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Coagulatibn values in extreme
premature infants

We read with interest the recent publication by
Christensen and colleagues.! Standard coagulation test
results vary with gestational age. Consequently, gestation-
specific reference ranges for these variables are required.
The paucity of published reference values for coagulation
variables in exiremely premature neonates represents a
challenge for neonatologists managing infants at greatest
risk of intraventricular hemorrhage and other bleeding
complications. The data presented by Christensen and

coworkers! pertaining to infants of less than 28 weeks’

gestation are helpfisl, but were based on a simall sample
size of 24 infants. Moreaver, tests were performed on cord
blood. An equivalency comparison of samples obtained
from cord and pexipheral blood was limited to full bloed
count variables.? .
Fetal plasma clotting times vary with maturation® and
do not necessaiily correlate with published reference
ranges for delivered premature infants at equivalent ges-
tations.* Physiologic changes and medical interventions
(including vitamin K administration) after delivery appear
to influence these variables. We have recently published
data pertaining to the extremely premature neonatal
population (n = 183) born at less than 27 weeks’ gesta-
tion® In this ldrge patient cohort, we observed longer clot-
ting times than those reported by Christensen and
coworkers in a similar but smaller patient population. In
our cohort, median (range 5th~-25th percentile) prothrom-
bin timme (PT) and activated partial thromboplastin time
(APTT) values were 20.2 (14.8-32.6) and 67.4 (43.3-130.2)
seconds, respectively. In our population the coagulation
values were obtained using combination of PT-5 (2004-
2008) and PT-Recombinant PlasTin 2G reagent (2008-
2010 for PT values and APTT-SP reagent (2004-2008) and

lupus-sensitive silica-based APTT reagent SytnASIL (2008-

2010) for APTT values compared with Diagnostica Stago
kits used by Christensen and colleagues. Of particular
note, the blood source differed between the two studies.
Christensen and colleagues report results cbtainted from
plasma prepared from cord blood. In contrast, blood was
obtained froen peripheral catheters in our study, before
instillation of heparinized saline. The degree to which
coagulation variables derived from cord blood correlate
with those obtained from peripheral blood in newly deliv-
ered extremely premature infanis remains unclear.
Coagulation values are dynamic and vary with gestational
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and postmatal age and other environmental stressors and
therefore the different sources of blood may account for
some of the differences in values observed.

We aimed to pragmatically evaluate coagulation test
results in a large cohort of infants born at less than 27
weeks {n a retrospective study design. Until recently, inter-
pretation of coagulation test results in this patient popu-
lation was virtually impossible, We hope that the data
described herein and future large prospective studies will
further define reference ranges for coagulation variables
in this high-risk patient cohort and ultimately guide clini- _
cal decision making in extremely premature infants.
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Safety measures to prevent hepatitis E virus
transmission by blood transfusion

The transmission of hepatitis E virus {HEV) by transfusion
has been reported in several countries over the world



through labile blood products, including Intercept-
treated plasma as recently published,! whereas no trans-
mission by plasma-derived products has been evidenced.
The severe consequences of infection observed in
immunocompromised individuals (such as transplant
patients), in patients with chronic liver disease, and in
pregnant women have prompted some practitioners to
advocate the systematic screening of blood donations for
HEV RNA in countries where hepatitis E is endemic.?
However, HEV beihg mainly enterically transmitted, the
risk related to environmental factors is certainly higher
than that linked to transfusion. This is supported by the
small number of severe posttransfusion HEV infections
reported by the Hemovigilance Network® contrasting with
an observed HEV RNA prevalence in European blood
donors up to one in 2000.4° As HEV circulates as a zoo-
notic and food-borne pathogen in developed countries
and because the majority of infected individuals have a
self-limiting acute infection, the selection of at-risk blood
donors is ineffective. Moreover, a screening of blood dona-
tions based on immunoglobulin (Ig)G and IgM testing
would not preclude a transfusion contamination from
asymptomatic seronegative and RNA-positive donors (in
arecent study, only 23% of RNA-positive donors were also
positive for IgM®).-Thus, preventive safety measures can
only be based on HEV nucleic acid testing (NAT).
However, such a strategy raises questions: should it be
done in all blood donations or only targeted for at-risk
- recipients? Universal screening has the advantage of pre-
venting transfusion transmission, provided that the assay
is adapted to the blood screening throughput with the
highest sensitivity level. Even though the pooled testing
could be considered as the most affordable and feasible
option, the wide range of HEV RNA levels (<25 IU/mL. to
more than 100,000 IU/mlL) reported in blood donors®
would encourage the use of NAT in single testing to avoid
a loss of sensitivity due to a sample pooling A targeted
screening limited to blood products transfused to at-risk
recipients would make individual testing more feasible.
However, this latter choice would require to define pre-
cisely at-risk transfused patients, of whom characteristics
are still unclear and probably exceed those currently
selected to prevent transfusion cytomegalovirus infection.
Before making any decision, the rationale of HEV NAT
should be investigated by fully assessing the transfusion
risk in exposed patients (in progress in different countries)

LETTERS TO THE EDITOR

and by analyzing the cost-effectiveness of each strategy. In
addition, because of the high environmental infection
pressure, the introduction of any donor screening for HEV
will not preclude the necessity to check each vulnerable
patient }“avith elevated liver enzymes for presence of HEV.
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First report of human immunodeficiency
virus transmission via a blood donation that
tested negative by 20-minipool nucleic acid
amplification in Japan

The Japanese Red Cross {JRC) blood centers screen
donated blood for infectious agents using serologic assays
and nucleic acid amplification testing (NAT). A multiplex
NAT for hepatitis B virus, hepatitis C virus, and human
immunodeficiency virus Type 1 (HIV-1) with a minipool
(MP) format comprising 50 seronegative samples was
started in 2000.' During the implementation of the 50-MP-
NAT in 2003, HIV-1 was transmitted through fresh-frozen
plasma (FFP) from one blood donor during the window
" period. To reinforce NAT screening, the pool size was

decreased to 20 in 2004. Since 20-MP-NAT implementa--

tion in 2004, we have found 19 donations that were sero-
negative but positive for HIVin the 20-MP-NAT. The rate of
HIV-infected donatjons that were positive only in the NAT
was approximately 1 in 2.7 million. No transfusion-
transmitted HIV infection (TT-HIV) has been reported in
Japan since the 20-MP-NAT was iritroduced,

In November 2013, anti-HIV was detected in a blood
sample from a repeat male blood donor aged in his
40s. Western blotting (New LAV Blot 1, Bio-Rad, Hercules,
CA), real-time reverse transcription-polymerase chain
reaction assay (Cobas TaqScreen HIV, Roche, Basel, Swit-
zerland), and transcription-mediated amplification assay
using a kit (Procleix Ultrio ABD, Novartis Diagnostics,
Emeryville, CA) confirmed HIV-1 infection, A qualitative
NAT for HIV-1 (Cobas TagMan, Roche) detected a plasma
HIV-1 viral load of 4.7 x 10* copies/mL. A cryopreserved
sample of plasma from his previous donation in February
2013 was retested in accordance with the Japanese gnide-
lines for lookback studies on blood products. Using indi-
vidual donation (ID-) NAT, the Cobas TaqScreen HIV
(plasma input volume, 850 pL; 95%
limit of detection [LOD], 24.3 IU/mL)
detected HIV-1 RNA in an archived

February 2013

Implicated donatlon

80s. A pretransfusion sample and a posttransfusion
sample collected 8 months after transfusion were HIV
seronegative, The latter sample was also negative for HIV
RNA. The FFP was transfused 8 months after donation to a
male patient in his 60s, from whom a pretransfusion
sample was seronegative for HIV. Serologic tests and NAT
assay identified HIV-1 infection in this recipient at 34 days
after transfusion, and the plasma HIV-1 viral load was
1.1 x 10 copies/mL (Fig. 1).

The viral sequences determined in blood samples
from both the donor (postseroconversion donation) and
the FFP recipient differed by only one among 341 nucle-
otides in the env region (99.7% identity} and by four of
2800 nucleotides in the pol region {99.9% identity). Such
high genetic similarity among the sequences supported
the notion that HIV had been transferred from the donor
to the FFP recipient. Isolates of HIV-1 from the donor and
recipient were Subtype B, which is the most common
among individuals infected with HIV-1 in Japan. Major
antiretroviral drug-resistant mutations were not detected
in either the donor or the recipient. Sequencing the HIV-1
5'-long terminal repeat, which was the target region of our
NAT screen, did not detect HIV-1 mutations that caused
false-negative NAT results?

To estimate the HIV-1 viral load in the implicated
blood, the sensitivity of both the Cobas TagScreen HIV -
and the Procleix was reassessed by probit analysis using
serial threefold dilutiens (four replicates per dilution) of
postseroconverted plasma (4.7 x 10* copies/mL) from the
donor, which revealed that the 95% LOD of both NAT
screens was 10 copies/mL. The archived blood sample
from the implicated donation was reactive in the Cobas,
but not'in the Procleix screen; therefore, we speculated
that the viral load in the donor plasma was approximately
at the detection limit of the two NATs, Thus, the estimated
total amount of TIV-1 in the FFP (containing

Screening test: November 2013
blood sample from his previous HIV antibody negative Post-seroconversion donation
d H whereas the P leix 20-minipool NAT negative Screening test:
onation, roc Look-back study: HIV antibody positive

(plasma input volume, 500 pL; 95%

LOD, 19.6 IU/mL) did not. Each of
Blood donor

Individual NAT positive/negative

Plasma used for viral genetie analysis

these NAT assays was performed as a

. single test. The low plasma volurmne in
the archival sample did not allow for

repeat analysis. :

Red blood eell (RBC) and FFP RBC recipient

February 2013
Transfusion

November 2013
Look-back study:
HIV negative

components were prepared from the
previous donation and transfused
into two recipients. The RBCs were
transfused to a female patient in her

© 2014 AABB

November 2013
Look-back study:
October 2013 HIV positive
Transfuslon  Plasma used for viral genetic analysis

FFP recipient

Fig. 1. Timeline of blood donations, transfusions, and infections.
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, approxiniately 240 mL of plasma) that caused TT-HIV was
- fewer than 2400 copies.

The prevalence of HIV infections detected by NAT or

antibody screening among blood donors during 2012
was 1.3 per 100,000 donations, whereas the prevalence
" among first-time blood donors has recently been five to
six per 100,000 donations. This figure exceeded the fre-
quency of individuals who were newly diagnosed with
HIV infection among the general population aged 15 to
64 years in 2012 (1.2 per 100,000).% The donor described
herein was probably in the very early stage of HIV-1
infection at the time of the implicated donation. That
blood donation is being used for testing individuals with
high-risk behaviors for HIV transmission is a concern.
Questions given to blood donors about behaviors that
confer risk for HIV are probably not being answered pre-
cisely. Methods of confirming whether or not donors
understand the questions and the need to answer them
precisely need to be improved.

This report describes the first known case of TT-HIV
through a 20-MP-NAT-negative blood component in
Japan. Owr results indicate that [D-NAT using even the
most sensitive methods available today might not detect
HIV-1 in window period donations. Transfusion with EFR
but not RBC, components resulted in HIV-1 transmission
in the TT-HIV case described herein. Similar cases with
differential HIV transmission via blood components have
been reported ‘in other countries.* However, TT-HIV
arising via an ID-NAT-negative blood component has not
been identified in Japan or in any other country where
donated blood is screened by NAT for HIV. We estimated
that the risk of collecting a unit during the ID-NAT-
negative HIV-1 window period is 2.75 per 5.5 million
donations in Japan.* The JRC will introduce ID-NAT
screening in August 2014, which should further reduce
window period transmissions. However, even ID-NAT
might not completely eliminate the window period of
~ HIV-1 infection. ‘

In the era of very high-sensitive ID-NAT or MP-NAT,
TT-HIV will arise mainly in patients transfused with com-
ponents with larger plasma volumes such as FFP and
apheresis platelets, because these components contain a
larger amount of HIV. Although pathogen inactivation
technologies might help to reduce residual risk, the intro-
duction of pathogen inactivation technology should be
determined after carefully considering the balance among
benefit, risk, and cost,
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N-Acetylcysteine for thrombotic
thrombocytopenic purpura: is a von
Willebrand factor-inhibitory dose feasible
in vivo?

We read with interest the recent report by Li and col-
leagues’ describing the first apparent successful use of
N-acetylcysteine (NAC) in refractory thrombotic throm-
bocytopenic purpura (TTP). As we had previously
described a case of NAC failure in a refractory TTP case
that subsequently responded to bortezomib,? we sought to
clarify whether our NAC dosing protocel differed from
that utilized by Li and coworkers.!

As the only precedent for NAC dosing in TTP was pre-
clinical,? we too adapted a clinical acetaminophen over-
dose protocol.* Qur patient received 150 mg/kg NAC as a
1-hour belus, followed by 50 mg/kg over 4 hours-and then
100 mg/kg over the next 16 hours for the first day of dosing
(with a cumulative exposure of 15 g in the first 24 hy).
Twice-daily plasma exchange could not be interrupted

)
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% (Receptor mediated Hemagglutination Assay) 2 &
D LMD BIOFHER 2 J — = FREEMHL
220 I kD, BRI S L IS S E S o R
HAL¥EAH &, B19 Y 4 VANLERS S BES A MHE* K
Nz eFMiEL 2o/ 20084 L WikEFEL
CLEIA {# {Chemiluminescent Enzyme Immuno As- -
say) WEEL, BEEEZ T T ToH 10"IU/mI
585 10T0/mi (AL L THERES Tna",
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Table 1 Japanese Red Cross (JRC) to analyzed and evaluated suspected transfusion-transmitted B19 viral infectious cas-
es reported voluntzrily by medical institutions to JRC blood centers. With the case hetween 1997 and 2012, ten cases of
B19 infection were confirmed by a positive viral nucleic acid test on a repository sample of the donation involved.

Case  Year Patient profile o After transfusion T rostused components

1 - 2000 10 s teens, male DNA(-) DNA(+) DNA(+), TgM( +), IgG(+)
ALL .

2 2002 60 s teens, male DNA(~-}) DNA(+) DNA(+), IgM(+), IgG(+)
AML, After chemotherapy

3 2002 70 s teens, male ¥ DNA(+), IgM(+) DNA(+), IgM(+), IgG(+)

" Malignant lymphoma

4 2002 20 s teens, female DNA(~) DNA(+) DNA(+), IgM(+), IgG(+)
Hemolytic anemia

5 2003 50 s teens, Female ? DNA(+), IeM(+) DNA(+) 68> 10%p/ml,
Parexysmal nocturnal hemoglobinuria IgM(-+), IgGl+)

6 2005 40 s teens, male : ? DNA(+) DNA(+} L8x 105cp/m),
Hairy cell leukemia, After chemotherapy Igh(+), IgGi+)

7 2005 50 s teens, male DNA{-) DNA(+) DNA{+) 9.7 x 10%cp/mi,
AML, After chematherapy TeM(-), IgG(~) LgM(+1. 1eG(-)

8 2005 30 s teens, female DNA({-) DNA(+) DNA(+) 3.2 10%p/ml,

_ Placenta previa IeM{~), 12G(—) IgM(+1. 1gG(+)

] 2006 50 s teens, male DNA(-) DNA(+) DNA(+) 5.1 x 10Pcp/iml,
Rectal cancer IgM{—} IgM(+). IaG(+)

10 2011 30 s teens, female DNA(-) DNA{+) DNA(+), IgM({+), IgG(+)
Cesarean section IgM(-), 1gG(—)

Case  Symptoms and laboratory findings'™
2 High fever, Disseminated erythema, Pure RBC aplasia (7 wéeks], Reticulocytopenia

Pure RBC aplasia (approx. 2 months)
Fever, Systemic eruption {3 weeks)
Sustaind high fever (5 days)

w oo~ ;M

RBC aplasiz (3 months), Reticulocytopenia (1 months), Viremia level of BISDNA: 1 % 10%cp/m{

-
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wh, :
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riid 105 5 oz (Tablel @ Case 2, 6~9)
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A S h - FRARHERTE o,

—7J7, B9 HiEatkimm i icFE4E T % B19 DNA
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Fig. 1 A composite diagram of immune response to B1% DNA, B19 antigen, and B19 IgM, IgG during the acute and convales-

cence periods.

E SR ETFEATIC & 2 A RO B ALY —
45 ¥ AAD 5 L HEN TR 5. BIOV BHFH T & 10
Pl s B1OV HEEE BlOFEAERTD & % i L7
B, FOMMEMYILIED bhkd o,

Blds, BEORZY) —o X EIc B 2463
o B19V igmgsil X 2EIfER OREE, MERASEIC
L 2B T OB H 5 BEIC, B9 IgM FUER
PEC BIO HUIE A B R RE LU T o e A 0 I e Ayt
SNEENEWEVWLE, T, BRETE O BIY
IeM FifE B olgfLic o WTit, BEEWERNOR
BRSO DERTILENDD.

HMERERFAEIC L 2 BIOV it # 2 bhid
REAOFREHEER RHABICLBRAZ —2 v 7
% 5L 72 1997 £~2007 SE£DK L0 EHTIHTH -

el b, HREIFIZIABREORETHS 2D

ARG HNRLL. BEOEEIR, 2008 £ 5 B1S
HiEMEORRE 2 ML LTSk 2012 £ 3 T/,
EOFEVEFIAE L PIRERR S h 7 (Table 1, Case10) =
b, Bh4~-SEIZ1PTHLZ EMHENSh S,
—F, m¥EsEEAE, FE - vnghicgTh
5 BI9DNA 847 10T0/mi BT ChhiT, BRESC
L5 BIOV ) A 2 RIBICIRRTE 5 2 2 A11909
£ KRE FDA > LRE &N, BHE, RIMIEDFH
ETIOREIRo BN A 2 ) — = ST
HEflizhTwE, MAT, BETERTOYL VR

BERCLANBPINLOBEELTY{ M2 70
BRI F—3 3 L HETbRN, BRUHIR o Bl1O DNA
PHMEE T L o TVa T EFHREhTEYY,
Zh S OBHD 5O BV BERIED SR Tw i,
B19V D e BiiE o4 % Fig 1 1R L7, B1oV
BEYANVRABEEETEY 4V AMECHMAME 2
OBREDIB T ARABEDTOY A ¥ Fo )+
FLBOT A NRITHARTEWEER 5N b, Mt
YEF—TRIOWHEETELARY EHT LD BIO
HEMFED S 5L A MEBER IO TR RERED
WREToCVA. T, Fl&HEEFHLRAORER
e B1OV IREENROMNT % 5 F 2T B19 IgM Hitk
BAEOFREIIOWTIRFORMMEDHZ LEL S,

T & D
BARTEHNEE Y ¥y — Tk, 1997TE9B L v ik
Mo BISHUE A 2V —= ¥ 74 RHABIC L D
BEih L7z, 2008 SEH SHEFEE CLEIA Bt ERL T
BMBEOM LMoo ick ), ik ERR
Eiz & 5 BlOV R WHORMERREEE IER 1
E/1 46 1 @/4~5 FEiiHE L7

F3E, BIOV B F 0B LARBAEEETH), 2hid
BB TARBTHALEELSNDN, BMEE

| VeSO L D BIOV Bk b h 3 BHERIHRE

PREISFEROMIIIOFAREL TS, Chon%



564 : Jepanese Journal of Transfusion and Cell Therapy. Vol. 60. No. 5

mEHHH7H #ilﬂl‘ﬁiﬁﬁﬂai@, 2 fﬂ“iﬂﬁﬂiﬁﬂﬁ:@f‘, 9) Sakata H, Matsubayashi K, Thara H, etak Impact of

FOFR MBIV BERICE/ERFRBELBVWINET - chemiluminescent enzyme immunoassay screening for
Hot, T, EMshi-magidd<T BloHiERH human parvovirus B19 antigen in Japanese blood do-
BEEEDUF, BIODNA G540 B10 IgM HifkBthomg: nors. Transfusion, 53: 2556—2566, 2013.
TR EObOTHo 7. 10) Schmit M, Themann A, Drexler C, et al: Blood donor
BAEMNALEILDWT BIOHERENS L4 bk screening for parvovirus B19 in Germany and Austria.
HEEoR Elctri} 2R £2To T2 ¢ TBIY - Transfusion, 47: 1775—1782, 2007,
IgM Wik o AR oW T SEBOBRETRETSH 11) Steven H, Kleinman, Simone A, etal: A linked donor-
5. . ) ’ recipient study to evaluate parvovirus B19 transmis-
Fwre COT IR © RCsRAEIC Il LTz mii L - sion by blood component transfusion, Blood, 114 3677—
3683, 2009
¥ B 12) BEfmsthe bR 40 R B oMRIC RS
1) Cossart YE. Cant B, Field AM, et al: Parvovirus-like par- ' B N—7 1 BRI 128 % e b2 SERY /L ABIY
ticles in human serum. Lancet, & 72—73, 1975, DFAREL. MR, 35 - 232—238, 2012, _ ‘
2} Okochi K, Mori R, Mivazaki MB, et al: Nakatani antigen 13) Thara T,Furusyo N, Hayashi T, et ak A Population-based
and human parvovirus (B19). Lancet, & 664—665, 1981. epidemiological survey of human parvovirus B19 infec-
3} Brown KE, Anderson SM, Young NS: Erythrocyte P an- tion: a project of the Kyushu and Okinawa Rupulation
tigen: cellular receptor for B19 parvovirus. Science, 262 Study {(KOPS). Arch Virol, 158: 1465--1472, 2013.
114—117,1993. 14) Japanese Red Cross Haemovigilance Information:
4) BrownKE, Hibbs R, Ga.l]inel}arG, et al kesistance to par- Transfusion Transmitted Infectious cases.’1997-2012.
vovirus B 19 infection due to lack of virus receptor 15) Batake M, Hoshi ¥, Taira R, et al: Symptomatic parvovi-

5

g

{erythrocyte P antigen). N Engl ] Med, 330: 1192—1196,
1994. .

Yunoki M, Tsujikawa M, Urayama T, et al: Heat sensi-
tivity of human parvovirus B19, Vox Sang, 84: 164—169,
2003.

rus B19 infection caused by blood component transfu-
sion. Transfusion, 51: 1887-—-1895, 2011.

16) Kurtzman G, Frickhofen N, Kimball ], et al: Pure red-cell
aplasia of 10 yvears dur_ation due to persistent parvovirus

Bl9infection and its cure with immunoglobulin therapy.

6} Kutzman G, Ozawa K, Cohen B, et al: Chronic bone mar- N Engl J Med, 321: 519—523, 1988,
row failure due to persistent B19 parvovirus infection. 17) Kevin E, Neal S, Barbara M, et al: Parvovirus B1% impli-
N Engl ] Med, 317; 287—204, 1987. catons for transfusion medicine. Summary of a work-
. 7) Young NS: B19 parvovirus. In: Young NS, ed, Viruses shop. Transfusion, 41; 130—135, 2001.
and Bone Marrow: Basic Research and Clinical Practice, 18) Japanese Red Cross Haemovigilance Information:
Marcel Dekker, New York, 1993, 75—117. Transfusion infermation No.51, 1999.

&) Sato H, Takakura F, Kojima E, et al: Screening of blood
domors for parvovirus B19. Lancet, 346: 1237—1238,
1995,

POSTTRANSFUSIONAL SIDE EFFECT CAUSED BY HUMAN PARVOVIRUS B19
AND SAFETY MEASURES IN JAPAN :

Harumichi Matsukura
Japanese Red Cross Kinki Block Blood Center

Keywords:
Parvovirus B19, RHA, CLEIA, Post transfusion infection, Safety measures

©2014 The Japan Society of Transfusion Medicine and Cell Therapy
Journal Web Site: http://www.jstmetorjp/jstmet/



LI Fuonog W sl L]

°0 I XM BT 6 B D S T R O TR
AN RUD (GG L D | R B TR B3 S 0
% ‘R “CALNREN TR R EETE (EY) By 1252y

\ RPN B DICEIIEE

B QMIXT EN M AT ch LY "R QRUCRR
FER L (ORERDIHO YN 2T “2L Ui 7 £ TR
214 AT IS T~ T " ch R WIREZL 98 “ % 21 =L
MR LY (RERNE A= 4 6 LUNU T h LA

DTGB 22N 2 TR T8 1D BL ey | | = 4 4L XBZG000'60H6003 LM L4 Ve

UKOBS YEOETEE

L ORI QHALDA
AR o35 T e " R
YA LG LRI

T H T30 TS M0l 1 ]
[ H TR Tl B

EHEFEHOT
-MEEEROTHS

AR

TR AR NIHD 3/ L BB GHER o b W L6002 “ QT A BIREQENKFZHTHUS E@PSRU@%« wa%mw
YR WHER TG TIGRO LY, 2O TN QENTEZPWMOIULT LRI L UURMMRL RS L PRI o (TS
LTI (22-L “10%G6) ST (L1-F “10%56) 1T “ch B IFIHEEL 92 3L @ U ([%80°0] ¥1Z1/T-[%€0°0] L188/1
I %C6 ‘%90°0) T8LT/T G ([%90°0] ZLST/T-[%20°0] T899/T ‘1D %56 ‘%¥0°0) 62¥T/ 1 “Fl4x (1F LB AR HD
YR *2LC@D. (255508 “1D%S56) § 25U (8'66-6"9¢ "1D%S6) & 880G =L R B X 0T £ (o WX YA Y
_ YUSTZENE LU KT Z T OIS Z

SN R B LTS QDL ([ EHEET 4= —(4 X QEHORO L% 0 " 2R 3 B2 L sk,
A 2 USSL O B OM 2 QUSRS QBB OMERINHO YN 2 * ch BL I O=H6002 HL
- UNHAE D AC A E QR NTZR MO R BR G

MR LY (O R4 (OIS LITHEROINIHD 236405 *L A EERTEE o QAPRDHD 2 RSO dh LI O
256007 “ERSNE Q) TH AT A-— £ 2 4 -LOT 1400060 Wi ASh sk BR YU A b £ A= 4/ 4£OH B "2RseFEd
[0 G QIR E PR E D AE R MB O L AR B TR UL 4 (DIHD) VA= £ 4 LI T 557
G (OREBNEA—= 4 6 L2 B ch B L6000 S LS — £ 424 L %O

R0 S B

e 0P *70-GPAT(@)Pa BNy $108| (Pl F) T H TRy
‘uolsngsuel], -y [nyefoded)ig g m.m#ﬁ@emﬁmmmm

"GL5ZT I/ TTTT 0T (Freb-Plyr ) N TR ORI (oot 30 L 2g o

uesSBUNIBURIINA ‘d [Nyepuomlnyg
‘ny Buomwold ‘Y [esseddy

EZE7 B WY B 0 LT —

B B Ty B ©

LR ¥ 6 ¥102
LRY : OS2 RILE

EROETERE | HEYH-—F B8

81 °N

ERHEE SHEN TEE
-2 Y




JRC2014T-036

TRANSFUSION COMPLICATIONS

The risk of blood transfusion-associated Chikungunya fever
during the 2009 epidemic in Songkhla Province, Thailand

Hatsadee Appassakij,’ Charuporn Promwong,*? Pairaya Rujirojindakul,!

BACKGROUND: Asymptomatic Chikungunya fever
(CHIKF)-viremic blood donors could be a potential
threat of spreading the disease unwittingly through cen-
taminated blood transfusions, The relatively low preva-
lence of Chikungunya virus antibodies in the population
and the records of more than 9000 suspected CHIKF
cases raised concern about the potential transfusion-
associated CHIKF during the 2009 epidemic. This study
assessed the potential transfusion risk for CHIKF and
the implementation of blood safety measures to mitigate
this risk.

STUDY DESIGN AND METHODS: A probabilistic
model using key variables obtained from local informa-
tion was used to estimate the weekly risk of
transfusion-associated CHIKF during the 2009 epi-
demic. In addition, other blood safety measure~based
strategies involving screening for donors at risk, donar
tracing, and a 7-day quarantine of blood components at
risk were implemented at the time of the epidemic,
RESULTS: The risk of viremic donations per 100,000
ranged from 38.2 (95% confidence interval [CI], 36.5-
39.8) to 52.3 (95% Cl, 50.4-54.2). The potential risk of
transfusion-associated CHIKF per 100,000 was esti-
mated to be 1 in 2429 (0.04%; 95% CI, 1 In 6681
[0.02%]-1 in 1572 [0.06%}) to 1 in 1781 (0.06%; 95%
Cl, 1 in 3817 [0.03%]-1 in 1214 (0.08%]) donatiens.
Among 26,722 donations, 11 (95% CI, 4-17) to 15 (95%
Cl, 7-22) donations were predicted to associale with
transfusion risk. The implementation of blood safety
measure-based strategies for this epidemic period sug-
gested to deter 11 blood donations of transfusion risk.
CONCLUSION: The interventions for blood safety mea-
sures applied in this study had mitigated the potential
transfusion-associated CHIKF during the 2009
epidemic. ‘

Rochana Wutthanarungsan,® and Khachornsakdi Silpapojakul®

he presence of high viremic loads in
Chikungunya virus (CHIKV)-infected individu-
als' and an abundance of Aedes mosquitoes?
were important factors facilitating the wide-
« spread Chikungunya fever (CHIKF) epidemic in southern
Thailand, where at least 49,089 persons were finally
affected by the end of 2008.2
Although no cases of transfusion-associated CHIKF
have yet been established,*® an increasing concern is
being recognized that this disease might be transferred via -
transfusions, particularly during an outbreak,*® because
CHIKV produces a high attack rate'” and has a rapid rep-
lication rate? high viremic levels,»* and a significant
proportion of asymptomatic infections.’*® Moreover,
although CHIKV acquired via blood transfusion may con-
stitute only a small proportion of all CHIKF cases during
an outbreak, the CHIKV genome was identified in 1 of 250
donated platelet (PLT) units screened by nucleic acid
amplification testing during the massive 2006 epidemic in
Reunion Island.®? Recently, we documented that viremic

ABBREVIATIONS: CHIKF = Chikungunya fever;
CHIKV = Chikungunya virus; DENV = dengue virus,
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asymptomatic CHIKV-infected cases could have a high

potential as disseminators of transfusion-associated
CHIKE since CHIKV: levels capable of inducing CHIKF
were found in the blood of these asymptomatic cases.! In
addition, the finding of high viremic levels in the first few
days of symptomatic CHIKV-infected cases led to the sug-
gestion that high viremic levels could also be present
during the presymptomatic viremic period.! If pre-
symptomatic individuals donate blood, obviously there is
a threat of passing on the infection through such dona-
tions. These groups of potential infected donors are
unlikely to self-defer or be excluded from donation by the
predonation medical screening.

Before 2009, an outbreak of CHIKF had never been
reported in Songkhla Province in southern Thailand.!™?
The seroprevalence of CHIKV antibodies in the adult
population of Songkhla Province before 2009 was 1.8%
to 9.8%, which was the lowest seroprevalence in
Thailand.”** The finding had been considered as a likely
low herd immunity area to CHIKV infection.!*® In 2009
there was an epidemic of CHIKF involving more than 9000
cases in Songkhla Province.'!® These situations raised
transfusion safety concerns.

In this report, we used key variables with values speci-

fied using local information in the probabilistic model to -

estimate the potential transfusion risk of CHIKE aiming to
aid decisions to implement safety measures. This study
also assessed the implementation of bleod safety mea-
sures.to mitigate this potential risk.

MATERIALS AND METHODS

A probabilistic model for transfusion risk

A probabilistic model,”? as shown in the formula below,
was used to estimate the transfusion-associated risk
during the 2009 epidemic. The modeling assumptions

were mainly dependent on the proportion of asympto{n-'

atic viremic donors, the duration of viremia, and the
prevalence of infected donaors. :

Estimated transfusion-associated risk
=[(PaxDa)+(PsxDs))/LxPr,

where Pa is the proportion of asymptomatic
CHIKV-viremic donors, Da is the duration of viremia for

asymptomatic donors, Ps is the proportion of presymp-

tomatic CHIKV donors, Ds is the duration of viremia for
presymptomatic CHIKV donors, Pr is the prevalence
of CHIKV-viremic donations, and L is the length of the
outbreak.

The modeling assumptions used in this study were,
first, symptomatic CHIKF cases would either self-defer
owing to their being too sick to donate or be excluded
from donation by the predonation screening.* However,

. these assumptions would not exclude infected individuals

who remained asymptomatic or became symptomatic
after their blood donations. Second, the blood of any
viremic asymptomatic CHIKF donor could potentially
transmit the disease due to the presence of relatively high
viremic levels in asymptomatic CHIKV-infected cases!
and the relatively low herd immunity to CHIKV in the °
recipients.’*!® Third, the incidence of viremic blood
donors with respect to mosquito exposure and infection
risk was assumed to be similar to the population at large.)”

The confidence intervals (CIs) of mean and maximal
risk estimates’ as well as key variables with values speci-
fied using local information' (Table 1) were used to encap-
sulate uncertainty in the variable assumptions. The Cls
were computed using the methods described by Petersen
and colleagues.i®

Risk model variables

The number of clinically suspected CHIKF patienis
Clinically suspected CHIKF cases were defined as patients
who developed acute fever of up to 7 days’ duration,
arthralgia, and/or rash.’>" The numbers of suspected
CHIKF cases were determined from the records of the two
main offices dealing with such things in this part of south-
ern Thailand, the Office of Disease Prevention and Control
12 Songkhla (ODPC 12) and the Bureau of Epidemiology,
Department of Disease Control, Ministry of Public Health,
Thailand (Fig. 1).123

The epidemic was first reported in August 2008
from Narathiwat Province in southern Thailand and

TAELE 1. Key varlables for modeling assumptions

Modeling assumption

Variable

Mean risk Maximal risk
Proportion of asymptomatic cases (Pa) 10% 10%
Proportion of presymptomatic cases (Ps) 90% . ' 90%
Total duration of viremija (Da) 9.5 days - 18.5 days
Duration of presymptomatic virernia (Ds) 1.5 days 1.5 days
Estimated number of symptomatic CHIKF cases Number of suspected CHIKF Numnber of suspected CHIKF
cases x 0.838" x 8.03} cases x 0.938 x 8.03

* 0.938 = factor for adjusting exclusive CHIKF cases (see Materials and Methods).
t 8.03 =factor for adjusting active CHIKF cases (see Materials and Mathods).
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Fig. 1. Number of clinically suspected CHIKF cases (M) and estimated number of CHIKF cases (O) by week of onset reported during
the 2009 epidemic periods in Songkhla Pravince, southern Thailand. *Epidemic periods: Period 1, Weeks 1 to 11 (January 4-March
21, 2009); Period 2, Weeks 12 to 18 (March 22-May 9, 2009); Period 3, Weeks 19 to 25 (May 10-June 27, 2009); Period 4, Weeks 26 to

36 (June 28-September 12, 2009); and Period 5, Weeks 37 to 52 (September 13, 2009-January 2, 2010).

subsequently spread to neighboring provinces including
Pattani, Yala, and Songkhla. We chose to model the CHIKF
epidemic period in Songkhla Province from January
to December 2009. The estimated population size of
Songkhla Province in 2009 was 1,343,954.12

Prevalence of CHIKV infection

Qur previous report performed at the time of this epi-
demic found that 6.2% of patients with clinically sus-
pected CHIKF were actually affected by other febrile
illnesses.! In this study, we thus readjusted the incidence
of exclusive symptomatic CHIKF patients by multiplying
the number of clinically suspected CHIKF patients by a
factor of 0.938.

