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1. Introduction

Hepatitis E virus (HEV) is a causative agent of hepatitis in many countries and of emerging concern in
industrialized countries. HEV is a non-enveloped, single-stranded, positive-sense RNA virus and a
member of the family Hepeviridae. In developing countries, HEV (genotypes 1 and 2) is a major cause
of acute hepatitis, transmitted by the fecal-oral route and associated with contamination of drinking
water. In industrialized countries, HEV (genotypes 3 and 4) has been found to be more prevalent In the
human population than originally believed. HEV genotypes 3 and 4 infect not only humans but also
animals such as swine, wild boar, and deer. Zoonotic transmission of HEV genotypes 3 and 4 to
humans can occur by consumption of contaminated meat or meat products or by contact with infected

“animals. These genotypes are generally less pathogenic than genotypes 1 and 2, although some

exceptions have been reported. Chronic infection with HEV genotype 3 is an emerging concern among
transplant recipients and may also occur in persons with HIV and certain hematologic disorders.

2, Problem statement ‘ ,

HEV infection is wides\pread and blood/plasma donors are often asymptomatic. Therefore, there is a
risk for viraemic blood donations. HEV has been recognized as a transfusion transmissible agent since
2004 and transfusion-related cases have been documented in several countries (United Kingdom,
r-;rance', Japan, Saudi Arabia, People’s Republic of China). Recent analysis of blood and plasma
donations has identified HEV-infected donors in Germany, Sweden, and United Kingdom. In these
studies, frequency of viraemic donations ranged between 1:4000 and 1:7000. The duration of viraemia
is usually between 4 to 6 weeks, and the viral concentration ¢an reach 7 log10 RNA per ml,
Consequently, HEV-RNA has been detected in plasma pools used for production of medicinal products.

3. Discussion (on the problem statement)

The published reports on frequency of viraemic blood donations and studies on plasma pools indicate
that plasma pools used as starting material for manufacture of medicinal products can be
contaminated with HEV. In addition there have been cases with post donation information, indicating
that HEV-affected donations have entered plasma pools for fractionation.

This raises questions about the saféty of the plasma-derived medicinal products, The Ph. Eur.
monograph for human plasma pooled and treated for virus inactivation (1646) is under revision to

_include a test for HEV RNA (implementation date 1 January 2015). A WHO International Standard for

HEV for use in.the standardisation of HEV NAT assays has been established, Manufacture of other .
plasma-derived products includes process steps for inactivation/removal of non-enveloped viruses.
However, their effectiveness against HEV is currently unclear, HEV is difficult to cultivate and current
information about susceptibility of HEV to virus inactivation/removal steps. used in the manufacture of
plasma-derived medicinal products is scarce. .

4, Recommendation\ :

Further information is needed on the safety of plasma-derived medicinal products with respect to HEV.
Therefore, an expert workshop will be organised in 2014 to address the relevant issues, The following
points should be addressed.

« Transfusion-associated infections and clinical experience with HEV-infections.

« Llatest information on the epidemiology of HEV infection with focus on blood and plasma donors.

Concept paper on viral safety of plasma-derived medicinal products with respect to
hepatitis E virus . )
EMA/CHMP/BWP/78086/2014 Page 2/4
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«  Duration of viraemia and virus loads of blood and plasma donations.

= Potential testing methods for screening of donors and testing of plasma pools (NAT, reference
materials),

« HEV-specific antibodies and neutralisation.

+ Latest information about the development of cell culture systems for HEV and their feasibility for
validation of virus inactivation/removal.

. « Latest experience from studies on inactivation/removal of HEV. .

» Relevance of model viruses for evaluation of virus inactivation/removal of HEV.

« Safety of solvent-detergent treated plasma.

+ Risk assessment for plasma-derived medfcal products and implication for warning statements.
« Perspective from patients. | |

This workshop will provide the basis for deciding what further action may be needed, including the
possible update of current guidance on plasma-derived fedicinal products.and/or development of a
reflection paper specifically on viral safety of plasma-derived medicinal products with respect to
hepatitis E virus.

5. Proposed timetable

The workshop is intended to take place on 28-29 October 2014. .

6. Impact assessment (anticipated)

Viral safety of plasma-derived medicinal products needs to be Kept under review as viruses are
identified that can be present in the plasma starting material. Initiating action with a workshop will
provide an effective means of bringing together and discussing the currently available information on
this topic. This will then allow further actions to be identified.

7. Interested parties

Blood products working party (BPWP).

Patient organisations (e.q. haemophilia patients (EHC, WFH), patients with primary immunodeficiencias
(EPPIC, IPOPI)). . '

Industry organisations (IPFA, PPTA) and manufacturers of plasma-derived medicinal products.

The works_hop may also be of interest to ECDC and blood competent authorities.

8. References to literature, guidelines, etc.

Guideline on plasma-derived medicinal products, EMA/CHMP/BWP/706271/2010 '

httn;//www.ema.europa.eu/docs/en GB/document library/Scientific gujdeline/2011/07/WC50010962
7.pdf ' : :

Concept paper on viral safety of plasma-derived medicinal products with respect to
hepatitis E virus
EMA/CHMP/BWP/78086/2014 - Page 3/4
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Guideline on the warning on transmissible agents in summary of product characteristics (SmPCs) and

package leaflets for plasma-derived medicinal products. EMA/CHMP/BWP/360642/2010 rev. 1

hitp://www.ema.europa,eu/docs/en GB/document library/Scientific guideline/2011/12/WC50011900

1.pdf
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Subject: PRO/EDR> Zika virus - Pacific (12): French Polynesia, donated blood
Archive Number: 20140411.2397091

ZIKA VIRUS - PACIFIC (12): FRENCH POLYNESIA, DONATED BLOOD
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A ProMED-mail post

http://www.promedmail.org

ProMED-mail is a program of the

International Society for Infectious Diseases

ht;g_:[gwww,'s'g,org

Date: Thu 10 Apr 2014
Source Eurosurve1llance Volume 19, Issue 14 [summ edlted]
: ViewArti

Musso D, Nhan T, Rbbin E, Roche C, Bierlaire D, Zisou K, et al. Potential for Zika virus transmission through blood
transfusion demonstrated during an outbreak in French Polynesia, November 2013 to February 2014.

Since October 2013, French P0|VHESla has experlenced the targest documented outbreak of Zika virus (ZIKAV)
infection. 7o prevent transmission of ZIKAV by blood transfusion, specific nucleic acid testing of blood donors was
implemented. From November 2013 to February 2014: 42 (3 per cent) of 1505 blood donors, although -
asymptomatic at the time of blood donation, were found positive for ZIKAV by PCR Cur results serve to alert
blood safety authoritles about the risk of post transfusion Zika fever.

Zika virus infection in French Polynesia: implications for blood transfusion

French Ponnesra in the South Pacific, has experienced the largest reported outbreak of ZIKAY infection, which
began in October 2013, with an estimated 28 000 cases in February 2014 (about 11 per cent of the population},
concomitantly with the circulation of dengue virus (DENV) serotypes 1 and 3. To the best of our knowledge, the
occurrence of ZIKAV infection resulting from transfusion of infected blood has not been Investigated. Since other
arboviruses have been reported to be transmitted by blood transfusion, several prevention procedures were
implemented in date to prevent transfusion of ZIKAV through transmission in French Polynesia, including nucleic
acld testing (NAT) of blood donors. We report here the detection of ZIKAV in 42 of 1505 blood donors, who were
asymptomatic at the time of blood donation.

Discussion

The main challenge in the prevention of arbovirus transfusion-derived transmission Is the high rate of
asymptomatic infections: this has been estimated at over 75 per cent for DENV and West Nile virus (WNV). For
ZI KAV there is no estlmate available of the percentage of asymptomatic infections.

Arbov:rus transfuslon derived transmission has been reported principally for WNV, DENV and chikungunya virus ’
(CHIKV). For CHIKV, the risk was evaluated as high.

During the outbreaks of CHIKV infection in Italy (2007) and in Reunion Island in the Indian Ocean {2005-2007),
blood donaticn was discontinued and blood products were imported from blood bank centres elsewhere. In French
Polynesia, due to its geographically isolated location, it was impossible to be supplled with fresh blood products
from blood bank centres outside French Polynesia,

Due to the potential risk of ZIKAV transfusion-derived transmission, the need to continue blood donations and the
lack of a licensed test for ZIKAV diagnosis, we decided to implement ZIKAV NAT as soon as possible, using a
modified RT-PCR. The protocol was implemented in November 2013, when agreement from ‘the French Polynesian
health authorities was obtained. The specificity of this RT-PCR assay has been previously evaluated and was
confirmed by sequencing analysis conducted during the outbreak in French Polynesia and its sensitivity was
similar to that previously evaluated. ‘

. We detected an unexpectedly high number of positive asymptomatic blood donors (42/1505; 3 per cent). To date,
no post-transfusion ZIKAV infection has been reported in recipients of ZIKAV-positive blood in French Polynesia;
however, haemovigilance studies are still ongoing.

Due to concomitant circulation of DENV serotypes 1 and 3 since early 2013, multiplex NAT testing for DENV has
been implemented from April 2013: no DENV-pesitive donor has yet been detected. While this might be refated to
a low level of viraemia in asymptomatic donors, we consider it was probably due to the low level of DENV-1 and
DENV-3 circuiation. Pathogen inactivation of platelet concentrates using a photochemical treatment (amotosalen)



>roMED-mail |

/2

of blood products and ultraviolet A light inactivation was also implemented.

The management of a dual outbreak of ZIKAV and DENV infection was challenging because we had to test all
blood donors for both pathogens, which was time consuming and expensive. In addition, in our blood bank centre,
the mean delay between blood donation and production of fresh blood product available for transfusion is generaily
24 hours. During the outbreaks, the mean delay was 3 days.

This report serves as a reminder of the importance of quickly adapting blood donation safety procedures to the
local epidemiological context. Moregver, it should help in anticipating the needs in other parts of the Pacific region,

-such as in New Caledonia (South Pacific), where an outbreak of ZIKAV infection started in February 2014. .

Our findings suggest that ZIKAV NAT should be used to prevent blood transfusion-transmitted ZIKAV. As
recommended by the European Centre for Disease Prevention and Control, blood safety authorities nead to be
vigilant and should consider deferral of blood donars returning from areas with an outbreak of ZIKAV infection. In
areas endemic for _Aedes_ species, a preparedness plan to respond to future outbreaks of ZIKAV infection should
include emergency plans to sustain the blood supply. ,

[The full report with references may be found at the URL above. - Mod,SH]

communicated by:
ProMED-mail
<promed@promedmail.org>

[The responée of the health authorities in French Polynesia in dealing with maintenance of a safe bleod supply
during a significant outbreak of a virus disease new to the area is outstanding. The logistical complications due to
the geographic isolation of the islands were overcome with scientifically sound, innovative approaches for blood
screening. . . '

Maps showing the location of the island archipelagos in French Polynesia mentioned above can be accessed at

http: //fwww.worldatlas.com/webimaae/countrvs/oceania/pf.htm and at http://healthmap.orq/r/4tD1. - Mod.TY]

See Also

Zika virus - Pacific {11): French Polynesia, perinatal transmission 20140405.2383237
Zika virus - Pacific {09) 20140328.2365267

Zika virus - Pacific (08) 20140316.2335754 :

Zika virus - Pacific (07); Easter Island, French Palynesia 20140309.2322907

Zika virus - Pacific (06): French Polynesia, New Caledonia 20140303.2309965

Zika virus - Pacific (04): French Polynesia 20140123,2227452
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ABSTRACT

Background: Emerging viral infections in humans are appearing at an increasing rate. Recently, we iden-
tified a2 new Marseiilevirus, named Giant Blood Marseillevirus (GBM), by performing viral metagencmics
on asymptomatic blood donors.

QObjectives: To study and compare the prevalence of Marseillevirus between asymptomatic blood donors
and thalassemia patients.

Design: Here, we present a combined molecular and serological study on 174 asymptomatic blood donors
and 22 patients with thalassemia who receive repeated blood transfusions to estimate the prevalence of
Marseillevirus in these two populations.

Results: We identified Marseillevirus genomic DNA in 4% of donors, whereas 9.1% of the thalassemia
patients were positive for this virus. Moreover, IgG seropositivity was detected in 22,7% of patients in the
thalassemia group, whereas this seropositivity was observed in 12.6% of the blood donor population.
Conclusion: These results suggest that Marseillevirus infection is not rare in healthy persons and may be
transmitted by transfusion, thus raising speculation regarding the lonig-term consegquences of this viral
infection, particularly in patients requiring repeated blood transfusions. .

© 2013 Elsevier B.V. All rights reserved.

1. Background

New viral infections represent constant threats to public health
{1~3). Currently, blood safety depends on improved donor selection
procedures, pathogen reduction, and nucleic acid testing and selec-
~ tive antigenfantibody screening for known viruses |4]. However,
methodological limitations, such as a low viral DNA load, the abun-
dance of host and mitochondrial DNA, and the absence of genes that
are conserved among all viruses, make detecting emerging blood-
borne viruses elusive and may represent a threat in the case of
frequent blood transfusions [5].

The thalassemia group of genetic diseases are characterized
by globin chain production disorders [6]. Patients with tha-
lassemia require iterative blood transfusions, approximately once

* Corresponding author at: Unité de recherche sur les maladies infectieuses et
tropicales émergentes, URMITE CNRS-IRD UMR 7278, Aix-Marseille Université, Fac-
ulté de médecine, 27 Bd Jean Moulin, Marseille 13385,

France. Tel.: +33 491 32 46 30.
E-mail eddress: christelle.desnues@univ-amu.fr (C. Desnues).

1386-6532/3 - see front matter © 2013 Elsevier B.V. All rights reserved.
hiep:ffdxdoiorg/10,1016/j,jcv.2013,10.001

per month, leading to higher risks of blood-borne viral infections,
representing a secondary cause of death {7-10].

Marseilleviruses are amoeba-infecting pathogens that were
initially isolated from environmental samples [11-13]. Marseille-
virus possesses a 368 kilobase-pair-long double-stranded DNA
genome, enclosed in a 250nm icosahedral capsid. Accumulat-
ing data emphasize the presence of Marseilleviruses in hurmans.
Sequences horologous to Marseilleviruses were found in vari-
ous human metagenomics samples [14]. Moreover, Senegalvirus,
a member of the Marseilleviridoe family, was isolated from a
human stool sample in an asymptomatic patient {14,15). Finally,
we recently identified a new giant virus known as Giant Blood Mar-
seillevirus (GBM) [16] in the blood of asymptomatic biood donors.
GBM was detected by performing viral metagenomics en 0.45 wm
filtered sera and was found to infect human T-cells in vitro.

2. Objectives

In this study, we investigated the prevalence of Marseillevirus
and related viruses using ELISA and PCR to test the sera of two




cohorts composed of asymptomatic blood donors and thalassemia
patients.

3. Study design
3.1, Samples

Sera collected from asymptornatic blood donors (n=174;
maleffemnale: 91/83; median age =46 years; range=21-70 years)
and thalassemia patients (n=22; maleffemale: 12/10; median
age=23.5 years; range=_8-49 years) were obtained from Blood

supply center {Montpellier, France) and the Timone Hospital (Mar- -

seille, France) respectively. The blood donors tested negative for
HIV-1/2, human T leukemia virus, hepatitis B virus surface anti-
gen and anti-hepatitis B core antibody and hepatitis C virus (HCV),
whereas serology to cytomegalovirus indicated negativity or past
infection. Serological data for the thalassemia patients is summa-
rized in Table 51, Control sera (n=9) were also collected from
6- to 12-month-old children (Timone Hospital). This study was
a non-interventional and did not require more than the rog-
tine procedures. Biological material and clinical data were only
obtained for standard diagnosis in clinical virology, as prescribed
by physicians, and did not require any specific collection of clinical
samples, change in sampling protocol or supplementary question-
ing of the patient, Data were collected and then analyzed from an
anonymized database, According to the French Law of Public Health
(CSP Art L 1121-1.1), this type of study is exempt from written
informed consent. This study was approved by the local ethics com-

mittee “Comité d'éthique de I'IFR 48, Service de Médecine Légale,”

undE{‘ the accession nurnbers N°13-016 and N°13-025.

3.2. Viral DNAV detection

"DNA from serum samples was extracted using the High
Pure Viral Nucleic Acid Kit (Roche Applied Science, Mannheim,
Germany). PCR was performed using the following primers:
ATPase T19F {5'AGACCCAAACTCGCAGCTTA-3') and ATPase T19R
(5'-CCGGAAGATTCCAAGTTTCA-3') to target the Marseillevirus orf
152. Amplification using Phusion DNA Polymerase (Thermo Fisher
Scientific, lilkirch, France) started with an initial denaturation step
at95°Cfor 30s, followed by 35 cycles at 98 °Cfor 10s,53°Cfor30s
and 72°C for 205, Sequencing reactions were carried out with the

_reagents of the BigDye® Terminator v1.1 Cycle Sequencing Kit (Life
Technologies, Saint Aubin, France} according to the manufacturer's

iristructions, Sequences were analyzed using ChromasPro software -

and aligned using the ClustalW tool of BioEdit software,

3.3. Enzyme-linked immunosorbent assay (ELISA)

ELISA was performed as previously described [16]. Average
results for the IgG levels were obtained from two indepen-
dent experiments. Negative {ODasgonm =0.182; ODgognm =0.139)
and positive controls {OD4gonm =0.474 and 0.487, respectively)
were included in each plate. Thresholds for the blood donors
and thalassemic patients (OD4gonm = 0.260 and 0.233, respectively)
were calculated using the relative percentage of positivity (RPP%)

D s aporg—OD,
formula RPP% = g oh-omel | Rpp=27% was used, for
pas, cantrol O neg, contrel

which a 97.1% relative specificity and 97.2% velative sensibility of
the ELISA results were predicted.

3.4. Statistical analysis

Statistical analysis was performed using PASW Statistics soft-
ware version 17.0 (SPSS [nc., Chicago, IL, USA) to carry out Chi2

N Popgeorgmv er al /Journalofchmca!Vlrofogyx.u(ZGlS) XKX-XXX

Table 1
Serological and molecular survey of Marseillevirus mrectlon in 174 blood denors
and 22 thalassemia patients.

Blood donors Thalassemia patients  p-Value?
Sample number 174 22
Male/ffemale (male %)  91/83 (52.3%) 12110 (54.5%)
Median age (range) 46 (21-70) 23,5(8-49)
1gG positive
Number 22N74(12.6%)  5[22(22.7%) 0.165
Maleffemale {male %)  10/12 (45.5%) 32 {60%)
Median age {range) 47.5(22-70) 30(17-49) <0.0001
PCR positive
MNumber 71174 (4%) 2{22(8.1%) 0.267
Male/female (male %)} 3[4 (42.9%) 11 (50%}
Median age {range) 37(21-61} 31 (21-41)
1gG positivef/PCR positive
Number _ 4N74(23%) 1422 (4.5%) 0452
Male/female (male %)  2/2 (50%) 1(0%) .
Median age (range} 31 (22-53) 41

Summary results from serological and molecular testing for the presence of Mar-
seillevirus 1gGs and DNA in serum, performed on 174 blood donors and 22
thalassemic patients. PCR-positive sera were systematically verified using DNA
sequencing. See Study design section for further information,

3 Chi? test.

tests, P-values less than or equal to 0.05 were considered to be
significant.

4. Results

By analyzing 196 serum samples, we detected 1gG levels above
the threshold values in 22/174(12.6%) of the blood donors and 5/22
{22.7%) of the thalassemic patients {Table 1, Table §1). Notably, in
one patient with thalassemia (#21), we detected seropositivity 22
days after the last transfusion (OD4g0nm increase = 1.6-fold).

