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Searching for Non-Primate Hepacivirus {NHPV) Related Genomes in
HCV-Reactive Donors with Indeterminate Blot Patlerns

J E Levi? (dudifevi@usp.br), 8 N Cabral', A S Nishiya?, S G Fetreira?,

C M Romana®, M B Pedlite’, H A Pereira?, M A Mota!, J M Kulner’, ‘Bloed
Bank, Hospital Israslita Albert Einstein, 530 Paulo, Brazil: 2Molecular
Biofogy, Fundagéo Prd-Sangue, Sdo Paulo, Brazil; Virclogy, Tropical
Medicine Inslitute, Univarsily of 830 Paulo, Sdo Pavlo, Brazil

Background/Case Studies: Hepatitis C virus (HCV) belongs 10 the genus
Hepagivirus, one of the four gensra in the family Flaviviridae along two
eslablished genera (Flavivirus and Pestivirus,) and one proposed genus,
Pegivirus. Among the Flaviviruses arxi Pestiviruses there are important
fiuman pathogens, known {0 be transmitted to humans by arthropods and
bals, depicting the importance of the behavior of human blood sucking for
cross-species transmission of Infectious agents., Surpdsingly, no primate
hamalegue to HOV has ever been found, neither has any arhropod been
demonstrated 1o transmit HCV to humans, The search for a zoonotic origin
for HCV has been renawed recenlly when Kapoor and co-workers (PNAS

2011; 108:11608-11613) {ound a canine virus wilh a high homolagy to HOV, |

now named as Non-Primale Hepaeivirus {NHPV). A varlable propertion of
anti-HCV reactive donors submitted to the Emmunohlot (IB) to confitm their
HCV status, present Indeterminate results, meaning that { was verified soma
reaclivity, in general weak, 1o one ar two antigenic fractions, that dogs not
allow the assignment af & positive result but neither to discard it. The degree
of homology between HCV and NPHV suggests thal humans may be
infected by NPHV or NPHVike viruses. Maximum aminoacld similarity
between NHPV znd HCV is observed in the non-steuctural regions 3 and 5.
Peplides represanting both domains are presen! in IB assays, so we iea-
soned that blood donors reaclive for anti-HCV in screening and further
rezcling {o these antigenic fraclions in 1B may polentially harbor such
visuses. This sludy searched for NPHY sequences in the plasma of blood
donars found anti-HCV reactive but not confinmad by nefther 1B or RT-PCR
analysis, Study Desigrn/Methods: Fifly-seven plasma samples from blood
donors found reactive for anli-HCV second or third generation assays and
presenting immunoblot Indeterminale results were submiited to five distinct
PCR reactions under low-stringency conditions, employing primets largeting
GBV-C S'UTR and NS3, Flavivirus-genus NS§, and NMPY 5°UTR and NS3.
Results/Findings: No amplification was obtained with all pimer pairs tesled
except for three samples that amplified both 8°UTR and NS3 fragments frorn
GBV-C. No other sampte presented reproducible amplitication of fragmenls
within the expecled size with any of the primer sets. Conclusion: The
prasence of any NHPV or Flavivirus refated virus did not appear among
well-selected blood donars with IB indeterminate patterns. Certainly, now-
avallable melagenomics lools such as next-generation sequencing may
provide or rule oul definltely the existence of HGOV-relaled viruses in
immunablot indeterminate sampies.
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* Case Report: A Case of Hepﬂtitis E Virus (KEV) In a Bload Donor

AA Tendulkar® (anftatendulkar@gmail.com), 5 Shah', A Kelkar®,
'Transfusion Medicine, Tata Memeorial Hospital, Mumbal, India;
2Micrablology, Tata Memorial Hospltat, Murmbai, india

Background/Case Studles: Hepalitls E (MEV) is a liver disease caused by
a non-snveloped, single stranded RNA hepatitis E virus, The virus is trans-
mited enterically, but pacental transmisslons via transtusions have baen
reported since 2004. The seroprevalence in blond donors reported from
various counlries ranges from 1% to 32%. Study Deslgn/Methods: An
apparently healthy, 27-year-old male donor passed all eligibility criteria tests
and donated 2 triple blood bag at a tertiary cancer hospital, Ajter 20 days,
denor Informed tha blood bank that he had developed vomiting and jaundice
1 day post donation for which he had visited a physiclan. He was investi-
gated by a local Iaboralory 1 day post donalion for fiver function tests which

JRC2013T-044

wers elevated. (Bilirubin: tolal: 5.2, direcl: 2.5, Indirect: 2.7}, AST; 688, ALT:
680 {n = upto 401 LIL), Urine: bils pigment present, bile salt: present, Wida)
and Malada tes: negative, CBG: normal. Results/Findings: Danor con-
tacted this blood bank and advised aboul an gutbreak of similar symploms
in his residentia) community during the same period. Accordingly, he was
investigated 20 days post danation for HAV and HEV in the hospital Micro-
hictogy laboratory, The HAV IgM antibody by chemituminiscent microparticle
immunoassay was nonreactive. The HEV Igh antibody by ELISA was posl-
tive. The liver profile had improved (total biirubin: 2,68, Direct: 1,07, indiract:
1.51, AST: 47, ALT. 68, Tolal proteins: 8.2, 5.Albumin:4.6, S.globulin: 3.6),
The donor's packad celis had already been issued during this interim perfod
of 20 days as all mandatory TTt tesls were negative. However, the cryopre-
cipitale and Faclor VIll deficlent plasma were immediately discarded. The
patient receiving the implicated packed cells was symptom free 35 days post
transfusion. He could nol be investigatad for HEV as he was discharged from
hospilal and was a resident of another siale. The incubation period foliowing
exposure to the HEV ranges from 3-8 weeks {mean-40 days). This donor
was in incuballon phase during blood donation and was detected as anti
HEV [gM posilive, The donor initiated calt back was pivotal 1o this case, Even
theugh the disease is self limiting and resolves wilhin 4-6 weeks, a iutminant
hepatitis may develop which can lead to death. Conclusion: HEV is being
considered as a re-emerging infectious disease across the world. Routine
screening for the virus is presenily not performed in blood banks. Studies
indicale thal HEV seroprevalence exisls in blood donors, especially in
endemic areas, Screening donor blood for this virus may be worthwhile 1o
saleguard patients as severity is higher in high risk patients. Being a refercal
cancer center, donors In this selup are representative of the nation's popu-
lation. Apilot project for HEY RNA donor testing would help in understanding
the incidence and faciftate in HEV screening peolicy decisions.
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Transfusion Transmission of Hepatitis E Virus (HEV) by
Solvent-Detergent Inactivated Plasma

AAssal' (azzedine.assal@efs.sanle.fr), Y Plguel’, P Gallian', C Constant,

P Tiberghien®. 'EFS (French Blvod Transiusion Establishment), La Plaine
Saint Denis, France

Background/Case Studies: Hepalitis E Virus (HEVY) belongs to hepeviridae
family. This RNA virus is non-enveloped, Thus solvent detergent (SD)
process tised in France Yo inactivate pathogens In Tols of 100 apheresis
plasmas is ineffeclive on this virus. In 2012, two cases of HEV contaminalion
(genctype 3} were identilied In two recipients of SD-inaclivaled plasma, The
first case (case A) was detected in a patient presenting elevated afanine
aminolransierase (ALT) after treatment by plasma exchange. In the second
case (case B), the patient who underwent a liver ransplant and received
SD-plasma showed high ALT tevef, 3 months after transplantation. The
plasmas transfused to lhese patients were issued from two different lols A
and B, respectively In both patienls HEV RNA was detecled and quantified
by Real-Time (RT} polymerase chaln reaction (PCR) and genolype dater-
mined by nucleotide sequencing. Study Design/Methods; Haemavigilance
alers from hospitals about recipient contaminations were nolified to the
8D-plasma preduction site. The corresponding contaminated lots (A and B)
were then identified and screened positive for HEV ribonucleic acid (RNA).
Donors’ RNA posllive plasmas (from A and B lots) were retrieved by lesting
crossing pools on the archive plales contalning samples enlering in the
composition of fhe two contaminaled Jots. HEV RNA was extracled on Easy
mag device (BioMérieux) and then amplified and detected by a RT PCR
using MEV PCR czalStar kit (Eurchic) on CFX instrument (Blorad). Sequenc-
ing of HEV RNAwas petformed in HEV positive donars, and then sequences
compared {o those isolaled from patienis. Results/Findings: BNA was
detected in the two donor plasmas entering in the produetion of two different
SD-plasma lots. The viral loads in the denars contaminated plasmas ware
145,000 coples /ml and 3,060 coples/mL, respectively. The viral loads in
carresponding lots A and B wera respectively 541 and 62 copies/mL. [n beth
cases the genolype was 3f and donor virus sequences were respectively
identical 1o those Isclated from patients. Concluston: Reciplent centamina-
fion by HEV has been evidenced for SD-plasma transtusion. The low viral
load values in both lols can be explained by a dilulion effect as wefl as the
prabzble presence of anti-HEY neutralizing anlibedles, Contamination by
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HEV i cllern asymptomalic and it is probable that in humber of cases
transfuslon of contaminated SD-plasma resulted In undiagnosed resolved
infection, The proteclive role of anti-VHE antibodies in recipients, as well as
in the pooled plasma lots, is being furher investigated. Transiusion trans-
mission of HEV is a matter of concem for the French Blood Transfusion

Establishmant (EFS). Hence HEV screening was implemented in December -

2012 on pools of 86 samples, as it was already done for Parvovirus B19 and
Hepatlitis A virus, Infectivity of HEV-RNA containing SD-plasma lots and HEV
transmission by other labile components are currently being investigated.

Disclosure of Commercial Contlict of Interest
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Immunelics, Grants or Research Support
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\Pho:ochemical Inactivation of Hepatitls E Yirus (HEV)jn Platelet
Samples (PCs) using Miragol Paihogen Reduction Technulugy {PRT}
systEm
T Owada’ (Fowada@jre.onjp), M Kanekao!, © Matsumoto®, M Igarash',

S Uchida', M Satake', K Tadaokoro!. 'Central Blood Institule, Japanese
Red Cross Society, Tokyo, Japan

Background/Case Studles: Hepatitis E Virus (HEV) had previously been
considered to be transmilted perorally and to be particulady localized to
developing regions, but has recently been found to be spreading throughout
the world, including in industrialized nations. It has also been demonstrated
that HEV can be transmitied via blood transfusion. Thus, the risk of HEV
transmission via transfusion is now a major global concern. The Japanese
Red Cross Sociely has become focused on this virus as a blood-bome
infectious diseass, and Is tha first manufacturer in the world of blood-related
pharmaceuticals 1o intreduce nuclele acid amplification test {NAT) screening
for HEV tentatively. An assay system for the Infeclious titer (lissue culture
infectious dose; [TCID)) of HEV cultured from human HEV-RMA-positive
plasma and serum was recently successiully dermonsirated. This meihodol-
ogy was applied to investigate the ability of the Mirasol PRT system (Terume
BCT, Lakewood, CO to inactivale live HEV 'in contaminated PC, SBtudy
Deslgn/Methods: PCs were spiked with culiured HEV genotype (G) 3 or G4
and trealed with riboffavin and ultraviolet (UV) light using the Mirasal PRT
syslem. PCs were examined before and after treatment for HEV load via
infeclivily ttration (TCID) against AS49, an HEV-infectible cell line. In addi-
tion, the quantitative real time reversa transcriplion-polymerase chain reac-
tion (PCR) was performed to detemnine the load of HEV inferacting with
A543 cells based an a guantitative change in a continuous proceass of virus
binding and entry, to clarify the effects of the Mirasol PRT system on the
Initial step of HEV inlacllon. Results/Findings: A significant reduclion in
HEV G3 infectious liter of more than 3 log 10 was recorded alter the
treatment of PCs with tha Mirasol PRT system. n addition, an Inactivation of
more than 2 log 10 was confirmed when HEV G4 was used. However, it was
demenstrated that no alteration of the efffciency of HEV binding and entry
Into host cells had been cbserved. Conclusion: The current data indicated
that the Mirasol PRT system efficlently Inactivated jive HEV In PCs, and
could therefore potentially be used to lower the possibllity of HEV transmis-
sion ‘through the blood products. The ¥miled lead  {Infectious titer, RNA
copies) of HEV obtained from in vifro cultivation precluded an evaluation of
the robustness of the measured log reduction in HEV infectivity. Hence, a
more reliable log reduciion value might be oblained if a higher load of the
virug could be applied. The inactivalion mechanism expressed by this
systen may be afiribuled lo an inhibition of HEV replication during the
post-viral enlry process. In summary, the Mitasol PRT sysiem clearly
reduced tha risk of HEV transmission due to blood Yransfusion.
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Development of an Effective Prevention Method for T-cell ~
Lympliotropic Virus Type { (HTLV-1) Infect:un Uslng HTLV 1 .
Serg;Positive Serum tn-Vitro =7

K Nojima" (ume@niid.go.je), T Mizukamil, R Sobata?, G I\daisn.lmmo2

M Kuramitsu?, K Okuma’, M Salake?, K Tadokoro?, K Yamaguchi?,

| Hamaguehi', *Department of Safsty Research on Blood and Biological
Producls, Nalional Instilute of Infeclious Diseases, Tokyo, Japan; *Central
Blood Inslitute, Japanese Red Cross Soclely, Tokyo, Japan -

Background/Case Studies: Human T-lymphotrapic Virus Type [ {(HTLV-1} is
a human RNA retrovirus that causes adult T-cell [sukemia. The route of viral
transmission is from mother lo infant via breast milk. Thus, many ceuntries
recommend HTLV-1 sero-posilive mothers not o breastfeed. In a Japanese
endemic area, Nagasakl, this recommendation was more eflective in redue-
Ing the number of vertical infections from mather 1o infant, However, new
prevention methods and adequate trealment oplions apart from preventing
HTLV-1 sere-positive molhers from breastieeding are required. To develop
efleclive prevention methods, immunoglobulin {(igGQ) was isolated from
HTLV-1 sero-positive healthy carders serologically excluded from blood
donation by the Japanese Red Cross, and tested for its ability to prevent
cefl-to-cell infection. Study Design/Methods: An in vilro assay was deval
oped to screen tha inhibitory effect of 1gGs on HTLV-1 infection using HTLV-1
infecled cell lines MT-2 and SULB-1, Secondly, 30 HTLV-1 positive serums
were prapared from excluded blood donations by CLEIA (cenfirmed by
immunctluorescence assay in Japan in 2008), according lo pro-virat load
(PVL) and immunareactivity to HTLV-1 anligens (gp46, p24, pep180 [gp4as
amine acids 180-204)) o assess lhe prevention of HTLY-1 infestion In Vitro.
Results/Findings: An in vitro HTLV-1 Infection system was established
using HTLV-1 infected cell lines MT2 and SLB-1 wilh the immortatized T
lymphacyie cell line, Jurkat. During co-culture of Mitamycin C treated MT-2
or SLB-1 cells with Jurkat cells, HTLY-1 was successully fransmiited to
Jurkat cells, When SLB-1 cells were donors, syneylium formation tysical of
HTLV-1 infected cells was observed, Next, 30 HTLV-1 sero-positive serums
were lested using the co-cullire syslem, and i was demonstrated that
HTLV-1 sera-positive serum effectively inhibited HTLV-1 infection from MT-2
or SLB-1 cells o the Jurkat celis (P < 0.0001). In addition, syncytium
lormation was also dramaftically inhibited by HTLV-1 sero-positive serum
trealment, These effects were more prominent when HTLV-1 sero-positive
serum isolated from higher PVL carilers {PVL > 4%) was used. Conglusion:
An assessmeni method was successfully developed for in vilro HTLY-1
infection using HTLV-1 Infected cell lines. This methed may be a powerfut
1ool 10 screen anti~viral agents in vito. In additfon, & was fousnd that HTLV-1
posilive serum iaken fram asymplomatic dorigrs with high PVL strongly
Inhibited HTLV-1 infection in the in vilro assay. Hyperimmune globuling are
now being prapared from each donor's plasma fo identify key epitopes that
pravent HTLV-1 infection more effeclively, both in vitro and in vivo using 2
humanized mouse model.
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Humana T-Lymphotraple Virus (HTLY)-Screening of blood donors:
Follow-Up of Infected Donors for 16 Years
H P Femnandes' (heloisefernandes @gmail.com), A B Zangirclami',
A M Azevedo', V A da Costa®, C A Peterlini Pompeu!, N § Gongales!,
M M Magnus’, V Casiro', F Traina', M Barjas-Castro'. 'Hemocentro,
Universidade Estadual de Campr’nas—UNIcaMR Campinas--SP, Brazil

BacRground/Case Studies: Blood ceniers in Brazil began screening blood
donors for HTLV antibodies In [ale 1993 and today these centers routinely
- screen far HTLV AL Infection occurs in certain geographic locations argund
the world and in Brazif tha prevalence in blood donors rangas asound 0,46%.
The aim of this study was to evaluate the frequency of discarded blood
danations over the pas{ 16 years, due 1o positive HTLY 111 sereening tests In
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To the editor:

Hepatitis E transmission by transfusion of Intercept blood system-treated plasma

Hepatitis E virus (HEV) is a small norenveloped RNA virus usually
transmitted by the enteric route, although transmission by blood
transfusion has also been reported.)® HEV infection usually leads to
benign acute hepatitis. It can sometimes be fulminant, particularly
among pregnant women and patients with preexisting liver disease, or
evolve to a chronic state, especially in immunosuppressed subjects,'*

Pathogen reduction (PR) of blood products (BPs) has demon-
strated its effectiveness with regard to a large number of pathogens.>®
Among PR methods, the Intercept method combines a synthetic
psoralene amotosalen HCI treatment with ultraviolet A (UVA) light
illumination to block the reptication of DNA and RNA.

We report 2 cases of HEV transmission by 2 units of Intercept-
treated plasma originating from the same donor. The first patient is
a 36-year-old man with chronic renal failure. He underwent a kidney
transplantation, which was followed by acute humoral rejection and
was treated by plasma exchanges from March/June 20 12, during which
59 BPs were transfused, Liver cytolysis was observed since June
2012. The diagnosis of hepatitis E was reached in October 2012 with
detectable HEV RNA and weakly reactive anti-HEV immunoglobulin
M. As of June 2013, the patient remained viremic, and ribavirin was
introduced, HEV RNA was undetectable on the day of transplantation,
as well as on the graft donor, but was detected in apheresis donation
leading to transfused Intercept-treated fresh frozen plasma (FFP). The
second patient is a 61-year-old man who underwent a liver trans-
plantation for alcoholic Liver cimhosis in August 2012. Hepatitis E
infection was detected in February 2013 with detectable HEV RNA and
negative HEV serology. As of April 2013, the patient remained viremic,
and ribavirin was introduced. He had received 72 BPs; HEV RNA
was undetectable on the day of transplantation and in the graft
donor but was detected in apheresis donation leading to transfused
Intercept-treated FFP. All other blood denations for these patients
tested negative for HEV RNA (using cryopreserved plasma samples
collected on donation day). Further investigations revealed that the
incriminated FFPs resulted from the same apheresis donation that was
amotosalen/UVA light treated before segmentation in 3 units. Two
of the 3 units were transfused to the 2 patients described above; the
third was transfused to a patient who died 2 days following
transfusion. The 2 FFP recipients and the donor were infected by a
genotype 3f strain presenting a strict homology on partial sequences

of the open reading frame 1 (ORF1) and ORF2 regions as pre-
viously described (Figure 1).7 Such strain identity demeonstrates
that both amotosalen and UVA light-treated FFPs provided by
a unique donor transmitted HEV 1o =2 transfusion recipients. The
involved donor was a 32-year-old woman who did not reveal any
factor that could suggest that she was infected by HEV during the
period of donation.

Such novel HEV transmission through Intercept-treated FFP
establishes resistance of HEV to Intercept PR technology. Noh-
enveloped viruses such as HEV are also known to be resistant to
solvent/detergent treatment. In vitro, assessment has established
that hepatitis A virus, a similar nonenveloped virus, as well as
feline calicivirus, a model for HEV, are poorly sensitive to
amotosalen/UVA light.>6 Hepatitis E has recently emerged as
a significant cause of transfusion-induced viral hepatitis. Gener-
alizing HEV screening for all blood donations, or alternatively for
a fraction of BPs to be transfused in high-risk patients, is being
considered in France.
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Figure 1. Phylogenetic analysis of partial ORF1
sequence. Fhylogenelic tree was constructed op the
MEGA4 software using the neighbor-joining method
from a Kimura 2-parameter dislance malrix based on
partial nucleotide sequences of ORF1 enceding for
RdRp, as previously described (4). Boolstrap values
obtained from 500 resamplings are shawn. A 100%
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Should we screen blood
products for hepatitis E
virusRNA?

Hepatitis E was first identified during
an outhreak of acute hepatitis in the
Kashmir Valley in 1978, The causal
agent, an enterically-transmitted
non-enveloped RNA virus, was
identified in developing countries
where the most prevalent genotypes
are genotypes 1 and 2.* Hepatitis E

_wvirus is endemic in many developing

countries; animals such as swine,
boar, and deer are reservoirs of
hepatitis £ virus genotypes 3
and 4. Human infections accur after
ingestion of undercooked meat or
liver from infected animals. Very high
seroprevalences, up to 16%, have
been described in some regions.?

Recently, chronic hepatitis €
infections leading to cirrhosis or
neurological complications were
described in patients with im-
munodeficiencies in west European
countries.? Chronic hepatitis E
infection has been described in
patients receiving liver, kidney,
pancreas, lung, or heart transplants,
after haemopoietic stem cell trans-
plantation, after chemotherapy, in
HIV patients, and in patients taking
steroids.?

Importantly, hepatitis E virus'can be
transmitted by blood-derived products.
A high prevalence of 1gM against
hepatitis £ virus was observed after
transfusions in Asia and in European
countries. In Sweden and Germany 1 of
7986 and 1 of 4525 plasma donations
tested positive for hepatitis E virus RNA,
respectively. 10% of plasma pools tested
positive for HEV RNA in Germany.?

Since 2012, five cases of chronic
hepatitis E transmitted through
blood transfusions were diagnosed
{out of 367 transplantations) in
the Paul Brousse Centre (Villejuif,
France)! and Créteil liver transplant
centre (Créteil, France). Treatment of
chronic hepatitis E infection in liver
transplant recipients is decreasing
immunosuppression and ribavirin. In
these patients, eradication of hepatitis
E is not always obtained by antiviral
drugs, and substantial liver damage
might persist, even'after viral clearance.

Transfusion of blood products not
screened for hepatitis E is associated
with a risk of chronic hepatitis E
infection in immunocompromised
patients. Two recombinant hepatitis
£ vaccines have successfully gone
through phase 3 trials,® but they are
not yet available and their efficacy on
hepatitis E genotype 3 is unknown.

In view of the prevalence of hepatitis E
infection in the general population (and
therefore in potential blood donors)
and the severe consequences of
hepatitis E infection in immuno-
compromised patients, we believe that
systematic screening of blood products
for markers of hepatitis £ infection
should be implemented in countries
where hepatitis E is endemic, including
Germany, Sweden, and France, Because
serological testing is poorly sensitive,
hepatitis E nucleic acid testing should
be considered.
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multicentre randamised controlled triat. Lancet
2014; 383: 219-25--In figure Lof this Article,
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have read "kans on transfats and regulation of
salt in processed food™, In figure 16, the text
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Serological Cfoss Reactivity to CMV and EBV
Causes Problems in the Diagnosis of Acute
Hepatitis E Virus Infection

Catherine Hyams, Diana A. Mabayoje,* Ruth Copping, Desmond Maranao, Mauli Patel,
Wendy Labbett, Tanzina Haque, and Daniel P. Webster

- Department of Virology, Royal Free Hospital, London, United Kingdom

Hepatitis € virus (HEV)} infection is an impor-

tant public health concern as a major cause of

enterically-transmitted  hepatitis  worldwide.
The detectable window of viraemia is narrow,
and HEV IgM and IgG rise simultaneously in
acute infection. Furthermore, previous investi-
gators have shown HEV lgM false positive
reactions occur against EBV, CMV and poten-
tially hepatitis A. A retrospective analysis of
HEV serology testing was performed at a
London tertiary referral hospital over a 3-year
period. A thousand four hundred and twenty
three serum samples were tested for HEV
serology, with 33 samples HEV IgM positive
and 28 HEV IgM equivocal. One hundred and
eleven samples were HEV IgG positive but IgM
negative suggesting past infection. No patients
with HEV IgM positivity had false positive
reactions against hepatitis A. A high degree of
EBV and CMV cross reactivity was noted, with
33.3% and 24.2% of HEV IgM positive samples
also testing positive for EBV and CMV IgM,
respectively. HEV RNA was detected in four
HEV IgM positive samples, indicating true
positivity, although three demonstrated cross
reactivity against EBV. Only 13.3% of samples
with positive HEV IgM were HEV PCR positive,
highlighting a low positive predictive value of
serology testing. Overall a high level of HEV,

EBV and CMV IgM cross reactivity was demon- .

strated, indicating that serology is unreliable in
the diagnosis of acute viral hepatitis. It is
concluded that that the diagnosis of viral
hepatitis should be based on clinical features,
raised transaminases, serclogy, and confirma-
tory PCR testing. J. Med. Virol. 86:478-483,
2074, © 2013 Wiley Periodicals, Inc.