It had to be noted that, during the 2009 epidemic,
the records of suspected CHIKF cases were underesti-
mated'®?® as’evidenced by a comparative study between
an active community-based surveillance and passive
notification records in the late epidemic period (June
28-November 4, 2009): an actual 8.03 suspected CHIKF
cases were identified by this active case finding for every
suspected case identified by the passively noticed (http://

- www.chikungunya.org/, access date November 18, 2009).
Thus, the final estimated number of symptomatic CHIKF

i

cases used in the calculation was the number of clinically
suspected CHIKF cases multiplied by 8.03,

The proportion and the duration of viremia in
presymptomatic CHIKF cases

The proportion of presymptomatic CHIKV-infected cases
in modeling assumptions was assumed to be similar to the
symptomatic CHIKF patients at 90%.! The duration of the
presymptomatic viremic period (Ds) was approximated
based on previous published studies to be 1.5 days (range
1-2 days).5* '

The proportion and the duration of viremia in
asymptomatic CHIKF blood donors

The proportion of viremic asymptomatic CHIKF cases
obtained from a case-contro! study carried out in CHIKV-
affected areas between March and April 2009 in Songkhla
Province was 10%.! There have been no published data
about the kinetics of CHIKV viremia in asymptomatic
cases. We, however, assumed that the total duration of
viremia in asymptomatic CHIKV infecticn was similar to
those in symptomatic cases, which was up to 8 days after
the onset of symptoms as revealed by viral isolation or
clinical symptoms, or up to 17 days by detection of CHIKV
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RNA.! Therefore, we assumed that the duration of trans-
fusion risk in asymptomatic CHIKV infection was 9.5 days
(1.5 + 8) on average with a maximum of 18.5 (L.5 + 17)
days, respectively {Table 1).

Numbers of blood donations

From January to December 2009, a total of 26,722 blood
donations were collected at Songklanagarind University
Hospital in Songkhla Province.

'

Accuracy of the risk model

The accuracy of the risk model”” was assessed by CHIKV
RNA assay of 2000 donated blood units collected near the
final weeks of the epidemic (Week 36 to Week 41, Septem-
ber 12-October 18, 2009). Two-hundred pooled serum
samples from every 10 donors were first screened for the
presence of CHIKV RNA. If any pooled serum sample was
positive, each of the 10 individual serum samples was then
individually tested for CHIKV RNA.2°

Transfusion-associated CHIKF management

Measures to ensure blood safety were applied from April
to October 2009, by using specific predonation questions
about CHIKF-related symptoms (acute fever, arthralgia,
and/or rash)*®!* and an enhanced postdonation report
by donors to call back if CHIKF-related symptoms devel-
oped. Donated blood componeénts at risk were quaran-
tined for 7 days after donation and all donors at risk were
interviewed by telephone to confirm the status of the
doners on Day 7 afier their donation. Blood units from
donors at risk who developed CHIKE-related symptoms
within 7 days of donations were discarded.

Ethical approval

This study was approved by the Ethics Committee of the
Faculty of Medicine, Prince of Songkla University.

RESULTS

The number of clinically suspected CHIKF cases

From January to December 2009, a total of 9440 clinically
suspected CHIKF cases were reported. The number of sus-
pected CHIKF cases dramatically increased from the first
week of 2009 and fluctuated between 0 (Week 36) and
1170 cases (Week 16) per week with three peaks appearing
at Week 4 {510 cases}, Week 16 (1170 cases), and Week 22
(266 cases; Fig. 1).

The epidemic can be divided into five periods; Period
1 (Weeks 1-11), Period 2 (Weeks 12-18), Period 3 (Weeks
19-25), Period 4 (Weeks 26-36), and Period 5 (Weeks
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37-52). The numbers of suspected CHIKF cases were
251.2,329.1,105.4, 10.7, and 5.9 per 100,000 in Periods 1, 2,
3, 4, and 5, respectively, with three peaks: Week 4 {37.9 per
100,000), Week 16 (87.0 per 100,000}, and Week 22 (19.8 per
100,000; Fig. 1).

Estimated prevalence of CHIKV infection

The mean weekly prevalence of CHIKV infections (symp-
tomatic and asymptomatic cases) among the population
at large during the entire epidemic period was estimated
to be 111.9 (95% CI, 109.1-114.7), varying from 0 to 721.2
(925% CI, 668.8-773.7) per 100,000 (Fig. 2).

Estimated risk of viremic donations

A probabilistic model was used to estimate the weekly risk =

of viremic donations during the 2009 epidemic under the
indicated assumptions of a potential estimated mean and
maximal risk (Table 1). The mean weekly risk of viremic
donations during the entire epidemic period was esti-
mated to be 38.2 (95% CI, 36.5-38.8), varying from 0 to
237.0 (95% CI; 206.9-267.1) per 100,000 (Fig. 2). Similarly,
the maximum weekly risk of viremic donations during the
entire epidemic period was estimated to be 52.3 (95% CI,
50.4-54.2), varying from 0 to 329.6 (95% CI; 294.1-365.1)
per 100,000 (Fig. 2). Overall, the maximal risk estimates
were 1.4-feld greater than the mean risk estimates.

The potential risk'of blood
transfusion—associated CHIKF

Among the 26,722 blood donations cellected from January
to December 2009, on mean potential risk of transfusion-
associated CHIKE 11 (95% CI, 4-17) CHIKF-contaminated
blocd denations would be expected to be received, witha
risk of transfusion-associated CHIKF being 1 in 2429
{0.04%; 95% CI, 1 in 6681 [0.02%]-1 in 1572 [0.06%]). The
highest peak of the epidemic (Week 16) was 1 in 422
(0.24%; 95% CI, 1 in 382 [0.26%]-1 in 462 [0.22%]). .

Similarly, on maximal potential risk of transfusion-
associated CHIKF during the entire epidemic period, 15
95% Cl, 7-22) CHIKF-contaminated blood donations
would be received, with a risk of transfusion-associated
CHIKEF being 1 in 1781 (0.06%; 95% CI, 1 in 3817 [0.03%]-1
in 1214 [0.08%]). The highest peak of the epidemicwas 1 in
303 {0.33%; 95% CI, 1 in 273 [0.37%]-1 in 330 [0.30%]).

To assess the accuracy of the risk model, the following
facts were noted: 0.10% of the 2000 blood units collected
during Weeks 36 to 41 (September 12 to QOctober 18, 2009)
were found to be positive for CHIKV RNA whereas 0.20%
{95% ClI, 0.19-0.20) to 0.33% (95% CI, 0.32-0.33) were pre-
dicted by this model. Overall, 11 (95% CI, 4-7) to 15 (95%

- CI, 7-22), or 0.04% (95% CI, 0.02%-0.06%) to 0.06% (95%
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Fig. 2. Estimated weekly prevalence of CHIKV infection (®) and estimated weekly risk of viremic donations ([J, mean; A, maximal)
during the 2009 epidemic in Songkhla Province, Thailand. Simultaneous 95th percentile-t Cls are shown as vertical bars.

CI, 0.03%-0.08%), viremic asymptomatic CHIKF blood
donors were predicted to associate with transfusion-
induced CHIKF

Transfusion-associated CHIKF management

Blood safety measure-based strategies involving screen-
ing of donors at risk using specific predonation questions
and a 7-day quarantine of blood components as well as
donor tracing were implemented from Week 13 to Week 43
{April to October 2009). Among the 15,513 donations cal-
lected from April to October 2009, seven (95% CL, 4-12) to
nine {(95% CI, 6-22) donations were predicted to associate
with a transfusion risk The implementation of blood
safety measured-based strategies for this period sug-
gested that 299 of the 13,202 (2,3%) were donations at risk.
Of those 299 donations at risk, 271 (90.6%) were normal
individual donations, 17 (5.7%) could not be contacted on
Day 7 after their donations, and 11 {3.7%) were suggestive
CHIKF-contaminated blood donations. Only one avail-
able serum sample of those 11 suggestive CHIKF-
contaminated blood donations was confirmed for positive
CHIKV viremia at the levels of 8.7 x10° plaque-forming
units per milliliter. However, these 11 blood units were
deterred transfusion-associated risk by removing from the
blood bank.

DISCUSSION

This study applied a probabilistic model using key vari-

ables obtained from local information to estimate the

weekly CHIKV-viremic donations during the 2009 CHIKV
epidemic in Songkhla Province, Thailand. This type of pre-
diction is useful in helping policy makers to implement
safety measures.*®!” The interventions for blood safety
measures applied at the time of the epidemic had miti-
gated this potential risk.

It was found that the mean and meaximal risks of
viremic donations were 38 to 52 per 100,000 donations or
1 in 2429 (0.04%) to 1 in 1781 (0.06%) donations, respec-
tively. In a risk modeling performed by Brouard and col-
leagues® during the 2005 to 2007 epidemic on Reunion
Island, where 38% of the 766,000 subjects of the study
were infected, the mean risk was estimated to be 32 per
100,000 donations or 1 in 758 (0.13%) donations, whereas
the highest peak of the outbreak was 1500 per 100,000
donations or 1 in 67 (1.49%) donations. Similarly, at Cervia

_ where the largest outbreak in Italy occurred, the highest

weekly risk was estirnated at 1 in 3801 {0.03%) donations.®
[Correction statement added after online publication
17-Feb-2014: mean risk changed to highest weekly risk.]
The estimated CHIKV transfusion risk found in this study
and in the previous publications were of the same magni-
tude. In addition, the estimates of CHIKV-viremic dona-
tions were also comparable to that of dengue virus
(DENV) 1821

The model variables used in this study (Table 1) were
compared to other reports. There were fewer variables and
more certainty in the duration of presymptomatic vireinia
(1.5 days®"® vs. 1.5-2 days®®} and the duration of viremia
in asymptomatic CHIKF by means of viral isolation or
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clinical symptoms (8.0 days' vs. 6.0 days of illness*) while
the prevalence of asymptomatic CHIKF (10%! vs. 15%%%)
was more variable. Theoretically, the ratio of asymptom-
atic CHIKF to symptomatic CHIKF may not be constant
over time. Since Songkhla Province had been considered
as a likely low herd immunity area. to CHIKV
infection,!**!® hoth of the current circulating CHIKV

strains (A226 and 226V strains) displayed not prominent

distinct antigenic structure,'5222 CHIKV infection has low
infective dose,* and CHIKV produces a high rate of
prominent symptomatic CHIKF;"®! therefore, the
authors hypothesized that the uncertainty of low asymp-
tomatic rate would have namrow range and hence the
variation of viremic asymptomatic rate could be
neglected.****® This is in contrast to a DENV transfusion
risk model because the DENV viremic donations varied
considerably by season and year.'® Several factors may be
responsible for this involving population including herd

immunity to DENV,'"4-1%% geggraphy, ™ age of cases,*!% .

virus circulating strains,** prevalence of infection,'®*
and human genetic-associated factors.?” Previously, the
authors have suggested that the duration of detectable
viable CHIKV {up to 8 days of illness) is less than the dura-
tion of CHIKV RNA positivity (up to 17 days of illness).!
Nevertheless, from the viewpoint of recipient safety and to
get more information on decision-making policies, all
CHIKV RNA-positive units should conservatively be con-
sidered potentially infectious donations. In this study, the
authors used the total duration of viremia in asymptom-
atic CHIKF by means of RNA detection (up to 18.5 days
instead of 9.5 days of illness) as the maximum estimated
transfusion risk. Generally, the maximal rigsk estimate was
1.4-fold greater than the mean risk estimates. Another dif-
ference was the use of the prevalence of exclusive CHIKV-

infected individuals as mentioned earlier under Materials-

and Methods. ‘

A limitation of this study on accuracy of the risk
model is the absence of blood testing at the appropriate
times (e.g., March to July 2009). However, the estimated
potentiai risk (0.20%-0.33%) and the observed potential
risk (0.10%) of blood transfusion-associated CHIKF that
were evaluated near the end of the epidemic period.(Sep-
tember 12 to October 18, 2009) were in the same magni-
tude. In addition, this risk model was previously validated
to be reliable for the prediction of transfusion-associated
CHIKV® DENV,*** and West Nile virus modeling.”” For
example, Brouard and colleagues® estimated the mean
risk of having viremic deonations at 0.7%, which agreed
closely with the observed rate of 0.4% CHIKV RNA-
positive testing of PLT donations. Another limitation of
this study was the inference of actual CHIKV infection
prevalence from the underestimated sentinel records as
mentioned earlier. .

_ As an estimated transfusion risk model provides only
an estimated risk of viremic donations, the actual risk of

1850 TRANSFUSION Volume 54, August 2014

disease after transfusion may differ from the risk modeling
estimates. In the scenario of Songkhla Province modeled
in this study, although not proven, the transfused CHIKV
from the potentially viremic donors was supposed tobe a
high-risk transfusion transmission because of the plau-
sible relatively high viremic levels in asymptomatic
CHIKV-infécted cases' and the existence of relatively low
herd immunity to CHIKV.'*!¢ In a contrary situation, trans-

- fused DENV from potentially viremic donors was consid-

ered as likely to be unpredictable, in part, due to the
existence of high herd immunity to DENV'1818 and the
existence of varjous circulating DENV serotypes.141628
However, to date, the actual rates of each transfusion-
transmitted disease are not known. Future studies are
needed to determine the rates of transfusion-associated
diseases and their clinical consequences in recipients,
The risk model is a pragmatic and cost-effective tool

-for risk assessment compared with a screening test. !

However, the threshold numbers of the viremic donors
targeted for blood safety measures and CHIKF manage-
ment should err on the side of caution. According to the
published reports, managing the risk of transfusion-
associated CHIKF varies among countries. Liumbruno
and colleagues® described the use of blood safety
measure-based strategies implemented during the entire
period of the outbreak in Italy where blood collection in
the affected areas was interrupted in the early period of
the outbreak. Later on, new precautionary measures were
applied that included predicted viremic donation model-
ing, 21-day deferral for blood donors who had visited the
affected areas, quarantine of blood components for 5 days
(subsequently reduced to 2 days), and pathogen inactiva-
tion of PLT concentrates, ultimately resulting in the loss of
5130 units of red blood cells and 2871 L of fresh-frozen
plasma and an economic loss exceeding £1.3 million. In .

another experience from Reunion Island, Brouard and

colleagues® also used the policy of stopping local blood
donations before the peak of the outbreak to minimize
transfusion-associated CHIKF and a return to regular
blood donation services 18 months after the epidemic had
subsided. That study reported that blood donations were
interrupted from January 2006 to April 2007 and con-
tluded that at least 40 potentially viremic donations were
avoided.’ Although the economic loss was not reported, it
was thought to be high. During the 2009 epidemic in
southern Thailand, including Sengkhla Pravince the focus
of this study, the implementation of blood donor testing

-for CHIKV RNA was conducted on a cost-benefit analysis

of the effectiveness of screening and further limited due to
a paucity of resources. Since CHIKV features prominent
clinical symptoms along with a relatively low rate of
asymptomatic-infected individuals and a relatively short
viremic period,! the authors suggest that the affordable
intervention of blood safety measures to mitigate the
risk of transfusion-spread disease, involving the use of



predictive risk modeling, screening for donors at risk,
donor tracing, and quarantine of bloed components at
risk, was suitably applied. Only 17 (5.7%) of 299 donors at
risk were lost to contact 7 days after blood collection and
of these 11 (3.7%) were suggestive CHIKE-contaminated
blood donation donors. At least one of those suggestive
CHIKF blood donations was confirmed for CHIKV-viremic
donor. This approach was apparently effective as 11 sug-
gestive viremic donations avoided transfusion-associated
CHIKE

A screening blood test and/or a deferral-based strat-
egy should be considered for donors at risk (e.g., residents
living in affected areas or having visited affected areas,
tourists at risk returning to their home country and/or to
nonendemic areas). Alternatively, specific CHIKF-related
questions in predonation examinations coupled with
deferral of atleast 4 weeks (CHIKV RNA is detectable up to
17 days of illness} after each stay or visit to an affected area
would cover various mosquito-borne viruses including
CHIKV. 20

Based on this study and previous reports, it is sug-
gested that interventions of blood safety measures during

an outbreak need to be applied. Nevertheless, it appears

that currently no guideline is available. ‘

In conclusion, the CHIKV transfusion risk in Songkhla
Province donors during the 2009 epidemic was predicted
by a probabilistic model using local risk model variables,
[Correction added after online publication 17-Feb-2014:
sentence updated for clarity] The estimated number of
viremic donors was in the same magnitude as previous
reports. To mitigate the wransfusion risk of CHIKY, appro-
priate interventions for blood safety measures need to be
applied during an outbreak.
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conducted in 2011-2013 at blood centars collecting ~50% of the US supply.
Cases were defined as donors whose donations were confirmed positive on
serology-only (HTLV) or were serology/NAT or NAT-only confirmed {HIV,
HBV, HCV). Controls had repeat reactive-unconfirmed, NAT-negative dona-
ticns. Cases and controls were asked o complete an interviewer-
administered felephone or in-persen questionnaire inquiring about risk
factors potentially associated with aach ‘infection. Factors associated with
each Infaction compared to controls were independently assessed by using
multivariable legistic regression. Odds rafios adjusted for gender, age, race,
- incorne, andfor education are reported; p vatues <0.0(H were considered
highly significant. Results/Findings: Behavioral factors associated with
each infection are presented in the Table. For HIV, an HIV+ sex partner and
MSM behavior were highly associated with infection, For HBY, an IVDU sex
pariner, born outside the United States, and a family histery of hepatitis were
highly significant. For HCV, potential donor's IVDU, an IVDL sex partner,
spending 3+ nights in detentionfail, and a family history of hepatitis were
highly significant. For HTLY, an [VDU sex pariner, history of sex workitrade,
and born outside the United States were highly significant. Few recent
infections based on NAT-only positivity were includaed: 3 HIV and 10 HCV.
Qverall, infections for which no putative risk factor was reporied were
uncommon (<2% of tases). Concluston: This study identified several
factors associated with transfusion-transmissible infections that follow epi-
demiological patlems in the general population and that have implications for
general donor eligibility policies. Strategies to increase disclosure of specific
deferrable behaviors, including IVDU, MSM, and sexual pariner risks, are
needed.
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TABLE.

Qdds ratios of association with each infection comparéd 10 1587 control
danors”
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Hiv HBY HCV HTLV

Behaviors - n=196 n=292 n=318 n=198

Men who have sex with men 65.31 — —_ —_
(PSh) )

HiV+ sex partner 1420t — — —_

Intravenous drug use (\WDU) 3.4 4.4 48.31 —

. IVDU sex partner — 9.3t 9.9t 22,31
Multiple sex partners 2.2 —_ — 37t
Sex work/trade —_ — —_ 10.04
Born outside the US — 8.9+ 3.8t 6.7%
Tattoofplercing 26+ — 347
3+ nights in detention/fall 2.9 3.0t 9.9¢ —_
Hepatltls history in famlly -_— 7.5 it -
Transfusion — — 4.9% —

* Separate models for each infection. All facters not presented.
T+ Highly significant, p £ 0.001, others p < 0.05.
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First Report of Human Immunodeficiency Virus Transmission
through 20-Minipool Nuclelc Acld Amplification Test-Negative Blood
Donation In Japan .

£ Sobata', N Shinohara!, C Matsumote®, S Uchida', S Igarashi2, S Hing?,
M Satake’, K Tadokoro'. 'Central Blood Institute, Blood Service
Headguarters, Japanese Red Cross Society, Tokyo, Japan; 2Blood Service
Headquarters, Japanese Red Cross Sociely, Tokyo, Japan

Background/Case Studles: The Japanese Red Cross blood centers imple-
ment & 20-minipocl (MP} nucleic acid amplification tast (NAT) for hepatitis B
virus, hepatitis C virus, and humanimmunedeficiency virus Type 1 (HIV-1). No
transfusion-transmitted HIV infection (TT-HIV) has been reported in Japan
since 20-MP-NAT was introduced. However, In 2013, we found a case of
TT-HIV through a look-back study. Case description: In November 2013,
HIV-1 infection was confirmed In & male repeat blood donor in his 40 s. The
Cobas TagScreen HIV (Roche) detected HIV-1 BRNA in an archived blood
sample from his previous donation in February 2013, whereas the Procleix
UlTrio ABD (Novartis) did not. Two recipients of blood products from the
pravious donation ware tested for HIV-1. A female recipient of red blood cells
in her B0 swas negative, as determined by serological tests and NAT for HIV-1

9 mo gfter the transfusion. On the other hand, HIV-1 infection was identified in
a male recipient of fresh-frozen plasma (FFP) in his 60 s 34 d after transfu-
sion. Study Design/Methods: To investigate the homology of the HIV-1

genome from the donor and FFP recipient, nested PCR and direct sequencing
analysis of envand pofwers performed. In addition, sequence anatysis of the
HIV-1 long terminal repaat (LTR}), which is the target region of our NAT screen,
was performed. To estimate the HIV-1 viral load in the implicated blood, the
sensitivities of the Cobas and the Procleix were assessed by probit analysis
using post-seroconverted plasma from the donor, Results/Findings: The
viral sequences determined in blood samples from the donor (post-
seroconversion donation} and the FFP recipient differed by only 1 among 341

nucleotides in the env (99.7% identity) and by 4 of 2,800 nuclestides in the po!
(99.9% identity). Such high genetic similarities among the sequences sup-
ported the notion that HIV was transferred from the donor to she FFP recipient.
HIV-1 isolates from the donor and recipient were Subtype B, which is the most
comman subtype among HiV-1-infected Individuals in Japan. Mutations in the
LTR that could cause false-negative NAT results were not detected, The HIV-1
viratload in the implicated blcod was estimated to be below the detection limit
of the two NATs (10 copies/mL). The estimated fotal load of HIV-1 in the FFP
that caused TT-HIV was <2,400 copies. Concluslon: This is the first reported
case of TT-HIV through a 20-MP-NAT-negative blood component in Japan.
The donor was probably in the very early stage of HIV-1 infection at the time
of the implicated donation. Our results indicate that individual-donation (ID)-
NAT using even the most sensitive methods available today might not detect
HIV-1 in window-period donations, and that FFP with a viral load below the
limits of ID-NAT sensitivity can be infectious.
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Seroprevalence and Rates of Asymptomatle Viremia of Severe Fever
with Thrombocytopenla Syndrome Virus (SFTSV} In Chinese Blood
Donors N

P Zeng', J Wang', X Huang?, R Cac®, L Zhut, T Leef, J Liu®, M Yuan?,
P M Ness®, H Shanf, F the International Component of the NHLB
Recipient Epidemiclogy and Donor Evaluation Study-Ill (REDS-III)®,
YInstitute of Blood Transfusion, CAMS, Chengdu, China; *Xinyang Blood
Center, Xinyang, China; *Mianyang Blood Center, Mianyang, China;
“Luoyang Biood Center, Luoyang, China; *Molecular Biclogy, Blood
System Research Institute, San Francisco, MD, United Slates;
Transfusion Medicine, Johns Hopkins Hospital, Baltimore, MD, United
States; ’ATI International, Rockville, MD, United Statas; ®NIH, Bsthesda,
MD, United States

Background/Case Studles: SFTSV, an emergant tick-borne pathogen that
can cause fatal severe fever with thrombocytopenia syndrome (SFTS), was
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first identified in China in 2009. There Is evidence suggesting that SFTSV
can be transmitted via contact with blood. We conducted & study on donor
samples from three Chinese blood centers in one epidemic region (Xinyang)
and two nonepidemic regions {Mianyang and Luoyang) to investigate the
saroprevalence and viremic stalus of SFTSV among Chinese blood donors.,
Study Deslgn/Methods: Plasma samples were collected from May 1 io
October 31, 2012, from all donors donating at Xinyang (sample size,
n =14,764} and systemaltically selected donors from Mianyang (n = 1130)
and Luoyang blood centers {n=1326), All samples were tested for anti-
SFTSV fotal antibody (IgG and IgM} with a commereial EIA assay (Xin-Lian-
Xin, Ing, Wuxi} following manufacturer's instructions. Reverse transcription
realtime PCR festing on pools of 4 samples from 9960 samples from
Xinyang was conducted with an in-house PCR assay based on the Tagman
probe method at the one-sample/two-wells level. Samples from RT-PCR-
positive pools were then tested again in RT-PCR at a single-sample level.
Results/Findings: The sercposilive rate in donors from the endemic ragion
was higher {0.59%} than in thoze from the nonendemic regions, 0.27% and
0.28 %, raspectively, although these differences were not statistically signifi-
cant, No significant differences were found in donor demographic charac-
teristics between seropositive and negative donors in the endemic region.
We tested 2490 pools of endemie-region samples for SFTSV BNA; 63 pools
were reactive, Individual-sample RT-PCR tesling of the 63 reactive pools
found 2 reactive donor samples. The amplification cycle numbers {Cgs) for
the reactive donor samples were 38.7 and 39.3, both with estimated viral
load <10 pfu/ml, The RNA pravalence rate for SFTSV among donors in
Xinyang was 0.02% (2/9960). Results of RT-PCR single-sample testing of all
seropositive samples were negative, which suggests that these donors may
have cleared the SFTSV after the initial exposure, Conclusion: We con-
ducted the first multi-region SFTSV seroprevaletice and virus-prevalence
study in Chinese blood donors to assess the potential threat of SFTSV
fransmission through transfusion. The seroprevalence of SFTSV in donors
from three Chinese regions ranged from 0.27% to 0.59%. No significant
association between seropositive status and demographic charactaeristics
was identified, The low rate of viremia among donors may suggest a limited
impact -of SFTSV on blood safety in these regions. However, continuing
investigation on SFTSV among larger numbers of donors, especially those
from epidemic regions, is needed to further monitar the potential threats of
SFTSV 10 blood safety.
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Qutcome Assessment with Implementation of Second-Generation
Hepatitis B Virus (HBV) NAT In Blood Donation

J Dunn Williams?, G F Roberison?, M Dixon?, N Haubert?,

P C Williamson?, G F Leparc®®, S Caglioti?, R Spizman?, M D Bravo?,
R C Williams'. "National Institufes of Health, Epidemiclogy and Clinical
Research Branch, Phoenix, AZ, United States; 2Creative Testing
Soiutions, Temps, AZ, United States; *OneBicod, St. Petersburg, FL,
United States, “Blood Systems, Inc, Scottsdale, AZ, United States

Background/Case Studies: Early blood donor screening for hepatilis B
virus (HBV) infection was based on NAT for HBV DNA detection andfor
serological screening for hapatitis B surface antigen (HBsAg). Confirmation
was by neutralization tests, and by antibody to HBV core antigen (anti-HB¢)
tests due to the lack of NAT assay sensitivity. [n Oclober 2012, the FDA
released a guidance document recommending that all units of whole blood
and blocd components used for transfusion be tested by an FDA-licensed
HBV NAT with a sensitivity standard of 100 IU/mL. A second-generation HBV
NAT test was implemented to meei this standard, Study Design/Methods:
Wa evaluated the detection of HEV NAT by comparing the Procleix Ultrio
(ULT) first-generation screening test to the Procleix Ulirio Plus second-
generation assay {ULTP). Procleix discriminatory HBV (dHBV} assays as
well as HBsAg results were used in the analyses. Results/Findings: A total
of 5,680,572 blood donations were analyzed by NAT assay performance:
ULT 2,728,621 (July 2012-April 2013} and ULTP 2,961,951 {May 2013-
February 2014). HBY NAT-discriminated donations were 545 (0.02%) ULT
and 581 (0.02%) ULTP; Chi-square p = 0.762. NAT-nondiscriminated dona-
tions were 84 (0.003%) ULT and 70 (0.002%} ULTP; Chi-square p=0.101.
There was however, statistical significance when evaluating NAT ULT and
ULTP with HBsAg, p=<0.0001 (Table). There were fewer NAT-nonreactive
[NRYHBsAg-reactive [R} donations {NR/R) with ULTP {662, 0.022%) than
with ULT (1644, 0.060%}),; and a higher number of NAT-R/HBsAg-NR (R-R/
NR) donations were idenfified with ULTP (57, 0.002%) than ULT (32,
0.001%). The immunoassays changed from Orho Diagnostics ElA testing 1o
Abbott Prism ChLIAn July 2013. Conclusion: Sacond- generation NAT, the
Procleix Ultdo Plus assay, showed greater delection of early-infected HBV
donations (those reactive and nonreactive for HBsAg) than did Procleix
Ultrio. The occurrence of HBV NAT discrimination and nondiscrimination was
simitar for both assays.
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Test Platform

NAT-dHBV/EIA .

or ChLIA NR-R/R NR/NR NR/R R-NR/NR R-NR/R R-R/NR R-R/R Total
Ultrio : 69 2,725,200 1644 1255 10 32 563 2,728,773
Ultrio Plus 59 2,961,632 ee2 1304 g 57 574 2,864,297
Total 128 5,686,832 2306 2569 19 89 1137 5,693,070
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Risk of Transfuslon-Transmitted Viral Infections: Contribution of
Hepatitls B Vaccination of Newborns in an Endemle Country

J Chen', 3 Well, "Head Office, Tafwan Blood Services Foundation, Taipei,
Taiwan

Background/Case Studles: With the implementation of strict donor selec-
' tion and sensitive laboratory sereaning procedures such as nucleic acid
testing (NAT), the risks of transfusion-transmitted viral infections are low at
present. In this study, we analyZed the residual risks of HIV-, HCV-, and
HBV-infectious donatiens, highlighting the contribution of a nationwide hepa-
titis B vaccination program that has been in place since 1985. Study

Design/Methods: Data for the 2 million donations between February 2013
and March 2014 were collected. Of these donations, 92% were provided by
repeat-tested {RT) donors and were analyzed for determination of risk by
using the window-period model. The window petiods used throughout the
analysis were 9.1d for HIV-1, 7.4 d for HCV, and 30d for HBV, The RT
donors with a confirmed-seropositive result and those with a NAT-positive
result were considered as infected and were used for determination of risk,
that is, the risk caused by their prior donations. The risk of HBV was
determined as that of confirmed infections multiplied by the adjustment
factor 2.38 (Korelitz et al, Transfusion 1897}, in considering the risk intro-
duced through the prior donations from donors recovered from thelr infection
as well as from donors positive at the time of donation. Results/Findings:
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DONOR INFECTIOUS DISEASE TESTING

Donors deferred for self-reported Chagas disease history:
’ does it reduce risk? |

Whitney R. Steele,’ Elizabeth H. Heﬁ}itt,z Anne M. Kaldun,? David E. Krysztof,® Roger Y. Dodd,*® and
Susan L. Stramer®

BACKGROUND: Current Food and Drug Administration
guidance specifies that all blood donors must be asked
about a history of Chagas disease.
STUDY DESIGN AND METHODS: We ldentmed all

- American Red Cross donors deferred for Chagas
disease history from January 2000 to August 2011,
Attempts were made to contact all deferred donors and
invite them back for anti-Trypanosoma cruzi testing.
After January 2007, all accepted donors (no Chagas
history) were anti-T. cruzi tested.
RESULTS: Over the 12-year period {approx. 88 million
donor presentations}, 34 donors had a Chagas deferral.
When contacted, seven reporied risk (e.g., travel or
residence in an endemic area, vector exposure) and
six were anti-T. cruzi tested with one
radioimmunoprecipitation assay (RIPA) positive. Six
others had answered the question incorrectly. The
remaining 21 could not be contacied but from the donor
record it could be determined that 13 were Hispanic
ethnicity or Spanish speaking and/or provided specific
detalls of Chagas risk or disease.
CONCLUSIONS: In 12 years, only 28 potentially
infected donors were identified using the Chagas gues-
tion. Limited testing data suggest that few of these
would have had serclogic evidence of pricr infection. In
contrast, nearly 5 years of anti-T, cruzi screening identi-
fied 488 RIPA-positive donors, none of whom answered
"yes” to the Chagas guestion. According to estimates in
this study, the value of retaining the questionnaire in
addition 1o testing translates to preventing the collection
of 0.4 infected donors per billion. Thus, the Chagas
history question has no meaningful value.

2092 TRANSFUSION Volume 54, August 2014

rypanosoma cruzi is the etiologic agent of
Chagas disease, which can be transfusion
transmitted. Vector-borne transmission occurs
only in the Americas and the greatest risk of
transmission is limited to the rural, less-developed
regions of Mexico, Ceniral America, and South America.
While there have been some autochthonous transmis-
sions in the United States,! other risks in the United
States are from human-to-human transmissions by
transfusion, organ transplant, or vertically from mother
to child, although all are relatively rare.® Due to the
influx of immigrants from Mexico and Central and South
America, there are an estimated 300,000 individuals with
Chagas disease living in the United States currently:*
Because Chagas disease can have a long asymptomatic
phase, a person may not realize he or she has a chronic
infection and present to give blood. Because so many
people are unaware of their infection status, to protect
the blood supply, blood donors in the United States are
now tested at least once by a licensed screening assay as
well as being asked about a history of Chagas disease at
every donation.’
Obtaining an accurate health h1story to assure donor
suitability before blood donation is a key step to ensuring
blood safety. This is accomplished in the United States

ABBREVIATIONS: ARC = American Red Cross; BDR = blood
donor record; DHQ = donor history questionnaire;
RR = repeatedly reactive.

From the 'Transmissible Disease Department and ‘Research
and Development, Holland Laberatory, American Red Cross,
Rockville, Maryland; the *Scientific Support Office, American
Red Cross, 8t Paul, Minnesota; and the *Scientific Support
Office, American Red Cross, Gaithersburg, Maryland.
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with the donor history questionnaire (DHQ). An effective
question on the health history questionnaire is especially
important when there are no available screening tests to
detect an agent of concern.! Questions are also helpful
when possible window-period infections might need to
be intercepted or as a layer of safety against inventory
control errors.” Before the availability of a Food and Drug
Administration (FDA)-licensed antibody test, the only
intervention te reduce the risk of transfusion transmission
of T cruzi was to ask donors about a history of Chagas
disease. A deferral for a history of Chagas disease was
added to the AABB Standards in 1951 and a question
regarding Chagas disease was added as early as 1992 to the
AABB DHQ.

In 2010, following the licensure of anti-T cruzi
screening tests {first licensed in December 2006}, the FDA
issued a Guidance for Industry recommending that all
presenting donors should continue to be asked about a
history of Chagas disease in addition to being tested at
least once with a licensed screening test.’ A “yes” response
tothe Chaghs history question or reactive antibody screen
results in indefinite deferral of the donor. All donors to the
American Red Cross (ARC) are now tested for anti-T. cruzi
at least once as well as being asked the Chagas question
every time they donate. In view of the routine testing for
anti-T, cruzi, we sought to evaluate the residual value of
the Chagas history question.

MATERIALS AND METHODS -

The ARC national data warehouse was queried to identify
all donors deferred for a self-reported previous history of
Chagas disease from January 2000 to August 2011. All
Chagas disease-deferred donors at the ARC are assigned a
specific assertion code to identify them as being perma-
nently deferred for risk for Chagas disease. The donors
assigned this code were originally identified either by
answering “yes” to the specific question on the DHQ or
because they had a note in their deferral record saying that
the donor had provided additional information resulting
in a Chagas disease risk deferral. .

The DHQ question currently reads “Have you ever
had Chagas’ disease?”, but before 2005 at the ARC it was
part of a compound question that included babesiosis and
sometimes leishmania. Therefore, donors who had said
yes to the babesia or leishmania part of the question were
excluded and documented as such using the notes in the
blood donor record (BDR). The additional information
that the donor preovided that would have resulted in a
Chagas disease deferral includes reporting having lived in

ahousehold with someone who had Chagas disease, being -

.unsure about their answer to the Chagas question, or
being unsure about having had Chagas. Deferrals that
occurred at the time of presentation or because of
postdonation information were included.

CHAGAS DISEASE HISTORY QUESTION

In the fall of 2011, trained donor counselors
attempted to contact all Chagas history-deferred donors
by phone and by letter to conduct interviews to clarify
responses and, if applicable, to bring denors back for anti-
T cruzi testing, Multiple attempts were made to reach
each donor using the address and phone numbers in the
donor record. Donors that were reached were asked about
their history of Chagas disease and asked to provide
details to further explain why they had said ves to the
question. Donors who provided information that substan-
tiated a risk for Chagas disease were asked to provide a
follow-up sample for anti-T. cruzi testing,

If a donor could not be reached after multiple
attemnpts, his or her BDR was reviewed to determine if he
or she were of Hispanic ethnicity or Spanish-speaking and
for possible evidence of Chagas disease, diagnosis, or risk
factors that may have been provided at the time of defer-
ral. This information was evaluated to determine the like-
lihood of their being truly infected.

