France

Summary

Report type

immediate notification

Date of start of the event

01/03/2016

Date of confirmation of the event|23/03/2016

Report date

25/03/2016

Date submitted to QIE

25/03/2016

Reason for notification

Reoccurrence of a listed disease

Date of previous occurrence

2014

Manifestation of disease

Clinical disease

Causal agent

Fathological prion protein

Nature of diagnosis

Lakoratory (advanced)

jThis event pertains to

a defined zona within the country

New outbreaks (1}

Outhreak 1 (1)

GIVRON, GIVRON, ARDENNES

Date of start of
the outhreak

01/03/2018

Qutbreak status

Continuing (or date resolved not provided)

Epidemiological
unit

Farm

Species Susceptible

Cases

Deaths

Destroyed

Slaughtered

Affected animals

Caltla

384

The affected bovine, a Salers female born on Aprl, 8th 2011, showed paresis and was euthanized on March, 1st 2015,
Samples made an March, 4th 2018 during rendering were analyzed at the Department Laboratary of La Somme. The rapid

A:eﬁ::gon ltest proved positive an March, 8th 2016 and the samples were then sent for further analysis to the National Reference
pop Laboratory, ANSES, which canfirmed a case of classical BSE on March, 21st 2046. The European Union Reference
Lakoratory canfirmed those results on the basis of documentation on March, 23rd 2616.
Summary of Total outbreaks: 1
ottbreaks
" Specles - Susceptible Cases Deaths Destroyed Slaughtered

Total animals | o]
affected Cattle j 9 . . L S|
T Snecies Apparent morbidity | Apparent mortality | Apparent case fatality | Proportion susceptible animats
utbreak statistic P rate rate rate lost*

utbreax SILStes | lcatue 0.25%) 0.00% e 0.26%)

*Removed from the susceptible population through death, destruction and/or slaughter

Epidemioiogy

Source of the
outbreak(s) or origin
of infection

Unknown or inconclusive

Epidemiclogical
comments

The last case of classical BSE was defected in 2011, The case detected in 2014 was atypical BSE. A by-law declaring
infection was issued and prohibited any movements until sanitation. A traceahillity investigation is on-going to identify
animals potentially at risk (cohort and offspring) that will be destroyed. An epidemiotogical investination aimed at
identifying the potential causes of infection was launched. The requirements applicable to the category of couniries with
a contralled BSE risk (SRM list) enter info farce as of the date of March, 25th.

Control measures

Measures applied

Screening
ITraceability
Na vaccination




I ___ No treatment of affected animals _
. Stamping out :
Measures to be applied Official disposal of carcasses, by-products and waste
Diagnostic test results

Laboratory name and type

SpeclesiTest

Test date Result

ANSES TSE National Reference Laboratory, Lyon (Naticnal laboratory)

Catlle | western

blot

21/03/2016 |Positive |

TSE Molecular Team, Animal and Plant Health Agency, United Kingdom (CIE Referencs
Laboratory)

Future Reporting

Catle |western

blot

23/03/2016 |Positive

The event is continuing, Weskly follow-up reparts will be subrmitted.

Map of outbreak locations
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Implementation of Acceptable Full-
Length and Abbreviated Donor
History Questionnaires and
Accompanying Materials for Use in
Screening Donors of Blood and Blood
Components

Guidance for Industry

This guidance is for immediate implementation.

FDA is issuing this guidance for immediate implementation in accordance with

21 CFR 10.115(g)(4)(i). Submit one set of either electronic or written comments on this
guidance at anytime. 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 docket number FDA-2016-D-1342,

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

For questions on the content.of this gunidance, contact OCOD at the phone numbers or e-mail
address listed above.

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

Center for Biologics Evaluation and Research
May 2016
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Implementation of Acceptable Full-Length and Abbreviated Donor
History Questionnaires and Accompanying Materials for Use in
Screening Donors of Blood and Blood Components

Guidance for Industry

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

L INTRODUCTION

This guidance recognizes the standardized full-length and abbreviated donor history
questionnaires (FL-DHQ and aDHQ, respectively) and accompanying materials, version 2.0
dated February 2016, prepared by the AABB Donor History Task Force (referred to as “task
force™), as an acceptable mechanism for collecting blood donor history information from donors
of blood and blood components that is consistent with the FDA requirements and

. recommendations.’ The FL-DHQ documents are being updated to align with the requirements
promulgated in the final rule published in the Federal Register of May 22, 2015 entitled
“Requirements for Blood and Blood Components Intended for Transfusion or for Further
Manufacturing Use” (80 FR 29842), which became effective May 23, 2016, and incorporate the
recommendations provided in the document entitled “Revised Recommendations for Reducing
the Risk of Human Immunodeficiency Virus Transmission by Blood and Blood Products;
Guidance for Industry” dated December 2015 (Ref. 1). In the future, we may recognize other
AABB donor history questionnaires and accompanying materials (referred to as “DHQ
documents™) as acceptable.