KEY WORDS: hepatitis E virus; Epstein—-Barr
virus; cytomegalovirus; serol-

ogy

" © 2013 WILEY PERIODICALS, INC.
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INTRODUCTION

Hepatitis E virus (Family Hepeviridae, genus Hepe-
virus, species Hepatitis E virus) infection is an
important public health concern as a major cause of
enferically transmitted hepatitis worldwide. Trans-
mission of Hepatitis E virus (HEV) is usually water-
borne via the feco-oral route, however, the
mammalian virus has a reservoir in pigs and zoonotic
foodborne transmission of genotype-3 virus has been
shown [Meng et al, 1998; Apgarwal, 2010]. It is
endemic in developing countries with poor sanitation
and public health structures, accounting for over 50%
of acute viral hepatitis [Dalton et al, 2008a;
Aggarwal, 2010]. In developed countries, HEV was
traditionally considered an imported infection
[Schwartz et al., 1999], but with newer molecular
tests and increased surveillance, autochthonous (lo-
cally-acquired) infections have been identified, estab-
lishing HEV as an important clinical problem [Jjaz
et al., 2005; Dalton et al., 2008a]. While there are
four genotypes of hepatitis E, genotype 1 is usually
seen in developing countries while genotype 3 is
usually seen in developed countries and does not
generally lead to epidemics. Genotype 4 is mainly
found in Asia, with swine believed to be an important
reservoir of infection [Meng et al.,, 1998; Schwartz
et al.,, 1999; [jaz et al., 2005; Lu et al., 2006; Dalton
et al., 2008a; Aggarwal, 2010]. The clinical manifes-
tations vary from asymptomatic infection to uncom-
plicated acute viral hepatitis and fulminant hepatic
failure. The disease pathogenesis and reason for
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Hepatitis E Diagnostic Serology Testing

varying disease severity largely remain unknown
{Srivastava et al,, 2011). Prognosis can be poor in
individuals with underlying chronic liver disease,
with mortality approaching 70%, as well as during
pregnancy [Dalton et al,, 2007; Peron et al., 2007].

In developed countries, HEV seroprevalence is esti-
mated to be 4-25% [Aggarwal and Naik, 1997; Dalton
et al, 2008a]. In England, a prevalence of 13.0% in
1991 and 13.5% in 2004 has been found [Jjaz
et al, 2009]. However, acute HEV infection incidence
is low, raising questions of HEV underdiagnosis,
clinically silent presentations or non-specific HEV IgG
festing. Diagnosis is based on combining clinical
features, elevated liver transaminases, serology, and
specific HEV PCR. While various protein constructs
have been used in diagnostic assays to detect HEV
specific antibodies, the major antigenic target remains
the ORF2-encoded protein [Khudyakov and Kamili,
'2011]. All four HEV genotypes arise from a single
serotype, therefore diagnostic antigens from a single
HEV genotype should detect antibody against HEV
strains from different genotypes [Emerson and
Purcell, 2003]. A classic serological pattern of antibody
response to HEV has been found, in which anti-HEV
IgM appears during acute illness, is detectable 4 days
after the onset of jaundice and persists for up to
5 months [Favorov et al.,, 1992], with strongly positive
reactions rare after 3 months [Dalton et al., 2008h].
" Over 90% of HEV infected patients have detectable
anti-HEV IgM within 2 weeks of illness onset [Favorov
et al, 1992]. The serological appearance of anti-HEV
IgM is followed shortly by anti-HEV IgG, so that both
may appear to develop simultaneously in acute infec-
tion, thereby complicating the serological diagnosis of
acute HEV infection. However, HEV IgG persists for
longer than anti-HEV IgM and is detectable 1-14
years post infection [Dawson ef al, 1992; Khurco
et al, 1993; Bryan et al, 1994]). HEV RNA can be
detected in serum using RT-PCR but may be of
reduced diagnostic value due to a brief 28-day viraemia
period (range 1748 days) after the onset of symptoms
[Dalton et al., 2008b].

Serological testing is hindered by the potential
inahility to detect HEV IgM and in addition false-
positive results have been reported to oceur in Herpes-
virus infections including Epstein-Barr virus (EBV;
Family Herpesviridae, genus Lymphocryptovirus, spe-
cies Human Herpesvirus 4) and Cytomegalovirus
(CMV; Family Herpesviridae, genus Cytomegalovirus,
species Human cytomegalovirus) [Fogeda et al,, 2009].
Furthermore, potential false-positive reactions have
been described in hepatitis A virus (HAV; Family
Picornaviridee, genus Hepatovirus, species Hepatitis A
virus) infection [Gray et al, 1992]. HEV IgM cross-
reactivity between HAV, EBV and CMV is clinically
problematic as these wviruses form the differential
diagnosis for acute hepatitis in such patients. HEV
serology testing at a large tertiary referral hospital
was therefore evaluated, processing samples from both
hospitalized and primary care patients.
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479
MATERIALS AND METHODS

A retrospective analysis over a 3-year pefiod
(July 2009 to August 2012) of patients who under-
went HEV serology testing at a large tertiary referral
hospital was performed. Serum samples were reflexly
tested for HEV serology if the patient serum tested
negative for hepatitis A, B and C in the presence of
elevated transaminases (ALT > 801U/L). Alternative-
ly, patients were also tested under clinical discretion
on the basis of a significant travel history or if HEV
testing was specifically requested by clinicians. Pa-
tients who had undergone lahoratory HEV IgM/IgG
testing were identified using the pathology patient
database.

HEV serology testing was performed using recom-
Well HEV IgM and recomWell HEV IgG enzyme
immunoassay (MIKROGEN Diagnostik, Neuried,
Germany), with equivocal and positive results con-
firmed wusing recomLine HEV IgG/IgM immunoblot
(MIKROGEN Diagnostik). In cases where there was
discordance between recomWell HEV IgM/HEV IgG
and confirmatory recomLine HEV IgG/IgM immuno-
blot testing, results from the latter assay superseded

‘the inijtial result due to the fact that the immunoblot

testing has a higher sensitivity and specificity. HEV
IgM positive was classed as >24 U/ml, equivocal as
between 220 'and <24U/ml, and negative being
<20U/ml. EBV IgM EIA was performed on the
Liaison platform (DiaSorin, Saluggia, Vicenza, Italy),
while FAV and CMV IgM was analysed using EIA on
the Abbott Architect i20005R (Abbott Park, IL). HAV
IgM positive was defined as >1.6U/ml, equivocal
>0.8 and <1.6U/ml, with negative HAV IgM
being <0.8U/ml. EBV IgM positive was defined as
>40Ufm], equivocal >20 and <40 Ufml, and negative
EBV IgM <20U/ml. CMV IgM positive was defined
as >1.7U/ml, equivocal >0.85 and <1.7U/ml, with
negative CMV IgM <0.85U/ml. Samples which
were found to test positive for HEV I1gM or for EBV
IgM from individuals with elevated transaminases
during the last 12 months of the study underwent
further serclogy testing in a reference laboratory at
the ‘Health Protection Association at Colindale,
using Wantai ELISA (Fortress Diagnostics, Antrim,
UK) to evaluate the performance of the lahoratory

. assay.

An in-house reverse transcription polymerase chain
reaction (RT-PCR) testing for HEV was started mid-
way through the study period, using Supersecript III
RT PCR (Invitrogen, Carlsbad, CA) and HEV forward
primer GCC CGG TCA GCC GTC TGQG, reverse
primer CTG AGA ATC AAC CCG GTC AC, HEV
probe FAM-CGG TTC CGG TGG TTT CT-TAMRA.
Statistical analysis was performed- using GraphPad
Software Inc. (San Diego, CA).

RESULTS

Overall, 1,423 serum samples were tested for HEV
IgG and IgM. Of these, 33 (2.3%) samples were IgM
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positive and 28 (1.9%) samples were equivocal for
IgM. In contrast, 133(9.3%) samples were IglG posi-
tive and 13 (0.9%) samples were equivocal for HEV
IgG. Of the IgG positive samples, 111(83.4%) were
negative for IgM, suggesting previous exposure fo
hepatitis E (Table I) and giving an overall population
seroprevalence of 7.8% (111/1,423). About 39.3% of
patients with serum which was positive for HEV IgM
also had serum which tested positive for HEV IgG
(13/33). Of the 17 HEV IgM positive samples which
were HEV PCR tested concurrently, four (23.5%)
individuals had HEV infection confirmed by PCR. Of
note, all of these individuals had significantly de-
ranged liver function tests, with levels of transami-
nases being at least five times greater than the upper
limit of normal. Additionally, a relevant travel histo-
ry was documented in three out of four of these
patients. :

Hepatitis A virus (HAV), EBV, and CMV IgM
reactivity in patients with reactive HEV IgM serum
was investigated. There were no patients who had
reactive HEV IgM who simultaneously demonstrated
reactivity to HAV IgM laboratory testing (Table II).
EBV and CMV IgM testing were not performed in
individuals who had previously tested EBV EBNA
IgG or CMV IgG positive. Overall a high degree of
BBV and CMV IgM cross-reactivity to HEV IgM was
demonstrated, with 33.3% (11/33) and 24.2% (8/33) of
samples which were HEV IgM positive also showing
reactivity to EBV and CMV, respectively (Table II).
Similar cross reactivity levels were found in samples
which were HEV IgM equivocal, 32.1% (9/28) demon-

Hyams et al.

strated EBV IgM cross-reactivity and 17.9% (5/28)
demonstrating CMV IgM cross-reactivity on laborato-
ry testing (Table IT). .

HEV 1gM serology was found to predict HEV PC
positivity in 13.3% of cases, highlighting the unreli-
ability of HEV IgM testing, HAV IgM cross-reactivity
with the HEV IgM EIA assay was not demonstrated,
suggesting that false positives reactions using immu-
nofluorescence testing may not be relevant using EIA
analysis.

Given the high rates of cross reactivity that were
found, all patient samples which had tested nega-
tive for EBV VCA IgG and EBNA IgG but positive
for EBV IgM over the preceding year were identi-
fied. Fifteen samples had concomitant elevated liver
enzymes, and these samples were tested for reactiv-
ity to CMV and HEV IgM, with HEV PCR also
performed on these samples. Fourteen (93.3%) of
samples tested positive for CMV IgM, and four
(26.7%) for HEV IgM of which all were HEV PCR
negative (Table III). Of the four samples which
tested positive for hoth HEV and EBV IgM, three
were negative for HEV 1gG. No samples which were
positive for EBV IgM and had elevated transami-
nases tested positive using HEV PCR, although this
is perhaps not surprising given the fragility of HEV
RNA, HEV RNA may have degraded in the ensuing
period of time between initial sampling and subse-
quent PCR testing given that HEV PCR was
performed after samples were frozen and defrosted;
this would aifect the yield of PCR performed
retrospectively. ,

TABLE I. HEV Serology Results

HEV IgG positive HEV IgG equivocal HEV 1gG negative
(>24 U/ml) (>20U/m}, €24 U/ml) (<20 U/ml} Total
HEV IgM positive (>24U/ml) 13 (10%) 1 (7.9%) 19 (1.5%) 33
HEV IgM equivocal (20 U/m], £24U/ml) 9 (6.9%) 2 (15.4%) 17 (1.3%) 28
HEV IgM negative (>20 U/ml) 111(83.4%) 10 (76.9%) 1,241 (97.2%) 1,362
Total 133 13 1,277 1,423
Percentages given represent the proportion of samples based on HEV IgG serology result.
TABLE II. Cross Reactivity of HEV IgM Reactive Samples to HAV, EBV, and CMV IgM Assays
HEV IgM positive HEV IgM equivocal
HAV EBV cMV HAV EBV CMV -
IgM positive 1} 9 (26.5%) 7 {21.2%) 0 3 (10.7%) 4{14.3%)
IgM equivocal 0 2 (6.0%) 1 (3.0%) 0 6 (21.4%) 1 (3.6%)
IgM negative 0 12 (35.3%) 16 {48.4%) ] 7 (25.0%) 11 (39.3%}
IgM not tested 0 10 (30.3%}) 9 (26.5%) 0 12 (42.9%) 12 (42.9%)
Totals Q 33 33 0 28 28

HAV IgM positive was defined as >1.6 U/ml, equivoeal >0.8 and <1.6U/ml, with negative HAV IgM being <0.8 U/ml, EBV IgM positive
was defined as >40Ufml, equivocal =20 and <40 U/ml, and negative EBV IgM <20U/ml. CMV IgM pesitive was defined as >1.7U/ml,
equivocal >0.85 and <1.7 U/ml, with negative CMV IgM <0.85U/ml. HEV IgM positive was classed as >24U/ml, with equivocal results

being >20 and <24 U/ml.
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TABLE IIT. Cross Reactivity of Samples That Were EBV
IgM Positive With Elevated Liver Enzymes Against HEV

and CMV IgG
CMV IgG HEV IgG
IgG positive 1 (6.7%) 4 (26.7%)
IgG equivoeal 5 (33.3%) 0
IgG negative 9 (60%) 11 ('73.3%)
Total 15 15
HEV PCR Positive — ]

HEV IgM positive was classed as >24 U/ml, equivocal as >20 and
$24U/ml, and negative being <20U/ml. CMV IgM positive was
defined as >1.7 U/ml, equivocal >0.85 and <1.7 U/m], with negative
CMV IgM <0.85U/ml. ) - :

Although there is no current universally accepted
“gold standard” for hepatitis E serology testing, in
order to demonstrate the reproducibility of the HEV
serclogy testing performed at the investigating cen-
ter, samples were sent to a reference laboratory for
further HEV serology profiling. The reference labora-
tory in question employed the use of a Wantai ELISA
which has been compared to Western blots and other
commercially available assays in population-based
studies and has been found to be highly sensitive.
[Zhang et al, 2003; ILi et al, 2006; Bendall
et al.,, 2010]. Zhang et al. [2003] propose that the
peptides used in the Wantai ELISA may form dimers
which have a stronger reaction with HEV-reactive
sera than the monomeric antigens used in other
assays, thereby conferring an increased sensitivity.
Samples which tested negative for both HEV IgM
and IgG demonstrated 100% agreement between the
original laboratory testing result and the reference
laboratory result. However, it was found that two
samples which tested positive for HEV IgM (22.2%)
and four which tested positive for HEV IgG (40%)
tested negative using the reference laboratory assay.
As mentioned in the methods, all samples underwent
HEV serology testing with enzyme immunoassay
testing which was then confirmed using immunoblot
-testing if initial testing demonstrated an equivocal or
positive result. Of 269 samples that underwent
confirmatory testing for HEV IgM or IgG antibody 13
(4.8%) had discordant results between the initial
enzyme immunoassay testing and confirmatory im-
munoblot testing, indicating a rate of concordance of
95.2% between the initial and confirmatory assays
used in this study.

It was then investigated whether elevated trans-
aminases were more likely to be found in patients
who had HEV IgM reactive serum. There was no
statistical difference in the wvalue of {ransaminases
between patients who were strongly reactive or those
whose serum tested equivocal, However, higher levels
of both ALT and AST were more likely to be found in
patients whose serum was reactive for both HEV IgM
and IgG in comparison to patients with serum which
was reactive for only HEV IgM (Fig, 1). Patients who
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Fig. 1. Level of transaminases detected in patient serum

Levels of (A} ALT and (B} AST recorded at the time of
presentation in patients who tested positive for HEV IgM and
IgG in comparison to patients who tested positive for HEV IgM
alone, -values represent the results of Mann-Whitney U tests.

tested positive for both HEV IgM and IgG had a
median ALT of 446 U/L and AST of 205 U/L, whereas
individuals whose serum was reactive only to HEV
IgM had a median ALT of 84 U/L and AST of 66 U/L.

DISCUSSION

Hepatitis E is both an imported infection and an
autochthonous disease in developed couniries [Aggar-
wal and Naik, 1997; Schwartz et al, 1999; Ijaz
et al, 2005; Dalton et al., 2008a], Diagnosis is based
upon combining clinical features with laboratory
testing, which includes identifying elevated trans-
aminases, testing for specific HEV IgM in serum or
by detecting HEV genome sequences by RT-PCR.
Performing HEV RNA testing is generally unavail-
able in most hospitals worldwide, and hence the
accuracy of laboratory-based diagnosis depends on
the specificity of enzyme-immunoassay or recombi-
nant immunoblot against HEV IgM.

© . Med. Viral. DOI 10.1002/imv
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Previous investigators have shown that acute infec-
tion with EBV and CMV cause false reactivity to
anti-HEV IgM in laboratory tests [Fogeda et al,
2009; Ghineiu et al., 2009]. This study demonstrates
a similar level of cross-reactivity against EBV IgM as
that found by Fogeda et al. [2009], although it
detected a significantly higher level of false-positive
reactions with CMV IgM. Even with samples reactive
enough to be termed positive for HEV IgM, it was
found that 33.3% of samples also tested positive for
EBV IgM and 24.2% for CMV IgM. Since all four
genotypes of HEV, belong to a single serotype,
diagnostic antigens from a single serotype should

detect antibody against HEV strains of different -

genotypes. Proteins derived from serotype 1 and 2
may be differently immunoreactive with sera from
anti-HEV positive serum [Dawson et al., 1992], indi-
cating that the variation in protein structure of HEV
strains does indeed affect detection of anti-HEV
activity in serum samples [Khudyakov and Kamili,
2011]. Differences in HEV strain and therefore
gsequence’ heterogeneity may account for the differ-
ence in results between this study and that of
previcus researchers [Fogeda et al, 2009; Ghingiu
et al., 2009].

This study found a level of cross-reactivity in
serology testing for HEV, CMV, and EBV specific
IgM that is concerning, given that in a jaundiced
patient the presence of anti-HEV IgM =zlong with
rising titres of anti-HEV IgG would be considered
diagnostic of acute HEV infection. Furthermore,
polyclonal stimulation of memory B-cell clones and
immunological cross-reactivity are known problems
for the diagnosis of acute viral disease involving
human herpes viruses [Karner and Bauer, 1994;
Thomas et al.,, 1999]. This would be expected to be
clinically relevant, given that HEV, CMV,. and EBV
constitute a large component of the differential
diagnosis of acute viral hepatitis once HAV is exclud-
ed. Since liver involvement is not rare in EBV and
CMV infection, HEV-induced acute hepatitis may be
incorrectly diagnosed as being due to CMV or EBV
infection if the diagnosis is not confirmed by molecu-
lar tests. Given the narrow period of viraemia in
HEV ‘-infection, the diagnostic value of RT-PCR
against HEV BRNA is reduced, and this may further
compound the difficulty in making an accurate labo-
ratory diagnosis. Additionally, of the four samples
which tested HEV positive using PCR, three were
reactive for EBV IgM, demonstrating that HEV
infection can result in false positive acute EBV
serology. Hence EBV and possibly CMV serology
alone may result in missed instances of HEV infec-
tion. This may provide an explanation for the high
seroprevalence of HEV IgG but low clinical incidence
of HEV infection, with cases of HEV being misdiag-
nosed as EBV or CMV infection, in addition to cases
of subelinical infection.

Antibody avidity has been used in the diagnosis of
many infections including hepatitis E [Prince and
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Wilson, 2001; Zhang et al.,, 2002; Kneitz et al., 2004].
Low avidity IgG antibodies are usually produced
early in primary infection, and are then replaced by
IgG antibodies with a higher avidity during convales-
cence. Antibodies produced during re-infection are
typically of high avidity. IgG avidity could therefore
be of use in determining the cause of an acute
hepatitis in a patient who had serum which tested
negative for HEV IgM, or which tested positive
against multiple viruses. Antibody avidity testing
was not performed on samples that tested positive for
HEV, CMV, or EBV IgG. Previous evaluations of
serological assays specific to IgM antibodies against
HEV have been performed, some using serum sam-
ples from patients infected from different HEV geno-
types [Seriwatana et al,' 2002; Yu et al., 2003;
Drobeniuc et al, 2010.]. Different immunocassays
have been shown to have varying diagnostic sensitivi-
ty values [Droheniuc et al., 2010]. When compared
with the assay used at a UK reference laboratory, the
local assay demonstrated a strong negative predictive
value, with no discordance seen in negative samples,
However a discordance rate of 22.2% was found for
HEV IgM positive and 40% for HEV IgG positive
samples when taking the reference laboratory assay
into account, raising the possibility that these results
were false positive. It is important to note that
although the assay used hy the reference laboratory
is known to have a high specificity and sensitivity for
HEV IgG in population-wide seroprevalence studies,
its applicability as a reference fest for diagnosis of
acute hepatitis E is less clear {Zhang et al., 2003; Li
et al., 2006; Bendall et al., 2010]. This result is in
keeping with those of previcus investigators who
have demonstrated that there is some variability in
the HEV positivity rates found with different serolog-
ical tests [Seriwatana et al., 2002; Yu et al., 2003;
Drobeniuc et al,, 2010.]. These results highlight the
need for standardisation of HEV serological diagnosis
in light of the various commercial assays in use.

A statistically significant elevation of both ALT
(=0.0005) and AST (=0.037) was demonstrated in
individuals who tested positive for bhoth HEV IgM
and IgG in comparison to those who tested positive
for HEV IgM alonie. The median ALT level found in
patients testing positive for HEV IgM and IgG was
five times greater than those who tested positive for
IgM alone, with AST being three times greater. This
suggests that individuals who test positive for HEV
IgM and IgG are more likely to have a significant
increase in their level of serum transaminases,
representing a more severe hepatitis. It is therefore
suggested that HEV serology testing should be inter-
preted in combination with elevation of transami-
nases in patients with suspected HEV hepatitis.

In conclusion HEV IgM serology was found to be of
limited value given high false-positive reaction rates
with EBV and CMV IgM, low levels of associated
HEV PCR confirmed infections, and the inability of
HEV IgG to exclude acute infection. One approach
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would be performing EBV, CMV, and HEV PCR to
confirm positive serology in all patients with possible
viral hepatitis. This may be limited by the additional
cost of performing PCR, and given the self-limiting
nature of CMV, EBV, and HEV infection PCR testing
would not necessarily alter clinical outcome. Overall
the authors suggest that HEV diapgnosis remains a
significant virological challenge, and should combine
clinical features, travel history, elevated liver en-
zymes, serology, and PCR analysis where appropriate.
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Detection of
Infectivity in Blood
of Persons with
Variant and
Sporadic
Creutzfeldt-Jakob
Disease

Jean Yves Douet, Saima Zafar,
Armand Perret-Liaudet, Carcline Lacroux,
Séverine Lugan, Naima Aron, Herve Cassard,
Claudia Ponto, Fabien Corhiére,

Juan Maria Torres, Inga Zerr,
and Olivier Andreoletti

We report the presence of infectivity in erythrocytes,
leukocytes, and plasma of 1 person with variant Creutzfeldt-
Jakab disease and in the plasma of 2 in 4 persons whose
tests were positive for sporadic Creutzfeldt-Jakob disease.
The measured infectivity levels were comparable to those
reported in various animals with transmissible spongiform
encephalopathies.

mong humans, Creutzfeldt-Jakob disease (CID) is a

low incidence disease (=1 case per million per year)
that occurs as either a sporadic (sCJD) or a familial/genetic
(fCJD) form. Whereas familial disease forms are linked to
a mutation in the prion protein gene (Prup), no clear epi-
demiologic risk factors have been identified for sporadic
disease forms. sCJD is not a uniform disorder in terms of
clinical and neuropathological phenotype. sCID cases are

classified as type | or 2 according to the polymorphism

at codon 129 of the protease-resistant prion protein (PrP)
sequence (methionine/valine) and to the electromobility of
the proteinase K-resistant core of the abnormal PrP (PrP)
(7). Type 1 and type 2 isoforms in sCJD are believed to
correspond to different transmissible spongiform encepha-
lopathy (TSE) agents ‘
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Despite their relative rarity, several hundred iatrogeni-
cally transmitted CJD cases were identified during the past
60 years (2). Some data supporting the presence of infec-
tivity in the blood of sCID-affected patients were reported
following the intracerebral inoculation of blood fractions
from affected patients into rodents. These observations
remain ambiguous because other studies did not confirm
them (3,4).