In January 2007, the ARC began testing all accepted
donors using an FDA-licensed T. cruzi test system (Ortho
Clinical Diagnostics, Raritan, NJ) liaving 99.88% sensitiv-
ity (95% confidence interval, 99.35%-100%; package
ingert). Donors who had a signal to cutoff on the Ortho
enzyme-linked immunosorbent assay (ELISA) of 1.00 or
greater initially and then following duplicate repeat
testing (if reactive in one or both duplicate retests) were
considered repeatedly reactive (RR). All RR donations
were further tested using a laboratory-developed test,
a radioimmunoprecipitation assay (RIPA), available
through Quest Diagnostics (Chantilly, VA). Accepted
donors were also screened by the current donor health-
history questionnaire and had answered “no” to the ques-
tion regarding having had Chagas disease. Test result
information on donors who were accepted and tested
using the Orthe ELISA between January 2007 and August
2011 are provided as a comparison group. Donors who
were hoth screen and RIPA positive during this time '
period, but answered “no” to the Chagas question, repre-
sent failures of the screening question to detect a true
positive. All contacted Chagas-deferred donors that
returned were tested for anti-T. cruzi using the Ortho
ELISA described, and those that screened RR were tested
by RIPA for confirmation.

RESULTS

Database searches identified 34 donors deferred for
having a self-reported Chagas disease history over the
period January 2000 to August 2011 at ARC. During this
same time period there were more than 76 million dona-
tions to the ARC plus more than 11 million presenting
donors who were deferred from donation for any reason.

Of the 34 donors identified, 13 could be reached and
were interviewed by the donor counselors. During the
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follow-up interviews conducted in the fall of 2011, seven
of the 13 contacted donors provided information to the
counselor that supported the possibility that the donor
had Chagas disease (Table 1). Four of the donors reported
living in an endemic area for a year or more. All four of
these donors provided information about additional risk
factors such as living in a rural area of that endemic
country and/or being bitten by the vector insect. Three
donors reported having tested positive for Chagas disease
in the past, one who lived in Chile {Donor 1), one who had
been exposed by a needlestick in 1993 (Donor 5), and one
who had tested “positive” at another blood bank (Donor
6). Donor 7 did not provide any additional supporting
information that he may have had Chagas disease, but did
reconfirm that he may have had the disease in the past. All
seven of these donors were invited to return for testing
and six returned for testing. Only one, a Hispanic female
who lived in Chile in housing with dirt floors and a
thatched roof, was both screen and RIPA positive for
anti-T cruzi.

Of the 13 donors contacted, it was determined that
the remaining six did not have a history of Chagas disease
or any other reason why they should have been deferred
for Chagas. All of these donors who denied a Chagas
disease history in 2011 had provided a history at the time
of deferral that had caused them to be deferred for Chagas
disease. The comments from the BDR at the time of defer-
ral are reported in Table 1 (Donors 8-13). At the time they
had been deferred, four of the six had provided specific
dates of their presumed Chagas disease recerded in their
BDR, one said she had an illness that possibly could have
been Chagas but did not provide an exact date, and the
final donor had a vague indefinite deferral classified as
Chagas. When questioned by the donor counselors in
2011, three of the donors denied a history of Chagas but
said they had previously had Lyme disease (Tablel,
Donors 8-10}). One of them said she had mentioned having
Lyme disease at the time of deferral, and the date recorded
in the BDR regarding the occurrence of Chagas disease
was the same as the date of the Lyme disease reported in
2011 (Table 1, Donor 9). One donor had said at the time of
deferral in 2005 that she had an undiagnosed illness after
& trip to Nigeria that was possible Chapgas disease, but
when questioned in 2011 said she had never had Chagas
disease (Table 1, Donor 11). Since T. cruzi is not present in
Africa, this was clearly not Chagas disease, Donor 12
stated no history of Chagas disease but instead a history of
vellow jaundice before age 11, but also denied any history
of hepatitis. The final donor's record did not mention
Chagas disease, but was deferred with. a code of Chagas
deferral anyway (Table 1, Donor 13). All of these donors
were non-Hispanic, were not primarily Spanish speaking,
and did not report living or visiting areas endemic for
Chagas. None of these donors was invited for testing
based on their follow-up interview. All six donors that
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were found to have answered the question incorrectly had
the permanent deferral code for Chagas removed from
their records.

The remaining 21 donors associated with Chagas
disease history deferrals could not be reached in 2011. For
the purposes of the study, their BDR from the time of the
original deferral was reexamined to determine how likely
the deferral was actually due to Chagas disease history.
Critical elements that were considered included specific
details about when and where the diagnosis of Chagas
disease had been made, if they self-reported as Hispanic
and/or had a preferred contact language of Spanish, if
they self-reported as living in or traveling to an endemic
country, and if they gave details about a family member
having Chagas. Living in the same household as someone
with Chagas meets the criteria for an ARC deferral.

Thirteen of the 21 remaining donors had information
in their blood donor deferral records that were suggestive
of Chagas disease or living with a family member with
Chagas disease (Table2). Five donors who reported
having a diagnosis of Chagas disease and gave a date of
their diagnosis were also Hispanic or Spanish speaking
{Table 2, Donors 3-4 and 9-11). Three donors reported
living in or traveling to an endemic country and also
having symptoms of or a diagnosis of Chagas disease
{Table 2, Donors 12 and 14-15). One donor tested “posi-
tive” at another blood center for Chagas disease and had
the diagnosis confirmed by a physician (Table 2, Donor
13}. Three donors lived in a household where others had
Chagas, but did not have it themselves and one of them
was Hispanic and Spanish speaking (Table 2, Donors
16-18}. Finally, one donor was unsure of his answer but
self-reported Hispanic ethnicity (Table 2, Donor 21). The
remaining donors did not have enough evidence in their
record to be suggestive that their Chagas disease history
was likely, '

Starting in January 2007, all ARC donors were tested
one or more times for anti-T. cruzi. During the period of
January 2007 to August 2011, approximately 21 million
donations were screened of which 2506 (0.012%) were RR
on the Ortho anti-T cruzi ELISA and 488 (20% or approx.
1:43,600 donations) were RIPA positive. Since they were
accepted donors, all of these donors had denied a Chagas
disease history during the predonation screening process.

DISCUSSION

The length and complexity of the current donor health
history questionnaire lead to donor complaints about
both the time it takes to complete and the ambiguity of
some questions.” If no apparent, quantifiable value is
added by a question, then the question should be
removed. While the removal of one question from the
donor health history questionnaire may not seem signifi-
cant, consider that it was asked more than 80 million
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times during the 12 years reviewed by this publication. It is
unknown how often the health historian was asked about
what Chagas disease was and the length of time each of
these inquiries added to the donation experience.

In 12 years in this study, there were only 34 Chagas
disease deferrals from over 88 million donation presenta-
tions. Since six of the contacted donors were determined
to have answered the question incorrectly, that means that
there were only a maximum of 28 potentially T. cruzi-in-
fected donors that were detected using the Chagas disease
history question (seven contacted with risk determined
plus 21 not contacted). However, given that five of the six
(83%) tested donors were negative, it is unlikely that the
remaining 21 not contacted deferred donors were each
positive for anti-T. cruzi. It is also unlikely that all 21 were
positive given that only 13 of the 21 had any evidence that
they were likely to have Chagas disease according to their
BDRs. ' '

In the absence of testing, and if all 28 donors deferred
based on the Chagas disease question were considered at
risk, the rate of detection of infected donors by the ques-
tionnaire would be 28 per 76 million donations or 0.368
per million. In contrast, anti-T. eruzi screening at the ARC
detected 488 RIPA-positive donors from appreximately 21
million donations screened for a rate of 23.24 per million,
or 63-fold more effective than the Chagas question. Stated
differently, we would expect the detection of one at-risk
donor by questioning versus 63 detected by testing. The
current Ortho screening test has a claimed sensitivity of
99.88%; this then implies that ARC screening should have
detected an additional 0.59 anti-T. cruzi-positive donors
{i.e., 0.12% above the 488 already detected per approx. 21
million donations screened, [0.0012 x 488] per 21 million),
or an undetected rate of 0.028 per million. However,
applying the calculated detection rate of the guestion-
naire versus testing, as we estimated above (at 1/63}, only
one per 63 of the 0.59 infected donors who were poten-
tially undetected by testing would be detected by the con-
tinued use of the questionnaire. Thus, the estimated
maximum value of retaining the questionnaire is in pre-
venting the collection of approzimately 0.4 infected
donors per billion (i.e., 0.028/63 per million, or 0.00044
per tmillion}.

While there were potentially 28 infected donors
detected by questioning during the 12-year period of
observation, there were 488 RIPA-positive donors defini-
tively identified during almost 5 years of anti-T cruzi

CHAGAS DISEASE HISTORY QUESTION

screening at the ARC. It is important to note that none of
these anti-T. cruzi~positive donors answered “yes” to the
Chagas disease history question, meaning either they
were unaware of their Chagas disease status or they chose
not to disclose it. Given that many people with chronic
Chagas disease are unaware of it, the former js more likely
than the latter. We found that testing donors {5-year expe-
rience) was far more sensitive than donor questioning (12-
year experience) and, thus, in the presence of testing, we
consider that the Chagas disease history question has no
meaningful value. '

CONFLICT OF INTEREST

The authors report no conflicts of interest or funding sources.

REFERENCES

1. Cantey PT, Siramer SL, Townsend RL, et al. The United
States Trypanosoma cruzi Infection Study: evidence for
vector-borne transmission of the parasite that causes
Chagas disease among United States blood donors. Trans-
fusion 2012;52:1922-30. .

2. Bern G, Kjos 8, Yabsley M]J, et al. Trypanosoma cruzi and
Chagas’ disease in the United States. Clin Microbiol Rev
2011;24:655-81.

3. Rassi AJr, Rassi A, Marin-Neto JA. Chagas disease. Lancet
2010;375:1368-402.

4. Bern C, Montgomery SP. An estimate of the burden of
Chagas disease in the United States. Clin Infect Dis 2009;
49:252-4.

5. Food and Drug Administration. Guidance for industry: use
of serological tests to reduce the risk of transmission of
Trypanosoma eruzi infection in whole blood and blood
components intended for transfusion. 2010 [cited 2013
Oct 22]. Available from: http://www.fda.gov/
BiologicsBloodVaccines/GuidanceCompliance
RegulatoryInformation/Guidances/Blood/ucm235855.htm

6. Germain M, Goldman M. Bloed donor selection and
screening: strategies to reduce recipient risk. Am J Ther
2002;9:406-10.

7. Fridey JL, Townsend MJ, Kessler DA, et al. A question of
clarity: redesigning the American Association of Blood
Banks blood donor history questionnaire—a chronology
and model for donor screening. Transfus Med Rev
2007;21:181-204. O

Volume 54, August 2014 TRANSFUSION 2097



[ N P S N A A= LT

©

‘ TR B
RUYCAGE WG b BRI S LRI ALSL o=

. — (G B IREE ORI 4 A= — (L AR A—L5 ¢
‘ S REGNE N OM B 6 BB MN T | UGB LU H L Ry Ypormrg " 23U LR T
QTR - W RMR (695 "N BTN S B 2 B S L SE 2V LU B ~ SE D EIK "D AR
b = MR TIAIOTE L v AR FrE -y H | 2 QIO WVIIY) £ A= — (14 HORI BIS598g o ch 3B

HUKOEES - HEOEIEH

QB QEAlOA
AWEB Q& Y
s wa\um.@.wg.ﬁ

P T2 TS R Bl

N | T-a e

[ | T2t ofet TS P B
[ H M T-S S E T

c °G § BB O

BIRRHN AL L i — (TR OW R 4 A= — (4 *o CIMNA— g Ty LT QB YL PhsR R Y 1 00y gasy
, 2@ (%00°001--98'66 ‘1D%S56) %8 661

TYASY8ZT * (%66°66—28'66 “1D%S6) %6 66 TAFT WS S &Y N L CEVIAVEGFERPI G (%0 T—E5°0 "[D%G6)
94G4°0 * (%8Z°0—F0°0 “[D%S6) %210 * (%PT'0—00°0 ‘[D%56) %S20 0 UL UL FIss HEIVNTRI 2R /N Ry Mpoomry g
QELEN YA LA L3 DREIZ TR B RA080GOY BT LLUL B! “[4LOT T Y1 B Wk b “4T20 T O LU HE “%m
- - oU‘%\._\WOW.I\

DRSO SR Y i (/2T E2R IR QA W A R R E B3 “2 W QQaEkR B O~ MU DB — 4
LS 6B AN WAL O Y RE S R T TR ST 0 ). T N2 B R SRR O B VIAY *3
UG AR S5 — L DL LU D AU SRR O — O L 4 A= — (4% UL N2 (H0d) TF 7 (VIAV)
T Lo S92 TR NS D) (M G AR T e i MW ALk ) W LYIR S (M3 Am Y " W (O S) I L@
3B (WAL G Wl (L) TR LV WHE OEK "2 H 6~5 T T02N W 0102 "HMER S TNAOIT ) 41 LATVIHY kL
U LR A ZIDLN K (VILY)

R 40 © BRI

ABSSEOUNUIIT S0USISAION]] POARLIECH th 264 M 2 R LS 6 T RYNQND W S Y roorerg ¢ (ASF 2 B D 3e 4y " AL )2

SWMEFEWPO2
MRS OTHE L L fr=— (1 BTG UR R 2IVAL ANy B¢ BT EF OB WD FESK ) poorr g o). ¥ B T L b Tl HE
- _ Ao (1 OB (p ch A MBS b X0 3 £ 3 B IR oMy T LY U2 Yy VUG HE (100 g ) o0/ Blsaqed 3k O
‘ 87 Aey| _
$10Z andz 26921 M/TITI 01 (TS H) T2 H -3 WL Bl o
“10p "98-9722:(6)FS! (Freb- ey B) N H ET- | g
K R Gyl . (et 1) e B pi-mge| | (FFS) FEEH
Iaweng ‘JA %.:ﬁmmw ¢ a)30sSIIg WYKL OS5 (Bl H ) T4 | | T-R AR
‘d KO[JO *d BUIAS(T ‘YD) 19150 : : .
7 Ty puesumo, ‘g(J Jo1zsATY ‘1S _
Emz\ uosuyol ‘g0 uouIp ‘(Jd ZJNIo0W W&wﬁdﬁ%ﬁ< m_.% wgﬁ
. gtii= ¥ °0T "¥#10% - o
o B o
METRRSYs YROBUETY | BEYVE-—% HE . WS E- &R

6L °N

 ERHEE SHER WER
| | 1-ZSE Y




JRC2014T-039

DONOR INFECTIOUS DISEASE TESTING

Investigational screening for Babesia microti in a large repository
of blood donor samples from nonendemic and endemic areas of
the United States |

Erin D. Moritz,' Colleen S. Winton,’ Stephanie T. Johnson,? David E. Krysztof;!
Rebecca L. Townsend,' Gregory A. Foster,! Patricia Devine,® Philip Molloy,® Edward Brissette,®
' Victor P Berardi,® and Susan L. Stramer!

BACKGROUND: Babesia microti, a transfusion-

antibodies and DNA in blood donors.

prior 12 months.

100.00%) at a 1-in-128 cutoff.
CONCLUSIONS: B. microti prevalence followed

transmissible intraerythrocytic parasite, is ncreasing in
frequency in the United States with no available FDA-
licensed donor screening assay. We utilized investiga-
tional arrayed fluorescence immunoassay (AFIA) and
polymerase chain reaction (PCR) to detect B, microti

STUDY DESIGN AND METHODS; AFIA and real-time
PCR were performed on frozen paired EDTA plasma
(AF1A) and EDTA whole blood (PCR) samples collected
from May to September 2010 to 2011 in nonendemic
(Arizona [AZ] and Oklahoma [OK]), moderately endemic
(Minnesota [MN] and Wisconsin [WI]), and highly
endemic (Connecticut [CT] and Massachusetts [MA])
‘areas of the United States. AFIA utilized B. microti piro-
plasm as an antigen substrate; PCR primers and
probes targeted the B. microti 18S ribosomal RNA
gene, Data from AZ and OK were used to calculate
specificity. All AFIA- or PCR-positive or -inconclusive
donors were deferred, notified, and invited to participate
in a follow-up study involving repeat testing and a
demographic and risk-factor questionnaire. Recipient
tracing was performed for any cellular component trans-
fused at index, at subsequent donation, or within the

RESULTS: Testing of 13,269 paired samples included
4022 from AZ and OK, 4167 from MN and WI, and
5080 from CT and MA. B. microti antibody and/or DNA .
prevalences were 0.025% (95% confidence interval {CI],
0.00%-0.14%), 0.12% (95% CI, 0.04%-0.28%), and
0.75% (95% Cl, 0.53%-1.03%) in the nonendemic, mid-
endemic, and high-endemic regions, respectively.
Specificitios were 98.95% (95% Cl, 99.82%-90.99%) at
a 1-in-84 AFIA cutoff and 99.98% (95% CI, 99.86%-

" expected geographical patterns. Scresning was feasible
with & performance comparable or superior to other
infectious disease blood donor screening assays.

2226 TRANSFUSION Volume 54, September 2014

abesia microti is an intraerythrocytic parasite

that can cause the disease babesiosis.! The

severity of Babesiz infection ranges from

asymptomatic, most commonly in healthy
adults, to fatal, which most often occurs in the elderly; the
very young; individuals with compromised immune
systems, sickle cell diseases, or other hemoglobine-
pathies; and those lacking a spleen.? In the United States,
vector-borne B. microti is primarily transmitted to
humans through the bite of Ixodes scapularis (also called
the blacklegged or deer tick).® Blood-borne transmission
from infected blood donors to recipients, via contami-
nated red bleed cell (RBC) units or platelets (PLTs) con-
taminated with RBCs resulting in transfusion-transmitted
babesiosis {TTB), is of increasing concern.™? Between
1979 and 2009, a total of 162 cases of TTB were reported in
the United States, 159 of which were caused by B, microti.
These numbers likely underestimate the true incidence
of TTB, as infections may be overlooked or misdiag-
nosed and transfusion investigations may not be
considered.”® There are no Food and Drug Administration

ABBREVIATIONS: AFIA = arrayed fluorescence immunoassay;
ARC = American Red Cioss; Ct = cycle threshold;

€PCR = enhanced polymerase chain reaction; IFA = indirect
immunofluorescence antibody assay; NSF = nonspecific
fluorescence; TTB = transfusion-transmitted babesiosis;

WB(s) = Western blot(s).
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{FDA)-licensed blood donation screening tests; the only
intervention is a question asking donors at presentation if
they have ever had babesiosis followed by their indefinite
deferral for those responding “yes.” This method is
ineffective 112 :

National surveillance for babesiosis began in January
2011 within 18 states and one metropolitan area using a
standard case definition developed by the Centers for
Disease Control and Prevention for the Council of State
and Territorial Epidemiologists.” During the first yeas,
1124 confirmed and probable babesiosis cases were
reported, of which 1092 (97%) occwrred in seven
B. microti-endemic states: Connecticut (CT), Massachu-
setts (MA), Minnesota (MN), New Jersey, New York
(including New York City), Rhode Ysland, and Wisconsin
(WI).”* Ten known TTB cases in blood recipients were
among those reported within this first year of babesiosis
national surveillance.!* More recently, the total number of

babesiosis cases reported in 2011 was adjusted to 1128

cases with an additional 937 cases reported in
2012 (http:/fwonder.cdc.gov)’® and another 1446 cases
reported during 2013 (to December 28 2013; http://
www.cde.gov/mmwr/pdf/wk/mm6252md.pdf).
Traditionally, the diagnosis of babesiosis has been
based on clinical presentation coupled with visual exami-
nation of bloed smears and detection of antibodies using
indirect immunoflucrescence antibody assays {IFA)¥®1
and more recently by molecular techniques such as real-
time polymerase chain reaction (PCR).* Some cases have
only been recognized after observation of the parasites on
routine blood smears examined for other purposes.'®1
Blood donation screening has been ranked as a priority,
particularlyin endemic areas of the United States, because:
1} B. microti can be transmitted via blood transfusion, 2)
infection results in clinically significant and often fatal
disease (approx. 20% cases in recipients are fatal), and 3)
most infected blood donors will be asymptomatic when
they donate.®3"12 Preliminary results of investigational
and research testing®®?® have been reported in small
studies from localized areas of the United States, but larger
studies across multiple geographies using standardized
methods are lacking. The aims of this study were to: 1)
estimate B. microti DNA and antibody prevalence in blood

donors in nonendemic and endemic areas of the United .

States using investigational tests, 2) characterize the dura-
tion of marker positivity, 3) determine the specificity of

testing using the combination of investigational antibody
" and DNA tests, and 4) determine the feasibility of blood
donation screening for B. microti.

MATERIALS AND METHODS

Sample collection

Linked, surplus, paired EDTA-plasma retention samples
collected in plasma preparation tubes (Becton Dickinson,

B, MICROTI REPOSITORY STUDY

Franklin Lakes, NJ), and EDTA-anticoagulated whole
blood samples with 3 mL or more per tube were retained

- frozen (~80°C) in a repository. Repository samples were

selected at randem for testing from donations collected
from May through September 2010 and again in 2011 at

‘American Red Cross (ARC) blood drives and collection

sites in Arizona (AZ), Oklahoma (OX), MN, WI, MA, and
two highly endemic counties in CT. Results for samples
collected from “nonendemic” regions of the United States
{AZ and OK) were used to calculate the specificity of the
screening protocol. MN and WI were considered “modet-
ately endemic” areas and CT and MA were considered
“highly endemic” areas. Frozen samples were shipped to
IMUGEN, Inc. (Norweod, MA), where they remained
frozen (-20°C) until tested.

Screening protocol

Linked studies were performed using investigational tests
developed, validated, manufactured, and with all testing
performed by IMUGEN, the sponsor of the investigational
new drug studies. The screening protecol consisted of two
assays: an arrayed fluorescence immunoassay (AFIA) and
PCR, requiring a minimum of 3.0 mL of EDTA whole blood
or 2.5 mL of whole blood and 0.5 mL of plasma or serum,
to complete the testing algorithm (including repeat and
supplemental testing). :

The AFIA is a second-generation IFA designed to
facilitate high-throughput screening® The format and
antigen source were selected in response to the perfor-
mance limitations of available recombinant and peptide
antigens used in enzyme-linked immunosorbent assay
(ELISAs) where the number of unconfirmed reactive
samples by ELISA was three- to 21-fold higher than the [FA
comparator. The range reflects different tested popula-
tions (high vs. lJow endemicity} and either recombinants or
peptides as the antigen source®* The AFIA detects
immunoglobulin  (Ig)G H+L-specific antibodies to
B, microti cytoplasmic antigens in plasma or serum
samples. Briefly, samples are diluted, added to wells con-
taining calibrated numbers of fixed intact B. microti-
infected RBCs, and incubated (37°C for 30 min). Unbound
sample is removed by washing, a preparation of antibedy
to human IgG conjugated to a fluorophore and a
nonbabesia and non-immunoglobulin-specific flouro-
phore of distinct spectral emissions are added, incubated
{37°C for 30 min), and unbound conjugate is removed by
washing, Test results from immunoglobulin and non-
immunoglobulin-specific emissions are evaluated utiliz-
ing an Epi-fluorescence microscope incorporating
optical, electrooptical, and electromechanical technolo-
gies and components (Nikon Instruments, Inc., Melville
NY; Andor Technologies PIC, Belfast, UK; Prior Scientific,
Cambridge, UK; Chroma Corporation, McHenry, IL;
Microvideo Instruments, Inc., Avon, MA; Lumencor, Inc.,
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TABLE 1. Testing algorithm for AFIA for screening blood donors for IgG antibodies to B. microti
B. microti AF1A results and interpretations
Initial result Retast result (<2} Retest rasult Endpoint dilution* Final interpretation
Negative NP : NP NP Negativa
Positive Negative ‘Negative NP Nagative
Positive Positive Positive =1:64 Positive
Positive Positive Negative 21:64 Positive
Posltlve Positive NSF 21:64 Positive
Positive NSF Negative NP Inconclusive
Positive NSF NSF NP Inconclusive
NSF Negative Negative NP Negative
NSF Positive Positive =1:64 ‘ Positive
NSF Positive Negative NP Inconclusive
NSF . NSF Negative NP Inconclusive
NSF NSF NSF NP Inconclusive
* Endpoint dilution range is 1: 84 to 1: 1024,
NP = not performed.

Beaverton, OR; and Lenovo, Morrisville, NC). Negative and
positive controls on each plate must react as expected for
the results to be considered valid?! B. microti antibody
titers of 64 or greater were considered initially reactive and
retested in duplicate, Table 1 presents the AFIA testing
algorithm and result interpretations, and the Supporting
Information (available in the online version of this paper)
provides data for AFIA correlations with PCR and blood
smears. Specificity was calculated at cutoff dilutions of 1
in 64 and 1 in 128, the latter used for engoing prospective
investigational new drug screening.*” The 1-in-64 cutoff
was used in this study to assess the apprepriate cutoff for
future prospective investigational screening studies.

The gualitative real-time PCR (35% limit of detection,
66 piroplasms/mlL) is a Tagman-based multiplex assay
employing primers and probes that target the B. microti
188 ribosomal RNA and a conserved human genome-
specific 18S locus which serves as an endogenous internal
control (Young etal with modifications).® DNA was
extracted and concentrated from EDTA-whole blood
using automated membrane-based isolation and purifica-
tion technology (Taigen Bioscience, Taipei City, Taiwan;
IMUGEN, Inc.}. Four controls for each PCR plate were
included (a template-negative, high-template, low-
template, and reagent control).” Positive results
were defined as a threshold value obtained in 44 or fewer
thermodynamic cycles (cycle threshold {Ct)) utilizing
thermocyclers (ABI 7500, Applied Biosystems, Life Tech-
nologies, Grand Island, NY). Internal data {IMUGEN)
demonstrated that the PCR assay has an amplification
efficiency of 101%. Figures $1-83 (available as supporting
information in the online version of this paper) provide
data in support of the PCR lower limit of detection, assay
linearity, and correlations with blood stmears and AFIA.
The PCR testing algorithm, validity criteria, and assay
interpretations are presented in Table 2.

Samples screening positive or inconclusive by AFIA or
PCR were considered the index donation for the donor in
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terms of donor follow-up (see below); however, if multiple
samples from the same donor were available from the
repository and tested as part of this study, then the earliest
donation was considered the index.

Supplemental tesiing

Additional testing at IMUGEN was performed on positive
and inconclusive samples to assess the validity of the
screening result. Enhanced sensitivity digital PCR (ePCR;
95% lirnit of detection, 10 piroplasms/mlL), employing a
larger volume of sample and a higher number of assay
replicates than the standard screening protocol, was per-
formed on all samples that were AFIA positive or incon-
clusive and PCR negative. In-house Western blot (WB)
assays were used to detect B. microii IgM and [gG for all
samples that were positive or inconclusive by AFIA.
Samples were tested using standard WB methods with
enzyme conjugates. Bands were read against molecular
weight standards; each run included positive and negative
controls required to react as expected for a run to be con-
sidered valid. Table 3 provides the use of each supplemen-
tal agsay as determined by the AFIA and PCR screening
results; the suppoerting information gives additional
details about the ePCR and WB assays.

For the specificity calculation in nonendemic areas,
initially reactive samples that were unconfirmed by IgM
and IgG WBs and ePCR were considered false positives. To
estimate parasite load, samples that screened PCR posi-
tive were submitted for quantxtatlve PCR (supporting
information).

Follow-up testing

All doner and product actions taken as part of this linked
study were consistent with those used for other infectious
disease screening protocols. Donors of positive or incon-
clusive samples were indefinitely deferred from donating
blood and invited to participate in follow- -up studies.
Consenting donors participating in follow-up returned to
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TABLE 2. Testing algorlthm for PCR for sc'reening blood donors for B. microti DNA
B. microti PCR results and intarpretations

initial result Reaxtraction result* Reaxtraction retest result (x3)

B. microti ICt B, microti IC B. microti IC Final interpretation
MNegative Valid NP NP NP NP Negative

Negative Invalid Negative Valid NP NP Negative

Negative Invalid Negative Invatid - NP NP Specimen unsuitable
Negative Invalid Positive NA Negative {x3) . Valid Inconclusive
Negative Invalid Positive NA Negative {x3) Invalid Inconclusive
Negative Invalid Positive NA Positive (21 replicate) NA Positive

Positive NA NP NP Positive (21 replicate) NA Positive i
Positive NA NP ‘NP Negative (x3) i Valid Inconclusive
Positive NA NP : NP Negative (x3) Invalid Inconclusive

* Reextraction resulis: B. microti-negative samples with an invalid internal control result are reextracted and relested.

1 IC =internal control. The PCR Is a multiplex assay that in addition to B. microti-specific primers and probes include an internal control
consisting of primers and probes that amplify and detect a conserved region of the human genome (the human 188 ribosomal DNA analog
of the 168 ribosomal DNA of B. microti). This control enables the evaluation of all variables associated with specimen addition; DNA
extraction; and the PCR reagents, conditions, and instrumentation. If the Ct value of the centrol does not fall within a predefined range,
then the specimen results are considared “invalid.” When B. microli is present, amplified, and detected, the Ct value of the 1C is irrelevant.

NA = not applicable; NP = not performed.

TABILE 3, Supplemental 'testing algorithm as
determined by the AFIA and PCR
screening results

Supplemental testing

Screaning result

AFIA PCR IgM and IgG WB ePCR"
Negative Negative NP NP
Positive Negative Performed Performed
Negative Positive Performed NP-
Positive Positive Parformed NP
Positive Incenclusive Performed Performed
Negative Incenclusive Performed Performed
Inconclusive  Negative Performed Performed
Inconciusive Positive Performed NP
Inconclusive  Inconclusive Perfermed Performed

* Described in the text and supporting information.
NP = not performed.

an ARC fixed site to provide two EDTA and two whole
blood tubes without anticoagulant for testing. Samples

were held at 2 to 8°C following collection (EDTA-whole

blood and serum separated from whole blood) and sent to
IMUGEN for testing within 5 days.

Component tracing and retrieval were performed on
cellular components from the index donation, distributed
cellular components from that doner up to 1 year prior to
the positive or inconclusive donation, and on any unit
collected after the positive: or inconclusive donation.
Health care facilities were notified that their patient may
have received a suspect product; recipients were eligible
to participate in follow-up. All follow-up testing was per-
formed at IMUGEN using protocels analogous to those for
donor screening.

Human subjects approval

The study protocol and all study materials were approved
by the ARC and New England Institutional Review Boards,

Mapping and statistical analysis
The reported residential zip codes of tested and positive or

inconclusive donors were plotted using mapping software

(ArcGIS Desktop 10.0, Environmental Systems Research
Institute, Inc., Redlands, CA). The prevalence of B. microti
antibody and/or DNA iIn nonendemic, moderately
endemic, and highly endemic regions were compared
using the chi-square or Fisher’s exact test. Exact binormial
confidence intervals {CI) were determined for the speci- -
ficity calculations. CI calculations and prevalence com-
parisons were made using statistical software {SAS 9.2,
SAS Institute, Cary, NC).

RESULTS

A total of 13,269 paired samples from donations collected
from May through September 2010 and 2011 was tested
(Fig. 1). In AZ and OK, testing was conducted on 4022
paired samples; 4167 and 5080 paired samples were tested
in MN and WI and MA and CT, respectively, Forty-nine
donors were positive or inconclusive for B. microti anti-
bodies, DNA, or both (Table4). Afier false-positive
samples (n = 5, AFIA titers 64-128) or those with nonspe-
cific fluorescence (NSF) negative by supplemental tests
were removed, the prevalence of B. microti antibody,
DNA, or both in the six regions combined based on 44
confirmed-positive donors was 0.33% (95% CI, 0.24%-
0.45%). The percentages of positive donations in
nenendemic, moderately endemic, and highly endemic
areas were 0.025%, 0.12% (including two PCR-positive
donors with AFIA titers of 256 to 21024), and 0.75%
(including five PCR-positive donors with.AFIA titers of
256 to 21024), respectively (Table 4, Figs. 2 and 3). The
B. microti prevalence in highly endemic areas was signifi-
cantly higher than that in moderately and nonendemic
areas (p < 0.0001 for both comparisons). The prevalence
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Fig. 1. US map depicting reported residential zip eodes of denors collected from six regions who were tested with an investigational
screening protocol to detect evidence of antibodies to and DNA from B. microti (blue). Yellow circled dots indicate the residential
zip codes of donors who were positive by AFIA with or without PCR positivity,

in moderately endemic areas was higher than the preva-
lence in nonendemic areas; however, this difference was
not significant {p = 0.22).

Antibody-positive donors with elevated titers (=256)
with or without PCR positivity were considered more likely
to have an active or recent infection than PCR-negative
donors with low-titer antibodies. No such donor occurred
in the nonendemic states, All seven PCR-positive donors
" had an AFIA titer of 256 or greater. Parasite loads for the
seven PCR-positive and AFIA-positive donors ranged from
40 to 13,000 piroplasms/mL. Fourteen (38%) donors of the
remaining 37 confirmed-positive donors had AFIA titers of
256 or higher, 12 had a 64 titer, and 11 had a 128 titer. No
donor was PCR positive, antibody negative. All antibody-
positive, PCR-negative donors were confirmed by addi-
tional tests at index; none was ePCR positive.

Seventy-four follow-up samples were collected from
27 of 49 (55%) positive or inconclusive donors, Seven of
these individuals provided one follow-up sample, while 20

2230 TRANSFUSION Volume 54, September 2014

donors provided two to six follow-up samples, The mean
time between index and first follow-up was 552 days
(range, 223-863 days), while the mean time between the
index and last follow-up collection was 676 days (range,

- 223-996 days). At last follow-up, 20 of 27 (74.1%; 95% CI,
. 53.7%-88.9%) donors retained antibodies to B. microtiata
* 1-in-64 cutoff; five had titers 0f 256 or greater. Of the seven

PCR-positive denors, five were followed; none remained
PCR positive at first follow-up but all remained antibody
positive. Risk information, from a questionnaire adminis-
tered by trained counselors, was obtained for each of
these PCR-positive donors; the most frequently reported
risks were time spent outdoors in the past 2 years in
wooded, grassy, or brush-covered areas; e.g., hiking,
camping, jogging, hunting, fishing, outdoor sports, or
clearing land (n = 5, 100%) and/or finding a tick on their
body in the past 2 years (n =3, 60%). For the remaining
22 antibody-positive donors, who were considered
confirmed positive and participated in follow-up, risk
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TABLE 4. Numbers tested and results for donors screened through repository testing of blood donation
samples collected in nonendemlc (AZ, OK), moderately endemic (MN, WI), and endemic (CT, MA) areas of the
United States

PCR result Numbers for Pravalence
AFIA result Reactive Negative Inconclusive Total prevalence calculations (95% CI), %
AZ and OK
Reactive 0 3 0 3 1 0.025 (0.00-0.14)
Negative - 0 4,019 0 4,019 4,021
Inconclusive 0 0 0 1]
MN and WI .
Reactive 2 3 0 5 1 0.12 (0.04-0.28)
Negative 0 4,160 11 4,161 4,162
Inconclusive 0 1% 0 1
CT and MA
Reactive 5 33 0 38 38 0.75 (0.53-1.03)
Negative 0 5,041 0 5,041 5,042
Inconclusive 0 1§ 0 1
Total 7 13,261 1 13,269 13,269

* Two samples (one AFIA positive at 1 in 64 and one pesitive at 1 in 128 on initial screening) were negative for B. microfi IgM and IgG anti-
hody in additional testing using WBs and considered to be false positive. One sample (AFIA titer of 64 on initial screening) was positive for
lgG antibody on WB; the denor also reporied several risk factors en his quaestionnaire. This sample was considered a true remote infection.
All three samples were IgM WB negative and ePCR negative. ‘

1 Sample was negative for lgM and IgG in additional testing using WBs and ePCR; donor follow-up sample provided at 358 days postindex
was PCR and AFIA negative; index donation considered a false positive.