We further performed viral DNA detection by amplifying a con-
served 200 base pair region in the Marseillevirus ORF152. We found
Marseillevirus DNAin the sera from 7{4%) blood donors and 2(9.1%}
thalassemia patients. Two of the seven blood donors, #45 (Acc.
Number # KF223992) and #127 {Acc. Number # KF223993) pre-
sented single nucleotide polymorphisms at positions 136 {AfG)and
55 (T/C). respectively (Fig. 1). It is worth noting that 4 of the blood
donors and 1 of the thalassemia patients who were PCR positive
also presented elevated IgG levels {Table 1, Table 52).

5. Discussion

In the present study, we showed that the presence of Marseille-
virus among blood doners is not uncommon, in fact, we found
that 12.6% of the analyzed serum samples had anti-Marseillevirus
1gG levels above the cut-off values, whereas 4% presented circu-

- lating Marseillevirus DNA. [n comparison, the thalassemia patient

cohort presented a higher prevalence of IgG- and PCR-positive
subjects. However, the observed difference was not statistically sig-
nificant (p-value > 0.05), indicating that additional samples may be
required to estimate the significance of the observed phenomencn,
Interestingly, we observed that thalassemia patients acquired IgG
seropositivity toward Marseillevirus at a younger age compared
to those in the blood doners cohort (p-value <0.0001), suggest-
ing that frequent blood transfusions may represent a risk factor
for Marseillevirus transmission. However, the IgG to Marseille-
virus detected in thalassemia patients (who received transfusions
of concentrated erythrocytes approximately once per month) may
have beentransferred passively from the seropositive blood donors.

. Therefore, additionat pre and post transfusion monitoring of blood

donors and thalassemic blood recipients should shed light on Mar—
seillevirus transmission in humans.
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Marseillevirus
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dlood donor ¥119
8lood donor #4127
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Blood donor #45 e
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n
!
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48
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R
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Fig. 1. Multiple alignment of partiat D5 helicase gene sequence. Sequences corresponding to the 200bp amplicons obtained from the blood donors and thalassemia patients
were aligned to a Marseillevirus reference sequence using the Clustalw alignment tool. Only differences to the reference sequence, corresponding to single nuclectide

polymorphisms {in black rectangles), are provided,

A recent study ‘of another virus from the Marseilleviridae fam-
ity, Lausannevirus, identified a significant level of seroprevalence
in asymptomatic Swiss men {17]. It is worth noting that the Lau-
sannevirus seroprevalence correlated with both frequent outdoor
sport practice and milk consumption, suggesting that Marseilie-
viruses may also be associated with specific outdoor environrnents
[17).

The fact that Marseillevirus was detected in apparently healthy
individuals suggests that this infection may be subclinical or
asymptomatic in persons with a functional immune system. Inter-
estingly, we concurrently detected viral DNA and IgG in 4 out of

.174 donors, which suggests that in some situations, Marseille-
virus may persist beyond the acute phase despite the presence
of a specific humoral response. It would be interesting to per-
form more comprehensive studies with longer periods of follow-up
and on samples from various anatomical sites to shed light on
the incidence, prevalence and clinical significance of Marseillevirus
infections in humans.
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Babesia: impact of cold storage on the survival and the viability
of parasites in blood bags

Jeny R. Cursino-Santbs, Andy Alhassan, Manpreet Singh, and Cheryl A. Lobo

BACKGROUND: Babesia represents one of the major
infectious threats to the blood supply since clinically

- silent infections In humans are common and these can
be life-threatening in certain recipients. It is important to
understand the eifect of blood storage conditions on the
viability of Babesia as this will impact the oceurrence
and severity of transfusion-transmitted babesiosis.
STUDY DESIGN AND METHODS: Babesia divergens
was infroduced into blood bags containing
leukereduced red blood cells (RBCs) and stored at 4°C
for 0 to 31 days. Samples were withdrawn for assess-
ment of the presence, morphology, and viability of para-
sites. Blood smears were made immediately on removal
from blaod bags at different time intervals and evalu-
ated by blood film microscopy. RBCs withdrawn from
the-bags were also cultured for 8 days uUsing conditions
optimal for parasile repraduction and growth to allow
assessment of parasite viability.

RESULTS: After 24 hours of storage at 4°C, there was
a substantial reduction of parasitemia in the blood bags,
which was maintained throughout storage. This

decrease was accompanied by a charge in morphology

of parasites, with the number of altered parasites
increasing through the period of storage. However,
-viability was maintained through 31 days of cold
storage with a lag in achieving exponential growth
seen in the parasites subjected to longer petiods of
refrigeration.

CONCLUSION: Refrigeration of B, divergens leads to
an alteration of parasite morphology and a decrease in
parasite numbers. However, there are sufficient para-
sites that are robust enough to survive 31 days of
storage at 4°C and yield high end-point parasitemia.

20

abesiosis is a tick-borne zoonotic disease
endemic in the Northeast and Midwest United
B States.! There are multiple species of Babesia
that invade and infect the red blood cells {(RBCs)
of various animal species; however, only a few of them
have been shown to be zoonotic. Primarily among these
are B. microti, a rodent parasite that is responsible for
most of the infection in the United States; B. divergens, a
cattle ' parasite seen primarily in Europe? although
B. divergens-like variants have been found in the United

‘States;* and B. duncani, a few cases of which have been

identified in California*s

Besides their natural route of transmission through
tick bites, the spread of Babesia is becoming increasingly
common and problematic through blood transfusions.
In fact, babesiosis has become the most frequent
transfusion-transmitted infection with approximately 162
cases reported since 1980 and 12 associated fatalities in
the period 2005 to 2008.%* These figures probably under-
estimate the actual number of transfusion-associated
cases.® This is because the disease is clinically silent in
most healthy adults who are the bulk of blood donors, In
the absence of a licensed test, current safeguards against
babesia remain a questionnaire relating to past history of
the infection and have not proven to be effective in pro-

‘tecting against the parasite.t

ABBREVIATIONS: TTB = transfusion-transmitted babesiosis;
ZT = zero time.
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For the parasite to be successfully transmitted by
transfusion, it must survive at 4°C, under the same condi-
tions used for storing donor blood.!' A recent article on
Plasmodium falciparum, the malaria parasite showed that
the parasite remains detectable in blood smears up to 28
days, although after 14 days it is no longer viable."? As this
question has not been reliably investigated for Babesia, we
performed a similar study, using B. divergens, which is
currently the only babesial pathogen capable of causing
disease in man that can be cultured in human RBCs in
vitro. 5. divergens, however, has been shown to be a trans-
fusion threat only in Europe and not in the United States,

MATERIALS AND METHODS
Parasite propagation

Blood stage cultures of B. divergens (Bd Rouen 1986 strain)
were maintained in vitro in human A4 RBCs using RPMI
1640 (invitrogen, Carlsbad, CA) supplemented with 10%
human serum and 0.24% (wt/vol) sodium bicarbonate
solution (Invitrogen). Cells were cultured at 37°C in
90% CO. 5% nitrogen, and 5% oxygen, as previously
described.” Blood smears were made from cultures and
stained with Glemsa to calculate parasitemia (number of
infected RBCs in every 100 RBCs).

Preparation of B. divergens—infected blood bags
Leukoreduced RBC units were obtained from the New
York Blood Center. Units were used on the same day that
they were drawn, Parasite cultures were centrifuged, para-
siternia was determined by Giemsa staining, and required
aliquots of infected RBCs were added to each bag to
obtain the desired parasitemia, The zero-time (ZT)
sample, which served as the control for the refrigerated
stored samples, was withdrawn immediately after thor-
ough mixing and then the bags were stored at 4°C for
various time periods.

Determination of ZT parasitemia from various
storage-fime samples

After removal from 4°C, the bags were thoroughly mixed
on a'shaker for 30 minutes. Five milliliters of ZT aliquots
from the seven storage time points (Days 0, 1, 3, 10, 17, 24,
and 31) was withdrawn, The bags were then returned to
4°C after withdrawal of each aliquot. Smears were imme-
diately made from each ZT aliquot and stained with
Giemsa, and parasitemia was enumerated.

Culturing and testing of viability of aliquots from

blood bags (assessing parasitemia for Days 1-8
after cufture)

To determine the viability of parasites in the 5-mL aliquots
drawn from the blood bags at the seven storage time
points, the blood was centrifuged, washed thrice with

586 TRANSFUSION Volume 54, March 2014
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RPMI 1640, and put in in vitro culture using standard con-
ditions (see parasite propagation). Cultures were main-
tained for 9 days or until a parasitemia of 50% was
reached, whichever was earlier. Smears were made and
Giemsa stained to analyze growth of the parasites on a

daily basis (up to Day 9) until parasite cultures crashed
(>50% parasitemia).

RESULTS

Morphology of parasités changes upon storage

at 4°C ' ,

One of the striking effects of refrigeration on Babesiapara-
sites was a distinct change in parasite morphology. Babesia
parasites maintained at 37°C appear normal (Fig. 1A).
Parasites replicate by binary fission and in normal cultures,
a variety of these forms can be seen, in one- (ring), two-
(“figure 8" stage), or four-celled (Maltese cross) stages
(Fig. 1A). Upon storage at4°C, parasites appear to undergo
a condensation, or shrinking effect, forming erisis forms,
and can be seen to occupy smaller volumes of the RBC
compared to nonstressed parasites (Fig. 1B). The number
of these "condensed” parasites as well as the degree of
condensation of these parasites increases steadily with
days of cold stress with the maximum numbers of these
abnormal parasites seen when parasites are withdeawn
from the blood bags on Days 24 to 31. However, very small
numbers of morphologically normal parasites are also
present at this time (Day 31 has almost none) and thus it is
the ratio of normal to abnormal parasites that decteases
through the period of refrigeration. Itis not clear what the
fate of these abnormal parasites would be when they are

put into culture at 37°C, with respect to viability and t1me
needed to propagate.

Parasitemia decreases upon storage at 4°C

For the purpose of parasite enumeration, all stained
organisms (normal and abnormal morphology) within the
RBCs were counted to obtain parasitemia at different time
periods. This was done as it is not possible, by mere exami-

" nation of the Giernsa-stained smear, to predict the viabil-

ity and potential reproductive abilities of the altered
parasites. Parasitemias on Day 0 (ZT) of all storage time
points were assessed to determine the effect of cold tem- -
perature on the survival of B. divergens and the impact of
length of storage at 4°C on the survival of the parasites,

Parasitemia at ZT in all 4°C storage time points

Parasites were introduced into bags to obtain a final para-
sitemia of approximately 0.25% to 0.27% (Tablel, 0
storage time point at ZT), as this level represents an
average typical parasitemia in blood donors. Parasiternia
represents the number of infected RBCs in every 100
RBCs. We measured ZT parasitemia for the various time
periods of storage by taking an aliquot from the bag at the
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VIABILITY OF BABESIA AFTER REFF!IGERATION

Fig. 1. Mozphology of B, d:vergens parasites as seen by Giemsa staining of smears. (A) Grown without ¢old stress under normal con-

ditions at 37°C. From left to nght ring, two-celled figure 8, four-celled Maltese cross, and multlply invaded RBCs, (B) Smear.ed from
bag after storage at 4°Cfor1 to 31 days.

specified time (Days 1, 3, 10, 17, 24, and 31) as soon as the
bag is taken out from the refrigerator and mixed thor-
oughly (ZT for all bags). After just 1 day of storage at 4°C,
ZT parasitemia dropped by approximately 30% to 40% and
this decrease was maintained through the prolonged
period of cold storage (0.25% vs. 0.15% in Bag 1 and 0.27%
vs. 0.19% in Bag 2; see Table 1). However, the decrease in
parasitemia was not severely impacted by the length of
storage at4°C, up to Day 24 of blood bag storage (0.15% vs.
0.15%in Bagl and 0.19% vs.0.21% in Bag 2, Table 1), Thus,
there was no significant difference between the decrease
in parasitemia as measured by ZT parasiternia on Day 1 or
Day 24 of storage at 4°C. This was unexpected and indi-
cated that the impact of suboptimal temperatures'on
Babesia is immediate and does not increase substantially

22

over time. However, the readout of this effect is based on
Giernsa-stained smears and while differences resulting in
SeVEIE].Y deformed and disintegrating parasites (Fig, 1)
can be seen, we cannot assess the effect of these changes
on the survival or viability of the parasite, so all stained
parasites wete included in the tally, irrespective of mor-
phology. On Day 31, however, there was a further decrease
in parasitemia in both bags averaging a 50% to 60%
decrease from control smears (Table 1, parasitemia 0.12%
in Bag 1 on Day 31 and 0.11% in Bag 2 on Day 31).

Viability of parasites is affected by storage at 4°C
While total numbers of parasites remained relatively con-
stant from Day 1 through Day 24 of cold storage, we

Volume 54, March 2014 TRANSFUSION 587
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probed for effects of the stress on the parasites that would
impact their viability by comparing the ability of parasites,
stored at 4°C for the different time periods (1, 3, 10, 17, 24,
and 31 days) and parasites not exposed to 4°C (0 storage
time point) to reproduce when put into in vitro culture.

Control cultures ‘
The time between one-cell division and- the next in the
asexual erythrocytic B. divergens is approximately 8 hours.
Thus, control parasites in the blood bag, which were not
subjected to low-temperature stress, reproduced normally
through successive intraerythrocytic cycles and by Day 6,
showed a typical parasitemia of more than 50%.

Parasitemia on Days 1 and 2 of culture in all 4°C
storage time points

Parasxterma in RBCs stored for Days 1, 3, 10, and 17
showed typlcal progression of asexual multiplication and
growth after being put into culture. Thus, parasitemia
increased steadily, although final levels were a little lower
than those found in the control flasks on all days of
culture However. we found thatin the case of Day 24 and
31 storage time pomts parasitemia on Days 1 and 2 after
mtroductmn into culture resulted in a decrease in parasit-
emia comipared to that sample's ZT parasitemia. For

example, Day 24 storage time point samples showed a
: parasnemla of approximately 0.15% at ZT, which dropped

to 0.13% on Day L and 0.11% on Day 2. Agam, for the Day
31 storage tlme point samples, we record ZT parasitemia
of appronmately 0.12%, which decreases to 0.08% on Day
1. We hypothesize that this is dueto the disintegration and
removal of the sever ely cold- damaged parasites that were
erumerated at Day 0, but are no Ionger around to contrib-
ute to parasiternia on Days 1 and 2 of culture. Thus, Day 1
and 2 parasitemias after being put into culture may repre-
senta better variable to measure the initial effect of refrig-
eration on these parasites. Figure 2 shows this difference
in early culture parasiternia among aliquots withdrawn
after different periods of storage at 4°C.

Parasiternia on Days 3 to 8 of culture in all 4°C
storage time poinis

The assessment of parasitemia from RBCs stored for
various lengths of time at 4°C allowed us to separate them
into two groups. The first is parasitized RBCs stored up to
Day 10 storage time point at 4°C, where we see that while
the parasitemia was lower at ZT, the parasites recovered
efficiently on subsequent days in culture to produce
parasitemias similar to the control flasks by Day 3 in
culture (parasitemia averaging 2.5% in Bag 1 and 1.4% in
Bag 2). These parasites, as did the control, reached more
than 50% parasiternia by Day 6 in culture. The second.
group encompasses those parasites recovered from the
blood bags after 17 or more days of cold storage. These
parasites experienced a lag in multiplication rates and this



VIABILITY OF BABESIA AFTER REFRIGERATION

ozZT

=44
oist
Q2nd’
adrd

L]

Parasitemia (%)

Parasitemia {%)

ZT-Flask  1d-Flask 3d-Flask 10d-Flask 17d-Flask 24d-Flask 31d-Flask

Growth after different time point of cold storage

-

-Growth alter different time point of cold storage

Fig. 2. Growth curves of parasites in the early period of culture showing a distinct lag in growth as time of storage at 4°C Increases.
ZT Flask = no cold storage (ZT); culture started from bag stored for 1 day (1d), 3 days (2d), 10 days (10d), 17 days (17d), 24 days

(24d), and 31 days {31d). (A) Bag 1; (B) Bag 2.

was seen in the time taken by these parasites to reach 50%
parasiternia once put into culture. Thus, aliquots with-
drawn on Day 17 of storage time took 7 days to reach
approximately 50% parasitemia while parasites subjected
to 24 days of cold storage required 8 days to achieve 50%
parasitemia. Parasites recovered after 31 days of storage
had not reached 50% parasitemia levels on Day 8, the end
point of our study. Thus, although ZT parasitemias were
. similar from Day 1 to Day 24 of cold storage, the effect
of the low temperatures did impact the viability of
B. divergens. This difference in viability may be a reflection
of the increased amounts of condensed parasites seen In
the aliquots withdrawn from the blood bags at later time
paints. Thus, in vitro culture is a needed analytical tool to
probe these differences in the parasites.

DISCUSSION

From a blood safety perspective, transfusion-transmitted
infections involving Babesia have become increasingly
problematic, with progressively more reported each
year. In the period from 2005 to 2010, 3.6% (11/307) of
transfusion-related fatalities reported to the Food and
Drug Administration (FDA) were due to transfusion-
transmitted babesiosis (TTB).’ This risk of transmission
of Babesia via transfusion is intimately linked to its capac-
ity to survive blood collection and blood storage proce-
dures. In this study, the focus was on determining the
impact of cold storage (4°C) on the viability of the parasite
that was introduced into bags at. donor-typical levels of
parasiternia (Lobo et al,, unpublished observations, 2012).
As blood bags are stored for more than 31 days, we fol-
lowed parasite viability by assessing blood samples at
weekly intervals during the period of storage. )

Systematic laboratory screening of donor blood in the
form of FDA-licensed serological and nucleic acid testing
assays is available for many pathogens like blood-borne

24

viruses to prevent their spread by transfusion.!s Unfortu-
nately, the lack of comparable, sensitive screens available
for protozoan parasites like Babesia has resulted in the
current complete dependence on a donor response ques-
tionnaire to safeguard the nation's blood supply.”® This
safeguard, as we can see from the increasing numbers of
TTB cases, is not efficient in ensuring the safety of the 5
million or so recipients that receive blood every year. In
the absence of 4 suitable test, small changes to blood
storage conditions may have an impact on TTB incidence.
Storage of the infected blood for just 24 hours resulted in a
precipitous decrease in the number of parasites in the
unit, which augurs well for transfusions involving recipi-
ents with functioning immune systems as we hypothesize

. that the reduced parasite numbers will result in a subclini-

cal episode, if any, of babesiosis. Unfortunately, our
finding that B. divergens can survive and replicate after 3]
days of storage at 4°C raises other concerns for transfusion
safety. ‘Although parasite levels decreased from Day 0
through Day 31 of storage, the parasite needed very little

“time (2-3 days) to reach exponential growth. This rapid

burst of multiplication resulting in parasitemia over 50% is
what makes Babesia a particular concern for transfusion
recipients. that suffer from immunodeficiencies or
asplenic recipients. The latter dre a special concern
because the majority of this group are sickle cell and thal-
assemic patients who require repeated transfusions,
which heightens the averall risk of acquiring the parasite.?
The high parasitemia found in in vitro culture is not an
artifact but reflects what happens in vivo, in the abserice of
effective immune responses. '

A detailed examination of the reduction in numbers
of Babesia parasites that survived refrigeration reveals that
while the numbers decreased through cold storage, there
still remain parasites capable of transmitting infection
prabably in part due to the vast numbers of RRCs involved
in a single transfusion event. We chose a modest starting
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parasitemia as this would represent a typical parasitemia
in donars who would have to be devoid of any clinical
symptoms if they felt well eniough to donate blood {Lobo
et al., unpublished observations, 2012), This 0.25% para-
siternia represents a number of 1.25 x 10° parasites/mL of
blood or 3.75x 10 parasites totally in the blood unit,
assuming an average of 5 x 10°° RBCs/mL of packed blood
and 300 mL of packed RBCs/unit. Even when the parasit-
emia decreases by large percentages, for example, ZT
parasitemia on Day 31 of storage showed a 50% decrease
in parasitemie, there still remains approximately 10'¢
parasites in the blood unit, which would be capable of
causing illness and/or death in certain recipients. The
change in parasite morphology through the extended
period of storage at 4°C, while significant, does not appear
to resultin a total loss of infectivity, although parasitemias
found in the latter half of the storage period could be
resuliing from the few morphalogically normal parasites
that are still present. It would take additional studies to
clearly determine the fate of these condensed parasites in
contributing to future rounds of asexual multiplication,
This studyis the first systematic analysis of the effect of
refrigeration temperatures on the presence and persis-
tenceof B. divergens. An earlier studyfocused on B. microti
with significant differences in method.” The parasite
source in that study was hamster RBCs infected with
B. microtiand as B. microti cannotbe cultured successfully
long term in vitro, the end point assay for viability was a
xenodiagnostic assay where aliquots of infected blood
were inoculated into hamsters to examine the ability to
multiply and infect hamster RBCs, The sensitivity afforded
by in vitro culture of Babesia should be superior to that of
"hamster inoculation. Stability of hamster RECs versus
human RBCs over the 30-day period is an additional con-
founder to results obtained with that study, Another differ-
ence-related to conditions of sforage of the infected
blood as in the earlier study, which was in tubes and not
blood bags, thus gaseous exchange which is optimal
in blood bags was not facilitated in the tubes, which could
have impacted the results. However, the conclusions from

that study are on the whole in agreement with ours, that-

infectivity of Babesia remained through 21 days of storage
at 4°C, albeit decreasing to 25% on Day 21."” This is also
corroborated by a case of TTB involving a blood unit
‘stored for 35 days.!® A similar study with P, falciparum, the

malaria parasite revealed that parasites can be detected -

through Day 28 of cold storage; however, after Day 14, the
viability of the parasite is in question as no asexual multi-
plication was observed when the parasites were putintoin
vitro culture.” Unlike Plasmodium, B. divergens robustly
maintained its ability to divide and this resistance to cold
shock elevates its threat to the blood supply. -

From our study, it becomes clear that while the infec-
tivity of B. divergens persists through the shelf-life of
stored blood, adding to the problem of preventing TTB,
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there is a significant decrease in parasite levels resulting
from just 1 day of storage. This may have implications for
the use of stored blood in transfusions in areas endermic
for Babesia,
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Hepatitis C Virus Maintains Infectivity for
Weeks After Drying on Inanimate Surfaces at

Room Temperature: Implications for Risks of
Transmission

Elijah Paintsil,' Mawuena Binka,’ Amisha Patel,? Brett D. Lindenbach.® and Robert Heimer®

1l}epar‘[ments of Pediatrics and Pharmacology, Yale School of Medicine; Department of the Epidemiology of Micrabial Diseases, Yale Schoal of Public ]
Health; and *Microbial Pathogenasis, Yale School of Medicing, New Haven, Connecticut

Background. Healthcare workers may come into contact with fomites that contain infectious hepatitis C virus
(HCV) during preparation of plasma or following placement or removal of venous lines. Similatly, injection drugs
users may come into contact with fomites, Hypothesizing that prolonged viability of HCV in fomites may contrib-
ute significantly to incidence, we determined the longevity of virus infectivity and the effectiveness of antiseptics.