In 1996, a new form of CID, named variant CJD
(vCID), was identified in humans. Variant CID was dem-
onstrated to be caused by the agent that causes bovine
spongiform encephalopathy in cattle (5). In the United
Kingdom, 4 vCJD transmissions (3 clinical cases and 1 as-
ymptomatic infection) were probably caused by the trans-
fusion of non-leuco-depleted erythrocyte concentrates
prepared from donors who later had positive test results
for vCID (6). More recently, a presumed additional case
of vCID infection was reported in the United Kingdom
in a hemophilic patient who had received fractionated
plasma products, including some units linked to a donor
who had vCJID diagnosed (7). Despite the epidemiologic
evidence of bloodborne transmission in vCJID, bicassays
performed on conventional rodent models failed to dem-
onstrate the presence of infectivity in the blood {8). The
lack of TSE transmission in conventional rodent models
could be a consequence of a low infectivity level in blood
from vCID- and sClD-affected patients (as described in
sheep and rodent TSE models) (9) or of the existence of
the species barrier phenomenon that limits the transmis-
sion of human prions to these animal models. The devel-
opment during the last decade of transgenic mice models
expressing PrP from others species that abrogate the spe-
cies barrier now offers the potential to detect low level of
infectivity (10).

In this study, we used 2 transgenic mouse models
that displayed a high sensitivity to the vCJD or sCJD TSE
agents to estimate the infectious titer in certain blood frac-
tions from vCID- and sCID-affected patients, Accord-
ing to legislation of the United Kingdom, Germany, and
France, the experimental protocol, incliding the use of
human samples, was approved by UK National CJD Re-
search & Surveillance Unit tissue bank: REC reference
number 2000/4/157-German TSE reference center: Ref Nr
11/11/93, PHRC ref 2004-D50-353 for patient from France.

The Study

Previous studies reported a high sensitivity in trans-
genic mice overexpressing bovine PrP (tgBov) for the de-
tection of the bovine spongiform encephalopathy agent,
To demonstrate that tgBov also displays a high sensitivity
to vCID infection, we titrated to endpoint a vCID isolate
(10% brain homogenate) by intracerebral inoculation in
this model (Tgl 10} (/7). Considering the potential diversity
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Tahle 1, Titration of sCJD and vCJID isclates in transgehic mice expressing the human or bavine prion protein*t

sCJD MM1 in tgHu vCJD in tgBov
Dilution Positive transmission in mice  Incubation period, d Positive transmission in mice  Incubation period, d
Not diluted 6/6 186 £ 10 6/6 249+ 2
107 6/6 213£15 6/6 283+ 15
107 6/6 240 £ 13 ' 6/6 316+ 21
107 : 6/6 263 1 24 6/6 342 £ 10
10" 6/6 296 + 26 6/6 - 453 + 66
1078 . B/6 323+ 29 416 499+ 17
10°¢ 116 316 116 502
107 0/6 >B50 05 >700
|nfectious titer. ‘ 106.67 (1 06'3:—_1 06,57) 1 06.33 (1 05,84 _106.82)
1Dse/g of brain
(95% CI)

*sC.JD, sporadic Creutzfeld-Jakeb Disease; tgHu, human PrP gene ;PrP, protease-resistant prion protein; vCJD, variant CJD; tgBov transgenic mice
overexpressing bovine PrP, ID, infectious dose. .

TSuccessive 110 dilutions of 10% brain homogenate (frontal cortex) from patients affected by vCJD and sCJD were injected infracerebrally to tgHu (n =
8) and igBov (n = 6) mice, respectively. Those 2 patients were different from the 1 whose blood was tested in bioassay (Table 2). Mice were euthanized
when they showed clinical signs of infection or after 650 days pastinfection. Mice were cansidered infecled when abnormal prion protein deposition was
detected in the brain by western blot by using Sha3{ monaclonal antibody, which recognizes amino acids 145-152 (YEDRYYRE]} of the sheep prion
protein. Infactious titers were estimated by the Spearman-Karber method (74).

of TSE agents that may cause sCJID, we decided to focus dilution of the reference brain homogenates {Table 1; 13).
only on type 1 homozygous for methionine at codon 129 of  This value was within the range of the brain/blood relative
the PRP gene (MM1) sCJD cases. An endpoint titration of  infectivity reported in various TSE animal models {9,/4).

a MM1 sCID 10% brain homogenate was performed in a In the next step of our experiment, blood fractions
mouse model that express the methionine 129 variant of the  (erythrocytes, plasma, and leukocytes) from 1 vCJD-con-
human PrP gene (igHu:Tg340) (/2). This enabled confirma-  firmed patient were injected intracerebrally in tgBov mice.
tion of the capacity of the tgBov and tgHu models to detect ~ Similarly, plasma samples from 4 sCID MM! patients
the vCJID and sCJD MM1 agent, respectively, up to a 10°  were inoculated with tgHu (Table 2). The blood fraction

Table 2. Intracerebral inoculation of bload companents collected from 1 vCJD and 4 sCJD cases (MM1) in transgenic mica expressing
the bovine or human prion protein gene*t ‘

Inoculated Pasitive
Mouse model Donor Specimen mice mice Incubation period, d ID/mL (95%ChE
tgBov vCJD Leukocyte 24 3 © 478, 567, 576 2.23 (04.87)
Plasma 24 1 453 2.12 (0-6.52)
Erythrocyte 24 1 433 2,12 (0—6.52)
tgHu sCJD case 1 Plasma 14§ 1 338 3.70 (0-11.85)
Brain 5} 6 216+ 2 NA
sCJD case 2 Plasma 24 0 >700 0 (0-6.24)
brain. ] 6 2175 ; NA
sCJD case 3 Piasma 24 1 233 212 (0-6.52)
Brain 6 6 205+5 NA
sCJD case 4 Plasma 24 0 >700 0 (0-6.24)

: Brain 6 - 8 207 &3 NA
tgHu Control human Plasma 12 0 »>650 NA
tgBov Control human Plasma 12 0 >650 NA
tgHu Control human PBS 12 G >700 : NA
tgBov Contral human PBS 12 Q >700 NA
tgHu Contral human Brain 24 0 >700 NA
tgBov Contral human Brain 24 0 >700 ‘ NA
tgHu Control human None 24 0 >750 NA
{gBov Cantrol human None 24 0 >750 NA

~CJD, variant Creutzfeld-Jakob disease; sCJD, sporadic Creutzfeld-Jakob disease; dpi, days postinfection; ID, infectious dose; igBov, bovine prion
protein; igHu, human prion protein;; PBS, phasphate-buffered saline. .

+The leukocyte(s) from a single vCJD case corresponding to a starting volume of 3 mi of blood were suspended in 1 mL of 5% glucose solution. The
leukacyte suspensian and the crude erythracytes were homogenized by using a high speed cell disrupter. The leukocyle and erythracyte homogenates
(vCJD case} and crude plasma (vCJD and sCJD cases) were intracerebrally injected inta mice (20 pL per mouse}. For the 4 sC.JD MM1 cases, brain
homoagenate {10%, temperal cortex) were alsa inoculated in tgHu. Mice were euthanized when they showed clinical signs of infection or after 650 or 750
dpl. Mice were considered Infected when abnormal protease-resistant prion protein, deposition was detected in brain tissue by using Western blot
analysis with Sha31 monoclonal antibody: epitope amino acids 145-152 (YEDRYYRE) of the sheep PrP sequence. For samples showing 100% attack
sate, incubation periods are reparted as mean {+ SD). For other samples, individual incubation periad of CJD-positive mice are presented; their infectious
titers were estimated by using limiting dilution titration method (application of Poisson model) described by Brown et al (13).

fLeukocyte titer Is expressed as HD/mL of the starting whole bloed. Plasma and erythrocyte titers are expressed as ID/mL of inoculum.

§24 mice were incculated; 10 died because of the acute toxicity of the sample. '
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1 2 3 4 5 6 7 8

$CJ0 MM n tgHuU mice

Figure. Abnormal prion protein (PrP™) detection by using Western
blat (WB) and paraffin-embedded tissue (PET) blot in the brain of
transgenic mice expressing the methionine 128 variant of the human
prion protein (PrP) {tgHu) or bovine PrP (fgBov). A, B) PET blot
PePres distribution in coronal section (thalamus level) of tgHu mice
inoculated with sporadic Creutzfeldt-Jakob disease (sCJD) MM1
isolates (10% brain homogenate): A) reference isolate used for the
endpoint titration in Table 1; B) sCJD case 1 (Table 2). C) PrP™ WB
of variant Creutzfeldt-Jakob disease (vCJD) reference isolate (used
for endpoint titration in Table 1) and tgBov mice inoculated with
the same vCJD reference isolate’ or vCJD bload fractions, Lane 1,
WRB-positive control; lanes 2 and 3, reference vCJD isolate; lane 4,
leukocytes; lane 5, erythrocytes; lane 6, plasma; lane 7, WB-positive
control; lane 8, heaithy human plasma in tgBov. D) {PrPres Western
blot of the sCJD reference isolate (used for endpaint titration in Table
1) and tgHu mice inoculated with the same sCJD reference isolate
and plasma from sCJD cases. A proteinase K—digested classical
scrapie isolate in sheep was used as positive control for the blots
in panels C and D. (PrPres immunedetection in PET and Western
blots was performed by using Sha31 monoclonal antibody {epitope:
145YEDRYYRE'152 of the human PrP). Lane 1, WB-pasitive control;
lanes 2 and 3, reference sCJD MM1 isolate; lane 4, brain tissue from
case 1; lane 5, plasma from case 1; lane 6, plasma from case 3; lane
7. plasma from case 2; 1ane 8, plasma from case 4.

116

25

]

preparation was performed by using laboratory scale he-
matologic protocols (online Technical Appendix, wwwne.
cde.gov/ElD/article/20/1/13-0353-Techappl.pdf), not by
following the procedure applied by blood banking servic-
es. This method implies that the leucodepletion that is ap-
plied to blood labile products in most countries to reduce
the vCID bloodboerne transmission risk was not performed.
Brain tissue samples from each of the 4 sCID cases were
also inoculated with tgHu. On the basis of the incubation
period (Table 2) and PrP= distribution pattern in the brain
as assessed by using paraffin-embedded tissue blot, the TSE
agents in those isolates were indistinguishable from those
in the MM1 sCJD case that was used for endpoint titration
(Figure, panel A).

No TSE clinical signs or PrP* accumulation were ob-
served in the tgBov or tgHu mice inoculated with phosphate-
buffered saline or brain and plasma from healthy human con-
trols. The 3 bloed fractions from the vCID-affected patient
caused a positive result but low attack rate among tgBov
mice (Table 2). On the basis of these results, infectivity in
erythrocytes and plasma was estimated to be 2,12 infectious
dose (IDYmL of inoculum. In leukocytes, the infectious titer
was estimated to be 2.23 ID/mL of whole blood. Accord-
ing to these values and the hematocrit of the sample {online
Technical Appendix), the global infectious titer whole blood
in the tested patient would be =4.45 ID/mL. Such infectious
level is approximately equivalent to 1.4 pg of the reference
vCJD brain sample that was endpoint-titrated (Table 1).

In tgHu mice, positive transmission was observed
among mice inoculated with 2 of 4 plasma samples (Table
2). The infectious titers in both positive plasma samples
were estimated to be 2.12 and 3.7 ID/mL of plasma, which
is equivalent to 0.3-0.5 ug of the reference sCJD MMI
brain sample that was endpoint titrated (Table 1). Howev-
er, because of the limited number of mice inoculated (n =
24) and the overall sensitivity of the assay (upper CI limit
6.24 ID/mL), the absence of transmission in mice inocu-
lated with the 2 other plasma samples cannot be interpreted
conclusively

In tgBov inoculated with vCID and tgHu inoculated
with sCJID, the PrP™ banding patterns observed by West-
ern blot in animals challenged with brain homogenate and
blood components were identical {Figure, panels C, D).
These results support the contention that the TSE agent
propagated in tgBov mice and tgHu were vCID and sCID
agents, respectively.

Conclusions .

The data reported here confirm the presence of in-
fectivity in erythrocytes, leukocytes, and plasma from
vCID-affected patients and demonstrate unambiguously
the presence of infectivity in the plasma of some, but not
all, sCID-affected patients. The infectivity levels that we

Emérging Infectious Diseases » www.cdc.govleid - Vol. 20, No. 1, January 2014



measured in the tested vCID and sCJD blood components
were comparable to those reported in various TSE animal
models. The number of cases included in our study was
limited; a new experiment that would include a larger num-
ber of cases and different blood fractions from sCID cases
will be necessary to refine the data. However, these results
represent a substantial input for assessing the risk for in-
terindividual bloodborne transmission of sCJD and vCID.

Acknowledgmenfs

The authors are greatly indebted to the National Creutzfeldt-
Jakob Disease Surveillance Unit (UK-Edinburgh) for providing
variant CJD brain samples.

This work was supported by a grant from the European

Commission: Protecting the food chain from prions: shaping Eu- -

ropean priorities through basic and applied research (PRIORITY,
N°222887; project no. FP7-KBBE-2007-2A) and by grants from
the JPND program (DEMTEST: Biomarker based diagnosis of
rapid progressive dementias-optimization of diagnostic protocols,
01ED1201A). The study in Germany was funded by the Robert
Koch-Institute through funds of the Federal Ministry of Health
(grant no. 1369-341), -

Mr Douet is assistant lecturer in ophthalmology at the Na-
tional Veterinary School of Toulouse and a PhD student in the
TSE group in the UMR INRA ENVT 1225 unit. His primary
research interests are the pathogenesis of the prion disease with
special emphasis on the risk of iatrogenic transmission.

References

1. Parchi P, Castellani R, Capellari S, Ghetti B, Young K,
Chen $G, et al. Molecular basis of phenotypic variability in sporadic
Creutzfeldt-Jakob disease. Ann Neurol, 1996;39:767-78. http://
dx.doi.org/10.1002/ana 410350613

" 2. BrownP,Brandel JP, Sato T, Nakamura Y, MacKenzie J, Will RG, et al.
Iatrogenic Creutzfeldi-Jakob disease, final assessment. Emerg Infect
Dis. 2012;18:901-7, http://dx.doi.org/10.3201/eid1806,120116

3. Brown P, Cervenakova L, Diringer H. Blood infectivity and the
prospects for a diagnostic screening test in Creutzfeldt-Jakob
disease. J Lab Clin Med. 2001;137:5-13. http://dx.doi.org/10.1067/
mle.2001.111951

Infectivity of Creutzfeldt-Jakab Disease

4, Brown P, Gibbs CJ Jr, Rodgers-Johnson P, Asher DM, Sulima MP,
Bacote A, et al. Human spongiform encephalopathy: the National
Institutes of Health series of 300 cases of experimentally transmitted
disecase. Ann Neurol. 1994;35:513-29. http://dx.dei.org/10.1002/
ana.410350504

5. Bruce ME, Will RG, Ironside JW, McConnell I, Drummond D,
Suttie' A, et al. Transmissions to mice indicate that ‘new variant’
CID is caused by the BSE agent. Nature. 1997;38%:498-501.
http://dx.doi.org/10.1038/39057 .

6, Peden AH, Head MW, Ritchie DL, Bell JE, Ironside JW. Preclinical
vCID after blood transfusion in a PRNP codon 129 heterozygous
patient, Lancet. 2004;364:527-9. http://dx.doi.org/10.1016/80140-
6736{04)16811-6 ‘

7. Peden A, McCardle 1., Head MW, Love S, Ward HJ, Cousens SN,
etal. Variant CID infection in the spleen of a neurologically asymptom-
atic UK adult patient with haemophilia. Haemophilia. 2010;16:296-
304. http:/idx.doi.org/10.11114,1365-2516.2009.0218[ x

8. Bruce ME, McConnell I, Will RG, Ironside JW. Detection of
variant Creutzfeldt-Jakob disease infectivity ‘in extraneural
tissues. Lancet, 2001;358:208-9. http://dx.doi.org/10.1016/80140-
6736(01)05411-3

9.  Andréoletti O, Litaise C, Simmons H, Corbiere F, Lugan 8, Costes
P, ct al, Highly efficient prion transmission by blood transfusion.
PLoS Pathog, 2012;8:¢1002782. htip://dx.doi.org/10.1371/journal.
ppat.1002782

10. Béringue V, Vilotte JL, Laude H. Prion agent diversity and
species barrier. Vet Res. 2008;39:47. http://dx.doiorg/10.1051/
vetres:2008024 ' '

11. Castilla J, Gutiérrez Adan A, Brun A, Pintade B, Ramirez MA,
Parmra B, et al. Early detection of PrPres in BSE-infected bovine
PrP transgenic mice, Arch Virol. 2003;148:677-91. http://dx.doi.
org/10.1007/s00705-002-0958-4

12. Padilla D, Beringue V, Espinosa JC, Andreoletti O, Jaumain E,
Reine F, et al. Sheep and goat BSE propagate more efficiently
than cattte BSE in human PrP transgenic mice. PLoS Pathog.
2011;7:¢1001319. hetp://dx.doi.org/10.1371/journal ppat. 1001319

13, Markus RA, Frank J, Groshen S, Azen SP. An alternative approach
to the optimal design of an LD50 bioassay. Stat Med. 1995;14:841-
52. http:/fdx.dot.org/10.1002/5im. 4780140812

14. Brown P, Cervenakova L, McShane LM, Barber P, Rubenstein R,
Drohan WN, Further studies of blood infectivity in an experimental
model of transmissible spengiform encephalopathy, with an expla-
nation of why blood components do not transmit Creutzfeldt-Jakob
disease in humans. Transfusion. 1999;39:1169-78. http://dx.doi.
0rg/10.1046/].1537-2995.1999.39111169.x

Address for correspondence; Olivier Andreoletti, UMR Interactions Hotes
Agents Pathogénes, Ecole Nationale Vétérinaire INRA, ENVT, 31076
Toulouse, France; email: o.andrecletti@envt.fr

CME

Medscape Sign up to receive email announcements when
a new article is available.

Get an online subscription at wwwnc.cdc.govfeid!subscribe.htm

Emerging Infectious Diseases » www.cdc.gov/eid - Vol. 20, Na. 1, January 2014

"7

26



CPLOLURA P/YHAPRIN

CRENBMOHARBRI|LIHRE

ORI MO YR 2GIE Ty B, dd
GYT — AL TP WO L Q2 RPRAS LY L5 2 5 24 M

UROBE UEOEIDE
=
7L (ORI O&ADA mw
R T e B

S QB BN TGN LN T Bag FHTUEEN DT —4| 8
\*H%g.ﬁije%gﬂﬂﬁgﬁﬂﬁ&a&&@&41&x*ﬁ$aembvswaﬂ~wtew;go bR g dida T Be
085 [N H [MT-3F Wy | 440 L4 =6  HUNEIBGT 2 FVONIPS “FI( 2N~ S YO G2RERRE G 2T — AP T TP Or g~ -3
bl B N -G M Eg syl | MR 420 b ERNTMEL R IESINA "R 2y "G RURIEY 8 2N UR Billgg, d 1D B0 LIS | I

0Z1 M B |4 1-25 T 890 41k | 9\ A2 UE B dIdEIDIT — A AT Y NG SR QAL URME R 2 JHR | ERRT M I D A TNL L 2T/

EMELEHOL (S Y VB GBI R AERHSL " A C T2 Emewﬁﬁv,gou%@&dﬁe\%ah@;vsﬁw Hm_@mw

e _ WAL 2T

UNWREROTHE | ) qudguerly —A = hWESOY 423 (S51) TR SRR 0T BB R BAK(LEE@00 U0
B | a0 s SRR e sen

OdX LA 3OO [P0UY GIVY ..wﬂ%w% <0 wu_u m%m_..m 1ty (BB ) 03T e Y T-F R a8 1%
*EAOHBUSBAIDY) T ‘RABATISEA ) ’
mgy || O ITNOrTAC TS YWY sl o o
N A 8 'T1 €107 o
= m
BEwEREs CROSTEDE | BEvE— HE WESEH SR
=EPEEE SREL TEF

I¢ °N

|-ZE WY

27



206A

Donor Follow-up Testing

ELISA Signal/cutoff

Days Post {where »1=+)
Collect Date Donation PCR . IgM IgG
11672013 70 Mot Tested <1 >7.8
2/20/2013 105 Positive <1 >7.5
3/30/12013 143 Megative <1 >8.1
471512013 159 Megative <1 »8.0
SPagt

First Proof of PrP™t Presence in Blood-Circulating Exosomes from
Transmissable Spongeform Encephalopathles (TSE)-Infected Mice by
In Vitro Amplification of Misfolded Prion Protein

P Saa' {paula.saa@redcross.org), O Yakovleva', J de Casira’,

1 A Vasilyeva!, L Cervenakova®. 'fransmissible Diseases Departmant,
American Red Cross Holland Laboratory, Rockville, MD, United Stales

Background/Case Studies: Exosomes (membrane vesicles of 30-120 nm
in diameter} were originally considered to be a cellular mechanism to elimi-
nate unwanted proteins. Recent investigations however, have attributed new
roles to these vesicles including intercellular communication and agent dis-
semination. Litlle is known about the distribution of prions {(the agenis impli-
cated in transmissible spongiform encephalopathies (TSEs) in blood.
Cellular prion protein, PrP®, and its misfolded counterpart, PrP™SE, have
been identified in excsomas from various TSE models; and exosomes
obtained from TSE-infected cell cultures have caused clinical disease in
mice. Exosomes isolated from blood components contain PrPS, This finding
has raised the possibility that they may also contain PrPT5E and serve as
vehicles for the transfusion transmission of TSEs. In this study we isolaled
exosomes from plasma samples of mice infected with human TSE agents

" and demonslrated the presence of PrPTSE by hiochemical methods. These
findings set the ground for the design of novel blood-based diagnostic tests
for TSEs, Study Design/Methods: Exosomes were isolated with ExoQuick
reagent {Syslem Biosciences) from 250 wl of platelet poor plasma collected
from clinically sick mice Infected with human TSEs, and uninfected contrals.
Exosome pellels were rmixed with uninfected mouse brain homogenates and
amplitied by saPMCA method (which allows the mulliplication of minute
amounts of PrPTE (o levels delectable by standard biochemical assays).
Alfter proteinase K digestion, PrP™E was detected by Western blod using the
anti-PrP monoclonal antibody 6011. Results/Findings: Exosomal prepara-
tions were positive for exosomal markers Hsp?0 and Fiotillin by Western
blotting. saPMCA allowed the‘specific detection of PrP™® in samples from
TSE-infected animals. Different numbers of saPMCA rounds were neces-
sary to amplify PrP™E fo deleclable levels in individual exosomal samples.
These findings suggest that different guanfities of PrP7°E are present in
plasma at the terminal stage. Conclusion: The biochemical detection of
PrRTeE in plasma exosomes, abtained fram clinically sick animals, is reported
here for the first lime. Thase experiments provide an invaluable foundation
for the development of new diagnostics and potential targets for TSEs
treatment. Furlher characterization of Pre™E.containing microvesicles may
lead to the identification of 1he cellular origin of prion-containing exosomes
and lhe site(s) of prion replication in bleed, Support. The study was partiaily
supported by Fondation Alliance BioSecure, France,

Disclosure of Commercial Conflict of Interest

L. Cervenakova: Nothing o disclose; J. de Castro: No Answer; P. Saa:
Nothing to disclose; |. A. Vasilyeva: Nothing to disclose; O. Yakovleva:
Neoihing to disclose

Disclosure of Grants Conflict of Interest

L. Cervenakova: Nothing to disclose; J. de Castro: No Answer; P. Saa:
Nothing 1o disclose; §. A. Vasilyeva: Nothing to disclose; O, Yakovleva:
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Prevalence of T. Cruzi Antlbodies in Blood Donors from a Blood
Bank Placed in a Non Endemlc Area with High Migration Rates

G A Qrjuela’ (guillermo,oguela @ cruzrojacolombiana.org), J D Mufoz'.
'National Blood Bank, Colombian Red Cross, Bogoeld, Colombia

Background/Case Studies: Chagas disease, an infaction caused by Try-
panosoma cruzi (T. Cruzi), is endemic in several regicns in Central and
South America. Increasing migration rates have extended the number of
cases lo non-endemic regions such Europe and the US. Several mitigation
strategies have been implemented in receal years for preventing
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transfusion-associaled cases in these regions. In Colombia, serologic
screening for T. Cruzi anlibodies lo all cotlected blood became mandatory in
1993, During the last 10 years, the capital city of Bogotd, a non endemic
region, has experienced substantial migrations from the countryside caused
by the internal social conflict. The prevalence of T. cruzi antibodies in bfood
donors from a reference blood bank placed in a non-endemic area (Bogald,
8530 ft AMSL), during the last B years is reporied here. Study Design/
Methods: Resulls of screening tests for T cruzi were retrospeclively
reviewed for all blood donations from January 2005-December 2012 at the
National Blood Bank Colombian Red Cross in Bogotd, Colembia. Various
ELISA-based assays were used for donor. screening until January 2012,
when a chemiluminescence method was introduced (ARCHITECT Chagas
assay, Abbott GmbH & Co. KG). From 2005-2007 and 2009: ELISA cruzi test
(bioMérieux, Mercy-I'Etcile, France), From 2008-2008; Chagalest (Wiener
Laboratorios S.A.1.C. Argentina). From 2010-December 2011: ORTHO
ELISA Test System (Johnson & Johnson, HighWycombe, UK). Al reactive
samples were confirmed by Indirect |Immunofluorescence. Results/
Findings: In total, 191,964 donations were tested during the time of the
study, resulting in 645 samples being reactive, Only 2B0 samples were
confirmed 1o be positive, The reactivily rate for T, cruziwas 0.37%, although,
as the table shows, in 2007 and 2008 there was an unexpected rise in the
detection rate, explained by transitory problems wilh the cul off values
assigned during that time. The positivity rate was 0.14% (1 confirmed case
every 686 units). Conclusion: The reactivity and positivity rates found in this
bank are much higher than those reported recently in the US or Europe.
Based on these data, Bogotd has comparable posilive rates to other
endemic places in the world.

