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Species / Susceptible / Cases / Deaths / Destroyed / Slaughtered

Cattle/148/1/1/0/0

Outbreak statistics:

Specles: Cattle

Apparent morbidity rate: 0.68 percent
Apparent mortality rate: 0.68 percent
Apparent case fatality rate: 100 percent

Proportion susceptible animals lost* 0.68 percent *

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

Epidemiology
Source of the outbreak(s) or origin of infection: Unknewn or inconclusive

Epidemiological comments: On 18 Dec 2010, the Official Veterinary Services (OVS) were informed by
the owner of a hoiding in the municipality of Sertanopolls (State of Parana) on a recumbent bovine
showing limb stiffness which was detected during routine inspection. Next glay, when the OVS were
going to visit the holding, they were informed by the stockman that the animal was dead.

The OVS went to the holding to collect information and samples for the diagnosis of the cause of the
death. As It Is an area where rabies Is present in herbivores, samples were taken for the diagnosis of this
disease and for differential diagnosis, as recommended by the national protocol. The animal was
properly buried on site. The animal was a beef breeding cow almost 13 years old at the time of death,
according to information obtained during the epidemiological investigations.

According to regulations and routine procedures to be implemented In case of suspected neurological
diseases, the sample was tested for rabies and it was negative. As it was an adult animal negative for
rables, the sample was sent for laboratory analysis within the surveillance system for bovine spongiform

encephalopathy (BSE).

On 11 Apr 2011, a negative histopathological result for BSE was obtained in a laboratory accredited by
the OVS. The sample was sent to the National Reference Laboratory, National Agricultural Laboratory
(LANAGRO-PE), Recife, Pernambuco, for BSE diagnosis and it tested positive on 15 Jun 20312 by
immunohistochemical test.

The delay between the 2 tests was caused by an incident occurred in one of the laboratories of the
accredited network for the diagnosis of BSE. That led to overload the system and to prioritize the
diagnosis of samples which met BSE-risk characteristics, as established by the OIE. The sample
belonged to the group "fallen stock” and to the age group "over 9 years," according to the Article
11.5.22 of the OIE Terrestrial Animal Health Code. This classificatlon led to consider the sample as
showing a low diagnosis priority level, which resulted in a longer than expected delay from
histopathological to immunohistochemical tests.

According to the procedure manual on response to the occurrence of a BSE event in Brazil and as it is

-
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the 1st occurrence in the country, the sample was sent for confirmatory diagnosis to the OIE Reference
Laboratory for this disease, Animal Health and Veterinary Laboratories Agency (AHVLA), Weybridge,
United Kingdom. The sample tested positive in immunohlistochemica! test on 6 Dec 2012.

The epidemiological investigation shows that the animal’s death was not caused by BSE and suggests
that it may be an atypical case of the disease occurring In the oldest animals. Information collected
during the epidemiological investigation shows also that the-animal was reared in an extensive system
on grazing.

Note by the OIE: Brazil is still recognized by the OIE as having a negligible BSE risk in accordance with
Chapter 11.5. of the OIE Terrestrial Animal Health Code.

Control measures
Measures applied: No vaccination
No treatment of affected animals

Measures to be applied: No other measures
Diagnostic test results
Laboratory name and type: Animal Health Laboratory - IMA ( National laboratary )

Tests and results
Species / Tast / Test date / Result

Cattle / histological test / 11 Apr 2011 / Negative

Laboratory name and type: National Agricultural Laboratory (LANAGRO-PE) ( National laboratory )
Tests and results:
Species / Tests / Test date / Resuit

Cattle / immunohistochemical tests / 15 Jun 2012 / Positive

Laboratory name and type: Animal Health and Veterinary Laboratories Agency (AHVLA) ( OIE's
Reference Laboratory)

Tests and results:
Species / Test / Test date / Result

Cattle / Immunohistochemical test / 06 Dec 2012 / Positive
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{This is the 1st report of BSE (Bovine Spongiform Encephalopathy) in Brazll, While the OIE regards Brazil
as a negliglble risk, there are some countries who may view this differently, especially as they look at

meat that may be exported.

The determination of this case as a sporadic case may take some investigation or analysis. Without such
an analysis to prove this was a sporadic case, there Is 2 large shadow of doubt that may creep over
countries importing product from Brazil.

Other countries and likely the OIE will be looking to see what type of survelilance program Brazil may
put into effect. With an eye toward the export markets, Brazil wiil likely analyze the situation and put
into place a surveiliance mechanism and a thorough investigation of the situation.

parana, Brazil, may be found on the interactive Healthmap/ProMED-mall map at:
: - Mod.TG]

See Also
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BSE, bovine - USA (06): (CA) 20120805.1228663

BSE, bovine - USA (05): (CA) 20120504.1122322

BSE, bovine - USA (04): (CA) 20120501.1119136

BSE, bovine - USA (03): (CA) 20120429.1117352

BSE, bovine - USA (02): (CA) OIE 20120428.,1116584

BSE, bovine - USA: (CA) 4th anima! confirmed 20120425.1113102
2011

BSE - Japan (03): NOT, official statement 20111202,3501
BSE - Japan (02): 37th case, NOT 20111129.3485

BSE - Japan: 37th case, atypical, RFI 20111129,3480

BSE - Switzerland (02): (BE) OIE 201105271621

BSE - Switzerland: (SG) OIE 20110504,1381

BSE, bovine - Canada: (MB), Correction (AB) 20110306.0725
BSE, bovine - Canada: (AB) 20110305.0720

BSE, bovine - Canada: (MB) 20110305,0720

BSE - Netherlands: (FR), OIE 20110122.0272

2010

BSE - Netherlands (02): (NB), OIE 20101023.3843
BSE - Netherlands: new case 20100904.3176

BSE, bovine - Canada: (AB) 20100311.0792
................................................. as/tg/ejp/mpp
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<EH> ERNTOHTEHIhEEESEI/MERDERRES
(F88E 2013/1/30)

FIEMEMUNEBIEIREE (severe fever with thrombocytopenia syndrome, SFTS) 2T =¥ L RHI LK1 LB
ITHBENBHIRND A WA, SFTSVA VA (SFISV), 12k DS SIEMERATECHB, 201 ISR ETSFTSES R Sh
FHTREBSMERBARESN TLRD D EEROFENSBEETOOE (FEE, ILHE THE. 2H8E . AE
HOAEE HTE) CRERELNERSNTOAL2) . ANTHH T, FHLIMERPEOERES LML N
T2BED, T ABISFTSVIZ L B LA LB SN =D THRET S,

2012880, BINERMEOTORABREIC, 8. 1B, THA(RBE MBI, ABRBSARR TR, BLARL =

BB I3, SRR R Cld. B MBREL (400/mm®) &fr/MRET (8.9%10Ymm®) SEEITIE FLTL =, =, AST.
ALT,LDH. CKOFEARSD NI, MEEFERORE, DrUF o OZEBEL FRLEHON. RRETNR., B4
RABOHSNT =, BIEBEMCTCIRAREY L A HEAZED -, BHENREICEY . ORIV MBE
BEEHERRBEOMRARO SN, ZTORIZDFRDBLUREMOREZSENDBEELRYN . 2 EREAT
BREBUYETL =, ABEPICEIRENMEA DAL ARG EEEN, SFISVERIE SN =, Tl M D -SFTSV;EETF
AEENDESBBENL . MFIXELISA. IR & BSFTSVICH T B HAREICBLTIRIETH 7=, FIRMREITE
LCSFTSVOHFR R UBEAREES M-,

SFISVIE3HHIDIAHRNAT AT 51 ILRAT, HYST -2 T HIE-OY DR/ AL —3 . B H B0\ 4
WATERBFOREAS AV ALBRICT =V I LARIZBT 5. FENDORETIE. Y= [TISF T4 =
(Haemophysalis longicarnis } . 4024 = (Rhipicephalus microplus ) 1594 JLAMBEES N TEYL, 3) . SFTSVD
BERIZTHHLEZLN TS, Fie, FICBRENRIZEDO S VEAB MM SSFISVIZH T3 HERBREShTL
BIEDS. ChEOBPLSFTSVICRE T ELEDEEZHNDL) o EMADBBIE, SFTSVERTIY ~IcBEh 3=k
IZRBH, HICBEMFLEREOEBEMITLIBLELBEIN TG , I RAMEE RSEE D= L5
BARRLHYEDILERAOND, SFTSVICR R TS L6 A~2BM DB RPEE T, R8BI BER (BRET B
=, B, AL BR) | 3RS BRRORE. IREIR (BREE. (TUVhA . BE) Yo/ SIS, IR SR (1% IR
98) . HMEIR (R, Tl SOERAHBEL . MIERL10%EHBZ D1, 5) . SFTSIEA @MY (L RBSBETHD
CEMD, FATHIE S — O BBAERIETIENONEEZ DNB . ¥ I ARBERICIAS T 5, =1L B
NILOPFREF AT,

FEEZWICIE, mMBELEHDDSFISVOSYEE- B . RT-PCRICK ASFTSVEEFRM. SR UEERICHT2
SFISVICH 9 2 MBIsGHLk . PRRKEOTEL LRORESVETHY, BERLBAEREHY LIS~
HTCHREMNTETH S, ARBLTIE UAREY  BROBELNH ) . FOEMEEREShTUVEL, BAH
ISRHER R LGB BRI 7F U E L0,

ERBEICHT BIRNBETRICIE. EFPSEMIBRAT HEMBREBANBHECEN D) BT EOETANE
HTHD, Tl BRERS Y B EE RIS ITIESFTSE BRI B2 3o LN BT CH S,

SFTSVISERLANEIIST RIS, FITRENANLSIZT BIENEETHD, LOLPELRY . A= DEB T2
FRIZADBEICE, RO, RARY REZRICHESHEEAL. OBHEMCTIILSBETH S,

SFTSHREDN R BEERIBAICE . RBYDRER. T4, B B ERRmEnSheRn {info{ 7 ybT—4]
nih.gojp) [TEFEL TUV=F2ET=1s,
*#[TYMI—V]IE@ICBERE TEIEL TGS,

BE R
1) YuX]J, etal., N Engl J Med 364:1523-32, 2011
2) Li §, et al., Biosci Trends 5:273-6, 2011
3) Zhang YZ, et al., J Virol 86:2864-8, 2012
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EES BRBE HEREE
. &R E—HRAFER | TEEREORS [REBBUER
BANEE-RE
BAUES - HEERK 2013. 2. 15 UL
T X, Wu W, W; H, DuY,
— BB R RV A LB LiuL, Kang K, Husng X, Ma 1, | ARE
Mu F, Zhang S, Zhao G, Cui N,
g : . sq |Zhu BP, You A, Chen H, Liu G,
gﬁﬁ@ﬁﬁ-%ggjé&gmﬁﬁ%rmﬂ mﬁﬁ%wﬁiﬁ'ﬂ Chen W, Xu B. ] Infect Dis. 2013
fR5E4 (dEFR) gﬁ%ﬁﬁﬁiﬁ?ﬁ?éﬁgﬁ fgpa Mar;207(5):736-9. doi: WHE
/ g LRI Eliﬁj480(ax;1ﬁ+’“—1~ft) ll)%.g%?B/mfdls/Jls'M& Epub 2012
ORG: MLk E DRERR I XA EERE M/ NMRIBIEERE T =Y U A A ADER) OE b~ DR ERLEOEEREMRR-
20104E5 A ~6 B 12584 U= ERE S i /MR SEERE (SFTS) D7 U N LA 7 DRBREBRBE R E T 57D BER T, ) ﬂgl z*a'%ﬁ;r_a g_,r’
=

BSOS H

R B IISSEE BT, 520 BICREL, . ST, %, BOEx 2L, 5830 KL, 6H68 ~88 , BB E LA
BTSN (EEREEE . TR, SBEEA, FBEE) 054N GAITFE) BRIIREERL ., SFTSE—H 4 AERERBEL
7o, TNOO ZRBPBE T, ¥ =ORIE, FAEBDEORR, MOSFTSEE LOBEMMI T, ZHBRRLI3ADORIE
X, FREOHHBE EPFICBEORBICAN TRY, TOERELE, BEOMKIZAN TOROFIECHE. RATREL
otc, ¥, BELSEREESI6AL, REAFESETIIBRLEEMDED ., BEL TRV,

MEIICLDL, ZRERRITIIEE MR OB HE EICEHEL TV, IEIREELOS W, R, EE OBk EITE B2EE
ML Mo Tz, R ERE OISR S ORUEN LD MIE~DEM Y VE#BEOREEDOREENSFTSOYR % BERS
B LA SE T, RBBER UV ZKRERLZEFOSMEHMIENSSFTSYANANGEESI., Zhb2mBisko27 ) AERF|
13:99.99%DIELIME R LT, ZREREAEF4ASBOEERMIMFICBV T, [gGHEREETH o1, BREROEME2TA
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Human-to-Human Transmission
of Severe Fever With
Thrombocytopenia Syndrome
Bunyavirus Through Contact With
Infectious Blood
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Kai Kang,' Xueyong Huang,' Hong Ma,’ Feng Mu,® Shigiang Zhang,
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We investigated an outbreak of severe fever with thrombo-
cytopenia syndrome (SFTS) that occurred during May and
June 2010, to identify the mode of transmission. Contact
with the index patient’s blood was significantly associated
with development of SFTS (P=.01, by the %2 test for linear
trend); the frequency of contact with the index patient’s
blood increased the risk of SFTS in a dose-response manner
(P =.03, by the % test for linear trend). We concluded that
human-to-human transmission caused this cluster of cases.

Keywords. severe fever with thrombocytopenia syndrome
virus (SFTSV); human-to-human transmission; blood.

In May 2007, a life-threatening disease characterized by the
sudden onset of fever, thrombocytopenia, and leukopenia was
first reported in several provinces in central and northeast
China [1, 2]. A novel bunyavirus was identified as the causative
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agent of this disease. The disease is referred to as fever, throm-
bocytopenia, and leukopenia syndrome (FTLS) or as severe
fever with thrombocytopenia syndrome (SFTS), and the virus
is designated FTLSV or SFTSV, respectively {1, 2]. Tick bites
were presumed to be the mode of transmission, although no
definitive evidence associated with this hypothesis has been
identified {1,2).

During May-June 2010, a cluster of 5 suspected cases of
SFTS occurred in Henan Province in central China, with 1
death. We investigated this cluster to confirm the diagnosis
and identify the mode of transmission.

METHODS

We defined a laboratory-confirmed case of SFTSV infection as
the presence of 21 of the following findings: a blood culture
positive for SFTSV, identification of viral RNA through
reverse transcription polymerase chain reaction (RT-PCR),
and seroconversion or a 4-fold increase in anti-SFTSV immu-
noglobulin G (IgG) titers between acute- and convalescent-
phase sera,

We collected acute-phase serum from the index patient and
paired sera from the ill contacts, with acute-phase sera collect-
ed <7 days after onset and convalescent-phase sera collected
>6 weeks after onset. Sera were also collected from the asymp-
tomatic contacts of the index patient 6 weeks after exposure.
Ticks were collected from the domestic animals (2 cows and 1
dog) kept by the index patient. An immunofluorescence assay
was used to detect anti-SFTSV IgG [1], and RT-PCR
(QlAamp viral RNA Mini Kit 52904, Qiagen, Hilden,
Germany), using a specific RNA-dependent RNA polymerase
gene primer set, was performed to detect SFTSV RNA {1].
Virus was isolated by inoculating acute-phase sera into 2 wells
of Vero E6 cells.