Methods. We determined the volume of drops misplaced during transfer of serum or plasma. Aliquots equiva-
lent to the maximum drop volume of plasma spiked with the 2a HCV reporter virus were loaded into 24-well plates.
Plates were stored uncovered at 3 temperatures: 4°C, 22°C, and 37°C for up to 6 weeks before v1ra1 infectivity was de-
termined in a microculture assay.

Results. The mean volume of an accidental drop was 29 pL (min-max of 20-33 uL). At storage temperatures 4°
Cand 22°C, we recovered viable HCV from the low-titer spots for up to 6 weeks of storage. The rank order of HCV
virucidal activity of commonly used antiseptics was bleach (1:10) > cavicide (1:10) > ethanol (70%).

Conclusions. The hypothesis of potential transmission from fomites was supported by the experunental results.
The anti-HCV activity of commercial antiseptics varied.

Keywords.” hepatitis C virus; fomites; infectivity; transmission; nosocomial; virucidal agénts.

The global burden of morbidity and mortality from  transmission, multiple heterosexual partners, acciden-
hepatitis C virus (HCV) infection is truly pandemic,  tal needle injuries, and transfusion of blood or blood
with more than 170 miilion people currently infected  products are among the most relevant risk factors for
{1]. Because there is currently no vaccine for HCV and HCV acquisition {2~4].
available treatment regimens are limited by efficacy, The epidemiology of HCV has changed in the last
cost, and side effects, prevention of HCV transmission . decade. Transmission from blood transfusions and sur-
remains the primary strategy for curbing the HCV epi-  gical procedures have all but disappeared in developed
demic. HCV is transmitted primarily through parenter-  countries [5). There have been modest but insufficient
al exposure to blood or body fluids contaminated  declines in incidence among [DUs in locations with
with HEV. Injecting drug use (IDU), mother-to-child ~ broad implementation of syringe-exchange programs
' [6-12]. Nosocomial transmissions of HCV increasingly
account for a large proportion of new HCV infections
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treatment, and other invasive procedures) and intravenous
drug use (30%). Interestingly, among the patients classified
under medical procedures, almost half of them did not have
surgery or any invasive procedures while on admission. This
has been corroborated by a study from Spain where the investi-
gators found that the only documented risk factor among pa-
tients with acute HCV infection was hospital admission [19].
One can speculate that these patients might have been exposed
to HCV-contaminated surfaces during hospitalization. We hy-
pothesized that occupational and iatrogenic HCV infections
may be due, in part, to the virus's ability to remain viable on
fomites and other hospital equipment for prolonged periods.

We recently established a microculture assay for propagation
of cell culture-derived HCV (HCVcc) in small volumes by
using a genetically engineered reporter virus derived from the
HCVece clone {20, 21]. Using our microculture assay system, we
performed a set of experiments to replicate the circumstances
in which healthcare workers or patients may come into contact
with HCV that has dried on surfaces. These circumstances
include preparing plasma, handling hemodialysis equipment,
and placing and removing venous lines. To our knowledge, this
is the first study to closely simulate conditions that lead to nos-
ocomial transmission of HCV.

MATERIALS AND METHODS

Plasmids and Viruses

The construction of the Jel/GLuc2A reportervirus, a derivative
of the chimeric genotype 2a FL-J6/JFH with a Juciferase gene
from Gaussia princeps inserted between the p7 and NS2 genes,
has been described previously (21, 22]. Viral stocks of Jel/
GLucZA reporter virus were prepated by RNA transfection of
Huh-7.5 cells. The titer of HCVcc was quantified by infecting
cells with serial dilutions of the stock virus and determining the
dilution that will infect 50% of the wells using the method of
Reed and Muench {23],

Cell Culture

Human hepatoma cells that are highly permissive for HCVcc
(Huh-7.5 subline) {24] were maintained as subconfluent, ad-
herent monolayers in Dulbecco’s modified Eagle’s medium
supplemented with 10% heat-inactivated fetal calf serum and 1
mM nonessential amino acids (Invitroéen. Carlsbad, CA) at
37°C and 5% CO,. ‘

Determination of the Volume of Accidentally Misplaced
HCVec-Contaminated Plasma on Surfaces

The most likely circumstances in which healthcare workers or
patients will come into contact with HCV dried on surfaces are
following spillagé of HCV-contaminated blood, serum, or
plasma during the course of preparing a blood sample for

analysis or removing a venous line. To simulate such accidents,
we obtained EDTA-anticoagulated blood from human immu-
nodeficiency virus (HIV) and HCV seronegative donors. The
tube was centrifuged at 2000 rpm for 15 minutes, and a rubber
dropper was used to aspirate and transfer the plasma into
several vials for storage, as per practice and recommendation of
the clinical microbiology laboratory.at Yale-New Haven Hospi-
tal. The procedure was done in a biosafety cabinet with a foil
mat to collect accidental drops of plasma. The experiment was
performed on 2 occasions; at each occasion, 10 accidental
drops were weighed. The volume of the drop was calculated
based on the formula: 1 mL weighs 1 g. The mean, with stan-

dard deviation of the mean, and maximum volumes were cal-
culated. .

Desiccation of Displaced HCVec-Contaminated Plasma Drops
on Work Surlaces .

To determine how quickly plasma dries on surfaces, we seeded
the wells in uncovered 24-well tissue culture plates with the
maximum accidentally dropped volume (33 pL). The 24-well
plates were stored in a refrigerator at 4°C, on a benchtop at
22°C, and in an incubator at 37°C and observed every 60
minutes until all replicates (20 drops) had dried. The time to
dryness in these storage conditions was recorded. In a separate
experiment, we recorded the temperature and humidity using
an analog thermohygrometer {General Tools, New York, NY)
3 times a day (7-9 aM, 12 noon-1 M, and 3-5 pM) for 2 week
in order to determine the effect of humidity on time to dry-

ness. The mean humidity, with standard deviation of the mean,
was calculated.

Viability of Dried HCVcc on Surfaces

We spotted 33 uL of plasma spiked with HCVec on the 24-well
plates. They were either immediately tested for viable virus or
stored at 4°C, 22°C, and 37°C for up to 6 weeks before testing,
Twenty replicates were tested per condition, and the experi-
ment was repeated on 2 occasions. Negative controls comprised
of plasma without virus. The day before each time point, 96-

-well plates were seeded with 6.4 x 10° Huh-7.5 cells/well in 100

pL of medium and incubated at 37°C in 5% CO,. To test for in-
fectivity, the dried spots were rehydrated and reconstituted
with 100 pL. of culture medium. The medium from the wells
was gently aspirated from the cells and replaced with 100-uL of
the reconstituted virus mixture. After 5 hours of incubation,
the cells were washed with sterile phosphate-buffered saline
(PBS) to remove the input virus; fresh medium was added and
incubated for 3 days. After 3 days, culture supernatant was har-
vested and mixed with 20 pL of lysis buffer before luciferase ac-
tivity was measured by using a luciferase assay reagent kit
(Promega, Madijson, WI) and a luminometer (Synergy HT,
BioTek, Winooski, VT). The relative luciferase activity (RLA)
was determined to be linearly related to HCV infectivity [16].
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Viirucidal Effect of Antiseptics on Viability of Contaminated
HCVee on Surfaces
We used 3 antiseptics, bleach (Clorox), ethanol, and cavicide
(Metrex), to determine the effect of antiseptics on infectivity of
HCVcc-contaminated spots by using a culture media without
virus as a negative control, Positive controls consisted of cell
culture media with virus. These antisepties are readily available
in hospitals and research laboratories. Bleach is available as 6%
sodium hypochlorite and diluted 1:10 in tap water before use,
while ethanol is available for use as 70% ethanol [25-27]. Cavi-
cide is ready to use without dilution as per product insert. Prior
to testing virucidal activity, it was necessary to determine the
cytotoxic effects of the antiseptics on the Huh-7.5 cells. Briefly,
33 uL of test antiseptic was pipetted onto a 24-well plate. The
antiseptic was combined with 297 pL of culture media (je, 1:10
dilution), and the mixture was passed through MicroSpin
$-400 HR columns (GE Healthcare, Freiburg, Germany) ac-
cording to the manufacturer’s instructions. Next, 300 pL of
" column eluate or mixture not passed through the columns was
added to Huh-7.5 cells seeded the previous day in a 48-well
plate at 3.0 x 10* cells/well in 300 uL of medium to make a final
volume of 600 pL and then incubated overnight at 37°C. After
an additional day of incubation, cell growth was determined
with the alamarBlue assay (Invitrogen) per the manufacturer’s
instructions. Cell growth was determined as a function of rela-
tive fluorescence measured at 530 nm excitation and 590 nm
emission {Synergy HT plate reader; BioTek). Five replicates were
tested per condition, and the experiment was repeated twice.
We modified a previously described protocol to test for the
infectivity of HCVee after exposure to test antiseptic [28). In
brief, an equal volume of test antiseptic was pipetted onto 33
uL HCVce-contaminated spots for an exposure period of 1
minute; 264 |LL of culture media was then added to the virus-
antiseptic mixture (fe, 1:10 dilution) and reconstituted. To
reduce the cytotoxicity of antiseptics, each mixture was passed

through a MicroSpin $-400 HR column according to the manu- .

facturer’s instructions. Then 300 pL of eluate that had passed
through the column or mixture without column purification
was added to Huh-7.5 cells in a 48-well plate at 3 x 10% cells/
well in 300 pL of medium to make a final volume of 600 pL.
The cells were washed with sterile PBS after 4 hours to remove
input virus and then incubated in 200 pL fresh media for 3
days. The infectivity of HCVec was determined by luciferase
assay as described above. Ten replicates were tested per condi-
tion, and the experiment was conducted on 3 occasions.

RESULTS

Volume of Accidentally Niisplaced HCVecc-Contaminated

© Plasma

Three experiments were performed, and 10 drops were.weighed
during each experiment. The mean volume of the drops, based

on the formula: 1 mL weighs 1 g, was 29 + 5 uL and the range
was 18-33 pl. Because the maximum drop volume of 33 pL

presents the most risk of transmission, we used 33 uL through-
out our study.

.

Time to Drying of HGVec-Contaminated Drops at Different
Temperatures

Dried droplets of serum contaminated with HCV may be in-
conspicuous and, therefore, more likely than a liquid droplet to
cause accidental exposure t6 HCV. We determined how long it
took a drop of HCVee-contaminated plasma to dry at 4°C, 22°
C, and 37°C. We determined the mean temperature and relative
humidity in the refrigerator, the benchtop, and the incubator
over a week. The temperature ‘was, 4£1°C, 22+0°C, and
374£0°C in the refrigerator, the benchtop, and the incubator,
respectively. The humidity was 53% & 10%, 44% # 5%, and
82% £ 1% at 4°C, 22°C, and 37°C, respectively. The order of
time to dryness was 4, 24, and 28 hours at 22°C (benchtop), 4°
C (refrigerator), and 37°C (incubator), respectively. Thus, tim.

to dryness correlated positively with the humidity of the
storage condition.

Infectivity of Dried HCVee on Surfaces at Dilferent
Temperatures

We investigated the infectivity of HCVcc after drying on sur--
faces at different temperatures. Aliquots of 33 uL of HCVee-

contaminated serum were pipetted into 24-well plates and -

stored for up to 6 weeks. Twenty spots of dried HCVec for each
combination of storage time and temperature were reconsti-
tuted with culture media after storage and introduced into our
assay system [20]. The proportion of HCVcc-positive dried
spots and the infectivity per HCVec dried spot were determined.
The results presented here came from at least 3 independent ex-
periments. o

First, we used a low-titer stock of HCVcc (ie, equivalent to
10* infectious units/mL) to determine the infectivity of HCVer
after drying and storage for up to 6 weeks. We observed a neg.

~ tive correlation hetween storage temperature and HCVec infec-

tivity (Figure 1A). With an assay detection limit of 1000 RLA
(2-3 times above the background luciferase activity), we recov- -
ered viable HCVcc from dried spots stored at 37°C until day 7
of storage. In contrast, at storage temperatures of 4°C and 22C°,
we recovered replicating HCVec from all spots for up to 6
weeks of storage. The infectivity, measured by RLA of the re-
constituted spots, declined rapidly over time inversely to the
storage temperature (Figure 1B). At storage temperatures of 4° -
C and 22°C, we observed a sharp decline in infectivity over the
first 2 weeks followed by persistent but lower infectivity
through week 6 (Figure 1B). This is consistent with our previ-
ous report of the biphasic decay rate of HCVee [20],

By using a high-titer stock of HCVec (equivalent to10° infec-
tious units/mL}), we observed a prolonged infectivity of HCVee
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Figure 1. Survival of ow-titer hepatitis C virus {HCV} after drying on
surfaces. The 33 pL of HCV-spiked blood was spotted on 24-well plates at
4°C, 22°C, and 37°C for up to 4 weeks before content was flushed to
infect Huh-7.5 cells. HCV survival, a function of infectivity, was deter-
mined by the relative luciferase units after 3 days of culture. There were
20 drops at each time point. A, The percentage of HCV-positive dried
spots after storage. B, HCV infectivity per positive dried spot. Each value
is mean + standard deviation from at least 3 independent experiments.
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Figure 2. Suvival of high-titer hepatitis C virus (HCV) after drying on
surfaces. The 33 pl of HCV-spiked blood was spotted an 24-well plates at
4°C, 22°C, and 37°C for up to 3 weeks before content was flushed to
infect Huh-7.5 cells. HCV survival, a funetion of infectivity, was deter-
mined by the relative luciferase units after 3 days of culture. There were
20 drops at each time point. A, The percentage of HCV-positive dried
spots after storage. B, HCV infectivity per positive dried spot. Each value
is mean + standard deviation from at feast 2 independent experiments,

at all storage temperatures, Almost 100% of the contaminated
spots stored at 4°C and 22°C rernained positive for HCVee
through 3 weeks of storage (Figure 24), At 37°C, 100% of the
spots were positive until 10 days of storage and then declined to
40% at day 14 and to 0% at day 21 (Figure 24). The infectivity
of the HCVee recovered from the high-titer HCVee-contami-
nated spots was in general 2- to 3-fold higher than the RLA of
the low-titer HCVcc at each time point. Infectivity was inverse-
ly proportional to the storage temperature. We observed a 50%
reduction in infectivity at day 3, day 14, and day 21 for storage
temperatures 37°C, 22°C, and 4°C, respectively (Figure 2B).

Effect of Antiseptics on Infectivity of HCVce on Surfaces

To investigate the virucidal effect of bleach, ethanol, and cavi-
cide, we first determined the effects of these antiseptics on the
growth of Huh-7.5 cells by using the alamarBlue assay. When

we tried undiluted bleach and cavicide, which were diluted 1:10
before being added to the tissue culture system, we found them
to be uniformly cytotoxic to Huh-7.5 cells, whereas 70%
ethanol had no significant effect on cell growth (Figure 3A).
Cell growth was almost restored to control levels with a 1:10
dilution of bleach and a 1:20 dilution of cavicide following
passage of the solution through MicroSpin $-400 HR columns

(Figure 3A). Cavicide at a 1:10 dilution reduced growth by 70%

relative to the control.

Based on the cytotoxicity results, experiments using bleach
diluted 1:10 and 1:100, cavicide diluted 1:10 and' 1:20, and
ethanol at 70% and 7% were conducted by using MicroSpin §-
400 HR columns (29] prior to adding eluate to the microculture

system. After 1 minute of exposure to bleach {1:10 dilution), '

cavicide (1:10), and ethanol (70%), the percentages of positive
contaminated HCVce spots were 0%, 3% = 6%, and 13% + 6%,
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~ Figure 3. Effect of commercially available antiseptic on Huh-7.5 cell
grawth and hepatitis C virus (HCV) infectivity. Three antiseptics—bleach,
cavicide, and ethanol—were tested for their ability to inactivate HCV at
different concentrations. A, Effect of antiseptics on Huh-7.5 cell growsh,
Here 33 pL of antisaptics were diluted 1:10 with ceil culture medium and
purified, or not, on §-400 HR columns and incubated on Huh-7.5 cells over-
night. Cell growth was determined by alamarBlue assay. 5, The percent-
age of HCV-positive dried spots after application of antiseptic. Here 33 Pt
of HCV-spiked blood was spotted on 24-well plates and exposed to 33 ul
of antiseptics at different concentrations for 1 minute. The reaction was

respectively (Figure 3B). Further dilutions of bleach (1:1003,
cavicide (1:20), and. ethanol (7%) resulied in 17% +6%,
43% £ 6%, and 90% % 17% positive spots, respectively. For
certain viruses, passage through a MicroSpin column could
reduce viral infectivity [3¢]. Therefore, we performed a control
experiment comprising HCVec without exposure to any anti-
septic and with or without passage through a MicroSpin
column prior to infection of Huh 7.5 cells. The infectivity was -
80% +10% and 100% for HCVee with and without passage
through MicroSpin column, respectively {Figure 35). Next, we
tested the infectivity of HCVce without MicroSpin column
after exposuré to antiseptic at concentrations that are least

- cytotoxic. After 1 minute of exposure to bleach (1:100 dilution),

cavicide (1:20), 70% ethanol, and 7% ethanol, the percentages
of positive contaminated HCVcc spots were 30% & 10%,
60% + 36%, 30% + 35%, and 93% + 12%, respectively (Figure
3B). The infectivity of residual HCVee after passage through
MicroSpin column (Figure 3C) was correlated with the Iikeli-
hood of recovery of viable HCVee, RLA was highest for 75.
ethanol (27 of 30 spots yielded viable HCVcc) and lowest for
1:10 cavicide (1 of 30 spots yielded viable HCV).