Disclosure of Commaercial Conflict of [nterest
J. D. Mufioz: Nathing ta disclose; G. A. Qrjuela; Nathing ta disclose
Disclosure of Grants Canflict of Interest

J. D. Muioz: Nathing to disclose; G. A. Orjuseta; Nothing to disclose

Year 2005 2006 2007 2008 2008 2010 20M

Total 22053 23862 23494 24270 25497 26970 21650
Donors }

Reactive 85 60 167 175 BO 43 55
donors )

Confirmed 32 35 45 35 36 H a5
cases

Transfusion-Transmitted Infectious Diseases: Viruses

SP383
Eleven-Year Experience of Parental and Nen-Parental Whele Blood

. Donor Infectious Disease Testing at a Pediatric Hospital Blood-Donor

Center

N Lezama' (lezama.niara @gmail.com), V Criss', E Gourdine', C Colvin?,
N L Luban'?, E Wong'2. 'Laboratory Medicine; Children's National
Medical Center, Washington, DC, United States; ?Pediatrics and
Pathology, George Washington School of Meadicine and Health Sciences,
Washington, DC, United States; IChildren’s Research institute, Children's
National Medical Center, Washington, DC, United States

Background/Case Studies: Directed donation is well known to be associ-
ated with increased infeclious disease rates. However, filtle is known of the
infectious disease risk of parental donation as a special subeategory of
directed donations. It was hypothesized that: 1) parental donors would have
higher infectious disease risk than homotogous denors because of internal
parental incentives to donale in order 1o help their child; and 2) have similar
or greater infectious disease fisk than non-parenial directed donors bacause
of internat pressure to donate, Study Design/Methods: An 11 year retro-
spective study (January 1997-December 2008) of whole blood donation at a
pediatric hospital blood donor center was undertaken. Review of blood donar
deferrat records, including infectious disease testing posilivity, was per-
formed 1o obtain transfusion transmilted risk. Total yearly blood donations
were slratified by donor relationship (parental, non-parental directed, and
homologous) and firs! time versus repeat donation. Median (5th and 95th
percentile} yearly incidence of positive infeclious disease testing was deter-
mined for alf groups. Mann-Whilney U test was used to compare median
incidence rales between each group. Results/Findings: Over an 11-year
peried, a total of 23,865 firsl ime and repeat donors attempied whole blood
donation. Although there was a trend lowards higher median yearly inci-
dence of positive inlectious disease testing among parental donors
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To the editor:

-A highly specific blood test for vCJD

Variant Creutzfeldt-Jakob disease (vCID) is a fatal neurodegener-
ative disease originating from exposure to bovine spongiform en-
cephalopathy (BSE). Despite low clinical incidence, the risk of
secondary vCJD infection via blood transfusions from subclinical
carriers persists. A recent study of appendix samples by the United
Kingdom (UK) Health Protection Agency estimates 1 in 2000 silent
prion infections in the UK population (95% confidence interval [CI]:
1 in 1248-3546).! This estimate is in sharp contrast to the small
nurmber of recognized clinical cases that may be explained at least
in part by the extremely prolonged incubation periods associated
with human prion disease and the possibility that the barrier to
infection is lower in lymphoreticular tissue than in brain,% leading
to subclinical infection.

A sensitive and specific blood-based assay for vCJD infection,
though urgently needed, has been elusive because abnormal prion
protein (PrP) levels are extremely low in blood and chemically
identical normal PrP is in large excess, Previvusly, we demonstrated
a prototype assay that captured and enriched disease-associated PrP
from whole blood using stainless steel powder, achieving impressive

Tabte 1. vCJD infection blood test performance

analytical (1077 dilution of vCID-affected brain) and diagnostic
(71% of vCID-infected patient blood samples) sensitivity.>

To explore the assay’s specificity and hence suitability for
screening exposed and at-risk populations, we tested 5000 blood
samples from the American Red Cross in which, because of minimal
BSE exposure, no true positives would be expected (US normals).
No samples tested positive (100% specificity; 95% CI: 99.93%-
100%) (Table 1). The high specificity was reflected in a smaller,
healthy UK cohort (UK normals). The assay’s positive likelihood
ratio indicates true positives are more than 7000 times as likely as
false positives; the negative likelihood ratio indicates true negatives
are more than 3 times as likely as false negatives. Finally, we tested
a'small blind panel of unaffected and vCID patient samples. Seven
of 10 vCID patient samples tested positive (70% sensitivity), re-
confirming but not refining our previous sensitivity estimate.

A remaining question is whether the assay can detect sub- or
preclinical vCID-affected individuals. Although it has been sug-
gested that asymptomatic individuals would have particularly low

-concentrations of abnormal PrP, preclinical blood involvement?

vCJD-negative coherts Samples Positive Speclilcity 95% CI
US normals - 5000 0 100% 99.9-100%
UK normals 200 o] 100% 98.2-100%

vCJD-ppéitlve cohorts Sarhples Positive Sensitivity 85% CI
vCJD spikes 192 192 100% 98.1-100%
vGCJD patiants ‘ 21 17 71.4% 47.8-88.7%

US normals + vCJD patients Value 95% CI
Pasitive Mkefihood ratie 7047 435-114 146
Negative likelihood ratio 0.30 0.16-0.56

Whole blood samples were incubated avernight in buffer containing stainless steel powder, as previously described.? The powder was heat lreated and seguentially
incubated with biotinylated anti-PrP antibody, NeutrAvidin-HRP, and chemiluminescent subsirate. Samples were scored reactive if the mean signal from 3 replicates
exceeded an on-plate negalive contral cutolf, Repeat-reaclive samples were considered posilive for vCJD; nonreactive and single-reactive samples were considered negative

for vCJ4D.

Anonymous blood samples fram unaffected blood donors were oblained from the American Red Cross {US normals) and ihe Natfonal Heallh Service Bloed ar'.d
Transplant service of England and Wales (UX normals). Positive conirol samples consisied of 0,1% wi/val vCJD-infected brain homogenate in whale unaffacted human blood
(vCJD spikes) and were used lo presarva scarce stocks of endogenous vCJO patient samples (vCJD patients}. Clopper and Pearson's "exact’ method was used {or
confidence intervals of proportions. Likelihood ratios and their confidence intervals were calculated using Haldane's correction and a derived approximation for risk ratios.

HRP, horseradish peroxldase.
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and transmission® have been demonstrated in animal models.
Despite some limitations and uncertainties, the prototype vCID
assay has sufficient performance to justify a prevalence study
comparing prion-exposed and prion-unexposed populations, which
would require 20000 samples from each cohort (I~ = 80%,

= 5%). A blood prevalence study would provide essential
information for deciding if routine vCID screening is needed for
blood, tissue, and organ donations and for patients before high-
risk surgical procedures.
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To the editor:

Application of CIBMTR risk score to NIH chronic GVHD at individual centers

A new risk scere to predict mortality in patients with chronic graft-
versus-host disease (GVHD) was recently reported by Arora et al by
analyzing a large amount of data between 1995 and 2004 from the

31

Center for International Blood and Mamow Transplant Registry
(CIBMTR)l The risk score consists of 10 variables defined at
transplantation or at onset of chronic GVHD that are objective and
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Emerging infections/CJD ,
CJD biannual update (2014/1}), with briefing on novel human prion disease

This six-monthly report provides an update on the enhanced surveillance of potential iatrogenic
(healthcare-acquired) exposures to Creutzfeldt-Jakob Disease (CJD). The data is correct as at
31 December 2013. For numbers of CJD case reports, readers should consult data provided by
the National CJD Research and Surveillance Unit (NCJDRSU, _nttoiwww.cid.ed.ac.uk/data.htmi). A
briefing on a recently-identified human prion disease — Variably Protease-Sensitive Prionopathy
— is also presented below.

Monitoring of patients 'at increased risk' of CJD

Individuals who have been identified as at increased risk of CJD as a consequence of their
medical care are informed of their exposure and asked to follow public health precautions to
avoid potentially transmitting the infection to others. They are also followed-up to help determine
the risks of CJD transmission to patients through different routes and to ascertain whether any
people who may have been exposed to increased CJD risks go on to develop CJD.

Public health follow-up activities include clinical monitoring, general practitioner (GP) updates,
and post mortem investigations to determine whether asymptomatic individuals in these groups
have been infected with the CJD agent. Some individuals also provide blood or tissue
specimens for research purposes. A number of different organisations are involved in these
activities: Public Heaith England (formerly the Health Protection Agency), Health Protection
Scotland (HPS), UCL Institute of Child Health/Great Ormond Street Hospital (ICH), NHS Blood
and Transplant (NHSBT), National CJD Research and Surveillance Unit (NCJDRSU), National
Prion Clinic (NPC), and the UK Haemophilia Centre Doctors' Organisation {UKHCDO).

The PHE CJD Section coordinates the collation of data on individuals identified as at increased
risk of CJD, and who have been informed of this. These individuals are followed up through
public health monitoring and research activities by different organisations (table 1).

The PHE CJD Section currently holds data on the following groups of ‘at risk’ patients:

recipients of blood components from donors who subsequently developed vCJD

blood donors to individuals who later developed vCJD

other recipients of blood components from these blood donors

recipients of certain plasma products between 1990 and 2001 (non-bleeding disorder patients)
certain surgical contacts of patients diagnosed with CJD

highly transfused recipients.
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Data on the following risk groups are not held by PHE, but are held by other organisations:
« bleeding disorder patients who received plasma products between 1990 and 2001 {UKHCDOQO)
» recipients of human derived growth hormone before 1985 (iCH)
« patients who could have received a dura mater graft before August 1992 (data not currently
collected ‘
s people w)ho have been treated with gonadotrophin sourced from humans before 1973 (data not
currently collected)
« family risk of genetic prion disease (NPC).
The data from the UKHCDO are likely to be an underestimate of the true number of ‘at risk’
patients with bleeding disorders who received UK-sourced clotting factors, as there was
incomplete reporting of identified ‘at risk' patients by haemophilia centres to the UKHCDO
database. Notified ‘at risk' patients are given the option of removing their details from the

UKHCDO database, and are then removed from the ‘at risk' totals.

The data on ‘af risk' patients who received human-derived human growth hormone held by the
ICH is a slight underestimate of the total as a small number of these patients are not included in
the ICH follow-up. '

Table 1. Summary of all ‘at risk’ groups on which data are collected (as at 31 December 2013) .

e Identified as Number notified as being ‘at risk’ Asymptomatic
At risk' Group at risk' . Cases infections [b)
: All Alive
Recipients of blood from who
later developed vCJD 67 2 15 3 1
Blood denors to who later .
developed vCJD 112 107 104 - B
Other recipients of blood
components from these T34 32 [c] 19 [c] - -

donors

Plasma product recipients
{non-bleeding disorders) who- 1 10 4
received UK sourced

_|plasmsa products 1980-2001

Certain surgical contacts of . ' a

patients diagnosed witih CJD 154 129[d] 113 [¢] -
Highly transfused patients 11 10 6 - -
Total for 'at risk' groups

where PHE holds data 389 31511 261 ] 3 L
Patients with bleeding National National

d:sorrde%rs rvhgﬁrecre;\éic;gK- 3,875 information information - 1
?gg&zo&a[“z] ap incomplete incomplete

Recipients of human-derived 1683 1,883 ’ 1,504 75 _
growth hormone {a]

;:’;ﬁ'pf:[a?” ‘atrisk’ 6147 Al least At least 1765 78 2

a. These are minimum figures. Cenisal reporting for bleeding disorder patients is incomplete, and seven patients have opted out of the central
UK Haemophilia Centre Doctors' Organisation database. A small number of 'at risk’ growth hormone recipients are not included in the Institute
of Child Heafth study. Not all of ‘at risk’ growth hormane recipients have been nofified. There is no central record of who has been infurmed.
b. An unsymptomatic infection is when an individual does not exhibit any of the signs and symptoms of CJD in life but abnormal prion protein
indicative of CJD infection has been found in tissue obtained from them. In these cases the abnermal prian protein was identified during post
mortem after the individuals had died of other causes.

¢. One patient notified by proxy. d. Four of these notified by proxy. e. Two of these notified by proxy. f. Includes patients notified by proxy.

Health Protection Report Vol 8 No. 6 - 14 February 2014
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Variably Protease-Sensitive Prionopathy
Professor James W Ironside ahd Dr Mark W Head,

The National CJD Research and Surveillance Unit, University of Edinburgh.

Variably protease-sensitive prionopathy (VPSPr) is the most recently identified human
prion disease, first described in the USA by Gambetti ef al. in 2008 as “a novel human
disease with abnormal prion protein sensitive to protease” [1]. Since then, similar cases
have been identified in,other countries; the National CJD Research and Surveillance Unit
has identified nine cases in the UK, three of which have been identified retrospectively and
the others prospectively from samples and data collected since 1991 [2-6]. Other
candidate cases are currently under investigation.

Patients with VPSPr have no identified risk factors for acquired human prion disease and
no associated mutations in the prion protein gene (PRNP) coding sequence have been
found. In the original description a proportion of the patients had family histories of ill-
defined dementia, but this has not been a feature in more recently identified cases [1,2,6].
VPSPr affects patients in the same age range as sporadic Creutzfeldt-Jakob disease
(sCJD), occurring mostly in patients over the age of 60. The clinical features are more
varied than in sCJD and include movement abnormalities, cognitive decline and
unsteadiness while walking. The clinical illness is longer than for sCJD; most patients
survive for over a year before succumbing to the iliness. Diagnostic clinical criteria are
therefore difficult to establish, and further work is required on this topic since this disease is
likely to be under-ascertained [2,6].

Like sCJD, VPSPr occurs in all genetic groups defined by the polymorphism at codon 129
in the PRNP gene, ie MM, MV and MV. Unlike sCJD, there is a preponderance of the
codon 129-V haplotype. VPSPr has distinctive neuropathological features, the most typical
of which are microplagues that occur in a target-like arrangement and are particularly
common in the cerebellum. These microplaques show differential staining with a panel of
different anti-PrP antibodies, allowing a distinction from both the common sCJD VV2 and
the rare sCJD VV1 subtypes [1,2,5,6]. The most distinctive and defining feature of VPSPr
is the biochemistry of the abnormal prion protein in the brain, which is only poorly resistant
to proteolytic digestion, yielding a low abundance, truncated 8kDa (approx) band in
Western blot assays {1]. This fragment is often accompanied by a faint ladder of bands
extending into the 18-30kDa range [1,2]. Some cases of VPSPr also show a sCJD-like
pattern on Western blot analysis for abnormal prion protein, often in the cerebellum,
suggesting molecular overlaps between VPSPr and sCJD [6,7].

Further work is required to fully establish the epidemiology, clinical and pathological
diagnostic criteria and transmission characteristics of VPSPr. The Advisory Commitiee on
Dangerous Pathogens Transmissible Spongiform Encephalopathy (ACDP TSE) Subgroup
concluded that until further research can demonstrate how transmissible VPSPr may be, it
would be advisable to add this novel form of human prion dlsease to the infection control
guidance for CJD and other related disorders.
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Powassan Virus
~ Encephalitis,
Minnesota, USA

To the Editor: Birge and Son-
nesyn report the first death of a Min-
nesota resident caused by Powassan
virus (POWV) (/). However, they
provide an inaccurate description of
several crifical diagnostic and surveil-
lance issues conceming POWV,

The 17 POWYV infections detect-
ed in Minnesota residents from 2008
through 2011 (6 cases were identi-
fied thrangh 2010, not 8 as reported
by Birge and Sonnesyn) (Minnesota
Department of Health [MDH], unpub.
data) were found through enhanced
surveillance. Health alerts to Min-
nesota medical providers described
POWYV as a possible eticlogic agent
for viral meningitis and encephalitis.
Providers consulted with MDH on
suspected cases and submitted serum
and cerebrospinal flnid specimens to
MDH. MDH conducted serologic test-
ing for endemic arboviruses (includ-
ing POWV) and reverse transcription
PCR (RT-PCR) for flaviviruses and
POWV. MDH would not have de-
tected any POWYV infections without
enhanced surveillance. Limited field
studies also identified POWV-infected
ticks in 4 Minnesota counties {not 2 as
reported [1]) (MDH, unpub. data).

Commercial laboratories do not
provide testing for POWV, and only
a few state health  department labo-
ratories and the Centers for Disease
Control and Prevention offer testing,
Serologic testing {(enzyme immuno-

assay with plaque-reduction neutral-

ization testing confirmation) is pre-
ferred (2) because POWV RT-PCRs
are not validated, and the short vire-
mic periods of flaviviruses limit their
usefulness (3).

Few POWYV infections are identi-
fied by lineage (prototype vs. deer tick
virus); Minnesota’s first case in 2008
wag identified as a deer tick virus in-
fection, but the lineage was unknown

685

for the other 16 cases. Howevef, many
case-patients had likely exposure to

Ixodes scapularis ticks (blacklegged

ticks), the tick species associated with
deer tick virus transmission, and virus-
es from all POW V-positive tick pools
were confirmed as deer tick virus by
sequencing. The disiribution of the 2
lineages in North America is poorly
understood, and most cases likely go
undetected without specific FOWV
surveillance efforts.

David F. Neitzel, Ruth Lynfield,
and Kirk Smith
Author affiliation: Minnesota Department of
Health, St. Paul, Minnesota, USA

DOI: hitp:/fdx.doi.org/10.3201/eid1904.121651
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Hepatitis E
Virus and
Porcine-derived
Heparin

To the Editor: Cases of spo-
radic, locally acquired hepatitis E
have been increasingly identified in
industrialized countries over the last
few years (1). In this sefting, hepatitis
E is thought to be a zoonotic infec-
tion, with pigs ‘as the primary host.
Consumption of uncooked or lightly
cooked pork meat products is thought
to be a key route of infection, but oth-
er routes of fransmission have been
documented (2). For example, there
have been several iatrogenic cases
after fransfusion of hepatitis E virus
(HEV)-contaminated blood products
(3) and transplantation of an HEV-
infected donor liver {4). However, in
most cases the source and route of in-
fection are uncertain,

In May 2011, a 42-year-old
woman scught care at the Royal
Cornwall Hospital in Truro, United
Kingdom, for-a !-week history of
malaise, diarthea, nausea, and vom-
iting., Physical examination results
were normal. Her liver function test
results, however, indicated hepatitis:
alanine aminotransferase 2,785 IU/L
{reference range 10~36 IU/L), alka-
line phosphatase 319 IU/L (reference
range 30-130 TU/L), and bilirubin 30
pmol/L (reference range <21 pmol/L).
HEV IgM and IgG serologic test re-

. sults for the patient were positive,

and HEV genotype 3 was identified
in her blood by reverse transcription
PCR and sequencing. Other causes
of viral hepatitis and hepatocellular
jaundice, including hepatitis viruses
A, B, and C; Epstein-Barr virus; and
autoimmune hepatitis, were excluded
by testing. As with most immunocom-
petent persons with HEV, the patient
made an uneventful clinical recovery
after 12 weeks, and her liver func-
tion tests returned to normal after
8 weeks.

Emerging Infectious Diseases - www.cde.govieid » Vol. 19, No. 4, April 2013



LETTERS

Table. Heparin samples tested for hepatitis E virus, porcine curcowrus 2, and porcine parvovirus*

Producer, proprietary namefother Quantity  95% upper
names, batch or lot no. Use " Excipient Concentration tested, IU CL, Ut
Sanofif
Clexhane/enoxaparin Injection H.0 .
ILAO1 20 mg/0.2 mL 6,000 0.0008
34751 40 mg/0.4 mL 4,000 0.0009
OLC56 80 mg/0.8 mL 8,000 0.0005
ILAS3 60 ma/0,6 mL 6,000 0.0G06
oLCo7 100 mg/ mL 10,000 0.0004
12255 120 mg/0.8 mL 12,000 0.0003
Pfizer§
Fragmin/dalteparin sodium Injection H20 pH adjusted with
: HCI or NaCH .
1233%A01 5,000 1L/0.2 mL 15,000 0.0002
12338401 50001U/0.2mL. 15,000 0.0002
12327B01 5,000 [U/0.2 mL 15,000 0.0002
12257A01 5,000 IU/Q.2 mL 15,000 0.0002
12444A01 5,000 1L/0.2 mL 10,000 0.0004
12122C01 - 7,500 1U/0.3 mL 7,500 0.0005
T4774D51 10,000 [U/0.4 mL’ 10,000 0.0004
74871B51 12,500 1U/0.5 mL 25,000 0.0001
74779G51 12,500 IUASmL 12,500 0.0003
74871B51 12,500 [U/R.5 mL 12,500 0.0003
74743C52 15,000 [U/D.6 mL 30,000 0.0001
74755A51 15,000 IU/Q.6 mL. 30,000 0.0001
74832A52 156,000 [U/0.6 mL 15,000 0.0002
T74832A01 15,000 1U/0.6 mL 15,000 0.0002
X08580 1 1 100,000 [U/4 mL 100,000 0.00004
Wockhari#
Monoparin Injection H20 pH adjusted with
HCl or NaOH | .
PK40319 ' 1,000 1U/MmL 20,000 0.0002
3090 1,000 I/mL 10,000 0.0004
Hepsal Flushing NaCl, H20, HCI, and i
NaOH
5000090 10 IUMmL ' 120 0.03
91180 50 IU/mL 50 0.07
1069 200 [Ufml 200 0.02
Leo™*
Heparin sodium Infravenous Benzyl alcohol, methyl
flushing parahydroxybenzoate,
propyl
parahydroxybenzoate,
sodium citrate, NaCl, and
H;O )
DD7314 100 IWmL 200 0.02
CC4338 100 1UfmL 200 0.02
Celgenett, . ’
Refludan/Lepirudin, 25561611A%F Powderused for Mannitel, NaOH, and H.O 12.5 mg/mL NA NA,
solution for '
injectionfinfusion
Total guantity tested ) NA NA NA 404,270 0.000009

*NA, not applicable.

TThe 95% upper confidence limit of the probability of a virus-positive result per IU was calculated on the basis of the quantity tested for each batch. This
was estimated, assuming perfect delection of a Poisson process, by using Fisher exact fest. For the pooled result, the upper 95% estimate i is +1 per

100,000 IU.
:f:Sanor 1 (Guilford, UK},
§Pfizer (Sapdwich, UK).

Multidose vials used for injection, Exuplenls Benzyl alcohol and H,0.

#Wockhart (Wrexham, UK).

**| eo {(Buckinghamshire, UK.

ft1Celgene (Uxbridge, UK).
t1tNon-porcine~derived anticoagulant allernative.