% Sample was negative for |gM and 1gG in additional testing using WBs and ePCR; donor follow-up sample provrded at 320 days postindex
was PCR negative and AFIA NSF; donor follow-up sample provided at 412 days postindex was PCR and AFIA negative; index donation
considered to be false positive.

§ Sample was negative for IgM and IgG in additional testing using WBs and ePCR; donor follow-up samples provided at 317, 422, 520, and

598 days postindex were PCR nagative and AFIA NSF; index donation considered to be false positive.

information was obtained for 16; the most frequently
reported risks were the same as in PCR-positive donors,
with 16 (100%) reporting time spent outdoors and 11
(69%) reporting finding a tick on their body.

As an example of the long duration of B. microti anti-
body, one AFIA-positive donor was identified with an
August 13, 2012, collection date during a subsequent
study involving prospective B. microti donor screening in
CT and MA (Table 5).*" This 55-year-old male, repeat
donor (10 donations September 2009-August 2012) had
samples coincidently tested from the repository since the
two studies were running concurrently. The first positive
result was a high-titer, 1gG- and IgM-antibody and PCR-
positive repository sample collected on August 30,
2010 (AFIA titer 21024; estimated parasite load, 3000
piroplasms/mL); the donor’s antibedy reactivity then per-
sisted from June 7, 2011, through August 5, 2013 (128-256
AFIA titer; IgG WB positive), One can infer that infection
was present in the donor before August 30, 2010, with
subsequent duration of detectable antibody for at least 3
years.

Three recipients who received RBCs or PLTs from
antibody-positive donors and were transfused between
November 2010 and February 2012 provided one
follow-up sample each; none was reactive for B. microti
antibodies or DNA (Table 6). Two of the 3 index units were
PCR positive, with estimated parasite loads of 800 and
13,000 piroplasms/mL, but each transfused component
from these PCR-positive donors was from a subsequent

donation (collected 80-161 days later) at which time the
marker status of the donor was unknown.

Specificity was calculated using data from the 4022
paired samples collected from areas assumed to be
nonendemic for B. microti (AZ and OK). Three donors
were AFIA positive, PCR negative, with AFIA titers of 64 for
two and 128 for the thixrd (Table 4). One male donor
(Donor 007GV) from AZ was classified as having had a
“true remote infection.” This was based on an index AFIA
titer of 64 (ePCR negative, IgM WB negative but IgG WB
positive; Fig. 4). The donor's IgG reactivity resolved when
followed more than 1 year later; no recipients from this '
donor's prior donations consented for testing. Specifici-
ties were 99.95% (4019/4021; 95% CI, 99.82%-99.99%) at a
cutoff of 1 in 64 and 99.98% (4020/4021; 95% CI, 99.86%-
100.00%) at a cutoff of 1 in 128.

All final results from IMUGEN were reported elec-
tronically to the ARC. Results for individually tested AFIA
and PCR batches were reported within 10 howrs of testing
and within 24 hours for those samples requiring repeat
testing. The reporting times for initial and repeat testing in
this retrospective study demonstrate the feasibility of
future blood donation screening.

DISCUSSION

From 2000 to 2008, a total of 159 TTB cases attributable to
B. microti were described in the United States; cases in the
series by Herwaldt and colleagues'® were reported during
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Fig. 2. Map of MN and WI depicting the residential zip codes of donors who were tested with an investigational screening protocol
to detect evidence of antibodies to and DNA from B, microfi (blue). Yellow circled dots indicate the residentlal zip codes of donors
who were positive by AFIA; red stars indicate AFIA-positive donations that were also PCR positive. Neg = negative; Pos = positive.

each month of the year with peak numbers reported from
July through October, roughly equivalent to the date range
for collected samples in our repository. Since 2000, report-
ing of TTB cases is on the rise, likely due to increased
frequency and/or increased patient recognition and
reporting.*!3 The majority (87%) of the 153 TTB cases were
reported from the seven B. microti-endemic states, four of -
which were included in our study.
In this study, the prevalence of antibodies to and DNA
- from B. microti followed expected patterns in a geographi-
cally diverse repository of blood doner samples (i.e., the
lowest prevalence was found in nonendemic areas and the
highest prevalence was found in highly endemic areas}.
The specificity of this investigational B. microti screening
protocol including AFIA and PCR of 99.95 to 99.98%
{cutoff dependent) is comparable to or better than current
blood donor screening assays used for other infectious
agents (ARC internal data). Testing was conducted on a
large and geographically diverse sample of blood donors.
Repository samples were collected from six targeted

2232 TRANSFUSION Volume 54, Seplember 2014 .

regions in the United States, roughly corresponding to six
states. However, reported residential zip codes from

. donors of tested samples suggest that the geographic dis-
tribution of sampled donors (Fig. 1) is broader (including
26 states) than the locations of the six regional bloed
centers included in this study. Moreover, the large sample
size contributes a sizable amount of data to those already
available in the literature.”®? This study also includes
donor data from nonendemic areas, which have not pre-
viously been reported.

Prior studies of B. microti testmg in endemic areas
using predominantly research IFAs yielded seropre-
valence rates of 1.2% to 1.8% in the highly endemic coun-
ties of Middlesex and New London, CT, which were also
evaluated in this study, and that those rates were stable
over 8 years of study.® Higher rates (2%) were recently
documented in endemic counties of MN using a similar
research [FA, with a single PCR-positive sample identified
of 2150 donors tested.” The same investigators reported
a seroprevalence rate of 2.5% in the two highly
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Fig. 3. Map of MA and CT (two selected counties) depicting the residential zip codes of donors who were tested with an investiga-
tional screening protocol to detect evidence of antibodies to and DNA from B, micreti (blue). Yellow circled dots indicate the resi-
dential zip codes of donors who were positive by AFIA; red stars indicate AFIA-positive donations that were also PCR positwe with
two PCR-positive donors from one zip code in New London county in CT. Neg = negative; Pos = positive.

TABLE 5. Testing results for a donor identifled both through the retrospective study and threugh
prospective testing

Test result Supplemental testing

AFIA 1:128/PCR Neg
AFIA 1:128/PCR Neg
AFIA 1:128/PCR Neg
AFIA 1:128/PCR Neg

1gM Neg, IgG Pos
lgM Neg, IgG Pos
IgM Neg, [gG Pos
IgM Neg, IgG Pos

AFIA 1:128/PCR Neg

IgM Neg, 194G Pos, ePCR Neg
AFIA 1:128/PCR not done

IgM Neg, IgG Pos

AFIA 1:256/PCR Neg
AFIA =1:1024/PCR Pos

1gM Neg, IgG Pos, ePCR Neg

IgM Pos, IgG Pos,
3000 piroplasms/mL

Collect date Study Sample type
August 5, 2013 Prospective Follow-up

April 29, 2013 Prospective Follow-up
January 14, 2013 Prospective Follow-up
Qctober 11, 2012 Prospective Follow-up

August 13, 2012 Prospective Prospective donation
May 30, 2012 Prospective Retrieved plasma
December 15, 2011 Nong

August 31, 2011 None

June 7, 2011 Retrospective Repository
December 29, 2010 Nona

August 30, 2010 Retrospective Repository-“index”
May 3, 2010 None

January 5, 2010 None

September 30, 2009 None

Neg =negalive; Pos = positive.

endemic counities of CT? In that study, 1002 donors were
tested by [FA and PCR, with 25 IFA-positive donors iden-
tified, two of which were PCR positive. A third donor was
identified from a September donation who was PCR posi-

tive but IFA negative (<1:64), suggesting a window
period collection and the possible value of PCR in pro-
spective donor screening algorithms. Rhode Island Blood
Center has been screening donors for B. microti with
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TABLE 6. Results of follow-up testing for three recipients of units donated by antibody-positive doners

Recipient
Recipient Product transfusedfunit follow-up
State  condition Date fransfused . chronology/collect date Index donor resulis/coliect date results
CT Unkrnown  November 23, 2010  RBCs/subsequent*/November 2, 2010 AFIA z1:1024 AFIA < 1:64
PCR Pos PCR Neg
. 18,000 pireplasms/mL/August 13, 2010
cT Unknown  February 23, 2012 RBCsfsubsequent/January 27, 2012 AFIA 1;256 AFIA < 1:64
' ) PCR Neg/August 27, 2010 PCR Neg
MN Leukemia  February 5, 2012 PLTs{/subsequent/February 1, 2012 AFIA 1:256 AFIA < 1:64
PCR Pos PCR Neg

300 piroplasms/mL/August 24, 2011

* “Subsequent unit” refers to transfused units that were collected from a positivesfinconclusive donor after that donor’s index resuit.
1+ Apheresis donor.

Neg = negative; Pos = positive.

Babesia microti immunoblot units screened using a 1-in-128 IFA
cutoff, a seroprevalence rate of 1.23%

(including 26 IFA-positive samples, of
which one donor was PCR inconclusive)
Pos Neg Pos Neg was reported. No TTE was reported
Control  Control  D0onor 007GV o1 (oI i LA  from any screened unit.

- In contrast, in our study the rates of
seropositivity in moderately endemic
(MN and WI) and highly endemic (CT
and MA) areas were lower: 0.12 and
0.75%, respectively. Different time
periods, assay specificities, and county
or blood drive selection may have been
responsible for these differences.
However, our study found a higher
number of antibody-positive, PCR-
positive donors in moderately and
highly endemic areas (2/4167 and
5/5080, respectively; Table 4). Prelimi-
nary studies of prospective B, microti
donor screening in endemic areas have
identified PCR-positive donor units
(both antibody positive and negative)
that were infectious in animal models,
suggesting that PCR is an important
component of donor screening.?”

This study has several potential
limitations, some of which may result in
underestimating the true prevalence of
B. microti in blood donors. Testing was
conducted on frozen samples, possibly
resulting in some loss of sample quality.
However, unpublished data from
IMUGEN suggest that AFIA-positive
serum and PCR-positive whole blood

G —™M—  ——————igm

Fig. 4. IgG and IgM WBs of positive and negative controls and the index sample from
Donor 007GV. Ta be considered positive on WE, reactivity to the 30-kDa protein was
required in addition to reactivity to two additional proteins of 38, 42, or 45 kDa. The
origin of this donor's reactivity is unclear: he lived in New York from 1955 to 1970
and spent time in Pennsylvania and New Jersey in 1968, but did not recall spending
time in wooded or grassy areas or finding a tick on his body. He was stationed in
Germany from 1975 to 1976, where he reported tick bites. Currently, he reports
spending substantial amounts of time outdcors in AZ and owning three “outdoor”
dogs and reporxted flulike symptoms in the past 2 years. Neg = negative;

Pos = positive. '

investigational IRA and PCR using earlier versions of the samples from blood donors remain stable for up to 19
tests used in this study® and employing an algorithm in months after freezing and storage at ~16°C or less; addi-
which labeled B. microti test-negative units are available tional ARC data demonstrate antibody frozen stability
on request for select at-risk patients (e.g, neonates and up to 5 months {Tables 51-53, available as supporting
pediatric patients with hemoglobinopathies). Of 2113 information in the online version of this paper), and
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AFIA-positive serum samples from clinical cases of babe-
siosis retain their titer for 12 years after freezing and
storage at —65°C or less (data not shown; IMUGEN per-
sonal communication). A smaller proportion of samples
were collected in May and June than in July, August, and
September, which is a possible reason as to why window
period units were not detected. It is likely that incident
cases of B. microti occur in higher numbers in the late
spring and early summer when our study undersampled
collections and thus may have missed donors in the early
stages of infection. The majority of samples collected for
this study were not selected based on county, despite the
fact that the incidence of B. microti infection has been
shown to vary within states and that certain counties are
hyperendemic.***** Thus, we may have underestimated
prevalence since some highly endemic counties may have
been underrepresented or excluded from the repository.

More than 50% of B. microti-positive or -inconclusive
donors participated in our follow-up study; however, the
rate of follow-up from recipients of transfused units from
positive donors was disappointing. Johnson and cowork-
ers'® found that nearly 13% of recipients who received a
seropositive index or prior component from a seropositive
donor subsequently tested B. microti antibody and/or
PCR positive. Seropositive index units transmitted more
frequently (50%} than prior donations from seropositive
donors (7.3%), and transmission more often occurred if
the donor was also PCR positive (33.3%) versus PCR nega-
tive (2.9%).1° Traced components from positive donors
included RBC units (7-42 days dld at transfusion) and 1
PLT unit (5 days old at transfusion).!® Although our study
tested only three recipients of cellular components from
antibody-positive donors, none was AFIA or PCR positive.
This included two recipients {one of RECs, one of PLTg) of
subsequent units donated by PCR-positive donors 80 to
161 days after their PCR-positive donation (Table 6). The
likely explanations for the absence of transmission
include resolution of active infection by the time the
donor donated the transfused unit or a parasite load in the
subsequent donation that was too low to transmit; it also
should be noted that TTB has never been documented by
an apheresis PLT unit, only those prepared from whole
blood collections.’®* However, it is noteworthy that the
PCR-positive and AFIA-positive donors (800-13,000
piroplasms/mL and AFIA titers of 256 to >1024) were not
assoclated with transmissions in donations more than 2
months later. Until more data are collected on recipients,
it will be difficult to empirically estimate the risk of
antibody- and/or PCR-positive blood to those being
transfused with such units.

While donor follow-up data collection is ongoing,
available data from this study suggest that donors main-
tain antibody reactivity for a substantial period of time.
The mean time between initial reactivity at the index
* donation and last follow-up collection was 676 days. The

B. MICROTI REPOSITORY STUDY

majority (74.1%) of donors retained antibodies at iast
follow-up, suggesting that antibodies are often present for
at least 2 years, consistent with prior observations.? Such
data will be a key consideration for setting policies on
donor reentry. Follow-up and supplemental test data also
indicate that an AFIA cutoff of 1 in 64 is unnecessarily low
for blood donation screening when coupled with PCR
screening. Further studies from prospective screening
using both AFIA and PCR could indicate that a 1-in-128
AFIA cutoff may also be too low considering the absence
of infectivity®” coupled with unnecessary donor loss.

The incidence of hurmnan exposure to B. microti is
increasing in the United States and is a threat to recipients
of bleod products due to the absence of an FDA-licensed
intervention.'*** This study contributes important data to
our understanding of B. microti in blood donors, includ-
ing the prevalence of B. microti in nonendemic and
endermnic areas of the United States, the duration of anti- .
body detected in positive donors, and the specificity of an
investigational screening protocol, demonstrating the fea-
sibility of B. microti blood donation screening in the
United States. Deploying sensitive and specific laboratory

*assays for donor screening is a worthy goal for mitigating

this existing and expanding threat to the blood supply.
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SUPPORTING INFORMATION

Additional Supporting Information may be found in the
online version of this article at the publisher's Web site:

Fig. SL. Babesia microti PCR assay detection frequency vs.
piroplasms/mL concentration.

Fig. 2. Babesia microti PCR’ linearity; PCR threshold
eyeles (Ct values) vs. total pircplasms/ml (all data points).
Fig. S3. Babesia microti PCR correlation with smear from
221 PCR and smear positive patients: PCR threshold cycles
(Ct values) vs. percent total piroplasms/mL.

Table S1. Babesia microti AFIA correlation between 208
index bloed donation screening results from donors
tested AFIA reactive, inconclusive, or negative (unfrozen)
and frozen plasma (n=194) or frozen index retention
samples (n=14) from the index donated unit ($-16°C).
Data are from ongoing prospective investigational
screening; samples were frozen for a mean of 55 days
(range 11-189) prior to testing :

Table S2. Babesia microti antibody stability data from 18
EDTA-plasma blood donor samples frozen (€-16°C) for 12
to 18 months

Table 83. Babesia microti DNA stability data from frozen

whole-blood samples from blood donors (-20°C) for 15 to
24 months
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DONOR INFECTIOUS DISEASE TESTING

A longitudinal study of Babesia microti infection in sefopositive
‘blood donors

David A. Leiby,' Stephanie T. Johnson,*? Kimberly Y, Won,® Eva K. Nace,® Susan B. Slemenda,’
Norman J. Pieniazek,® Ritchard G. Cable? and Barbara L. Herwaldt®

BACKGROUND; Babesia infection is caused by
Intraerythrocytic tick-borne parasites. Cases of
transfusion-transmitted babesiosis have been increas-
ingly recognized. To date, no Babesfa test has been
licensed for screening US blood donors. We conducted
a longitudinal study to assess the course and markers
of Babesia infection among seropositive donors identi-
fied in & seroprevalence study.

STUDY DESIGN AND METHODS: Eligible donaors had
B. microti indirect fluorescent antibody (IFA) titers of 64
or greater. Enrollees were monitored up to 3 years, by
{FA and three methods for evidence of parasitemia:

B. microti nested polymerase chain reaction (PCR)
analysis (at two laboratories), hamster inoculation, and
blood-smear exarmination. .

RESULTS: Among 115 eligible donors, 84 (73%)
enrolled. Eighteen enrollees (21%) had evidence of
parasitemia for 30 total specimens (17% of 181), which
were collected in 9 ditferent months and tested positive
by various approaches: PCR (25 specimens/16
persans), hamster inoculation (13 specimens/8
persons}, and blood smear (one specimen positive by
all three approaches). Overall, 14 persons had one or
more specimen with positive PCR results at both labo-
ratories (12 persons) and/or had parasitclogically con-
firmed infection {eight persons). Three of nine persons
who had more than one specimen with evidence of
parasitemia had nonconsecutive positives. Several
enrcllees likely had been infected at least 1 year when
their last positive specimen was collected. The final
three specimens for seven persons tested negative by
all study methods, including {FA.

CONCLUSION: Seropositive blood donors can have
protracted low-level parasitemia that is variably and
intermittently detected by parasitologic and molecular
methods. Denar-screening algorithms should include
serologic testing and not solely rety on molecular
testing.

uman babesiosis is caused by intraery-
throcytic protozoan parasites, which are tick-
berne in nature but also are transmissible
via blood transfusion."! Most of the docu-
mented US cases of babesiosis have been caused by
Babesia microti, which Is transmitted by Ixodes scapularis
ticks in the Northeast and upper Midwest, primarily
during the spring and summer."* B. microti infection can
range from asymptomatic to severe. Persons, such as
transfusion recipients, who are asplenic, elderly, prema-
ture, or immunocompromised, are at increased risk for
clinically manifest and life-threatening infection.

More than 160 US eases of transfusion-transmitted
babesiosis (TTB) have been identified during the three
decades since the first described TTB case in 1979,
most (>75%) of which occurred during the past decade.!
To date, no Babesia test has been licensed by the US

ABBREVIATIONS: ARC = American Red Cross; IFA = indirect
fluorescent antibody; TTB = transfusion-transmitted babesiosis.
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Food and Drug Administration (FDA) for screening blood
donors;*** donor-screening algorithms do not routi-
nely include testing for evidence of Babesia infection.!
Although donors routinely are asked if they have a “history
of babesiosis, " persons with undiagnosed asymptomatic
infection can fulfill all criteria for donating blood despite
having low levels of potentially transmissible bloodstream
parasites, which can suffice to cause infection in transfu-
sion recipients.!

Relatively few B. microti-infected personshave been
monitored systematically for extended periods,*?* most
of whom initially had symptomatic acute cases of babe-
siosis. We assessed the course and laboratory markers of

B. microti infection in settings relevant to transfusion -

medicine by conducting a longitudinal study among sero-
positive blood donors, who were evaluated up to 3 years,
by serologic, parasitologic, and molecular methods as well
as structured questionnaires. Although the study was
not designed to evaluate the performance of particular
methods as_diagnostic or donor-screening assays, our
findings pertain to the development and implementation
of donor-testing and management strategies.

MATERIALS AND METHODS

Study design and enrollment

Seropositive donors whose B. microti indirect fluorescent
antibody (IFA) titer was at least 64 on initial testing during
May 2000 through April 2004 in a previously described
seroprevalence study'® were eligible to enroll in the longi-
tudinal study, which began in June 2000; the last study
specimen was collected in July 2006, In the seroprevalence
study, donors in southeastern Connecticut (Middlesex
and New London Counties) were targeted initially; the
catchment area gradually expanded within Connecticut,
and donors in Massachusetts (Dukes and Nantucket
Counties) were added in 2003.

The protocol for the longitudinal study was approved
by the institutional review boards of the American Red
Cross (ARC) and the Centers for Disease Control and
Prevention (CDC). On enroliment, participants provided
written informed consent and their first study specimen,
referred to as their enrollment specimen. Each study
specimen comprised three tubes of blood, which were col-
lected by regional ARC staff and shipped at 4°C on wet ice
to the ARC's Holland Laboratory (one serum-separator
tube and one EDTA tube) and to CDC (one EDTA tube).
The specimens were tested by IFA (at the ARC) and by
three methods for evidence of parasitemia: two parasito-
logic methods (blood-smear examination and animal
inoculation at CDC) and one molecular method (nested
polymerase chain reaction {PCR] analysis at both labora-
tories). In the data analyses, positive results by any of
these three methods, at either laboratory, constituted evi-

dence of parasitermnia. Unless otherwise specified, positive

2218 TRANSFUSION Volume 54, September 2014

and tested positive refer to evidence of parasitemia rather
than to seropositivity. Participants who had positive
results were encouraged to share them with their physi-
cian and were given contact information for a clinical
babesiosis expert. Study subjects were asked to provide a
specimen every 2 to 3 months (monthly, if they had evi-
dence of parasitemia) until they had three consecutive
specimens with negative results by all methods, including
TFA, or 3 years had elapsed.

Laboratory methods

The ARC conducted the serologic testing using a
nonautomated IFA assay for immunoglobulin G antibod-
ies to B. microti antigens; IFA slides and reagents were
purchased from Focus Technologies, Inc. (Cypress, CA). If
seroreactivity was noted at the lowest dilution of serum
tested {64}, the specimen was defined as IFA positive (in
accordance with the manufacturer’s instructions and the
protocol for the seroprevalence study in which eligible
subjects were identified) and was tested to endpoint in
serial twofold dilutions.” Of note, the study was not
designed to evaluate this particular IFA assay or cutoff (G4)
for donor-testing purposes. Positive and negative controls
were used. The same positive control serum specimen was
used throughout the study; when B. microti antigen lots
changed, the positive control was used to certify the new
lot and was observed to perform consistently. Because of
the subjectivity inherent to determining the endpoint titer
in this nonautomated assay, only highly trained, desig-
nated staff conducted the testing. After completion of
the study, serial specimens from multiple subjects were
retested in parallel, on the same day.

CDC conducted the parasitologic testing: two thick
and two thin Giemsa-stained blood smears (10 #L/smear)
were examined for Babesia parasites by light microscopy,
under oil immersion. In addition, two golden Syrian ham-
sters (Mesocricetus auratus) were inoculated intraperito-
neally with i-mL aliquots of whole blocd and were
monitored weekly, by examination of Giemsa-stained thin
blood smears, until parasites were noted or 8 weeks had
elapsed. Hamsters are competent (amplifying) hosts of
B. microti, which is not cultivable in vitro. CDC's Institu-
tional Animal Care and Use Committee approved animal
experiments and procedures.

The ARC and CDC independently analyzed blood
specimens by PCR, using primers designed to amplify
B. microti DNA from the 188 ribosomal RNA gene'® and a
previously described two-step nested PCR protocol %17
Total DNA was extracted from 200 uL of whole blood (i.e.,
a fivefold lower volume than was inoculated into each
hamster), by using a DNA blood mini kit (QIAamp;
Qiagen, Inc., Valencia, CA). An aliquot of extracted DNA
was amplified with primers Babl and Bab4, the product
was amplified further with internal primers Bab2 and



Bab3, and the final product was visualized in a 2% agarbse
gel stained with ethidium bromide. Positive, negative, and
extraction controls were included, DNA extraction, ampli-
fication, and electrophoretic analysis were conducted in
physically separate work areas; other standard measures
(e.g., irradiation with ultraviolet light} were used to
prevent contamination.

Questionnaires

Epidemiologic and clinical data were cbtained via struc-
tured questionnaires, An extensive “long” questionnaire,
which focused on the previous 24 months, was included in
the enrollment packet and was completed on site or sub-
mitted later. it addressed demographic factors, places of
residence and travel, outdoor activities, tick exposures,
and clinical data (e.g, flu-like symptoms, anti-Babesia
therapy, surgical splenectomy). Persons with tick expo-
sures were asked if the ticks were attached (difficult to pull
off) and if they were small versus large, in comparison with
unlabeled photographs of I scapularis versus Dermacen-
tor variabilis ticks, respectively; duration of attachment
and tick engorgement were not assessed. During all study
visits, participants were asked to complete a “short” ques-
tionnaire, which addressed interim activities, exposures,
symptoms, and treatment.

Statistical analysis
Univariate analyses were conducted for descriptive pur-

poses. Proportions were compared by using the chi-
square test or, if expected cell counts were less than five, -

the Fisher's exact test, The Wilcoxon two-sample test
was used to compare the ranked distributions of ordinal
variables. The serologic results obtained using a non-
automated IFA assay are provided and analyzed for illus-
trative purposes, even though the absolute magnitude of
the titers might not always be reproducible or generaliz-
able to other laboratories. In analyses of the distributions
of the serologic data, log: values were used, from 5 (for an
IFA result of <64} to 10 (for a titer of 1024, the highest
documented in the study). Significance was defined as a
two-tailed p value of less than 0.05.

RESULTS

Eighty-four (73%) of 115 eligible B. microti-seropositive
donors enrolled in the longitudinal study. Demographic
and serologic data for the 84 who enrolled and the 31 who
declined to participate were not significantly different
{data not shown). The 84 enrollees had a median age of 50
years and 54 (64%) were men. On enrollment, 60 persons
(71%) still had an IFA titer of at least 64, whereas 24 (29%)

were seronegative; the median interval between collection |

of the initial and the enrollment-specimens was 51 days

B. MICROT! INFECTION IN US BLOOD DONORS

(Table 1). In aggregate, the 84 enrollees provided 540 study
specimens over a 6-year period.

Eighteen enrollees (21%)—referred to as Subjects A
though R (Fig. 1)—tested positive for evidence of parasit-
emia, for a votal of 30 specimens (17% of 181; Table 1). The
epidemiologic profiles of these 18 persons with evidence
of parasitemnia and the 66 envollees without demonstrable
parasitemia were comparable in univariate analyses.
However, in aggregate, these 18 persons had higher IFA
titers on initial testing and on enrollment (Table 1). The
median IFA result for the 30 specimens that had evidence
of parasitemnia was 256 (range, <64 to 1024),

Serial laboratory data for these 18 enrollees are
depicted in timelines (Fig.1; see right bottom for
summary data). Their 30 positive specimens had evidence
of parasitemia by various permutations and combinations .
of methods and laboratories—i.e,, by PCR analysis at
either Iaboratory (25 specimens), hamster inoculation (13
specimens), and blood-smear examination (one speci-
men). In the study as a whole, including all 84 partici-
pants, the PCR results were concordant for 521 (98%) of
the 533 specimens that were tested by both laboratories
(Table 1 and Fig. 1). Of the 25 PCR-positive specimens, 12
(48%) had positive results at only one laboratory: these 12
specimens, which account for the overall discordance rate
of 2%, were from nine persons, five of whom (A, D, E, H,
and O) had other specimens that tested positive by PCR at
both laboratories or by hamster inoculation. Overall, 14
(of 18) persons had positive PCR results at both laborato-

-ries and/or had parasitologically confirmed infection, four

of - whom (A, C, D, and P) aso had positive lookback
investigations—i.e., a B. microti PCR-positive recipient of
red blood cells (RECs) they had donated was identified.l”

Overall, nine of the 18 persons had more than one

specimen with evidence of parasitemia: six persons had

censecutive positive specimens but not necessarily by
the same methods or laboratories, and three persons
had positive results for nonconsecutive specimens. For
example, SubjectP had two nonconsecutive hamster-
positive specimens. Of interest, he-did not have demon-
strable parasitemia until his fourth study specimen (in
April}, even though all of his specimens had IFA titers of at
least 512 and a lookback investigation of his blood dona-
tion the previous July was positive; more than 1 year after
that July donation, his second hamster-positive specimen
(his sixth study specimen) was collected (Fig. 1).

Six of the 18 persons reported receipt of anti-Babesia
therapy, four of whom had posttreatment positive PCR
rgsults, including Subjects N and Q, who were treated
before enrollment, and Subjects A and E, who were treated
after they enrolled (Fig. 1). Subjects N, A, and E are par-
ticularly illustrative. Subject N, the only asplenic partici-
pant, became acutely ill, was hospitalized, and started a
several-week course of anti-Babesia therapy 10 days after
his initial IFA testing in August, His enrollment specimen
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" B. MICROTI INFECTION IN US BLOOD DONORS

18 study subjects* Serfal'test results, by study subject and menth of spacimen collection
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Color codes Molecular and parasitologic data Subjacts (n = 18) Specimens (n = 30)
* JFAresulls Meihods and laboratorias with positlve results No. {%) No. (%)
1:1024 P=PCR 16 (89) 25 {83)
1:512 B = Both laboratories 12 (67} 13 {43)
1:256 C = GDC only 2011 413
1:128 R = Red Cross only . 2 (1%) 8
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Fig. 1. Characteristics of and serial laboratory data for the 18 B. microti-seropositive study subjects with evidence of parasitemia,
These 18 subjects (A through R) provided a total of 181 study specimens, 30 (17%) of which tested positive for evidence of parasit-
emia by atleast one of three methods: PCR analysis (P), at the CDC (C), the ARC (R), or both laboratories (B); hamster inoculation
{1D); and blood-smear examination ($). The specimens were tested by PCR at both laboratories, with the exception of the final three
specimens from Subjects E and R, which were tested only at CDC, See right bottom for a summary of the melecular and parasito-
logic results; percentages might not total 100 because of rounding. See left bottom for the color codes used to indicate the IBA
xesults. The left-hand columns specify each subject’s letter identification (ID), self-reported history of anti-Babesia treatment (Tx),
and the numbers of positive and total study specimens {No.+/total}, The P and H columns indicate which subjects ever had positive
results by PCR and hamster inoculation, respectively. In Column P, the summary PCR results (B, C, R, or blank) are mutually exclu-’
sive. The initial-testing column specifies the month of collection and the IFA results for the preenrollment specimen tested in a
separate study. In the timelines, the 6-year study period was normalized to 3.4 years (41 months); data for the eight subjects whose
initial testing was after 2000 were shifted back from 1 to 3 years. The results for the 181 study specimens are provided by month of
collection (see column headers); because the IFA results are provided for the preenrollment specimen as well as all 181 study speci-
mens, the data can be reanalyzed ad hoc using different criteria for classifying a specimen as IFA positive (and, therefore, for con-
sidering a person eligible to enrall in the study and for releasing the study subject after <3 years of monitoring). For the pertinent
subjects, the timing of therapy is shown; for Subjects A and E, the timing is indicated by a double-lined border between specimens
in consecutive months (E was treated twice). The 1-month data columns are numbered (see footers) to facilitate ad hoc calculations
of intervals. The data boxes for the 30 specimens with evidence of parasitemia include the pertinent letters for the positive molecu-
Iar or parasitologic results and the background color indicative of the IFA results. The data boxes for the other 151 study specimens
have a centered negative sign; a white box with a negative sign indicates that the IFA results also were negative {<64). For seven sub-
jects, the final three specimens tested negative by all study methods, as indicated by #(3-)"; their last three specimens were col-
lected over a median of 6 months (range, 4-7 months). Because IFA results are provided for the preenrollment speclmen and ail
study specimens, the data can be reanalyzed using different criteria for classifying a specimen as IFA positive. *The 18 subjects are
listed in order-of the month of their first study specimen with evidence of parasitemia and by the number and clustering of positive
specimens; the first 15 subjects tested positive on enrollment. Several subjects found small ticks attached to their skin at various
intervals before their preenrollment testing: the interval was not more than 1 month for Subjects E, L, and Q and was approxi-
mately 3 months for Subject J. Subjects G, D, and G also reportedly found small aitached ticks; but the timing was unclear, For Sub-
jects G, M, and Q—each of whom had only one specimen with evidence of parasitemia, by PCR at one laboratory—CDC repeated
the PCR analyses after reexiracting DNA from an aliquot of the pertinent specimen. Upon retesting, CDC’s restlts were positive for
Subjects G and M and were negative for Subject Q. CDC’s results for the fizst extraction are shown; the ARC did not retest the speci-
mens. Of note, Subject A’s first two specimens still had discordant PCR results on repeat testing at CDC,
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in November, 56 days posttreatment, had positive PCR
results, Subjects A and E, who were 32 and 78 years old,
respectively, tested positive before and after they were
treated. Subject A was treated between the first and
second of her three consecutive PCR-positive specimens,
which were collected in June, July, and September, 58 days
postireatment (Fig. 1). The fact that a lockback investiga-
tion of her blood donation the previous December was
positive suggests that she had protracted infection: if she
became infected during the preceding spring-or-sumtmer
tick season, the interval from acquisition of infection to
her last PCR-positive specimen was more than 1 year.
Subject E also likely had protracted infection. His enroll-
ment specimen in August had positive results by all
modalities, including blood-smear examination {<1% of
the RBCs were infetted). He was treated in September and
was re-treated 7 months later, after PCR positivity was
noted again in March.

Subject O, who did not have positive PCR results after
treatment, is also noteworthy {Fig. 1): she had four con-
secutive specimens with evidence of parasitemia; all four
tested positive by hamster incculation, but the PCR results
varied; the first two hamster-positive specimens were col-
lected during winter months, in January and March; the
other two were from June and July, approximately 1 year
after the preceding tick season; and she was seropositive
throughout the 3-year period from her preenrollment
specimen to her final study specimen (IFA titer, 512},
which was collected 2 years posttreatment.

Overall, at least three persons (4, O, and P)—two of
whom (A and P) had positive lookback investigations—
likely had been infected for approximately 1 year or longer
when their last specimen with evidence of parasitemia
was collected, which tested pesitive by hamster inocula-
tion or by PCR at both laboratories (i.e., the probability of
true-positive results was high). None of the 18 subjects
had evidence of parasitemia wheh last tested; only three
(A, B and Q) withdrew before fulfilling study criteria
(Fig. 1). Seven subjects were released after less than 3
years of monitoring because they had had three consecu-
tive specimens that tested negative by all study methods,
including IFA.

Among the remaining eight persons, who were sero-
positive when last tested but were released because they
had been monitored for 3 years, five subjects—C, G, K, M,
and R—had a final IFA titer of 64 or 128. In supplemental
testing, serial specimens from Subjects C, G, and R were
retested by IFA, in parallel, on the same day. Upon retest-
ing, the IFA results typically were the same as those shown
in Fig. 1 or differed by only one (twofold) dilution: Subject
G's last four specimens had negative IFA results; Subject
R’s titers gradually decreased, without fluctuations (final
titer, 64); and Subject C’s titers still fluctuated. The other
three subjects (E, J, and O) who were released after having
been monitored for 3 years had a final titer of 512, despite
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having been treated and monitored for at least 2 years
posttherapy. If Subject P (who did not report receipt of
treatment} is counted, a total of four persons (22% of 18)
had a titer of 512 when last tested. Of interest, one of the 66
participants who never had demonstrable parasitemia
had prolonged high-level seropositivity: the [FA titer was
1024 for all 11 specimens he provided over a 2-year period
{data not shown).