This guidance supersedes the following documents entitled:

¢ “Guidance for Industry: Implementation of Acceptable Full-Length Donor History
Questionnaire and Accompanying Materials for Use in Screening Donors of Blood and
Blood Components™ dated October 2006, which accepted version 1.3 of the AABB full-
length DHQ (Ref. 2); and

¢ “Guidance for Industry: Implementation of an Acceptable Abbreviated Donor History
Questionnaire and Accompanying Materials for Use in Screening Frequent Donors of
Blood and Blood Components” dated May 2013 (Ref. 3), which accepted version 1.3 of
the AABB abbreviated DHQ.

! See section I1 of this guidance for certain exceptions.
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Additionally, this guidance supersedes FDA’s acceptance of the referenced donor history
questionnaires and accompanying materials in the documents entitled:

e “Guidance for Industry: Revised Preventive Measures to Reduce the Possible Risk of
Transmission of Creutzfeldt-Jakob Disease (CJD) and Variant Creutzfeldt-Jakob Disease
(vCID) by Blood and Blood Products” dated May 2010 (Ref. 4), which accepted
revisions to version 1.3 of the AABB full-length DHQ?; and

e “Guidance for Industry: Recommendations for Donor Questioning, Deferral, Reentry
and Product Management to Reduce the Risk of Transfusion-Transmitted Malaria” dated
August 2014 (Ref. 5), which accepted revisions to versions 1.3 of the AABB full-length
and abbreviated DHQ’s, respectively.

The DHQ documents provides blood establishments that collect blood and blood components
(referred to as “manufacturers” or “you™) with a specific process for administering questions to
donors of blood and blood components (referred to as “blood donors™) to determine their
eligibility to donate. (In this guidance, the term “eligibility” refers to the donor eligibility
requirements described in Title 21 of the Code of Federal Regulations 630.10 and 630.15

(21 CFR 630.10 and 630.15)). Acceptable DHQ documents are those documents that FDA has
determined provide manufacturers with one means of obtaining donor history information from a
blood donor to determine if the donor is eligible, consistent with the requirements in

21 CFR 630.10 and 630.15.

This guidance also advises licensed manufacturers who choose to implement the acceptable
DHQ documents on how to report the manufacturing change consisting of the implementation of
the DHQ documents under 21 CFR 601.12 (§ 601.12).

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

II. BACKGROUND

Section 630.10(c) requires the eligibility of all blood donors to be determined on the day of
donation and before collection, with certain exceptions (21 CFR 630.10(c)(1)-(2)). Such
determination is intended to ensure a donor’s overall good health and that the donor is free from
transfusion-transmitted infections (21 CFR 630.10(a)(1)-(2)). A donor’s eligibility to donate
blood and blood components is determined in part by a physical assessment and the donor’s
answers to questions concerning medical history and risk factors associated with exposure to, or
clinical evidence of a relevant transfusion-transmitted infection and other conditions that may-
adversely affect the health of the donor or the safety, purity, or potency of the blood or blood
components or any product manufactured from the blood or blood components

2 This guidance was updated in January 2016.
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(21 CFR 630.10{e)-(f)). The donor screening interview is especially important in identifying
risks for diseases and conditions for which there are no adequate laboratory tests or for which
tests are unable to identify early stage or window period infection.

The first formal uniform questionnaire developed for the purpose of blood donor screening was
implemented nearly sixty years ago (Ref. 6). Though the donor interview process is helpful in
excluding ineligible donors, errors in this process do occur because some information may not be
understood or captured during the screening process (Ref. 7). As noted during public meetings
sponsored by FDA to discuss this issue, the blood donor screening process should consider such
factors as question complexity, donor recall ability, donor health and safety, donor satisfaction
and willingness to return, any further processing which a product may undergo prior to use, and
risk to the end user/recipient of blood and blood components (Refs. 8 through 10). Strategies
such as using self-administered computer-assisted and abbreviated questionnaires have been
implemented as approaches to improve donor understanding and satisfaction over what some -
view as a lengthy and time-consuming process, particularly for frequent donors (Refs. 2, 3, and
11).