The source and route of infection
in this case was uncertain. A detailed .
in-person " assessinent of potential
riske factors was undertaken with the

patient. She had not traveled outside
the United Kingdom in the previous 3
months. She rarely ate pork products
(well cooked bacon only); ate no shell-

fish; and had no workplace, domestic,
or recreational exposure to pigs or
their effluent. However, 4 weeks be-
fore symptom onset, the patient had
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acute appendicitis for which she un-
derwent an uneventful laparoscopic
appendectomy and was hospitalized
for 2 days. During hospitalization
she received no blood products, but,
as prophylaxis for thromboembolie

disease, she received 2 doses (5,000

IU each) of low-molecular weight
heparin (Fragmin {dalteparin sodium];
Pfizer, Sandwich, UK) by subcutane-
ous injection. All heparins used in Eu-
rope and North America are isolated
from porcine intestinal mucosa {3).
The exact purification methods used
by heparin manufacturers are deemed
commercially sensitive and not in the
public domain, so it is impossible to

evaluate whether the isolation process -

would be sufficient to remove or in-
activate any contaminating HEV. The
virus is known to be acid and alkaline
stable; heat sensitivity varies, depend-
ing on strain and heating conditions,
although heating at 60°C for 1 hour
is generally sufficient to achieve 96%
inactivation (6). To our knowledge, no
investigation has determined whether
clinical-grade heparin could contain
viral contaminants. Thus, we hypoth-
esized that the heparin the patient re-
ceived might have been the source of
her HEV infection.
~ To cxamine this possibility, we
-screened multiple batches of hospital
pharmacy—grade heparin for the pres-
ence of HEV, including -batches of
dalteparin sodium that were in use at
the hospital when the patient received
treatment for appendicitis. Before
testing, the samples were ultracentri-
fuged to concentrate any contaminat-
ing virus and enable the removal of
excipients, which could inhibit the as-
say. We tested samples by quantitative
reverse transcription PCR (7) in paral-
lel with positive World Health Orga-
nization HEV RNA standard spiked
controls, which showed the limit of
detection (LOD) to be 500 IU/mL, re-
gardless of the heparin’s excipient or
concentration. This LOD is within the
range used by collaborating laborato-
ries in the establishment of the World

688

Health Organization HEV RNA
standard  (http://whqlibdoc.who.int/
hq/2011/WHO_BS_2011.2175_eng.
pdf). In addition, we tested the hepa-
rin samples for porcine circovirus 2
(PCV2), an identified adventitious
agent of several rotavirus vaccines (8)
and porcine parvovirus (PPV) (9), a
known contaminate of porcine ¢lot-
ting factor hyate:C (10). Although
samples were tested in parallel with
PCV2- and PPV- positive spiked con-
trols, we were unable to calculate the
LOD for these assays because interna-

tional standards are not available for

these viruges.

All samples tested negative for
HEV, PCV2, and PPV (Table), which
would indicate the patient’s source
of HEV infection is unlikely to have
been the heparin. However, we cannot

- tule out low-level viral contamination

below the sensitivity of the assay. We
also cannot exclude that the negative
test results were related to the Pois-
son effect, Given that all samples ana-
lyzed were negative for all 3 viruses
tested, it seems likely that the heparin
manufacturing process is sufficient to
remove viral contaminants. However,
this may not necessarily be the case
for other porcine-derived products,
such as porcine insulin, factor VIII C,
pancreatin, and poractant alfa. Further
investigation is warranted to exclude
these products as potential sources of
HEV infection.
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Hepatitis E and Guillain-Barré
Syndrome

To the Editor—Hepatitis E virus (HEV)‘
infection is the most commeon cause of
acute hepatitis worldwide. Whereas in
developed countries it usually presents
as a self-limiting disease caused by geno-

. type 3, genotype 1 and 2 infections in

resource-limited countries are associated
with considerable morbidity and mortali-
ty [1). Besides liver disease, neurologic

manifestations may oceur, such as Guil- -

lain-Barré syndrome (GBS) and brachial
neuritis [2]. GBS is the most common
cause of acute neuromuscular paralysis

JRC2013T-040

in countries where poliomyelitis has been
eliminated {3]. GBS patients frequently
report preceding gastrointestinal or respi-
. tatory illnesses, such as those caused by
Campylobacter jejuni, cytomegalovirus,
Epstein-Barr virus, and Mycoplasma
preumoniae [4}; but in many developing
countries antecedent infections have not
been investigated. Recent reports on the
global burden of HEV infection prompted
us to perform a case-control study among
GBS patients in Bangladesh, where both
HEV genotype 1 infection and GBS are com-
monly diagnosed [3, 5].

A prospective case-control study was
conducted between July 2006 and June
2007 enrolling 100 consecutive GBS cases
from Dhaka Medical College Hospital,
Bangabandhu Sheikh Mujib Medical Uni-
versity, and Dhaka Central Hospital in
Dhaka, Bangladesh, Two controls per case
were recruited: one among the family
members of the patient living in the same
household (family control {FC]); and
one was an age-, sex-, and day-matched
patient hospitalized in the same ward with
another neurologic disease not related to
recent infections {(other neurological dis-
ease control [ONDC]). Written informed
consent was obtained from all patients
and controls. The project protocol was re-

viewed and approved by the institutional

>

1gG anti-HEV seroprevalence (%)
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21-30
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IgM anti-HEV seroprevalence (%)
T

GBS ONDC FC

Figure 1. Anti-hepatitis E virus {HEV) immunoglobulin 6 {Ig6) and immunoglobulin M [IgM) seroprevalence. A, Percentage of patients and controls
within ezch age group with anti-HEV 1gG serum antibodies. B, Percentage of patients and controls with anti-HEV IgM serum antibodies. Abbreviaticns: FC,
family contral; GBS, Guillain-Barré syndrome; HEV, hepatitis E virus; IgG, immunoglabulin G; IgM, immunaglobulin M; ONDC, other neurological disease

control.
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review board and the ethical com-mittees
- at Dhaka Medical College and Hos-pital,
Bangladesh.

Ages of GBS patients ranged from 2

to 65 years (mean, 24 [standard deviation
{SD}, 14]), and of ONDC from 4 to 65
years {mean, 24 [SD, 14]), FCs were sig-
nificantly older (P<.001) as their ages
ranged from 11 to 57 years (mean, 33
{SD, 10}). Seventy-two percent of GBS
patients and 74% of ONDCs were male,
whereas 47% of the FCs were male. HEV-
specific serum immunoglobulin M (IgM)
and immunoglobulin G (IgG) antibodies
were detected with a commercial enzyme-
linked immunosorbent assay (ELISA;
Wantai, Beijing, China). The IgG sero-
prevalence is depicted by age group in
Figure 1A, It is in line with earlier reports
[5] and illustrates the high prevalence of
HEV infection. The mean IgG seropreva-
lence among GBS patients (44%), ONDCs
{46%), and FCs (41%) was similar between
patients and controls (data not shown).
In contrast, anti-HEV IgM seroprevalence
(Figure 1B) was significantly higher among
GBS patients as compared to ONDCs
(P<.01) and FCs (P <.001). IgM levels
directed against other viral pathogens
and Mycoplasma were measured as well
to control for cross-reactivity {data not
shown}. IgM seropositive individuals for
HEV RNA [6], yielded 1 positive serum
sample classiffed as HEV genotype 1,
with a viral load of 6.29 log IU/mL. The
sequence identified was deposited into
GenBank (accession number KF192078).
These data for the first time show an
association between GBS and antecedent
HEV infection in a unique case-conirol
study in a developing country. Additional
prospective case-control studies should
confirm this association, which would
add GBS to the disease burden associated
with HEV infection. Since poliomyelitis
. was eradicated from Bangladesh in 2000;
GBS has been the most prevalent cause
of acute flaccid paralysis. Sporadic cases
of imported poliomyelitis are still described
and may be clinically miscdiagnosed as
. HEV-associated GBS, emphasizing the need

for adequate diagnostic methods to dis-
tinguish between these disease entities.
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Subject: PRO/EDR> Dengue/DHF update (03): Germany (Berlin} ex Japan, RFI
Archive Number: 20140109.2162194

DENGUE/DHF UPDATE (03): GERMANY (BERLIN) ex JAPAN, REQUEST FOR INFORMATION
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A ProMED-mail post

http://www.promedmail.org

ProMED-mail is a program of the

International Society for Infectious Diseases

hitp://www.isid.org

Date: Thu 9 lan 2014
From: Jonas Schmidt-Chanasit <jonassi@gmx.de> [edited]

Autochthonous dengue virus infection in Japan

A previously healthy 51-year-old woman sought treatment in a hospitat in Berlin on 9 Sep 2013 after returning from
travel to Japan (Honshu). Since 3 Sep 2013 she suffered from fever up to 40 deg C [104 deg F] and nausea, followed
by a maculopapular rash. 9 days before admission she had returned from a 2 week round trip (19-31 Aug [2013])
from Japan [with sites visited on the following dates in August 2013]:

19-21 Ueda
21-24 Fuefuki
24-25 Hiroshima
25-28 Kyoto
28-31 Tokyo

She reported several mosquito bites while grape picking in Fuefuki. She flew nonstop from Frankfurt {International
Airport) to Tokyo (Narita International Airport) and [back the same way]. Among several other diseases, dengue
fever was suspected, because of the clinical picture. Initially, the 1st serum sample collected 7 days after disease
onset gave a positive result in the dengue virus (DENV) IgM and IgG antibody tests (IFA [indirect fluorescent
antibody] and rapid test), as well as for DENV NS1 antigen (ELISA and rapid test) demonstrating an acute DENV
infection of the patient. Real-Time RT-PCR for DENV RNA and generic flavivirus RT-PCR were negative. After one
week in hospital the patient was discharged with a characterization of restitutio ad integrum [total recovery]. A
follow-up serum sample was collected in December 2013, because this acute case of dengue fever imported from
Japan was considered very unusual. This 2nd serum sample collected 110 days after disease onset revealed a
significant DENYV IgG titer decrease (IFA) and negatlve results for DENV NS1 ant:gen (ELISA and rapid test) and
DENV IgM (IFA and rapid test), respectively.

This is the 1st labaratory confirmed case of DENV infection imported from Japan to Germany. Most likely, according
to the patient's activities and DENV incubation period, the infection was acquired in Japan. Thus, differential
diagnosis in febrile returning travelers from Japan (Honshu) in late summer [2013] should include dengue fever. In
addition, the autochthonous transmission of DENV in Japan should be further investigated to take adequate
prevention measures early.

Jonas Schmidt-Chanasit, Petra Emmerich, Dennis Tappe, Stephan Gunther

Bernhard Nocht Institute for Tropical Medicine, WHO Collaborating Centre for Arbovirus and Haemorrhagic Fever
Reference and Research, National Reference Centre for Tropical infectious Diseases, Hamburg, Germany
<jonassi@gmx.de>

Daniel Sagebiel, Kathrin Hentsche
State Office of Health and Social Affairs, Berlin, Germany

Christina Frank, Irene Schuneberg, Klaus Stark
Robert Koch Institute, Department for Infectious Disease Epidemiolegy, Berlin, Germany

[This case is, indeed, highly unusual because it |mp||cates a dengue virus infection acquired focally in Japan, and
indicates that there must have been other infected individuals in the area where she became infected. This is the 1st
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ProMED-mail |
case of locally acquired dengue virus infection in Japan that ProMED-mail has ever posted.

There have been several examples of individuals who have become infected with dengue viruses in Southeast Asia

and Africa and subsequently become ill in Japan, indicating that viremic individuals have been bringing dengue virus
into the Japanese islands.

It would be of interest to know if there have been other cases of dengue virus infection acquired locally in Yapan
during the summer of 2013, and to know about the status of populations of dengue virus vector mosquitoes {_Aedes
aegypti_ and _Ae. albopictus_) in the areas that the patient visited.

ProMED-mail thanks Dr Jonas Schmidt-Chanasit and colleagues for sending in this ist-hand report.

A HealthMap/ProMED-mail map of Japan can be accessed at http://healthmap.org/r/62Cn. - Mod.TY]

See Also

2012

Dengue/DHF update 2012 (12) 20120319.1074013
2010
Dengue/DHF update 2010 (44) 20100826.3010
2008

Dengue/DHF update 2008 (35): Japan ex Cote d'Ivoire 20080818.2573
................................................. mil/ty/mij/ml
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In October 2013, autochthonous dengue fever was mL) and an elevated C-reactive protein level {145 mg/L;

diagnosed in a laboratory technician in Bouches-du- norm: <7.5 mgfl). As her condition had improved,
Rhéne, southern France, a department colonised by despite the rash having expanded to her arms and
Aedes albopictus since 2010, After ruling out occu- back, she was discharged after 24 hours, with a diag-
pational contamination, we identified the likely chain nosis of ‘probable viral infection’. She consulted a
of local vector-borne transmission from which the dermatologist three days later, who suspected an arbo-
autochthonous case arose. Though limited, this sec- viral infection and sent blood samples to the NRL.
ond occurrence of autochthonous dengue transmission
in France highlights that efforts should be continued A panel of sera obtained during the acute and convales-
to rapidly detect dengue virus introduction and pre- cent phases (days 6, 10, 14 and 35 after symptom onset)
vent its further dissemination in France. was investigated using in-house real-time reverse
transcription polymerase chain reaction (RT-PCR)} and
in October 2013, the French WNational Reference serological assays (in-house IgM antibody capture
Laboratory for arboviruses (NRL) — hosted at the Institut (MAC)-enyzme-linked immunosorbent assay (ELISA)
de Recherche Biomedicale des Armées, Marseille - and indirect 1gG ELISA) for DENV and West Nile, chikun-
reported an autochthonous case of dengue fever to gunya and Toscdna viruses (Table). For the first serum
the Regional Health Authority of Provence-Alpes-Cote sampled on day 6, the real-time RT-PCR for DENV was
d’Azur. The case lived in the department of Bouches- positive, with a high cycle threshold {Ct) value (indi-
du-Rhéne, France. The national and regional health cating a very low viral load), serotyping by real-time
authorities initiated a multidisciplinary investigation RT-PCR was negative, DENV non-structural protein 1
to determine the source of infection of the case and (NS1) detection by rapid diagnostic test (SD Biotine)
the extent of possible dissemination of dengue virus was negative, but IgM and IgG antibodies against
(DENV). DENV antigens were detected). IgM and 1gG antibod-
ies against DENV were also detected in the next two
Case report serum samples (on days 10 and 14}. For the last serum
On 11 October 2013, a female laboratory technician specimen, sampled on day 35, only DENV-specific 186
in her early fifties, residing and working in the area antibodies were detected: the specificity of these anti-
of Aix-en-Provence, Bouches-du-Rhdne department, bodies was determined by seroneutralisation against
developed sudden fever with incapacitating myalgia, DENV serotypes 1 to 4 (DEN1-4)} and West Nile virus [1].
predominantly in her legs. She had not left the depart- For West Nile virus, DEN1, DEN3 and DENg4, the 90%
ment in the 15 days before onset of symptoms. Four neutralisation titre was <t2/20. A 90% neutralisation
days later, she developed a rash on her legs and con- titre of 1/160 against DEN-2 was highly suggestive of
sulted her general practitioner, who prescribed symp- an infection of this patient by DEN-2,
tomatic treatment of fever and aches. As the symptoms
persisted, she was taken to a hospital’s. emergency Background ‘
department on two days later. On admission to hospi- Infection with DENV - a member of the family
tat, she was normotensive, with a body temperature of Flaviviridae, genus Flavivirus - leading to dengue
38.4 °C. Laboratory analyses showed a normal white haemorrhagic fever and shock syndrome, is responsi-
- bleed celi (7,200/mL; norm: 4,000-~10,000 /ml) and ble for substantial morbidity and mortality in popula-
platelet count (197,000/ml; nerm: 150,000—450,000/ tions living in the tropics and among travellers to these
www,eurosurveillance.org i
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FIGURE 2

Timeline of epidemiological features and laboratory results of sera from autochthonous and imported case of dengue,

Bouches-du-Rhone, France, September-November 2013
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? Initially reported as a suspected case.

regions [2,3]. The global burden of dengue ranges
from an estimated so-100 million DENV infections
worldwide every year according to the World Health
- Organization [3] to a recent estimate of 390 million
DENV infections per year [4]. The virus is considered an
emerging threat to Europe because of its recent detec-
tion in southern Europe due to the continuous spread
. of Aedes (Stegomyia) albopictus (Skuse), an invasive
mosquito species and well-known vector of chikungu-
nya virus and DENV [5,6]. Public health concern has
been heightened since limited foci of local transmis-
sion of DENV were reported in September 2010 in Nice,
southern France, and Croatia and more recently in 2012
in Madeira, Portugal (where the vector was Ae. aegypti)
(7-9l.

Ae. albopictus was introduced in southern France in
2004, near the Italian border [10]. Since then, it has
continuously spread eastwards and northwards and

n
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y for arboviruses; RHA: regional health agency ;

has to date colonised 17 departments {administra-
tive districts) including Bouches-du-Rhne since zoog
(Figure 2) [10,11]. Prevention of the introduction of
DENV and chikungunya virus in the departments where
Ae. albopictus is established falls under a naticnal
preparedness and response plan created in 2006
[12]. Implemented each year during the vector activity
period, from 1 May to 30 November, the plan is based
on enhanced surveillance aiming at the early detection
of imported dengue and chikungunya cases.

In mainland France, dengue has been a mandatorily
notifiable disease since April 2006 [13}: a case should
be reported immediately after laboratory confirmation
[12]. In addition, in the areas and period of vector activ-
ity, physicians and laboratories are asked to immedi-
ately notify suspected imported. cases to the local
health authorities and to send blood samples directly
to the NRL for laboratory confirmation. These actions

www. eurosurveillance.org



FIGURE 2

Departments colonised by Aedes albopictus, France, 2004-2013
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guide entomological investigations followed by vector
control measures when appropriate.

The investigation

As the case could have been exposed to blood during
her laboratory work, two hypotheses on the source
of infection and mode of DENV transmission were
explored: occupational transmission through acciden-
tal exposure to blood from a viraemic patient or local
vector-borne transmission.

Occupational transmission

Considering an incubation period of 2 to 14 days, in
agreement with earlier reports of occupational DENV

www,eurosurveiliance.org
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infection [14-16], we defined the period of likely expo-
sure as 27 September to 8 October. The autochtho-
nous case carried out on average 60 venous punctures
a day from patients. She had no recollection of any
direct blood exposure during this period. However,
she reported not wearing gloves while collecting

- blood and presented skin excoriations on her fingers.
- Among patients sampled in her workplace, none had

blood taken for dengue fever suspected by a physician.
Nevertheless, we screened for DENV all patients sam-

pled in the laboratory during the case’s likely period

of infection who présented with symptoms of or a his-
tory compatible with dengue. The criteria for screen-
ing were fever without diagnosis, reported travel in an

Loz



area where dengue was reported, leucopenia, throm-
bocytopenia, hepatic cytolysis, negative viral serology
and negative rapid or blood smear tests for malaria,
The NRL conducted DENV real-time RT-PCR and serol-
ogy on the 15 blood samples still available from the
18 patients who met the selection criteria. All tested
negative.

Vector-borne transmission

The patient reported no mosquito bites but remem-
bered a sudden pricking sensation compatible with a
mosquito bite on the evening of 3 October (eight days
before symptom onset), when she was near her work-
place in Bouches-du-Rhéne. She reported no recent
contact with travellers returning from an area with cur-
rent epidemics or endemic for dengue.

A teview of the surveillance database did not identify
any case of imported dengue confirmed by the NRL in
Bouches-du-Rhéne since 1 August 2013. However, one
suspected case had been notified in a neighbouring
department in a woman who developed fever and a
rash on 19 September, five days after returning from
the Caribbean island of Guadeloupe, where a dengue
outbreak was ongoing [17]. Sera collected on day 2 6f
her illness tested negative for DENV, West Nile, chi-
kungunya and Saint Louis encephalitis viruses by our
in-house real-time RY¥-PCR and serological assays. An
entomological investigation of her residential area and
places visited had been carried out on 24 September,
before the negative test results were available. Among
the places visited, the woman mentioned a short visit,
the day before symptom onset, close to (less than 200
metres from) the workplace of the autochthonous case.
Although an ovitrap placed nearby this workplace had
been found colonised with 43 eggs of Ae, albopictus in
lafe September 2013, no evidence of mosquito activity
was found during an investigation on 23 September,
hence no vector control measures were implemented at
that time.

After the detection of the autochthonous case, we
retested the serum sample of the suspected imported
case by sero-specific real-time RT-PCR for DENV and
by rapid diagnostic test for NS1 detection. An addi-
tional serum sample was collected on day 56 for serol-
ogy testing. The NSz test and the pan-DENV real-time
RT-PCR were negative, the real-time RT-PCR for DEN-2
was positive with a high Ct value. In the later serum
sample (day 56), only IgG antibodies against DENV
were detected. These laboratory findings confirmed
an infection with DEN-2 for this patient returning from
Guadeloupe (considered the index case).

Control measures

Under the hypothesis of local vector-borne transmis-
sion, two places were chosen for identifying primary
or secondary cases of DENV infection and for conduct-
ing immediate control measures: the autochthonous
case’s home, where she stayed while viraemic, and her

‘q‘
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place of work close to which eggs of Ae. albopictus had
been detected in September.

The local health authorities and vectar control epera-
tors jointly carried out the following activities in an
area of 200 metres around the autochthonous case's
home and workplace: door-to-door case finding;
any mosquito breeding sites treated by mechanical
destruction or larvicide treatment sites; and adulti-
cide sprayings. Physicians and laboratories in the area
were asked to report any patients with. symptoms com-
patible with DENV infection since 1 August, including
sudden onset of fever (>38.5 °C) and at least one pain
symptom, including headache, arthralgia, myalgia,

lower back pain or retro-orbital pain. Two suspected

cases were identified, Neither tested positive for DENV
by real-time RT-PCR or serology.

Discussion

This second report of autochthonous dengue in main-
land France follows a cluster of two locally acquired
cases in Alpes-Maritimes in zo1o [7]. Because our
patient was a laboratory technician who daily collected
blood specimens, we not only explored vector-horne
local transmission of DENV but also thoroughly inves-
tigated potential occupational transmission. The latter
hypothesis appears unlikely since, unlike the situa-
tion for other occupational dengue cases [14-16], our
investigation pinpointed neither a viraemic or infected
patient sampled nor any accidental exposure to blood
at the laboratory during the likely exposure period of
the case.

Several findings are in favour of vector-borne transmis-
sion in the Bouches-du-Rhdne department. Firstly, our
retrospective laboratory confirmation of an imported
case of dengue, who had visited the immediate vicin-
ity of the autochthonous case's workplace, while
potentially viraemic (one day before symptom onset).
Secondly, the 22-day delay between symptom onset
of the imported and autochthonous case, which is
compatible with the intrinsic (1~14 days) and extrin-
sic (10 days) incubation period for DENV [18]. Thirdly,
the presence of Ae. albopictus eggs In the ovitraps in
September, indicating the presence of the potential
vector. Finally, laboratory confirmation of DENV infec-
tion of the same serotype, DEN-2, in both the autoch-
thonous case and the case imported from Guadeloupe,
In August to October 2013, DEN-2 was not the prevail-
ing circulating serotype in Guadeloupe, but remained
frequent [17].

The virological data presented in this paper on the two
human cases of DENV infection do not follow the clas-
sical and average kinetics of viraemia and antibody
response. The individual host response is known to be
variable regarding the viral load in blood, the duration
of viraemia and the duration of IgM detection and is also
dependent on the DENV responsible for the infection
[19,20]. Unfortunately, although viral RNA was detected
in the acute phase sample of the autochthonous case,
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we were unable to serotype and sequence the ampli-
fied product due to a very low viral load. Further com-
parison of the virus isotates by sequencing is therefore
impossible. Two blind passages on Vero and C6/36 cell
lines will be carried out to try to isolate the virus from
the acute phase sera. NS1 was not detected for these
two cases. However, the detection of NS1 is generally
less sensitive than viral genome detection by real-time
RT-PCR [20,21].

This local transmission of dengue highlights once again
that mainland France is subject to overspill of dengue
outbreaks, particularly from the French Antilles in the
Caribbean. The implemented investigations and control
measures were derived from a national plan against
dengue and chikungunya that provides a framework
for rapid review and exchange of information between
epidemiological, entomological, laboratory and medf-
cal experts and decision-makers.

The autochthonous case was diagnosed only after a
third and specialised medical consultation. We need
therefore to further raise the awareness of physicians
and laboratories regarding diagnosis of dengue in
international travellers and the possibility of autoch-
thonous transmissien in areas where Ae. albopictus is
established. Similarly, we should not discontinue our
efforts to inform travellers to areas affected by dengue
about individual protection against mosquito bites and
early symptoms of dengue.

No further case could be related to this local transmis-
sion cycle of dengue in Bouches-du-Rhdne. Although
precautionary mosquito centrol was applied, this could
very well have been a self-limiting viral dissemination
since it occurred shortly before the end of the vector
activity period in [ate November,

Conclusion

Although limited, this autochthonous transmission of
DENV in southern France is a clear reminder that local
transmission can be triggered in Europe by the intro-
duction of the virus in areas colonised by Ae. albopic-
tus, as it occurred already in 2010 in Nice, The French
preparedness and response plan, in operation since
2006, proved pivotal te detect and control this threat.