In a retrospective cohort study, we performed a verbal
autopsy of the deceased index patient by questioning his wife,
younger son, and daughter; the village clinic doctors; the head
of the village; and the doctors and nurses who treated the
patient. We also interviewed the ill and asymptomatic contacts
of the index patient about their symptoms of SFTS and possi-
ble risk factors for infection, including their exposure to the
index patient, exposure to wild animals, and history of tick
bites. All participants provided verbal informed consent for
anonymous use of their specimens and clinical information
for research. The institutional review boards of all participat-
ing institutions approved this study.
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The index patient was a 58-year-old man, who, on 20 May
2010, experienced a sudden onset of fever (39.5°C), fatigue,
myalgia, cough, and nausea. He initially received a diagnosis
of influenza and was treated for 4 days in the village clinic
with cefazolin, Shuanghuanglian (an herbal antiviral and anti-
biotic [3]), and dexamethasone (for fever reduction). On 25
May, his symptoms worsened, and he developed facial flush-
ing and conjunctivitis and began vomiting, and he was trans-
ferred to municipal hospital A. On 26 May, he was transferred
to municipal hospital B, where he received a diagnosis of sus-
pected human granulocytic anaplasmosis [4] and was treated
with doxycycline. However, his condition continued to deteri-
orate progressively; he developed nasal and oral bleeding at
approximately 6:15 aM on 30 May and died at approximately
12:45 pm. During the verbal autopsy, the index patient’s next
of kin denied that the index patient had a history of tick bite
before onset of illness. The index patient mostly worked in the
field around his house during the 15 days prior to the onset of
his illness. However, he often took cows to graze in the hills,
and-ticks were often found on the cows. During our investiga-
tion, we found that the index patient had 2 cows and 1 dog.
We collected 9 ticks from the 2 cows, but no ticks were found
on the family dog; all ticks, however, tested negative for
SFTSV RNA by RT-PCR [1].

We identified 31 contacts with the index patient during his
illness, including 16 healthcare workers, 10 family members, 4
relatives and friends, and the village funeral director. During
6-8 June, 4 of these individuals (13%) developed secondary
SFTSV infection, with clinical signs and symptoms consistent
with SFI'S (Supplementary Figure 1) [1]. Of these 4 individu-
als, 3 were members of the index patient’s family. Since 2006,
one son (son 1) had resided in another city (Ninbo, Zhejiang
Province), approximately 1300 km away, in which SFTSV in-
fection has never been reported [1, 2). Hearing of his father’s
grave illness, son 1 went directly to the hospital on 29 May
and stayed at the bedside for 2 days, until his father's death.
Son 1 became ill on 6 June. The index patient’s other son (son
2) resided in the same village as the index patient, and he had
visited his father every 3-5 days before his father became ill
[1). Son 2 began caring for the index patient on 25 May. The
index patient’s daughter resided in another county, approxi-
mately 20 km away, and went to the haspital to care for her
father during 26-30 May. She had not seen her father during
the 30-day period before 26 May. Son 2 and the daughter
both became ill on 7 June. The only nonfamilial secondary
case was the village funeral director, who resided in the same
village and had unprotected contact with the index patient’s
blood from 1:00-4:00 em on 30 May, after he sustained a cut
on his right index finger while washing and clothing the body
with his bare hands. He became ill on 8 June. All secondary

cases denied tick bites, contact with wild animals, or exposure
to other patients with SFTS during the 15-day period before
the onset of their illness.

During the index patient’s final hours of life, while he bled
profusely from his mouth and nose, 5 of 10 family members
were at the bedside; none wore rubber gloves or gowns. Three
of these family members helped to wipe off the index patient's
blood without wearing personal protection, ‘and blood
splashed onto their faces. All 3 became ill, showing clinical
signs and symptoms consistent with SFTS [1]. The other 2
family members had no contact with the patient’s blood but
were only present in the ward; neither became ill. Four rela-
tives and friends visited the index patient and talked with him
during the early stages of his illness, when there was no bleed-
ing, and none became ill.

The 16 healthcare workers with contact with the index
patient consisted of 8 doctors and 8 nurses. Before the index
patient was transferred to hospital B, 2 village doctors and 2
doctors in hospital A had unprotected contact with him
during physical examinations, including taking his tempera-
ture and testing for coated tongue and lymph node enlarge-
ment, and intramuscular injection; none wore wear rubber
gloves or gowns and none became ill. Following transfer of the
index patient to hospital B, 4 healthcare workers had protected
contact with the index patient before he developed bleeding,
during physical examinations, including taking his tempera-
ture and testing for coated tongue and lymph node enlarge-
ment, and intravenous injections; none became ill. When he
was bleeding on 30 May, 8 healthcare workers provided care,
including wiping off his blood and administering intravenous
injections, but only 1 did not wear rubber gloves, surgical
masks, and gowns. None of these workers became ill.

RESULTS

Overall, contact with ‘the index patient’s blood was signifi-
cantly associated with developing secondary illness (P=.01,
by the %7 test for linear trend), whereas contact with the index
patient’s respiratory secretions, urine, and feces was not
(Table 1). Of the various modes of exposure, contact with the
index patient’s blood on mucous membranes or skin wounds
(P< .01, by the ¥* test for linear trend) and not wearing per-
sonal protective equipment while providing care (P =.01, by
the % test for linear trend) were significantly associated with
disease risk. Additionally, frequency of contact with blood was
associated with disease risk in a dose-response fashion
(P=.03, by the «” test for linear trend; Table 2).

Two isolates of SFTSV were obtained, one from the acute-
phase sera of the index patient and the other from son
1. Whole-genome sequencing showed that the 2 isolates
(GenBank accession numbers: HNO1: HQ642766, HQ642767,
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Table 1. Risk Factors for Secondary Severe Fever With Thromb

" fn Cunel,

p y Among 31 Close Contacts of the Index Patient,
Henan Province, China, May—June 2010
Close Contacts, No.
Developed
Secretion Overall Secondary Case Attack Rate, % P OR {95% CIy®
5 -

Unexposed . 27 3

Exposed 5 1

Unexposed ‘ » 29

20.00 52

1.82 (.16-23.35)

Abbreviations: Ci, confidence interval; OR, odds ratio.
2 Caleulated using the 2-sided Fisher exact test.

and HQ642768; HN69: JF682776, JF682777, and JF682778)
were nearly identical (99.99% similarity). These 2 isolates
showed slightly less similarity (99.83% and 99.83%, respective-
ly) with an isolate obtained from a patient in Xinyang City on
23 June 2009 (GenBank accession numbers: HN20: JF682773,
JF682774, JF682775).

Tahle 2. Risk Factors for Secondary Severe Fever With Throm-
bocytopenia Syndrome Among 12 Close Contacts Exposed to the
Index Patient’s Blood, Henan Province, China, May~June 2010

Close
Contacts, No.

Developed Attack
Secondary Rate,
Variable QOverall Case % P

" Mucosa, mouth, 4 4 10000 <01
nose, wound

Personal protective
ipment

1 3 0

2 Calculated using the Fisher exact test.
Y Calculated using the 2-sided y? test for trend.

The acute-phase sera from all 5 disease-positive patients
were positive for SFTSV RNA by RT-PCR and negative for
1gG to the virus. The convalescent-phase sera from the 4 sec-
ondary patients had IgG to SFTSV. The sera IgG titers were
1:80 (for son 1), 1:160 (for son 2), 1:640 (for the daughter),
and 1:160 (for the funeral director). Sera from all 27 asymp-
tomatic contacts tested negative for both viral RNA (by RT-
PCR) and IgG to the virus.

Although contact with the index patient’s blood was a point
source of exposure, other exposures were also possible. We
estimated that the incubation period of SFTSV for this mode
of transmission was 7-13 days. However, our sample size was
small, and this incubation period might not apply to other
modes of transmission, such as tick- or mosquito-borne
infection.

The index patient was treated with dexamethasone for fever
reduction, during the first 4 days after onset of illness. Dexa-
methasone and other glucocorticoids lower innate immunity
and increase the severity of viral infections (5, 6]. Although it
was impossible to determine the role of dexamethasone in the
severity of the index patient’s illness, it is nonetheless advis-
able that dexamethasone not be used to treat simple fever. Ste-
roids may have increased the number of circulating virions in
his blood and excreted into other body fluids. This may have
led to human-to-human transmission of SETSV.

DISCUSSION

In summary, we have documented an outbreak of infec-
tion with the recently identified SFTSV and provided strong
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epidemiologic and viral genomic evidence that SFTSV can be
transmitted between humans through contact with infected
blood. This finding underscores the importance of protecting
healthcare workers and patients’ family members from expo-
sure to blood. Our data also indicated that practicing standard
isolation pi'ecautions [7] may minimize the risk of virus trans-
mission by blood.

Since the submission of this manuscript, probable human-
to-human transmission of SFTSV has been reported in pa-
tients who were not treated with steroids [8, 9]. We recom-
mend that healthcare workers and family members caring for
patients with suspected SFTS, as well as persons handling the
bodies of those who have died of this disease, wear personal
protective equipment, including gloves, gowns, eye protection,
and masks, and avoid touching patients’ blood and other body
fluids. Patients with SFTS should be isolated until they no
longer have detectable viremia, and all who come in contact
with these patients should be monitored for fever until the
end of the incubation period (>13 days). Those who develop
symptoms should be isolated and tested.
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WHO | Background and summary of novel coronavirus infection — as of 21 December ... 23 R~

The index case among this cluster could not be detemined.

Al patients had significant respiratory disease presenting as
pneumonia. Disease was generally milder in the unconfirmed probable
cases. One patient who is a probable case had symptoms that were
mild enough to be managed at home and was not admitted to hospital.
No patient in this cluster had renal failure.

One patient presented with pneumonia and was discovgred t.o also have
pericarditis. This patient had laboratory confimmation of infection and has
died.

A second patient developed disseminated intravascular coagulation as a
complication of severe respiratory disease. This patient also had
laboratory confirmation of infection and has died.

The method of exposure is uncertain.

There was no history of travel or contact with animals among confirmed
or pfobable cases.

.

.

Most family members and health care workers who were closely exposed
to confirmed and probable cases did not develop respiratory disease.
However, the appearance of pneumonia in some who provided care'and in
at least two family members with direct persona! contact increases the
suspicion that person-to-person fransmission may have occurred. The
possibility of exposure to a common source has not been definitively
excluded. Further investigation with serological testing (when it becomes
available) to confirm additional cases may help determine the types of
exposures that result in infection.

The current understanding of this novel virus is that it can cause a severe,
acute respiratory infection presenting as pneumonia. The additional
unconfirmed probable cases in Jordan indicate that milder presentations
may also be a part of the clinical appearance associated with infection.
Acute renal failure has occurred in five of the nine confirmed cases but was
not a prominent feature of the Jordanian cluster. In addition, pericarditis
and disseminated intravascular coagulation have now been seen in two

confirmed cases.

WHO recognizes that the emergence of a new coronavirus capable of
causing severe disease raises concerns because of experience with SARS.
Although this novel coronavirus is distantly related to the SARS CoV, they
are different. Based on current information, it does not appear to transmit
easlly or sustainably batween people, uniike the SARS virus.

WHO has closely monitored the situation since detection of the first case
and has been working with partners to ensure & high degree of
preparedness should the new virus be found to be sufficiently transmissible
to cause community outbreaks. Some viruses are able to cause limited
human-to-human transmission under condition of close contact, as occurs
in families, but are not transmissible enough to cause larger community

outbreaks.

Actions taken by WHO In coordination with national authorities and
technical partners include the following:

- Investigations are ongoing to determine the likely source of infeqﬁon and
the route of exposure. Close contacts of confirmed cases are being
identified and followed up.

http://www.who.int/csr/disease/coronavims_infectims/update_20 121221/en/index.html

An interim surveiilance recommendation has been updated to assist
clinicians o determine which patients should undergo laboratory testing
for the presence of novel coronavirus.

Laboratory assays for the virus have been developed. Reagents and
other materials for testing are available, as are protocols, algorithms and
reference laboratory services. WHO has activated its laboratory network
to assist in testing and other services. WHO has now Issued preliminary
guidance for laboratory biorisk management.

The three affected countries either have already or are in the process of
acquiring the capacity to test for the novel coronavirus in national
laboratories and have enhanced their surveiliance activities according to
WHO guidance along with other countries in the area.

WHO has created a webpage for coronavirus infections, with guidance
for surveillanca, infection control, biorisk management, and laboratory
testing, which can be found at:
http:/iwww.who.int/csr/disease/coronavirus_infections/en/index.htmi

Based on the current situation and available information:

« WHO encourages all Member States to continue their surveillance for
severe acute respiratory infections (SARI) and to carefully review any
unusual patterns.

* Further, testing for the new coronavirus of patients with unexplained
pneumonias should be considered, especially in persons residing in or
returning from the Arabian peninsula and neighboring countries. Any
new cases should be promptly reported both to national health
authorities and to WHO.

When collecting specimens for testing, priority should be given to

collection of lower respiratory tract specimens such as sputa and

endotracheal aspirates (for intubated patients).

I addition, any clusters of SARI or SAR! in health care workers should
be thoroughly investigated, regardless of where in the world they occur.
These investigations will help determine whether the virus is distributed
more widely in the human population beyond the three countries that
have identified cases.

Heaith care workers should be advised to scrupulously adhere to
standard Infection control precautions for all patients. Droplet
precautions should be added to standard precautions for any patient
known or suspected to have an acute respiratory infection, including
patients with suspected or confirmed infection with novel coronavirus.

Airborne precautions should be used for aerosol-generating procedures,
including intubation and related interventions. Details can be found on
the website listed above,

WHO does not advise special screening at points of entry with regard to

this event nor does it recommend that any travel or trade restrictions be

applied.

WHO continues to monitor this situation closely. Unless information is
received that changes our understanding of this virus and the disease it
causes, the next web update is expected to be posted during the second
week of January 2013. '

http://www.who.int/cst/disease/coronavirus_infections/update_20121221/en/index.html
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NOVEL CORONAVIRUS - EASTERN MEDITERRANEAN (04): UK, PERSON TO PERSON TRANSMISSION SUSPECTED
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International Society for Infectious Diseases
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In this report:
[1] HPA press release
[2] ECDC

[3] WHO GAR update
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[1] HPA press release

Date: 13 Feb 2013
Source: HPA UK Press Release [edited]
Jiwwwh W Nati

The Health Protection Agency (HPA) can confirm a further case of novel coronavirus infection in a family member of
the case announced on Monday {11 Feb 2013]. The patient, who is a UK resident, does not have any recent travel
history and is currently receiving intensive care treatment at The Queen Elizabeth Hospital, Birmingham. It is
understood that this patient has an existing medical condition that may make them more susceptible to respiratory
infections. This latest case brings the total number of confirmed cases globally to 11, of which 3 have been diagnosed
in the UK.

Professor John Watson, head of the respiratory diseases department at the HPA, said: "Confirmed novel coronavirus
infection in a person without travel history to the Middle East suggests that person-to-person transmission has
occurred and that it occurred in the UK. This case is a family member who was in close personal contact with the
earlier case and who may have been at greater risk of acquiring an infection because of their underlying health
condition. To date, evidence of person-to-person transmission has been limited. Although this case provides strong
evidence for person to person transmission, the risk of infection in most circumstances is still considered to be very
low. If novel coronavirus were more infectious, we would have expected to have seen a larger number of cases than
we have seen since the 1st case was reported 3 months ago. However, this new development does justify the
measures that were immediately put into place to prevent any further spread of infection and to identify and follow up
contacts of known cases. We will continue to provide advice and support to healthcare workers fooking after the
patients and to contacts of both cases. In light of this latest case, we would like to emphasise that the risk associated
with novel coronavirus to the general UK population remains very low. The HPA will continue to work closely with
national and internationat health authorities and will share any further advice with health professionals and the public
if and when more information becomes available.”