A. Abbreviated Donor History Questionnaire

In the Abbreviated Donor History Questionnaire User Brochure (User Brochure), AABB
defines a frequent donor as “[a} donor who has previously donated two times using the
full-length Donor History Questionnaire, one donation of which occurred within the
previous 6 months.” The User Brochure contains additional instructions that delineate
when the aDHQ documents and FL-DHQ should be administered.

During the Blood Products Advisory Committee meeting held on March 18, 2005, the
task force presented a study design for evaluating the abbreviated questionnaire post-
implementation (Ref. 12). The task force also proposed to assess inappropriate use of the
aDHQ documents instead of the FL-DHQ for donor screening. This study will include a
review of post-donation information and data about inappropriate use of the aDHQ
documents. The task force has agreed to submit the summary data to FDA once the study
has been completed. Based on the outcome of the post-implementation evaluation, FDA
may revise its recommendations for the use of the aDHQ.

B. DHQ Documents

The DHQ documents include the following materials and are intended to be used in their
entirety, with the exceptions noted in sections Il and IV.A 2:

o Full-Length Donor History Questionnaire

o Full-Length Donor History Questionnaire User Brochure — includes glossary;
describes how questions can be administered.

e Full-Length Donor History Questionnaire Flow Charts — contain follow-up
questions as a method to obtain additional information to further evaluate a
potential donor’s response to capture questions. (“Capture” questions ask a
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general question about a donor’s history or behavior and are followed up by
obtaining additional information about the donor if needed.)

» Abbreviated Donor History Questionnaire

e Abbreviated Donor History Questionnaire User Brochure — includes glossary and
references; describes which donors may complete the aDHQ questionnaire and
how questions can be administered.

¢ Abbreviated Donor History Questionnaire Flow Charts — contain follow-up
questions as a method to obtain additional information to further evaluate a
potential donor’s response to capture guestions.

¢ Medication Deferral List — contains a list of medications that may serve as a basis
for donor deferral.

¢ Blood Donor Educational Material — educates the donor about certain risks and
conditions that are a basis for deferral.

e Variant Creutzfeldt-Jakob Disease (vCID) Countries of Risk — contains a list of
countries identified as being at risk for vCJD.

e References

The FL-DHQ and aDHQ questionnaires are designed to be implemented together. For
example, if you choose to implement the AABB Abbreviated Donor History
Questionnaire, you should also implement the AABB Full-Length Donor History
Questionnaire as described in the User Brochure. Both the full-length and abbreviated
questionnaires are designed to be administered either by blood establishment personnel or
self-administered with follow-up by establishment personnel.

IOI. RECOGNITION OF DHQ DOCUMENTS

We find the DHQ documents version 2.0 dated February 2016 to be acceptable for use in
screening donors of blood and blood components. These documents are consistent with FDA
requirements and recommendations related to donor eligibility interviews, subject to the
following exception: the acceptable DHQ documents do not contain the donor questions and
donor educational material related to Zika virus recommended by FDA in the document titled,
“Recommendations for Donor Screening, Deferral, and Product Management to Reduce the Risk
of Transfusion-Transmission of Zika Virus: Guidance for Industry,” dated February 2016.

Blood establishments should revise the acceptable DHQ documents to address the
recommendations for Zika virus, as appropriate.

In addition, the DHQ documents contain questions related to the following donor medical history
issues for which we currently do not have requirements or recommendations: cancer; certain
organ, tissue, or bone marrow transplant; and bone or skin graft. By recognizing the acceptable
DHQ documents as one way to satisfy FDA’s regulatory requirements, we are not requiring or
recommending that donors be screened or deferred for these issues. 1f you choose to implement
the acceptable DHQ documents and omit these questions, you would still be in compliance with
FDA requiremenits.
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While we recognize that the acceptable DHQ documents provide an effective tool for screening
blLood donors, we do not require that you implement the acceptable DHQ documents. You may
continue to use any FL-DHQ and aDHQ and accompanying materials developed by your
esstablishment and for licensed establishments, approved by FDA. These materials may include
procedures and wording that are different from those in the DHQ documents. In the future, you
m.ay implement, consistent with § 601.12, new procedures and materials that differ from those in
DHQ documents (Ref. 13).