Reducing the risk of local DENV dissemination to zero
appears an elusive goal in the context of the continu-
ous spread of Ae albopictus. Coordinated enhanced
surveillance and response are therefore the backbone
of the prevention of the occurrence of autochthonous
cases and the containment of possible outbreaks.
Such a plan requires, however, multidisciplinary exper-

tise and resources and should be adapted wisely and

regularly to ensure its sustainability and efficiency. In
additlen, innovative vector control methods and fur-
ther elucidation of the dynamics of DENV transmission
in non-endemic areas are needed to keep Europe safe
from dengue. 4
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Novel Paramyxovirus Associated
with Severe Acute Febrile Disease,
South Sudan and Uganda, 2012

César G. Albarifio, Michael Foltzer, Jonathan S. Towner, Lory A. Rowe, Shelley Campbell,
Carlos M. Jaramillo, Brian H. Bird, DeeAnn M. Reeder, Megan E. Vodzak, Paul Rota,
Maureen G. Metcalfe, Christina F. Spiropoulou, Barbara Knust, Joel P. Vincent,
Michael A. Frace, Stuart T. Nichol, Pierre E. Rollin, and Ute Stréher

In 2012, a female wildlife biclogist experienced fever,
malaise, headache, generalized myalgia and arthralgia,
neck stiffness, and a sore throat shortly after returning to
the United States from a 6-week field expedition to South
Sudan and Uganda. She was hospitalized, after which a
maculopapular rash developed and became confluent.
When the patient was discharged from the hospital on day
14, arthralgia and myalgia had improved, oropharynx ulcer-
ations had healed, the rash had resolved without desqua-
mation, and biood counts and hepatic enzyme levels were
returning to reference levels. After several khown suspect
pathogens were ruled out as the cause of her iliness, deep
sequencing and metagenomics analysis revealed a novel
paramyxovirus related to rubula-like viruses isolated from
fruit bats.

aramyxoviruses comprise a large family of viruses, in-

chuding pathogens that cause severe disease in humans
(). Worldwide, >100 paramyxoviruses have been identi-
fied in bats and rodents (2—4). Among these, few have been
shown to be pathogenic to humans, possibly because of
limited host range and/or infrequent exposure. We describe
a novel rubula-like virus that was associated with a severe
acute febrile illness in a woman. The patient was a wildlife
biologist who had participated in a 6-week field expedition
to South Sudan and Uganda. During this expedition, she
had been exposed to bats and rodents of >20 species while

wearing different levels of personal protective equipment,

Author affiliations: Centers for Disease Control and Prevention,
Atlanta, Georgia, USA (C.G. Albarifio, J.5. Towner, LA, Rowe,
S. Campbell, B.H. Bird, P. Rota, M.G. Metcalfe, C.F. Spiropoulou,
B. Knust, J.P Vincent, M.AA. Frace, S.T. Nichol, PE. Rollin,
U. Stréher); Geisinger Medical Center, Danville, Pennsylvania,
USA (M. Faltzer, C.M, Jaramillo); and Bycknell University, Lewis-
burg, Pennsylvania, USA (D.M. Reeder, M.E. Vodzak)

DOI: hitp:/fdx.doi.org/10.3201/eid2002,131620

Emerging Infectious Diseases « www.cdc.gov/eid « Vol. 20, No. 2, February 2014

77

Clinical Presentation

During the summer of 2012, a 25-year-old female
wildlife biclogist participated in a 6-week field expedi-
tion to South Sudan and Uganda, where she traveled to
remote rural areas collecting bats and rodents for ecolog-
ic research. In the course of her duties, she manipulated’
animals in traps and mist nets, performed dissections, col-
lected blood and tissues, and visited caves with large bat
populations. She received no injuries from sharp objects
and no bites or scratches from the animals with which she
was working. She occasionally used respiratory protec-
tion when working with animals and specimens, and she
wore a respirator while in caves. During her trip, she had
no known contact with il! members of the field team, no
contact with health care facilities, and no sexual contacts,
She had been vaccinated against hepatitis A and B, yel-
low fever, measles, mumps, rubella, rabies, polio, tetanus/
diphtheria, and typhoid fever, and she fully complied with
a malaria prophylaxis regimen of atovaquone/proguanil,
Her medical history included migraines and treatment of
presumptive malaria with artemether/lumefantrine during a
similar expedition the previous year.

Five days after returning to the United States, the
woman was evaluated in the emergency department for a
2-day history of fever, malaise, headache, generalized my-
algia and arthralgia, neck stiffness, a metallic taste, and
sore throat. Results of rapid malaria test, performed on the
day of fever onset, were negative. Other laboratory results
and the patient’s vital signs at the time of admission are

.summarized in the Table. The patient scemed to be fatigued

but alert and oriented; she was anicteric, and she had no nu-
chal rigidity or focal neurologic deficits. Mild erythema of
the soft palate without ulcerations or exudates was noted.
The spleen tip was palpable despite absence of adenopathy.

Examination of heart, abdomen, and tungs (including
chest radiographs) revealed no abnormalities. No rash or
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Table. Vital signs and |abaratory results fonpatient infected with a novel paramyxovirus related to rubula-like viruses isclated from fruit

bats
4RT-
Max Max ‘ . PT/INR PCR, igM 19G

DSO DH temp pulse SBP WEC Plate Creat AST ALT LDH, TB ratio TG  Ferr Ct  ELISAT ELISAT
2 1 404 90 112 182 115 08 93 19 687 0.2

3 404 79 112 153 93 07 133 20 01 17.211.45° 285 <60 <50
4 3 404 77 103 106 77 06 164 28 0.1 15.8M1.29 120

5 4 102 65 07 319 134 0.1 13.6M.08 17,840

8 5 386 77 102 0:95 62 06 615 261 0.1 13.74.07 127 11,595

7 6 146 79 06 589 298 0.2 144114 7,309

] 7 164 84 05 516 289 0.1 15.5M.26 3,271 o

9 8 006 123 05 342 259 01 16914 36.3 >1,600 =>1,600
10 9 1.20 154 04 170 186 0.4 17.41.47 36.9 >1,600 =1,600
11 10 ‘ 218 222 04 185 188 01. 14.7M.18 Neg 1,600 >1,600
2 1 261 220 04 107 149 g2 13.211.02 Neg >1,600 >1,600
13 12 5682 335 04 Neg .

i4 13 579 387 04 Neg

15 14 368 67 98 471 437 05 212 Neg =1,600 21,600
30 371 22 19 15 0.3

60 544 348 12.4 Neg >400 >1,600

*Shading indicates values ouitside reference range; blank cells indicate data not obtained. DSO, days fram symptem onset; DH, day of hospitalization; max
{emp, maximurm temperature, °C; max pulse; maximum pulse rate, beats/minute; SBP, systolic blood pressure, mm Hg; WBC, leukocytes ,x 1,000/pL;
plate, platelets x 1,000/uL; creat, creatinine, mg/dL; AST, aspartate aminotransferase, IU/L; ALT, alanine aminotransferase, {U/L; LDH, lactate
dehydrogenase, IU/L; TB, total bifirubin, mg/dL; PT/INR, prathromblin time/international normalized ralle; TG, triglycerides, g/dL; ferr, ferritin, ng/mt.; qRT-
PCR, quantitative reverse transcription PCR; Cy, cycle threshold; neg, negative. . :

tAssays were developed after the virus genome was determined.

synovitis was noted. Treatment with intravenous ceftriax-
" one was begun for possible typhoid fever, and artemether/
lumefantrine was continued for presumptive malaria.

On hospital day 2, a maculopapular rash erupted over
the patient’s trunk (Figure 1, panel A), several small aph-
thous ulcers appeared on her soft palate, and she had mild
diarrhea. As long as the fever persisted, clear pulse/tem-
perature dissociation was present (positive Faget sign);
however, hemodynamics, oxygenation, and renal function
were stable. Doxycycline was added for the expanded dif-
ferential diagnosis of a rickettsial illness or plague. On hos-
pital day 3, fever, headache, and myalgia persisted, and the
patient experienced bloody emesis, mild diarrhea positive
for occult blood but without frank hematochezia or melena,
and minimal diffuse abdominal tenderness. Her menstrual
period occurred without substantial menorrhagia. The rash
became confluent; a centrifugal distribution and prominent
petechia appeared at sites of trauma or pressure,

The possibility of hemophagocytosis was considered,
and a bone marrow biopsy sample was obtained on day 4.
The sample showed a mild increase in macrocytic hemo-
phagocytosis and pancytopenia with a hypocellular mar-
row with myeloid hyperplasia and erythroid hypoplasia
(Figure 1, panel B).

The fever slowly but progressively decreased, and
the patient improved over the next few days; the last re-
corded fever was on hospital day 9. Abdominal pain and
diarrhea resolved. Cefiriaxone was discontinued after 8
days. When the patient was discharged on hospital day
14, arthralgia and myalgia had improved, oropharynx
ulcerations had healed, the rash had resolved without
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desquamation, and blood counts and hepatic enzyme
levels were returning to reference limits. Considerable
sequelae (myalgia, arthraigia, headache, malaise, and fa-
tigue) persisted for several months,

Diagnostic Workup

The initial suspected diagnosis was hematophagocytic
syndrome (hemophagocytic lymphohistiocytosis). This
clinical syndrome has been associated with a variety of
viral, bacterial, fungal, and parasitic infections, as well as
collagen—vascular diseases and malignancies. Initial diag-
nostic testing for various infectious diseases included blood
screening for respiratory viruses, HIV, cytomegalovirus,
and malaria parasites; all results were negative.

On hospital day 2, a diagnosis of a viral hemorrhagic

fever was considered, and blood specimens were sent to

the Centers for Disease Control and Prevention (CDC} for
testing. Molecular testing results were negative for rickett-
siae, filoviruses (Marburgviruses and Ebolaviruses), select-
ed bunyaviruses (Rift Valley fever virus, Crimean Congo
hemorrhagic fever virus), arenaviruses (Lassa, Lujo, and
lymphocytic choriomeningitis viruses), and several arbo-
viruses (yellow fever, dengue, O'nyong-nyong, chikungu-
nya, and Zika viruses).

A pathogen-discovery deep-sequencing protocol was
followed, as described {5,6). In brief, total RNA was ex-
tracted from blood and serum samples obtained 3 days after
symptom onset; RNA was nonspecifically amplified with
previously described primers (7). The cDNA library was

_sequenced on a 454 FL.X Genome Sequencer (Roche Diag-

nostics, Indianapolis, IN, USA). Unassembled sequences

Emerging Infectious Diseases « www.cdc.govleid « Vol. 20, No. 2, February 2014
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Figure 1. A} Maculopapular eruption observed on the back and
arms of 25-year-old female wildlife biclogist infected with a novel
paramyxovirus related to rubula-like viruses isolated from fruit bats,
on hospitalization day'2. B) Bone marraw biopsy sample showing
macrocytic hemophagocytosis (possible granulocyte infiltration).

were translated and compared with the nonredundant pro-
tein database from the National Center for Biotechnology
Information by using a BLASTx algorithm (www.ncbi.
nlm.nih.gov/blast/Blast.cgi}. The sequence reads linked
to the BLASTX results were distributed into taxa by us-
ing MEGAN (8). Metagenomic analysis revealed a novel
paramyxovirus in the patient’s blood and serum; the vi-
rus was most closely related to Tuhoko virus 3, a rubu-
la-like virus (family Paramyxoviridae) recently isolated
from Rousetius leschenaultif fruit bats in southern China
(4). The next-generation sequence reads with homology
to Tuhoko virus 3 covered =25% of the expected com-
plete virus genome. Based on the sequences obtained, a
series of primers were designed to amplify overlapping
fragments spanning the complete genome of this novel

. Emerging Infectious Diseases » www.cde.gov/eid + Vol. 20, No. 2, February 2014
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virus, A detailed list of primers is available upon request.
Amplicons of different sizes were obtained by standard re-
verse transcription PCR (RT-PCR) and sequenced by the
standard Sanger method (5,6).

This novel paramyxovirus is provisionally named So-
suga virus in recognition of its probable geographic origin

- (South Sudan, Uganda}. The complete genome of Sosuga

virus was 15,480 nt long and conformed to the paramyxo-
virus rule of 6 (7). The genome organization (Figure 2, pan-
els A, B) resembled that of most paramyxoviruses, contain-
ing 6 genes, N, V/P, M, F, HN, and L, encoding the 7 viral
proteins: nucleocapsid (N), V protein (V), phosphoprotein
(P), matrix protein (M), fusion protein (F), hemagglutinin—
neuraminidase (HN), and polymerase (L). The sequence of
the RNA editing site in the P/P gene is identical to that
of Tuhoko virus 3 (4). The faithful transcription of V/P
generates the V. mRNA, and a GG insertion at the editing
site generates the P mRNA. In addition, the terminal 5' and
3" sequences of the virus were experimentally determined
(Figure 2, panel C) by rapid amplification of tDNA ends
as described (9).

Pairwise comparison of the full-length sequence of So-
suga virus with the closest related viruses showed 61.6%,
53.1%, and 51.4% identities, respectively, with Tuhoko vi-
rus 3, Achimota virus 1, and Achimota virus 2 (Achimota
viruses were isolated from the Eidolon hefvum fruit bat in
Ghana) (3). When the deduced amino acid sequences of
Sosuga virus were compared with those of Tuhoko virus,
3 proteins revealed overall amino acid identities ranging
from 57.4% (HN) to 84% (N). Phylogenetic analysis of
Sosuga virus and other paramyxoviruses clearly showed
that Sosuga virus clusters with other bat-borne rubula-like
viruses, which are closely related to rubulaviruses but have
not yet been classified as such (Figure 2, panel D).

Virus Isolation

Virus isolation was attempted by inoculating monolay-
ers of Vero-E6, Vero-SLAM, and H292 cells (mucoepider-
moid carcinoma cells from human lungs) with patient blood
and serum collected 3 days after symptom onset, but no
virus isolate was obtained. As an alternative, 10 pL of the
blood sample was also inoculated intracranially and intra-
peritoneally into 2-day-old suckling mice, which were then
observed for 28 days for signs of illness. Neurologic signs
developed 9-10 days after inoculation in 2 of the 20 mice;
these 2 mice were euthanized 2 days later, To confirm the

_presence of the virus, we extracted total RNA from liver,

spleen, and brains of the euthanized animals and used it as
input in a specific RT-PCR designed to amplify a 2,1§8-
bp fragment partiaily spanning the virus AN and L genes.
Consistent with virus repiication and observed neurologic
signs, viral RNA was found in the brain but not in liver or
spleen samples {Figure 3, panel A).
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vcRNA (15,480 nt)

Figure 2. A) Organization of the viral genome
of novel paramyxovirus related to rubula-iike
viruses isolated from fruit bats was determined
. ~ from the fuldength sequence. B} Localization

s LMD F A,

of the predicted viral genes and open reading

B

frames (ORFs). The V/P editlon site is predicted
from the similarity to Tuhoke virus-3, C) Terminal
sequences were determined by standard rapid
L amplification of cONA ends (RACE) methods.

H /e N 3 un
Gono  56-1793 1BO1-3275* 3283-4705 4763-655B 6581-0588 B592-15459
CDS  165-1712 1900-2640 (V) 3318-4451 d4050-6454 §6653-8401 060015413

1808-3105 {P)

The complementarity of terminal sequences is
shown in vVRNA and veRNA sense. D) Amine acid
sequences of the nucleccapsid (N) proteln of 22

ARNA nd1kiag akte AT RE, pox. 2379 i TYTARGAGLGE:

Cc

veRNA

5wl

A

D

representative paramyxovirus sequences were
aligned by ‘using the MUSCLE algorithm (CLC
Genomics Workbench version 6.0,1; CLC bio,
Cambridge, MA, USA). The phylogenetic analysis
was conducted with a Bayesian algorithrm (Mr.
.Bayes, Genelous version 8,1.5, www.geneious.
com?. NP sequences were extracted from the
complete genomic sequences in GenBank:
KF774436 (Sosuga virus [SosV]), GU128082
(Tuhoko virus 3 ), GU128081 (Tuhoko virus 2),
GU128080 (Tuhoko virus 1), AF298895 (Tioman
virus), NC_007620 (Menangle virus), JX051319
{Achimota virus 1), JX051320 (Achimota virus
2), NC_003443 (human parainfluenza virus
type 2), AF052755 (simian parainfluenza virus
5), HQBED095 (bat paramyxovirus Epo_spe/
AR1/DRC/2009), NC_002200 (mumps virus},
NC_009489 (Mapuera virus), NC_009640
{porcine rubulavirus), NC_001498 (measles
virus), NC_006296 (rinderpest virus), NC_001921
(canine distemper virus), NC_001552 (Sendai
virus), NC_003461 (human parainfluenza virus
type 1), NC_002728 (Nipah virus), NC_001906 -
(Henra virus), NC_002617 (Newcaslle disease
virus). vcRNA, viral complementary RNA; N,
nucleocapsld protein; V/P, V protein; M, matrix
protein; F, fuslon protein; HN, hemagglutinin-
neuraminidase; L, molecular weight DNA ladder;
CDS, coding sequence; nt pos. huclectide
position; vRNA, viral RNA.

Brain homogenates from the euthanized mice were in-
oculated into fresh monolayers of Vero-E6 cells and H292
cells; 12 days after infection, a cytopathic effect, with cell
rounding but no syncytia formation, became evident. Virus
antigen was detected by immunofivorescence in both cell
lines by using patient’s convalescent-phase serum, collect-
ed 50 days after symptom onset (Figure 3, panel B). More-

over, transmission. electron microscopy used to examine.

virus morphology showed pleomorphic virions, consistent
with those of paramyxoviruses (Figure 3, panel C).

Development of New Diagnostic Assays

Because the patient seemed to have acquired the infec-
tion during her African research expedition, where she had
had extensive contact with rodents and bats, other persons
who also come in contact with bats or rodents, such as field
biologists, local residents, or ecotourists, might be at risk
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for infection, This potential public health threat prompted
us to develop diagnostic assays for the rapid detection of
Sosuga virus.

First, we developed a TagMan real-time RT-PCR se-
lective for the' N gene and tested it on all available serum
and blood samples from the patient. This test showed that
the patient’s viremia peaked early in the course of the in-
fection (cycle threshold 29.5 on day 3 after symptom on-
set), coinciding with the period of high fever and diverse
irregularities in blood parameters (Table). By day 9, the
viremia had decreased (cycle threshold 36.3); viremia was
undetectable 11 days after symptom onset.

Second, we developed a new ELISA specific for Sosuga
virus by using the virus recombinant nucleocapsid protein
produced and purified from Escherichia coli. This assay
was tested on all available serum samples from the patient
(Table). Although TgG and IgM were not detectable on day

Emerging Infectious Diseases » www.cdc.gov/eid » Vol 20, No. 2, February 2014
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Mouse 2

SosV Mock

Neg. patienl
Lv clr?. se

Sp

Figure 3. A) Virus Isolation confirmed by reverse transeription PCR. SosV was isolated after intracranlal and intraperitoneal inocufation into
2-day-old suckling mice. A speclfic reverse iranseription PCR designed to amplify 2,188 bp of the SosV genome was performed by using
RNA from brainé (Br), liver (Lv), and spleen (Sp) of the euthanized animals. Viral RNA was found only in the brain, not in [iver or spleen, B)
Propagation of SosV In cell culture. Homogenized tissues (brain, liver, and spleen) were used ta infect H252 cells. Fixed monolayers were
stained with convalescent-phase serum from the patient and anti-human AlexaFludr 488 antibody (invitrogen, Grand Island, NY, USA). C)
SosV particle, Virus morphologic appearance was examined by taking supernatants from infected Vero-E6 cells, clarifying by slow-speed
centrifugation, and depositing on grids for negative staining and examination by transmission electron microscopy. Pleomorphic virions
can be observed. Neg.cttl, negative controf, Se, serum; SosV, Sosuga virus; L, molecular mass ladder.

3 after symptom onset (titers <50), seroconversion (IgG and
IgM titers >1,600) occwred 11 days after symptom onset. As
expected, IgM levels later decreased (titer >400), and IgG
levels remained high 50 days after symptom onset.

In addition, the new ELISA was tested for potential
cross-reactivity with some common paramyxoviruses, in-
cluding mumps and measles viruses. No cross-reactivity
was detected on the ELISA plates when control serum from
patients with high levels of IgG against mumps and mea-
sles viruses was used, a desired feature in a new diagnostic
assay because most persons have IgG to these viruses as a
result of vaccination or natural infection,

Conclusions

A severe disease affected a wildlife biologist shortly
after her return from rural Africa to the United States. Be-
cause of the disease characteristics (high fever and blood
abnormalities) and travel history, a viral hemorrhagic fever
was suspected, and clinical samples were rushed to CDC
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for investigation of a possible high-risk virus. After molec-
ular and serologic diagnostic assays ruled out several well-
known human pathogens (e.g., filoviruses, arenaviruses,
phleboviruses, flaviviruses, and rickettsiae) as the cause of
the patient’s illness, a next-generation sequence approach
was followed to detect a possible new infectious agent.

The combination of next-generation sequencing and
metagenomic analysis identified a novel paramyxovi-
rus; the virus genome was completely characterized by
use of standard sequencing techniques. The complete vi-
rus sequence clearly indicated a relationship with other
rubula-like viruses isolated from bats. Moreover, the
novel virus was isolated from acute-phase serum samples
by infecting suckling mice and propagating the virus in
cell culture.

The specific molecular and serologic diagnostic as-
says that we developed will facilitate rapid identification
of this novel infectious agent should new cases occur. We

. used these assays to retrospectively investigate all available
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clinical samples from the patient, and the results revealed
periods of viremia and seroconversion.

Although the exact source of the patient’s infection re-
mains unknown, the sequence similarity with bat-derived
rubula-like viruses is highly suggestive. In recent years, a
large number of diverse paramyxoviruses have been de-
tected in bats (2,/0), but only Nipah and Hendra viruses
(genus Henipavirus) are known to cause severe disease in
humans (/7). An investigation to detect Sosuga virus in Af-
rican bats is currently under way,
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Isolation and characterization of a bat SARS-like
coronavirus that uses the ACE2 receptor

Xing-Yi Ge!*, Jia-Lu Li'*, Xing-Lou Yang"¥, Aleksei A, Chmura®, Guangjian Zhu?, Jonathan H. Epstein?, Jonna K. Mazet®, Ben Hu!,
Wei Zhang!, Cheng Peng?, Yu-Ji Zhang?, Chu-Ming Luo', Bing Tan!, Ning Wang', Yan Zhu!, Gary Crameri*, Shu-Yi Zhang®,

Lin-Fa Wang*®, Peter Daszak? & Zheng-Li Shi!

The 2002-3 pandemic caused by severe acute respiratory syndrome
coronavirus (SARS-CoV) was one of the most significant public health
events in recent history'. An ongoing outbreal of Middle East respira-
tory syndrome coronavirus® suggests that this group of viruses remains
a key threat and that their distribution is wider than previously recog-
nized. Although bats have been suggested to be the natural reservoirs
of both viruses®, attempts to isolate the progenitor virus of SARS-
CoV from bats have been unsuccessful, Diverse SARS-like corona-
viruses (SL-CoVs) have now been reported from bats in China,
Europe and Africa®® but none is considered a direct progenitor
of SARS-CoV because of their phylogenetic disparity from this virus
and the inability of their spike proteins to use the SARS-CoV cellutar
receptor molecule, the human angiotensin converting enzyme IT
(ACE2)*'*_ Here we report whole-genome sequences of two novel bat
coronaviruses from Chinese horseshoe bats (family: Rhinolophidac)
in Yunnan, China: RsSHC0:4 and Rs3367. These viruses are far more
closely related to SARS-CoV than any previously identified bat coro-
naviruses, particularly in the receptor binding domain of the spike
protein. Most importantly, we report the first recorded isolation of
a live SL-CoV (bat SL-CoV-WIV1) from bat faecal samples in Vero
E6 cells, which has typical coronavirus merphology, 99.9% sequence
identity to Rs3367 and uses ACE2 from humans, civets and Chinese
horseshoe bats for cell entry. Preliminary in vitro testing indicates
that WIV1 also has a broad species tropism. Our results provide the
strongest evidence to date that Chinese horseshoe bats are natural
reservoirs of SARS-CoV, and that intermediate hosts may not be
necessary for direct human infection by somebat SL-CoVs. They also
highlight the importance of pathogen-discovery programs targeting
high-risk wildlife groups in emerging disease hotspots as a strategy
for pandemic preparedness.