DISCUSSION

In our simulation of real-world risks of HCV transmission in
settings conducive to exposure to HCV-contaminated fomites,
we observed that HCVcc could maintain infectivity for up to 6
weeks at 4°C and 22°C. This finding supports our hypothesis
that the increasing incidence of nosocomial HCV infections
may be due to accidental contact with HCV-contaminated
fomites and other hospital equipment, even after prolonged
periods following their deposition. Moreaver, we found that
HCVec infectivity was influenced by HCVec viral titer and the
temperature and humidity of the storage environment. Further-
more, the commercially available antiseptics reduced the infec-
tivity of HCVec on surfaces only when used at ti
recommended concentrations {25, 27] but not when further
diluted. " : : : :
Although there have been 2 previous studies on infectivity
and stability of HCV on surfaces [28, 31), to our knowledge,

Figure 3. Continued. stopped by diluting the antiseptic 1:10 with cell

culture media and purified with or without MicroSpin S-400 HR columns.
The eluents were used to infect Huh-7.5 cefls. HCV survival, a function of
infectivity, was determined by the relative luciferase units after 3 days of
cuitwe, Dark and gray bars represent experiments with and without
passage through MicroSpin column, respectively. The dagger (t) indicates
experiments without columns were not done because of the cytotoxicity
of the antiseptic at these concentrations. , Residual infectivity of HCV-
contaminated surface after application of antiseptics. Each value is mean
+ standard deviation from at least 3 independent experiments.
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this is the first study that closely simulates the natural events
likely to cause transmission of HCV. Kamili et al reported that
100 pL aliquots of chimpanzee plasma contaminated with
HCV was still infectious when dried and stored at room tem-
perature for up to 16 hours [31]. Transmission of infection did
not occur after 16 hours to up 7 days of storage, More recently,
Doerrbecker et al demonstrated that 50 L of cell eulture-
derived HCV dried on steel discs remains infectious for upto 5
days at room temperature [28]. The limitations of these previ-
ous studies include simulation of HCV transmission under arti-
ficial drying conditions. Furthermore, Doerrbecker et al found
that the infectivity of the virus recovered from the carrier
system was 10-fold lower than that stored in liguid media.
Therefore, one can speculate that the duration of infectivity ob-
served in their study could be an underestimation. Moreover,
differences in the 3 asséy systems (eg, in vivo vs in vitro assay;
artificial vs passive desiccation) might account for the different
durations of survival reported. Our study sought to overcome
some of these limitations by determining the exact size of acci-
dentally misplaced HCVec-contaminated plasma and allowing
the drops to dry under natural conditions. The fact that we
found HCVcc to be infectious for up to 6 weeks under these
conditions, which is consistent with our previous report that
HCVecc survived in tuberculin syringes for up to 63 days [20), is
of public health concern. Taken together, these studies show
that HCVcc remains potentially infections for prolonged
periods of time, ranging from 16 hours to 6 weeks depending
on the assay system. Previously, we reported on the biphasic
decay rate of our genotype 2a HCVce at room temperature;
there was a rapid decline of infectivity within the first 6 hours
followed by a second phase of relatively, slow exponential decay
[20). This is consistent with a recent report on the thermosta-
bility of 7 genotypes including 2a genotype [32]. Such pro-
longed infectivity could contribute to the increasing incidence
of nosocomially acquired HEV infections,

" Relevant to infection control is the fact that all HCVec-con-
taminated spots dried at room air temperature within 4 hours,
becoming inconspicuous and therefore more likely to cause ac-
cidental exposures to HCV. HIV was also reported to dry at
room température within 3 hours and to retain infectivity for
up to 7 days {33, 34]. The infectivity of HCVcc and HIV when
stored at room temperature for several days is consistent with
that of other envelope viruses [35, 36]. The prolonged infectivi-
ty of these viruses has been attributed, in part, to their lipid en-
velope, which resists drying and protects the viral capsid from
the deleterious effects of dehydration [37). Hepatitis B virus,
another lipid-enveloped hepatotropic virus, was reported to

survive for up to 7 days at room temperature; further time

points were not available due to a laboratory mishap (38}. The
resilience of these viruses at room temperature raises the possi-
bility of their being transmitted through fomites. Our findings
support the surveillance data on the increasing incidence of

nosocomial transmissions of HCV in developed countries (13-

17]. Interestingly, most of the patients who acquired HCV in
the hospital had no surgeries or invasive procedures; their only
risk was hospital admission [18, 19]. Fomites could; therefore,
be an important vehicle for transmission of HCV in hospital
and household settings.

Finally, given the infection control implications of our find-
ings, we decided to determine if commonly used antiseptics are
effective against HCV. We demonstrated that bleach, cavicide,
and ethanol are effective at their recommended concentrations
(25-27). Tt is possible that the efficacy of cavicide at 1:10 is over-
estimated because the disinfectant itself reduced host cell viabil-
ity by 70%. Further dilution of each antiseptic proved
suboptimal (Figures 3B and 3C). The finding for ethanol paral-
leled that of Ciesek et al, who found that HCV titers decreased
at concentrations of 30% and 40%, but complete inactivation
did not occur at an exposure time of 5 minutes [29]. However,
undiluted concentrations of several hand antiseptics (based on
povidone-iodine, chlorhexidine digluconate, and triclosan)
reduced HCV infectivity to undetectable levels [25]. Thus,
there are several commercially available antiseptics that are ef-
fective against HCV. L

Our study, which sought to improve upon prior studies, still
has some limitations. First, the assay uses a genetically modified
HCYV laboratory clone derived from a genotype 2a virus that
may not reflect survival characteristics of human isolates,
However, the thermostability pattern of our virus is similar to
that of other genotypes (32]. Second, the spiking of HCVec-
seronegative blood might not sufficiently replicate the biological
factors present- in the blood of HCV-infected individuals that
could moderate HCV transmission and infectivity. However,
the consistency of our results with those from previous in vitro
studies arid epidemiologic studies that reported on the trans-
mission of HCV in healthcare settings and through sharing of

- injection paraphernalia {39-43] support our findings.

In conclusion, we have demonstrated that HCVee ¢an re-
main infectious at room temperature for up to 6 weeks. Our hy-
pothesis of potential transmission from fomites was supported
by the experimental results and provides the biolagical basis for
recent observational studies that have reported an increasing
incidence of nosocomial HCV infections and continued high
incidence among people who inject drugs.
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1. Why this case is important

CMV infections in immunocompetent infants/children are usu-
ally asymptomatic or mild and do not require antiviral treatment,
CMYV disease often occurs in preterm or dystrophic infants.

We report the case of a 2-month-old male immunotompetent

‘infant with severe immunochistochemically proven CMV colitis, as
. arare manifestation of CMV disease, based on a disseminated CMV
infection with telatively high viral load and virus shédding into
stool, urine and throat swab. With administration of intravenous
ganciclovir the diarrhea subsided and the virus load in the urine
decreased, Nevertheless the patient developed an extensive colonic
stenosis and required-anti-inflammatory . treatment with cortico-
steroids. With the combined therapy he eventually got well. In the
follow up one year later, there has been no sign of reactivation of
the CMV infection, The infant is growing and developing normally.

Postnatally shedded viral strains including strains from breast

milk, colon biopsy, urine and throat swabs were sequenced for the

N-terminal CMV g0 gene region. All isolates were g02-subtype

* Corresponding author. Tel.: +49 2241 249 0; fax: +40 2241 249 203,
E-mail address: v.novakova@asklepjos.com (V. Novakova).

1386-6532/3 - see front matter @ 2014 Elsevier B.V. All rights reserved,
http:{fdx.doi.org/10.1016/j,jev.2014.01.022
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and showed 100% identity between all viral isolates. Additionally
immunoblot analysis revealed an acute CMV primary infection with
low avidity.

Toour knowledge this is the first reported case of severe postna-
tal CMV enterocolitis in an immunocompetent infant who received

" intravenous ganciclovir and nevertheless developed an extensive

colonic stenosis which required steroids.

2. Case description

A 2-month-old infant was admitted with a 7 day history of
decreased appetite, vomiting and bloody diarrhea. The infant was
born at term after an uneventful pregnancy. Perinatal history was
inconspicuous. He was breast fed.

On examination the baby was dehydrated. Blood results were
unremarkable: blood count, electrolytes, liver and renal function
were within normal range, C-reactive protein was negative. Stool
cultures did not reveal any gastrointestinal pathogen. Sonography
of the abdomen ruled out a pyloric stenosis and the upper gas-
trointestinal passage demonstrated a mild gastreesophageal reflux.

Al criteria suggesting a common gastroenteritis, a suppcrtlve care
with intravenous rehydration was started.
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Table 1
Lympheryte typing.
In total [ut-?] Reference % of lymphocytes Reference

T-lymphocytes (CD3+) 9580 2300-7000 67 48-77
T-helper lymphocytes (CD4+) 2978 1000-5000 22 31-58
T-suppressor lymphocytes (CD8+) 5016 .400-2200 44 9-28
Activated T-lymphocytes (HLA DR+) 3358 70-600 22 1-9
B-lymphocytes (CD19+} 1211 600-3000 ag 13-39
Natural killer cells (CD3—-/CD15+) 2983 100-1300 21 2-17

On day 3 of admission the infant instantly developed acute
abdominal distress. Abdominal sonography failed to detect peri-
stalsis. Plain radiograph demonstrated distended bowel loops with
air fluid levels suggesting an intestinal obstruction. An emergency
laparotomy did not detect any abnormalities, i.e. intussusception,
volvulus or malrotation of the gut. A contrast enema confirmed the
narmal anatorny. Postoperatively the infant still presented with a
sepsis-like-syndrome {CrP max 190 mg/l) and was transferred to
the ICU where intravenous antibiotics and one erythrocyte transfu-
sion (radiated, leukocyte depleted) were applied. Gastrointestinal
complaints continued, Enteral feeding was impossible, Diatrhea
became aggravated, leading to electrolyte imbalance and exsuda-
tive enteropathy and required correspondent therapy.

Search for infections in stool, blood and cerebrospinal fluid
revealed negative results for more than 20 microorganisms.
Detailed investigation ruled out an underlying primary immu-
nodeficiency. Total immunoglobulin levels were within normal
limits and granulocyte’ function was normal. Differentiation of the
lymphocytes gave normal numbers, but showed a CD4/CD8 inver-

sion and activated T-ceils with increased CD3/HLA DR expression -

(Table 1) suggesting a viral infection. Hence, we ruled out HIV and
EBV infection.

CMV DNA was_first detected in the urine of the infant
(439,000 copies{ml). Further analyses yielded a disseminated CMV
" {nfection with leuko- and plasma-DNAemia (25,300 copies/ml)and
viral shedding from stool (237,000 copies/ml) and saliva. The CMV
enterocolitis was documented by positive PCR in the biopsy mate-
tial and by PCR of frozen cryosections of colon histology. The infant
was able to raise specific antibodies with positive titers for [gM
and IgG (1:1900). There was no invalvement of the central nervous
system or any ophthalmelogic impairment. In the breast milk we
found about 80,000 copies{ml of CMV DNA in call and fat-free rmlk
whey.

Congenital CMV infection can be excluded with relatively high
probability since PCR from original Guthrie-card was negative,
Recombinant CMV immunoblot analysis ddcum_en'té an acute pri-

mary infection with total absence of gB 1/2-IgG reactivity, low

avidity IgG and bright 1gM reactivity, Sequence analysis of the N-
terminal hyper variable region of the gO gen region, which codes
for viral glycoprotein O, was performed (Fig. 1a) to compare the

different viral strains with that of the colon biopsy, as a g02b vari- -

ant. Results for pair wise identity are shown in comparison to g02b
reference strains (Fig. 1b) and for the patient strains (Fig. 1¢). The
results strongly suggest that CMV was transmitted from mother
to infant postnatally by breastfeeding. The viral variant detected
in the breast milk is identical to the one found in the colon biopsy
material. Thus, we found molecular evidence for the following viral
transrnission cascade: postnatal maternal CMV reactivation and
shedding of the virus strain into breast milk, initial gastroenteric
viral uptake in the infant, dissemination via blood stream and end
organ manifestation in strommal cells of the ¢olon ulcus.

At colonoscopy, we discovered severe inflammation especiaily
in the ascending colon which decreased distally. Histologically
the specimens from the colon showed ulcus ground, swollen
mucosa with epithelial necrosis, disrupted crypts and neutrophilic
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infiltrate. At higher magnification typical large epithélial as well as
stromal cells with intranuclear resp. cytoplasmatic inclusions were
observed, When stained with an antibody against CMV {DAKO,
M0854; Clone: CCH2+DDGCY; 1:50) these inclusions dlsplayed a
positive staining reaction (Fig, 2).

I summary, we diagnosed a postnatal CMV-disease, transmit-
ted via breast mill, in an immunocompetent term infant, with
colitis being the major manifestation.

Informed consent was obtained and treatment withintravenous
ganciclovir (10mgjkgfday) was started. Consecutively the infant
tolerated feeding and diarrhea subsided. Simultaneously viral she
ding in the urine decreased (Fig. 3). On day 14 of ganciclov..
therapy the patient deteriorated instantly. The abdominal ultra-
sound revealed a massive colonic stenosis of almost the entire colon
ascendens and transverse. The infant' immunoglobulin G level had
increased naturally at that point from 1.6 to 3.2 g/l within two
weeks time, Knowing of the infant’ immunocompetency, intra-
venous immune globulins (400 mgfkg}were administered once and
high dose corticosteroids (2 mg/kgf/day) were started. With that
regime a -constant improvement was achieved. Ganciclovir ther-
apy was continued for 6 weeks and corticosteroids for 4 weeks
on tapered dosings. The infant was fully enteral fed and started
to thrjve (Fig. 4). CMV dissolved in the urine (Fig. 3.

In the follow up one year later, the patient is doing well, thriv-
ing without reactivation of the CMV infection and no signs of any
sequelae or immunoincompetence.

3. Other similar and cantrasting cases in the literature

The gastrointestinal system is an uncommeon manifestation in
CMVinfection inimmunocompetentindividuals. To our knowledge

. just a few comparable cases have been published. One 5-week- -

old term infant that presented with intractable diarrhea, w-
diagnosed as CMV enterocolitis, treated with ganciclovir and .
nat develop any sequelae [5].’A 2-month-old term infant pre-
senting with bloody diarthea and dehydration was diagnosed as
CMV enterocolitis which resolved without treatment. Although
the mucosa, appeared macroscopically normal, histology revealed
characteristic cytomegalovirus inclusions [6]. As comphcatmns of
gastrointestinal involvement, ileal perforation in a 5-week-old
infant {7] and colonic stricture {8} have been described. In both
cases histopathologic examinations showed cytomesgalic intranu-
clear inclusion bodies and it was not clear whether it was a
congenital or perinatal infection. Only the latter case was treated
with ganciclovir since chorioretinitis was also present.

The drug most commonly used is ganciclovir (GCV). With intra-
venous application we noticed a good clinical response and viral
shedding from the urine decreased, GCV treatment did not have
much effect on the colitis and did not promote thriving either
{Fig. 4). In the literature there are three similar cases, where oral
GCV {1-2 months courses at the dosage of 70mgfkg) was more
efficient than intravenous administration and the authors suggest
that the higher local concentration of the drug in the infected
enterocytes was causal [9]. in another case of gastrointestinal man-
ifestation the infant was treated with oral valganciclovir and the
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Fig.1, Sequencing 0f 307 bp of the N-terminal hy;
as well as representative strains for each g0 gen

(urine, throat swab, EDTA-Ylood and colon biopsy) with representative strains reparted previously as g02b subtype (SW1715 and K61) [2,3]. (c) Pai
the isolates using the Smith Waterman algorithm with the software Jalview Version 2 (available online: www jalview.org) (4].
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more bioavailable than GCV (10].

4. Discussion

pervariableregion on the g0 glycoprotein i1].(a) Multiple alignment of the isolates from the mother, the baby and references
otype [2]. (b) Pairwise identities between the isolates from each sample from the mother (breast milk) and from tha baby

rwise identities between

symptoms resolved, Valgancicldviris a prodrug and about 10 times

To ourknowledge this is the firstreported case of immunohisto-
chemical and molecular proven severe postnatal CMV enterocolitis,
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Fig. 2. Photo detail of the heavily ulcerated colonic mucosa, resp. ulcus ground,
immunchistochemically stained with an antibody against CMV, revealing brown
staining of the viral inclusions in stromal cells,
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Fig. 3. Effect of GCV treatment on virus load in urine,
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Fig. 4, Effect of GOV treatment on thriving,

transmitted through breast milk, in an immunocompetent term
infant, who received intravenous ganciclovir and nevertheless
developed an extensive colonic stenosis, which required steroids.

We were able to determine the infant’ immunocompetency:
there was no evidence for cellular or humoral immunodeficiency
and he was able to raise antibodies in general and specific ones
against CMV as well. We ruled out acquired immunodeficiency due
to HIV. Cengenital CMV infection could be excluded, since nested
PCR from original Guthrie-card was negative [11};

Since he was born via cesarean section, transmission via mater-
nal fluids during labor is less likely. Transfused blood is no longer
likely to be a route of infection, as biood products for neonates are
prepared from CMV negative donors and are léukocyte depleted,
which was also the case in our transfusion, ;

Breastfeeding is a known acquisition route in preterm infants
(12-14]. Hamprecht showed that almost every surveyed mother
underwent a CMV reactivation during lactation and the cumulative
transmission rate was 37% [13].

CMV reactivation during lactation shows a unimodal course
with peak levels about 4-6 weeks post partum. Since we found
about 80,000 copiesfm! of CMV DNA in celi and fat-free milk whey
(inweek 11 after birth), we assume that the peak level of DNAlactia
was still higher. This and the relatively long duration of DNAlactia
demonstrates a high CMV exposure to the infant, with a plasma
viral load about 25,000 copies{ml. CMVimmunoblotting showed nio
gB1/2 reactivity, low avidity IgG and brizht IgMm reactivity against
recombinant CMV antigens with high reactivity against rec p150
and rec CM2 {each very strong), This shows, together with reclE1
IgM reactivity, that the infection is a recent primary infection. It
clearly proves a postnatally acquired CMV infection. gB-specific
antibodies normally can be detected about 3 months after onset
of primary infection [15). ‘

The source of the severe disserninated CMV infection was elu-
cidated by sequencing of the N-terminal hyper variable region of
the g0 glycoprotein. Multiple alignment and pair wise identities
to gO02 genotype reference strains SW1715 and K61, as weli as the
viral isolates from our patient, revealed 100% of sequence identity.
Therefore, the isolates from the breast milk were the same as thase
found in the urine, throat swab, blood and biopsy (Fig. 2). Breast
milk was the source of CMV infection in our case.