IV. REPORTING TO FDA THE IMPLEMENTATION OF ACCEPTABLE FULL-
LENGTH AND ABBREVIATED DONOR HISTORY QUESTIONNAIRE AND
ACCOMPANYING MATERIALS

Acs discussed in section II of this guidance, we recommend that the FL-DHQ and aDHQ be used

together. For example, if you choose to implement the FL-DHQ, we recommend that you also
implement the aDHQ.

A. . Implementation of Acceptable DHQ Documents

Licensed manufacturers must report the implementation of the acceptable DHQ
documents to FDA under § 601.12 as follows:

1. Ifthe acceptable DHQ documents-are implemented without modifications and jn
their entirety, except as described below, as a complete process for administering
questions to blood donors, the change is considered to be minor, with a minimal
potential to have an adverse effect on the identity, strength, quality, purity, or
potency of the product as they may relate to the safety or effectiveness of the
product. You must report such changes to FDA in your annual report under
§ 601.12(d), noting the date the process was implemented. If donors will be
allowed to self-administer acceptable DHQ documents, see section IV.B of this
guidance.

2. Ifthe acceptable DHQ documents are implemented in their entirety, but modified
by: (a) revising the DHQ documents to include FDA recommendations related to
Zika virus; (b) adding additional, more restrictive selection criteria that are
specific to your establishment; or (¢) omitting questions related to cancer; organ,
tissue, or bone marrow transplant, except for xenotransplantation; bone or skin
graft, which FDA has not required or recommended for determining donor
eligibility, the changes are considered to be minor. You must report such changes
to FDA in your annual report under § 601.12(d), noting the date the process was
implemented and describing the additional criteria or questions that were omitted
from your questionnaire.

3. Ifthe acceptable DHQ documents are implemented in their entirety but modified
by displaying the flow charts in another format that is compatible with your
current process, the changes are considered minor, provided there is no change to
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the content in the flow charts, other than changes incorporating donor deferral
criteria that are stricter than the FDA required/recommended donor deferral
criteria. You must report such changes to FDA in your annual report under

§ 601.12(d), noting the date the process was lmplemented and describing how you
modified the acceptable DHQ documents.

4. If the acceptable DHQ documents are implemented in their entirety, but modified
by reformatting any of the acceptable DHQ documents (other than the flow
charts) to be consistent with your current process, the changes are considered to
be minor provided you do not change the wording and the order of content in the
acceptable DHQ documents. You must report such changes to FDA in your
annual report under § 601.12(d), noting the date the process was implemented and
describing how you modified the acceptable DHQ documents.

5. Donor screening procedures have a substantial potential to have an adverse effect
on the identity, strength, quality, purity, or potency of blood and blood
components, as they may relate to the safety or effectiveness of the product.
Therefore, the implementation of the acceptable DHQ documents that have been
modified other than as specifically described in sections IV.A.2-4 of this guidance
is considered a major change. If you wish to implement the acceptable DHQ
documents modified in a manner other than as described in sections IV.A.2-4 of
this guidance, you must report such changes as a Prior Approval Supplement
(PAS) under § 601.12(b). We recommend that you include the following in the
submission:

a. FDA Form 356h “Application to Market a New Drug, Biologic or an
Antibiotic Drug for Human Use” which may be obtained at
http://www.fda.gov/AboutFDA/ReportsManualsForms/Forms/default.htm.

b. A cover letter describing the request and the contents of the submission.

c. A written standard operating procedure (SOP) describing the donor
questions and questionnaire process.

d. The donor history questionnaires and accompanying document(s). Please
highlight the modifications.

For assistance in preparing the supplement, please refer to the document entitled
“Guidance for Industry: For the Submission of Chemistry, Manufacturing and Controls
and Establishment Description Information for Human Blood and Blood Components
Intended for Transfusion or for Further Manufacture and for the Completion of the Form
FDA 356h ‘Application to Market a New Drug, Biologic or an Antibiotic Drug for
Human Use’” dated May 1999 (Ref. 14).