The 2002-3 pandemic of SARS' and the ongoing emergence of the
Middle East respiratory syndrome coronavirus (MERS- CoV) demon-
strate that CoV's are a significant public health threat. SARS-CoV was
shown to use the human ACE2 molecule as its entry receptor, and this
is considered a hallmark of its cross-species transmissibility'’. The receptor
binding domain (RBD) located in the amino-terminal region (amino
acids 318-510) of the SARS-CoV spike (S) protein is directly involved

in binding to ACE2 (ref. 12). However, despite phylogenetic evidence .

that SARS-CoV evolved from bat SL-CoVs, all previously identified
SL-CoVs have major sequence differences from SARS-CoV in the RBD
of their S proteins, including one or two deletions®®, Replacing the RBD
of one SL-CoV § protein with SARS-CoV § conferred the ability to use
human ACE2 and replicate efficiently in mice®, However, to date, no
SL-CoVs have been isolated from bats, and no wild-type SL-CoV of bat
origin has been shown to use ACE2.

We conducted a 12-menth longitudinal survey (April 2011-September
2012) of SL-CoVsina colony of Rhinolophus sinicus ata single location

in Kunming, Yunnan Province, China (Extended Data Table 1). A total
of 117 anal swabs or faecal samples were collected from individual bats
using a previously published method™"™. A one-step reverse transcrip-
tion (RT)-nested PCR was conducted to amplify the RNA-dependent
RNA polymerase (RdRP) motifs A and C, which are conserved among
alphacoronaviruses and betacoronaviruses'”,

Twenty-seven of the 117 samples (23%) were classed as positive by
PCR and subsequently confirmed by sequencing,. The species origin of
all positive samples was confirmed to be R. sinicus by cytochrome b
sequence analysis, as described previously'®. A higher prevalence was
observed in samples collected in October (30% in 2011 and 48.7% in
2012) than those in April (7.1% in 2011} or May (7.4% in 2012) (Extended
Data Table 1). Analysis of the S protein RBD sequences indicated the
presence of seven different strains of SL-CoVs (Fig. 1a and Extended
DataFigs 1 and 2). In addition to RBD sequences, which closely matched
previously described SL-CoV's (Rs672, Rl and HKU3)**'", two novel
strains (designated SL-CoV RsSHC014 and Rs3367) were discovered.
Their full-length genome sequences were determined, and both were
found to be 29,787 base pairs in size (excluding the poly(A) tail). The
overall nucleotide sequence identity of these two genomes with human
SARS-CoV (Tor?2 strain) is 95%, higher than that observed previously
for bat SL-CoVs in China (88-92%)*'"" or Europe (76%)¢ (Extended
Data Table 2 and Extended Data Figs 3 and 4). Higher sequence iden-
tities were observed at.the protein level between these new SL-CoVs
and SARS-CoVs (Extended Data Tables 3 and 4). To understand the
evolutionary origin of these two novel SL-CoV strains, we conducted
recombination analysis with the Recombination Detection Program
4.0 package'® using available genome sequences of bat SL-CoV strains
(Rf1, Rp3, Rs672, Rm1, HKU3 and BM48-31} and human and civet
representative SARS-CoV strains (BJ01, SZ3, Tor2 and GZ02). Three
breakpoints were detected with strong P values (<1072°) and supported
by similarity plot and bootscan analysis (Extended Data Fig. 5a, b), Break-
points were located at nucleotides 20,827, 26,553 and 28,685 in the
Rs3367 (and RsSHCO14) genome, and generated recombination frag-
ments covering nucleotides 20,827-26,533 (5,727 nucleotides) (inclu-
ding partial open reading frame {ORF) 1b, full-length §, ORF3, E and
partial M gene) and nuclectides 26,534-28,685 (2,133 nucleotides)
(including partial ORF M, full-length ORF6, ORF7, ORF8 and partial
N gene). Phylogenetic analysis using the major and minor parental regions
suggested that Rs3367, or RsSHCD14, is the descendent of a recombination
of lineages that ultimately lead to SARS-CoV and SL-CoV Rs672 {Fig. 1b).

The most notable sequence differences between these two new SL-
CoVs and previously identified SL-CoVs is in the RBD regions of their
S proteins. First, they have higher amino acid sequence identity to SARS-
CoV (85% and 96% for RsSHCO014 and Rs3367, respectively). Second,
there are no deletions and they have perfect sequence alignment with
the SARS-CoV RBD region (Extended Data Figs 1 and 2). Structural
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Figure 1| Phylogenetic tree based on amino acid sequences of the § RBD
region and the two parental regions of bat SL-CoV Rs3367 or RsSHCO014.
a, SARS-CoV § protein amino acid residues 310-520 were aligned with
homologous regions of bat SL-CoV's using the ClustalW software, A maximum-
likelihood phylogenetic tree was constructed using a Poisson model with
bootstrap values determined by 1,000 replicates in the MEGAS software package.
The RBD sequences identified in this study are in bold and named by the sample
numbers. The key amino acid residues involved in interacting with the human
ACE2 molecule are indicated on the right of the tree. SARS-CoV GZ02, B]¢1 and
Tor2 were isolated from patients in the early, middle and late phase, respectively,
of the SARS outbreak in 2003. SARS-CoV $Z3 was identified from Paguma
larvata in 2003 collected in Guangdong, China. SL-CoV Rp3, Rs672 and HKU3-1
were identified from R. sinicus collected in China (respectively: Guangxd, 2004;
Guizhou, 2006; Hong Kong, 2005}. Rfl and Rm1 were identified from

and mutagenesis studies have previously identified five key residues
(amino acids 442, 472, 479, 487 and 491) in the RBD of the SARS-CoV
3 protein that have a pivotal role in receptor binding***. Although all
five residues in the RsSHCO014 S protein were found to be different
from those of SARS-CoV, two of the five residues in the Rs3367 RBD
were conserved (Fig, 1 and Extended Data Fig, 1).

Despite the rapid accumulation of bat CoV sequences in the last
decade, there has been no report of successful virus isolation®2®, We
attempted isolation from SL-CoV PCR-positive samples. Using an
optimized protocel and Vero E6 cells, we obtained one isolate which
caused cytopathic effect during the second blind passage. Purified virions
displayed typical coronavirus morphology under electron microscopy
(Fig. 2). Sequence analysis using a sequence-independent amplifica-
tion method' to avoid PCR-intreduced contamination indicated that
the isolate was almost identical to Rs3367, with 99.9% nucleotide genome
sequence identity and 100% amino acid sequence identity for the Si
region. The new isolate was named SL-CoV-WIV1.
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R. ferrumequinum and R macrotis, respectively, collected in Hubei, China, in
2004, Bat SARS-related CoV BM48-31 was identified from R, blasii collected in
Bulgaria in 2008, Bat CoV HKU3-1 was identified from Rousettus leschenaultii
collected in Guangdong, China [n 2005/2006 and used as an outgroup, All
sequences in bold and italics were identified in the current study, Filled triangles,
circles and diamonds indicate samples with co-infection by two different
SE-CoVs, "' indicates the amino acid deletion, b, Phylogenetic arigins of the two
parental regions of Rs3367 or RsSHC014, Maximum likelihood phylogenetic
trees were constructed from alignments of two fragments covering nucleotides
20,827-26,533 (5,727 nuclectides) and 26,534 —28,685 (2,133 nucleotides) of the
Rs3367 genome, respectively, For display purposes, the trees were midpoint
rooted. The taxa were annotated according to strain names: SARS-CoV, SARS
coronavirus; SARS-like CoV, bat SARS-like coronavirus. The two novel SL-CoVs,
Rs3367 and RsSHCO14, are in bold and italics.

To determine whether WIV1 can use ACE2 as a cellular entry receptor,
we conducted virus infectivity studies using HeLa cells expressing or
not expressing ACE2 from humans, civets or Chinese horseshoe bats,
We found that WIV1 isable to use ACE2 of different origins as an entry
receptor and replicated efficiently in the ACE2-expressing cells (Fig. 3).
This is, to our knowledge, the first identification of a wild-type bat SL-
CoV capable of using ACE2 as an entry receptor.

To assess its cross-species transmission potential, we conducted infec-
tivity assays in cell lines from a range of species. Qur results (Fig, 4 and
Extended Data Table 5) indicate that bat SL-CoV-WIV1 can grow in
human alveolar basal epithelial {A549), pig kidney 15 (PK-15) and
Rhinolaphus sinicus kidney (RSKT) cell lines, but not in human cervix
{HeLa}, Syrian golden hamster kidney (BHK21), Myotis davidii kidney
{BK), Myotis chinensis kidney (MCK'T), Rouseftus leschenauiti kidney
{RLK) or Preropus alecto kidney (PaKi) cell lines. Real-time RT-PCR
indicated that WIV1 replicated much less efficienty in A549, PX-15
and RSKT cells than in Vero E6 cells (Fig. 4).
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Figure 2 | Electron micrograph of purified virions, Virions from a 10-ml
culture were collected, fixed and concentrated/purified by sucrose gradient
centrifugation. The pelleted viral particles were suspended in 100 pl PBS,
stained with 2% phosphotungstic acid (pH 7.0) and examined directly using a
Tecnai transmission electron microscope (FEI) at 200kV.

To assess the cross-neutralization activity of human SARS-CoV sera
against WIV1, we conducted serum-neutralization assays using nine
convalescent sera from SARS patients collected in 2003, The results
showed that seven of these were able to completely neutralize 100 tissue
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cACE2
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Figure 3 | Analysis of receptor usage of SL-CoV-WIV1 determined by -
immunofluorescence assay and real-time PCR. Determination of virus
infectivity in HeLa cells with and without the expression of ACE2. b, bat;

¢, civet; h, human. ACE2 expression was detected with goat anti-humanACE2
antibody followed by fluarescein isothiocyanate (FITC)-conjugated donkey
anti-goat IgG. Virus replication was detected with rabbit antibody against the

Cy3

LETTER

culture infectious dose 50 (TCIDsg) WIV1 at dilutions of 1:10 to 1:40,
further confirming the close relationship between WIV1 and SARS-CaV.
Our findings have important implications for public health. First,

. they provide the clearest evidence yet that SARS-CoV originated in bats,

Our previous work provided phylogenetic evidence of this®, but the lack
of ah isclate or evidence that bat SL-CoV's can naturally infect human
cells, until now, had cast doubt on this hypothesis. Second, the lack of
capacity of SL-CoVs to use of ACE2 receptors has previously been
considered as the key barrier for their direct spillover into humans, suppor-
ting the suggestion that civets were intermediate hosts for SARS-CoV
adaptation to human transmission during the SARS outbreak™, However,
the ability of SL-CoV-WIV1 to use human ACE2 argues against the
necessity of this step for SL-CoV-WIV1 and suggests that direct bat-
to-human infection is a plausible scenario for some bat SL-CoVs, This
has implications for public health control measures in the face of poten-
tial spillover of a diverse and growing pool of recently discovered SARS-
like CoVs with a wide geographic distribution.

Our findings suggest that the diversity of bat CoV's is substantially
higher than that previously reported. In this study we were able to demon-
strate the circulation of at least seven different strains of SL-CoVs withina
single colony of R. sinicus during a 12-month period. The high genetic
diversity of SL-CoVs within this colony was mirrered by high pheno-
typic divetsity in the differential use of ACE2 by different strains. It
would therefore not be surprising if further surveillance reveals abroad
diversity of bat SL-CoVs that are able to use ACE2, some of which may
have even closer homology to SARS-CoV than SL-CoV-WIVI. Our
results—in addition to the recent demonstration of MERS-CoV in a
Saudi Arabian bat®®, and of bat CoVs closely related to MERS-CoV in
China, Africa, Europe and North America*** —suggest that bat coro-
naviruses remain a substantial global threat to public health.

Finally, this study demonstrates the public health importance of path-
ogen discovery prograrns targeting wildlife that aim to identify the known
unknowns'—previously unknown viral strains closely related to known
pathogens. These programs, focused on specific high-risk wildlife groups
and hotspots of disease emergence, may be a critical part of future global
strategies to predict, prepare for, and prevent pandemic emergence®,
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SL-CoV Rp3 nucleocapsid protein followed by cyanine 3 (Cy3)-conjugated
mouse anti-rabbit IgG. Nuclei were stained with DAP! (4".6-diamidino-2-
phenylindole). The columns (from left to right) show staining of nuclei (blue),
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Figure 4 | Analysis of host range of SL-CoV-WIV1 determined by
immunofluorescence assay and real-time PCR. Virus infection in A549,
RSKT, Vero E6 and PK-15 cells. Virus replication was detected as described for
Fig. 3. The columns (from left to right) show staining of nuctei (blue), virus
replication {red), merged double-stained images and real-time PCR results,
respectively, # = 3; error bars represent s.d.

METHODS SUMMARY

Throat and faecal swabs or fresh faecal samples were collected in viral transport
medium as described previously'. All PCR was conducted with the One-Step RT-
PCR kit (Invitrogen). Primers targeting the highly conserved regions of the RARP
gene were used for detection of all alphacoronaviruses and betacoronaviruses as
described previously'®, Degenerate primers were designed on the basis of all avail-
able genomic sequences of SARS-CoVs and SL-CoVs and used for amplification of
the RBD sequences of § genes or full-length genomic sequences. Degenerate primers
were used for amplification of the' bat ACE2 gene as described previously™, PCR
products were gel purified and cloned into pGEM-T Easy Vector {Promega). At
least four independent clones were sequenced to obtaina consensus sequence. PCR-
positive faecal samples (in 200 pl buffer) were gradient centrifuged at 3,000-12,000g
and supernatant diluted at 1:10in DMEM before being added to Vero ES cells. After
incubation at 37 °C for 1 h, inocula were removed and replaced with fresh DMEM
with 2% FCS, Cells were incubated at 37 °C and checked daily for cytopathic effect.
Cell fines from different origins were grown on coverslips in 24-well plates and
inoculated with the novel SL-CoV at a multiplicity of infection of 10. Virus repli-
cation was detected at 24 h after infection using rabbit antibodies against the SL-
CoV Rp3 nucleocapsid protein followed by Cy3-conjugated goat anti-rabbit IgG.
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METHODS

Sampling. Bats were trapped in their natural habitat as described previously®.
Throat and faecal swab samples were collected in viral transport medium (VTM}
compased of Hank's balanced sat solutien, pH 7.4, containing BSA (1%), ampho-
tericin {15 pgml™ 1, penicillin G (100 U m1™*} and streptomycin (50 ug m1™ . To
collect (resh faecal samples, clean plastic sheets measuring 2.0 by 2.0 m were placed
under known bat roosting sites at about 18:00 h each evening, Relatively fresh faecal
samples were collected from sheets at approximately 05:30-06:00 the next morning
and placed in VTM. Samples were transported to the laboratory and stored at
—80°C until use. All animals trapped for this study were released back to their
habitat after sample collection. All sampling processes were performed by veter-
inarians with approval fram Animal Ethics Committee of the Wuhan Institute of
Virology (WIVH05210201) and EcoHealth Alliance under an inter-institutional
agreement with University of California, Davis (UC Davis protocol no. 16048).
RNA extraction, PCR and sequencing. RNA was extracted from 140 pl of swab
orfaecal samples with a Viral RNA Mini Kit (Qiagen) folowing the manufacturer’s
instructions. RNA was eluted in 60 gl RNAse-free buffer {(buffer AVE, Qiagen),
then aliquoted and stored at —80 °C, One-step RT--PCR (Invitrogen} was used to
detect coronavirus sequences as described previously', First round PCR was con-
ducted in a 25-pl reaction mix containing 12.5 ul PCR 2X reaction mix buffer,
10 pmol of each primer, 2.5 mM MgSO4, 20 U RNase inhibitar, 1 pl SuperScript
TIT/ Platinum Taq Enzyme Mix and 5 ul RNA. Amplification of the RARP-gens frag-
ment was performed as follows: 50 °C for 30 min, 94 °C for 2 min, followed by 40
cycles consisting of 94 °C for 155, 62 °C for 155, 68 °C for 405, and a final exten-
sion of 68 °C for 5 min. Second round PCR was conducted in a 25-p} reaction mix
containing 2.5 pl PCR reaction buffer, 5 pmol of each primer, 50 mM MgCl,,
0.5mM dNTP, 0.1 pl Platinum Taq Enzyme (Invitrogen} and L pl first round
PCR product. The amplification of RARP-gene fragment was performed as fol-
lows: 94 °C for 5 min followed by 35 cycles consisting of 94 °C for 30s, 52 °C for
305, 72°C for 405, and a final extension of 72 °C for 5 min.

To amplify the RBD region, one-step RT-PCR was performed with primers
designed based on available SARS-CoV or bat SL-CoVs (first round PCR primers;
E, forward; R, reverse; CoVS931F-5'-VWGADGTTGTKAGRTTYCCT-3" and
CoVS1909R-5'-TAARACAVCCWGCYTGWGT-3'; second PCR primers; CoVS
951F-5"-TGTKAGRTTYCCTAAYATTAC-3' and CoVS1805R-5-ACATCYTG
ATANARAACAGC-3'), First-round PCR was conducted in a 25-)ul reaction mix
as described above exéept primers specific for the § gene were used. The ampli-
fication of the RBD region of the S gene was performed as follows: 50 °C for 30 min,
94 °C for 2 min, followed by 35 cycles consisting of 94 °C for 155, 43 °C for 155,
68 °C for 905, and a final extension of 68 °C for 5 min. Second-round PCR, was
conducted in a 25-p reaction mix containing 2.5 ul PCR reaction buffer, 5 pmol of
each primer, 50 mM MgClz, 0.5 mM dNTP, 0.1 pl Platinum Taq Enzyme {Invitrogen)
and 1y first round PCR product. Amplification was performed as follows: 94°C
for 5 min followed by 40 cycles consisting of 94 °C for 30, 41 °C for30s,72°Cfor
05, and a final extension of 72 °C for 5 min.

PCR products were gel purified and cloned into pGEM-T Easy Vector {Promega),
At least four independent clones were sequenced to obtain a consensus sequence
for each of the amplified regions.

Sequencing full-length genomes. Degenerate coronavirus primers were designed
based on all available SARS-CoV and bat SL-CoV sequences in GenBank and specific
primers were designed from genome sequences generated from previous rounds of
sequencing in this study (primer sequences will be provided upon request). All
PCRs were conducted using the One-Step RT-PCR kit {Invitrogen), The 5' and 3'
genomic ends were determined using the 5" or 3 RACE kit (Roche), respectively.
PCR products were gel purified and sequenced directly or following cloning inte
pGEM-T Easy Vector (Promega). Atleast four independent clones were sequenced
to obtain a consensus sequence for each of the amplified regions and each region
was sequenced at least twice.

Sequence analysis and databank accession numbers. Routine sequence manage-
ment and analysis was carried out using DNAStar or Geneious. Sequence align-
mentand editing was conducted using Clustal W, BioEdit or GeneDoc. Maximum
Likelihood phylogenetic trees based on the protein sequences were constructed
using a Poisson model with bootstrap values determined by 1,000 replicates in the
MEGAS software package.

Sequences obtained in this study have been deposited in GenBank as follows
(accession numbers given in parenthesis): full-length genome sequence of SL-CoV
RsSHCO014 and Rs3367 (KC881005, KC881006); full-length sequence of WIV1 S
(KC881007); RBD (KC880984-KC881003); ACE2 (KC8810040). SARS-CoV
sequences used in this study: human SARS-CoV strains Tor2 (AY274119), BJo1
{AY278488), GZ02 (AY390556) and civet SARS-CoV strain SZ3 (AY304486). Bat
coronavirus sequences used in this study: Rs672 {F]588686), Rp3 (DQ071615), Rfl
(DQ412042), Rm! (DQ412043), HKU3-1 (DQ022305), BM48-31 (NC_014470),
HKU9-1 (NC_009021), HKU4 (NC_005019), HKUS (NC_009020), HKUS (D(Q249228),
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HKLU2 (EF203067), BtCoV512 (NC_009657), LA (NC_010437). Other coronavirus
sequences used in this study: HCoV-229E {AF304460), HCoV-OC43 (AY391777),
HCoV-NL63 (AY567487), HKUL (NC_006577), EMC (JX869059), FIPV (NC_002306),
PRCV (DQ811787), BWCoV (NC_010646), MHV (AY700211}, IBV {AY851295).
Amplification, cloning and expression of the bat ACE2 gene. Construction of
expression clones for human and civet ACE2 in pcDNA3.1 has been described
previously®®. Bat ACE2 was amplified from a R. sinicus (sample no. 3357}, Inbrief,
total RNA was extracted from bat rectal tissue using the RNeasy Mini Kit (Qiagen).
First-strand complementary DNA was synthesized from total RINA by reverse trans-
cription with random hexamers. Full-length bat ACE2 fragments were amplified
using forward primer bAF2 and reverse primer bAR2 (ref. 29). The ACE2 gene was
cloned into pCDNA3.L with Kpnl and Xhol, and verified by sequencing. Purified
ACE2 plasmids were transfected to HeLa cells. After 24 h, lysates of HeLa cells
expressing human, civet, or bat ACE2 were confirmed by western blot ar immu-
nofluorescence assay.

Western blot analysis, Lysates of cells or filtered supernatants containing pseu-
doviruses were separated by SDS~PAGE, followed by transfer to a nitrocellulose
membrane (Millipore). Por detection of S protein, the membrane was incubated
with rabbit anti-Rp3 § fragment {amino acids 561-666) polyantibodies (1:200),
and the bound antibodies were detected by alkaline phosphatase (AP)-conjugated
goat anti-rabbit IgG (1:1,000). For detection of HIV-1 p24 in supernatants, mono-
clonal antibody against HIV p24 (p24 MAb) was used as the primary antibody at a
dilution of 1:1,000, followed by incubation with AP-conjugated goat anti-mouse [gG
at the same dilution. To detect the expression of ACE2 in HeLa cells, goat antibody
against the human ACE2 ectodomain (1:500) was used as the first antibody, followed
by incubation with horseradish peroxidase-conjugated donkey anti-goat IgG (1:1,000).
Virus isolation. Vero E6 cell monolayers were maintained in DMEM supplemen-
ted with 10% FCS. PCR-positive samples (in 200 ul buffer) were gradient centri- -
fuged at 3,000-12,000g, and supernatant were diluted 1:10 in DMEM before being
added to Vero E6 cells. After incubation at 37 °C for 1 h, inocula were removed and
replaced with fresh DMEM with 2% FCS, Cells were incubated at 37 °C for 3 days
and checked daily for cytopathic effect. Double-dose triple antibiotics penicillin/
streptomycmfarnphotencm (Gibco) were included in all tissue culture medta {peni-
cillin 200 YU ml™, streptomycin 0.2mgml™}, amphotericin 0.5 pgml~ Y). Three
blind passages were carried out for each sample. After each passage, both the culture
supernatant and cell pellet were examined for presence of virus by RT-PCR using
primers targeting the RARP or S gene, Virions in supernatant (L0 mi) were collected
and fixed using 0.1% formaldehyde for 4 h, then concentrated by ultracentrifuga-
tion through a 20% sucrose cushion (5 mi) at 80,000¢ for 90 min using a Ty90 rotor
(Beckman). The pelleted viral particles were suspended in 100 ul PBS, stained with
2% phosphotungstic acid (pH7.0) and examined using a Tecnai transmission
electron microscope {FEI) at 200kV.