In summary, we report the case of a 2-month-old immunocom-
petentterminfant, withintractable diarrhea diagnosed as postnatal
CMV disease, acquired via breastfeeding and treatad with ganci-
clovir, who nevertheless developed an extensive colonic stenosis
and required additional anti-inflammatory treatment. We consider
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that gastrointestinal involvement in CMV infection may be r
atively more common than previously recognized. Although an
apparently uncommeon cause of gastrointestinal disease in the
irmmunocompetent infant, the diagnosis should be considered in
any infant with prolonged or severe diarrhea that does not improve -
with standard management and is negative for the commonly
screened microorganisms. .
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[1]
Date: 3 Apr 2014

. Source: WHO Globai Alert and Response (GAR), Disease Outbreak News [edlted]
'h www, who.int/csr/don/2014_04_ebola/e

WHO is supporting the national authorities in the response to an outbreak of Ebola virus disease (EVD; formerly
knewn as Ebcla haemaorrhagic fever). The outbreak is now confirmed to be caused by a strain of ebolavirus with
very close homology (98 percent) to the Zaire ebolavirus. This is the 1st time the disease has been detected in
West Africa. Cases were 1st reported from forested areas in southeastern Guinea. The outbreak has rapidly
evolved, and several districts and Conakry have reported cases and deaths caused by EVD. A small number of
suspected cases and deaths has also been reported from neighbouring countries with all of them having crossed
from Guinea. Confirmed cases have been reported from Guinea and Liberia. (Read more at source URL),
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[Th"ls is a good summary of the outbreak. - Mod.JW]
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(2]
Date: 3 Apr 2014
Source: Busmess Standard, Ind|a [edited]

Guinea's health authorities Thursday {3 Apr 2014] said 4 new ebolavirus disease cases have been reported in the
country, bringing the total number of patients to 134, out of which 84 have succuimbed to the viral disease. The

disease is mostly widespread in the southern regional towns of Gueckedou, Macenta, Kissidougou and the capital
Conakry, Xinhua reported.

-

To curb the spread of the epidemic, the go_v.érnrﬁent has taken certain measures that include setting up medical
isolation centres in the affected regions and disinfection of homes with suspected cases or where ebolavirus
disease patients have died. The government has also undertaken mobilisation of necessary resources to provide

individual protective materials to the most affected zones. The UN Children's Fund (UNICEF) has equally proceeded
to distribute hygiene kits to schools in areas most hit by the virus.
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(3]

Date: 2 Apr 2014

Source: WHO/AFRO EPR - Outbreak News [edited]
htl:D://www.afro.who.int/en/clusters—a-Droqrammes/c_ioc/euidemic-a—Dandemic—aiert-and-resnonse/outbreak—

news html

As of 1 Apr 2014, the Ministry of Health of Guinea has reported a cumulative total of 127 clinically compatible
cases of EVD, of which 35 are laboratory confirmed by PCR. The total number includes 83 deaths (CRF 65

percent). These figures correspond to 5 new clinical cases and 3 new deaths since the last update on 31 Mar 2014;
22 patients remain in isolation. ' '

The current numbers of clinical cases by place of report are:

- Conakry (12 cases, including 4 deaths),
- Guekedou (79 cases/57 deaths),
- Macenta (23 cases/14 deaths),
- Kissidougou (9 cases/5S deaths), and
.- Dabhola and Djingaraye combined (4 cases/3 deaths).

11 of the cases in Conakry have been laboratory confirmed for Ebola virus disease (EVD); 14 health care workers
have also been laboratory confirmed for EVD, 8 of whom have died. Case investigation and contact tracing are
continuing, with 375 contacts under medical follow-up at present.
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(4]
Date: April 2014
Source: WHO Features [edited]
JSLiwww who . int/features/2014/quinea-ebola/e

When more than 3.5 tons of protection material arrived in Conakry, the capital of Guinea, on 30 Mar 2014, WHO

immediately started distributing it to health facilities in different locations dealing with the outbreak of Ebola vir
disease (EVD).

. The supplies include sing[é-use personal protection equipment and disinfection and secure burial material, Half of
the infected persons in Conakry are health workers. Providing them with adequate training and necessary

equipment is crucial for infection control. As there is no treatment or vaccine available, prevention is the most
effective way to stop the transmission.

"These supplies are essential, as we were not able to be in coritact with sick persons who could have Ebola, With
protection equipment, we feel reassured and can do our job to help patients,” said Dr Lansana Kourouma, head of

the emergency section of the Chinese-Guinean Friendship hospital, where 5 patients are currently under
ohservation. _ ‘

The material was also sent to the Denka national teaching hospital in Conakry, where an isolation ward has been
set up to provide care to infected persons. The ward is located in a separate building. The Institut Pasteur, Dakar,
Senegal has dispatched technicians to the hospital so it can carry out on-site rapid testing.

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

http://www.promedmaiI.org/direct.php?id:2379386[2014/05!12- 141343:20]
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[But see below. - Mod.JW]

R KK

(5] '
Date: 13 Feb 2014 [reievant to report above]
Source: Pulltzer Center on Cns:s Reportmg [edlted]

"The biggest problems at Donka are no electricity, ne water, no equipment, no sanitation, and very high rates of
infection," said Bintu Cisse, adjunct midwife supervisor, who has worked at Danka National Hospital for 20 years.

Donka, the largest medical center in Guinea, is run by the government and maintains short and- leng term
partnerships with international aid organizations such as UNICEF and MSF {(Medecins sans Frontieres or Doctors

Without Borders) External support prov:des some operational assistance, but Donka lacks basic faC|I:t|es due to
the |nefﬁc1ency of Guinea's under-performing lnfrastructure

Inside the maternity ward operating room, Cisse pointed out that the equipment did not work, and doctors used

suspended basins of water and a mixture of chlorine to sanitize. The main light sources were open windows.
Qutside, garbage was burning.

[Byline: Brandice Camara, for the Pulitzer Center]

Communicated by: _
ProMED-mail Rapporteur Joe Dudley

[See more below. - Mod.JW]
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(6l
Date: 2 Apr 2014

Source: Canadian Manufacturing online, 27 Jan 2014 fedited]
:/fwww.canadianmanufa i

guinea-130898

Medical software and technology company Kallo has signed a USD 200 million medical software deal with the
Republic Of Guinea,

The technology will aid healthcare delivery and bring a higher standard of health services to the developing
country's rural population. -

[Read more at source URL.]

Communicated by:
ProMED-mail Rapporteur Joe Dudley

tWithout improved infrastructure, this system will be useless.

Joe points out that USD 200 million would provide clean water to a good number of government hospitals. -
Mod.JW] '

dop A AORE

(7]
Date: 2 Apr 2014

Source: Journal du Mali [in French summarized, edited]
hitp: i i
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[In summary, a young man from the frontier with Guinea was spotted at the bus station in Bamako, capital of

Mali, and suspected to be a case of ebolavirus disease. He was taken to a hospital to be quarantined, but his
relatives took him away by taxi.

Later in the day, 2 more suspect cases were spotted. One was also from the Guines frontier, arr

riving with severe
diarrhea and vomiting. '

The entire busload of passengers was quarantined for 17 hours, while blood specimens were taken for testing. It is

emphasized that there is no confirmation that they were cases of ebolavirus disease, but there is considerable
anxiety in the capital.

A map of Mali is at:
http://upload. wikimedia.qra/wikipedia/commons/6/66/Mali_Map.ipa. - Mod.Iw]

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

ik ke e ok

(8]

Date: 2 Apr 2014

Source: RTE News Ireland {edited] ‘
httn:/lwww.rte.ie/new5/2014/0402/60628l-ebola-dgath-toll—hits-83-‘|n—auinea

Foreign mining firms have locked down operations in Guinea and pulled out some international staff as the death
toll from suspected cases of Ebola there hit 83; :

The epicentre of Guinea's 2-month old outbreak has been in the southeast, close to its main iron ore reserves. The

country is also the world's top expaorter of Bauxite, the raw material used in aluminium production, and has rich
deposits of gold.

"Everyone is practicing precautionary strict hygiene, but there has been no real impact on production so far," a
senior executive at a mining company told Reuters. The executive said he had been placed on extended leave,
while other companies were preventing people from entering or leaving their mines. "Firms are more concerned by

what is happening in the densely popuiated capital Conakry than in remote mining sites in the interior, where
controls are easier to put in place," he added.

Communicated by:
ProMED-mail
<promed@promedmail.org> _
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Date: Thu 3 Apr 2014 ,

Source: Agence France Presse [edited] ‘
http://www:rappler.com/world/reajons/africa/54627-ebala- liberia-enidemic

Liberia said Thursday {3 Apr 2014] that it was dealing with its 1st suspected Ebola case thought to be unconnected
to the epidemic raging in Guinea and to have originated separately within its borders.

If confirmed, the case in the eastern town of Tapeta would mark a worrying develdpment in the fight against

Ebola, as cases so far have been attributed to people returning with the infection from neighbouring Guinea, where
84 people have died. o '

"We have a case in Tapeta where a hunter who has not had any contact with anyone coming from Guinea got
sick," chief medical officer Bernice Dahn said. "He was rushed to the hespital and died 30 minutes later, He naver

http://www.promedmail.org/direct.php?id=2379386[2014/05/12 4 5:43:20]
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had any interaction with someone suspec'ted to be a carrier of the virus, and he has never gone to Guinea, This is
an isolated case."

The fruit bat, thought to be the host of the highly contagious Ebola virus, is a delicacy in the region straddiing
Guinea, Liberia and Sierra Leone, and experts suspect huntsmien may be the source of the outbreak.

Tapeta, a small town in the eastern county of Nimba, is 400 km (250 miles) from the epicentre of the Ebola

outbreak in southern Guinea, at least a 5-hour drive and much further from the barder than other suspected
cases,

"The huntsman has 500 traps in the forest. He felt sick in the forest and was rushed to the hospital," Dahn told
AFP, adding that 7 new patients brought the total suspected Ebola cases in Liberia to 14; 6 people have died, she

- said, since Liberia reported its ist cases of haemorrhagic fever last month (March 2014], raising the previous toll
by 2.

Communicated by:
ProMED-mail
<promed@promedmail,org>

[No mention of whether any specimens were taken for laboratory confirmation. It is not stated whether any of his
traps were for bats. - Mod.JW

A HealthMap/ProMED-mail map can be accessed at: http://heaithmap.org/promed/p/45.]
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INF2014-003

F /7 Cem‘ers for Disecse Control and Prevention
ﬂ/////ﬁ CDC 24/7: Saving Lives. Profecting Peopla.™
Morbidity and Mortality Weekly ReDort (MMWR)

Ebola Viral Dlsease Outbreak — West Afrlca 2014

On June 24, 2014, this report was posted as an MMWR Eari’y Release on the MMWR
website (httD / /www cde.gov/mmwr).

Weekly
June 27, 2014 / 63(25);548-551

Meredith G. Dixon, MDz1,2, llana J, Schafer, DVM1,2 (Author affiliations et end of text)

On March 21, 2014, the Guinea Ministry of Health reported the outbreak of an illness
characterized by fever, severe diarrhea, vomiting, and a high case-fatality rate (59%) among
49 persons (1). Specimens from 15 of 20 persons tested at Institut Pasteur in Lyon, France,
were positive for an Ebola virus by polymerase chain reaction (2). Viral sequencing identified
Ebola virus (species Zaire ebolavirus), one of five viruses in the genus Ebolavirus, as the
cause (2). Cases of Ebola viral disease (EVD) were initially reported in three southeastern
districts (Gueckedou, Macenta, and Kissidougou) of Guinea.and in the capital city of Conakry.
By March 30, cases had been reported in Foya district in neighboring Liberia (1), and in May,
the first cases identified in Sierra Leone were reported. As of June 18, the outbreak was the
largest EVD outbreak ever documented, with a combined total of 528 cases (including
Iaboratory—conﬁrmed probable, and suspected cases) and 337 deaths (case-fatality rate =
64%) reported in the three countries. The largest previous outbreak occurred in Uganda
during 2000-2001, when 425 cases were reported with 224 deaths (case-fatality rate = 53%)
(3). The current outbreak also represents the first outbreak of EVD in West Africa (a single
case caused by Tai Forest virus was reported in Céte d'Ivoire in 1994 [3]) and marks the first
time that Ebola virus transmission has been reported in a capital city.

Characteristics of EVD

- EVD is characterized by the sudden onset of fever and malaise, accompanied by other
nonspecific signs and symptoms such as myalgia, headache, vomiting, and diarrhea. Among
EVD patients, 30%—50% experience hemorrhagic symptoms (4). In severe and fatal forms,
multiorgan dysfunction, including hepatic damage, renal failure, and central nervous system
involvement occur, leading to shock and death. The first two Ebolavirus species were initially
recognized in 1976 during simultaneous outbreaks in Sudan (Sudan ebolavirus) and Zaire
(now Democratic Republic-of the Congo) (Zaire ebolavirus) (5). Since 1976, there have been

. more than 20 EVD outbreaks across Central Africa, with the majority caused by Ebola virus
(species Zaire ebolavirus), which historically has demonstrated the highest case-fatality rate

(up to 90%) (3).

The wildlife reservoir has not been definitively ascertained; however, evidence supports fruit
bats as one reservoir (6). The virus initially is spread to the human population after contact
with infected wildlife and is then spread person-to-person through direct contact with body
fluids such as, but not limited to, blood, urine, sweat, semen, and breast milk, The incubation
period is 2—21 days. Patients can transmit the virus whlle febrile and through later stages of
disease, as well as postmortem, when persons contact the body during funeral preparations.
Additionally, the virus has been isolated in semen for as many as 61 days after illness onset.

http://www.cdc.gov/mmwr/preview/mmwrhtmI/mlgf*l%3‘25a4.htm?s_cid=mm632534uw 2014/07/16
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Diagnosis is made most commonly through detection of Ebola virus RNA or Ebola virus
antibodies in blood (5). Testing in this outbreak is being performed by Institut Pasteur, the
European Mobile Laboratory, and CDC in Guinea; by the Kenema Government Hospital Viral
Hemorrhagic Fever Laboratory in Sierra Leone; and by the Liberia Institute of Biomedical
Research. Patient care is supportive; there is no approved treatment known to be effective:
against Ebola virus. Clinical support consists of aggressive volume and electrolyte
management, oral and intravenous nutrition, and medications to control fever and
gastrointestinal distress, as well as to treat pain, anxiety, and agitation (4,5). Diagnosis and
treatment of concomitant infections and superinfections, including malaria and typhoid, also

are important aspects of patient care (4).

Keys to controlling EVD outbreaks include 1) active case identification and isolation of
patients from the community to prevent continued virus spread; 2) identifying contacts of ill
or deceased persons and tracking the contacts daily for the entire incubation period of 21
days; 3) investigation of retrospective and current cases to document all historic and ongoing
chains of virus transmission; 4) identifying deaths in the community and using safe burial

* -practices; and 5) daily reporting of cases (4,7,8). Education of health-care workers regarding
safe infection-control practices, including appropriate use of personal protective equipment,
is essential to protect them and their patients because health-care—associated transmission
has played a part in transmission during previous outbreaks (4,5). '

Efforts to Control the Current Qutbreak

To implement prevention and control measures in both Guinea and Liberia, ministries of
health with assistance from Médecins Sans Frontiéres, the World Health Organization, and
others, put in place Ebola treatment centers to provide better patient care and interrupt virus
transmission. Teams from CDC traveled to Guinea and Liberia at the end of March as part of
a response by the Global Outbreak Alert and Response Network to assist the respective
ministries of health in characterizing and controlling the outbreak through collection of case
reports, interviewing of patients and family members, coordination of contact tracing, and
consolidation of data into centralized databases. Cases are categorized into one of three case

- definitions: suspected (alive or dead person with fever and at least three additional _
symptoms, or fever and a history of contact with a person with hemorrhagic fever or a dead or
sick animal, or unexplained bleeding); probable (meets the suspected case definition and has
an epidemiologic link to a confirmea or probable case); confirmed (suspected or probable
case that also has laboratory confirmation).* _ .

In'late April, it appeared that the outbreak was slowing when Liberia did not report new cases
for several weeks after April 9, and the number of new reported cases in Guinea decreased to”
nine for the week of April 27 (Figure 1). Since then, however, the EVD outbreak has resurged,
with neighboring Sierra Leone reporting its first laboratory-confirmed case on May 24,
Liberia reporting a new case on May 29 that originated in Sierra Leone, and Guinea reporting
a new high of 38 cases for the week of May 25. :

As of June 18, the total EVD case count reported for all three countries combined was 528,
including 364 laboratory-confirmed, 99 probable, and 65 suspected cases, with 337 deaths
(case-fatality rate = 64%). Guinea had reported 398 cases (254 laboratory-confirmed, 88
probable, and 56 suspected) with 264 deaths (case-fatality rate = 66%) across nine districts
(Figure 1). Sierra Leone had reported 97 cases (92 laboratory-confirmed, three probable, and
two suspected) with 49 deaths (case-fatality rate = 51%) across five districts and the capital,
Freetown. Liberia had reported 33 cases (18 confirmed, eight probable, and seven suspected)
with 24 deaths (case-fatality rate = 73%) across four districts.

Major challenges faced by all partners in the efforts to control the outbreak include its wide
~ geographic spread (Figure 2), weak health-care infrastructures, and community mistrust and
resistance (10). Retrospective case investigation has indicated that the first case of EVD might
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have occurred as early as December 2013 (Figure 1) (2). To control the outbreak, additional
strategies such as involving community leaders in response efforts are needed to alleviate
concerns of hesitant and fearful populations so that health-care workers can care for patients
in treatment centers and thorough contact tracing can be performed. Enhancing
communication across borders with respect to disease surveillance will assist in the control
and prevention of more cases in this EVD outbreak.

In June 2014, the World Health Organization, via the Global Outbreak Alert and Response
Network, requested additional support from CDC and other partners, necessitating the
deployment of additional staff members to Guinea and Sierra Leone to further coordinate
efforts aimed at halting and preventing virus transmission. Persistence of the outbreak
necessitates high-level, regional and international coordination to bolster response efforts
among involved and neighboring nations and other response partners in order to
expeditiously end this outbreak.
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*. Case definitions were modified from those available at

ublications/ebola/ebola-case-definition-contact-en.pdf % &

FIGURE 1. Number of cases of Ebola viral disease (n =3098%), by week of
symptom onset — Guinea, 2014
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* Cases reported as of June 18, 2014.

Alternate Text: The figure above is a bar chart showing the number of cases of Ebola viral

disease (EVD) in the ongoing outbreak that were reported from Guinea, by week of symptom
onset in during 2014, Although cases also were reported from Liberia and Sierra Leone, as of
June 18, 2014, the majority (398) of the 528 total EVD cases had been reported from Guinea.

FIGURE 2. chaﬁon of cases of Ebola viral disease* — West Africa, 2014 '
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Alternate Text: The figure above is a map of West Africa, showing the wide geographic
spread of cases of Ebola viral disease during the ongoing outbreak. As of June 18, 2014, a
total of 528 cases, including 337 deaths, had been reported from Guinea, Liberia, and Sierra
Leone.
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In November 2013, an acute Zika virus (ZIKV) infec-
tion was diagnosed in a German traveller returning
from Thailand. The patient reported a clinical picture
resembling dengue fever. Serological investigations
revealed anti-ZIKV-lgM and -igG, as well as ZIKV-
specific neutralising antibodies in the patient’s blood..
(n Europe, viraemic travellers may become a source of
local transmission of ZIKV, because Aedes albopictus
(Skuse) and Ae. aegypti (Linnaeus) are invasive mos-
quitoes and competent vectors for ZIKV.

We report the clinical and laboratory findings of a
Zika virus (ZIKV) infection imported into Europe by a
German traveller from Thailand, in winter of 2013.

Case description

A previously healthy German traveller in his early
50s was seen at a tertiary hospital, Germany, on 22
November 2013, after returning from a vacation in
Thailand. During the patient’s three-week round trip
(in early November) which included visits to Phuket,
Krabi, Ko Jum, and Ko Lanta, he developed joint pain
and swelling of his left ankle and foot on 12 days after
entering the country. Pain and swelling was followed
by a maculopapular rash on his back and chest that
later spread to the face, arms, and legs.over a period
of four days before fading. Concomitantly, the patient
suffered from malaise, fever (self-reported), and chills. -
Fever and shivering were treated by self-medication
with non-steroidal anti-inflammatory drugs and only
lasted for one day. The patient had noted several mos-
quito bites previously, despite using insect repellents
regularly. He had sought pre-travel advice and his
travel partner did not have any symptoms and also did
not develop any.