Notes to editors:

Labaratory confirmed cases to date: 11

Saudi Arabia: 5 (3 deaths)

Jordan: 2 (2 deaths)

UK: 3 (1 patient from Qatar - receiving treatment, 2 patients from UK, 1 with recent travel to Pakistan and Saudi
Arabia - both receiving treatment)

Germany: 1 (patient from Qatar - discharged)

Coronaviruses are causes of the common cold but can also include more severe illness, such as SARS (severe acute
respiratory syndrome). This new coronavirus was 1st identified in September 2012 in a patient who died from a severe
respiratory infection in June 2012. The virus has so far only been identified in a small number of cases of acute,
serious respiratory iliness who presented with fever, cough, shortness of breath, and breathing difficulties.

For further information, see the HPA's coronavirus web pages, which include a Q&A page on this topic [see
NILp: ) /P

Communicated by:
ProMED-mail
<promed@promedmail.org>
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[2] ECDC Update

Date: 13 Feb 2013

Source: ECDC (European Centre for Disease Control) {edited]

http: dc.europa.eu/en/pr news/Li New: i
74 =844 (a r=% Nn%2F 9 9 ists?

Epidemiological update: Case of severe lower respiratory tract disease associated with a novel coronavirus:

On [13 Feb 2013], the HPA announced that one family contact of the previously-confirmed case reported on [11 Feb
2013] was laboratory-confirmed to be infected with the novel coronavirus {NCoV). This 2nd case from the same family
was hospitalised on [9 Feb 2013] with a short history of resplratory symptoms. The patlent has an existing medical
condition that may make him more susceptible to respiratory infections. He does not have a recent travel history and
is currently receiving intensive care treatment.

The cases have been notified through the EU alerting system for communicable diseases.

This brings the total of laboratory-confirmed cases of severe pneumonia caused by the NCoV to 11 globally (see table
below).

The information available suggests human-to-human transmission of the NCoV in this family cluster.
The HPA reports that surveillance of family, close contacts of the 2 patients, and healthcare workers treating the 2
patients is ongoing, as per the UK Nationa! Guidelines. None are currently presenting with symptoms consistent with

NCoV.

The HPA is also following-up regarding passengers who may have been exposed while flying with the case announced
on [11 Feb 2013} and are in contact with the airline concerned.

In light of this human-to-human transmission of the NCoV within the family cluster, ECDC is now updating its risk
assessment, previously published on (7 Dec 2012].

Case No: Date Onset / Age (years) / Sex / Probable place of infection / Date reported / Source / Outcome
1: April 2012 / 45/ F / Jordan** / 30 Nov 2012 / WHO/IHR / Dead

2: April 2012/ 25 / M/ Jordan** / 30 Nov 2012 / WHO/IHR / Dead

3: 13Jun 2012/ 60/ M / Kingdom of Saudi Arabia* / 20 Sep 2012 / Kingc{om of Saudi Arabia, ProMED / Dead
4: 3 Sep 2012/ 49 / M / Qatar / Kingdom of Saudi Arabia*** / 22 Sep 2012 / HPA/WHO / Alive
5: NK / NK / NK / Kingdom of Saudi Arabia* / 4 Nov 2012 / Kingdom of Saudi Arabia, ProMED, SM) / Alive

6: 12 Oct 2012/ 45 / M / Qatar
*¥xk [ 23 Nov 2012 / RKI/WHGO / Alive

7: NK / NK / M / Kingdom of Saudi Arabia* / 19-23 Nov 2012 / Kingdom of Saudi Arabia, ProMED, WHO / Alive
8: 28 Oct 2012 / NK / M / Kingdom of Saudi Arabia* / 23 Nov 2012 / WHO / Dead

9: October 2012 / NK / M / Kingdom of Saudi Arabia* / 28 Nov 2012 / WHO / Dead

10: 24 Jan 2013 / 60 / M / Pakistan, Kingdom of Saudi Arabia*/ 8 Jan 2013 / EWRS / Alive, Hospitalised

11: 6 Feb 2013 / NK/ M / United Kingdom* / 12 Feb 2013 / HPA / Alive, Hospitalised

* Part of family cluster
** Healthcare worker and part of outbreak linked to hospital .
*** patient transferred to UK

XX patient transferred to Germany
NK: not known

Communicated by:
ProMED-mail
<promed@promedmail.org>
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[31 WHO GAR update

Date: 13 Feb 2013

Source: WHO GAR [edited]

http://www.who.in n en/index.htm

Novel coronavirus infection - update [13 Feb 2013]:

The United Kingdom (UK) has informed WHO of another confirmed case of infection with the novel coronavirus
(NCoV). The patient is a UK resident and a relative of the case announced on {11 Feb 2013].

The latest confirmed case does not have any recent travel history outside the UK and is currently hospitalized in an
intensive care unit. It is understood that this patient has pre-existing medical conditions that may have increased
susceptibility to respiratory infections.

Confirmed NCoV in a person without recent travel history indicates that infection was acquired in the UK. To date,
evidence of person-to-person transmission has been limited. Aithough this case is suggestive of person-to-person
transmission, on the basis of current evidence, the risk of sustained person-to-person transmission appears to be very
low. )

The Health Protection Agency (HPA) is following up on all close contacts (family and healthcare workers) who may
have been exposed to either of these 2 new confirmed cases.

As of {13 Feb 2013], a total of 11 confirmed cases of human infection with NCoV have been notified to WHO, with no
change in the number of fatalities i.e., 5 deaths since April 2012.

Based on the current situation and available information, WHO encourages all Member States to continue their
surveillance for severe acute respiratory infections (SARI) and to carefully review any unusual patterns. Testing for the




new coronavirus should be considered in patients with unexplained pneumonias, or in patients with unexplained
severe, progressive, or complicated respiratory iliness not responding to treatment.

Any clusters of SARI or SARI in healthcare workers should be thoroughly investigated, regardless of where in the world
they occur.

New cases and clusters of the NCoV should be reported promptly both to national health authorities and to WHO.

WHO does not advise special screening at points of entry with regard to this event nor does it recommend that any
travel or trade restrictions be applied.

WHO continues to monitor the situation closely.

Communicated by:
ProMED-mail Rapporteur Marianne Hopp

[The above mentioned case of severe acute respiratory infection (SARI) is currently the 11th confirmed case of severe
respiratory disease attributable to infection with the novel CoV 1st identified in a fatal case in Saudi Arabia (see prior
ProMED-mail posts listed below). It is also the 3rd incident of infection with this novel CoV that occurred in a close
contact of an earlier confirmed case, suggesting possible person to person transmission of the virus. There was a
cluster of 3 confirmed cases in a family in Saudi Arabia in November 2012 and a cluster of 2 confirmed cases among
“7U staff in a hospital in Jordan in May 2012. As stated clearly in the 3 reports of this update, evidence thus far does
.ot seem to suggest an ease and facility of person-to-person contact of this organism as yet.

The table of cases presented in the ECDC report above is a very useful presentation and summary of the current
publicly available information on the descriptive epidemiology of known confirmed cases of severe acute respiratory
iliness due to infection with this novel CoV. Information on exposure histories of each of the patients is not available
(some of the earlier cases were reported to have had contact with farm animals in Saudi Arabia and Qatar, but similar
information was not available on all cases). To date, cases that have been confirmed have been linked to geographic
presence in the Middle East prior to onset of illness (Jordan, Saudi Arabia or Qatar; with one case also having visited
Pakistan during the period prior to onset of iliness). The absence of cases reported from other areas among individuals
without history of contact with this region of the world may or may not reflect the true geographic distribution of this
novel CoV, as there may be a bias against testing for this virus in the absence of such stated exposure history ("seek
and ye shall find,” or the corollary, "don't look and you won't find").

The scientific community is eagerly awaiting the details of epidemlologle Investigatlons conducted on the 11 previously
confirmed cases of infection with the novel CoV, especially those addressing exposure to possible anima!l sources
(bats, bat saliva and excrement, farm animals, etc.) and dates of contacts/dates of onset of previous clusters. In
addition, information on field studies on bats and farm animals in the Middle Eastern countries addressing infection of
animals with the novel CoV is eagerly awaited as well.

For the interactive HealthMap/ProMED map of the UK, see http://healthmap.org/r/1INY. For the interactive
HealthMap/ProMED map of the Middle East, see http;//healthmap.org/r/1HAJ. - Mod.MPP]
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Introduction and high mortality, placing VHF agents amongst the most virulent
human pathogens [4]. All known VHFs are z00noses, and to date
Viral hemorrhagic fever (VHF) p a group of di have been attributed to only four famdxcs of envelopcd single-

characterized by fever, malaise, bleeding abnormalities, and stranded RNA viruses - 4 Filovridae and
circulatory shock [1,2,3]. Quality research on these infections is Flaviviridae, Viruses from these families have caused major deadly
hindered by the fact that they are sporadic and often occur in outbreaks on the African continent (Fig. 1). Lassa fever virus
geographically remote and politically unstable regions of the 7! iridas) causes an esti d 500,000 cases each year in West
developing world. Most VHF diseases are associated with a short  Africa [5]. Crimean-Congo hemorrhagic fever (CCHF)} and Rift
incubation period (2-21 days), abrupt onset, rapid dlinical course, Valley Fever viruses (Bunyaviridae) are associated with outbreaks in
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West, South and East Africa [6]. Ebola and Marburg viruses
(Filoviridar) have caused several sporadic human outbreaks with
high mortality (50-90%) in Central Africa, where they have also
decimated local great ape populations [7]. Yellow fever and
dengue viruses (Flavivirida) are widely distributed throughout Sub-

Novel Rk irus in Acute Hi hagic Fever

patient’s nasal swab without the use of a reference sequence [17].
Here we report the critical role of deep sequencing in the discovery
of a novel rhabdovirus associated with a small outbreak of
fulminant hemorrhagic fever in the remote village of Mangala,
Bas-Congo province, Democratic Republic of Congo (DRC),
between May 25 and June 14, 2009.

Resuits

Case Reports from an Acute Hemorrhagic Fever Outbreak
Patient 1.  The first case was a 15-year-old boy who presented
to the health center in Mangala village (Boma Bungu Health
Zone) on May 25 2009 with malaise, eplsmus (nose blccdmg)
c 1 bleed:
wnh blood), and watery dlarrhca with blood (Table 1). No fever or
respiratory symptoms were noted. Hemorrhagic symptoms injtial-
ly appeared on May 24, and the patient died 2 days later from
sudden circulatory collapse. The patient lived in the Tshela
neighborhood of Mangala village and attended the local public
school. All close contacts were monitored for 21 days, and none
developed any signs of illness.

Patient 2. The second case was a 13-year-old girl. She
attended the same public school as Patient 1 but was in a different
class, She also lived in the Tshela neighborhood of Mangala
village, about 50 meters from Patient 1's house. They knew each
other but had no known face-to-face contact during the previous
weeks. This patient presented to Lhc health center on_]unc 5, 2009

Saharan Africa where they cause both endemic and sporadic
epidemic diseases in human populations [8].

Rhabdoviruses are bers of the family Rhabdoviridae and
order Mononegavirales and are loped viruses with single-
ded i RNA g [9]. Their genomes
encode at lcast five core protcms in the following order: 3'-

1 (N), phosphoprotein (P), matrix protein (M),
glycoprot.em Q) and large protein, or RNA-dependent RNA
polymerase (L)-5' (N-P-M-G-L). Rhabdoviruses are currently
divided into six genera, with the two genera Ephemerovirus and
Vesiculovirus, together with about 130 unclassified viruses, forming
the dimarhabdovirus supergroup (“dipteran mammal-associated
rhabdovirus”) [10]). Notably, although rhabdoviruses span all
continents and exhibit a wide host range, ml'ccung plants,
invertebrates, vertebrate Is, and h ively few are
known to cause human infections. Rabies virus (RABV) and
related viruses from the Lyssavirus genus and Chandipura virus
(CHPV) from the Vesiaudovirus genus are known to cause acute
enccphahns syndrumes [11,12]. Ol.hcr viruses from the genus

lovirus cause vesi ] ulcers in the mouth}
and “flu-like” syndromes in both cattle and humans [13).

Unbiased next-generation or “deep” DNA sequencing is an
emerging method for the surveillance and discovery of pathogens
in clinical samples [14]. Unlike polymerase chain reaction (PCR),
deep sequencing does not rely on the use of target-specific primers,
Thus, the technique is particularly useful for the identification of
novel pathogens with high sequence divergence that would clude
detection by conventional PCR assays. Deep sequencing has been
used previously to discover a new hemorrhagic fever-associated
arenavirus from southern Africa, Lujo virus [15], as well as a new
polyomavirus in human Merkel cell carcinoma [16]. With the
depth of sequence data now routinely extending to >100 million
reads, dz novo genome assembly of novel viruses directly from
primary clinical samples is feasible, as demonstrated by assembly
of the 2009 pandemic influenza HIN1 virus genome from a single
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vnth headache, fever, abdominal pain,

injection, mouth bleeding, h is, and d.lan'hca with blood.
She was examined by a) nurse and reccived acetaminophen and
dipyrone for fever and q for possible malaria. §

appeared on June 4, and the paucnt died suddenly on _]unc 7,
three days after onset. None of her close contacts developed
symptoms during the 21 days of monitoring after her death.

Patient 3. The third casc was a male nurse aged 32 years
working in the health center visited by Patients 1 and 2, His disease
appeared suddenly on June 13, 2009 with epistaxis, ocular and oral
heworrhage, hematemesis, aud diarrhea with blood, Two days after
the onset of hemorrhagic symptoms, he developed fever, anorexia,
headache, fatigue, and abdominal pain. He was transferred to the
regional general hospital of Boma (Fig. 1), a city of about 200,000
inhabitants, where a serum sample was obtained on June 15, just
prior to with fluid itation, blood fusion, and
empiric antibiotics. Laboratory tests for malaria, tuberculosis,
dengue, and bacterial sepsis were negative, and the patient
recovered spontancously a few days later. All persons in Mangala
and Boma who had contact with Patient 3 were monitored for 21
days, and none became ill. Patient 3, like the two other patients,
lived in the Tshela neighborhood of Mangala village, about 50
meters from Patients | and 2. Importantly, patient 3 was directly
involved in the care of Patients 1 and 2 when they presented to the
health center with hemorrhagic symptorms.

No disease outbreaks had been reported in the past in Boma
Bungu Health Zone with the exception of a cholera diarrheal
outbreak in 2006, and, notably, no cases of hemorrhagic disease
had previously been reported. In addition, although DRC is a
country endemic for filovirus infection (Fig. 1), no outbreaks of
Ebola or Marburg fever have ever been described in Bas-Congo
province. No animal die-offs or other unusual events in association
with these cases were noted.