DISCUSSION

We assessed the course and 'laboratory markers of
B. microti infection in settings relevant to transfusion
medicine by conducting a multiyear longitudinal study
among prospectively identified seropositive donors in
Babesig-endemic areas. The strengths of the study
included the collection of serial specimens, the use of
parasitologic as well as molecular amplification tech-
niques, the independent performance of PCR analysis at
two laboratories, and the availability of epidemiologic and
clinical context. Because of the internal controls inherent
to the study design, we were able to identify discordant or
inconsistent laboratory results. In the data analyses, we
focused on the 18 enrollees who ever tested positive for
evidence of parasitemia—particularly, the 14 persons who
had positive PCR results at both laboratories and/or had
parasitologically confirmed infection {i.e., strong evidence
of active infection), four of whom also had positive
lookback investigations. None of our conclusions are
dependent on data from persons who tested positive only
by PCR at one laboratory or who never had evidence of
parasitemia, and the study was not designed to determine
the proportion of seropositive persons who had demon-
strable parasitemia.

The aggregate longitudinal data underscore that
persons who fulfill the eligibility criteria for donating
blood can have protracted low-level parasitemia that is
variably and intermittently detected by parasitolegic and
molecular amplification technigues. Regardless of the
analytic sensitivity of the method used, the results will be
negative if the target parasite or DNA is not present in the
aliquots tested, which typically are several orders of mag-
nitude smaller than the velumes transfused to adults.!
‘When this study was initiated, B. microti two-step nested
PCR analysis was considered state of the art. Although
using real-time PCR and/cr increasing the starting volume
(e.g., for extracting and targeting DNA) could improve
detection of low parasite densities, the discrepancy
between the volumes tested versus transfused would
remain a fundamental limitation. In the blood donor
setting, negative PCR results—even for optimally col-
lected, processed, and tested specimens—would not
exclude Babesia infection or infectivity. The PCR positivity
1ates, as determined by nucleic acid testing, for donors

" infected with viral pathogens such as hepatitis B virus that



are associated with relatively high viremias are not appli-
cable to B. microti. In general, with the exception of the
window period, which was not addressed by this study,
seropositivity is a more sensitive marker than PCR of

B. microti infection, although it does not reliably distin-

guish between active and resolved infection.

Our findings also highlight distinctions between
patient and donor settings (i.e, between clinical and
transfusion medicine). Patients with acute symptomatic
babesiosis typically have patent parasitemia, detectable
by careful blood-smear examination® In contrast,
Babesia-infected persons who meet the critefia for donat-
ing blood by definition “feel well” and usually have
subpatent (smear-negative) parasitemia, which may or
may not be detected by methods that amplify parasites or
DNA, even though the transfused inoculum may suffice to
cause patent parasitemia in a susceptible recipient.!
Only one enrollee in cur study, an elderly man (Subject B),
was documented to have a smear-positive specimen,
which, as expected, also tested positive by PCR, at both
laborateries and by hamster inoculation. However, PCR
and in vivo positivity rates for persons with positive blood
smears are not generalizable to donors with subpatent
parasitemia.

In a previously described study,® hamsters reliably
developed patent parasiternia if the intraperitoneal inocu-
lum was at least 300 B. microti parasites; approximately
one-third of hamsters became infected if the inoculum
was as low as 30 parasites. In our study, more persons and
specimefls tested positive by PCR than by hamster inocu-
lation but not necessarily in both laboratories or for con-
secutive specimens, and some had positive results only by
the in vivo method, either by chance or because a larger
volume of blood was tested. The potential vole of chance
detection is underscored by the higher concordance rate
by person than by specimen (e.g., as exemplified by
Subject A; Fig.1). Variable detection of parasites or
DNA—in aliquots of specimens collected at the same time

and in serial specimens—should not be surprising in the

context of low-level parasite densities that approximate a
Poisson probability distribution. Especially for the 14
persons who were the focus of the analyses, false-positive
PCR results were unlikely, although they cannot be
excluded for some specimens. Although we did not use

quantitative methods, the persons or specimens with
positive results by both methods orlaboratories likely had -

higher parasite densities than those with discordant or
inconsistent results.

The overall number of persons who still were infected
when they enrolled in the longitudinal study is not known,
nor is the true duration of infection among the subset of
enrollees who tested positive for evidence of parasitemia.
However, the aggregate longitudinal data affirm the
potential for otherwise healthy persons to have protracted
parasitemia."*'*?# None of the study subjects had evi-

B. MICROTI INFECTION IN US BLOOD DONORS

dence of parasiternia when last tested, but several still had
comparatively high-level seroreactivity. Potential explana-
tions include persistent infection, with very low densities
of residual or sequestered parasites not detected by the
amplification methods we used,* reexposure or reinfec-
tion, or other antigenic stimuli,

The increasing recognition of US cases of TTB! has
strengthened the impetus to develop, evaluate, and imple-
ment strategies to reduce the risk for transmission 1462527
Our findings support the concept of year-round donor
testing: the study specimens that had evidence of parasit-
emia were collected during 9 different months of the year
{even if only hamster-positive specimens are included),
which is consistent with the presence of protracted para-
sitemia in some donors and with the year-round oceur-
rence of cases of TTB.? Almost all of the identified cases of
TTB cases have been linked to RBC transfusions, which
have included components that had been leukoreduced,
irradiated, or cryopreserved.! The identified cases linked
to whole blood-derived platelets"®!2!7 presumably were
caused by residual RBCs that were infected with B. microti
or by the presence of extracellular forms of the parasite 2

The FDA’s Blood Products Advisory Committee that
was convened in July 2010 supported the concept of
regional (vs. other selective or universal) donor testing for
evidence of Babesia infection;? the details of where to test
(in which areas) and how to do so (with what types of
approaches and which specific assays or protocols) have
not yet been resolved. Our data underscore that donor-
screening algorithms should include serologic testing and
should not rely solely on molecular testing; indeed, both
serologic and molecular testing have been conducted in
the donor screening performed to date in selected areas
under FDA-approved investigational protocols. To mini-
mize the loss of uninfected donors (while maximizing the
detection of infected donors), the definition of a seroposi-
tive result for the pertinent assay(s) should be evaluated
and candidate reentry algorithms could be investigated;
because negative PCR results do not exclude ongoing
infection, negative seroconversion, with consistently
negative serologic results thereafter (for an as-of-yet
unspecified period), also would be needed. Although our
study was not designed to evaluate the particulars of
potential donor-screening tests or management strate-
gies, multiple participants who had been seropositive and
had evidence of parasitemia ultimately had three con-
secutive specimens that tested negative by all of our study
methods or definitions (Fig. 1).

Donor-screening tests targeted at B. microti have the
highest near-term priority. However, infection with other
species, such as B. duncani, which has caused three docu-
mented cases of TTB,**% is not detected by the available
serologic or molecular tests for B. microti.! For the longer-
term future, the ideal screening test would be a high-
throughput, highly sensitive and specific marker of active
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Babesia infection, regardless of the species. Pathogen
reduction constitutes an alternative or supplemental miti-
gation strategy; techniques for cellular components have
not vet been approved for use in the United States"*® but
are under investigation, 3%
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cavity was stable, with calcification and scarring. Case 2: A 23-y-old male
with Job's syndromae, with right lower l1obs A. fumigatus mycetema (7.8 cmin
largest dimenslon) for 8 mo, despite antimicrobial therapy. He was stable
during the procedure, with 85 mL of material Instilled, but became hypoxlc
postextubation, with increased inflammation in the right Jung on imaging
managed with infravenous stercids and oxyoen supplementation, Tha fal-

lowing day, he had no shortnass of breath or fever, but had mild bfood-tingad -

sputum and pleuritic chest pain at site of intervention, He was discharged 3 d
postprocedure, One mo post-procedure, the overall volume of the intracavi-
tary nodule was moderately decreased (2.5 x 2 x 1.5 em). Conctuslon: Allo-
geneic cryopracipitate can be used to creats an antimicroblal-containing
fibrin'gel for transthoraclc instillation In the treatment of persistent pulmenary
mycetoma, Further study is required to determine the sfficacy of this
approach.
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Acquired Factor V Inhibitor after Exposure to Human Thrombin

K Donohog’®, R L Leving'2 "Hematology and Oncology, Lenox Hilt
Hospital, New York, NY, United States; ?Blood Bank, Lenox Hill Hospital,
New York, NY, United States

Background/Case Studles: Acquired factor V (FV) inhibitors occur rarely
and clagsically develop after exposure to boving thrombin. The ¢linical pre-
“sentation Is variable, ranging from asymptomatic to significant bleeding,
With the development of human-derived threambin agents, bovine thrombin
Is less frequently used. Wa report a case of an acqulred FV inhibitor that
developed In a patient after exposure to human thrombin. Study Design/
Methods: The study conslsted of a case repart and a review of the litara-
ture. Results/Findings: A 71-y-oid female with a history of recurrent
hemanglopericyloma Involving the nasopharynx was admitted for smboll-
zation and resection of tumor. it is not known whether she was exposed to
bovine thrombin during her prior hospltalizations slsewhers, On this admis-
slon, a porcine-derived gelatin paste mixed with human thrambin powder
was used as a topical hemostatic agent, Postoperatively, she developed a
deep venous thrombosls. She was started en Intravenous heparin and
warfarin, Twe days afler starling anticoagilation, the activated partial
thromboplastin tfme {aPTT) was increased at 120.6 sec, and heparin was
discontinued. The Internaticnal Normallzed Ratio (INR) was 3.34 on this
same day, and warfarin was then held. The next day, the PT was
124.8 sec, INR 10,78, and aPTT 47,6 sec, The coagulopathy was attrib-
uted to deplstion of vitamin K-dependent factors secondary to warfarin and
antiblotics; therefore vitamin K was given, along with 20 unitstkg of pro-
thrombin complex concentrata (PCC} and 2 units of fresh-frozen plasma
(FFP). About 15 h later, the PT, INR, and aPTT normalized. [n order to
resume anticoagulation, enoxaparin at 1 mg/kg twice daily was started.
Within hours, the FT and aPTT started to again Increase. The aPTT cor-
rected on mixing with normal plasma, but the PT did not, which suggests
the presance of an Inhibitor. FV activity was reduced at 1% of normal, The
FV inhibitor level was 1.4 Bethesda units/mL. The thrombin time was
»>300 sec {normal 19.1-26.1 sec). Despite the profound coagulation lests,
the patient did not blged, but anticoagulation was discontinued. An Inferior
vena cava filter was Inserted. Over tha next 2wk, the patfent was
observed without anticoagulation, and her INR decreased to 1.1. Conelu-
glon: Our review of the literature revealed only ona prior reported case of
FV inhiblor after exposure fo human thrombin. Mo bleeding complications
occurred In our patient, but the treatment of bleeding secondary to
acguired FV inhibitors would include platelets, FFP, PCC, and recombinant
factor Vlla. Topical human thrombin may pose a risk of acquired FV Inhl-
bition, especially In patients with prior expesure to bovine thrombin. Addi-
tional studies will be neaded to confirm this association.
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Trends In the Incidence of Transfuslon of Bactetlally Contaminated
Platelets over Two Decades at an Academlc Medical Center

R Yomtovian', M Jacobs'?. 'Case Westermn Rasarve Univ, Cleveland, OH,
United States; 2University Hospitals Case Medical Center, Gleveland, OH,
United Statas

Background/Case Studles: Several processes have been implemented to
decrease the incidence of bacterial contamination of platelats, ineluding
shortening outdate time to 5 d In 1986, requirement for delection methods in
2002, culture of 24-h-cld apheresis products In 2004, prapooting and culture
of 24-h-old pooled products from 2007, diversion of the first part of the
collection and improved skin prap procedures from 2008, and FDA approval
of & point-of-issue test in 2007, As active strvelllance for bactarial contami-
nation of platelet products has been carried out at cur Institution since 1991,
the refationships betwaen the incidence of bacterial contamination and these
Interventions were assessed. Study Design/Methods: Platelet concen-
trates (PCs) are prepared by two regional blood centers supplying our
947-bed academic medical center transfusion service. These are prepared
either by apherasls (AP) or fram whole blocd-derived (WBD) platelets, using
the poul-and-store method for WBD since 2007. Samples of the apheresis
and WBD pools, prepared by both blood centers, have been sampled for
hacterial contamination since 2003 and 2007, respectively, with testing by an
FDA-cleared culture sysiem. Sinca 1981, all platelets releasad from our
transfusion service have undergene a survalllance culturs at time of issus,
with inoculation of 0.1 mL of preduct on a blood agar plate that is incubated
aercbically at 35°C for up to 48 h and quantitation of any positive cultures.
Results/Findings: During 1881-1999, contamination rates were 2,523/
million (29/11,496) for WBD pools and 393/million {10/4,241) for AP
{p < 0.001). Intreduction of prepooling WBD PC in 2007 was associated with
a significant decrease in the contamination rate of WBD poals, from 2,358/
millien (10/4,241} in 2004-2006 to 308/millon (4/12,974) In 2007-2013
{p < 0.001). For AP unlts, no signlficant change was noted following the
Introduction of early culture In 2004, although the spectrum of contaminants
did change, with the proportion of Gram-negative contaminants decraasing
and reactions fraquently delayed. Thera was, however, a downward frend in
the contamination rate of AP during 2007-2013 (456/million; 18/39,489)
compared to 2004-2008 (620/million; 8/11,589), but this trend was not sig-
nificant (p=0.45}, Concluslon: These findings document the continuing
occurrance of “breakthrough’” cases of bacterial contamination, despite early
culture In both AP and pocied WBD platelets and the beneficlat effact of
prepooiing and early culture of WBD platelets, which reduced bacterial
contamination rates to levels comparabla to those of AP units, Additional
efforts, such as an additional culture during the storage pariod, point-of-issue
testing, or use of pathagen inactlvation, are nesded to further reduce bac-
terial contamination of platelets.
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Brucelia abortus Contamination In a Unit of Platelets: A Case Report
H N Alvarez?, G F Leparc?, D Stanek®, R R Gammen', R A Relk?,
'OneBlood, Inc., Orlando, FL, United States; 2OneBlocd, ine., Ft.
Lauderdale, FL, United Stales; IFlorida Department of Health,
Tallahasses, FL, United States; ‘OneBlood, Inc., St Petersburg, FL,
United Stales

Background/Case Studies: Brucellosis is a zoonofic disease caused by
members of the Brucefia spp.; it consists of small gram-negative cocco-
bacilli that can be transmitted to humans by ingestion of unpastaurized
bovine or goat raw milk products, direct contact with an infected anima), or
inhalation of aerosols. Human-to-human transmission s extremely rare.
Study Design/Methods: A thrombocylopenic elderly male in a community
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hospltal received a pool of 4 whole blood-derived platelet units
(Acrodose™ Systems) later confirmed to be contaminated with bacteria,
which was subsequently ldentified as Brucefla abortus by a commerclal lab
and confirmad by the Florida Department of Health {(FDOH). No adverse
reaction was reported during or immediately after the transfusion. Results/
Findings: The baclerlal scresning (BacT/AlertR} used by the blood center
datected the bacterial contamination 2.5 d after the bottle inoculatlon and
12,5 h after transfusion. The blood center notified the pafient's’treating
physician within 1 h after the BacT culture became positive, which was
approximately 13.5h afier the transfusion took place. The patient was
placad on broad-spectrum antibiotics. Brucefla microagglutination testing
{BMAT) conducted on serial serum samples collected over a 6-mo perlod
and tested at the Centers for Disease Confrol and Protection {CDC) were
all negative, and the reciplent demonstrated no subsequent evidence of
clinical Infection. The blood center in collaboration with the FDOH was able
to identify the infected donor, a young male enginesr, who immigrated to
the United States from Venszuela 8 mo before donation, Despite the
patient's claim to feel well and healthy on the day of platelet donation,
further questioning revealed a 2-d history of low-grade fever Immediately
following donation. His blood cultures and aitempts at molecular amplifi-
cation studies to reveal circulating Brucelia mlcroorganisms were negative.
Howaver, serologic studies revealed Brucella antibody titers of 1:5120
(total, 1gM, and Ig@&) and 1gG titers of 1:320 {reference value: <1:20}, The
donor was successfully treated by his primary physician. Conclusion:
Culture-based platelet quality-control tests may identify bacterlal contami-
nation after the unit has been released and transfused, especlally in cases
of slow-growing bacteria such as Brucellz spp. In this case, prompt
notification of the patient's clinician, even in the absence of signs of &
transfusion reaction, allowed for the timely adminisiration of prophylactic
broad-spectrum antibiotics and possible prevention of clinical disease. In
addition, to the best of our knowledge, this represents the first case of
Brucella contamination of a platelst product reported in the English
literature. ,
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Bacterial Sepsls from Platelets In Rhode Island, 1999-2013
R Clubwala’, J Sweeney'. "Mirflam Hospfal, Providence, AI, United States

Background/Case Studles: Bacterlal sepsis remalns a serlous adverss
event of platelat transfusion, despite the practice of bactarial cutturing of
platelet products prior {o shipping. The true prevalence of this complication
remains unknown, as no active survelllance s In place, and there s
angolng contraversy regarding the relative safely of whole blocddsrlvad
pools versus apheresis platelets in this regard. Our medical systems
account for approximately 85% of all platelets transfused In the stats, and
whole blood-derlved pooled platelets account for 70% of all plataiet doses.
Since 2004, all platelet products (apheresis and whola blocd-glerived) must
test negative by a culture technique prior to shipping. Furthermore, with
the exception of urlicaria as the sole manifestation, routine gram staining
and bagcterial culturing of all platalet products implicated in a reported
teansfuslon reaction have been standard practice since 1989, Study
Deslgn/Methods: All transfusion reactions were examined for the 15-y
period from 1989 to 2013, and septic reactions were identifled. Septic
reactions to platelets ware defined as reactions in which the Gram's stain
of the bag was positiva, the culture of the bag was positive, and the c¢linical
features were consistent with sepsis. Platelet products shipped from the
Community Blood center were tabulated and separated into whole-blood
pools (prestorage or postsiorage) or apheresls platelets. Qutdating was
estimated at 8% for apherésis platelets and 15% for whole blood-detived
platelets. Results/Findings: A total of five sepfic reacticns ware observed,
three to whole bloed- derived platelets and two to apheresis platelats.
Notably, four of the five reactions were diagnosed after gram staining of
the bag, and only one was suspscted by the dlinician. There were two
associated deaths (2/5, 40%). Detalls of these reactions are shown in the
Table. An esfimated total of 50,651 whols blocd-detived platelet doses
ware fransfused, along with 23,768 apheresis platelst doses, glving an
observed prevalence of 1 septic reaction per 16,901 whole-blood pools
(95% G, 1:5,777-1:81,967) and 1 septic reaction per 11,884 apheresis
platelst doses (95% Cl, 1:3,280-1:98,040) {(p=0.66). Concluslon: Qur
observed prevalence of septic réactiens is much higher thanthat generally
reported, which may reflect the practica of routinely gram-stalhing platelets

implicated In a transfusion reaction. The risk of sepsis and death was

skmlizr for the two platelst product types.
Disclosure of Commerclal Confiict of Interest
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TABLE.
Pretransfusion
Platelet Max Was Product
) Reclplent Recipient Count Storage Temperature Pre-screened
Year Age/Sex Diagnosls  (x 109/L) Praduct Age P Clinlcel Features Organism for Bacterla? Outcome
1929 43M  MDS 45 Apherssls Platelets 5 days 100 Chills Backache Staph Epidarmis Ne Non-fatal
Dyspnea Cyanosls ‘
2000 74F  AML 38 Pooled Platelets 2 days 101 Chills Dyspnea Sarratia Marcescens No Fatal
Cyanosls
2002 B65F AML 15 Poolad Platelets S days 101 *  Rigors Staph Epidermis No Non-fata)
2007  B2F AML 5 ~ Apheresis Platelets & days 101.3 Chills Staph Auraus Yes Fatal
2011 68M  Aplastic 14 Piepooled Platelets 5 days 104 Rigors Staph Epldermls Yes Non-fatal
' Anemla
5P368

-Characterization of Staphylococcus epldermidis Stralns Isolated
from Contaminated Platelets at Canadian Blood Services from 2008
to 2013

S Mallya', M Taha®, S Ramirez-Arcos'. 'Canadian Blood Services,
QOitawa, ON, Canada

Background/Case Studles: Platelet concentrates (PCs) are highly sus-
captible to bacterlal contamination due to their storage at 20-24°C under
agitation. Our laboratory has shown that the major platelst contaminant,
Staphylococeus epidermidis, forms surface-attached aggregates (blefilms)
during platelet storage. Biofilms are more likely to escape detection during
platelet screening and to have increased pathogenicity. This study was

almed at determining the prevalence cf blofiim-forming S. epidarmidis iso-
lated from contaminated buffy coal pools and apheresis PCs at Ganadian
Blood Services over a 5-y perled. Study Design/Methods: Rates of bac-
terial contamination in PCs from 2008 to 2013 were obtalned, and 24 8.
epidermidis stralns isolated during that period wers used in this study.
Standard biofilm formation assays were performed in trypticasa soy broth
supplemented with glucoss (TSBg) with ovemnight incubation at 37°C, A
subgroup of 9 strains, Ihcluding 7 biofilm-negative and 2 biofilm-pesitive
isolates in TSBg, were tested for biofilm formation In frash {<5-d-old} PCs
under platelet storage conditions. Biofiim production was quantified by
using a crysial violet method, and slime production was measured by the
appearanca of black colonfes on Congo red agar, The presence of blofiim-
assoclated genes {icad and icaD) was also detarmined by PCR. All assays
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SUMMARY

Background: With the emergence of bovine spongiform encephalopathy (BSE) and variant
Creutzfeldt—Jakeb disease (CJD) in the UK, there is concern about iatrogenic trans-
mission, and the approach to managing this risk is unique.
Aim: To describe and review CJD incident management and the notification of individuals
‘at increased risk’ as a strategy for reducing iatrogenic transmission.
Methods: A description of iatrogenic CJD transmission, the CJD Incidents Panel’s role, the
number and nature of CJD incidents reported and the individuals considered 'at increased
risk’ by mid-2012.
Findings: Seventy-seven UK cases of CJD are likely to have resulted from iatrogenic
transmission, among recipients of human-derived growth hormone (64 cases), dura mater
grafts (eight cases), blood transfusions (four cases) and plasma products (one case). To
limit transmission, the Panel reviewed 490 incidents and advised on look-backs, recalls of
blood and plasma products, and quarantining and disposing of surgical instruments.
Additionally, on Panel advice, around 6000 asymptomatic individuals have been informed
they are at increased risk of CJD and have been asked to follow public health precautions.
Conclusion: The strategy to reduce fatrogenic transmission of CJD has been developed in a
context of scientific uncertainty. The rarity of transmission events could indicate that
incident-related exposures present negligible transmission risks, ot — given the prolonged
incubation and subclinical phenotypes of CJD — infections could be yet to eccur or have
been undetected. Scientific developments, including better estimates of infection prev-
alence, a screening test, or improvements in decontaminating surgical instruments, may
change future risk management.

© 2014 Published by Elsevier Ltd on behalf of the Healthcare Infection Society.

Introduction

In the late 1990s, with fears of a large epidemic of variant
Creutzfeldt—Jakob disease (vCJD} in the UK following wide-

* Corresponding author. Address: CJD Section, Health Protection spread exposure to bovine spongiform enCephalqpa.thy (BSE),
Services, Public Health England, 61 Colindale Avenue, London NW9 the need far effective measures to reduce transmission of both

5EQ, UK.

. vCJD and CJD through healthcare procedures (iatrogenic

E-mail address: victoria.hall4@nhs.net (V. Hall). transmission) was recognized by the UK Health Departments.

http://dx.doi.org/10.1016/.jhin.2014.06.002
0195-6701/® 2014 Published by Elsevier Ltd on behalf of the Healthcare Infection Society.
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Whereas there have been many fewer vCJD cases than initially
feared, and although the annual incidence of vCJD has declined
since 2000, the continued incidence of sporadic and genetic
CJD (Figure 1} and possible subclinical vCJD infections give
serious cause for concern about iatrogenic transmission.'™*

All forms of CJD {variant, sporadic, and inherited prion dis-
ease) could be transmissible through the re-use of instruments
that have had contact with potentially infectious tissue during
specific procedures, as prions are resistant to conventional
decontamination processes. In vCJD as tissue infectivity is more
widespread, more procedures pose a risk of transmission.> Tis- '
" sue and organ donations from infected individuals are another
potential transmission route. Transmission of sporadic CJD has
been reported among recipients of tissue transplants (dura
mater, corneas) and of human-derived pituitary hormones
(growth hormone and gonadotrophin).®™® Blood and plasma
products are an additional transmission route in vCJD only.*~'¢

The UK strategy to reduce secondary transmission has
focused on measures to safeguard donated blood and plasma
products from vCJD. The strategy includes the introduction of
.universal leucodepletion and the importation of plasma to
manufacture plasma products. To reduce the risk associated
with surgery, guidance on infection control, instrument trace- .
ability and neurosurgical practice has been introduced. ="

This paper aims to describe and review CJD incident man-
agement and the notification of individuals ‘at increased risk’
as a strategy for reducing iatrogenic transmission. This key
aspect of the UK strategy is overseen by the Advisory Com-
mittee on Dangerous Pathogens Transmissible Spongiform En-
cephalopathy Risk Management Subgroup and, until recently,
its associated committee, the CJD Incidents Panel.

Methods
Role of the CJD Incidents Panel

The CJD Incidents Panel (the Panel), which sat from 2000 to
2013, was composed of scientific and medical . experts,

ethicists, and lay people. The Panel was responsible for
advising healthcare providers on managing incidents in which
individuals may have been exposed to CJD risks through
healthcare.'® in March 2013 the Panel was dissolved, and re-
sponsibility for investigating, assessing, and managing CJD in-
cidents (and where appropriate notifying patients) now rests
with local hospitals and healthcare providers, health boards,
and health protection teams. Public Health England provides
assistance and advice as required.

The Panel also defined categories of individuals who can
become ‘at increased risk’ following iatrogenic exposure. In-
dividuals are ‘at increased risk’ if they are considered to have
>1% risk of CJD in addition to the background risk in the UK
population, following specific iatrogenic exposures, or if they
are at risk of genetic forms of CJD. The 1% threshold level is

~used as a cut-off for implementing public health precautions

and is not intended to be a precise measure of an individual
patient’s risk. The ten iatrogenic exposures which have led to
individuals being considered ‘at increased risk' of CJD are
described in Table I.

Blood incidents

. Blood and plasma are only considered transmission routes
for vCJD, Blood incidents occur when an individual diagnosed
with clinical vCJD previously donated or received blood com-
penents, This is identified by NHS Blood & Transplant (NHSBT)
and the National CJD Research and Surveillance Unit, who run
the Transfusion Medicine Epidemiological Review (TMER) study.
Three patient groups are considered to have an increased vCJD
risk following blood incidents and should be notified: recipients
of blood from donors who later develop vCJD; blood donors to
vCJD cases, and recipients of blood from donors to vCID

" cases.'® 22 The latter two groups are considered ‘at increased

risk’ as the donor to a vCJD case is considered to be a potential
source of the recipient case’s infection, and, if so, would be
incubating the infection themselves and could have infected
other blood recipients.
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Figure 1. Deaths from Creutzfetdt—Jakob disease (CJD) in the UK 1990—2012 (confirmed and probable diagnoses). Data source: UK
Mational CJD Research & Surveillance Unit. Data correct on 3 December 2012,
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Table |
Individuals at increased risk of Creutzfeldt—Jakob disease (CJD) in the UK resulting from 1atrogen|c exposures {to mid-2012)

Exposure category No. identified as No. of CJD

No. informed Asymptomatic

‘at increased risk’ they are ‘at cases diagnosed infections detected
increased risk’® at postmortem
Recipient of blood from vCJD case 67 27 3 1
Blood donor to vCJD case 112 107 0 0
Other. recipient of blood donors to vCJD case 34 32 o} 0
Plasma product recipient (non-bleeding disarders) 11 10 0 0
Surgical contacts of CJD case® 154 129 0 0
Highly transfused patient (recipient of blood from >80 10 9 0 0
donors identified at pre-surgical assessment)
Patient with bleeding disorder who received 3872 N/K .0 1

UK-sourced plasma products®
Recipient of human-derived growth hormone?® 1883 N/K 64 0

Recipient of human-derived gonadotrophin Around 300 N/K ) 0 -0
hormone (UK pre-1974)

Patient who had surgery on brain or spinal cord N/K N/K 8 9]
befare 1992 and may have received a human-derived
dura mater graft®

Total At least 6443 - 75 . 2

vCJD, variant Creutzfeldt—Jakob disease; N/K, not known.

2 The number of individuals identified as having an increased risk of CJD is larger than the number informed of their risk, either because of
deaths before notification or because a local decision was taken not to inform the individual. In mast cases, particularly for the ‘at increased
risk' recipients of blood from vCJD cases, the discrepancy is because people died before notification.

b This excludes 38 patients who were previously considered 'at increased risk’ and ware subsequently denotified,

¢ Data source: UK Haemophilia Centres' Doctors’ Organisation (UKHCDO). These are minimum numbers. Central reperting for bleeding

* disorder patients is incomplete, and some patients have opted out of the central UKHCDO database. Individual haemophilia centres were
asked to send out standardized letters of notification to all their ‘at increased risk’ patients, but the exact number of patients who received
these letters, and who are therefore aware of their risk, is not known,

9 Data source: Institute of Child Health (ICH). A small number of *at increased risk’ growth. hormone recipients is not included in the ICH
study, so the true number "at increased risk’ will be greater. The exact number of growth hormone recipients in the ICH study currently aware
of their risk is not known — due to their age at the original notification, many were informed indirectly by their parents,

 Data source: Heath et al., who reported seven cases.? One further case was reported to the authors by the Natlonal CJD Research and
Surveillance Unit (personal communication), bringing the total to eight.

Plasma incidents

Plasma incidents arise when an individual diagnosed with
-vCJD donated blood used to manufacture pooled plasma
products. Depending on the potential vCJD infectivity of each
product batch and the dose received, recipients may have been
exposed to an infection risk.*® Given considerations of dose and
the expectation of many more implicated batches, in 2004 all
“recipients of UK sourced clotting factors between 1980 and
2001 were notified that they were ‘at increased risk’ of vCJD,
irrespective of whether they were known to have received
implicated batches,?**

Surgical incidents

Surgical incidents cccur when a patient with or fat increased
risk’ of any type of CID undergoes surgery without appropriate
infection control. This may occur if the operation was per-
formed befaore CJD was diagnosed, but when tissue infectivity
may have been present, or before the patient was identified as
*atincreased risk’ of CJD. The Panel advised and set precedent
on the possible risk to other patients by considering the index
patient’s diagnosis; the timing of the procedure in relation to
symptom onset; the tissues involved; the use and decontami-
nation of instruments after the procedure; and the procedures
performed on the contacts. 15,26

Notifying individuals 'at increased risk' of CJD

The basis for assessing individual risk varies between expo-
sures, and a series of risk assessments underpins the risk
management decisions taken.'®*~?%2627 The Panel/Advisory
Committee on Dangerous Pathogens Transmissible Spongiform
Encephalopathy Risk Management Subgroup advise that iden-
tified individuals and their clinicians should be informed of
their exposure and the type of CJD to which they have been
exposed, so that public health actions to imit onward trans-
mission may be taken. When patients are assessed to be ‘at
increased risk’, their general practitioner (GP) is contacted
together with other specialist clinicians as appropriate, alert-
ing them to their patients’ risk and asking that they contact the.
patients and arrange an appointment to inform them of their
risk. In some notifications, contact has been made directly with
the individuals to inform them of their risk. The CJD Section at
Public Health England [PHE; formerly the Health Protection
Agency (HPA)] now provides guidance throughout this process
and supplies information leaflets for patients and clinicians.
The arrangements for patient notification vary and generally
involve extensive discussion between the CJD Section, the
appropriate consultant in health protection, the local hospital,
the patient’s GP and any specialist clinicians, to discuss
whether there are any strong clinical or psychological objec-
tions to notification, to identify who is best placed to inform
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the patient, and how this should be done. Appropriate ar-
rangements are also made to provide additional support, such
as appointments with CJD specialists, counsellors, and the CID
Support Network telephone helpline.

*At increased risk’ individuals are asked to take the
following precautions once they are informed of their risk: not
to donate blood, organs or tissues, and to alert healthcare staff
before undergoing invasive procedures so that infection control
guidance can be followed. GPs are also asked to alert health-
care staff prior to their ‘at increased risk’ patients undergoing
invasive procedures. This complements the guidance that all
hospitals should assess patients for their CJD risk prior to
surgery.'s '

The HPA and others established long-term public health
surveillance to follow up ‘at increased risk’ individuals to
determine whether they develop CJD, which continues through
PHE. Research studies also investigate whether 'at increased
risk’ individuals are asymptomatically infected with CJD, by
testing tissue samples, and conducting postmortems.

Ethics approval

The HPA project 'Enhanced surveillance of individuals at
increased risk of CJD* has received ethical approval from the
National Research Ethics Service, London Research Ethics
Committee {London REC) number: 07/H0718/79, awarded in
2008.

Results
CJD incidents reported to the Panel
Between 2000 and the end of June 2012, 452 surgical in-

cidents, 29 blood incidents and 11 plasma incidents were re-
ported to the CJD Incidents Panel. The Panel reviewed all of

these incidents and advised on whether patients had been put
at increased risk or whether products or instrurnents should be
removed from use to prevent onward transmission. The Panel
also advised on several patient notification exercises,
described below.

Patients exposed to ‘an increased risk’ of CJD
following CJD incidents

At least 6443 individuals have been identified as 'at
increased risk’ of CJD following healthcare procedures
(Table 1.

Recipients of human-derived hormones and tissues

In all, 1883 individuals received human-derived growth
hormone and around 300 are thought to have received human
gonadotrophin hormone. The number of individuals who
received human-derived dura mater grafts during spinal sur-
gery is unknown. These individuals are considered ‘at
increased risk’ of iatrogenic CJD, but not of vCJD, as the
practices of using human-derived growth hormone, gonado-
trophin, and dura mater grafts were stopped prior to the
emergence of vCJD. No other organ or tissue incidents have
been identified.

Individuals put at increased risk through blood
transfusions

The TMER study identified that 18 vCJD patients had
donated blood that was used to treat 67 patients {Figure 2). A
total of 112 donors who donated blood to 10 patients with vCJD
and 34 individuals who also received blood from these donors
were identified.

Figure 2. Patients at increased risk traced to a variant Creutzfeldt—Jakob disease (vCJD) case through blood donations. Data source:

Transfusion Medicine Epidemiological Review (TMER) study.
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Recipients of plasma products

At least 3872 bleeding disorder patients are considered ‘at
increased risk’ of vCJD, according to the UK Haemophilia
Centres Doctor’s Organisation [data correct on 30 June 2012].
Nearly 800 received plasma products fram one of 25 implicated
batches to which 11 doncrs who later developed vCJD
contributed plasma. A further 11 patients also received prod-
ucts from these implicated batches for other cenditions.
Products from these implicated batches were recalled, and, as
some products had been exported, appropriate information
was forwarded to relevant authorities and international
agencies, to enable them to make their own risk management
decisions, 228

Individuals exposed through surgery

One hundred and fifty-four individuals are considered ‘at
increased risk’ of various forms of CJD following surgery.

Secondary cases of CJD in the UK

Seventy-seven secondary transmission events have been
identified in the UK (Table I). There have been 75 clinical cases
of CJP, with 64 cases among recipients of human-derived
growth hormone, eight cases in recipients of dura mater
grafts, all of whom developed either sporadic or famitial CJD,
and three cases of vCJD developed in recipients-of blood from
donors who later developed vCJD. Of the 33 post-mortems
conducted on "at risk’ individuals, most of which have been
performed by CJD specialists at the NCJDRSU and the National
Prion Clinic, there have been two cases of asymptomatic vCJD
infection detected, one in a blood transfusion recipient and
one in a recipient of implicated plasma products (data correct
on 8 November 2013).