Upon return to Germany, the patient was asymptomatic
except for the subjective complaint of ongoing exhaus-
tion. Physical examination was normal and no particu-
lar treatment was initiated. Laboratory parameters 10
days after disease onset revealed a slightly increased
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C-reactive protein level (5.9 mg/L; normal value ¢5.0),
a normal leucocyte count of 8,200 g/pl (45% lympho-
cytes, 5% monocytes, and a mildly decreased rela-
tive neutrophil count of 47% (norma! range: 50-75%)).
Platelet count was normal with 238,000 g/pl. Lactate

‘dehydrogenase levels were elevated (311 U/L; normal

“¢262 UfL), with an increased plasma fibrinogen con-

centration {422 mg/dL; normal range: 180~400 mg/dL)
and serum ferritin concentration (486 ng/mL; normal
range: 30-400). Serum electrophoresis, clotting tests,
kidney and liver function tests were normal except for
an increased gamma-glutamyltransferase activity of 81
U/L (normal <60 U/L).

A serum sample from the same day (10 days after symp-
tom onset) showed a positive result for anti-dengue
virus (DENV)-IgM in both the indirect immunofluores-

-cence assay (IIFA), according to [1-3)} and rapid test (SD

BIOLINE Dengue Duo NS1 Ag + Ab Combo). However,

- anti-DENV-lgG was not detected in either test. Testing

for DENV nonstructural protein-1 (NS1) antigen (tested
by enzyme-linked immunoscrbent assay (ELISA): Bio-
Rad Platelia Dengue NS1 Ag) and rapid test (SD BIOLINE
Dengue Duo N5t Ag + Ab Combo) were also hegative.
The detection of isolated anti-DENV-lgM prompted
us to investigate a probable flavivirus etiology other
than DENV of the patient’s illness. Serological tests
for Japanese encephalitis virus (JEV), West Nile virus
(WNV), yellow fever virus (YFV), tick-borne encephali-
tis virus (TBEV), and ZIKV were performed according
to [1-3] and the HFAs showed only positive results for
anti-ZIKV-lgM and -1gG antibodies (Table), demonstrat-
ing an acute or recent ZIKV-infection of the patient. .
Serological tests for chikungunya virus {CHIKV) were
negative (Table). :

ZIKV-specific real-time reverse transcription-poly-
merase chain reaction (RT-PCR) {in-house) with prim-
ers ZIKAF (5-TGGAGATGAGTACATGTATG-3"), ZIKAr
(5'-GGTAGATGTTGTCAAGAAG-3’), probe ~ labeled with
6- carboxyfluorescein (FAM) and black hole quencher 1



TABLE

Serological results of a case of Zika virus infection from Thailand imported into Germany, November 2013

Antibody or antigen tested

" Serum samples taken after symptom qns’ét (days) N

- n L
Anti-Z[KV-1gG? 1:5,120 112,560 1:2,560
Anti-ZIKV-1gm? 1:10,240 1:2,560 1:320
Anti-DENV-1gG* (1:20 1:80 1:160
Anti-DENV-Igm? 1:40 1:20 120
DENV NSt* (0.1 a?t?i%ra;::eunitsJ (0.2 a?lgﬁraatll'\;reunits) (0.1 a[:tsiffat:;eunits)
Anti-JEV-IgG* {1120 1:40 1:20
Anti-|EV-tgM? {1:20 {1:20 <120
Anti-WNV-[gG* (1:20 1:20 1:80
Anti-WNV-lgM? (1:20 :20 {1:20
Anti-YFV-1gG* 1120 t1:20 1:20
Anti-YFV-lgM® (1:20 (1:20 120
Anti-CHIKV-1gG? €1:20 a:zo0 <120
Anti-CHIKV-Igh? {1120 1:20 <1520

CRIKV: chikungunya virus; DENV: dengue virus; JEV: Japanese encephalitis virus; NS1: nonstructural brotein-r. WNV: West Nile virus; YFV:

yellow fever virus; ZIKV: Zika virus.

* Indirect immunofluarescence assay (I[FA) titres <1;20 for serum were considered negative [1-3).
® SD BIOLINE Dengue Duo NS1Ag + Ab Combe and Bio-Rad Platelia Dengue NS1Ag.

(BHQ-1)~ ZIKAp (5-FAM-CTGATGAAGGCCATGCACACTG-.

BHQ1-37) was negative on serum. Generic flavivirus
real-time RT-PCR [4] was negative as well on serum. A
significant 5-fold anti-ZIKV-1gM titre decrease in the IIFA
was demonstrated in the third serum sample collected
67 days after disease onset (Table). The présence of
ZIKV-specific neutralising antibodies in the third serum
sample was confirmed by a virus neutralisation assay.
No laboratory investigation was conducted with the
travel partner, ‘

Background ‘
ZIKV is a mosquito-horne RNA virus of the Flaviviridae
family causing a dengue fever -like syndrome in
humans. The virus was first isolated in 1947 from a
febrite sentinel rhesus monkey in the Zika Forest of
Uganda {s]. ZIKV virus is thought to be maintained
in a sylvatic cycle invelving non-human primates and
several Aedes species (Ae. africanus, Ae. aegypti, and
others) as mosquito vectors [6-8]. Human infection is
acquired after an infective mosquito bite in endemic
countries. However, the possibility of a secondary
- sexual transmission has been reported recently [g].
The virus is endemic in Africa and south-east Asia [8],
and phylogenetic analysis suggested that African and
Asian strains emerged as two distinct lineages [10-11].
ZIKV has caused an outbreak involving 49 confirmed
and 59 probable cases on Yap Island, Federated States
of Micronesia, in 2007 [12]. This cutbreak highlighted
the potential of the virus as an emerging pathogen [9],
and epidemiological and phylogenetic studies provided

N
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evidence that the outbreak strain has been introduced
from south-east Asia [10],

The most common signs and symptoms of ZIKV infec-
tion are rash, fever, arthralgia, myalgia, headache, and
conjunctivitis. The rash is most often maculopapular.
Occasionally, oedema, sore throat, cough, vomiting,

"and loose bowels are reported [11-13]. ZIKV infec-

tion can easily be confused with dengue and might
be misdiagnosed during local dengue outbreaks [8].
ZIKV-associated illness may thus be underreported or
misdiagnosed [9].

In contrast to acute dengue cases, our patient neither
showed elevated aspartate amino transferase (AST)
or alanine amino transferase (ALT) levels, nor throm-
bocytopenia. It is unclear whether these test results
may help in differentiating ZIKV from dengue cases,
as information about laboratory data during ZIKV
infection is very scarce. An Australian case [11] did
not show thrembocytopenia or elevated liver-function
tests ejther. It was reported recently that a low platelet
count is a key variable distinguishing between dengue
versus chikungunya [14], the latter being another mos-

~ quito-borne virus infection with similar clinical presen-

tation and geographical distribution, Chikungunya is
thus also an important differential diagnosis for ZIKV
disease and future studies might address this issue for
ZIKV.

- www.eurcsurveillance.org



Despite the virus endemicity in many geographical
areas and its potential to cause outbreaks, imported
cases to non-endemic areas are rarely reported. In
2013, one imported case from Indonesia to Australia
and one imported case from Thailand to Canada were
diagnosed in travellers [11,15]. Also in the Australian
and Canadian cases, anti-DENV-IgM was positive and
DENV NSi antigen testing was negative. In both cases,
ZIKV infection was diagnosed after sequencing of a
positive generic flavivirus RT-PCR amplicon. Four fur-
ther cases of imported ZIKV to temperate regions have
been reported in American scientists whe had returned
from Senegal and in Japanese travellers who returned
from French Polynesia, where a ZIKV outbreak is cur-
rently ongoing [16,17]. A secondary infection in the wife
of one of the American patients was assumed to be
due to sexual contact [9]. The ZIKV outbreak in French
Polynesia so far comprises more than 361 taboratory-
confirmed cases [18). The first indigenous infection in
New Caledonia was recently reported suggesting the

spread of ZIKV, as 26 imported cases of ZIKV infection,

from French Polynesia have been observed in this ter-
ritory [19].

Conclusions

This report constitutes, to the best of our knowledge,
the first taboratory-confirmed case of a ZIKV infection
imported into Europe. The case highlights that unusual
DENV serology results might be caused by a flavivirus
different than DENV despite a similar clinical picture, A
serological study after the Yap outbreak indicated that
ZIKV-infected patients can be positive in anti-DENV-
lgM assays [20], as also experienced in our case. This
cross-reaction in the Yap outbreak was seen especially
if ZIKV was a secondary flavivirus infection. These
findings underscore.the importance of a careful diag-
nostic investigation in travellers suspected with den-
gue, and the well-known serological cross-reactions in
the flavivirus group. Thus, the rate at which seemingly
imported dengue cases among travellers from endemic
areas in the recent years were actually ZIKV infections
remains a question. =

In all published cases of imported ZIKV infections, in

outbreak and sporadic endemic cases, the symptoms
were dengue-like. Clinicians, virologists, and public

health authorities should thus be aware of this emerg-’

“ing flavivirus infection. As the local transmission of
DENV by previously introduced competent vectors in
. non-endemic countries has recently been reported
from Croatia, France and Madeira [2,21,22], there might
be the risk of a similar establishment in Eurcpe of
ZIKV, after import by viraemic travellers, in particular
in areas where ZIKV competent vectors Ae. albopictus
and Ae.aegypli are present.
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there is long-standing evidence for

this intentional, unprovoked violence.?
The assault might fulfil certain
psychological needs for the assailant,
. despite the random victim selection.*
Thera is additional concern that some
attacks are targeted hate crimes, which
has prompted community leaders and
anti-crime groups to convene and
discuss comprehensive mitigation
strategies.! Public awareness of
the knockout game and further
understanding of assailants’ motives
are crucial to prevent future assaults,
injuries, and deaths.
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Chikungunya is an arthropod-
borne diseasa transmitted by aedes
mosquitoes, characterised by febrile
arthralgita and respensible for
devastating outbreaks. No licensed

vaccine or specific treatment is
currently available. Since 2005,
the East Central South African

{EC5A} genotype of chikungunya

virus (genus Alphavirus, family
Togaviridae) has been responsible for
more than 1 million human cases in
the indian Ocean islands, the [ndian
subcontinent, southeast Asia, and
Africa, and some autochthonous
cases in Europe.! The virus, previously
thought to be transmitted by Aedes
aegypti mosquitoes, has repeatedly
been associated with a new vector,
Aedes albopictus. This vector change
represents a unique example of
evolutionary convergence: in
independent instances the virus
acquired an adaptive mutation in
its envelope gene that favoured
replication in A afbopictus.™®

On Dec 5, 2013, the French
National Reference Centre for
arboviruses confirmed autochthonous
chikungunya cases on Saint Martin
Istand, French West Indies {appendix).
On Dec 20, about 50 confirmed cases
were reported with additional evidence
for autochthonous transmission
on Martinigue island. In January,
2014, autochtonous cases have been
reported also from Guadeloupe, Saint
Barthelemy, Dominica, and the British
Virgin islands.

A aegypti is the unigue potential
vector locally. The full-length viral RNA
genome was characterised directly
from the serum of two viraemic
patients using next-generation
sequencing methods. The virus does
not belong to the ECSA genotype
but to the Asian genotype, identified
in late 1950s in southeast Asian
countries. It is phylogenetically related
to strains recently identified in Asia
{in Indonesia in 2007, in China in

-

2012, and in the Philippines in 2013), -

most of them sharing a specific four-
aminoacid deletion in the NSP3 gene.
The virus is only distantly related to
the Asian genotype virus that recently

61

circulated in New Caledonia, which
harbours different aminoacid deletion
in the NSP3 gene.

This episode represents the first
evidence for the emergence of
avtochthonous chikungunya cases
in the Americas. It is likely that the
chikungunya epidemic will extend to
other Caribbean islands, and it also
has substantial potential for spreading
from this region visited yearly by
millions of tourists to the American
mainland where A aegypti is endemic.
Assuming that this strain will be
transmitted efficiently by A albapictus
mosquitoes, its persistence in the
Caribbean would also represent,
as a consequence of seasonal
synchronicity,® a great threat for
southern European countries where
the mosquito has recently dispersed.
This situation warrants reinforced
epidemiological surveillance and
specific preparedness.
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Morbidity and Mortality Weekly Report

Primary and Secondary Syphilis — United States, 2005-2013

Monica E. Patton, MD?!, John R. Su, MD?Z, Roberc Nelson, MPHZ, Hillard Weinstock, MID? {Auchor affiliations ac end of text)

In 2013, based on darta reported as of April 28, 2014, the
rare of reported primary and secondary syphilis in the United
Stares was 5.3 cases per 100,000 population, rmore than double
the lowest-ever rate of 2.1 in 2000. To characterize the recent
epidemiology of syphilis in the United States, CDC analyzed
data from the Nadonal Notifiable Diseases Surveillance System
(NNDSS) for cases of primary and secondary syphilis diag-
nosed during 20052013 with a focus on states that reported
the sex of sex partners during 2009-2012 to describe reported
syphilis among gay, bisexual, and other men who have sex with
men {collectively referred to as MSM). During 2005-2013,
primary and secondary syphilis rates increased among men of
all ages and races/ethnicities across all regions of the United
States. Recent years have shown an accelerated iricrease in the
number of cases, with the largest increases occurring among
MSM. Among women, rates increased during 2005-2008 and

decreased during 2009—2013, with different trends among dif- -

ferent racial/ethnic groups. Racial/ethnic disparities in reported
syphilis persisted during 2005-2013, likely reflecting social

determinants of health, such as socioceconomic status, that
might contribute to the burden of syphilis in 2 community’

(1). These findings underscore the need for continued syphilis
prevention measures among MSM.

CDC analyzed notifiable disease surveillance dara on
reported syphilis, including patient demographics and stage
of syphilis (i.e., primary and secondary, early latent, late, late
latent, and congenital®) reported by healch departments to
INNDSS nationwide for cases diagnosed during 2005-2013.

Trends in annual primary and secondary syphilis (represent-

ing more recently acquired infections, which usually are
infectious) were analyzed for 2005-2013. Geographic trends
were analyzed by U.S. census region, age group, and NNDSS
racial/ethnic categories (white, black, Hispanic, Asian/Pacific
Islander, and American IndianfAlaska Narive, for which ali
racial groups. were non-Hispanic). In addition, to describe
syphilis among MSM, annual cases of primary and secondary
 syphilis among MSM that were reported during 2009-2012
were reviewed from 34 states and the District of Columbia,
where the sex of sex partners was reported for 270% of male
primary and secondary syphilis cases (CDC began collecting

* Additional information available at hrep://wwwi.cde gov/ nndsslscriptfcé.sedcf.
aspx?condyrid=94 | &datepub=1/1/2014.
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data on the sex of sex partners in 2005). Rates were calculated
using population denominators from the U.S. Census Bureau.

During 2005-2013, the number of primary and secondary
syphilis cases reported each year in the United Srates nearly
doubled, from 8,724 to 16,663; the annual rate increased
from 2.9 to 5.3 cases per 100,000 population (Table). Men
contributed an increasing proportion of cases, accounting for
91.1% of all primary and secondary syphilis cases in 2013. The
rate among men increased from 5.1 in 2005 to 9.8 in 2013
(Figure 1). Increases occurred among men of all ages and races/
ethnicicies, but race/ethnicity shifts occurred in 2009. During
2005-2009, rate increases were greatest among black men
(104.1%, from 14.6 in 2005 to 29.8 in 2009) compared with
Hispanic men (52.0%, 5.0 to 7.6) and white men (19.4%, 3.1
t0 3.7). During 2009-2013, rates increased among Hispanic
men (52.6%, from 7.6 in 2009 to 11.6 in 2013) and white
men (45.9%, 3.7 to 5.4), but decreased slightly among black
men (6.4%, 29.8 to 27.9). From 2005 to 2009, men aged
20-24 years had the greatest percentage increase (149.4%,
8.1 10'20.2), and from 2009 to 2013, men aged 25-29 years
(the same approximate birth cohort) had the greatest increase
(48.4%, 18.2 t0 27.0) (Table). |

In 2012, primary and secondary syphilis cases in the 35
reporting areas that reported the sex of sex partners for =70%
of male cases comprised 83.7% (13,113) of all nationwide
cases. In those areas, the proportion of male primary and
secondary syphilis cases attributed to MSM increased from
77.0% (6,366) in 2009 to 83.9% (8,701) in 2012. Increases
in incidence occurred among MSM of all ages and races/eth-
nicities from all regions. The greatest percentage increases in
cases occutred among Hispanics (53.4%, from 1,291 in 2009
to 1,980 in 2012) and whites (38.1%, 2,449 w0 3,381), when
compared with blacks (21.2%, 2,267 to 2,747) (Figure 2). By
age group, the grearest percentage increases occurred among
MSM aged 25-29 (53.2%, 1,073 to 1,644).

Among women, the reported primary and secondary syphilis
rate increased from 0.9 to 1.5 per 100,000 population per year
during 2005-2008 and decreased to 0.9 in 2013. This trend
occurred among women in all age groups. Rates among whiteand
Hispanic women remained stable; the trend among all women

-mostly reflected changes in rates among black women {(from 4.2

to 7.9 during 2005-2009, decreasing o 4.0 in 2013) (Figure 1).
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TABLE, Number and rate* of primary and secondary syphilis cases, by race/ethnicity, U.S. Census region,! age group, and sex — National
Notifiable Diseases Surveillance System, United States, 2005-2013

2005 2006 2007 2008 2009 2010 201 2012 2013%
Characteristic No. Rate No. Rate No, Rate No. Rate No. Rate No. Rate No. Rate No. Rate No. Rate
Males
Race/ Ethnicity . ' .
White, non-Hispanic 3,049 331 3,249 33 3456 35 3782 38 3,702 37 3973 A0 432 44 4931 50 5293 54
Black, non-Hispanic 2,607 146 3,086 17.1 3952 217 4876 267 5535 298 5236 278 5074 266 5369 278 5383 279
Hispanic 1311 50 1,304 57 1627 69 1844 76 1904 76 2119 83 2,182 83 2889 107 3118 1.6
A/P 136 2.1 154 23 155 22 201 29 203 28 190 25 139 30 318 39 381 46
Al/AN 37 3 53 43 49 40 38 3.0 47 37 55 44 63 4.9 57 44 61 4.7
Region
Northeast 1,171 44 1314 49 1741 &5 1,924 72 1946 72 2068 77 1,987 74 2292 84 2466 9.1
Midwest 1,059 33 1,020 31 1113 34 1485 45 1638 50 1944 59 1926 58 1987 60 231 7.0
South 370 60 3619 68 4378 81 5008 91 5657 102 5029 90 5184 91 5904 103 5933 103
West 1983 58 2340 67 2537 72 2,838 80 2523 70 2940 82 3376 93 4007 109 44565 122
Age group (yrs) . .
15-19 251 23 , 332 30 416 38 585 53 661 6.0 617 58 606 5.5 640 58 663 6.0
20-24 875 81 1,080 99 1,461 135 1,877 17.3 2,242 202 2429 221 2582 228 2859 248 3,042 263
25-29 1,007 98 1,330 126 1,574 146 1,851 169 2027 182 2,131 200 2277 212 2641 244 2925 270
© 30-34 1,178 116 105 106 1303 132 1,489 150 1,571 155 1,597 160 1,657 161 2,023 193 23179 208
35-39 1,304 132 1426 134 1,529 144 1,568 148 1409 136 1,313 131 1,265 13.0 1,443 148 1,597 164
40-44 1,253 11,0 1,362 122 1,551 144 1,573 146 1,476 141 1448 139 1408 135 1,544 148 1,515 145
45-54 1,080 52 1,277 60 1463 68 1,790 82 1,815 83 1877 85 1999 91 2310 106 1,398 110
55-64 283 1.9 340 2.2 379 24 412 25 475 28 457 26 510 28 586 3.2 682 3.7
265 59 04 8? 0.6 86 05 102 06 84 0S5 105 0.6 137 08 138 0.7 15¢ 08
Total 7,383 51 8293 56 9769 66 11,255 75 11,764 7.8 11,981 7.9 12453 8.1 14,190 9.2 15175 &8
Females ’ ’
Race/ Ethnicity . ; )
White, non-Hispanic 263 03 295 03 370 04 474 0S5 418 04 299 03 261 03 274 03 293 03
Black, non-Hispanic 828 42 942 48 1,075 54 1478 74 1605 79 1,29 63 1041 50 931 44 852 40
Hispanic 183 09 158 0.7 163 Q7 208 09 . 144 06 118 05 142. 06 193 07 209 08
A/PI 11 0.2 10 0.1 701 g 01 15 02 11 0.1 12 01 i4 02 21 0.2
AlFAN ! 19 15 22 .7 32 25 18 14 12 09 9 Q7 6 05 8 06 i3 10
Region b
Northeast 91 03 86 03 96 0.3 100 04 130 05 125 04 116 . 04 125 04 115 04
Midwest 137 04 156 05 147 04 237 07 212 06 309 09 249 Q.7 251 07 239 07
South 884 1.6 984 18 1,228 22 1697 30 1756 30 1225 2.1 897 1.7 915 15 818 14
West 227 07 232 07 221 06 208 06 134 04 121 03 139 04 167 05 209 08
Age group {yrs)? .
15-19 192 18 233 22 248 24 318 30 344 33 313 29 258 25 238 23 202 189
20-24 305 30 299 2.9 356 35 - 520 5.1 570 55 474 45 403 37 417 38 429 39
25-29 205 2 24t 24 265 26 404 39 377 36 322, 33 288 25 266 25 272 26
30-34 150 15 163 1.7 193 20 244 25 286 29 197 20 187 1.8 182 1.7 164 16
35-39 178 1.7 154 15 191 18 241 23 203 20 140 © 14 1153 12 120 1.2 121 1.2
40-44 164 14 153 14 192 17, 202 19 167 1.6 104 10 91 09 70 07 101 1.0
45-54 111 65 165 0.8 200 09 236 1.0 218 1.0 176 08 120 05 128 056 122 05
55-64 20 @41 35 02 30 02 46 03 42 02 36 02 43 02 27 04 36 02
265 5 00 2 00 9 00 9 00 8 00 6 00 3 00 5 00 12 00
Total 1,339 09 1,458 1.0 1,692 1.1 2,242 1.5 2,232 14 1,780 1.1 1,501 0.9 1458 09 1,471 09
Overall total** 8724 29 9,756 3.3 11,466 3.8 13,500 4.4 13,997 4.6 13,774 45 13570 45 15667 5.0 16663 53