Initial Sample Collection and Diagnostic Testing
A cluster of three human cases of typical acute hemorrhagic fever
occurred between May 25 and June 13, 2009 in Mangala village,
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Figure 1. Map of Africa showing ies that are affe d by viral hemorrhagic fever (VHF) outbreaks. Ebola VHF is pictured in
orange, Marburg VHF in green, Crimean-Congo HF in violet, Lujo VHF in pink, and Lassa VHF in blue. Yellow fever and dengue VHF, which exhibit a
wide geog; distributi hroug Sub-Saharan Africa, are not shown. Mangala village, located in the Bas-Congo province in DRC, is

represented by a red star.
dol:10.1371/journal.ppat.1002924.9001

located in a remote tropical forest region in Central Africa. Cases
were characterized by abrupt disease onset, high fever of >39°C
when present, overt hemorthagic symptoms with epistaxis,
conjunctival injection, mouth and gastrointestinal bleeding, fol-
lowed by death within 3 days of symptom onset in two patients
(Table 1):-The first patient, who died <48 hours-after presentation,
exhibited hemorrhagic p without a d d fever, and
only the third adult patient recovered from his illness. All- three
patients lived within a 2500-m? area in the same neighborhood of
Mangala, a remote village in Bas-Congo province of DRC (Fig, 1).
The first two patients died rapidly in Mangala village, and no blood
samples were collected. A blood sample was collected from the thied
surviving patient threedays after symptom onset and sent to Centre
International de Recherches Médicales de Franceville (CIRMF) for
etiological diagnosis. The sample tested negative by TaqMan real-
time PCR assays for all viruses known to cause acute hemorrhagic
fever in Africa (data not shown),

PLOS Pathogens | www.plospath org

Discovery and Genome Assembly of the BASV
Rhabdovirus

To identify a potential causative pathogen in the third surviving
patient with unknown hemorrhagic fever, RNA extracts from the
serumn sample were lyzed using unbiased deep seq g
(Fig. 2). The initial Roche 454 pyrosequeéncing library yielded a
total of 4,537 sequence reads, of which only a single 220 bp read
{0.022%) aligned with any annotated viral protein sequence in
GenBank. The translation product showed similarity to a segment
of the L protein, or RNA-dependent RNA pol ase, from
Tibrogargan and Coastal Plains rhabdoviruses, with 41% identity
o Coastal Plains virus (GenBank ADG86364; BLASTx E-score of
2x107%), This finding suggested the presence of a novel, highly
divergent rhabdovirus in the patient's serum. Attempts to extend
the initial sequence by primer walking or PCR using rhabdovirus
cansensus primers failed due to limited aample availability; thus,
we resorted to ultra-deep sequencing on an Hlumina HiSeq 2000.
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Table 1. Demographics of and clinical symptoms developed in the three patients suspected to be infected by Bas-Congo virus

(BASV).

Pationt 1 Patient 2 Patient 3
Sex Male Female 3 . Male
Age 15 13 32
village Mangala Mangata Mangala
Neighborhood Tshela Tshela Tshela
Dc'gll pation” Schéolboy Schoolgirl Nurse
Dissaze onset May 24 June 4 June 13
Tima until ﬂ_lllth 2 days 3 days survived
Fever [T>39°C) No Yes Yes )
\ ; N No < Yes

V?s No No

Na’ Yes Yes

No Yes Yes

Yes Yet Yes.

Yes Yes Yes

Yes Yei Yes

Yes Yei Yes

Y. Yeu Yes

dol:10,1371/Journal ppat, 1002924 1001

Out of the 140,164,344 reads generated from [lumina sequencing,
4,063 reads (0.0029%) had nucleotide or protein homology to

BASV diverges significantly from cither of the two main
gnized human path habdoviruses, rabies virus

rhabdoviruses with an E-score of <107, These reads were used as
“seeds” for iterative de nooo assembly, resulting in construction of
an estimated 98.2% of the genome of the novel rhabdovirus. We
provisionally named this rhabdovirus BASV, or Bas-Congo virus,
referring to the province from which the outbreak originated.

The coverage of BASV achicved by deep sequencing was at
least 10-fold across nearly the entire genome and included 29,094
reads out of ~140 million (0.021%) (Fig. 2). The viral load in the
patient’s serum was 1.09x10%° RNA copies/mL by quantitative
RT-PCR. The only moderately high titer is consistent with the fact
that the sampled patient was a survivor of BASV infection and
would thus be anticipated to have relatively lower viral titers in the
blood, as also seen for survivers of Bbola virus infection {18].

Caultivation of the patient’s serum in Vero, BHK, LLG-MK,
(thesus monkey kidney), CCL-106 (rabbit kidney) and C6/36
(Aedes albopictus mosquito) cell cultures failed to show cytopathic
effect, and serial quantitative BASV RT-PCR assays on primary
and passaged cell culture supernatants tumed negative. Subse-
quent electron microscopy of i tated cell cul was negati
for viral particles, In addition, no illnesses or deaths occurred in
suckling mice inoculated intracerebrally with the BASV-positive
serum and observed over 14 days.

Phylogenetic Analysis of BASV and Comparison with
other Rhabdoviruses

Phylogenetic trees reveal that BASV belongs to the dimarhabdo-
viridae supergroup and is distantly related to members of th
Tibrogargan group and the Fph trus genus, although it
clusters separately from other rhabdoviruses in an independ
deeply rooted branch (Figs. 3 and 4; Fig. S1). Comparative
analysis of the concatenated BASV proteins with representative
dimarhabdoviruses reveals very low overall amino acid pairwise
identity of 25.0 to 33.7%, depending on the virus (Fig. 5). Notably,
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34 among Tl
or Chandipura virus.

The sequence divergence of BASV relative to other rhabdovi-
ruses is also correlated with differences in genome structure (Fig. 5).
The prototype genome organization of rhabdoviruses, found in
lyssaviruses, is N-P-M-G-L. However, molecular analysis of novel
rhabdoviruses has often led more compl with up
W 10 additional open reading frames (ORF) located within an
existing gene or interposed between the five core genes [1 9,20,21).
Rhabdoviruses from the Tibrogargan group (TIBV and CPV)
share a distinctive genome structure with three additional genes,
two between M and G (Ul and U2) and one between G and L
(U3) [22]. Interestingly, BASV also has these three additional
genes (U1-U3), confirming the phylogenetic relationship and
overall structural similarity to the Tibrogargan group viruses.
Based on their size, the U3 proteins of TIBV, CPV, and
presumably BASV are candidate viroporins [22]. BASV is more
distant structurally and phyl lly from the Eph and
Hart Park Group rhabdoviruses (Figs. 3 and 4), which do not
contain Ul or U2 genes, but rather an additional two or three
genes between G and L (including a putative U3 viroporin in
BEFV referred to as the alpha-1 protein) (Fig. 5, asterisk). Moussa
virus (MOUV), another rhabdovirus recently discovered in Africa
{Fig. 4), does not contain any accessory genes but instead, shares
the prototype N-P-M-G-L rhabdovirus structure [23].

BASV Serological Testing of the Case Patient and Close
Contacts

To confirm that BASV is infectious to humans, convalescent
sera were collected in early 2012 from surviving Patient 3 as well
as five additional health care workers from Mangala identified as
close contacts and tested in a blinded fashion for the presence of
neutralizing antibodies to BASV (Fig. 6). Two of the six sera tested
strongly positive with 50% protective doses between 1:1,000 and
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doi:10.1371/journal.ppat.1002924.9002

1:5,000 (Figs. 6A and 6F). Moreover, the observed neutralization
was highly specific for BASV-G, since no neutralization was
observed with pseudoviruses harboring the vesicular stomatitis virus
glycoprotein (VSV-G). One of the neutralizing sera had been
collected from surviving Patient 3 (Fig, 6A, “Patient 3”), whereas the
other serum sample, containing even higher titers, corresponded to
an asymptomatic nurse directly caring for Patient 3 during his
period of acute hemorrhagic illness (Fig. 6F, “Contact 5%).
Specifically, Contact 5 was the primary health care provider to
Patient 3 at the health center and during his transfer to the general
hospital at Boma, All 6 individuals, including Patient 3, tested
negative for BASV viremia by specific RT-PCR (data not shown).

Epidemiological Screening for BASV in the DRC

BASV was not detected by PCR in 43 serum samples from
other unknown cases or outbreaks of hemorrhagic fever reported
in the DRC from 2008-2010 (Fig. 7A, pink), Five of these 43
samples originated from the Bas-Congo outside of Mangala village

PLOS Pathogens | www.plospathogens.org 5

and the Boma Bungu Health Zone. In total, the unknown
hemorrhagic cases/outbreaks spanned 9 of the 11 provinces in the
DRC, and all 43 samples also tested negative by PCR for the
known hemorrhagic fever viruses circulating in Africa (data not
shown). Fifty plasma samples collected from randomly selected
blood donors in the Kasai-Oriental province of DRC (Fig. 74,
star; Table $2) were also screened and found to be negative for
BASV-neutralizing antibodies (Fig. 7B).

Discussion

Among more than 160 species of rhabdoviruses identified to
date, fewer than 10 have been isolated from humans {24]. In
addition, while human infection by rhabdoviruses has previously
been iated with encephalitis, vesicular itis, or “flu-like”
illness, the discovery of BASV is the first time that 2 member of the
Rhabdovirus family has been associated with hemorrhagic fever in
humans with a fulminant disease course and high fatality rate. To
our knowledge, this is also the first successful demonstration of

September 2012 | Volume 8 [ Issue 9 | 1002924
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de now assembly of a novel, highly divergent viral genome in the
b of a refe and dlrecdy from a primary
clinical sample by unbiased deep sequencing.
Several lines of evidence implicate BASV in the hemorrhagic fever
outbreak among the 3 patients in Mangala. First, this virus was the

PLOS Pathog: | www.pl t org

only credible viral pathogen detected in the blood of the lone
survivor during his acute hemorrhagic illness by exhaustive deep
sequencing of over 140 million reads. Analysis of the Illumina deep
sequencing reads for the presence of other viral pathogens yielded
only endogenous flora or confirmed laboratory contaminants (Table
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S! and Fig. S2). Some enteric pathogens, such as E. coli O157:H7,
Campylobacter, Shigella, and Salmonella, are diagnosed through
fecal laboratory testing and not blood, and have been associated with
hemorrhagic diarrhea [25]. However, these outbreaks are typically
foodborne and associated with larger clusters and much greater
numbers of clinical cases than reported here [26,27,28). Further-
more, enteric diarrheal cases rarely present with systemic symptoms
such as fever or generalized mucosal hemorrhage, with bleeding
most often limited to the gastrointestinal tract, and overall mortality
rates are generally low [26). Thus, the clinical syndrome observed in
3 patients with hernorrhagic fever in the DRG, a region endemic for
viral hemorrhagic fevers, is much more consistent with infection by a
VHF disease agent. BASV is a plausible hemorthagic fever
candidate because it is a novel, highly divergent infectious virus,
thus of unl path icity, and was d d at a titer of >1
million copies/mL in blood from an acutely ill individual. In
addition, there is ample precedent for hemorrhagic disease from
rhabdoviruses, as members of the genus Nomrhabdowirus cause severe
hemorrhagic septicemia in fresh and sal fish worldwide {29}

(Fig. 4). The detection of BASV seropositivity in an asymptomatic

PLOS Pathegens | www.plospathogens.org

used for the phylog ic analysis are provided in Methods.

close contact (Fig. 6) is not surprising given that up to 80% of patients
infected with Lassa virus do not exhibit any hemorrhagic fever
symptoms [30,31].

Prior to the BASV outbreak, no hemorrhagic discase cases had
been reported in Boma Bungu Health Zone. BASV was also not
detected in 43 serum samples from unknown, filovirus-negative
cases or outbreaks of hemorrhagic fever from 20082010 spanning
9 of the 11 provinces in the DRC (Fig. 7A). In addition, a
serosurvey of 50 random blood donors from Kasai-Oriental
province in central DRC was negative for prior exposure to BASV
(Fig. 7B). Taken together, these data suggest that the virus may
have emerged recently and locally from Boma Bungu in Bas-
Congo, DRC.

We were unable to isolate BASV despite culturing the RNA-
positive serum in a number of cell cultures and inoculation into
suckling mice, One explanation for these negative findings may be
that the virus inoculation titers of <50 pl. werc insufficient,
although this is surprising given the concentration of >1 million
copies per mL of BASV in blood from the lone survivor. A more
likely explanation is viral inactivation resulting from the lack of

September 2012 | Volume 8 | Issue 9 | e1002924
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adequate cold chain facilities in remote Boma Bungu. Viral RNA
can often still be detected by RT-PCR in sera that is culture-
negative [32]. In support of this premise, we have ohserved that
the BASV-G/VSVAG-GFP pscudotyped virnus cfficiently infects

Yo 1

and replicates in a variety of insect and [

became ill with acute hemorrhagic fever over a 3-week period
within the same 2500-m” area of Mangala village, suggesting that
all 3 cases were infected with the same pathogen. Waterbome or
airborne transmission would be expected to result in mare

human) cell lines (Steffen, o al, manuscript in preparation). In the
absence of a positive culture, a “reverse genetics” approach to
produce recombinant BASY particles, if successful, would greatly
facilitate further study of the virus, as established previously for
other rhabdoviruses such as VSV [33).

Based en our findings, some speculations on the origin of and
routes of transmission for BASV can be made. All 3 patients

PLOS Pathogens | www.plospathogens.org

cases than the 3 reported. There were no reports of
animal die-offs that would suggest potential exposures o infected
wild animals or lvestock. Taken together, these observations
suggest that an unknown arthropod vector could be a plausible
source of infection by BASV. This hypothesis is consistent with the
phylogenetic and structural relationship of BASV to rhabdoviruses
in the Tibrogargan group and iny genus, which are
transmitted to cattle and buffalo by Culicsides biting midges [9]. In

8 September 2012 | Volume 8 | Issue 9 | e1002924
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Figure 6. Detection of antibodies to BASV by serum neutralization of VSVAG-GFP pseudotypes. Infectivitles of VSVAGFP pseudotypes
bearing the glycoproteins of VSV or BASV, respectively, after incubation with S-fold serial dilutions (1:10, 1:50, 1:250, 1:1,250, 1:6,250, 1:31,250) of sera
from six individuals are depicted as percent of infectivity in the absence of serum. The six individuals tested include a patient with hemorrhagic fever
(panel A, “Patlent 3"), the nurse directly caring for him (panel F, “Contact 5”), and other heaith care workers in Mangala village (panels B-E). All data
points the average of tri assays; error bars indlcate standard deviations. Similar results were obtained in an independ i
using murine leukemia virus {(MLV)-based pseudotypes (data not shown).

doi:10.1371/journal.ppat.1002924.9006

addition, the recent discovery of Moussa virus (MOUV), isolated
from Culer mosquitoes in Cote d'lvoire, Africa [23], implics the
presence of hitherto unknown arthropod vectors for thabdoviruses
on the continent. Nevertheless, at present, we cannot exclude the
possibility of other zoonotic sources for the virus or even
nosocomial bloodborne transinission (as Patients | and 2 have
not clearly been established to be BASV cases by serology or direct
detection), and the natural reservoir and precise mode of
tranzmission for BASV remain unknown. A community-based

PLOS Pathogens | www.pl org

serosurvey in Boma Bungu and an investigation to track down
F il arthropod or lian (e.g. rodents and bats) sources
for BASV are currentdy underway.