B. Implementation of Self-Administered Acceptable DHQ Documents
In July 2003, we issued a document entitled “Guidance for Industry: Streamlining the

Donor Interview Process: Recommendations for Self-Administered Questionnaires”
(Streamlining Donor Interview guidance) (Ref. 11) advising licensed blood
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establishments to submit procedures for self-administering the donor history
questionnaire to FDA as a Changes Being Effected in 30 days supplement (CBE30)
under § 601.12(c). We determined in the Streamlining Donor Interview guidance that a
CBE30 was an appropriate supplement to ensure that controls were in place to manage
this process. However, we have since determined that when acceptable DHQ documents
include instructions for controlling the self-administration process, such as in the User
Brochure, this change may be reported in an annual report or in some situations as a
CBE30, as described in sections IV.B.1 and IV.B.2 of this guidance. These

‘recommendations modify those in the Streamlining Donor Interview guidance. Licensed

- manufacturers planning to implement self-administration of a questionnaire other than the
acceptable DHQ documents should continue to consult the Streamlining Donor Interview
guidance (Ref. 11).

Licensed manufacturers must report implementation of self-administered acceptable
DHQ documents under § 601.12 as follows:

1. If you choose to implement self-administration of the acceptable DHQ documents
using the written form or audio/visual presentation methods described in the
acceptable DHQ documents, this is considered a minor change. You must report
such a change to FDA in your annual report under § 601.12(d), noting the date the
process was implemented.

2. If you choose to implement the acceptable DHQ documents using a computer-
assisted interactive interview procedure, you must report this change to FDA as a
CBE30 under § 601.12(c). This change presents a moderate potential to adversely
affect the identity, strength, quality, purity, or potency of blood and blood
components, as they may relate to the safety or effectiveness of the product,
because of concerns that the presentation of the questions and information may
not be easily readable in all conditions and by all potential users. Additionally,
implementation for the first time of a computer-assisted interactive interview
procedure may raise new issues that should be evaluated, such as the management
of electronic records. Therefore, we cannot conclude at this time that the
implementation of a computer-assisted interactive interview procedure will be a
minor change.

For recommendations on the implementation and reporting of the use of self-
administered questionnaires other than as described above, and for preparing the CBE30
for the computer-assisted interactive interview procedure, see the Streamlining Donor
Interview guidance (Ref. 11).

Unlicensed blood establishments do not need to report implementation of the DHQ (as described
in sections I'V.A and IV.B of this guidance) to FDA.
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V. RECOGNITION AND IMPLEMENTATION OF FUTURE ACCEPTABLE DHQ
DOCUMENTS

In the future, we may issue regulations or guidance documents concerning donor eligibility. For
example, we may recommend revised eligibility criteria with respect to transfusion-transmitted
infections, medical conditions, behaviors, geographic exposures or medications. Implementation
of new eligibility criteria would change your donor interview SOPs, and involve amending the
accepted DHQ documents (typically by adding a question at the end of the questionnaire in the
area designated for additional questions or by implementing new or revised DHQ documents)®.
We note that the User Brochure describes how to add and administer revised DHQ documents.

We anticipate that in the event we recommend a new donor eligibility deferral criterion, we will,
in the same guidance, provide recommendations concerning implementing and reporting to FDA
the manufacturing changes associated with this change in procedure. If the revised DHQ
documents are available and found acceptable, we also intend to recognize those DHQ
documents as acceptable in the guidance document addressing the new criterion.

- We recommend that you have a procedure in place for implementing updated acceptable DHQ
documents in all of your facilities.

VL. FOR MORE INFORMATION

If you have questions regarding this guidance and FDA policies for implementing acceptable
DHQ documents, contact OCOD at the phone numbers or email address provided in this
guidance.

If you have questions regarding the DHQ documents, contact AABB by phone at 301-907-6977,
by fax at 301-907-6895 or by email at aabb@aabb.org to the attention of the AABB Donor
History Task Force.

The acceptable DHQ documents can be accessed on the AABB website at

http://www.aabb.org/tm/questionnaires/Pages/dhgaabb.aspx.

? If you do not use the acceptable DHQ documents, this would involve amending your own denor history
questionnaire.
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“Application to Market a New Drug, Biologic or an Antibiotic Drug for Human Use,” May
1999. Available at

http://www.fda.gov/BiologicsBlood Vaccines/GuidanceComplianceRegulatoryvinformation/G
uidances/Blood/uem077087.htm,
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