Risk of transmission associated with different
expostires

Since monitoring began in 2000, transmission of CJD has
been recorded in four of the 10 healthcare exposure routes
considerad to put individuals at increased risk of CJD,
described in Table I. The proportion of 'at increased risk’ in-
dividuals infected with CJD (both clinical cases and asymp-
tomatic infection) is 6.0% among recipients of blood
transfusions from vCJD cases, 3.4% among growth hormone
recipients, and <0.01% among plasma product recipients. Insix
of the risk groups, no transmission has been detected in the UK
since 2000 (Table ).

Patient notifications

The intention is that the majority of individuals ‘at
increased risk’ of CJD should have been informed of their
exposure, There is some uncertainty over the exact number of
bleeding disorder patients or recipients of growth hormone
notified, as central reporting of notified bleeding disorder pa-
tients is incomplete and most growth hormone recipients.were
notified indirectly through their parents. We are unaware of
the number of notified recipients of human gonadotrophin
hormone or possible dura mater drafts. In addition, given the

uncertainty surrounding transmission routes, advances in sci-
entific understanding may lead to a revision of risk assessments
and could affect whether a particular exposure is considered to
put someone at increased risk. Following changes in the
assessment of tissue infectivity and decontamination effec-
tiveness, 38 patients previously considered 'at increased risk’
following certain types of surgery have been informed they are
no longer ‘at increased risk’.

Advice on managing potentially contaminated surgical

instruments

Of the 452 surgical incidents reported to the Panel from -
2000 to the end of June 2012, the Panel advised immediate
instrument quarantine in 160 incidents (35%) pending further
investigation. In 90 (56%) of these 160 incidents, after inves-
tigation the Panel advised that the instruments should be
permanently removed from general use (they could be quar-
antined, kept for exclusive use of the index patient, refur-
bished, or destroyed) and that in the other 70 incidents the
instruments could be returned to general use. In some in-
cidents, whereas instruments may have. originally posed an
infection risk, no action was taken as the instruments were
untraceable or, as in at least 43 incidents, the instruments had
been through a threshold number of decontamination cycles
{10 for medium infectivity tissue and 20 for high infectivity
tissue) prior to the incident reporting, and were no longer
considered an infection risk.

Discussion

The potential for ongoing secondary transmission of CJD
through medical procedures remains a serious concern in the
UK. Strategies to reduce the risk of iatrogenic CJD trans-
mission, including the operation of the CJD Incidents Panel,
have been in place for more than a decade. The CJD Incidents
Pane! was dissolved at the end of March 2013. Local teams are
now responsible for investigating, assessing, and managing CJD
incidents and any patient notifications using guidance that
reflects the precedents set by the Panel.

This is the first time that the UK strategy of reducing iat-
rogenic CJD transmission through incident management and

patient notifications has been described in the scientific liter-

ature, The data presented in this paper provide a unique insight
into the risk associated with different potential routes of jat-
rogenic transmission of CJD.

However, interpretation of this data on outcomes, number of
incidents, and incidence of CJD infection in the ‘at increased
risk’ cohort is difficult. The Panel was an advisory body: local
clinical teams were not required to report incidents or to follow
Panel advice. The number of surgical incidents may therefore be
underestimated. CJD is a rare disease with a long incubation
period. "At increased risk’ patients often have a relatively short
life expectancy given their medical conditions. Diagnesing
asymptomatic infection requires testing specific tissues that are
most readily available at postmortem. The numbers in the
exposure categories are small, and few postmortems have been
conducted when ‘at increased risk’ individuals die; therefore
some asymptomatic infections may have been missed.

It is not yet clear whether most of the putative exposure
categories, particularly those where transmission events have
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not been identified, are indeed risks for CJD transmission, and
therefore warrant the precautions described above.

The current risk management strategy is based on risk
assessment modelling, which has generally used precautionary
input values, Information on the outcomes of patient cohorts
exposed to possible iatrogenic risks can inform the interpre-

“tation and development of these risk assessments. Interpre-
tation of the cutcomes of these cohorts requires consideration
of the small sample sizes, short follow-up periods and low up-
take of postmortems. Given these uncertainties, the effec-
tiveness of the risk management strategy adopted in the UK
cannot be fully evaluated in order to determine whether the
significant costs, to both individuals ‘at increased risk' and
healthcare providers, are justified by preventmg new CJD
cases.

A number of potential scientific developments may affect
national CJD health protection strategy in the future. These
include: the results of ongoing studies investigating UK vCJD
infection prevalence; greater understanding of iatrogenic
transmission through the surveillance of individuals ‘at
increased risk’; the development and implementation of
effective prion decontamination; and the development and
implementation of an effective test for asymptomatic prion
infection. As evidence in these fields accrues and uncertainties
diminish, a less precautionary approach to managing iatrogenic
CJD risks may be possible.
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Incidence and natural history of hepatitis E virus
coinfection among HIV-infected patients

Juan A. Pineda®, Celia Cifuentes®, Manuel Parra, Nicolas Merchante?,
Elisabet Pérez-Navarro®, Antonio Rivero-Juirez®, Patricia Monje,
~ Antonio Rivero®, Juan Macias and Luis Miguel Real

Objectives: To know the prevalence, incidence and factors associated with hepatitis E :
virus (HEV) infection in MIV-infected individuals in Spain, as well as to provide
information on the natural history of HIV/HEV coinfection.

Design: Prospective cohort study.

Methods: Serum HEV IgG antibodies were tested in 613 HiV-infected patients at
baseline and 2 years thereafter. Positive samples were tested for HEV-RNA. In patients
with seroconversion, changes in liver function tests, serum HEV 1gM antibodies and HEV
RNA in samples collected between the baseline and the final time points were analyzed.

Results: One hundred and sixty-one (26%) patients tested positive for serum HEV IgG
antibodies at baseline. HEV exposure was more common in men than in women (28 vs.
18%; P=0.022) and increased linearly with age: 16, 26 and 44% in younger than 40,
from 40to 49 and older than 50 years, respectively (P =0.000002). One patient bore the
serum HEV-RNA at baseline. Eighteen (4%) HEV-seronegative patients seroconverted
during the follow-up. None of the factors predicted seroconversion. One patient with
seroconversion developed acute hepatitis and four mild hypertransaminasemia without
another apparent cause. No case of seroconversion evolved to chronic HEV infection.
Seroreversion was detected in 19% of the HEV-sergpositive patients at baseline. Patients
with seroreversion showed more commonly CD4" cell counts below 500 cells/pl than
those who remained seropositive (77 vs. 46%; P=0.004).

Conclusions: Exposure to HEV among HIV-infected patients in Spain is very common,
and this increases with age. Evolution to chronic infection is extremely unusual. Most
cases of acute HEV infection seem to be clinically and biochemically unexpressive,
therefore going unnoticed.  © 2014 Wolters Kluwer Health | Lippincott Williams & Wilkins

AIDS 2014, 28:1931-1937

Keywords: acute hepatitis, epidemiology, hepatitis E virus, HIV, liver disease

Introduction figures of HEV seropositivity in HIV-infected patients
ranging from 1.5% in Paris to 45.3% in Ghana [5-10].

Hepaditis E virus (HEV) infection has been reported to be Studies including a HIV-seronegative control population

a cause of unexplained liver disease in HIV-infected {5,10] did not find differences in the rate of HEV exposure

patients [1-3]. In this setting, HEV infection may between HIV-infected patients and controls. However,

become chronic and rapidly evolve to cirrhosis [3,4]. = no longitudinal studies aimed to assess the incidence of

Several cross-sectional studies have reported prevalence HEV infection in HIV-infected individuals have been
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reported so far, Comnsequently, risk factors for this
coinfection have not been established.

Little is also known about the natural history of HEV
infection in HIV-coinfected patients. Few patients with
positive HEV serology show detectable plasma HEV-
RNA [6,7,10,11], which suggests that chronic HEV

.infection is uncommon, but the precise rate of evolution

to chronic hepatitis E remains unclear. In acute hepatitis
E, serum andbodies (both IgG and IgM) become
detectable at the time of clinical onset [12]. IgM anti-
HEV antibodies remain detectable for 3—12 months,
whereas [gG anti-HEV antibodies persist for years {12].
Heowever, whether FIIV modifies the serology pattern in
HEYV infection or not is unknown. It has been suggested
that most cases of autochthonous HEV infection in
developed countries are subclinical [12]. But, again,
information on the rate of symptomatic hepatitis E in the
setting of HIV coinfection is lacking,

It is critical to gain more information on the incidence,
risk factors and natural history of HEV infection in HIV-
infected individuals. In fact, a HEV vaccine has shown to
be effective, although it is not commercially available
everywhere [12,14]. The proper selection of candidates
for vaccination will require knowing the precise
incidence of HEV infection in specific areas, as well as
the subpopulations with the highest risk for infection.
Likewise, if chronic hepatitis E was relatively common,
surveillance could be warranted, since it is a potentially
curable disease, which, if untreated, may evolve to end-
stage liver disease. Because of these reasons, we undertook
the present study, whose objectives were, on one hand, to
know.the prevalence, incidence and factors associated
with HEV infection in HIV-infected individuals in Spain,
and, on the other hand, to provide further information on
the natural history of this disorder.

Methods

Design and study population

All patients belonging to a cohort of HIV-infected
patients, prospectively followed at the Unit of Infectious
Diseases of a tertiary-care hospital from Southern Spain,
were offered to be included in this study. All those who

gave informed consent were considered eligible for this-

study. Patients from this cohort attended the hospital at
least once every 6 months, In each visit, a clinical
evaluation, as well as blood tests, including HIV viral load,
CDA4™ cell counts and liver function tests, were carried
out. Similarly, a serum sample from each patient was
collected and frozen at —80°C in each visit. The patients
selected to participate in this study were those from this

cohort who attended the outpatient clinic within the first -

6 months of 2009. The first visit during this period was
considered as the baseline time point. The follow-up visit

for this study was the first time that the included patients

were seen during the first semester of 2011. As explained
below in more detail, in patients in whom HEV
seroconversion was detected, data and samples collected
every 6 months between the baseline and the follow-up
visits were also analyzed.

Hepatitis E virus serology, polymerase chain
reaction and case definitions

Hepatitis E virus serology and PCR. determinations were
conducted in cryopreserved specimens. All baseline and
follow-up samples were tested for HEV IgG antibodies by
a PE2 enzyme immunoassay (EIA) (Wantai HEV-IgG
ELISA kit, Beijing Wantai Biological Pharmacy Enter-
prise Co. Ltd, Beijing, China). All samples wete tested in
duplicate and only samples showing results above the cut-
off in both tests were considered positive. The presence of
serum HEV-RINA was determined by a real-time PCR.
assay, using commercially available kits (ampliCube HEV;
Mikrogen GmbH, Neuried, Germany; and QiagenOne-
Step RT-PCR kit; Qiagen GmbH, Hilden, Germany) in
all samples that turned out to be positive for HEV
IgG antibodies,

Patients who tested positive for serum antibodies were
considered as exposed to HEV. The detection of a positive
EIA result in the follow-up sample in a patient sero-
negative at baseline was considered as seroconversion. On
the contrary, when a patient exposed to HEV at baseline
cleared serum HEV antibodies, the case was considered as
seroreversion. Active HEV infection was diagnosed when
serum HEV-RINA was detected in a patient exposed to
HEV. Chronic HEV infection was considered when
plasma HEV-RINA was diagnosed in a patient for more
than 6 months,

In order to obtain further data about acute HEV infection,
in patients with seroconversion, all cryopreserved samples
taken every 6 months between the baseline and the final
study time points were tested for seram JgM antibodies,
also by EIA (Wantai HEV-IgM ELISA kit, Beijing Wantai .
Biological Pharmacy Enterprise Co. Ltd), as well as for
serum FIEV-RINA. In these patients, changes in liver
function tests at the time when these samples had been
collected were also analyzed. Levels of alanine amino-
transferase (ALT) or aspartate aminotransferase (AST)
higher than 40 IU/ml were considered as hypertransami-
nasemia, AET or AST elevations higher than 5-fold this
threshold, in patients with normal baseline figures, or 3.5+
fold the baseline values in those with abnormal values, were
considered as indicative of acute hepatitis.

Statistical study

The categorical variables are showed as number
{percentage [95% confidence interval (CI}j} and the
continuous ones as median {quartile 1-quartile * 3).
Frequencies were compared by the chi-square test or
the Fisher’s test, when there was at least one cell with an
expected frequency lower than 5. The Student’s £ test was
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used for comparing continuous variables following 2
normal distribution, and the Mann—-Whitney U test
when the latter condition was not met, The median was
used as a cut-off value when continuous variables were
categorized, unless otherwise specified. Variables associ-
ated with HEV exposure, as well a5 those associated with
' HEV seroconversion, in the univariate analysis with a
P value lower than 0.2 were entered in the logistic
regression analyses, adjusted for age and sex, where HEV
exposure and HEV seroconversion were the dependent
variables. The statistical analysis was carried out using the
SPSS statistical software package release 22.0 (IBM SPSS
Inc, Chicago, Illinois, USA).

Ethical issues

The study was designed and conducted following the
Helsinki declaration. The Ethics committee of the
Hospital Universitario de Valme approved the study.
All patients gave written informed consent to participate.

Results

Features of the study population

Six hundred and thirteen (99%) out of 618 patients who
were offered to participate in the study accepted to do it;
595 (97%) of them were born in Spain. Most patients
(98%) were Caucasian. Four hundred and eighty-seven
(79%) patients were men. The median (Q1-Q3) age of
the population was 44 (39—47) years. The risks factors for
HIV infection were intravenous drug use in 379 (62%)
patients, male homosexual intercourse in 88 (14%),
heterosexual intercourse in 130 {21%) and unknown in 16
(3%) patients. Five hundred and fifty-five patticipants
(90%) were receiving antiretroviral therapy at the start of
the study. At baseline, the median (Q1-Q3) CD4™ cell
count was 479 (280-669)/ul. The median (Q1-Q3)
plasma level of AST and ALT were 33 (23-52) and 34
(21-58) IU/ml, respectively. A hepatic transient elasto-
metry, carried out using a FibroScan device, was available
in 218 patients at the beginning of the study; liver stiffness
was higher than 7 kPa in 110 (50%) of them. The
remaining characteristics of the population studied are
displayed in Table 1.

Hepatitis E.virus exposure at baseline

One hundred and sixty-one [26%; 95% confidence
interval (CI) 23—30%)] patients tested positive for serum
HEV IgG antibodies by EIA at baseline. The factors
associated with HEV exposure at baseline are shown in
Table 1. In the multivariate analysis (Table 1), only age
and male sex were independently associated with
exposure to HEV. Namely, the rate of HEV exposure
increased linearly with age (Fig, 1). One {(0.6%; 95% CI
0.01-3.4%) exposed patient had detectable HEV-RNA
in the serum.

The plasma levels of AST, ALT, gamma-glutamyl
transpeptidase (GGT) and liver stiffness were similar
between HEV-exposed and unexposed patients in the
overall population. However, when the anti-HCV-
scronegative subpopulation was considered separately,
the HEV-exposed patients showed more commonly
abnormal values of AST, GGT and liver stiffness (Table 2).

Hepatitis E virus seroconversion and
seroreversion

Ninety-eight (16%) individuals were lost to follow-up
during the study period. One hundred and forty of the
remaining patients had turned out to be HEV-seropositive
at baseline, Therefore, HEV seroconversion at the follow-
up time point could only be assessed in 375 patients.
Eighteen (4.8%; 95% CI 2.8—7.4%) of these patients had
seroconverted at the follow-up time point, which yielded
an average yearly seroconversion incidence of 2.4%. The
rate of seroconversion tended to be higher among patients
with CD4™ cell counts lower than 200 cells/ul and among
those whose daily alcoholintake was atleast 50 g, However,
no factor was independently associated with seroconver-
sion in the multivariate analysis (Table 3). Similarly, there
was no association between baseline or follow-up liver
function tests and seroconversion.

Twenty-six (19%; 95% CI 12—26%) out of the 140 HEV-
seropositive patients at baseline, who were analyzed at the
follow-up time point, seroreverted. Among the patients
with seroreversion, 20 (77%) had CD4™ cell counts lower
than 500/pl, whereas the corresponding figure among
individuals who remained seropositive was 52 (46%)
(P=0.004). No other factor was associated with loss of
serum HEV antibodies.

Findings in patients with seroconversion

Among the 18 patients with seroconversion, none
showed clinical symptoms of acute hepatitis. Similarly,
hyperbilirubinemia greater than 2mg/dl was not

observed in any of these patients during the study

period. One patient with seroconversion developed
transaminase elevation consistent with acute hepatitis,
with no other apparent cause. No IgM anti-HEV or
serum HEV-RNA was detected in this patient.
Persistent or transient hypertransaminasemia, not ful-
filling criteria for acute hepatitis, was detected in nine
(50%) patients in the determinations performed
between the baseline and the follow-up time points.
Five of these patients had another cause for elevated
liver function tests, specifically active hepatitis C virus
infection in four cases and alcohol intake greater than
50g/day in the remaining one. Serum HEV IgM
antibodies were detected in a sample from a patient with
transient hypertransaminasemia and in three consecutive
samples from another one who seroconverted, but who
did not show abnormal liver function tests in any of the
five sequential blood samples analyzed.
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_ Table 1. Associations between hepatitis E virus exposure and other factors at baseline (N=613).

No. (%)° P Adjusted OR P
Parameters N (%) HEV-seropositive univariate (95% ClI multivariate
Age (years) .
’ <44 334 (55) 68 (20) 0.0003 1.06 (1.03—1.09) 0.000004
>44 279 {(45) 93 (33)
Sex
Male 487 (79) 138 (28) 0.022 1.71 (1.02-2.86) 0.040
- Female 126 (21) 23 (18}
Risk factor for HIV ‘
Male homosexual sex 88 (14) 18 (20) 0.18t 1.55 (0.86-2.78) 0.144
Other 525 (86) 143 (27)
Area of residence
Rural 43 (7) 14 (33) 0.331 - -
Urban 570 (93) 147 (26)
Professional exposure to swine
Yes 64 (10) 19 (30) 0.511
No 549 {90) 142 (26}
Daily alcohol intake
<50g . 515 (84) 134 (26} 0.711
>50g 98 (16) 27 (28)
Serum anti-HCV
Positive 417 (68) 109 (26) 0918 - -
Negative 196 (32} 52 (26)
- Serum HBsAg :
Positive 25 4 4{16) 0.234
Negative 588 (96} 157 (27)
Cirrhosis?
Yes 39 (18 13 (33) 0.201 - -
No - 179 (823 42 (23) '
CPC clinical category ‘
C . 166 (27) 50 (30 0.186 1.08 (0.72-1.62) 0.714
AorB 447 (73) 111 (25)
Plasma HIV-RNA load (copies/ml)
<20 411 (67) 108 (26}
=20 202 (33) 53 (26) 0.992 - - -
CD4" cell count (cells/ul)
<200 86 (14) 18 (21) 0.225 - -
=200 527 (86) 143 (27)

CDC, Centers for Disease Control and Prevention; Cl, confidence interval; HBsAg, hepatitis B surface antigen; HEV, hepatitis E virus; OR, odds

ratio.

“Percentage of the overall population,
PPercentage in each category.

“For each year older,

9Available in 218 patients.

In no patient with seroconversion, serum HEV-RNA was
found. Conversely, HEV viremia was detected in two
patients who remained HEV-seropositive throughout the
follow-up, one of them being also viremic at baseline.

100 1
a0 4
80 -
70 1
60 -
50 4 44
40 -
30 o 26

o
0
4048 (n=366)

<40 {11 = 148)
Age (years)

% HEV seropositive

>49 (7= 101)

Fig. 1. Proportion of patients exposed to hepatitis E virus

- (HEV 1gG-seropaositive by ElA) at baseline according to age,

P for linear trend = 0.000002.

Both patients showed abnormal liver function tests during
the follow-up period,

Discussion

The results presented herein show that the rate of
exposure to HEV among HIV-infected patients in
southern Spain.is very high, as proven by an elevated
prevalence of patients bearing serum IgG antibodies

~against HEV, as well as by a high incidence of

seroconversion for this marker. The rate of exposure
to HEV infection in our area is higher than that reported
in other zones in Europe [7-11]. However, the fre-
quency of chronic HEV infection is exceedingly low. In
this study, less than 1% of HEV-seropositive individuals
tested positive for serum HEV-RINA at baseline and no
patient evolved to chronic HEV infection after sero-
conversion.
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Table 2, Liver function tests, liver stiifness and other parameters
according to hepatitis E virus exposure at baseline in hepatitis C
virus-seronegative patients (N =196).

HEV-exposed  HEV-unexposed

Parameter (n=52) (n=144) P
No. (%) No. (%)

ALT >40 1U/ml 1120 23 (16) 0.398

AST >40 1U/ml 9(17) 5{3) 0.002

GGT >50 1U/ml 18 (35) 28 (19) 0.027

Liver stiffness >7 kPa® 4 (50) 3(13) 0.053

Positive serum HBsAg ST 2) 9 (6) 0.230

Daily alcohol intake 3(6) 4 (3) 0.315
250 g

CD4™ cell count 6 (11} 13 (9} 0.580
<200 cells/pl

ALT, alanine aminotransferase; AST, aspartate aminotransferase;
GGT, gamma-glutamy] franspeptidase; HBsAg, hepatitis B surface
antigen; HEV, hepatitis E virus.

*Available in 31 patients.

Hepatitis E virus exposure increased with age, reaching a
maximum in patients older than 50 in the population
analyzed here. A similar association has been reported
in some studies [10,12,13], but not in others [7,14].
Likewise, HEV exposure was more common in male

patients, as it has also been reported previously [12,14).
No factor independently associated with seroconversion
was identified in this study. Lack of statistical power might
be the underlying cause of this finding. A trend to an
assoclation between serum HEV seroconversion and
higher alcohol intake, as well as with lower CD4™ cell
count, was observed in the univariate analysis, but it did
not remain significant in the multivariate study. With
regards to alcohol intake, it might be hypothesized that
alcohol-induced liver damage might increase the risk of
HEYV infection, since HEV seropositivity has been found
to be more cormmon in patients with chronic liver disease
in other studies [11,13,15]. Whether there is an actual
association between the risk of acute HEV infection and

lower CD4 cell counts or not will need further studies to
be clarified.

The rate of HEV antibody seroreversion was high in this
study. It is well documented that HEV IgG antibodies
rapidly decline in the first 3 months after the onset of
acute hepatitis E, but 14 months afterwards, most patients
still remain seropositive |16]. Seroreversion was associated
with CD4% cell counts lower than 500 cells/pl. This

Table 3. Assocfations between serum hepatitis E virus 1gG antibody seroconversion during the follow-up and potential predictors (N = 375).

No (%) with® P Adjusted OR P

Parameter N (%) HEV 1gG seroconversion univariate (95% Cl) multivariate

Age (years) )
<44 220 (59) 94 0.444 1.02 (0.95-1.09} 0.560
>44 155 (41) 9 (6)

Sex
Male 291 (77) 15 {5) 0.773 1.04 (0.27-3.90 0.958
Female 84 (23) 34

Risk factor for HIV )

Male homosexual sex 63 (17} 2(3) 0.749 - -
Other 312 {83} 16 {5)

Area of residence
Rural 20 (5) 2(10) 0.248 - —-
Urban 355 (95) 16 4)

Professional exposure to swine
Yes 38(10) 38 0.410 - -
No 337 (90) 15 (4) ’

Daily alcohol intake )
<50¢g 326 (87) 13 4 0.071 0.118
>50¢g ' 49 (13) 5 (10} 2.47 (0.80-7.69)

Serum antf-HCV
Posttive 243 (65) 11 (5) 0.737 - -
Negative 132 (35) 7 (5

Cirrhosis® - ‘

Yes 18 (13} : 11(6) 0.354 . - -
No 116 (87) 2(2)

CDC clinical category . ) .

C 99 (26) . 5 (5) 1.060 - -
AorB 276 (74) 13 (5)

Plasma HIV-RNA load (copies/m)
<20 261 (70} 12 (5)
>20 114 30 6 (5) 0.782 - -

CD4™ cell count {cells/l)
<200 50 (13) 5(10) 0.076 0.123
=200 325 (87) 13 4) 2.38 (0.79-7.18)

ratio, .
“Percentage of the overall population.

Percentage in each category, for each year older.
€Available in 134 patients.

CDC, Centers for Disease Control and Prevention; Cl, confidence interval; HBsAg, hepatitis B surface antigen; HEV, hepatitis E virus; OR, odds
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finding is in line with that observed in the Swiss HIV
cchort, where plasma HEVantibodies are less common in
patients with CD4™ cell counts below 100 cells/pl {9].
Also, although very infrequently [17], patients with this
level of immunosuppression may show persistent plasma
HEV viremia without serum antibodies [9]. Altogether,
these data suggest that HIV infection, particularly when
immunosuppression is advanced, impairs the humoral
response against HEV, leading to a shorter duration of
circulating serum antibodies. This fact might reduce the
efficacy of future HEV vaccines in this subpopulation.
In addition, the high rate of seroreversion leads cross-
sectional studies based on HEV IgG antibody determi-
nations to underestimate the actual frequency of prior
exposure to HEV.,

Patients developing seroconversion in this study were
asymptomatic. After determinations conducted every
6 months, transaminase elevation consistent with acute
hepatitis was observed only in one patient, whereas four

out of 18 (22%) showed mild hypertransaminasemia, not

meeting the criteria for acute hepatitis, and without other
apparent cause. Serum HEV IgM was detected transiently
in two (11%) patients and HEV-RINA in none of them.
These data confirm that the vast majority of cases of
infection with HEV genotype 3, the viral genotype
usually detected in our area [4,7,18], are asymptomatic or

| go unrecognized [12,18]. The results of this study suggest

that liver function test elevation, serum HEV IgM
antibodies and HEV viremia might beé absent, or present,
just for a time too short to be detected in a semi-annual
follow-up in most HIV-infected patients with acute HEV
infection. An alternative explanation might be that some
of the HEV IgG antibody results in seroconverters in this
study were actually false-positive or false-negative,
Indeed, variability in sensitivity and specificity of HEV
IgG antibody test is considerable, which influences the
prevalence results obtained using different procedures
[19]. However, the PE2 assay used in this study has been
shown to be more sensitive than other tests for the
diagnosis of HEV genotype 3 infection in comparative
studies [20,21], with a sensitivity of 98% [21], a specificity
of 97.8% {22] and an area under the receiver-operating
characteristic curve of 0.971 [20]. Because of this, it is
considered appropriate for seroepidemiological studies,
without requiring confirmatory testing [21]. According
to these data, we believe that false-positive or negative
results of serological assays are very unlikely to have

accounted for the data shown in this study regarding .

patients with seroconversion.

There was an association between HEV seropositivity and
elevated liver function tests, specifically GGT and AST, as
well as with high liver stiffness. Also, both HEV exposure
at baseline and seroconversion were more common
among patients with cirthosis, although statistically
significant differences were not reached. These data,
which are in agreement with those found in the previous

studies [11,13,15), raise the question of whether liver
damage is a cause or a consequence of HEV infection, In
our opinion, the results of this study support that pre-
existing liver disease enhances the risk of HEV infection,
rather than that HEV exposure is the cause of chronic liver
damage. In fact, plasmma HEV was uncommonly detected
in HEV-seropositive patients in this survey, Therefore,
chronic HEV infection should not underlie these hepatic
abnormalities. Another possible explanation for the
association between HEV exposure and liver damage is
that HEV-seropositive patients with markers of hepatic
injury had suffered from a severe liver lesion during acute
infection, of which residual chronic damage was a result,
even after viral clearance. However, no patient with

seroconversion showed clinical or biochemical data

consistent with mild or no liver injury. This Jeads vs to
think that severe liver disease during acute HEV infection
is not common among HIV-infected patients in our area.

The main limitation of this study is that the number of -

seroconversions detected could have been insufficient to
identify some factors associated thereof. Conversely, we
were able to detect an association between seroreversion
and CD4 cell count lower than 500 cells/ L. This, along
with the fact that no factor apart from older age and male
sex were associated with exposure to HEV at baseline,
lead ‘us to think that relevant risk factors for HEV
seroconversion have not been overlooked in this study.
Nonetheless, further studies are required to re-assess this
point. In addition, the 2-year interval from baseline to
follow-up time points could have been long enough to
allow that some patienis seroconverted and quickly
seroreverted afterwards, thus being seronegative at both
determinations conducted in this study. If this was the
case, we had underestimated the rate of HEV seroconver-
sion in HIV-infected individuals. Given that most patients
remained seropositive 14 months after acute HEV
infection in a prior study [16], we think this is unlikely.
However, since HEV seroreversion is common in HIV-
infected patients, as proven herein, we cannot completely
tule out this possibility. In any case, this study inchides a
large population of HIV-infected patients tested for HEV
antibody and, to our knowledge, is the only study
including a follow-up of HEV-seronegative and seropo-
sitive individuals, and this is its main strength.

Unexplained liver disease is found in around 10% of the
HIV-infected patients {23,24]. This disorder is sometimes
attributable to drug-induced liver injury [24] or
metabolic abnormalities [23]. According to the results
of this study, although HEV exposure is quite common
among HIV-infected patients, chronic hepatitis E has
only 4 minor role as a cause of liver disease of unknown
origin in this setting. Because of this, clinicians should be
aware of hepatitis E as a possible source of chronic liver
damage, but systematic screening for this agent is not
warranted. On the contrary, HEV antibody testing should
be limited to patients with ‘data consistent with liver
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disease and no other apparent reason. Likewise, as chronic
hepatitis E is very uncommon and most cases of acute
HEYV infection are subclinical, there will not be clear
reasons to prioritize HEV vaccine, once completely
developed, in HIV-infected patients in our area. Cer-
tainly, HEV exposure is very high, but whether it is higher

or not than in the general population remains unknown. .

In areas where this topic has been investigated, the
prevalence of HEV seropositivity was similar in HIV-
infected people and in control groups [5,10]. This is
another reason to believe that HiV-infected patients
should not have preference for vaccination. In any case,
this is a point that will require further investigation.
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B 1 # Centers for Disease Confrol and Prevention JRC2014T-037
- CDC 24/7: Saving Lives. Pretecting People,™

Press Release

For Immediate Release: Tuesday, September 30, 2014
Contact: Media Relations (http://www.cde.gov/media

(404) 639-3286

CDC and Texas Health Department Confirm First Ebola Case Diagnosed
in the U.S.

Hospitalized patient had recently returned Jfrom West Africa; active contact tracing underway.

The Centers for Disease Control and Prevention (CDC) confirmed today, through laboratory tests, the
first case of Ebola (http://www.cde.gov/vhf/ebola/) to be diagnosed in the United States in a person who hac
traveled to Dallas, Texas from Liberia. The patient did not have symptoms when leaving West Africa, but
developed symptoms approximately four days after arriving in the U.S. on Sept. 20.

The person fell ill on Sept. 24 and sought medical care at Texas Health Presbyterian Hospltal of Dall on
Sept. 26. After developmg symptoms consistent with Ebola, he was admitted to hospital on Sept. 28.:
Based on the person’s travel history and symptoms, CDC recommended testing for Ebola. The medical
facility isolated the patient and sent specimens for testing at CDC and at a Texas lab participating in the
CDC’s Laboratory Response Network (http://www.bt.cde.gov/lrn/) . CDC and the Texas Health Department
reported the laboratory test results to the medical center to inform the patient. A CDC team is being
dispatched to Dallas to assist with the investigation.

“Ebola can be scary. But there’s all the difference in the world between the U.S. and parts of Africa where
Ebola is spreading. The United States has a strong health care system and public health professionals wh
will make sure this case does not threaten our communities,” said CDC Director, Dr. Tom Frieden, M.D.,

M.P.H. “While it is not impossible that there could be additional cases associated with this patient in the

coming weeks, I have no doubt that we will contain this.” .

The ill person did not exhibit symptoms of Ebola during the flights from West Africa and CDC does not
recommend that people on the same commercial airline flights undergo monitoring, as Ebola is
contagious only if the person is experiencing active symptoms. The person reported developing symptom
several days after the return flight. Anyone concerned about possible exposure may call CDC-Info -
(http://www.cde.gov/ede-info/) at 800-CDC-INFO for more information. f

CDC recognizes that even a single case of Ebola diagnosed in the United States raises concerns. Knowing
the possibility exists, medical and public health professionals across the country have been preparing to
respond. CDC and public health officials in Texas are taking precautions to identify people who have had’
close personal contact with the ill person, and health care professionals have been reminded to use
meticulous infection control at all times.

We do know how to stop Ebola’s further spread: thorough case finding, isolation of ill people, contacting
people exposed to the ill person, and further isolation of contacts if they develop symptoms. The U.S.
public health and medical systems have had prior experience with sporadic cases of diseases such as
Ebola. In the past decade, the United States had 5 imported cases of viral hemorrhaglc fever (VHF)
diseases similar to Ebola (1 Marburg, 4 Lassa). None resulted in any transmission in the United States.

CDC has been anticipating and preparing for a case of Ebola in the United States. We have been:

« Enhancing surveillance and laboratory testing capacity in states to detect cases
» Developing guidance and tools for health departments to conduct public health investigations

« Providing recommendations for healthcare infection control and other measures to prevent disease
spread



« Providing guidance for flight crews, Emergency Medical Services units at airports, and Customs and
Border Protection officers about reporting ill travelers to CDC

« Disseminating up-to-date information to the general public, international travelers, and public
health partners :

The data health officials have seen in the past few decades since Ebola was discovered indicate that it is
not spread through casual contact or through the air. Ebola is spread through direct contact with bodily
fluids of a sick person or exposure to objects such as needles that have been contaminated. The illness has
anaverage 8-10 day incubation period (although it ranges from 2 to 21 days); CDC recommends
monitoring exposed people for symptoms a complete 21 days. People are not contagious after exposure,
unless they develop symptoms.

More information is available at www.cde.gov/ebola (http://www.cde.gov/ebola) ,

#H# |
U.S. DEPARTMENT OF HEALTH AND HUMAN SERVICES (http://www.hhs.gov/) &
‘ http: //www.cde.gov/Other/disclaimer.himl

Page last reviewed: October 1, 2014
Page last updated: October 1, 2014
~ mtent source: Centers for Disease Control and Prevention

Centers for Disease Control and Prevention 1600 Clifton Road Atlanta, GA 30329-4027, USA
800-CDC-INFO (800-232-4636) TTY: (888) 232-6348 - Contact CDC-INFO
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OBSERVATION

Detection of the Middle East Respiratory Syndrome Coronavirus

Genome in an Air Sample 0r1g1nat1ng from a Camel Barn Owned by
an Infected Patient

Esam |. Azhar,»® Anwar M. Hashem,*< Sherif A. El-Kafrawy,® Sayed Sartaj Sohrab,” Asad S. Aburizaiza,” Suha A. Farraj.®

Ahmed M. Hassan,® Muneera 5. Al-Saeed,® Ghazi A. Jamjoom,® Tariq A. Madani®f

Special Infectious Agents Unit, King Fahd Medical Research Center Department of Medical Laboratory Technolegy, Faculty of Applied Medical Sciences ® Department of
Medicat Microbiology and Parasitology, Faculty of Medicine Environmental Science Department, Faculty of Metrology,® Department of Medicine, Faculty of Medicinee

and Scientific Chair of Mohammad Hussein Alamoudi fer Viral Hemorrhagic Fever, King Fahd Medical Research Centerf King Abdulaziz University, Jeddab, Kingdem of
Saudi Arabia

ABSTRACT Middle Bast respiratory syndrome coronavirus (MERS-CoV) is a novel betacoronavirus that has been circulating in
the Arabian Peninsula since 2012 and causing severe respiratory infections in humans. While bats were suggested to be involved
in human MERS-CoV infections, a direct link between bats and MERS-CoV is uncertain. On the other hand, serological and vi-
rological data suggest dromedary camels as the potential animal reservoirs of MERS-CoV. Recently, we isolated MERS-CoV from
a camel and its infected owner and provided evidence for the direct transmission of MERS-CoV from the infected camel to the
patient. Here, we extend this work and show that identical MERS-CoV RNA fragments were detected in an air sample collected
from the same barn that sheltered the infected camel in our previous study. These data indicate that the virus was circulating in

. this farm concurrently with its detection in the camel and in the patient, which warrants further investigations for the possible
airborne transmission of MERS-CoV.