Abbreviations: A/Pl = Asian/Pacific Islander; AlI/AN = American Indian/Alaska Native,
* Per 100,000 population.
t Northeast: Connectlcut, Maine, Massachusetts, New Hampshire, New Jersey, New York, Pennsylvania, Rhode Island, and Vermont; Midwest: lllincis, Indiana, lowa,

Kansas, Michigan, Minnesota, Missouri, Nebraska, North Dakota, Ohie, South Dakota, and Wisconsin; South: Alabama, Arkansas, Delaware, District of Columbia,
Florida, Georgia, Kentucky, Louisiana, Maryland, Mississippi, North Carolina, Oklahoma, Scuth Carolina, Tennessee, Texas, Virginia, and West Virginia; West: Alaska,
Arizona, California, Colorado, Hawaii, Idaho, Montana, Nevada, New Mexico, Oregon, Utah, Washington, Wyoming.

§ Data are as of April 28, 2014,
Vincludes persons aged 215 years,
** Cases amang persons aged <14 years not shown.
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FIGURE 1. Annual rate of primary and secondary syphili.s cases among males and females,
by race/ethnicity — National Notifiable Diseases Surveillance System, United States,

(11.6 versus 5.4), and the rate among Hispanic
women was 2.7 times that among white

2005-2013
Males women (0.8 versus 0.3). These disparities were
35 similar to disparities observed in 2005 (Table).
Across all four U.S. Census regions, primary
30 . and secondary syphilis races were greater in
L P fe—ans 2013 chan in 2005. In 2013, cthe highest
R ML IR e .
S 25 , overall regional race (6.5 cases per 100,000
5 ,* =+ Black non-Hispanic population) was in the West region. In 2013,
S %o » — — Hispanic for the first time in at least 50 years, the
§' T P =« = White, non-Hispanic South did not have the highest overall syphilis
2 Lo " = American Indian/Alaska Native rate among regions. Regional trends among
= L = » Asian/Pacific lslander ' men and women by racelechnicity mirrored
z Total — national trends except in the West region,
L4l - —
2 10 - where there was no decrease among black
v men during 2009-2013. Among women of
5 - . P TP LAY all races/ethnicicies in the West region, rates
- ER Ll LRI AY T it . -— . . R
e R S e declined during 2005-2010 and increased
0 . . . . . . . N during 2011-2013 (Table). :
2005 2006 2007 2008 2009 2010 2011 2012 2013
Discussion
Year '
After being on the verge of elimination in
2000 in the United Stares, syphilis cases have
Females .
9 rebounded. Rares of primary and secondary
syphilis continued to increase overall during
8 - N 2005-2013; although rates scabilized during
Kl ., 2009-2010, rates have increased since 2011,
c 7" ya \..‘ Increases have occurred primarily among men,
-% 6 - /" hy and particularly among MSM, who contrib-
5 K o . uted clie vast majority of male primary and
Iy .= = == Black, non-Hispanic ‘e ofs ,
a 5 - o N secondary syphilis cases during 2009-2012.
8 - = = Hispanic ~. The epidemiology of syphilis among men
=3 -t = = = White, non-Hispanic It TV includi 3 MSM th h'snj:l B & .
§ 4 = = American Indian/Alaska Native inc udmg » has shifted since 2009, with
. — -« Asian/Pacific lander larger increases occurring among Hispanic and
2 31 Total white men. Despite this increase, disparities in
2 ¢ rimary and secondary syphilis between black
& o R primary ry syp n blac
e . men and other racial/ethnic groups remain
7 ______-/\ . large. Many barriers to contacting and treating
o e e e T ML g . . . N .
T T e I R T T sex partners exist, including delays in reporting
e S o LS e T B e e cases to the health department, anonymous
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Year

Racial/ethnic disparities in syphilis persisted. In 2013, the
primary and secondary syphilis rate among black men was
5.2 times that among white men (27.9 versus 5.4 cases per
100,000 population); the rate among black women was 13.3
times chat among white women (4.0 versus 0.3). The rate
among Hispanic men was 2.1 dmes that among white men
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pareners, physicians who rely on patients o
notify their partners (2}, and the observed ten>
dency of MSM to notify a smaller proportion
of their sex partners than do heterosexuals (3).

These analyses indicate thac syphilis prevention measures
for MSM of all races/ethnicities need to be strengcﬁened
throughouct the United States. This could be accomplished by
working with private health-care providers because a substantial
number of primary and secondary syphilis cases among MSM
are reported by private physicians (). Further, both private and
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FIGURE 2. Number of primary and secondary syphilis cases among
men who have sex with men, by race/ethnicity — National Notifiable
Diseases Surveillance System, 34 states* and the District of Columbia
with complete sex partner data,’ 2009-2012
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* Arkansas, California, Colorado, Cannecticut, Flerida, Hawaii, Idaho, lllinois,
Indiana, lowa, Kansas, Kentucky, Maine, Maryland, Massachusetts, Michigan,
Minnesota, Missouri, Nevada, New Hampshire, New Jersey, New York, Ohio,
Oklahoma, Pennsylvania, Rhode island, South Carolina, South Dakota,
Tennessee, Texas, Vermont, Virginia, Washington, and West Virginia.

1 Sex of partners reported for 270% of cases of primary and secondary syphilis

. in males aged 215 years during 2009-2012,

public providers should be aware of the resurgence in syphilis
and should be able to recognize the signs and symptoms of
syphilis, conduct risk assessments, and screen all sexually active
MSM for syphilis at least annually with syphilis serologic tests
with confirmartory. testing where indicated (4). More frequent
screening (i.e., at 3-6 month intervals) is recommended
for MSM who have multiple or anonymous sex partners.
Disclosure of sexual practices remains difficule for some MSM
(5); therefore, providers are encouraged to ¢licic sexual histories
of their patients in a culturally appropriate manner, including
recognition of sexual orieneation, gender identiry, and the sex
of patients’ sex partners. Additional resources and training for
accomplishing this are available online.

The increase in syphilis amorig MSM is a major public
healch concern, particularly because syphilis and the behaviors
associated with acquiring it increase the likelihood of acquir-
ing and transmitting human immunodeficiency virus (HIV)
(6). There are reported rates of 50%-70% HIV coinfection

t Available at htep:/fwww2a.cde.gov/stdiaining/self-scudy/syphilis/defaulc. hem,
hetp:ffwww.cde.gov/std/syphilis/stdfact-msm-syphilis.hiem, and heepi//nnpee.
orgfresourcetags/sexual-history, '

among MSM infected with primary and secondary syphilis
{7) and high HIV seroconversion rates following primary and
secondary syphilis infection (8). The resurgence of syphilis,
coupled with its strong link with HIV, underscores the need
for programs and providers to 1) urge safer sexual practices
{e.g., reduce the number of sex partners, use latex condoms,
and have a long-term mutually monogamous relationship with
a partner who has negative tese results for sexually transmitred:
diseases}); 2) promote syphilis awareness and screening as well
as appropriate screening for goniorrhea, chlamydia, and HIV
infection; and 3) notify and treat sex parrners.

Public health officials should seek to improve the quality
of dara regarding the sex of sex partners, share local MSM,
sexually rransmitted disease, and HIV data consistent with
local laws and regulations with medical providers o increase
their awareness of disease burden in their communities, and
ensure that providers can recognize syphilis symptoms. Two
CDC cooperative agreements ate encouraging local and state
participants to make MSM a priority population and-direct
resources to areas of greatest need based on local epidemiology
(9,10). CDC, in collaboration with state and local partners,
health-care providers, and MSM-oriented organizarions, is also
engaged in research to berter understand risk factors for syphilis
among MSM, develop improved care models to better reach
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and serve MSM populations, assess whether MSM are being
tested and treated appropriately, and determine what barriers
exist in the diagnosis and treatment of syphilis among MSM.

The continued decline of primary and secondary syphilis
rates among black women since 2008 is encouraging and
might suggest that targeted efforts to reduce syphilis among
certain populations have had some success. Although primary
and secondary syphilis is currently a predominantly MSM
epidemic, it is impostanc that efforts to prevenc syphilis among
heterosexual men and women conrtinue, especially given the
severe consequences of syphilis infection acquired in utero,
including stilibirchs. :

The findings in this report are subject to at least two limita-
tions, First, primary and secondary syphilis case-report data
likely underestimate the true number of syphilis infecrions in
the United States because of underreporting of diagnosed cases,
infected persons not accessing health care, misdiagnosis, and
the fact that primary and secondary syphilis cases amounted
to only 31.4% of all syphilis cases reported in 2012, Second,
the findings for MSM included only darta from 34 states and
the District of Columbia, where the sex of sex partners was
reported for 70% or more of male primary and secondary.
syphilis cases. For 12% of cases in these 35 reporting areas,
the sex of sex pareners was unknown.

, Despite decreasing rates of primary and secondary syphilis
in the late 1990s in the United States, the resurgence of cases
in recent years highlights the fact that challenges remain,
and the increases among MSM are particularly concerning.
Public health practitioners might want to consider focusing
on efforts to strengthen linkages with pracricing physicians to
improve case identification and reporting, partner-notification
programs, and outreach to MSM.

LEIS officer, CDC; 2Division of Sexually Teansmitted Disease Prevencion,
Nacional Center for HIV/AIDS, Viral Hepatitis, STD, and TB Prevention,
CDC (Corresponding author: Monica Parton, mepatton@cde. govs
404- 7[8 8648)
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Subject: PRO/AH/EDR> Avian Influenza (59): China {SC) LPAI H3N6, human, 1st case, poultry
Archive Number: 20140505,2451125 .

AVIAN INFLUENZA (59): CHINA (SICHUAN) LPAT H5NG, HUMAN, FIRST CASE, POULTRY
*************************************************************************t*
A ProMED-mall post

http://www.promedmail.org

ProMED-mail Is a program of the

International Society for Infectlous Diseases

. http://www.isid:org

In this posting:
[1] A fatal human case, HSNG
"[2] Avlan influenza virus H5N6 in poultry

.******

[1] A fatal human case, H5N6
Date; Sun 4 May 2014 :
Source: Sichuan Province Health and Family Planning Commission of Sichuan Province [in Chinese,

machine trans., edited] -
: . t. . i

In recent years Sichuan province has intensifled and improved the sensitivity of its surveillance
addressing influenza-like illness and unexplained cases of pneumonia in human patients. Recently, a
throat swab sampled from’a case of severe pneumonla in Nanchong city, was found positive for nuclelc
acid of avian Influenza virus HSN6. This was confirmed by the China Disease Prevention and Control .
Center,

The patient, a 49~year-old male, clinically diagnosed by a joint group of experts of the provinclal and
municipal rescue team as suffering acute severe pneumaonia, died. He had a history of exposure to sick
and dead poultry in Nanbu County, Nanchong City. All his close contacts did not show abnormal heaith
slgns. Experts consider this case as a human Infection with avian influenza virus, They consider the
spread risk as low, :

To prevent respiratory diseases, experts advise the public to provide for satisfactory indoor ventilation,
‘reasonable rest, reducing stays in crowded alr spaces, routinely wash hands, cover mouth and nose
when coughing and sneezing, cater for general personal hygiene, and refrain from coming in contact
with dead poultry or consuming produce from such animals. It is recommended to buy poultry meat
from freshly slaughtered healthy animals. If frozen poultry Is purchased, one should look for the
accompanying veterinary certificates of origin. People having any symptoms of influenza should seek
Immediate medical attention. ‘

Communicated by:
ProMED-mall
~ <promed@promedmail.org>

K K K

{2] Avian influenza virus H5NG in pouitry

Date: Sun 4 May 2014 '

Source: Ministry of Agriculture, Beljing, China [in Chinese, machine trans., edited]
hitp://www.moa.gov.cn/sizz/svi/dwygdt/qt/201405/t20140504 3851926, htm

Avian influenza virus subtype HSNS detected in poultry in Nanbu County, Nanchong City
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Since 23 Apr 2014, the Sichuan veterinary department has been Investigating chickens of a sick farmer
who was found positive for avian influenza in Nanbu County, Nanchong City. Samples fram the poultry
were submitted to the National Avlan Influenza Reference Laboratory. On 3 May 2014, the reference
laboratory Isolated avian influenza virus subtype HSNG from the samples, .

Following the detection of the positive samples in Sichuan Province, the local emergency response, plan,
and control team, has performed the prescribed control measures in accordance with the offlcial
speclfications. The group of positive birds were culled and disinfection applied. Survelilance and
monltoring activities in the area surrounding the farm are being carried out; so far, no abnormalities
have been found.

Communicated by:
ProMED-mail
<promed@promedmall.org>

[To the best of our knowledge, this is the 1st human case of H5NS; correction, if available, will be
welcomed. Since no informatlon on dlinical disease in the chickens has been reported, it may be
assumed that the causative agent is a low pathogenic avian infiuenza (LPAI) strain. LPAI HSN6 strains
have been recorded in wild birds in several continents in the past. For example, on 15 Dec 2004 Taiwan
reported 2 strains of avian flu in migratory birds in the northern part of the island, the milder H5N2
strain and also the HSNG strain (see ProMER-mail post 20051010.2949).

H5N6 vfrus has been used as a poultry vaccine strain; similarly to M5N2, it was used as a DIVA or
"differentiating infected from vaccinated animals.” It was also shown that cats can be protected apainst
a lethal high-dose challenge infection with HPAI H5N1 by an inactivated, adjuvanted heterologous H5NG

avian influenza virus vaccine (http://igv.samjournals.org/content/89/4/968. full),

A preliminary report on the human case described in China was published on 23 Apr 2014. The title In
the Chinese newspaper was "An officlal Nanbu microblologist said a farmer suffering from severe
pneumonia is suspected of bird flu"; see hitp://region.scdaily. cn/irsz/content/2014-

04/23/content 7761608.htm?node=3538 [Chinese].

The detection of LPAI H5N6 in poultry in Nanbu, Nanchong, Sichuan has beer officially notified today, S
May 2014, to the OIE. See at http://www.oie.Int/wahis 2/public/wahid.php/Reviewreport/Reviaw?

page refer=MapFullEventReport&reportid=15200.

Maps of China can be seen at hitp://www.sacu.org/mans/provmap.png and
hitp://healthmap.org/promed/p/38938, Nanbu County is under the administration of Nanchong city, a

prefecture-level clty in the northeast of Sichuan province. ~ Mod.AS]

See Also

2005

Avian Influenza, human - East Asia (143} 20051010.2949
................... P - L LU a1

©2001,2008 International Society for Infectious Diseases All Rights Reserved.
Read our privacy guidelines. Use of this web site and related services is governed by the
Terms of Service. .
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New-orthopoxvirus; Smallpox virus destruction
Fiied Under: Orthopoxvirus Hfree-tasaingforthopoxvitus ; Smallpox (fnfectious-

disease-topicsfsmallpox]

CcDC reports 3 human cases caused by new orthopoxvirus

Scientists with the US Centers for Disease Control and Prevention (CDC) have detected
a new orthopoxvirus—the family of viruses that includes smallpox and cowpox—in
three people in the nation of Georgia, including two herdsmen the CDC reportedin a

news release yesterday.

The finding was announced this week at the CDC's 63rd Annual Epidemic Intelligence
Service (EIS) Conference, which highlights the work of CDC's EIS officers, or "disease

detectives.”

When the two herdsmen, neither of whom was vaccinated against smallpox, became ill
after contact with sick cattle last summer, the CDC investigators determined through
extensive testing that they were infected with a previously unknown orthopoxvirus.

The CDC team then interviewed 55 beople who had contact with the herdsmen or with
cattle. They found that, of g interviewees born after routine smallpox vaccination had
stopped in 1980 because of eradication of the disease, 5 had orthopoxvirus antibodies.
They also discovered an additional case in a different region of Georgia in a person who
was originally suspected of having anthrax in 2010.

The new virus causes painful blisters on the hands and arms, as well as fever, swollen
lymph nodes, and weakness, according to a story today from NPR. The patients
survived their infections, the CDC said.

The CDC researchers also found evidence that some of the herdsmen's cows had
prewously been exposed to orthopoxviruses and that viruses also circulated among
rodents in the area, the agency said.

The researchers conclude, "Orthopoxviruses are anticipated to emerge in the absence of
routine smallpox vaccination and should be considered in persons who experience
cutaneous lesions after animal contact."

EIS conference abstract (http:

Orthopoxvirus.pdf) .

- Apr 30 CDC news release (htty:/ /wwiw.cdc.zov/media/releases/2014/p043g-2014eis-

conference.hitmi)
- May 1 NPR stor : npr.org/blog 05/01/308357520/new-virus-related-to-

htto:/rwww . cidran. umn edu/news-nersnective/?0 121§n</1wum..er-gn_m aw.NT_7N14 INTAINL I A
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Crimean-Conigo hemorrhagic fever (CCHF) is a
potentially fatal viral infection in certain regions of
Africa, Asia, Eastern Europe, and the Middle Rast (1).
The causative virus, CCHF virus (CCHFV), belongs to
the genus Nuairovirus of the Bunyaviridae family and
causes severe disease, with a fatality rate of 3-30%
among infected humans (2). Human infections occur
through tick bites, contact with a patient with CCHF
during the acute phase of infection, or by contact with
blood or tissues from viremic livestock (2-4), Approxi-
mately 8,000 confirmed cases of CCHF have been
reported within the last 10 years in Turkey. However,
sexual transmission as a route of infection has not been
reported, although this route has been reported for
other viral hemorrhagic fevers caused by Ebola (5,6),
Marburg (7), and Lassa (8) viruses.
report, we describe the characteristics of a couple infect-
ed with CCHFYV by probable sexual transmission. To
our knowledge, this report is the first to emphasize the
risk of CCHFV transmission through sexual mtercourse
“with a convalescing patient. .