Although we cannot exclude the possibility of independent
arthropod-borne  transmission  events, our epidemiologic and
serologic data do suggest the potential for limited human-to-
human transmission of BASV. Patient 3, a nurse, had directly
mken care of Patients 1 and 2 at the health center, and another
nurse (Contact 5), who had taken care of Patenmt 3 (but not
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Provinces in DRC, Africa reporting unknown hemorrhagic fever cases
= or outbreaks from 2008-2010

* Geographical origin of 50 serum samples from DRC, Africa from randomly
selected healthy blood donors tested for neutralizing antibodies to BASY

j

&

3
e

=

o]

O

£ [orm
E | | e1500
fﬂ_

% of “no serum” control

1
0 5 10 15 20 25 30 35 40 45 50

Sample number

Figure 7. BASV Screening in DRC, Africa. (A) All 43 serum samples corresponding to unknown hemorrhagic fever cases or outbreaks in 2008-
2010 from 9 provinces In DRC (pink) tested negative for BASV by PCR. (B) Sera from 50 donors in Kasai-Orlental province, DRC (Panel A, star) were
tested for BASV-neutralizing antibodies. Sera at 1:50 (dark blue) or 1:500 dilution (light blue) were tested. Serum from the surviving Patient 3 was
Included as a positive control {grey shaded area). Data points represent an average of duplicate assays.
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Patients 1 or 2) had serologic evidence of asymptomatic BASV
infection, We present a hypothetical model for BASV transmission
during the hemorrhagic fever outbreak in which the initial
infection of two chlld.r:n in Mangala (Patients l and 2) was
followed by to-h tr i events
involving two hcalthca.rc workers (Patient 3 and Contact 5)
(Fig. 8), This pattern of tr from the c y to health
care workers is also ly seen in iation with outbreak
of Ebola and Crimean-Congo hemorrhagic fever [6,34].

While rhabdoviruses are distributed worldwide, some authors
have suggested that the Rhabdoviridas family probably originated
from tropical regions of the Old or New World [9). The discovery
of BASV in Central Africa suggests that additional rhabdoviruses
of clinical and public health importance likely await identification,
especially in these poorly investigated geographic regions, Active
epidemiological investigation and discase surveillance will be
needed to fully ascertain the clinical and public health significance
of BASV infection in humans, as well as to prepare for potentially
larger human outbreaks from this newly discovered pathogen,

Methods

Ethics Statement

Written informed consent for publication of their case reports
was obtained from the sole survivor of the hemorrhagic fever
outbreak and the parents of the two deceased children. Written
informed consent was obtained from the surviving patient and 5 of
his close contacts for analysis of the serum samples reported in this
study. Samples were analyzed under protocols approved by the

PLOS Pathogens | www.plospathogens.org

institutional review boards of University of California, San
Francisco, the University of Texas Medical Branch, and the
National Institute of Biomedical Research (INRB) and CIRMF in
Gabon, and the Institutional Animal Care and Use Committee
(TACUC) of the University of Texas Medical Branch.

Diagnostic Samples

No di ples were available from Patient 1 or Patient
2. Blood was collected in a red top serum tube from Patient 3 on
June 16, during the acute phase, three days after hemorrhagic
onset. The sample was transported at 4°C to the BSL-4 facility at
CIRMF. Serum was obtained by centrifugation at 2300 rpm for
10 min. No other acute samples from Patient 3 were available. In
January of 2012 (~2.5 years after the outbreak), convalescent sera
were collected from Patient 3 and close contacts (other workers at
the health center) for BASV neutralization testing, Forty-three
serum samples from other unknown hemorrhagic fever cases or
outbreaks representing 9 of 1! provinces in the DRC were
available for BASV PCR testing (Fig. 7A). Fifty available plasma
samples from random blood donors (median age 27.5 years; age
range 1-76 years) in Kasai Oriental province, DRC, were also
tested for antibodies to BASV (Fig. 7A and B; Table 52).

Nucleic Acid Extraction and Viral PCR Testing

RNA was extracted from 140 pl of serum using the Q[Aamp
viral RNA mini kit (Qjagen). Taqman real-time reverse-transcrip-
tion-PCR (RT-PCR) testing for known hemorrhagic fever viruses
was performed using primers and probes specific for Marburg
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virus (MARV), all four species of Ebola virus (Zaire, ZEBOV; Sudan,
SEBOV; Céte d'Ivoire, CIEBOV, and Bundibugyo, BEBOV),
Crimean-Congo hemorrhagic fever virus (CCHFV), Yellow fever
virus (YFV), Dengue virus (DENV), Rift Valley fever virus (RVFV)
and Chikungunya virus (CHIKV) (available upon request),

Discovery of the BASV Rhabdovirus by 454
Pyrosequencing

200 pL of serum sample were inactivated in 1 mL of TRIzo}
(Invitrogen), and nudcleic acid extraction and purification were
performed di g to the f: ’s instructions. Roche
454 pyroseq using randomly amplified cDNA libraries was
performed as descnb:d previously [35]. Viral sequences were
identified using BLASTn or BLASTx by comparison to the
GenBank nonredundant nucleotide or protein database, respec-
tively (E-score cutoff = 107%)

De novo Assembly of the BASV Genome by lllumina
Sequencing

To recover additional BASV sequence, two sets of ¢cDNA
libraries were prepared from DNase-treated extracted RNA using
a random PCR amplification method as described previously [36],
or random hexamer priming according to the manufacturer’s
protocol (Illumina). The libraries were then pooled and sequenced
on two lanes of an [llumina HiSeq 2000. Raw lllumina sequences
consisting of 100 basc paxr (bp) palrcd-cnd reads were filtered to

lude low-compl polymeric, and low-quality se-
qucnccs, and directly compared using BLASTn or BLASTx

to a library consisting of all rhabdovirus sequences in

GenBank. The initial read obtained by 454 pyrosequencing as well
as other reads aligning to rhabdoviruses were then inputted as
“seeds” into the PRICE dz noso assembler [37] (Fig. 2), with a
criterion of at least 85% identity over 25-bp to merge two
fragments. De nowo assembly of the BASV genome was performed
iteratively using PRICE and the Geneious softwarc package
(Biornatters) [38). The near-complete whole genome sequence of
the novel rhabdovirus (~98.2% based on protein homology to
other rhabdoviruses) was determined to at least 3 x redundancy by
de novo assembly as well as PCR and Sanger sequencing of low-
coverage regions. Sanger sequencing was also performed to verify
the accuracy of the bly and confirm the g ic organiza-
tion of BASV (Fig. 2).

Deep Sequencing Analysis of the BASV Serum Sample for
Other Pathogens

Rapid classification of the ~140 million 100-bp paired-end
Dlumina reads was p:rformcd usmg a modified cloud computing-
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Structural Features and Phylogenetic Analysis

Predicted open reading frames (ORFs) in the BASV genome
were identified with Geneious [38]. Multiple sequence (Figs. 3 and
4; Fig. 51) and pairwise (Fig. 5) alignments of BASV proteins
relative to corresponding proteins from other rhabdoviruses were
calculated using MAFFT (v6.0) with the E-INS-i option and at
default settings [41]. To generate the phylogeny trees, all
rhabdoviruses in GenBank were included as well as repr i
mcmb:rs of other families within the order Mononegavirales,

trec topologies were d with MrBayes V.32

software (20,000 sampled trees; 5,000 trees discarded as burn-in)
{42). Convergence was confirmed by the PSRF statistic in
MrBayes, as well as by visual inspection of individual traces using
TRACER from the BEAST softwarc package [43]. Trees were
visualized after midpoint rooting with FigTree V1.31 [43].

Virus Cultivation in Cell Cultures or Suckling Mice

Initial attempts were made to culture the virus using a tota} of
200 pL. of BASV-positive serum inoculated onto confluent
monolayers of Vero E6 and C6/36 (Aedzs albopictus mosquito) cells
in 6-well plastic tissue culturc plates at 37°C and 28°C,
respectively, in a 5% CO, environment as previously described
[44]. From 20-50 pL of serum were used to inoculate the cells,
which were examined daily for cytopathic effect (CPE) at days 5, 7,
and 14. Supernatants were harvested and two additional blind
passages were performed, each passage followed by 14 days of
observation for CPE. Cell culture supernatants were also
monitored for evidence of viral replication by quantitative RT-
PCR.

Using the remaining 100 uL. of BASV-positive serum, further
attempts were made to culture the virus in 5 cell lines and in suckling
mice. The serum sample was split in half and diluted 1:20 or 1:10 in
phosphate-buffered saline with 20% fetal bovine serum (FBS) to
allow sufficient volume to inoculate cell cultures or mice,
respectively, The first diluted sample was inoculated intracerebrally
into a litter (n = 12) of 1 day old mice. Pups were observed daily for
14 days for lethality or signs of clinical illness. The second diluted
sample was inoculated into 12.5 cm? tissue culture flasks of Vero,
BHK, LLC-MK; (thesus monkey kidney), CCL-106 (rabbit kidney)
and C6/36 cells, Vertebrate cells were held at 37°C for 14 days and
observed for evidence of CPE. M cells were maintained at
28°C for 10 days. Smce no CPE was obscrvcd in any of the cultures,
cells were subseq y fixed for 1 microscopy
to see if viral particles could be visualized [45).

Construction of VSVAG-GFP Pseudotypes and BASV
Serum Neutralization Testing

based  comy pipeline [17) (Veeraragh
Sittler, and Chiu, manuscn.pt in preparation). Briefly, reads
corresponding to human seq were ically classified

using SOAP and BLAT software [39,40}). Other reads were then
identified using BLASTn or BLASTx by comparison to GenBank-
derived reference databases (E-score cutoff=10"3).

PCR Quantitation of BASV Burden

To estimate the viral load in the patient’s serum, we first
designed a set of specific PCR primers for detection of BASV
targeting the L protein, BASV-F (5'- CGCTGATGGTTTTT-
GACATGGAAGTCC-3')/BASV-R  (5'-TAAACTTCCTCTC-
TCCTCTAG-3'), for use in a SYBR-Green real-time quantitative
RT-PCR assay. A standard curve for the assay was constructed as
described previously [36]. The viral load in the patient’s serum
was determined by comparison to the standard curve
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A pscudotype system based on a vesicular stomatitis virus (VSV)
construct carrying a reporter gene for green (luorescent protein
(VSVAG-GFP) and bearing the predicted synthesized BASV
glycoprotein (BASV-G) was used to generate a serum neutraliza-
tion assay for BASV, Briefly, the predicted BASV glycoprotein
(BASV-G) was synthesized (Genscript) and subcloned into the
PCAGGS expression plasmid. Human embryonic kidney 293T
cells were seeded (DMEM + 10% FBS + penicillin/streptomycin +
Gl (Gibco) + ial amino acids {Gibceo)) in 10 cm
culture dishes 24 hours prior to transfection, Cells were transfected
with 20 pg BASV-G, VSV-G, or empty pPCAGGS DNA per dish
following a calcium phosphate transfection protocol [46]. The
culture medium was replaced 15 hours post-transfection and cells
were stimulated with 6.2 mM valproic acid for 4 hours before the
medium was replaced again. At 36 hours post-transfection the
transfected cells were infected with VSVAG-GFP/VSV-G pseu-
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dotypes at a multiplicity of 0.}1-0.3. The inoculum was removed
after 4 hours and replaced by fresh culture medium. At 24 hours
post-infection, infectious supernatants were harvested, filtered
through 0,45 pm filters, and concentrated 10-fold by centrifuga-
tion through a 100-kDA filter (Millipore). Concentrated viruses
were aliquoted and stored at —80°C.

For serum neutralization testing, human hepatoma Huh-7
cells were seeded (DMEM +10% FBS + penicillin/streptomycin
+ Gl (Gibceo) + ial amino acids (Gibeo)) in 48-
welt plates 24 hours prior to infection. Per well 10 p} of
pseudovirus harboring either BASV-G or VSV-G (adjusted to
obtain 25-50% infection of target cells) was mixed with 10 pl of
the respective serum dilution and incubated for 45 minutes at
37°C. Subsequently, the mix was added to the target cells
(performed in triplicate) and cells were incubated for 24 hours at
37°C. The infected cells were detached with trypsin and washed
with PBS before fixing with 2% paraformaldehyde for 1 hour at
room temperature. GFP expression in infected cells was
q ified by flow cy y using a LSR II (BD Biosciences)
and the collected data was analyzed with FlowJo software
(TreeStar).

Abbreviations and Nucleotide Sequence Accession
Numbers

The annotated, nearly wmplete sequence of BASV has been

bmitted to GenBank ion number ]JX297815). Deep
sequencing reads have been submitted to the NCBI Sequence
Read Archive (accession number SRA056894). Accession num-
bers used for the phylogenetic analyses in Figs 3, 4, and S1 are
listed as follows, in alphabetical order: ABLV, Australian bat
lyssavirus (NP_478343);, ARAV, Aravan virus (ABV03822),
BEFV, Bovine ephemeral fever virus (NP_065409); BYSMV,
Barley yellow striate mosaic virus (BYSMV); CDV, Canine
distemper virus (AAR32274); CHPV, Chandipura virus
(ADO63669); CPV, Coastal Plains virus (ADG86364); COCV,
Cocal virus (ACB47438); DURV, Durham virus (ADBB8761);
DUVYV, Duvenhage virus (ABZ81216); EBLV1, European bat
lyssavirus 1 (ABZ81166), EBLV?2, European bat lyssavirus 2
(ABZ81191), EBOV, Ebola virus (AAG40171, AAA79970,
BAB69010); EVEX, Eel virus European X virus (CBH20130);
FDLV, Fer-de-lance virus (NP_899661); FLAV, Flanders virus
(AAN73288); HeV, Hendra virus (NP_047113); HIRRV, Hirame
rhabdovirus (ACO87999); HMPV, Human metapneumovirus
(L_HMPVC), HPIV-1, Human parainfluenza virus type | (AA
A69579); HPIV-2, Human parainfluenza virus type 2 (CAA
40788); HPIV-3, Human parainfluenza virus type 3 (AAA46854);
HPIV-4, Human parainfluenza virus type 4 (BAJ11747); INHV,
Infectious hematopoietic necrosis virus (NP_042681); IRKV, Irkut
virus (ABV03823); ISFV, Isfahan virus (CAH17548); KHUV,
Khujand virus (ABV03824); LBV, Lagos bat virus (ABZ81171);
LNYV, Lettuce necrotic yellows virus (YP_425092); MARAV,
Maraba  virus  (AEI52253);, MARV, Marburg virus
(YP_001531159); MeV, Measles virus (AF266288); MMV, Maize
mosaic virus (YP_052855); MOKYV, Mokala virus (ABZ81206);
MOUYV, Moussa virus (ACZ81407); MUV, Mumps virus (AF
201473); NCMV, Northern cereal mosaic virus (NP_597914);
NDV, Newcastle disease virus (ADH10207); NGAV, Ngaingan
virus (YP_003518294); NiV, Nipah virus (AAY43917); OVRYV,
Oak Vale rhabdovirus (AEJ07657); PFRV, Pike fry rhabdovirus
(ACP28002); RABV, Rabies virus (NP_056797); RSV, Respira-
tory syncytial virus (NP_056866); RYSV, Rice yellow stunt
rhabdovirus (NP_620502); SIGMAV, Sigma virus (ACU65444);
SCRYV, Siniperca chuatsi rhabdovirus (YP_802942); SHRV,
Snakehead virus (AADS56771); SMRV, Scophthalmus maximus
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rhadavirus (ADU05406); SVCV, Spring viremia of carp virus
(NP_116748);, SYNV, Sonchus yellow net virus (NP_044286);
TIBV, Tibrogargan virus (ADGB86355); TUPV, Tupaia virus
(AAX47602); TVCV, Tomato vein clearing virus (YP_224083);
VHSV, Viral hemorrhagic septicemia virus (NP_049550); VSIV,
Vesicular stomatitis virus, Indiana (NP_041716); VSNJV, Vesicular
stomalitis virus, New Jersey (P16379); WCBV, West Caucasian bat
virus (ABV03821); WONGYV, Wongabel virus (YP_002333280).