IMPORTANCE This work clearly highlights the importance of continuous surveillance and mfectnon control measures to control

the global public threat of MERS-CoV. While current MERS-CoV transmission appears to be limited, we advise minimal contact
with camels, especially for immunocompromised individuals, and the use of appropriate health, safety, and infection prevention
and control measures when dealing with infected patients. Also, detailed clinical histories of any MERS-CoV cases with epidemi-

ological and laboratory investigations carried out for any animal exposure must be considered to identify any animal source.
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J “he Middle East respiratory syndrome corenavirus (MERS-
i CoV) is a novel human pathogen associated with severe respi-
ratory symptoms and renal failure (1, 2). Since its emergence in
2012, there has been up to 536 laboratory-confirmed infections
and 145 deaths in atleast 17 countries in Asia, Africa, Europe, and

North America (3). Most of these cases originated from countries’

in or around the Arabian Peninsula, particularly Saudi Arabia (3).
The ability of this virus to infect those in close contact with an
infected individual, such as family members and health care per-
sonnel, as well as the associated high mortality rate may represent
a global public health threat (4-7).

Although the source of MERS-CoV and its mode of transmis-
sion are not fully understood, zoonotic transmission from an un-
known reservoir or through an intermediate host to humans was
suggested (7-9). Phylogenetic analysis showed that MERS-CoV
belongs to bat-associated clade 2c betacoronaviruses (2, 9, 10).
Detection of MERS-CoV-related viruses in Old World insectivo-
rous bats from the family Vespertilionidae (11, 12) and the isola-
tion of small genomic fragments identical to the sequence of the

July/August 2014 Volume 5 lIssue 4 e01450-14

Erasmus Medical Center (EMC)/2012 MERS-CoV Essen isolate
{GenBank accession number KC875821) from a Taphozous perfo-
ratus bat in Saudi Arabia (13) suggested that insectivorous bats
could be the original source of MERS-CoV. However, due to the
limited direct contact between humans and bats and to the detec-
tion of neutralizing antibodies to MERS-CoV in dromedary cam-
els from countries like Oman, the United Arab Emirates, Qatar,
Egypt, and Saudi Arabia (8, 14--16), dromedary camels were pro-
posed to be involved in the cross-species transmission of MERS-
CoV. This was further supporteéd by the detection and partial ge-
nome sequencing of MERS-CoV RNA in samples collected from
camels in Qatar and Saudi Arabia (17, 18). Anti-MERS-CoV an-
tibodies have also been detected in samples collected from drom-
edary camels in Saudi Arabia since 1992 (18). While these studies
provide a convincing link between humans, camels, and MERS-
CoV and indicate that MERS-CoV has been circulating in drom-
edary camels for a long time, they do not prove that camels passed
the virus to humans.

Recently, several MERS-CoV isolates were obtained from nasal
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Bio-wise-olqul AQ psusiand - ¥i0g ‘g Jeqwisides uo Bio wse 0w woy papeojumoq



Azhar et al,
o Oclober . .- || . " Navember. ' ]l Decemher
1y zu 21 1:2324 2526 zns 2930 31 1 234 5 6 7.8 910 11‘1213 14 1515 1113 192021 22°23 242526 2718'29‘30 1 234
Ve : Lol } i Lo Do Lo bt i
) 1 B . 1 1 ! 1 1 .
AR ‘ : :.{Semconverswn:_it:.,_,..
N i ; MERSCovRMA] ¢ ¢ ! ° oo s
‘ } | i ' r . . ' i [ | ; : .
: 1 : T S : detecied H ] S T E S S T |
H H T T T ] H 1 ' 1 ' H H ' : t
Close contact with ; e i
sick camels Voro i : ! ’ :
I R i L t 1 H
Vo I P L :
= ‘ I TP ! [ .
Coror [MERS-CoV RNA| @ | : R
I N T TR T S QFN;@OEL, l [T T [
H 1 ! ' . H T S i B . . H " . "
H H t i 1 ] t . 1 [ b v ] . H ' i i 1 "
1 H ' il i H [ » ’ [ 1 '
i r 1 H 1 : t ' H 4 ] . H . I 1 1 i .
1 ¥ . v * ] v H H . N r ¥ 1 3 i H 1
' ] 1 I 1 1 t . - v I N . Ll ] ' I I 4 g ' B ' H
- L .+ i i :{ Seroconversion } | | . L I Soraromvaree
| Rcspiratory, 1 : X PRI (4/9) ¢ ¥ Lo [ >l;cmcg;;;cml°n :
iflness (4/9), | | ) | A )
~ T T T t [ ]

H H H ' :
SRR oI FiNTy mvm R T T AT ,-,, ML oD
Rk, ety Camely (& ﬁg\‘} et iy E: ; i R
1 ] L] ' i 1 1 1 I 1 3 1 0 1 i 1 i 1 | ] 1 I t 1
i l ! i | t e — ¥ 1 | | B 1 =
:'.r'“.fi’:::.::;T__MERS-CBVRNAL;.‘fiisi.’:.N}{’Nﬂiiigg:_
N - detected (1/9) S e |
B ' ] 1 ' 1 r i i 1 H H H | 1 | 1 ] 3 O T T T — 3 [ 0 L ! ] ! 1 ] ' 1 HEA 1 ! |
: ‘ [ : 1 1 \’ : ; J | : ] ’ : H 1 I : : 1 3 1 1 1 }L ! : J‘ : I : i 1 : i : ; : 4‘ |' |' . :
i . oottt - [NoMERS-CoV | [ NoMERS-CoV | .« ' 1 T |
ooty bt | RNAdetected RNA delected ) Sy ! Lo
e R T N A T
I ] 3 H ' t 1 ' i 1 ' H b i 1 1 H ] . H 1 1 1 1 H 1 r 1 H 1 t ! 1 t 1 ' H 1 v 1 I 1 b 1
. i L H ' b I t 1 ' B ' i | 1 ' v i g v 1 1 1 1 H 1 H 1 1 1 i il I il ] [ 1 I « 1 " t 1
1 i ' 1 b I + r i H I ¥ b 4 H ] . 1 ] " ] 1 H . r 1 I 1 1 L 1 I . : L + i
[ : Yo [ S T T MERS-CoV¥ RNAL . - o sy P
. : N delected e R
1 1 l I 1 I i | 1 ' I 1 1 H b 1 T T T T t ' | t 1 | l 1 1 ' l 1 b | + [ r 1 1 1 ' ]
192021221324252621281930311 2. 34-5 6 7.8 910 11,1213 14 15161118 1920112223142526212829301 2-3 4
- . October N November ) . H December

FIG1 Timeline of the main events in the study. ICU, intensive care unit; Abs, antibodies.

samples from dromedary camels in Saudi Arabia, and their con-
sensus genome sequences were found to be similar to published
human MERS-CoV sequences, supporting the role of dromedary
camels in human MERS-CoV infections (19). In another report,
we also provided evidence for the direct cross-species transmis-
sion of MERS-CoV from infected camels to their owner (20). Se-
rological data suggested that the virus was circulating in the herd
before infecting the patient. Additionally, we showed based on
reverse transcription-PCR (RT-PCR), viral isolation, and full-
genome sequencing that both MERS-CoV-Jeddah-human-1 (ac-
cession number KF958702) and MERS-CoV-Jeddah-camel-1 (ac-
cession number 'KF917527) isolates were 100% identical and
contain characteristic mutations compared to other reported se-
quences, suggesting direct cross-species transmission from the
camels to the patient.

Here, we tried to extend our previous study and to examine
whether air could play a role in MERS-CoV transmission. To this
end, three air samples were collected from the camels’ barn on

three consecutive days as shown in Fig, 1. All samples were
screened by real-time RT-PCR targeting the upstream region of
the E gene {UpE region) of MERS-CoV. Interestingly, only the air
sample collected on 7 November 2013, the same day that one of
the nine camels in the same barn tested positive for MERS-CoV
(Fig. 1), tested positive for the UpE region. The two other air
samples were negative for UpE by RT-PCR. Two other confirma-
tory real-time RT-PCR assays targeting the open reéding frame la
(ORF1a) and ORF1bregions confirmed the UpE-positive result of
the first air sample, as shown in Table 1.

To further confirm these results, extracted RNA was sub]ected
to partial genome sequencing of a 665-nucleotide (nt) segment in
ORFla (accession number KJ740999), a 706-nt segment in the
RNA-dependent RNA polymerase (RdRp) (accession number
KJ741000), a 688-nt segment in QRF1b (accession number
KJ741001), a 452-nt segment in UpE (accession number

'KJ741002), and a 403-nt segment in the nucleocapsid (N) region
(accession number KJ741003) of the viral genome, Here, we con-

TABLE 1 Results of a real-time RT-PCR for MERS-CoV RNA in air samples

Threshold cycle of the real-time RT-PCR for detection of indicated MERS-CoV RNAY

Day of air sample collection® UpE ORFla - ORF1b
1 - 347 344 33.3

2 ND ND ND

3 ND ND ND

a Samples were collected starting on 7 November 2013,

b ND, not detected.
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firmed the presence of MERS-CoV-specific sequences in the first
air sample and found that these fragments are 100% identical to
the corresponding regions in our previous isolates MERS-CoV-
Jeddah-human-1 and MERS-CoV-Jeddah-camel-1, obtained
from the patient and the infected camel in this barn, respectively
(see Fig. S1 in the supplemental material). Of note, further partial
genome sequencing of a 697-nt segment of the vira] RNA in the
ORFla region (accession number K]740998) from the air sample
showed that the virus is identical to the original isolates obtained
from the nasal samples collected from the patient and the infected
camel, without the cell culture-adapted mutation (T10154C) ob-
served in our earlier report (see Fig. 52 in the supplemental mate-
rial).

These data confirm our previous report (20) and show evi-
dence for the presence of the airborne MERS-CoV genome in the
same barn that was owned by the patient and housed the infected
camels. The detection of viral RNA in the air sample collected on
the same day that one of the camels’ samples tested positive for
MERS-CoV and the fact that all genome sequences obtained from
the air sample were identical to those from the camel and the
patient samples suggest that the detected viral RNA originated
from the camels,

MERS-CoV was reported to be more stable than influenza A
HI1NI virus under different environmental conditions on surfaces
or in aerosols (21). Specifically, viable MERS-CoV was recovered
from surfaces after 48 h at 20°C and 40% relative humidity and
after 24 h at 30°C and 30% relative humidity. Similarly, the viabil-
ity of MERS-CoV decreased by 7% only in aerosols when the virus
was incubated at 20°C with 40% relative humidity. However, virus
isolation in cell culture was unsuccessful from the air sample col-
lected in the current study, which may be due to a loss of viral
infectivity in the collected air sample. Therefore, further studies

.are clearly needed to confirm the viability of MERS-CoV at differ-

ent environmental conditions and to confirm its infectivity.
Nonetheless, while other routes of transmission, such as droplet
contact or fomite transmission, may be involved, the detection of
MERS-CoV RNA in the air sample from this barn concurrently
with its detection and isolation from the infected camel and the
onset of symptoms in the patient warrants further investigations
for the possible airborne transmission of MERS-CoV.

The shedding of MERS-CoV into the environment is sup-
ported by several reports, including report of the nosocomial in-
fection of immunocompromised patients and the infection of
those in close contact with patients, such as family members and
health care workers (4-7). Furthermore, the detection of MERS-
CoV-neutralizing antibodies and its genome in dromedary camels
(8, 14-18) clearly suggest that these animals may play an impor-
tant role in MERS-CoV transmission to humans. To our knowl-
edge, this is the first report on the possible risk of airborne trans-
mission of MERS-CoV, especially to personnel working directly
with infected patients or animals. Our data suggest that camels
may be a source of infectious MERS-CoV, which can be transmit-
ted to humans within confined spaces. These results also suggest
that air sampling might be a useful approach to investigate the role
of the airborne transmission of MERS-CoV spread and shedding.
Further studies are urgently needed to fully understand the role of
camels in the transmission of MERS-CoV and whether airborne
transmission plays a role in MERS-CoV spread in order to imple-
ment control and prevention measures to prevent the transmis-
sion of this deadly virus.

July/August 2014 Volume 5 Issue 4 e01450-14
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Air sampling procedure. Air samples were collected from the
camels’ barn on three consecutive days, with day 1 (7 November
2013) being the same day that one of the nine camels was positive
for MERS-CoV by real-time RT-PCR. Samples were collected us-
ing the MD8 airscan sampling device (Sartorius) and sterile gela-
tin filters (80 mm in diameter and 3-um pore size; type 17528-80-
ACD; Sartorius). Air was sampled at a speed of 50 liters/min for
20 min. Filters were dissolved in 5 ml viral transport medium
{VTM} and stored at —80°C until analyzed.

Real-time RT-PCR. RNA was extracted from the dissolved fil-
ter solution using a QIAamp viral RNA minikit (Qiagen, Ger-
many) according to manufacturer’s instructions. Eluted RNA was
screened for the UpE region using the real-time RT-PCR assay on
a Rotor-Gene Q real-time PCR machine (Qiagen, Germany) as
previously described (22). Samples were also tested by real-time
RT-PCR for the ORFla and ORF1b regions for confirmation as
described previously (22).

Sequencing and alignment. Further confirmation was per-
formed by partially sequencing the UpE, ORFla, ORF1b, RdRp,
and N regions of the viral genome as per the WHO recommenda-
tions (23). In addition, one region containing unique mutations
in isclates obtained in our previous report (20) were also se-
quenced. Sequencing was performed as described previously (20).
Sequences were aligned with the genome of the MERS-CoV-
Jeddah-camel-lisolate (KF317527) obtained in our pervious
study using Geneious 7.0.6 software.

Nucleotide sequence accession numbers. Sequences obtained
in this study were deposited in GenBank and given the following
accession numbers: MERS-CoV-Jeddah-air-1-2014-CRFla-
partial cds-1, KJ740998; MERS-CoV-Jeddah-air-1-2014-ORFla-
partial ¢ds-2, KJ740999; MERS-CoV-Jeddah-air-1-2014-RdRp-
partial, KJ741000; MERS-CoV-Jeddah-air-1-2014-ORF1b-
partial, KJ741001; MERS-CoV-Jeddah-air-1-2014-UpE-partial,
KJ741002; and MERS-CoV-Jeddah-air-1-2014-N protein-partial,
KJ741003. :

SUPPLEMENTAL MATERIAL

Supplemental material for this article may be found at http://mbic.asm.org
{Hlockup/suppl/doi:10.1128/mBio.01450-14/-/DCSupplemental,

Figure 51, PDF file, 1.3 MB.

Figure S2, PDF file, 0.1 MB.
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(A)

KF917527|M ERS-CoV-Jeddah-Camel-1
KF958702|MERS-CoV=)eddah=Human=1
K)740998]MER5-CoV=Jeddah-alr-1-ORF1a

KF917527|MERS-CoV-feddah-Camel-1
KFO58702|MERS-CoV-Jeddah-Human=1
KJ740598|MERS-CoV-Jeddah-air-1-0RFIA

KF917522|MERS-CoV-Jeddah-Camel-1
KF958702)MERS-CoY~Jeddah-Human-1
KJ740998|MERS=CoV =Jeddah-alr-1-ORFla

f

KF917527|MERS-CoV-Jecdah-Camel-1
KF358702| MERS-CoV~jeddah-Human-1
KJ?40998|MERS-LoV-Jeddah-alr-1-0RF1a

KEQI?527]MERS-CoV-Jeddah-Camel-1
KF958702|MERS-CoVJeddah-Human=1
K)740998|MERS- CoV-feddah-alr-1-ORFla

KFD17527|MERS-CoV-Jeddah-Camel-3
KF958702|MERS- CoV-feddah-Human- 1
KJ740996]MERS-Co¥=-Jeddah-air-1-CRF1a

KF917527|MERS-CoV-Jeddah-Camel-1
KF958702|MERS-Cov=-Jeddah-Human-]
K{740998|MERS=CoV-jeddah=alr=1-ORFla

(B)

KF917527|MERS=-CoV=feddah=Camel=1
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KF917527|MERS-GoV-Jaddah-Camel-1
KFO58702]MERS-CoV-Jeddah~Human-1
KJ741000|MERS- CoV-Jeddah-alr-1-RdRp*

KF917527IMERS-CUV-Jeddah-Camel-l
KF958702|MERS~CaV-Jeddah- Human-1
KJ741000]MERS-CoV-Jeddah-air-1-RdRp

KF917527|MERS~CaV-Jeddah-Camel-1
KFa58702]MERS-CoV -feddah-Human-1
KI74 1000 MERS-CoV-Jeddah-alr- -RdRp

KF917527|MERS-CoV=Jeddah-Camel-1
KF958702|MERS-CoV-]eddah-Human-1
KJ741000|MERS=CoV=Jeddah-alr-1-RdRp

KF917527|MERS-CoV-Jeddah-Camel-1
KF958702|MERS~CoV~Jeddah-Human-1
KJ741C00]MERS-CoV -jeddsh-air-1-RdRp

% F917527 MIRS-CoV-Jeddah-Camel=1
KF958702| MERS-CoV-Jeddak-Human-1
K] 741000| MERS-CoV=[eddah-air- 1-RdRp

{©)

KF917527|MERS~-CoV-Jeddah-Camel-1
KF958702| MERS-CoV-Jeddah-Human-1
K)741001{MERS-CoV-Jeddah=air-1-ORFib

KF917527 MERS~CoV-Jeddah-Camel-1
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KJ741001| MERS-CaV-Jeddah-air-1-QRF 16

KF817527|MERS-CoV-Jeddah-Camel-1
KF958702|MERS~£oV~Jeddah-Human-1
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KFG5B702 |MERS-CoV-Jeddah-Human-1
KI741002| M ERS-CeV-Jeddab-alr-1-ORF1b

KF17527MERS-CoV-Jeddah-Camel=1
KF958702|MERS-CoV-Jeddah-Human~1
KJ741001|MERS-CaV-[eddah-alr=1-ORF1b

KF917527|MERS-CaV-Jeddab-Camel-1
KF958702| MERS-CoVJeddaf=Human-1
K|741001{MERS-CoV-Jeddah-alr- 1-ORF1h
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]L!lED ]1.5.40 11.?50 ll,!&ﬂ 1. 570 1, 580 11! SFO 11600 11, MD 114 520 11, 530 11 540
CMTRETCEEE ACAGCTTACA CTTOTATITC CGARAGTGAL GATGATACTT TTATTATACA CATGTTTAGE TTTCATATGT ACTTGCTATT TTGGIGTCTT CTCTETTITE ARCCTTARGE

11650 11660 IL6?0 11660 1600 .20 730 1.25e 11,350
TT&BAGCACC TATGEETGTC TATBHCTTTA AGGTCTCAAC ACMGABTTC PGRT"‘CRTG}- CTGCTP_RCIJ\ TCTJ‘\ACTGCA CC"F;G.FJ‘J\TT CTTGEGAGGC TRTGGCTCIG MCTTTMG:‘

ll.7'?0 T 1L ?9D 1L SUD 1L SID 11 LD' 11 540 11 550 1 550 1, HB 1 830
TRATAGGTAT TGGCGGTACA COTTGTATAA ABGTTBCTGC TATGCARTET ARACTTACRG ATCTTARATE CACATCTOTG &TTorTCCTCT CTGTGETCCA RCAGTTACAC TTAGAGGCTA

11. IBD 114 9{)0 ll.iID 11 QZD 11 130 l!..?lﬂ 1. D!D 11.wz 1 ﬂ?ﬂ 11,! BW
AiJ\GTAGGGG CTGGGETTTS TGTGTTARRT GCCATAATGA TATATTOGCR GCAACRGRCE CCAGTGRGGC TTTCGAGRRA TTCOTRRGTC TCTTIGCCAS TITARTGACT TTTTCTC!BTA

14 590 14, m 14! DID 14,1 920 14, 95D 14 940 14 9!0 14, 950 14 9(0 14.950 11,090 ls,noo
AGTGGT‘TGTT ARTARTTTAG ACAAGAGTGS TGGCCATCCT TTTAATAAGT TTGGCAAAGS TCGTGTCTAT TATGAGAGCA TATCTTACCA GGAGCARGAT GARCTOTITE CCATGACAAR

lS.QN ii,?ZD |,$‘?30 15_?10 l!.?50 15.?50 l!,lf?'D 15.?!0 15.'090 15.%0ﬂ 15.*10 15.1?0
GOCGTRACGTS ATTCCTACCR TGACTCAALT GARTCTAAARR TATGCTATTA JTGCTAAGHAA TAGAGCTCGC ACTETTAGChG GCGTGTCCAT ACTTAGCARCA ATGACTIATC GCCAGTACCA

15.130 15,130 1 15,160 15,170 15180 15,190 15,200 15210 15,220 15,230 15,240
TCRGARRATG CTTAAGTCCA TOGCTGCAAC TOGTGSAGCG ACTTGCUTCA TTGITACTAC AARGTTCTAT GGTGGCTIGG ATTTCATGCT TAAARACATTG TASRRAGATE TTGATRATCC

15.2‘50 I.S.ZIED ).5,%70 15.?!5 15.%90 ’ IE.ZIOD 15.!.10 15.?20 15.?30 3 15.%50 15,360
]
GCRTCTTATG GGTTGGGATT ACCCTAAGTG TGRTAGRGCT ATGCCTRATA TGTGTAGART CITCGCITCA CTCATATTAG CTCGTAARCHh TGGCACTTGT TOTACTACRA GGGACHKGATT

i5) 370 15, ESD 15, !90 15 400 15, 410 15, 420 15 430 15, ‘-50 15, ‘50 15.150 15,4'70 15,4?0
TTAPCOCITE GCAAATGAGT GTGCTCAGGT GCTAAGCAGAA TATGITCTAT GTGGTGGTGE TTACTACOTE AAACCTGGAG GTAGCCAGTAG COGAGATGCE AGCACTGERT ATGCSRATAG

ls.iW I.S.S.Ob 5 l!.EID 15.?30 l5.§4D 15.5I5I) ii.lSﬁD 15.?70 15.5ISD 15.%90 15.5?0
TGTCTITAAC ATTITGCAGE CGACAACTGC TARTGTCAGT GUACTTATGG STGOTAATAG CRACAAGRTT QTTGACARRG RAGTTAAAGA CATGCAGTTT GATTTGTATG TCAATGTTTA

15.?10 . IS.?«ID 15.?30 15.9‘0 15.5ISD IS.SIED ls.ﬁlﬂ) lS.?EQ 15.?90 ls.zm ls.?lw 15.7?9
CARGGAGCACT AGCCCAGACC CCAAATTTGT TGATARARTAC TATGCTTTTC TTRATRAGCR CTTTTCTATG ATGATACTGT CTGATUACGE TATCGTTTGC TATAATRGTO RITATGCAGC

IB.?]D LS,Q'ZO 15.930 l.l,?JU ﬂ.fiin ll.OIEO 1a,q7o 15.?30 1!.?90 1.!.1.00 LS.&ID li.l?ﬂ
GATTGTRACT SGCCTTTITA ARGATTGCIC TAGAGRRACT TCTAGLCTCT CACCTSCTTA TGCACCAACA TACGTTAGTG TTGATOACHA GTATRAGACG AGTAEATGLAEC TPYTACATGRA

16,130 15,350 15,150 16,160 15,470 ‘15,180 16100 16200 18,210 16320 1630 18290
TCTTAATTTA CCOCGCAARTG TCCCATACTC TCGTGTTATI TCCAGGATGG GCTTTAAARCT CGATGCARCR GTTUCTGGAT ATCCTAKGSE TTTCRTTACT CGTGRAGRGG CTGTRAGGTA

lE.ZISB lS.?Im II.ETD ll,fED -2 18, SIJD 1B, !lD
AGTTCOARGE TGGATAGGET TEGATGITSA GOGTACTCAT GCTTCCCGTA ATGCAYGIGH CACCARIGIS <

18.%?0 15.3‘50 18,390 18,400 15410 -4 18.430 15440 18.450 16460 16470 18,480
TGETGTTGYA GRCACTGAGT GGEGTAARCAT GTTAACGIGC ATTGCTECCC GTCCICCHRCC AGGTGARACRG TTTAARGCACC ICGTGCCICT TATGCATAMG GGOEGETECGT GGCCThTTG".‘

15,4‘00 15,500 6510 1g,520 18,520 12.540 12,550 15,560 18,570 18320 lsﬁlgo 128,800
H
TCATACTTIT GCARGETARGE

TAGECGACOT ATRGTUCARA TGTTGTCAGA CACTTTAGAC AAATTOTCIS ATTACTOTAS OTITATITOT TGAGCUCATS GETTTOARTT AACGICTACH

IE.!'ID lS.GIZD 15,?50 . 18.?40 !.E.GISD 15.6‘50 18.5‘70 ls.?&ﬂ . . lﬁ.fﬂb lS.ZDD lS,i:m
TAKGGALCES AAGTGTTACAH TGTGCARTAG ACGCACTACA GCOTACTOTT CROCTICTACA ATQTITATGCC TOCTGGALTC ATTCCTHCGE TTATORTTART GTCTACAACE STTICYTTAT

18350 18740 16.750 8,760 770 18720 18280 18,600 1810 12,620 154 250 18,8610
CGA.TGI‘TCM CF‘GTBGGE'I”I ATETAGGC.R& "‘CTTGC‘IBCT nP."CACGA"C ETTR‘!‘I’GC"‘C TG'TCCATCM GGAGCTC&TG TGGGTTCTM TGRZ\GCA:’G‘A A'IG?.CTCCITT OT?TRGC"AT




(D)

KF917527|MERS- CoV-Jeddah-Camel-1
KF958702|MERS=-CaV=Jeddah=Hurman=-1
KI741002| M ERS-CoV-feddah-alr- 1-UpE

KF917527|MERS~CoVr|eddah-Camel-1
KF958702| MERS-CoV-Jaddah-Human-1
KI741002|MERS-LoV -feddah-air-1-UpE

XF917527|MERS-CoV-Jeddah-Camel-1
XF958702|MERS-CoV-Jeddah-Human-1
X)741002|MERS-CaV-Jeddah-air-1-UpE

KF917527IMERS~CoV~Jeddah-Camel-1
KF958702|MERS~CoV-Jeddah-Human~1
KJ?41002|MERS-CoV-Jeddah~alr-1-UpE

(E)

KF17527|MERS-CoV-]eddah-Camel-1
KFOSE702|MERS-CoV -feddah-Human-1
KI741003| MERS-CoV-Jeddah-alr-1-N

KF17527|MERS-CoV-jeddah-Camel-1
KFo58702|MERS-CoV-Jeddah-Human-1
KJ741003/MERS-CoV-Jeddah-alr-1-N

KF917527|MERS-Cov-Jeddah-Camel-1
KFO58702|MERS-CoV-Jeddah-Human-1
KJ741003 M ERS-CoV -feddah-air-1-N

KF917527|MERS-CoV-Jeddan-Camel-1
KF95B702|MERS-CoV-|eddah-Human=1
KJ741003|MERS-CoV- Jeddah-air-1-N

27370 27,380 Y50 27300 27 410 24420 27,450 27,440 27,450 27:460 274D Lo
GTGCACTTAT ATTAGCCGTT TTRGTRAGAT TRGCCTAGTT TCTETAARCIG ACTTCTCCTT RAACGGCART GTTTECACTG TITTCGIGCC TGORACGCSGC GRTTCAGTTC CTCTTCACAT

2?.?90 21‘.500 2?.?10 ZT.IEZD 27.§3° :?.IS-M !’.?30 2. 550 27 S.d 17.590 2?.6-00
AATCGECECE AGETCGCTTA TCGTTTAAGE AGCTCTACGE TACTATGOOT CCCGTGTAGA GOGCTAATCCA TTAGTCTCTE TTTGUACATA TGGF‘PMCM ACTATGTTAC QCTTIGTCCH

2?.?].0 27.?20 27.‘635 ..640 2?.?50 27.960 27.970 1'7.'650 ?T.‘!FD 2?.I700 27.:'].0 27.7.20
AORACGAATA GGOTTGTTCR TAGTRAACTT TTTCATTTTT ACCITAQTAT GTACTETRAC ACTCTTGGTS TGTRTAGCTT TACTTACGGC TACTAGATTA TGTGTGCAAT GTATGACAGH

27,230 Ir140 27, 756 27,760 22,770 27,750 27599 .40 5,810 27520 27,830 27,540
CTTC.‘:RTACC C'TGTTPGTTC RECCCECATT ATRCTTGTJ\T RATACTGGAS GTITCAITCOTA TGT?\.‘.MT'IE C!AGGI&TF\GTH MCECCC”CT i‘CCnCCTBhC GRGTGGGTTT BBGGABCTCC

29, 410 29 420 29 450 29, 440 FoX 65\2 28, 450 W, 470 29, 450 28, 490 20, SUD 28, sm 29.5]2!!
TTCARTTGAA TAARCTCOGE RCTGAGGACE CACGTYGGCE COARATTOCT -GAGCTTGOTC CTACAGECAS TGOT ITTATG GOTATGTEGE AATITARACT TACCCATCRG ARCARTGARS

23, 530 28, 540 29, 550 23.560 23, 510 29, SBD 29, 590 ZDEDO 29. GI.D 28, ﬁ‘ﬂ 29.650 22, 040
ATCATGGCAR CCCTGTGTAC ‘T‘TCCTTCGGT ACAGTGGRGE CRTTAAKCTT GACCCAAAGR ATCCCARCTA CRATAAGTGG TTGGRSCTTE TTGAGCAARA TATTGATGCC TACRANAGCT

2, GW 29.1 660 25 E’D 20 GED 26,1 EDD 28. nGD %, 710 29.7]0 LR ?30 29 l‘ﬂ 29, TSO 2. 160
TCCCTAAGRR GGRAMLGARA CARAAGGCAC CAAARGAAGA ATCARCAGRC CRARTGTCT] ANCCTCCTAA GGAGCRGCGT GTGCAARGGTA GCATCACTCA GCGCRCTCGE ACCCOTCERR

'.‘B.Z’?D Z!.?SD 29, '90 500 19.?10 29.920 2!,.530 29.'840
GTOTTCAGEE TGATGCAATG ATTGATGTTA ACACTBATTA ATGTCACTCA AAGTAACRAG ATCOGCGGCHR TCGTITGTAT

Figure S1. Alignment of MERS-CoV genome sequences obtained from the air sample, the camel's and the patient's
isolates. Partial genome sequences obtained from the air sample were aligned with correspondmg regions from both
isolates for (A) ORF1a, (B) RdRp, (C) ORF1b, (D) UpE and (E) N regions.
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30,150 10,160 10,170 10,160 10,190 10,200
TGTGCCCAGC TGATCAGTTGE TCTGATCCTA ATTATGATGC CTTGTTCGATT TCTATGACTA

LT T T S S R

MERS-CoV=jeddah-Camel~1 (culture isolate)

MERS-CoV-Jeddah-Camel-1 {original nasal Isolate)
MERS-CoV-Jeddah-air-1-ORFla

--------------------

----------------------------

Figure S2. MERS-CoV genome in the air sample is identical to the original MERS-CoV-Jeddah-camel-1 isolate
without the cell-culture adapted mutation. Partial genome sequence obtained from the air sample was aligned with

the corresponding region from the original came! nasal sample and the cell culture isolate sequences containing the
cell-culture adapted mutation at position 10154.
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O’nyong-nyong
Virus Infection
Imported to Europe
from Kenya
by a Traveler

To the Editor: O’nyong-nyong
virus (ONNV) is a mosquitoborne
RNA virus of the Togaviridae family.
The virus was first isolated in June
1959 from serum samples from fe-
brile patients in the northern province
of Uganda (). Unlike other members
of the alphavirus genus, ONNV is
primarily transmitted by anopheline
mosquitoes (2). ONNYV is genetically
and serologically related to chikun-
gunya virus (CHIKYV) (7), but is re-
stricted to the African continent. The
clinical picture resembles CHIKV
infection, i.e., a self-limited febrile
illness characterized by headache,
rash, and joint pain. In contrast to
CHIKYV, ONNYV is reported to cause

1766

lymphadenopathy more often and af-
fected joints do not show effusions (3).

ONNV caused 2 large-scale epi-
demics in East Africa during 1959-
1962 and in 1996. The first instance
had spread from Uganda south to
Mozambique and westward to Sen-
egal. Comprising >2 million cases in

-east Africa alone, this first epidemic

ranked among the largest mosquito-
borne virus outbreaks recorded (4).
Afier an absence of reported cases for
35 years, a second ONNV epidemic

~ occurred in Uganda (3—4). Patients

had fever, a maculopapular rash, pru-
ritis, myalgia, and arthralgia of large
joints. Lymphadenitis, most often of
the posterior cervical spine region,
was also observed (3). Despite the
virus’ potential to cause large out-
breaks and its endemicity in the vast
geographic area of East Africa, and
at least sporadic occurrence in West
Africa, imported cases to other areas

‘have not been reported.

On October 14, 2013, a 6Q-year-
old woman residing in Germany who
had returned home 2 days before
from a 7-week vacation in East Af-
rica sought medical attention at the
University Medical Center, Section
of Clinical Tropical Medicine, in Hei-
delberg for recurring fever and illness
that began during ber travel. She and
her husband had traveled from Kenya
to Uganda, Rwanda, Tanzania, and
back to Kenya, along the shore of
Lake Victoria. Bed nets and malaria
prophylaxis were used regularly, On
October 9, she had experienced the
first episode of fever, general mal-
aise, arthralgia, and nausea while
staying at the lake shore near the
city of Kisumu, Kenya. Fever had
persisted until QOctober 12. Thin and
thick blood films, examined in a local
hospital and later in Nairobi, did not
show malarial parasites.

October 14 was day 5 of symptom
onset. Her fever reached 39°C and last-
ed 3 more days. It was accompanied
by cervical spine and nuchal lymph-
adenopathy, nausea, and arthralgia

of the small joints of her hands and
feet. A macnlopapular rash developed,
which covered her face, hands, feet,
and trunk. Her face, hands, and feet
were edematous. Laboratory tests on
admission to the medical center re-
vealed a slightly elevated C-reactive
protein level of 13 mg/L (reference
level<5). Full blood count and results
of liver function tests were within ref-
erence ranges. Thin and thick blood
films were examined again and were
negative for Plasmodium spp. A se-
rum sample from the day of admis-
sion showed anti-ONNV IgM and IgG
and anti-CHIKV 1gM and IgG in the
indirect immunofluorescence assay,
according to Tappe et al. (5, Table).
Serology for dengue virus and generic
alphavirus reverse transcription PCR
(6) were negative. A 4-fold anti-ON-
NV IgG titer decrease in the indirect
immunoflucrescence assay was dem-
onstrated in the second serum sarople,
which was collected 26 days after dis-
ease onset (Table). The presence of
ONNV-specific neutralizing antibod-
ies in the second serum sample was
confirmed by a virus neutralization
test. Cross-neutralizing antibodies
against CHIKV were detected also,
but with a notably lower titer (1:80)
when compared with the ONNV ti-
ter (1:1,280) (Table). Ten days after
symptom onset, the patient recovered
spontaneously. Her husband had no

symptoms of illness during travel or’

after returning.

We report the  laboratory-con-
firmed case of an ONNV infection
imported into Eurcpe. This patient
most likely was infected in the east-
ern part of Kenya (Kisumu region),
where she had stayed during the 2
weeks before symptom onset. The
case highlights the fact that ONNV
infections, which occur sympatri-
cally with CHIK'V infections in East
Aftica, lead to symptoms resembling
CHIKV infection. The clinical and
laboratory findings emphasize the
importance of a careful diagnostic
and clinical assessment of travelers
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Table. Resulfs of serologic analysis of a German traveler from Keﬁya with O'nyong-nyong virus infection, October 2013*

Immunofluorescence assayt

5 d affer symptom onset

26 d after symptom onset

Virus

Virus neutralization test,

igG IgM IgG IgM 26 d after symptom onset
O’nyong-nyong 1:160 1:160 1:2,560 1:1,280 1:1,280
Chikungunya 1:80 1:80 1:2,560 1:320 1:80
Sindbis Neg Neg 1:640 Neg ND
Semliki Forest Neg Neg Neg Neg ND

*Neg, negative; ND, not done.