A 68-year-old man, who was involved with hvestock-

- husbandry in a village in the central Anatolia region of
Turkey, was admitted to the Department of Infectious
Diseases of Karabuk Sirinevler State Hospital with sus-
pected CCHF infection on June 23, 2008. His primary
complaints were headache, malaise, and nausea. He
became aware of tick bite on his body 4 days ago. On
physical examination, fever and maculopapular erup-
tion on the trunk were noted. On admission, his leuko-
cyte count was 4,490/mm? and platelet count (PLT) was
157,000/mm?*. On the 2nd day of hospitalization, his
leukocyte count dropped to 3,240/mm? and PLT to
115,000/mm?. On the 8th day of hospitalization, which
was the 12 days after the tick bite, his leukocyte count
and PLT further declined to minimum levels of 650/
mm* and 76,000/mm? respectively. The maximum
levels of aspartate aminofransferase and alanine
aminotransferase were 59 IU and 49 JU, respectively.

In the present

- results and complete blood counts returned to within

normal limits.

Eleven days after discharge, his 60-year-old wife was
admitted to the same hospital with similar but milder
complaints of headache, malaise, and diarrhea. Her di-
arrhea lasted 1 day. She had no history of tick bite,
althcugh she reported sexual intercourse with her hus-
band 3 or 4 days after discharge of her husband fror
the hospital. She also had a multiyear history of contact
with animals (such as cows) and had active diabetes mel-
litus, for which she was receiving insulin therapy. She
was administered oral ribavirin on admission. After 5
days, she achieved complete recovery and was dis-
charged. Diagnoses of both cases were confirmed by

. CCHFYV 1gM seropositivity through ELISA and detec-

The maximum levels of lactate dehydrogenase and crea-

tine phosphokinase were 320 IU and 187 U, respec-
tively. On admission, oral ribavirin therapy was started
and steroid therapy was administered on hospitalization
day 6. On hospitalization day 9, his ‘biochemical test

*Corresponding author: Mailing address: Koe University,
School of Medicine, Infectious Diseases Department,
Sanyer, Istanbul, Turkey. E-mail: oergonul@ku.edu.tr
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tion of CCHFV RNA by reverse transcription (RT)-
PCR performed at the Refik Saydam Public Health
Institute in Ankara.

© Viral RNA in hemorrhagic fever is detectable in se-
rum several days after disease onset, and can be detected

"on average for 2 weeks afterward (9). Some reports have

cited cases in which viral RNA was detectable more than
2 weeks after infection (1). Therefore,. convalescent
patients continue to pose a risk of disease transmission.
The presence of filoviruses and arenaviruses in seminal
fluid for approximately 3 months has been well
documented in some studies {5,6). In one such study
after the 1995 Ebola outbreak in the Democratic Repub-
lic of Congo, virus persistence was examined in boc

fluids from 12 convalescent. patients by virus isolation
and RT-PCR (5). Viral RNA could be detected for up to -
33 days in vaginal, rectal, and conjunctival swabs of 1
patient and up to®101 days in the seminal fluid of 4
patients. Infectious viruses were detected in 1 seminal
fluid sample obtained §2 days after disease onset (3). In
a second study after the same Ebola outbreak, a cohort
of convalescent Ebola hemorrhagic fever (BEHF)
patients and their household contacts (HHCs) were
prospectively examined to determine if convalescent

body fluids contain Ebola virus and if secondary trans-
mission occurs during convalescence (6). In this study,
29 EHF convalescents and 152 HHCs were monitored
for up to 21 months. Bvidence of Ebola virus was
detected by RT-PCR in semen specimens up to 91 days
after disease onset, but no direct evidence of con-
valescent-to-HHC transmission of EHF was found,
although the semen of convalescents could have been
infectious (6). Marburg virus was isolated 83 days after
disease onset from the seminal fluid of a patient who
may have sexually transmitted the disease to his spouse



(10). Lassa virus could be detected in semen up to 3
months after acute infection 8).

The leading transmission routes of CCHFV are
reportedly through tick bite, contact with infected blood
and body fluids, and contact with viremic animals (2).
However, semen has not been previously reported as a
potential infectious material for transmission of
CCHFV. Accordingly, sexual intercourse is not current-
ly considered a potential route of CCHFV transmission.
By reporting this case, we wish to bring attention to this
underestimated route of transmission.

At the beginning of the CCHFV outbreak in Turkey,
only 60% of infected patients reported a history of tick

~bite (11). The proportion of patients reporting tick bites
increased because of increased public awareness.
However, the transmission route has remained obscure
in a significant proportion of infections. An Iranian
study reported that infectivity of CCHFV through usual
routine contact among household members was low
(12). Therefore, further studies are necessary to inves-
tigate the routes of CCHFV infection, particularly
human to human transmission. Aksoy et al. (13) report-
ed a CCHF case with epididymo-orchitis, which sug-
gested that the virus could replicate in the male genital
organs and be present in semen. This case offers indirect
evidence of the virus transmission from a male patient
to his partner. Therefore, sexual transmission of v1ra1
infections may be underreported.

The present report on potential sexual transmission of

CCHF has two major limitations. One is the failure to
demonstrate the virus in seminal fluid. This route could
be confirmed because of the acute and severe nature of
the disease. Although the presence of filoviruses and
arenaviruses has been demonstrated in semen (5, 6),
these studies have not demonstrated sexual transmission
of the viruses. The second limitation of this study is
related to the source of infection. It is possible that the
infection acquired by our patlent’s wife may have been
due to direct contact with a viremic animal or tick bite,
although the woman reported no history of a tick bite
(4). However, she may have been exposed to these risk
factors for an extended period of time, but did not ac-
quire an infection. Thus, her infection may have coin-
cided with the infection of her husband.

To prevent an unnecessary impact on public health
resources, it is recommended that patients convalescing
from f110v1ra1 or arenaviral infections should refrain
from sexual act1v1ty for 3 months after clinical recovery
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(14). Hence, the potential of sexual transmission should
be evaluated in survivors of CCHFV infection as well.

In conclusion, the findings of this report suggest the
likelihood of CCHFYV fransmission through sexual in-
tercourse. Therefore, clinicians and public health
authorities should consider the possible risk of CCHFV
transmission through sexual intercourse.

Conflict of interest None to declare.
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Novel Henipa-like Virus, Mojiang Paramyxovirus, in
Rats, China, 2012

Suggested citation for this article (#suggestedeitation)

" To the Editor: The genus Henipavirus (family Paramyxoviridae) contains 3 established
species (Hendra virus, Nipah virus, and Cedar virus) and 19 newly identified species,
including 1full-length sequenced virus, Bat ParamyxovirusEidhel/GH-M74a/GHA/2009 (1
(#1r1) ,2 (#r2) ). The zoonotic pathogens Hendra virus and Nipah virus have been associated
with lethal neurologic and respiratory diseases in humans, horses, and pigs (3 (#13) —5
(#15) ). The known natural reservoirs of henipaviruses are fruit bats (2 (#r1) ,3 (#r3) }; these
viruses have not been reported in other wild animals. We report on a novel henipa-like
virus; Mojiang paramyxovirus (MojV), in rats (Rattus flavipectus) in China.

In June 2012, in Mojiang Hani Autonomous County, Yunnan Province, China, severe
pheumonia w1thout a known cause was diagnosed in 3 persons who had been working in an
abandoned mine; all 3 patients died. Half a year later, we investigated the presence of novel’
zoonotic pathogens in natural hosts in this cave. For the investigation, we collected anal
swab samples from 20 bats (Rhinolophus ferrumegquinum), 9 rats (R. flavipectus), and 5
musk shrews (Crocidura dracula) from the mine for virome analysis.

All samples were processed by using a virus particle~protected nucleic acid purification
method, followed by sequence-independent PCR amplification of extractéd RNA and DNA
(6 (#r6) ). The amplified viral nucleic acid libraries were then sequenced by using an
Illumina Genome Analyzer II (Illumina Trading, Beijing, China) for a single read of 81 bp.
All raw reads were then aligned to the nonredundant protein database of the National

Center for Biotechnology Information (www.ncbi.nlm.nih.gov/RefSeq/
(www.ncbi.nlm.nih.gov/RefSeq/) ) by using BLASTx (http://blast.ncbi.nlm.nih. gov[Blast cgi

~ (http://blast.nebi.nlm.nih.gov/Blast.cgi) & (http://www.cdc.gov/Other/disclaimer.html) ) after
filtering reads as described (6 (#r6) ). The taxonomy of the aligned reads was parsed by

using the MEGAN4 MetaGenome Analyzer (7 (#17)).

On the basis of the nonredundant protein alignment results, we identified 38 sequence .
reads that were classified as Henipavirus spp. However, the sequences shared low
nucleotide and amino acid identities with known henipaviruses. The reads were then used
for reads-based PCR to identify the partial genome of this virus. The remaining genomic
sequences were determined by using genome walking. The 5’ and 3" untranslated regions
were obtained by nested PCR with combined specific primers and henipavirus-specific
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degenerate primers as described (8 (#18)), and the exact sequences of the 5’ and 3’ genome

termini were determined by rapid amplification of cDNA ends.

MojV shares similar features with known henipaviruses. The virus has a genome length of
18,404 nt (submitted to GenBank under accession no. KF278639), and has the
characteristic henipavirus gene order: 3’-nucleocapsid (N) protein (539 aa); P/V/W/C
proteins (phosphoprotein; 694 aa, 464 aa, 434 aa, 177 aa); matrix protein (340 aa); fusion
protein (545 aa); attachment glycoprotein (625 aa); and large (L) protein (2,277 aa)-5"
(Technical Appendix Figure % [PDF - 31 KB - 1 page] (/eid/article/20/6/13-1022-

techapp1.pdf) ). The predicted conserved sequences between genes showed features
characteristic of henipaviruses (Technical Appendix Table #j [PDF - 31 KB - 1 page]

eid/article/20/6/13-1022-techappL.pdf} ). The central domain of the N protein contains 3
conserved motifs common in all paramyxoviruses: QXW [I/V] XK [A/C] XT, FX.T[I/L]
[R/KIP[G/A][L/1/VIXT, and FX,YPX.®SOAMG, where @ is an aromatic amino acid (9
(#r9) ). In addition, the RNA editing site (AAAAGG) for the processing of Vand W proteins
conserved in the phosphoprotein gene sequences of Hendra virus and Nipah virus was
found, and 6 conserved domains within the L proteins of the order Mononegavirales (8

(#18) ) were found in the MojV L protein.

The nucleotide identities of predicted MojV genes exhibited
similarity with genes of known henipaviruses: N (53.0%—57.0%
identity), phosphoprotein (37.8%-43.0% identity), matrix {59.5%
—63.4% identity), fusion (47.5%—51.4% identity), attachment
glycoprotein (36.6% —41.8% identity), and L (55.9% —58.6%
identity) genes. Using MEGA5 (10 (#110) ), we used the
phylogenetic trees based on N and L proteins to describe the
evolutionary relationships between MojV and members of the
family Paramyxoviridae (Figure (#mF1) ). MojV clustered with
the 4 members of the genus Henipavirus and was distant from
other clusters. Thus, considering the similar genome features
between MojV and other henipaviruses, we confirmed that MojV
could be classified as a new species closely related to Henipavirus

spp. :

Specific nested primer sets targeting the L gene of MojV were
designed to separately re-evaluate the 34 anal swab samples and
some tissue samples. Of ¢ anal swab samples from the R.
flavipectus rats, 3 were positive for MojV, and a tissue sample
from 1 of the 3 MojV-positive rats was also MojV positive (tissue
was not collected from the other 2 rats). All 20 samples from R.
ferrumequinum bats and all 5 samples from C. dracula musk
shrews were MojV negative. The 3 MojV-positive anal swab
samples were cultured in Vero E6, Hep2, and BHK21 cells for
virus isolation; no cytopathic effects or viral replication was
detected after 2 blind subculture passages.

Our study showed the presence of a rodent—origiﬁ, henipa-like

Figure (/eid/article/20/6/13
-1p22-fLhtm) . .
Phylogenetic trees based
on the nucleocapsid
proteins (A) and large
proteins (B) of Mojiang
paramyxovirus (MojV)
and other previously
reported
paramyxoviruses. Bold
font indicates MojV and
Henipavirus spp. Scale
bars... :

virus, MojV, in China. R. flavipectus rats are the natural reservoir of MojV. This finding and
its context indicate that Henipavirus spp. viruses might infect more mammalian hosts than
previously thought and that bats may not be the only hosts of henipaviruses.

Zhiqiang Wuteto, Li Yangitan, Fan Yangiene, Xianwen Renie«ma, Jinyong Jiang, Jie
Dong, Lilian Sun, Yafang Zhu, Hongning Zhou, and Qi Jin®2 (feid/article/20/6/13-

1022 artiele.htm#comment)
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LETTERS

Anaplasma
phagocytophilum
Antibodies in
Humans, Japan,
2010-2011

" To the Editor: Human granu-
locytic anaplasmosis (HGA). is an
‘emerging tick-borne infectious dis-
- ease caused by Anaplasma phagocy-
tophilum, an obligatory intracellular
bacterium (/). Recently, 2 cases of
HGA were identified by a retrospec-
tive study in Japan (2). For serodiag-
"nosis of HGA, A. phagocytophilum
_ propagated in HL60 cells is usually
used as an antigen, especially by in-
direct immunofiuorescent assay (IFA)
(3). However, the serum from these 2
patients in Japan reacted with antigens
of A. phagocytophilum cuitured in
THP-1 cells rather than in HL60 cells
in IFA (2). In 4. phagocytophilum, a
p44/msp2 multigene family encoding
multiple 44-kDa immunodominant
major outer membrane protein species
(so-called P44) exists on the genome,
and these multigenes are similar, but
not identical, to each other, and the
bacterium generates antigenic varia-
tions because of gene conversion (4).
The previous studies showed that A4,
phagocytophilum expresses predomi-
nantly 2 species of pd4/msp2 tran-

scripts in THP-1 cells, but it produces.

the variation of P44 protein species in
HL60 cells (2,5). This finding strongly
suggested that 4. phagocytophitum
grown in THP-1 cells differs serologi-
cally from that in HL60 cells. Our se-
rologic analysis found 4 recent cases
of HGA in Japan by using infected
THP-i and HL60 cells as antigens,
and some P44 immunoreactive pro-
tein species of A. phagocytophilum
that were associated with the respec-
tive cell line cultures, binding to anti-

bodies from the 4 patients’ serum, also .

were identified.
In 2010 and 2011, nine patients in

Shizuoka Prefecture, Japan, who had

rickettsiosis-like symptoms, were sus-
pected to have Japanese spotted fever
or scrub typhus, but they were sero-

logically negative by IFA. Therefore,

IFA for HGA was conducted. In 4 of
the patients, antibodies to A. phago-
cytophilum were detected in serum
by using 4. phagocytophilum cultured

in THP-1 and HL60 cells as antigens -
(Table). In IFA tests for HGA, IgM

and/or IgG from the patients’ serum
samples. reacted with 4. phagocyto-
philum cultured in THP-1, HL60, or
both, and the seroconversions were
observed in convalescent-phase serum
from all patients. The clinical manifes-
tation and laboratory findings for the 4
patients are summarized in the online

Technical Appendix Table, (wwwne. .

cdc.gov/ElD/article/20/3/13-1337-
Techappl.pdf). Western blot analysis

further confirmed the specific reaction
to P44 protein antigens (P44s) of A.
phagocytophilum cultured in THP-1

.and HL60 and to recombinant P44—1

protein (rP44-1) in the serum samples
{online Technical Appendix Figures 1
and 2), supporting the IFA results in
the Table,

To identify P44 immunodominant
protein species binding to antibod-
ies from the patients’ serum, we se-
lected P44—47E and P44-60 proteins

.that are dominantly expressed by 4.

phagocytophilum propagatéd in THP-
1 cells (2) and P44—18ES protein that
frequently predominates by 4. phago-
cytophilum cultured in HL60 cells (6)
as representatives for the preparation
of recombinant proteins. The central
hypervariable regions of the respec-
tive P44 proteins (online Technical
Appendix: Figure 3) were produced
as recombinant proteins in vitro by
insect cell-free protein synthesis
system (Transdirect Insect Cell Kit;
Shimadzu Co., Kyofo, Japan) {7) to
avoid the strong nonspecific reaction
with human serum that occurs in the
Escherichia coli expression system.
In Western blot analyses using these
3 recombinant P44 proteins (P44-60
and rP44—-47E for THP-1 and P44~
18ES for HL60) as antigens, most of
the serum from the patierits was reac-
tive with A. phagocytophilum cultured
in THP-1 cells in IFA bound to either
tP44-60 or rP44-47E, whereas- the

Table. Immunofiucrescence antibody titers to Anaplasma phagocyfophifum in serum from 4 patients with human granulocytic

anaplasmosis and reaclive rP44 protein species, Japan, 2010-2011*

- Antigen
A. phagocytophilum propagated in THP-1-cells - A. phagocytophiium propagated in HLE0 cells
Time after (rP44 species) {rP44 species)
Patientno. - iliness onset, d IgM [s]€] igM IgG
1 1 80 (re0) <20 80 (r18ES) <20
' 15 160 (r60) <20 160 (r18ES) <20
30 320 (ré0) 20 (r60) . "~ 320(r18ES) <20
2 13 40 40 (r47E) <20 20
3 3 40 B0 (150) <20 20 {r18ES)
7 40 80 (160) <20 20 {r18ES)
24 80 (re0) 160 (r60) <20 40 (r18ES)
4 i 4 . 160 (rd7E) 40 <20 <20 .
- 15 160 (r47E) 80 <20 <20

*Three recombinant P44 {rP4d) protein species (r18ES, r47E, r60) were prepared and either one bound {o antibadies in each serum sample from 4
patients in Western blot analyses (online Technical Appendix Figure 4, wwwnc.cde.gov/EI1D/anicle/20/3/13-1337-Techapp1.pdf). r18ES represents rP44—
18ES immuncreactive outer membrane protein that is known to predeminate in A. phagocyfophitum cultured in HLEO cells {6). r47E and ré0 show rP44—
47E and rP44-60 proteins, respectively, that are deminantly transcribed in A. phagocylophilum propagated in THP-1 cells {2).
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patients’ serum reactive with 4. phago-
cytophilum cultured in HL60O cells in
IFA bound to rP44—18ES (online Tech-
nical Appendix Figure 4; Table). This
finding strongly supports the results of
IFA and Western blot analyses with the
infected THP-1 and HL60 cells.

In Japan, ricketisioses such as Jap-
anese spotted fever and scrub typhus,
caused by Rickettsia japonica and
Orientia tsutsugamushi, respectively,
occur frequently. However, fever of
unknown cause and rickettsiosis-like
symptoms still occur in some patients.
Detection of 4. phagocytophilum in
ticks was first reported in 2005 in cen-
tral Japan (8). Since then, DNA of A.
phagocytophilum has been detected in
ticks inhabiting several places of Japan
(9,10). However, little was known about
human infection with 4. phagocytophi-
fum for many years, probably because
of the poor selection of the culture cell
line used as infected cell antigens for
serodiagnosis. Our previous study first
documented HGA in Japan and recom-
mended that 4. phagocytophilum prop-

. agated in THP-1 and in HL60 cells be
used as antigens to avoid misdiagnos-
ing cases of HGA. Our cwrrent study
demonstrates the presence of specific
antibodies against the central hyper-
variable regions of P44-47E, P44-60,
or P44-~18ES proteins that predominate
in infected THP-1 or HL60 cells, prob-
ably being suitable as protein antigens

- for serodiagnosis of HGA. The rP44—1

protein whose recombinant plasmid

had previcusly been constructed for E.

coli expression system may be avail-
able as well. Thus, our study provides
substantial information about the use-
fulness of suitable P44 immunoreactive

protein species of A. phagocytophilum

as antigens for serodiagnosis of HGA.
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