Supporting Information

Figure S1 Phylogenetic analysis of the N, P, M, and G
proteins of BASV and other rhabdoviruses. Each phyloge-
netic tree is rooted by using the corresponding protein from
human parainfluenza virus type | (HPIV 1), a paramyxovirus, as

an outgi Abbreviations and bers used for the
phylogencuc analysis are provided in Methods.

(TIH

Figure $2 Confi ion of lab Yy ination by

rotavirus and absence of rotavirus in BASV serum by
specific PCR. An RT-PCR assay for detection of Group A
rotaviruses was performed using primers NSP3F (5'-AC-
CATCTWCACRTRACCCTCTATGAG-3") and NSP3R (5'-
GGTCACATAACGCCCCTATAGC-3'), which generate an
87-bp amplicon (Freeman, et al,, (2008) ] Med Virol 80: 1489~
1496). PCR conditions for the assay were 30 min at 50°C, 15 min
at 95°C for the reverse transcription step followed by 40 cycles of
95°C, 30 s/55°C, 30 5/72°C, 30 s and 72°C/7 min for the final

ion. PCR prod are visualized by gel electrophoresis,
using a 2% agarose gel and 1 kB ladder. Rotavirus is readily
detected in extracted RNA from a stool sample taken from an
ongoing study of viral diarrhea in the laboratory (lane 1), but not
in two separate aliquots of extracted nucleic acid from the BASV
serum sample (Janes 2 and 3)

(T

Table S1 Viral reads in the deep sequencing data
corresponding to the BASV-positive serum sample.
DOCX)

Table $2 Demographics of 50 blood donors from Kasai-
Oriental province, DRC, randomly selected for BASV
antibody screening.

(DOCX)
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Outbreaks of a serious mosquito-borne disease have exploded in WA [Western Australia state] this year [2012],
with 5 times more people contracting Ross River virus than 3 years ago. The virus, which can leave victims with a
lifetime of debilitating symptoms and side-effects, infected 1570 people across the State in 2011-2012,
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Public health officials in Mandurah branded the 2011-2012 mosquito season the worst on record.

PLEDTTIONIZ 207z, BE2EM

X
2D
//.
=~
J
A
{
=
X
ol
=
S
Y
P
X HEE
mm 2 I 40 5Q
m.@f/.ﬂ o = WA cases of Ross River virus reached 332 in 2009-2010 and the number more than doubled to 770 in 2010-2011.
= J =
NI fr
=3 ) J Y] -
N Al. N ford 5
P i
| W%.B = 2 Department of Health entomologist Peter Neville said there had been more mosquitoes over the past 2 years. "It's
< i.& % wmm largely to do with weather events,” he said. "Over the last 2 years we have been under La Nina weather
W_HA\T I Z‘ conditions.” Those conditions meant more rain and higher minimum temperatures, leading to more mosquitoes. He
ﬂiﬁ WW = said there was a spike in Ross River virus cases every 3-4 years.
SR N
REHE 8 N
SN N 1
; & S|z
= 3
] :/WW M& £ W/% Infected people get a fever, headaches, rashes and painful, swollen joints. "In some cases it can last up to 12
JA..M BN et & m i months," Dr Neville said. "In some people, it can be quite devastating. The virus can reduce people’s capacity to
X wm gV o\ F work. It's quite debilitating."
AREEER %= ¢
Nt &3
AT £ L
@ Ty =id
‘\_\ N mm. ﬂ_ dvu 154 A report to the City of Mandurah this week revealed the council has struggled against mosquitoes, "The
.y LIRS ,U = .ﬂu. continuation of the La Nina weather event resulted in local weather and tide behaviour that made mosquito
m T M Mﬁr_ W@ management very difficult due to consistent inundation of breeding sites and the frequent hatching of salt-marsh
OB\ w_A ¥ mosquito larvae," environmental health officer Brendan Ingle wrote.
#He
w
B R 5 40 © B K nE

http://www.promedmail.org/direct. php?id=20120929. 1315179{2012/11/20 18:51:16]



=p;z,dqd'J,an1p/f:‘uo'uempawold'MMM//:dnq

[91:15:81 0z/11/210216£151£1'6260210C

| Bl 21

os|y 208

(VL '¥M) Bi|2N1sny - STUIA J9A1Y SS0Y

TEGZOTT 6TH0CTOC (IA) :(£0) BIjRASNY - SNUIA IDARY SSOY

14

ZTZ6G0T ¢0E0210¢ (VM) BlRAISNY - SNUIA DAY SSOY

TTE60TT TZP0Z10¢C (IA) ($0) RlRNSNY - SNHA IBAIY SS0Y

30 SWI9) dY3 AQ PauIan0b 5| SOIAISS PaIL|DL PuR BUS GOM SIUY JO asn ‘sauyepInb Adeand 4no peay

'paAIFSY SIYBRY Ny S9SBaSIQ SNOIIFHUT 10§ AIB1IOS (RUONRUISIU] 800Z‘TO0ZO

‘3DAI9G

L! B

10

[

e PIssadIe 3 ued dew {ew-qIWoLd/deiiesH v

pue “sapay”

exnzI] efiyiuny inayloddey 1ew-gIWodd

AL'POW - "suewny ui spieyyeAjod 83nde sasned pue ‘sa1dads™xajnd

Buipnjoul saoynbsow jo abues apim e Aq pajjiwsuel) snajaeydie 3)30UO0Z B S| SNUIA 12A1Y SSOY "UOSEIS UOISSILLISULR)
2T0Z-TT0¢ 943 uf SISEI 0LST U33Q 3ARY 42y Jey] $31ed|pul Hodds DACHR AL 'APIM-PIPIS SASED TTS atam a.1ay)
'TT0T 40 SYWOW 7 IST 343 UL "Z10T Ui Auedyiubls Paseasou) ARy BI|RIISNY LIBISIM Ul SUOIDSJUI SRUIA ISAIY $SOY]

EXS HRHS

1AQ paledIUNWWO))

‘pleS BYs ,'wayl [P JIIMm

[llrumod epabuy :auAg]
BulAeids jo Junowe ou ‘sease Buipaalq syl arepunul Aayy pue dn ABIS SIPI} ASOY) UBYM pue ‘}Pays BUIN BT/OUIN |3

‘jud)|adad 30asui Ajdde pue Huylop 3s00|

‘6uoj Jeam [03 pasiape a4e Aay|] ysnp pue umep e sao0)inbsow Inoqe juepbia AjerRadss aq 03 pabin ase ajdoay

BEREE

3U3 1 [0J3UO0D J,UED IM JBYM, "dBALE|

oynbsow ||pj 03 paAesds app1dBsUl JO Junowe ayy pajdrupenb pey |2UND 3Y) pies ABAIBLD 1pped JoARU yeinpuely
‘pawley butaq sem uoneindad s,A3d a3y pauiem pue

apIsino 06 03 wayy 10y 3)qissoduw) 31 Iew s0Nbsow Jo swiems 1eyl 33am siy3 paure|dwod SJUSPISAI yednpuep
‘ZT0Z-TT0Z W 90Z 03 0T0Z-600Z Ul 85 WO PaIL0s L0i63J |93d BY3 Ul SESED SNUIA JOAJY SSOY

No. 8

| rew-gawold

BAES -RERK

®ER

FEELEDORES
ML

F—HAFH
2013. 2. 20

BEREOERH

— BB

FrfE s A ML

BRFE4A (R %4A)

FHLEES M R-LRT B AR (R AR+-FH)
SRS M AE-LRT B RS R M (B AR+FH)
FriERE myE-LRT B 9R 1120 (B AFKF+-F4D)
A i $E-LRT B #1240 (AR A+-F4E)
BRES LAE-LRT B R 1480 (B AF+FH)

HRBED RN

“RE

ProMED 20130215.1544648 3
A—RART
g

=%},

RO

OF —A NSV T amE IV FUANA—A—ANFIT
J 4=V ARG RN AR EEOSED B B H, B A —ANFY T Ay Iy P AN REFRE L TS B EiddAay Y
R EORIEH DO ITEBIEL ST, VANAITRRL, BEABRETHD, ZHIE R OF — ARV T av eI v A
AT LT3N B DR EEFTHD, B3 (19964 L1998 ) LRI L2 NIZFET LTS,

AN ADRE) R ETOHRITE 2 THY, EMIBITBEROUERDYS | 1FIE=V VTR EN THILEGRRE. b
AL RSB THLRIEL TG, ZOUA/VAIRRE, SAE, BEEE2b6L  BHIFREEILIFET T, Eh—
CMRIITES b AR THAMN. B TRIVIWEEZ b5, BIROFEIIHRRE S THERIZRONTVRVS, FHHEHE

DA TR O S TR, 2 TOA—AN YT OITEINZOVANZEREFLTODHRELRHY, VANVZNLD
B ROPBEEIoyT)RA AT LOEMERIT AL THHER T,

ERALOERRERHRR-
TS ELEF

BrE R - LRI A 7R )
iﬁ%ﬁﬁ%ﬂnﬂﬁ—mr B RS
RS EE-LRI B 7Rj120
SRS MAR-LRT A 7R 1240
B M A%-LRT B 771480

miRENTDTANA,
ME, RREORR
vCIDEDEREDI AT

EREOER

SHROR

F—=ANFTT DITA—2 ZF FREEDE R4 —~ARTVT

ayEYY YT ANAERLUEE LR TRY, ZIUIZOU A

NA~DELDBERINIIGE THhHEDHETHD,

B AR+ TH, BIRMER R L CRATRCEINETERD

FEAFERL, BFEOE) OB TEEL TSI, B

REDERARELROTELL TS, B, BT ENIES
IZEAIEHL TH630 A MO REEL T, SEDIFROIE

IZEH5,

MedDRA/J Ver.15.1J



JRC2013T-008

Published Date: 2013-02-15 17:55:17

Subject: PRO/AH/EDR> Australian bat lyssavirus - Australia: (QL) 3rd victim
Archive Number: 20130215.1544648

AUSTRALIAN BAT LYSSAVIRUS - AUSTRALIA: (QUEENSLAND) THIRD VICTIM

****************************************************************
A ProMED-mail post

http://www.promedmail.org

ProMED-mail is a program of the

International Society for Infectious Diseases

http://wwwi,isid.org

Date: Fri 15 Feb 2013
Source: World News, AAP report [edlted]

A north Queensland boy was likely bitten or scratched by a bat or a flying fox carrying Australian bat lyssavirus,
and he's now critically ill in hospital. An 8-year-old Queensland boy is critically ill with the bat-borne virus that
causes fits [seizures], paralysis and death. It's only the 3rd confirmed case of the rabies-like Australian bat
lyssavirus recorded in the country. The other 2 victims, both infected in Queensland, died.

It's assumed the north Queensland boy was bitten or scratched by a bat or a flying fox carrying the deadly virus.
It's believed he was infected about 2 months ago and a few weeks ago developed a brain infection that led to fits
[seizures]. He's now so unwell he cannot give doctors any clues about how he came to ‘be infected. "We're not sure
of the circumstances because the child is now too sick to teli us,” Queensland Chief Heaith Officer Jeannette Young
told reporters on Friday [15 Feb 2013].

"He's critically unwell. The previous 2 cases did not survive and the vast majority of people who contract rabies
[rabies virus and Australian bat lyssavirus are distinct virus species - Mod.CP] overseas die, unfortunately "The
other 2 cases were recorded in 1996 and 1998.

Dr Young said the family was incredibly distressed given the prognosis for the boy. The time from exposure to the
virus to the development of symptoms is variable. Of the 2 known human cases, one became ill several weeks
after being bitten by a bat while the other became ill more than 2 years after a bat bite. The virus causes
paralysis, delirium and convulsions. Death is usually caused by respiratory paralysis. It's theoretically possible that
the virus could be passed from human to human but that is considered very unlikely. And so far the boy's family
has not shown any signs of symptoms but they've been given post-exposure drugs [rabies virus vaccine?] as a
safeguard.

Dr Young said it's assumed any bat in Australia could carry the disease, and bat behaviour is not an accurate guide
to infection. She said the best protection against the virus was to avoid handling any bat or flying fox. "Only people
who have been trained in the care of bats, and who have been vaccinated against rabies, should ever handle bats
or flying foxes," she said. "It is important to also encourage young children to never handle bats, particularly if
they should come across a sick or injured one."

Federal MP Bob Katter, who holds the north Queensiand seat of Kennedy, says it's time to revisit the idea of culling
bats. The independent MP has long supported culling because bats spread disease, ruin farmers' crops and are a
pest. He says Premier Campbell Newman has broken a pre-election promise to do something about bat colonies
that have invaded some Queensland towns. "Clearly the Liberal National Party puts the weifare of bats over the

lives of human beings,” Mr Katter told reporters on Friday. He said bat populations were out of control thanks to
laws preventing farmers and others from killing them.

Communicated by:
Gert van der Hoek
Senior Moderator
FluTrackers.com

[Gert van der Hoek is thanked for drawing attention to this report.

Australian bat lyssavirus [ABLV} is classified as a district species in the genus _Lyssavirus_ of the family
_Rhabdoviridae_. It is closely related to rabies virus, but restricted to bats. It is antigenically similar enough to be
neutralised by standard anti-rabies virus vaccine which can be used for post-exposure prophylaxis if administered
before the onset of symptoms of disease. However in the present case in view of the lapse of time between
exposure and appearance of symptoms it is unlikely that post-exposure prophylaxis could be successful.

According to Queensland Health

(hitp: 2 ! J asp):

Australian bat lyssawrus (ABLV) is a virus that can be transmltted from bats to humans causing serious iliness.
‘@ virus was 1st identified in 1996 and has been found in 4 kinds of flying foxes/fruit bats and one species of

insect-eating microbat. Evidence of previous infection has been found in blood tests from a number of other bat

species. It is therefore assumed that any bat in Australia could potentially carry the virus.

Since November 1996, 2 people have died as a resuit of ABLV infection after being bitten by bats. ABLV is one of
12 types of lyssavirus which are found around the world. ABLV is the only one of these known to occur in
Australia. ABLV infection in humans causes a serious iflness which results in paralysis, delirium, convulsions and
death. Death is usually due to respiratory paralysis. Transmission of the virus from bats to humans is thought to
usually be by a scratch or bite, but also potentially by being exposed to bat saliva through the eyes, nose or
mouth (mucous membrane exposure). ABLV is unlikely to survive outside the bat for more than a few hours,
especially in dry environments that are exposed to sunlight. The time from exposure to the virus to the
development of symptoms is variable; of the 2 other known human cases of ABLV infection, one became ill several
weeks after being bitten by a bat while the other became il more than 2 years after a bat bite.

There is no available treatment for ABLV. In all potential exposures to ABLV (bites, scratches, mucous membrane
exposures), seek medical advice immediately, even if you have been vaccinated. Proper cleansing of the wound is
the single most effective measure for reducing transmission. If bitten or scratched, immediately wash the wound
thoroughly with soap and water for at least 5 minutes. If available, an antiseptic with anti-virus action such as

widone-iodine, iodine tincture, aqueous iodine solution or alcohol (ethanol) should be applied after washing. If
bat saliva contacts the eyes, nose or mouth, it is necessary to flush the area thoroughly with water. Seek medical
attention as soon as possible. The best protection against being exposed to the virus is for members of the
community to avoid handling any bat or flying fox.