Virus infectivity detected by immunofluorescence assay. Cell lines used for this
studyand their culture conditions are summarized in Extended Data Table 5. Virus
titre was determined in Vero E6 cells by cytopathic effact (CPE) counts. Cell lines
from different origins and HeLa cells expressing ACE2 from human, civet or Chinese
horseshoe bat were grown on coverslips in 24-well plates (Corning) incubated with
bat SL-CoV-WiV1 at a multiplicity of infection = 10 for 1 h, The inoculum was
removed and washed twice with PBS and supplemented with medium. HeLa cells
without ACE2 expression and Vero E6 cells were used as negative and positive
controls, respectively. At24 h after infection, cells were washed with PBS and fixed
with 4% formaldehyde in PBS (pH 7.4) for 20 min at 4 °C. ACE2 expression was
detected using goat anti-human ACE2 immunoglobulin (R&D Systemns) followed
by FITC-labelled donkey anti-goat immunoglobulin (PTGLab}. Virus replication
was detected using rabbit antibody against the SL-CoV Rp3 nucleocapsid protein
followed by Cy3-conjugated mouse anti-rabbit 1gG, Nuclei were stained with DAPI.
Staining patterns were examined using a FV1200 confocal microscope (Olympus).
Virus infectivity detected by real-time RT-PCR. Vero E6, A54%, PX15, RSKT
and HeLa cells with or without expression of ACE2 of different origins were inocu-
lated with 0.1 TCIDgo WIV-1 and incubated for 1k at 37 °C. After removing the
inoculum, the cells were cultured with medium containing 1% FBS. Supernatants
were collected at 0, 12, 24 and 48h, RNA from 140 pl of each supernatant was
extracted with the Viral RNA Mini Kit {Qiagen) following manufacturer’s instruc-
tions and eluted in 60 pl buffer AVE {Qiagen}. RNA was quantified on the ABI
StepOne system, with the TaqMan AgPath-ID One-Step RT-PCR Kit {Applied
Biosystems) in a 25 ul reaction mix containing 4 ul RNA, 1 X RT-PCR enzyme
mix, 1 X RT-PCR buffer, 40 pmol forward primer (5'-GTGGTGGTGACGGCA
AAATG-3"), 40pmol reverse primer (5'-AAGTGAAGCTTCTGGGCCAG-3')
and 12 pmol probe (5'-FAM-AAAGAGCTCAGCCCCAGATG-BHQL-3'). Ampli-
fication parameters were 10 minat 50 °C, 10 min at 95 °Cand 50 cyclesof 15 sat$5 °C
and 20 s at 60 °C. RNA dilutions from purified WIV-1 stock were used as a standard.
Serum neutralization test. SARS patient sera were inactivated at 56 °C for 30 min
and then used for virus neutralization testing. Sera were diluted starting with 1:10
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and then serially twofold diluted in 96-well cell plates to 1:40. Each 100 ul serum
dilution was mixed with 100 pl viral supernatant containing 100 TCIDSp of WIVL
and incubated at 37 °C for 1 h. The mixture was added in triplicate wells of 96-well
cell plates with plated monolayers of Vero E6 cells and further incubated at 37 °C
for 2 days. Serum from a healthy blood donor was used as a negative control in
each experiment. CPE was observed using an inverted microscope 2 days after
inoculation, The neutralizing antibody titre was read as the highest dilution of
serum which completely suppressed CPE in infected wells. The neutralization test
was repeated twice.

Recombination analysis, Full-length genomic sequences of SL-CoV Rs3367 or
RsSHCD14 were aligned with those of selected SARS-CoVs and bat SL-CoVs using
Clustal X. The aligned sequences were preliminarily scanned for recombination

events using Recombination Detection Program (RDP) 4.0 (ref. 19). The potential
recombination events suggested by RDP owing to their strong P values (<10-20)
were investigated further by similarity plot and bootscan analyses implemented in
Simplot 3.5.1, Phylogenetic origin of the major and minor parental regions of
Rs3367 or RsSHCO14 were constructed from the concatenated sequences of the
essential ORFs of the major and minor parental regions of selected SARS-CoVand
SL-CaVs, Two genome regions between three estimated breakpoints {20,827
26,553 and 26,554-128,685) were aligned independently using ClustalX and gene-
rated two alignments of 5,727 base pairs and 2,133 base pairs. The two alignments
were used to construct maximum likelihood trees to better infer the {ragment
parents. Al! nucleotide numberings in this study are based on Rs3367 genome
position,
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Qutbreaks of Crimean-Congo hemorrhagic fever [CCHF] seem to have doubled in Gujarat, the 1st state to have
reported the prevalence of this tick-borne viral disease in the country,

In the last 3 years [2011-2013] alone, there have been 30 positive cases and 14 deaths due to CCHF, half of
which were reported in a cattle-rearing community known as the Bharwads, stated experts who participated in the
day-long conference "Healthy Gujarat: Agenda For Action,” organised by the Gujarat Health and Family Welfare
Department on Tuesday [3 Dec 2013]. -

"The 1st instance of CCHF was detected in Kolat village near Ahmedabad in January 2011. That year, there were 4
outbreaks of CCHF. The year 2012 was reportedly milder, with 2 outbreaks. However, in 2013, there were as many
as 8 outbreaks," said Dr Kamlesh Upadhyay, a professor in the Department of Medicine at Ahmedabad-based BJ
Medical College & Civil Hospital.

"In the last 3 years, there have been 30 positive cases of virus infection, 50 percent of which are from the
Bharwad community,” added Upadhyay, who was speaking on the topic of "Disease Burden” of Gujarat. "Today,
there are 14 sites in Gujarat from where CCHF has been reported,” he said.

Communicated by:
ProMED-mail from HeaithMap Alerts
<promed@promedmail.org>

[Crimean-Congo haemorrhagic fever {CCHF) outbreaks have a case fatality rate of up to 40 per cent. The virus is
primarily transmitted to people from ticks harboured by livestock animals. Human-to-human transmission can
occur resulting from close contact with the blood, secretions, organs, or other bodily flulds of those infected.
Infected domestic animals do not usually show signs of infection, which may contribute to the general lack of
-awareness of the disease even in endemic areas and a toleration of tick bites.

CCHF is-endemic in Africa, the Balkans, the Middle East and Asia, in countries south of the 50th paraliel north.
There is no vaccine available for either people or animals. .

A map of the states and territories of Ind|a showmg the locatlon of Gujarat in the northwest can be accessed at
- Mod.CP '

A HealthMap/ProMED-mail map can be accessed at: hitp://healthmap.org/r/1pSH.]
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Reemergence of

" Vaccinia Virus
during Zoonotic
Outbreak,

Para State, Brazil

Felipe L. de Assis, Wagner M. Vinhote,
José D. Barbosa, Cairo H.5. de Oliveira,
Carlos M.G. de Oliveira, Karinny F. Campos,
Natalia S, Silva, Giliane de Souza Trindade,
Jonatas S. Abrah&o, and Erna G. Kroon

In 2010, vaccinia virus caused an outhreak of bovine
" vaccinia that affected dairy cattle and rural workers in Para
State, Brazil. Genetic analyses identified the virus as dis-
tinct from BeAn58058 vaccinia virus (identified in 1960s)
and from smallpox vaccine virus strains. These findings
suggest spread of autochthonous group 1 vaccinia virus in
this region.

Over the past decade, several exanthematous vaccinia
virus (VACV) outbreaks that affected dairy cattle and
rural workers have been reported in Brazil. During out-
breaks, lesions developed on teats and udders of dairy cat-
tle and cansed a decrease in milk production (/,2). Infected
milkers usually had lesions on their hands; the infection
was apparently transmitted by unprotected contact w1th in-
fected cattle (1,2).

Molecular studies have shown that autochthonous
VACVs from Brazil (VACV-BR) can be divided info 2
groups: group 1 and group 2 (3,4). Group 1 includes iso-
lates Cantagalo, Aragatuba, Passatempo, Guarani P2, Mari-
ana, and Pelotas 2; group 2 includes isolates Guarani P1,
Pelotasl, and BeAN58058 (BAV). This molecular dichot-
omy is also reflected in certain biologic properties of the
isolates, including virulence in the BALB/c mouse model
and plaque phenotype in BSC-40 cells (/). Although each
VACYV strain has unique genetic characteristics, most of
them are similar to each other within the same group, es-
pecially those belonging to group 1; they most likely share
a common ancestor, Although some researchers believed
that VACV vaccine strains could have spread from humans

Authar affillations: Universidade Federal de Minas Gerais, Minas
Gerais, Brazil (F.L. de Assis, G, de Souza Trindade, J.5. Abrahéo,
E.G. Kroon); and Universidade Federal do Para, Para, Brazil
(W.M. Vinhote, J.D. Barbosa, C.H.S. de Qliveira, C.M.G. de Oliveira,
K.F. Campos, N.S. Silva)
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to domestic animals and adapted to the rural environment
(2), recent studies have suggested an independent origin for
VACV isolates from South America, which is distinct from
vaccine strains used in South America during the World
Health Organization vaccination campaign. (3,4).

Despite emergence of VACV in the past decade,
VACYV was also isolated during the 1960s and 1970s dur-
ing government efforts to investigate emerging viruses in
forests in Brazil (5—7). One of those isolates, BAV, was
obtained in 1963 from the blood of a rodent in Pard State
in the Amazon region of Brazil that belonged to the genus
Oryzomys (6,7). BAV was characterized during the 1990s,
and restriction pattern and nucleotide sequence data sup-
ported its classification as a VACV (6). However, since
its isolation, VACV circulation has not been reported in
Para State, even after VACV outbreaks in southeastern
Brazil ().

In this report, we describe reemergence VACV during
a severe exanthematous outbreak in Pard State, 47 years
after isolation of BAV. Our molecular data showed that
this new VACYV isolate clusters with group 1 VACV-BR
isolates, which is the same VACYV clade related to most vi-
ruses that caused zoonotic outbreaks in rural areas of Brazil
in the past decade.

The Study

The outbreak was reported in July 2010 in Bom
Jesus do Tocantins County (5°2’ 6078, 48°36'36*°W), Parj
State, in the Amazon region of Brazil (Figure 1, Appendix,
wwwic.cde.gov/EID/article/19/12/13-0589-F 1.htm).

Dairy cattle and workers were affected. However, the
source (index case) of this outbreak was not identified. At
the study site, 44 lactating dairy cows became sick and had

painful vesicular lesions on teats, udders, and inner thighs

that rapidly progressed to ulcerative lesions and scabs (Fig-
ure 2, panels B and D). Two animals had extensive necrosis
because of secondary infections, which led to loss of teats.
Lesions were also observed on lips, muzzles, oral cavi-
ties, and tongues of calves (Figure 2, panel D). Three dairy
workers became sick during the outbreak after direct con-
tact with sick animals and had typical orthopoxvirus (OPV)
lesions on their hands, forearms, and abdomen (Figure 2,
panel A). Pain in the lesion region, fever, and fatigue were
also reported by sick patients.

Wecollected 4 scabs and 44 serum samples from the 44
sick animals and 3 serum samples from the 3 dairy workers.
Serum samples were tested by using 50% plague reduction
neutralization tests as described (8). Neutralizing antibod-
ies were detected in 40 (90.0%) bovine and in 3 (100%) hu-
man samples, and titers ranged from 20 to 640 neutralizing
units/mL. Scabs were macerated in buffer and centrifuged.
Supernatants were diluted 1:100 in phosphate-buffered sa-
line and used in a nested PCR specific for the C11R viral
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g Figure 2. Exanthematic lesions
caused. by vaccinia virus {(VACV)
infection during this outbreak. A)
Vesicular lesion on milker's finger
that advanced to an ulcerative
B stage. B and D) Typical lesions
P on teats and udder of a dairy
me.  COW infacted by VACYV at different
B stages, ranging from ulceration
B to scabs. C) Lesions on a calfs

+ muzzle probably caused by VACV
" infection during suckling.

il

iy
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growth factor gene as described (9, /0). OPV-specific frag-
ments from 2 scab samples were amplified. Samples were
also subjected to virus isolation in Vero cells.

We isolated virus from 1 of the samples that was posi-
tive for viral growth factor by nested PCR. Negative results
for VACV by PCR and virus isolation might have been
caused by loss of virus titers and DNA degradation during
sample transportation. After a typical poxvirus cytopathic
effect was observed, virus was plaque purified and placed
on Vero cell monolayers for viral amplification. This new
VACY isolate was named Pard virns (PARV).

To investigate the relationship between PARV and
BAYV, virus gene A56R (hemagglutinin) was amplified and
sequenced (/7). The AS6R gene is traditionally used for
phylogenetic analysis. In addition, PARV A26L (A-type in-
clusion body) was also sequenced (12). The PCR fragments
obtained were directly sequenced in both orientations and

in triplicate by using a Mega-BACE 1000 Sequencer) (GE.

Healthcare, Little Chalfont, UK). Sequences were aligned
with OPV sequences from GenBank by using ClustalW
(www.ncbi.nim.nih.gov/pme/articles/PMC308517), and
alignments were manually checked with MEGA version 4.0
software (Arizona State University, Phoenix, AZ, USA).
Optimal alignment of the A56R gene showed high
identity among PARV and several group 1 VACV-BR iso-
lates (average identity 99.8%), including VACV-TO CA
(GU322359) (identity 99.9%), an amplicon obtained from
blood of an Amazon monkey in Tocantins State, Brazil, in
2002 (Figure 3). PARV and BAV showed 98.3% identity
with each other. PARYV also showed 4 signature deletion

2018

of 18 nt that was also present in AS6R sequences of other
group 1 VACV-BR isolates

Phylogenetic trees of the AS6R (Figure 3, panel A) or
A26L (Figure 3, panel B) genes were constructed by using
the neighbor-joining method, 1,000 bootstrap replicates,
and the Tamura 3-parameter model (MEGA version 4).
PARYV sequences clustered with several group 1 VACV-
BRs isolated during several bovine vaccinia outbreaks in
Brazil. In both frees, PARV clustered in group 1 VACV-
BR, whereas BAV clustered in group 2.

Conclusions
Our results confirm circulation of a new group 1
VACV-BR isclate in Para State in the Amazon region of

Brazil in the same location where BAV (group 2 VACV-

BR) was isolated (6,7). In recent years, Bovine vaccinia
outbreaks in southeastern Brazil rapidly spread to neigh-
boring states (1). Epidemiologic studies suggest that move-
ment of sick humans and the animal trade are the main
causes of this circulation (/). The relevance of VACV
circulation in the context of bovine vaccinia outbreaks has
been discussed (13).

Several isolates belong to group 1, which is most com-
monly isolated from sick cattle or cow milkers; some iso-
lates were detected in peridomestic rodents and wild mon-
keys (8,13). Therefore, although our data demonstrated
that PARV does not cluster with BAV, it is not possible to
phylogenetically define which group 1 isolate specifically
generated PARV or caused the ouibreak because of lim-
ited number of available gene sequences from VACV-BR
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Figure 3. Phylogenetic trees based on orthopoxvirus nucleotide sequences of AS6R (A) and A26L (B) genes of vaccinia virus (VACV), Para
State, Brazil. Pard virus (PARV) clusters with VACV group 1 from Brazil. Phylogenetic analysis showed that PARV (black dots) clustered
in the VACV-BR-G1 clade and.that BeAN58058 virus (BAV) clustered in the VACV-BR-G2 clade, A26L sequence was obtained anly from
PARV. Trees were consfructed by using the neighbaor-joining methad, the Tamura-Nei model of nucleotide substitutions, and bootstrap_
of 1,000 replicates in MEGA version 4.0 software (Arizona State University, Phoenix, AZ, USA). In panel A, BAV is shown in boldface.
GenBank accession numbers are indicated in parentheses. Values alang the branches indicate bootstrap values. Scale bars indicate
nucleotide substitutions per site. GP2V, Guarani P2 virus; MURV, Muriae virus; CTGV, Cantagalo virus; CARV, Carangola virus; MARY,
Mariana virus; ARAV, Aracatuba virus; BSPV, horsepox virus; GP1V, Guarani P1 virus; MPXV, monkeypox virus; PSTV, Passatempo;

CPXV, cowpox virus; VARV, varicla virus.

isolates. Nevertheless, we believe the presence of this new
.isolate in Para State likely resulted from virus'spread from
Tocantins, Maranh#o, or Mato Grosso, 3 neighboring states
of Para State, which had Bovine vaccinia outbreaks in recent
years, and not from reemergence of BAV (/).

Although group 2 VACV-BR isolates, including BAV,

have not been detected in the Amazon region of Brazil in
recent years, we believe that these viruses may be silently
circulating or associated with bovine vaccinia outbreaks.
As in other regions in Brazil, VACV outbreaks are under-
reported in the Amazon region because of its large size and
the natural complexity involved in surveillance of zoonotic
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diseases. Our results reinforce the need for studies on
VACV diversity and its transmission chain, which would
be useful for the Amazon region in Brazil.
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Mother-to-Child
Transmission of
Congenital Chagas
Disease, Japan

Kazuo Imai, Takuya Maeda, Yusuke Sayama, -
Kei Mikita, Yuji Fujikura, Kazuhisa Misawa,
Morichika Nagumo, Osamu Iwata,
Takeshi Ono, Ichiro Kurane, Yasushi Miyahira,
Akihiko Kawana, and Sachio Miura

We report a patient with cangenital Chagas disease in
Japan. This report reemphasizes the role of neglected and
emerging tropical diseases in the era of globalization. it
also indicates the need for increased vigilance for detect-
ing Chagas disease in non-disease-endemic countries.

hagas disease, which is caused by the pathogenic pro-

tozoa Trypanosoma cruzi, was previously endemic
only to Central and South America but is now estimated
to affect up to 10 million persons worldwide (/). Recent
unprecedented trends in globalization have been accompa-
nied by the migration of ~14 million persons from disease-
endemic regions to North America, Europe, Japan, and
Australia. Consequently, and as predicted, sporadic reports
of patients with chronic Chagas disease have emerged, and
documented cases have presumably been caused by chroni-
cally infected persons who migrated from disease-endemic
countries (2). Despite the wide geographic spread of pa-
tients with Chagas disease, cases of congenital transmis-
sion in non-disease-endemic countries have been docu-
mented (Table 1) (3) 7

It is estimated that =300,000 immigrants from Latin
America, to which Chagas disease is endemic, are currently
living in Japan and that =34,000 births from these immi-
grants have occurred in the past 10 years. However, vertical
transmission of the disease in Japan has not been detected,

probably because of the lack of screening programs for at-

risk pregnant women and the disregard for the silent clini-
cal manifestation of congenital Chagas disease.

The World Health Organization recommends that
each country should strengthen its mational and re-

Author affiliations: National Defense Medical College, Saitama,
Japan (K. Imai, T. Maeda, K. Mikita, Y. Fujikura, K. Misawa,
M. Nagumo, T. Ono, Y. Miyahira, A. Kawana); Japanese Red Cross
Society, Tokyo, Japan (Y. Sayama, S. Miura); Tokai University Oiso
Hospital, Kanagawa, Japan (O. lwata); and National Institute of
Infectious Diseases, Tokyo (I. Kurane)
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gional capacity to prevent and control congenital trans-
mission of infectious pathogens while improving case
management (4). We report a patient with congenital
Chagas disease in Japan. We also highlight the need
for increasing awareness of congenital transmission
and urge establishment of an appropriate diagnostic
and treatment system for Chagas disease in nonendemic
countries. '

The Patient

In October 2012, a 13-year-old boy in Japan was ad-
mitted to the National Defense Medical College Hospital
in Saitama, Japan, for chronic constipation. His parents and
grandparents were Bolivian nationals of Japanese descent
who had lived in Chagas disease—endemic areas in Bolivia
until 1992. In 1999, the boy was delivered full-term after

“an uncomplicated pregnancy in Japan but had a low birth-

weight. He was in excellent health and showed no signs of
disease until 2 years before his admission, when he began
to report chronic constipation. At that time, he had a medi-
cal examination at a Catholic church because meost hospi-
tals in Japan could not make a definitive diagnosis of Cha-
gas disease. He underwent serodiagnostic screening for T.
cruzi infection. The boy and his mother were seropositive
for T. cruzi.

After admission, he reported extreme constipation
and explained that he defecated only once per week.
Results of laboratory tests at admission, including those
for serum brain natriuretic peptide, were generally with-
in reference ranges. However, abdominal radiography
showed major distension of the colon that extended 65
mm (Figure). :

The definitive diagnosis, including effectiveness of
antiparasitic treatment, was confirmed by using serologic,
genomic, and parasitologic methods (Table 2). An ELISA
(ORTHO T. cruzi ELISA Test System; Ortho-Clinical Di-
agnostics, Raritan, NJ, USA) was performed according to
the manufacturer’s protocol. A nested PCR that ampliftes
a DNA fragment of a repetitive TCZ sequence was per-
formed as described (5). The parasite was also isolated by
blood culture on Novy, McNeal, and Nicolle agar (6) and
examined by light microscopy and real-time PCR. All tests
showed positive results. It was later determined that the -
boy’s mother was also seropositive for Chagas disease. The
boy was given a diagnosis of congenital Chagas disease ac-
companied by megacolon.

The patient was treated with oral benznidazole (5 mg/
kg/d for 60 days) and showed no adverse effects, Parasit-
emia and DNA of T, cruzi in peripheral blood could not
be detected by the end of treatment. To ensure successful
treatment and cure, we intend to clinically follow up the
patient for several decades until serologic results eventu-
ally become negative (7).
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Congenital Chagas Disease, Japan

Table 1. Patients with congenital Chagas disease in non-disease-endemic countries*

Country No. patients -Mother's country of origin Age, y, at time of diagnosis Symptoms at birth
Sweden 1 Chile Asymptomatic
Spain 7 Argentina (2), Bolivia (5) At birth (5), 2 (1), after death (1) Asymptomatic (5),
. ' symptomatic (2)
Switzerland 2 Bolivia (2) . At birth (2) Asymptomnatic (2)
United States 1 Bolivia At birth Symptomatic
Japan 1t Bolivia 13 : Asymptomatic

“Values in parentheses are no. patients.
tPatient in this study.

Conclusions

Chagas disease is usually regarded as one of the most
serious health problems in rural areas of Central and South
America. However, recent successful vector control pro-
grams to reduce vector-borne transmission have dramati-
cally changed the epidemiology of this disease (8). Mass
migration of chronically infected and asymptomatic per-
sons has caused globalization of Chagas disease, and has
made nonvectorial infection, including vertical and blood-
borne transmission, more of a threat to human communities
than vectorial infection (9). _

On the basis of local and limited serologic surveys, the
- presumptive number of chagasic patients living in Japan
is currently 4,500, compared with >100,000 in the United
States and >6,000 in Spain (2). Sporadic imported cases
have been recognized and reported in Japan in the past de-
cade, but the exact incidence is unknown. Most cases were
diagnosed only after patients had critical complications, in-
cluding severe cardiac involvement (10). It is also conceiv-
able that chagasic patients with less severe cardiac symp--
toms or gastrointestinal involvement have sought treatment
at local hospitals in Japan, where the potential for missing
or misdiagnosing the disease would likely be high. The dif-
ficulty in making a correct diagnosis of Chagas disease is
compounded in Japan by low awareness and recognition of
the disease by medical staff; scarcity of epidemiologic or
statistical data; and lack of diagnostic tools, resources, and
facilities available to help with the differential diagnosis.

There is currently no laboratory test-based screening
system for donated blood to detect Chagas disease in Japan.
Instead, a questionnaire is used to determine if donors have
any connections with disease-endemic regions. As of Octo-
ber 2012, to avoid transmission through transfusions, Japa-
nese Red Cross Blood Centers no longer use donated blood
for transfusions or producing blood products if the donor
or donor’s mother has spent >4 weeks in Latin America.
Therefore, before 2012, it is difficult to estimate how many
contaminated blood donations were overlooked in Japan.

The estimated vertical transmission rate from an in-
fected mother to her newborn is =5% in Bolivia (/7). If one
considers that 34,000 children were born to Latin American
women during the past decade in Japan and that the sero-
prevalence of 7. cruzi is estimated to be 1.8%, the number
of infected newborns in the past decade is =30, However,
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there are no current screening programs for Chagas disease
in Japan to detect chronically infected persons, including
pregnant women and newborns.,

The patient in this study had congenital chagasic in-

‘fection, accompanied by advanced gastrointestinal compli-

cations. The delay in diagnosis for this patient case was
caused by the absence of a screening program in Japan, a
problem which also makes it impossible to determine the
precise number of pregnant women and newborns with 7.
cruzi infection in this country. In Spain, the most affected
country in Europe, a specific program was developed to fo-
cus on migrants from Latin American woman of childbear-
ing age. Since its infroduction, the program has contributed
not only to the early diagnosis of Chagas disease but also
to improvements in the quality of life and prognosis for
patients (/2).

Because the therapeutic efficacy of treatment, including
benznidazole, for infection with 7% cruzi is >90% in infants

SRR
Figure. Abdeminal radiograph of a 13-year-old boy with congenital
Chagas disease, Japan, showing megacolon and marked dilatation
at the splenic flexure.
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Table 2. Clinical course of & 13-year-old boy with congenital Chagas disease, Japan, after treatment with benznidazole

Days after starting treatment

Characteristic Before treatment 180
Antibody titer* 160 160 160 160
Nested PCR resuilt + - ~
Blood culture result + - -

*Antibodies against Trypanosoma cruzi.

with congenitally transmitted Chagas disease if treated dur-
ing the first year of life (/3), it would be ideal for all pregnant
women entering Japan from disease-endemic countries to be
screened for the presence of serum antibody against 7. cruzi.
This report indicates the urgent need for implementing prop-
er measures to prevent the vertical transmission of T. cruzi
in non—Chagas disease—endemic countries, including Japan.
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from the Ministry of Health, Labor and Welfare, Japan (H23-
iyaku-ippan-003).
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