Anyone who has been potentially exposed to ABLV, and has never received pre-exposure vaccination, will require
an injection of rabies immunoglobulin and a series of 4 rabies vaccine injections over one month (on days zero, 3,
7, and 14). Queensiand Health will fund these injections, which are called 'post-exposure prophylaxis,' and your
local public health unit will arrange for these injections to be delivered to your GP or hospital. These injections are
recommended for anyone who has been exposed to ABLV, regardless of how long ago the exposure occurred.
People with a weakened immune system wifl require a further (5th) dose of vaccine given at day 28 and follow up
blood tests to confirm their immunity. Post-exposure vaccination may be delayed for up to 48 hours if the bat is
available for testing, without placing other people at risk of exposure.

A map of Australia, shooing the location of Queensland can be accessed at: http://mapsof net/map/australia-
states-rsQ1# UR6fsaXElac. - Mod.CP

A HealthMap/ProMED-mail map can be accessed at: http://healthmap.org/r/1z *.]
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g’@ World Health
NSP Organization

Global Alert and Response (GAR)

Ebola outbreak in Democratic Republic of
Congo — update

Share Print

Related links

8 OCTOBER 2012 - As of 7 October 2012, 49 cases (31 laboratory
confirmed, 18 probable) with Ebola haemorrhagic fever (EHF) have been
reported in the Democratic Republic of Congo (DRC). Of these, 24 have Ebola haemorrhagic fever
been fatal (10 confirmed, 14 probable). Fact sheet
. interim infection control
The cases reported are from Isiro and Viadana health zones in Haut-Uélé recommendations for care of patients
district in Province Orientale. with suspected or confirmed filovirus
(Ebola, Marburg) haemorrhagic fever
Ministry of Health (MoH) continues to work with partners, under the
National Task Force to identify all possible chains of transmission of the
iliness and ensure that appropriate measures are taken to interrupt
transmission and stop the outbreak. The task force includes Médecins
Sans Frontiéres (MSF); the International Federation of Red Cross and Red
Crescent Societies (IFRC); US Agency for International Development
(USAID); US Centers for Disease Control and Prevention (CDC); and the
United Nations Children’s Fund (UNICEF) and WHO.

Response operations continue in the areas of coordination; Infection
Prevention and Control (IPC), surveillance and epidemiology; case
management; public information and social mobilization; psychosocial
support; anthropological analysis; and logistics.

WHO and the Global Outbreak Alert and Response Network (GOARN)
have deployed experts to support operational response, including
establishment of a field laboratory and in the area of infection prevention
-1 control in health care settings.

Initial samples were tested and confirmed by Uganda Virus Research
Institute (UVRI). CDC established a field laboratory in Isiro in the beginning
of the outbreak and Public Health Agency of Canada (PHAC) is continuing
to provide support on rapid diagnosis in the field with their mobile
laboratory facilities in isiro.

Ongoing activities in Isiro and neighbouring areas include: training of health
care workers on IPC in health care facilities, provision of support on case
management, strengthening surveillance, working with traditional healers in
raising awareness about EHF, providing psychosocial support to affected
families, and conducting outreach to schools.

With respect to this event, WHO does not recommend any travel or trade
restrictions to be applied to the DRC.

General information on controlling infection of EHF in health-
care settings

Human-to-human transmission of the Ebola virus is primarily associated
with direct contact with blood and body fluids. Transmission to healthcare

JRC2012T-049

http://www.who.int/csr/don/2012_10_08a/en/index.html

workers has been reported when appropriate infection control measures
have not been observed.

Health-care workers caring for patients with suspected or confirmed Ebola
virus need to apply infection control measures to avoid any exposure to the
patient’s blood and body fluids and/or direct unprotected contact with the
possibly contaminated environment. In addition, it is important that
Standard Precautions, particularly hand hygiene, the use of gloves and
other personal protective equipment, safe injection practices and other
measures are applied to all patients in all health care settings at all times.
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CORRESPONDENCE

tory tract infections cautioning against their mis-
use.? Linezolid may become subject to similar
misuse by physicians who prescribe it for the
treatment of undiagnosed infections, as has been
reported.* This obsetvation is consistent with
our own at a tertiary care hospital in India. In the
recent guidelines on pneumonia from India, we
have called for restrictions on the use of linezo-
lid.® It is desirable that future guidelines on re-
spiratory and other infections advise against its
use early in the course of an infection.

Sahajal Dhooria, M.D.
Ritesh Agarwal, M.D., D.M.
Digamber Behera, M.D.

Postgraduate Institute of Medical Education and Research
Chandigarh, India
riteshpgi@gmail.com

No potential conflict of interest relevant to this letter was re-
ported.

1. Singla R, Caminero JA, Jaiswal A, ct al. Linezolid: an effec-
tive, safe and cheap drug for patients failing multid i

TO THE EDITOR: Lee et al. report that 82% of the
patients with XDR tuberculosis who were treated
with linezolid had drug-related toxicity. This
prompted the authors to ask for careful drug
monitoring by means of conventional blood
analysis. Can we do more? Preliminary evi-
dence* has suggested the potential relation be-
tween the pharmacokinetics of linezolid and its
tolerability, providing the rationale for targeting
linezolid dosage on the basis of its plasma con-
centrations — that is, therapeutic drug monitor-
ing. Purther study is warranted to determine
whether therapeutic drug monitoring can serve
as a predictive tool to improve the safety of pa-
tients requiring long-term therapy with linezolid.
Dario Cattaneo, Pharm.D., Ph.D.

Giovanna Orlando, M.D., Ph.D.

Laura Cordier, M.D.

Luigi Saceo University Hospital
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Human Borrelia miyamotoi Infection in the United States

TO THE EDITOR: Borrelia miyamotoi, a spirochete
that is genetically related to the species of bor-
relia that cause relapsing fever, has been detected
in all tick species that are vectors of Lyme dis-
ease.M? It was detected in Ixodes scapularis ticks
from Connecticut in 2001 and subsequently has
been detected in all areas of the United States
where Lyme disease is endemic. The first human
cases of B. miyamotoi infection were reported in
Russia in 2011.> We now provide evidence of
B. miyamotoi infection and the prevalence of this
infection among people in the United States.
Enzyme-linked immunosorbent assays and
confirmatory Western blot assays of archived

serum samples obtained from three groups of
patients who were living in areas where Lyme
disease was endemic between 1990 and 2010
were used to detect antibody against B. miyamotoi
GIpQ protein (an antigen that is nonreactive to
B. burgdorferi antibody).* Group 1 consisted of
584 patients who participated in serologic sur-
veys for tickborne infections on Block Island and
Prudence Island, Rhode Island, and Brimfield,
Massachusetts. Patients in the serologic survey
were healthy at the time of blood sampling and
wete enrolled during the spring and autumn of
each year. Group 2 included 277 patients from
southern New England who were evaluated for

M ENGL ] MED 368;3 NEJM.ORG JANUARY 17, 2013

The New England Journal of Medicine

Downloaded from nejm.org at ] R C CENTRAL BLOOD INSTITUTE on March 18, 2013. For personal use only. No other uses without permission.

Copyright © 2013 Massachusetts Medical Saciety. All rights reserved.

291

292

Downloaded from nejm.org at J R C CENTRAL BLOOD INSTITUTE on March 18, 2013. For personal use only. No other uses without permission.

The NEW ENGLAND JOURNAL of MEDICINE

:v'l'ablg i Sérgl; ‘ cal Characteristics of vbn‘(_(tiiy mlyamatul lnﬁ\a‘&i&n in Study Péﬁie}ifs.fi
Group, Patient No., and No. of
Serum Phasej Assay Method Coinfection;  Symptoms
ELISA Western Blot
igM IgG
Group ¥
Patient 1 Positive at 1:320 dilution Positive Positive None None
Patient 2 Positive at 1:320 dilution Positive Negative None None
Patient 3 Positive at 1:320 dilution Positive Positive None None
Patient 4 Positive at =1:320 dilutionj Not done Positive None None
Patient 5 Positive at 21:320 dilution§ Not done Positive None None
Patient § Positive at 1:320 dilution Positive Positive None None
Group 2
Patient 7 ?‘dsitivg at 21:320 dilution§ Not done Positive None 5
Patient 8 " Positive at 1:320 diiulion Negative Positive None 9
Patiant 9 Positive at 1:320 dilution Negative Positive None 8
Patient 10 Positive at 21:320 dilutionf Not done Positive None 6
Patient 1 Positive a’v(\é1:3’2‘0' diiﬁtion! Not done Positive None 3
Patient 12 Positive at 1:1280 dilution Negative Positive Lyme disease 4
Patient 13 ¢ Positivé at 1:32(_)“diluﬁ'o‘n Negative Positive Lyme disease = Untertain
Patient 14 Positive at 1:320 dilution Positive Positive Lyme disease  Uncertain
Patient 15
Acute Negative at 1:160 dilution Negative Negative Babesiosis 12
' Conivalescent - Positive at 1:1280 difution Positive” . Positive
Group 3
Patient16: "<~ Pasitive'at 111280 dilution . Positive ~ *Positive None 5
Fatient 17
Adimer Nve'g‘a‘tivé at 1:80 dilistion Positive Negative None 10
Convalescent Positive at 1:320 dilution Positive Positive
Patieﬁt i8
Acute Negative at 1:30 dilution Positive Positive Lyme disease 12
Conva[es_qent Positive at 1 dilution Negative Positive

* ELISA denotes enzyme-linked immunosorbent assay.
T See the text for the definition of the various groups.

1 The diagnosis of Lyme disease was based on a typical erythema migrans skin lesion in Patients 12, 13, 14, and 18.
Patients 8 and 16 had an atypical erythema migrans skin lesion {<5 cm in diameter).
§ Tests to determine the presence of antibody in serum dilutions greater than 1:320 were not performed.

suspected Lyme disease. Group 3 consisted of
14 patients from southern New York who were
evaluated at a Lyme disease clinic with a viral-
like illness in the late spring or summer; these
patients did not have symptoms or signs sugges-
tive of an upper respiratory tract infection or
gastroenteritis.

The seroprevalence was 1.0% in group 1,
3.2% in group 2, and 21.0% in group 3 (P<0.001

for comparisons among the three groups). In one
patient in group 2 and two patients in group 3,
the antibody titer was at least four times as high
in the convalescent serum samples as in the
acute serum samples; these findings suggest
that these patients were recently infected with
B. miyamotoi (Table 1). All symptomatic patients
presented with a virallike illness and were
treated with doxycycline or amoxicillin. Unlike

N ENGLJ MED 368;3 NEJM.ORG JANUARY 17, 2013
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the patient with well-documented B, miyamotoi
infection described by Gagliotta et al.5 elsewhere
in this issue of the Journal, none of the three
patients with evidence of recent B. miyamotoi in-
fection in our study were immunocompromised.
One patient had B. miyamotoi seroconversion and
no erythema migrans skin lesion or laboratory
evidence of human granuloeytic anaplasmosis
coinfection (Patient 17). This patient had a tem-
perature of 39.4°C, chills, sweats, a headache,
neck stiffness, fatigue, myalgias, arthralgias,
abdominal pain, a cough, a sore throat, and
right inguinal lymphadenopathy. He was treated
successfully with 14 days of doxycycline. The
identification of B. miyamotoi antibody in 18 of
our study patients, including seroconversion as-
sociated with symptoms in 3 patients, suggests
that B. miyamotoi infection may be prevalent in
areas where Lyme disease is endemic in the
United States. :
Peter ). Krause, M.D.

Yale School of Public Health

New Haven, CT
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Checklists for Invasive Procedures

TO THE EDITOR: In recent years, the World Health
Organization (WHO) has undertaken a number
of global and regional initiatives to improve the
safety of surgical care. Its 2008 Safe Surgery
Saves Lives campaign intraduced the concept of
a checklist, which was intended to identify and
control risk during each of the three phases of an
operation: before induction of anesthesia (“sign-
in”), before incision of the skin (“time-out”), and
before the patient leaves the operating room
{(“sign-out”). It has been well received by the
spectrum of health care professionals in the op-
erating room* and has been shown to reduce
mortality and morbidity.

However, the concept has faltered in moving
beyond the operating room, despite the rapidly
expanding list of invasive procedures now taking
place in nonsurgical, interventional specialties.
The same sign-in, time-out, and sign-out phases
are eminently applicable to procedures per-
formed in the endoscopy suite, the cardiac cath-
eter laboratory, and interventional radiology
rooms. These patients are deserving of the same
safety considerations that are being afforded to
those undergoing an operation; the essential
objectives listed by the WHO include appropriate
consent, appropriate personnel and equipment,
correct procedural site, avoidance of known al-
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Abstract: Toxoplasmosis is a devastating opportunistic infection
that can affect immunocompromised patients such as cord blood
transplantation (CBT) recipients. The clinical characteristics of 4
toxoplasmosis CBT patients treated at our institution are

reviewed, together with 5 cases collected from the literature. The
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prophylaxis strategy are needed in CBT recipients.

Toxoplasmosis is a devastating opportunistic infection
in hematopoietic stem cell transplant (HSCT) patients
that is caused by the protozoan Toxoplasma gondi,
and is associated with high mortality (1). It can
induce symptoms limited to the central nervous
system, lung, heart, and eyes, or cause disseminated
infection (2). Its incidence shows marked geographi-
cal variations, being highér in Southern Europe in
comparison with other developed regions (3). Primary
infection in immunocompetent hosts leads to latency
of the-parasite-as-cysts in-musele-and--other tissues
(4). Toxoplasmosis in HSCT recipients usually results
from the reactivation of latent infection rather than
being due to primary infection. A few cases have been
reported in HSCT recipients with negative Toxoplasma
antibody titers, suggesting transmission of infection
via marrow or blood products (5).
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rate of toxoplasmosis in our hospital was 6% in CBT recipients
and 0.2% in other types of allogeneic hematopoietic stem cell
transplantation (P < 0.001). Five patients (56%) presented
disseminated toxoplasmosis and 4 patients (44%) had localized
infection in the central nervous system. In 5 of the 9 patients
considered (56%), cytomegalovirus viral replication had been
detected before the clinical onset of toxoplasmosis. Seven patients Infectious Diseases Unit, Hospital Universitario Puerta
(78%) had previously developed graft-versus-host disease. All
patients who exhibited disseminated disease died due to
Toxoplasma infection. Pre-transplant serology was positive in 1
patient, negative in 3 patients, and not performed in another. Only | Fax 34 911918807
1 of these 5 patients with disseminated disease had received
Toxoplasma prophylaxis with cotrimoxazole. It could be concluded
that mortality in CBT patients with disseminated toxoplasmosis is
unacceptably high. The negative results of serology in the
majority of these cases, and its unspecific clinical presentation,
makes diagnosis exceedingly difficult. Better diagnostic tests and
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Cord blood transplantation (CBT) is associated with
prolonged and severe impairment of cellular immunity
and is considered an important risk factor for
Toxoplasma infection and other opportunistic infec-
tions (1, 6-8). The experience of toxoplasmosis in CBT
patients communicated in the literature up to now has
consisted of reports of isolated cases (1, 6, 9, 10).

We report 4 cases of toxoplasmosis in CBT recipi-
ents treated in our institution and review similar previ-
ously reported cases in HSCT patients.

Methoeds

In our institution, some eligible patients have received
a single unit of CBT following myeloablative condi-
tioning, supported by the co-infusion of a relatively

low number of T-cell-depleted, mobilized hematopoi-
etic stem cells (MHSC) from a third-party donor
(“dual” CBT). This strategy results in early recovery
of circulating granulocytes and high rates of CB
engraftment and full chimerism, making CBT with
single units of relatively low content feasible in adults
(11). A minimum of 1.5 x 107 total nucleated cells,
and 0.1 x 10° CD34+ cells/kg recipient body weight
before freezing, were infused. Third-party donors
were selected based on their suitability to donate and
undergo an MHSC collection procedure with granulo-
cyte colony-stimulating factor mobilization, negative
serological cross-match with the patient, cytomegalo-
virus (CMV) serology, age, and gender. For most
patients, the preparative regimen consisted of fraction-
ated total body irradiation to a total of 10 Gy in
5 doses over 3 days (—8 to —6) with lungs shielded at
8 Gy; fludarabine, total dose of 120 mg/m® (30 mg/
m?/day intravenous [IV], days —5 to —2); cyclophos-
phamide 120 mg/kg total dose (60 mg/kg/day IV
over 1 h, days —3 and —2); and equine anfithymocyte
globulin  (Lymphoglobuline, Imtix-Sangstat, Lyon,
France) 30 mg/kg on day -1, versus Thymoglobulin
(Genzyme, Cambridge, Massachusetts, USA) 0.5 mg/
kg day —3 and 2 mg/kg/d days —2 and —1. Busulfan
at a total oral dose of 8 mg/kg (6.4 mg/kg IV after
2004) substituted for total body irradiation when the
latter was contraindicated. Patients were nursed in
positive pressure air-filtered rooms. Gut decontamina-
tion using ciprofloxacin was initiated on day —8 and
continued until the absoclute neutrophil count (ANC)
dropped below 0.5 x 10°/L, when patients were
switched to IV meropenem. Patients also received
daily cotrimoxazole (1200/240 mg/12h IV from
day —8 to ~1), and 3 times per week from CB engraft-
ment until day +180. After May 2004 (when the third
case was diagnosed) chemoprophylaxis against toxo-
plasmosis was changed 10 pre-transplant cotrimoxaz-
ole, oral azithromycin 1g twice a week until CB
engraftment, and then pyrimethamine/sulfadoxine
(Fansidar®; Roche Pharmaceuticals, Nutley, New
Jersey, USA) and folinic acid, continued until day +180,
Patients also received fluconazole from day —8 until
ANC recovery, immunoglobulin (400 mg/kg weekly
from day -3 to +60), and acyclovir (200 mg/8h from
day —8 to +35, when it was switched to the oral route.
The enzymelinked fluorescence assay (VIDAS®,
bioMérieux Inc., Marcy I'Etoile, France) technique was
employed for Toxoplasma IgG antibody determination.
A definition of possible, probable, and definite toxo-
plasmosis had previously been proposed (12). Patients
who had clinical and radiological evidence suggestive
of brain Toxoplasma disease plus a positive polymerase
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chain reaction (PCR) test from cerebrospinal fluid
(CSF) (or other biological specimen), but who had no
histological confirmation, were classified as having
probable Toxoplasma disease. Disseminated toxoplas-
mosis was defined as clinical, radiological, or histologi-
cal evidence of disease affecting >1 organ. Samples of
CSF (0.5 mL) were concentrated by centrifuging at
1800 3 g for 10 min. The samples were incubated and
shaken in 100-mL portions of lysis buffer (10 mM Tris-
HCI [pH 8.3], 1.5 mM MgCl,, 50 mM KCl, 0.1 mg of
gelatin per mL, 0.5% Tween 20, 20 mg of proteinase K)
at 55°C for 90 min. After inactivating the proteinase K
at 94°C for 10 min, the suspension was centrifuged at
12,000 rpm for 5 min, and the supernatant, which con-
tained the DNA, was moved to a new tube. T. gondii
infections were initially confirmed by nested PCR ampli-
fication of the repetitive and conserved gene B1 (13).
Toxoplasma disease was considered the main causé
of death when no -other relevant complication
occurred prior to death. Patients were considered to
have died from another cause if they had responded
to therapy before death from an unrelated complica-
tion. Patients were considered evaluable for response
to anti-Toxoplasma therapy if they completed at least
4 days of treatment. Response to therapy was defined
as an improvement of clinical signs and symptoms
attributable to Toxoplasma disease despite residual
findings in physical examinations or imaging studies.
A search of literature was conducted in MEDLINE
to find documented cases of toxoplasmosis in CBT
recipients between 1980 and March 2011. The key
words used were “cord blood stem cell transplanta-
tion,” “hematopoietic stem cell transplantation,” “toxo-
plasmosis,” and “Toxoplasma.” Care was taken to
exclude cases likely to reflect duplicate reporting. Six
cases were detected. One case was not included in
the study owing to paucity of clinical information (8).
A comparison was undertaken of the clinical charac-
teristics of patients who developed toxoplasmosis with
those without the disease in our cohort. In the case
of patients who received >1 transplant, only the clini-
cal features of the first transplant were considered.
Continucus variables were compared with the
Student #test or the Mann-Whitney test when a nor-
mal distribution could not be assumed. Categorical
data were compared with the chi-square, chi-square
for trends, or, Fisher’s exact test when appropriate.

Resulls

Since our institution began the CBT program, 75
transplants have been performed in 70 patients
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Bautista et al: Toxoplasmosis in cord blood transplants

(5 patients received a second transplant due to failure
of the first CBT which, in all cases, occurred during
the first 3 months). Four cases of toxoplasmosis were
diagnosed in these patients between 1993 and 2007
(6%). This rate was higher than that observed in
patients receiving other types of allogeneic HSCT
treated in the same institution (0.2%, 1 case in 2008
out of 401 transplanted patients, P < 0.001). Hemato-
logical diseases that gave rise to CBT were acute lym-
phoblastic leukemia (2 patients), acute myeloid
leukemia (1 patient), and accelerated phase-chronic
myeloid leukemia (1 patient). Three patients suffered
graft-versus-host disease (GvHD) before toxoplasmosis.
CMV replication was demonstrated before the onset
of the disease in all 4 cases. In 2 of them, there was
also CMV disease (viral syndrome and esophagitis,
1 patient each). In our institution, there were no sig-
nificant differences in age, gender, underlying disease,
proportion of uncontrolled disease at transplantation
or engraftment day in CBT between patients with and
without toxoplasmosis. There were more cases of
CMV replication during the first 6 weeks in patients
who suffered from toxoplasmosis (P = 0.148). After
May 2004 (when azithromycin prior to engraftment
was added to the toxoplasmosis prophylaxis), the
incidence of toxoplasmosis decreased from 15%
(3 cases in 20 CBT patients) to 2% (1 case in 50 CBT,
P =10.067). Three patients (75%) had positive pre-
transplant recipient serology and 1 patient had nega-
tive. Two third-party donors had positive serology, in
another patient it was negative and, in the last one,
the result was unknown. None of these patients who
developed toxoplasmosis and had a positive (or
unknown) pre-transplant or third-party donor serology
received prophylaxis with tritnethoprim/sulfamethox-
azole or pyrimethamine/sulfadoxine (P = 0.062).
Administration of these drugs was not commenced
owing to their potential hematological toxicity in
patients that did not achieve adequate CBT
engraftment.

The clinical characteristics of these 4 patients,
together with the other 5 patients included from the
literature review, are shown in Table 1 (1, 6, 10, 11).
The mean age was 29 years (range 7-53 years) and 5
patients (56%) were male. The underlying disease was
acute leukemia in 7 patients (78%). A total of 5
patients (56%) presented disseminated toxoplasmosis
and 4 (44%) with localized infection in the central ner-
vous system. Of the 5 patients (56%) who presented
with disseminated disease, only 1 had positive donor
serology (they were negative in 3, and not reported in 1).
All of them died due to Toxoplasma infection. One
patient developed disseminated toxoplasmosis despite

having had negative pre-transplant serology, negative
third-party donor transplant serology, and having
been infused seronegative hemotherapeutic products.
In 5 of 9 patients (56%), CMV viral replication
was detected before the clinical onset of toxoplasmo-
sis. In all, 7 patients (78%) developed GvHD. Those
patients who received adequate treatment for >4 days
survived.

Discussion

The high incidence of toxoplasmosis in CBT patients in
our institution is consistent with that reported in rela-
tion to other infections (6-8, 14-16). The high seropre-
valence of toxoplasmosis in southern Europe, together
with the increasing number of CBTSs to be performed in
the coming years, could lead to a significant rise in
toxoplasmosis in these patients (3, 12, 15-17).

The timing of disease onset (+48 day) in CBT
recipients was earlier than that observed in patients
with other types of allogenic HSCT (10, 12). This
finding could be related to distinctive features of
CBT, such as the severe impairment of cellular
immunity and the absence of specific immunity in
the donor (10, 16, 17). )

As . observed in other HSCT patients, the develop-
ment of GVHD seems related to the risk of toxoplasmo-
sis (12). The intensification of immunosuppression for

GvHD control could induce the reactivation of latent.

Toxoplasma infection (18-20). However, the difference
in the frequency of occurrence of thic complication
between patients with and without toxoplasmosis in
our institution was not significant. Antithymocyte
globulin in the conditioning regimen and lymphocy-
topenia early after HSCT could increase the risk of
developing toxoplasmosis (21, 22). Another interesting
point is the analysis of the relationship between CMV
replication and the subsequent development of
toxoplasmosis. All 4 patients treated in our hospital
showed viral replication before the onset of
toxoplasmosis, which is compatible with the immuno-
modulatory effect of CMV replication in Toxoplasma
reactivation, as has been seen in other opportunistic
infections (23-26).

The proportion of disseminated disease in the
9 CBT cases described was similar to that detected in
patients with other types of HSCT (1). The majority
of “probable” CBT cases were diagnosed with PCR
amplification of specific 7. gondii antigens or DNA
sequences in CSF (22, 27). This technique can be
used in blood, CSF, and bronchoalveolar lavage fluid
(22, 23, 27, 28). However, results in published studies
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are difficult to judge because PCR techniques are not
standardized clinical tests (29).

As could be expected, in our institution, a tendency
to a more positive pre-transplant serological status
was seen in recipients who developed toxoplasmosis
than in the other patients, However, a significant pro-
portion of these patients had previous negative
Toxoplasma serology. This fact, also observed in other
toxoplasmosis studies in HSCT patients, has been
mainly attributed to primary infection suffered a few
days after transplantation and to the fact that, in heav-
ily pre-treated patients, the titers may drop just below
the level of positivity (5, 30). However, this fact is
intriguing because some patients had not left the hos-
pital, had not eaten uncooked food, and had not
received transfusions from seropositive donors,
thereby putting the reliability of Toxoplasma serology
results into question.

Altogether, 3 of the 9 cases presented (33%) devel-
oped the disease despite prophylaxis (31, 32). Some
prophylaxis failures have been attributed to underdos-
ing cotrimoxazole (double-strength, 2 or 3 times a
week). One of the most remarkable results of this
study was the finding of increased risk of toxoplasmo-
sis in patients who should have received prophylaxis
as recommended in the ASBMT guidelines (e.,
trimethoprim/sulfamethoxazole or pyrimethamine/
sulfadoxine), but in whom it was not administered
because of poor or delayed engraftment (5). In most
cases, the rationale for not using these drugs is their
bone marrow toxicity (5). Although little information
is available about the role of azithromycin in the treat-
ment and prevention of toxoplasmosis, we thought it
could be effective in CBT (33). For this reason, in our
institution, it was decided to prescribe posttransplant
prophylaxis with azithromycin in seropositive recipi-
ents before the transplant engraftment, and a signifi-
cant decrease in the incidence was noted (15% versus
2%) (34, 35).

The mortality from toxoplasmosis in the 9 CBT
patients studied was quite high (56%); however, this
was similar to that reported in other types of HSCT
(36). Interestingly, all patients with disease located in
the central nervous system survived, whereas all
patients with disseminated forms died (12). The
majority of patients who suffered from disseminated
infection had a negative pre-transplant serology. In
many of these patients, the diagnosis was achieved
very late because of a lack of clinical suspicion due to
negative serology and a non-specific clinical presenta-
tion. None of these patients received Toxopl

toxoplasmosis as a possible diagnosis, even when the
serology is negative.

One strategy to improve this dramatic situation
could be to perform periodic Toxoplasma genome
determinations in blood using PCR amplification of
T. gondii DNA in patients who, despite negative serol-
ogy, are considered to have a higher risk of develop-
ing toxoplasmosis, such as those with GvHD or
reactivation of an immunomodulating infection (1, 4, 10).
However, the use of prophylaxis and/or preemptive
therapy based on PCR presents several problems.
This technique is not available in many hospitals and
could produce false-positive and -negative results. In
addition, preemptive therapy based on PCR did not
prevent the development of 6 cases of toxoplasmosis
among 16 patients with positive blood PCRs (6).
Finally, the clinical meaning and prognosis of a posi-
tive Toxoplasma PCR in an asymptomatic patient is
unknown (6).

One limitation of this study is that not all the rele-
vant data were available in some of the cases, such as
pre-transplantation Toxoplasma serology, prophylaxis
administered, conditioning regimen, engraftment day,
or previous CMV replication.

In summary, toxoplasmosis is an important infection
in HSCT patients. A high mortality has been shown in
the cases of disseminated toxoplasmosis in CBT stud-
ied. The negative results of serology in the majority
of these cases and its unspecific clinical presentation
make diagnosis exceedingly difficult. Better diagnostic
tests are needed to identify recipients at risk of
Toxoplasma disease in CBT. An improvement in
Toxoplasma prophylaxis protocols is desirable in CBT
recipients. The possible role of azithromycin in the
prevention of toxoplasmosis in these patients should
be analyzed in future studies.
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Date: Mon 12 Nov 2012

Source: Zocalo [in Spanish, machine trans., summ. & edited]

The Health Ministry has confirmed 4 cases of people with tickborne spotted fever and 4 more that are likely, so a sanitary
cordon has already been implemented in 4 colonies of Saltillo [Coahuila]. Of the 4 confirmed cases, one is located in
Saltillo, another in Parras de la Fuente, and 2 in Torreon, while the 4 probable cases are of the state capital [Saltillo].

Faced with this emergency, which has killed at least 2 girls in the Vaile de las Aves colony in this sector and in the colonies

of Lomas de Zapaliname, Pedregal, and Nueva Imagen, preventive measures were undertaken since last weekend [10-11
Nov 2012].

Luis Armando Hernandez Perez, head of Sanitary District no 8 of the Ministry of Health, said that these areas lack services
such as water, sewage, pavement, and that nearby there Is a stream full of garbage, whi¢h becomes a breeding ground so
that dogs that inhabit the area fill with these animals and transmit them to humans.

To recelve adequate treatment the patient must be attended within the 1st 7 days of when symptoms first appeared.
Treatment is mainly based on antibiotics and in some cases the patient must remain hospitalized.

[byline: Aracely Gallegos]

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

[_Rickettsla rickettsii_ , the cause of Rocky Mountain spotted fever, has been Identified in southern Canada, the USA,
northern Mexico, Costa Rica, Panama, Brazil, and Argentina (1-6). Some synonyms for Rocky Mountain spotted fever in
other countries include tick typhus, Tobia fever (Colombia), Sao Pauio fever and febre maculosa (Brazil), and fiebre
manchada (Mexico).
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