Jimmunofluorescence assay and virus neutralization test resulls of <1:20 were considered negative.

with suspected arboviral disease, and
consideration of the well-known se-
rologic cross-reactions in the alpha-
virus group. Because of the serologic
and clinical similarities of ONNV and
CHIKY infections, it remains unclear
how many true ONNV infections
in travelers have been diagnosed as
CHIKYV infections. Similar to other
arboviruses, especially CHIKY and
dengue viruses (7,8), ONNV might
have the potential to spread to ar-

" eas outside of Aftica. There are no
known invasive anopheline vectors
for ONNV in Europe, but it was
demonstrated that the culicine mos-
quito species Aedes aegypti, found in
some parts of Europe (&), might be a
competent vector for ONNV (9).
Thus, it will be critical to study the
vector competence of both the indig-
enous anopheline and culicine mos-
fuitces for ONNV in Europe.

Acknowledgments
We thank Birgit Hising, Sabine
Kohler, and Insa Bonow for technical as-
 sistance. :

This letter is dedicated to the late
Ursula Herrmann (1927-2014) for making
this study possible. '

Dennis Tappe,’
Annette Kapaun,’
Petra Emmerich,

Renata de Mendonca Campos,
Daniel Cadar, Stephan Giinther,
and Jonas Schmidt-Chanasit
Author  affiliations: World Health
Organization Coliaborating Centre for
Arbovirus  and  Haemorrhagic  Fever

'These authors contributed equally to this
article, :

Emerging Infectious Diseases - www.cdc.govieid » Vol. 20, No. 10, October 2014

Reference and Research, Hamburg,
Germany (D. Tappe, P. Emmerich, D.
Cadar, S. Gilinther, J.Schmidt-Chanasit);
University Medical Center, Heidelberg,
Germany (A. Kapaun); Federal University
of Rio de Janeiro, Ric de Janeiro, Brazil
(R. de Mendonca Campos); and German
Centre for Infection . Research, Pariner
Site Hamburg-Luebeck-Borstel, Hamburg
(S. Glinther, J. Schmidi-Chanasif)

DOI: hitp:/idx.doi.org/10.3201/eid2010,140823
References

1. Williams MC, Woodall JP. O’nyong-
nyong fever: an epidemic virus disease
in East Africa. II. Isolation and some
properties of the virus. Trans R Soc Trop
Med Hyg. 1961;55:135-41. http://dx.doi.
org/10.1016/0035-9203(61)90017-7

2. Corbet PS, Williams MC, Gillett JD.
O'Nyong-Nyong fever: an epidemic
virus disease in East Africa. IV. Vector
studies at epidemic sites. Trans R Soc
Trop Med Hyg. 1961;55:463-80. http://
dx.doi.org/10.1016/0035-9203(61)

. 90093-5

3. Rwaguma EB, Lutwama JJ, Sempala SD,
Kiwanuka N, Kamugisha I, Okware S,
et al. Emergence of epidemic O’nyong-
nyong fever in southwestern Uganda, af-
ter an absence of 35 years. Emerg Infect
Dis. 1997;3:77. htip://dx.doi.org/10.3201/
€id0305.970112

4, Lutwama JJ, Kayondo J, Savage HM,
Burkot TR, Miller BR. Epidemijc
O'Nyong-Nyong fever in southcentral
Uganda, 1996-1997: entomologic stud-
ies in Bbaale village, Rakai District. Am
I Teop Med Hyg. 1999;61:158-62.

5. Tappe D, Schmidt-Chanasit J, Ries A,
Ziegler U, Miller A, Stich A. Ross River
virus infection in a traveller returning
from northern Australia. Med Microbicl
Immunol (Berl). 2009;198:271-3 hitp.//
dx.doi.org/10.1007/500430-009-0122-9,

6. Eshoo MW, Whitehouse CA, Zoll ST,
Massire C, Pennella TT, Blyn LB,
et al. Direct broad-range detection of
alphaviruses in  mosquito  extracts.
Virology. 2007;368:286-95. htip://dx.doi.
org/10.1016/j.virol.2007.06.016

7. Schmidt-Chanasit ], Emmerich P, Tappe D,
Gunther S, Schmidt S, Wolff D, et al.
Autochthonous dengue virus infection in
Japan imported into Germarty, September
2013. Euro Surveill, 2014;19:20681.

8, Van Bortel W, Dotleans F, Rosine J,
Blateau A, Rousset D, Matheus §,
et al. Chikungunya outbreak in the
Caribbean region, December 2013 to
March 2014, and the significance for
Europe. Euro Surveill. 2014;19:20759.

9. Vanlandingham DL, Hong C, Klingler K,
Tsetsarkin K, McElroy KL, Powers AM,
et al. Differential infectivities of o’nyong-
nyong and chikungunya virus isclates in
Anopheles gambige and Adedes aegypti
mosquitoes. Am J Trop Med Hyg. 2005;
72:616-21.

Address for correspondence; Jonas Schmidi-
Chanasit, Bemhard Nocht Institute for
Tropical Medicine, World Health Organization
Collaborating Centre for Arbovirus and
Haemorrhagic Fever Reference and Research,
Bernhard Nocht Strasse 74, Hamburg 20359,
Germany; email: jonassi@gmx.de

The Public Health
Image Library (PHIL)

http://phil.cdc.goviphil

1767



WOBHRWR|EWHE "D EL TR B LY O T

CRENE

96 “ILE OO EN TERIHET S (HY) EY R - "SGR B DT AT LR 120
OF T EHFBII B L) 22 N YN TEF R PO Bb -y H | ANV (REREHIHFONY ) YT " BiH O~ TR
UKOBE YROXTEE
(OB D EHALDA =
AR 0% T Y| H
AV GG SR @
. . e
LR TR "SRG MTNTNT (AN B H Ty QTR ROTI Y | B m
EH AT AETE 1) g WE S FZRREUAINY 19R "YU UIRZEBELORASBRAE A6 HEHEPWS|
Mol B A T-REGNE WS | o0y mn )i 09 L 2 R EERHERAGNY Y UREHCREENA— 1T LN BT — YT KO 0T
[ T B Lo/ ) () WR AR £ S HRGTRPFEAINYQY'S ‘YN EE T O GG EQY CN GBS WK
EHMEFEN0OL "R AN Ly N D—F
SMYVENEE T OTHY kR %mﬁﬁﬁ@(ﬁmﬂﬁuﬂ% ‘0@ M O A I A f 2 e L LSE VL THAANY) LA D 7N L L L
HEHEEER B (LT 107 PN — AWK L5 DL LALZ L AMBN T EO
oI £Ge0-¥1/01/02/ ﬁw%%%%&ﬂwﬁ%ﬁ%ﬁﬂﬂ%%%ﬁ
it | oponre/pre/a08:opo-oummn,/ /-y (Pt ) (B prge | (D) M
, won| MVEE O EMEEM | (Fbhey E) NCH NT-REERE T
AQE[IRAY {0T°ON 0Z'[OA ‘TRuInof
aseasy(] snoyoagu] Jullawyg
EHEY _ ALY 4 % L —
gty e v 01 7102 . Bk o
MEnSESe YRosTEIE | DEVE—% HS8 ROPH-SEIEN

1€ °N

ESHTE DHYL TS

I-C R Y




JRC2014T-042

Person-to-Person Household and
Nosocomial Transmission of Andes
- Hantavirus, Southern Chile, 2011

Constanza Martinez-Valdebenito, Mario Calvo, Cecilia Vial, Rita Mansilla, Claudia Marco,
R. Eduardo Palma, Pablo A. Vial, Francisca Valdivieso, Gregory Mertz, and Marcela Ferrés

Andes hantavirus (ANDV) causes hantavirus cardio-
pulmonary syndrome in Chile and is the only hantavirus
for which person-to-person transmission has been proven.
We describe an outbreak of 5 human cases of ANDV in-
fection in which symptoms developed in 2 household con-
tacts and 2 health care workers after exposure to the index
case-patient. Results of an epidemiologic investigation and
sequence analysis of the virus isolates support person-to-
person transmission of ANDV for the 4 secondary case-
patients, including nasocomial transmission for the 2 health
care workers. Health care personnel who have direct con-
tact with ANDV case-patients or their body fluids should fake
precautions to prevent transmission of the virus. In addition,
because the incubation period of ANDV after environmental
exposure is longer than that for person-to-person exposure,
all persons exposed to a confirmed ANDV case-patient or
with possible environmental exposure to the virus should be
monitored for 42 days for clinical symptoms,

antavirus cardiopulmonary syndrome (HCPS) is

caused by infection with New World hantaviruses.
First described in 1993 in the southwestern United States,
HCPS has been documented throughout the Americas
(1,2). For human cases, the mean incubation period of
hantavirus infection from exposure to illness onset is 18.5
-(range 7—42) days (3). As of December 31, 2013, a total
of 848 human HCPS cases had been reported in Chile; the
case-fatality rate has ranged from 32% to 35% per year (4).

The sole confirmed etiologic agent of HCPS in Chile
is Andes virus (ANDV). Human infection with this virus
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oceurs from exposure to contaminated excreta and secre-
tions of rodents of the family Cricetidae. Transmission of
ANDV between rodents has been experimentally docu-
mented after exposure of seronegative rodents to inhala-
tion of aerosolized infected rodent secretions (5). ANDV is
endemic in Chile and Argentina and is the only hantavirus
for which person-to-person transmission has been docu-
mented. Person-fo-person transmission of ANDV occurs
mainly in family clusters or, less commonly, after activi-
ties in which close contact with an infected case-patient has
occurred, primarily during the disease prodrome (6-8). A
prospective study in Chile found that sexual partners and
other close household contacts of ANDV-infected persons
showed a 10-fold higher risk of acquiring the virus than
household contacts who did not share bed or bedroom with
the index case-patient (3,9).

Nosocomial transmission of ANDV has been a mat-
ter of concern for infection control practice and for health
care workers who provide care for these patients, and in
particular for workers who perform invasive procedures.
In Argentina, person-to-person transmission of ANDV was
documented in a physician who acquired infection after
exposure to an ANDV-infected patient shortly after onset
of the febrile prodrome (7.8). Although person-to-person
transmission in Chile has been epidemiologically docu-
mented (/0), nosocomial transmission has not been report-
ed: Seroprevalence studies conducted among health care
workers in hospitals in Chile where patients with ANDV
infection have been treated have reported that health care
workers exhibited ANDV JgG antibody at a proportion
similar to that of the general population (11,72). Simi-
larly, a study in the southwestern United States found no
evidence of nosocomial transmission of another hantavirus,
Sin Nombre virus (13).

We describe an outbreak of 5 cases of ANDV infection
that occurred in a small, rural community in southem Chile
in 2011. We present the epidemiologic and the clinical fea-
tures of the cases, along with the molecular analysis of the
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virus strains from each case. Epidemiologic and virus se-
quence analyses support person-to-person transmission of
ANDYV in 4 of these cases, including nosocomial transmis-
sion in 2 cases.

Materials and Methods

Study Population

A case cluster of 5 human case-patients, including 2
_ persons involved in health care, occurred in Corral, Los
Rios, Chile, during February—April 2011. Clinical history
and information from epidemiologic questionnaires were
obtained for each patient; all 5 had an acute febrile iliness
and signs and symptoms compatible with hantavirus infec-
tion. Acute infection was confirmed by detection of IgM
against viral nucleoprotein antigen and real-time reverse
transcription PCR (RT-PCR) targeting the small RNA seg-
ment of ANDYV in blood samples obtained from these pa-
tients during the acute illness (14,15). Samples from 7 addi-
tional patients who had had HCPS in the same geographic
region in previous years were used as controls for virus se-
quence analysis. All participants signed an informed con-
sent approved by an ethics committee.

Geographic and Demographic Features of Corral '

Corral is a coastal town (39°520" S, 73°25'60" W) lo-
cated 15 km west of Valdivia, the capital of the Los Rios re-
gion in Chile; the town is in the foothills of a coastal moun-
tain range in the Valdivian rainforest ecoregion (/6). The
population is 5,433 inhabitants. Corral has 1 primary care
hospital with 5 beds (hospital I); all patients with compli-
cations are transferred to a regional care center in Valdivia
that has intensive care facilities (hospital II). Since 1997, a
total of 13 cases of hantavirus infection have been report-
ed in Corral, including the 5 cases described in this report
(17). Prior to this report, the last 2 confirmed cases were in
2008 and 2010.

Outbreak Description
On March 20, 2011, two suspected cases of hantavirus
infection were reported. The patients were a 31-year-old
woman (case-patient B) who worked as a nursing assistant
at hospital 1 and a 53-year-old woman {case-patient C).
Both lived near Corral. In addition to these cases, in late
'February, a 73-year-old man (case-patient A), the spouse
of case-patient C, had been transferred from hospital I to
hospital 11 for treatment of a pulmonary disease and evalu-
-ated for hantavirus infection; initial serologic testing results
at a national reference Iaboratory were negative. On March
22, a fourth patient (case-patient D}, a 60-year-old female
housekeeper at hospital I, was admitted to hospital II with
respiratory failure; she died a few hours later. A fifth patient
(case-patient E), a 34-year-old man who was the husband
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of case-patient B, was hospitalized on April 3 at hospital II.
On April 3, an epidemiologic investigation was initiated by
the Health and Epidemiology Service, including investiga-
tion of infection control measures used at hospital L.

. Genetid Characterization of the Virus

RNA was obtained from patients’ leukocytes from
diagnostic samples and extracted by using the High Pure
Viral RNA Kit (Roche Diagnostic GmbH, Roche Applied
Science, Mannheim, Germany), according to the manufac-
turer’s instructions. For segment amplification, heminested
RT-PCR. was performed as described previously ({6). Two
portions of the medium segment, Gn and Ge, were ampli-
fied (Table 1), and the amplicons underwent agarose gel
purification and sequencing in both directions. The chro-
matogram of each sequence was analyzed and aligned to
generate a consensus sequence by using BioEdit version
7.1.11  (http://www.mbio.ncsu.edu/bioedit/bioedit.html}.

. Twelve sequences were aligned by using ClustalW (http://

www.clustal.org). Sequences were phylogenetically ana-
lyzed by conducting maximum-likelihood (ML) and Bayes-
ian methodology on the concatenated Gn and Ge sequences.
For ML, PAUP* version 4.0 (18) was used for a heuristic
search with 100 random additions and branch swapping
via free-bisection-reconnection (/9). jModeltest 3.7 was
used to choose the best-fitting model of sequence evolution
{20). The corrected Akaike information criterion (Akaike
1974) identified the Kimura 81 unequal base frequencies +
gamma model (K81uf -+ I'} as optimal (—InL. = 1251.2770,
Akaike information criterion = 2515.7539, G = 1.5780),
with base frequencies A =0.2868, C=10.3132, G=0.0670,

and T = 0.3329. Reliability of nodes in the ML tree was

estimated by bootstrap analysis (27} obtained after 1,000
pseudo-replicates. The tree was rooted on the basis of the
outgroup criterion by using the ANDV sequence available

in GenBank (accession no. NC_003467.2). Sequences also |

were analyzed in a Bayesian framework to estimate the
posterior probabilities of phylogenetic trees. Ten million
phylogenetic trees were generated; the first 1,000 trees of
the sample were removed to avoid including trees before
convergence of the Markov Chain. As 2 independent mo-
lecular markers were used, a general likelihood—based mix-
ture model of sequence evolution was applied as described
(22). This model accommodates cases in which different
sites in the alignment evolved in qualitatively distinct ways
but does not require prior knowledge of these patterns or

“Table 1. Primers used for M segment amplification and
sequencing of Andes hantavirus

Primer identification Primer sequences, 5§ = 3

GN1+ TAGTAGTAGACTCCGCAAGAAGAAG
GNE34- TCCTGCTKKTAAACACACTAGCCAT
GCo4+ TGCAAATGATTGTGTTAGTAACACCA
GC674- GTATTAGAGCCCCTAGCACAGGTT

Emerging Infectious Diseases . www.cdc.govleid * Vol. 20, No. 10, October 2014



partitioning data, These analyses were conducted by using
Bayes Phylogenies software (22). To find the best mixture
model of evolution, the number of general time reversible
matrices was estimated by using a reversible-jump Markov
chain Monte Carlo method (23).

Results
Lahoratory and Epidemiologic Investigations

IgM and IgG against ANDV were detected in serum
samples, and ANDV RNA was detected by RT-PCR in

blood for all 5 patients in the cluster (Table 2; Figure 1). -

Case-patient A, the 73-year-old man, was identified as the
index case-patient of the cluster,

Case-patient A lived in a small settlement near Cor-
ral. His main risk activity was the cleaning of a home cel-
lar where he was moving tiles on February 5. The cellar
was heavily contaminated with rodent feces. The patient
was admitted to hospital I on February 24 after 3 days
of fever, dry cough, weakness, and progressive dyspnea.
During hospitalization, he experienced progressive re-
spiratory compromise, productive cough, and intense
sweating that required frequent changes of gowns, sheets,
and blankets. On February 26, he was transferred to the

Transmission of Andes Hantavirus, Southern Chile

critical care unit at hospital II for mechanical ventilation.
Serum samples were sent to the National Reference Labo-
ratory 11 days after onset of his symptoms; results were
negative for ANDV JgM. When the epidemiologically re-
lated hantavirus case-patients were admitted to hospital

- II, ANDV IgM testing was repeated, 24 days after onset

of his symptoms, and results were positive. Case-patient
A died on March 26 after 28 days of mechanical ventila-
tion and use of vasoactive drugs.

Case-patient B, a nursing assistant at hospital I, ex-
hibited a fever on March 17. She was hospitalized on
March 20 and the same day was transferred from hospital
1 to the intensive care unit at hespital Il. Severe shock and
respiratory failure developed, and high doses of vasopres-
sors and mechanical ventilation were required. A diagno-
sis of HCPS caused by ANDV infection was confirmed
after 8 days of symptoms, and she was discharged on
April 11. This patient had direct contact with case-patient
A at hospital I from February 24-26, during his febrile
prodrome and progression to the cardiopulmonary phase.
She changed the patient’s clothes, sheets, and blankets
because he perspired profusely. In addition, having met
the patient previously, she greeted case-patient A witha
-kiss on his cheek several times during his hospitalization.

Table 2. Clinica! and epidemiologic features of 5 patients involved in outbreak of ANDV infection, Chile, 2011*

Feature Case-pafient AT Case-patient B Case-patient C  Case-patientD Case-patient E
Age, yisex 73/M 3UF 53/F 60/F 34/M
Occupation Farmer Nursing Teacher Cleaning Car mechanic
assistant at : personnel at
hospital hospital
Relationship to other case-patients Husband of Health care Wife of case- Health care Husband of
case-patient C provider for patient A assistantfor  case-patient B
case-patient A case-patient A
Date of symptom onset Feb 21 Mar 17 Mar 18 Mar 18 Apr 2
Date of hospitalization Feb 24 Mar 20 Mar 20 Mar 22 Apr3
Signs and symptoms
Fever Yes Yes Yes Yes Yes
Respiratory symptoms3 Yes Yes No Yes Yes
Gastrointestinal symptoms§ No No Yes Yes No
Other symptomsf No . Yes Yes Yes Yes
Mechanical ventilation, d 28 8 0, 1 . B
Hospitalization, d 30 22 12 1 17
Outcome Died Survived Survived Died Survived
Days from environmental exposure to onset 16 25-26 41 7-45 41-42
of symptoms :
Days from exposure to hantavirus case- NA 18-21 22-25 18-20 13-27
patient {o onset of symptoms
Laboratory test results on admission ‘
Platelet count, x 10%uL 51 56 108 101 147
Leukocytes, x 10° cells/ul 4,67 546 1,214 3,92 11,46
Hematocrit, % 52 39 38 45 44
Lymphocytes, % 12 7 39 19 7
Immunoblasts, %. Yes Yes Yes NR Yes
1gM/lgG for ANDV Negative# Positive Positive Positive Positive
RT-PCR ANDV in blood cells ND Positive Positive Positive Positive

*ANDV, Andes virus; NA, not applicable; NR, not reported; RT-PCR, reverse transcription PCR; ND, not done,

tindex case-patient.
+Dry cough, dyspnea, cyanosis, crepitus.
§Vomiting, diarrhea, nausea.

- ISevere headache, meningeal signs, myalgia, arthralgia, conjunctival Infecticn, chills, photophobia, facial edema.
#0n hospital admission. Repeat testing after 24 days yielded positive results.

Emerging Infectious Diseases » www.cdc.gov/eid » Vol. 20, No. 10, October 2014
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She also had close contact with her husband at their home
from the time she cared for the index case-patient through
the first 3 days of her illness. She recalled possible envi-
ronmental exposure from camping at 2 local beaches dur-
ing Febrnary 1-4 and February 19-20; she collected wood
and cleaned the area fo set up tents,

Case-patient C was the spouse of case-patient A. She
shared the same bed and cared for him during his febrile
prodrome but denied that they had sexual activity after
symptom onset. She entered the contaminated cellar with
her husband but did not participate actively in his work
in this area.-On March 18, twenty-five days after her hus-
band’s illness onset and 41 days after they entered the cellar,
she exhibited mild fever, severe headache, myalgia, and
photophobia . She sought medical attention at hospital II
while her husband was still hospitalized, and acute ANDV
infection was confirmed on March 24. Her chest radio-
graph results were normal. Her most remarkable symp-
toms were headache and irritability, and she had meningeal
signs. Testing of cerebrospinal fluid (CSF) showed § white
mononuclear cells, normal glucose levels, and a slightly el-
evated protein level of 0.5 g/L.. CSF testing by RT-PCR for
ANDYV and ELISA for ANDV-specific IgG yielded nega-
tive results.

Case-patient D, a housekeeper at hospital I, had fever,
abdominal pain, and vomiting develop on March 18. Two

days later, she was hospitalized at hospital I, and 4 days
later, she was transferred to hospital IT, where severe shock
and respiratory failure developed. She died a few hours af-
ter admission to hospital I. Her diagnosis was confirmed
by positive results of serclogic testing and RT-PCR for
ANDV, She had direct and indirect contact with case-pa-
tient A while he was at hospital 1. She entered his room
and helped the nursing assistant (case-patient B) change his
clothes and remove his sheets and bedclothes for washing,

Case-patient E, the husband of case-patient B, had fe-
ver, headache, myalgia, and back pain develop on April 2,
and he was admitted to hospital II on April 3. Serologic
testing for ANDV IgM and IgG after 5 days of symptoms
yielded negative results, but results of RT-PCR for ANDV
RNA were positive. IgM and IgG seroconversion were
confirmed 10 days after symptom onset. The person-to-
person exposure period for this patient was March 6-20;
his possible environmental exposure exceeded the known
incubation period for ANDV (11). Shock and respiratory .
failure developed, and he required mechanical ventilation
and vasopressors but survived,

Environmental Investigation

Rodent trapping was performed for 2 and 3 nights, re- .
spectively, at the 2 sites where case-patients reported pos-
sible environmental exposure: the cellar of the home of

Hospital Figure 1. Timelines showing
Symgplom Death of progression and key events related
onset case-palint A to each case-patient (A-E) in a
wsae?gatu!gt B cluster of 5 Andes hantavirus cases,
southern Chile, 2011. Blue boxes
) ' T along timeline for index case-
Feh2l Feb 24 at 1F Mo 18 Warle Iar 38 Mar 26 patient (A) indicate date of illness
Case-patient B ohset for subsequent case-patients;
Camped with Cared fo index Symptom Hospital green boxes indicate environmental
case-poatient £ case-patien onset admission Discharge  exposures (exposure for case-
| patient A was the same as for case-
Fel 19 Felr 20 Teh 24 Feb 26 Mar 17 s 20 apyy  Ppatient C); red boxes indicate contact
. with other case-patients.
Case-patient C
Cleaned coftar L
with index  Lived wilh index Symplom Hospltal i
case=paliont  Casé-pabiont onsst admission Utscllmrgﬂ
Feb5  Febts frb 28 Mar 18 Mot 20 Aot 20
Case-patient D
Directly and Indirectly
Residont of ared for index Syroptorn Hospital
rural area . Lase-patient aniet admission Death '
feb 2 feu2e M3 1% a2 Mards
Case-patient E Hospital
. admission
Camped with Lived wilh Symplom
case-pslient B - case-pationtB ongel Disﬂluarge
et 19 foh i " Mars Mar!ﬁ Apr2 Apr3 . Aprztlv
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case-patients A and C and a camping area used by case-

. patients B and E (Table 3). Rodent serum samples were
tested for ANDV antibodies by strip immunoblot assay
(24); results were positive for | Abrothrix longipilis ro-
dent trapped at the camping site. However, RT-PCR re-
sults for this sample were negative, and testing of rodents
trapped at the home of case-patients A and C yielded
negative results.

Viral Molecular Analysis

A portion of 942 bp of the ANDV small RNA seg-
ment was amplified and sequenced from samples of
each of the 5 patients in the case cluster. Sequences
aligned by using ClustalW showed 100% identity (data
not shown), an observation consistent with the high de-
gree of conservation of the small segment among hanta-
viruses (7,25).

Virus variability was established by comparing a por-
tion of 914 bp of the highly variable ANDV medium RNA
segment. The sequences obtained for the 2 medium seg-
ments encoding the ANDV glycoproteins Gn and Ge¢ were
compared separately (data not shown) and concatenated.
Results were visualized in the identity matrix of concat-
enated sequences and showed that the concatenated se-
quences derived from the 5 cases in the cluster were simi-
lar to each other but differed from viral sequences from
7 patients who acquired ANDYV in the same community
in previous years (Table 4). The molecular identity of the
- concatenated Gn and Ge sequences between cases ranged
from 99% to 100%, whereas the comparison with control
sequences from the same geographic region ranged from
97% to 99%. These values show higher identity between
the sequences derived from the cluster cases compared
with other human cases from the same geographic re-
gion from previous years. All sequences obtained in this
study have been deposited in GenBank (accession nos.
KC567258-KC567281).

The phylogenetic analyses through ML and Bayesian
methods revealed similar topologic results; thus, a single
tree is shown (Figure 2). Results show 2 major groups
with strong support provided by the bootstrap and poste-
rior probability values. The group of samples that includ-

ed the Corral cases is clearly separated from other major

clustering that includes ANDV sequences from other lo-
calities in Chile.

Transmission of Andes Hantavirus, Southern Chile

Discussion

ANDV is the only hantavirus for which person-to-per-
son transmission has been reported (7). Qur study of a case
cluster in Chile provides epidemiologic and molecular evi-
dence that strongly supports the conclusion that 4 of 5 cases
resulted from person-to-person transmission of ANDV, in-
cluding 2 cases of nosocomial transmission.

Most of the reports of person-to-person transmission
of ANDV share common fraits that constitute potential risk
factors for virus spread (7-9), These features were also ob-
served in this cluster. First, the period of the disease during
which the acute case-patient and the household contact or
health care personnel have close contact is primarily the fe-
brile prodrome phase, when symptoms are nonspecific for
hantavirus. Second, the number of days from exposure to
an index case-patient and the onset of symptoms among ad-
ditional cases ranges from 12 to 27 days (7,26), consistent
with the intervals observed in our report. In the 2 cases for
which environmental exposure was reported, the estimated
incubation period after that exposure exceeded the longest
reported incubation range of 42 days for ANDV (3,/1). In
contrast, in these 2 cases the estimated incubation periods
from exposure to a case-patient to onset of symptoms was
13-27 days. Finally, the viral genetic characterization es-
tablished that viruses from the case cluster shared a high
nucleotide sequence identity in Gn and Ge fragments, the
most variable viral genomic regions (6). l

During the prodrome, when symptoms are nonspecific,
consideration of ANDV infection and early diagnosis might
be triggered by a history of environmental exposure (7,2) or
close exposure to another confirmed case-patient within the
known incubation period (3,6). In this cluster, all the cases
appeared in a geographic region that is considered an endem-
ic risk area for hantavirus (26,27). However, no other cases
had occurred in this town since 2010, and our epidemiologic
and virus sequence analysis showed that the main risk factor
for all the 4 additional cases was the patient’s close contact

. with a symptomatic, HCPS case-patient (6,28),

One case of nosocomial transmission of the virus has
been previously reported in Argentina (7), and evidence
of this transmission has been sought in Chile (12). We
document 2 cases of nosocomial transmission of ANDV,
from the index case-patient to a nursing assistant and to
a housekeeper, even though their contact with the patient
was limited to kissing the patient on the cheek and to

Table 3. Resuits of environmental investigation for 4 cases of ANDV infeciion, Chile, 2011*

Case- Days after case- No, frapping No. trapped  No. traps SlAresults, RT-PCR
patients  patient diagnosis nights rodents per night Rodent species trapped n=24 results
Band E 63 3 46 | 57,40,40  Abrothrix longipilis, A. olivaceus, 1 positive Negative .
other Abrothrix sp., Ofigoryzomys  (A. longipilis)
longlcaudauts
AandC g0 2 9 68, 68 A. olivaceus, O. longicaudatits, Negative ND

Rattus norvegicus, R. raftus

*SlA, strip immune assay; RT-PCR, reverse franscription PCR; ND, not done.

Eme_rging Infectious Diseases » www.cdc.gov/eid = Vol. 20, No. 10, October 2014
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Table 4. ldentity matrix of concatenated Gn and Gc sequences of ANDV isolates from the 5 case-patients in this study compared with
sequences from ANDV samples from previous case-patients in the same geographic region of Chile*

Sequence Pan2010  Pai2011  Mar2010  Fut2010  C2012(1) C2012(2) Pan2012 c B E D - A
Pan2010 - 0.972 0.991 0.985 0.964 0.871 0989 0961 0961 0955 00961 0.961
Pai2011 : - 0.974 0873 0.983 0.994 0976 0984 0984 0978 0984 0984
Mar2010 - 0.987 0.970 0.8975 0995 0981 0981 0955 0961 0.961
Fut2010 - 0.964 0.974 0920 0980 0960 0953 0950 0960
c2012(1) . - 0885 - 0870 - 0870 0870 09883 0970 0.970
C2012(2) - 0.978 0981 0.881 0974 0.981 0.981
Pan2012 - 0063 0863 0957 0963 0.963
c - 1.000 0.883 1.000 1.000
B - 0.883 1.000 1.000
E - 0.893 0.983
D - 1.000
A

*Geographic location and year are indicated for control cases (numbers in parentheses Indicate multiple cases in the same year; case-patient

identification letters (A~F) are given for cases fram this study. ~indicates alignment of the same sequence.

handling bedding and gowns (no invasive procedures).
Two seroprevalence studies performed soon afier recogni-
tion of hantavirus in Chile did not reveal a higher propor-
tion of antibodies against ANDV among hospital personnel
when compared with the general population (11,12).

In our study, ANDV infection was not diagnosed in the
index case-patient until he had been ill for 31 days, which
resulted in a wider time frame of exposure for heaith care
personnel. The patient had a history of diabetes mellitus but
no history of any other immunodeficiency that might ex-
plain his initial negative serologic test. However, the initial
testing was not repeated, so we cannot rule out the possibil-
ity of a false-negative result.

For case-patient C, the clinical manifestation of illness
was unusual because she lacked respiratory symptoms and
showed meningeal irritability as the main sign of the infec-
tion. Viral RNA. and specific antibodies were not detected,
but a slight elevation in the CSF white blood count and pro-
tein level were seen. It is possible that viral RNA was present
before CSF testing or that it was below the level of detection
by RT-PCR, but the timing of her symptoms is probably in-
consistent with a postinfectious process. ,

It is not clear why person-to-person transmission has
been documented for ANDV but not for other hantaviruses.
Risk factors associated with close contact, including sexual
contact, deep kissing, or sleeping in the same bed or room,
have been identified in a prospective study of household
contacts of index case-patients with HCPS (9). As such,

respiratory secretions, saliva, or both may be involved in

transmission. Puumala virus RNA has been detected by
RT-PCR but not by cell culture in saliva from patients who
had hemorrhagic fever with renal syndrome (29). The anti-
viral activity of different human saliva concentrations has
been experimentally tested against Hantaan virus, Puumala
virus, and ANDV; ANDV was least sensitive to the antivi-
ral effect of saliva (30). RT-PCR testing has found ANDV

RNA in previous and ongoing studies in blood and in body -

fluids, including gingival crevicular fluid, saliva, endotra-
cheal fluid, and urine (37). ANDV was isolated from blood
obtaned from a child in Chile before the onset of symptoms
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or development of ANDV antibodies (32), and studies are
ongoing to determine which, if any, of the body fluids posi-
tive by RT-PCR also contain infectious virus.

To characterize and compare the outbreak viral se-
quences, we used as reference material a selection of se-
quences from strains obtained 2 or 3 years earlier in the
same ecogeographic region near Corral. All 5 medium
fragments obtained from case-patient isolates in this cluster
were highly similar to each other but were more distantly
related to the reference sequences. The strong relatedness
of the viruses in'the Corral cluster is supported by high
bootstrap and posterior probability values in the phylo-
genetic analyses. Furthermore, the small segment showed
100% identity between the 5 sequences in this cluster, The
dates of exposure to high-risk environments or to persons
with ANDV infection, known incubation periods, and
100% sequence identify all support 2 conclusion of person-
to-person transmission (7). Our data showed 99%—100%
identity for a fragment of 913 bp of the medium segment,
supporting identity using different sequences. However, we
did not include noncoding region fragments, which might
provide additional confirmation of identity.

Qur study documents a small but definite risk of
nosocomial acquisition of ANDV infection for personnel
who care for patients, including handling of bedding and
gowns, After this investigation, the Ministry of Health of
Chile has recommended, in addition to strict adherence
to universal precautions, the use of droplet precautions
when ANDYV infection is suspected. Use of N95 respira-
tor masks, designed to prevent the inhalation of airborne
particles, is recommended for those procedures associated
with aerosolization of viral contaminated secretions (e.g.,
respiratory, saliva) when procedures such as suction or
intubation are performed. However, this recommendation
should be extended to all personnel who have any kind of
direct contact with patients or body fluids, including bed-
ding and gowns.

Finally, all close household contacts and health care
personnel exposed to a confirmed ANDV case-patient
should be closely monitored for signs and symptoms of
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infection, such as fever, myalgia, headache, and abdomi-
nal pain, during the entire documented incubation period
of 42 days, even though in person-to-person transmission
of ANDV, the onset of symptoms has usually occurred
12-27 days after close contact with a sick patient (6,9).
ANDV RT-PCR should be performed in addition to test-
ing for specific IgM in any exposed contact in whom fe-
ver develops within the incubation period, particularly if
testing is done within a few days of the onset of fever
and before onset of the cardiopulmonary phase. Results of
ANDV RT-PCR on blood cells may be positive as early
as 5-15 days before onset of symptoms or detection of
ANDV antibody (9). As we have documented, RT-PCR
can detect ANDV RNA in the rare, symptomatic patient
in whom seroconversion is delayed,

Acknowledgments
We thank Viviana Sotomayor and Andrea Olea for facilitat-
ing communication with local atthorities from Corral.

Support for this rescarch was provided by the National
Institutes of Health “Andes virus transmission and pathogenesis
in Chile” (NIH 2UQO1AI045452) and Fondecyt “Evolutionary
dynamics of Andes virus in Chile” (1110664).

Ms Martinez-Valdebenito is a research assistant in the Infec-
tious Diseases and Molecular Virology Laboratory, at Pontificia
Universidad Catdlica de Chile School of Medicine. Her research
interests focus on understanding the pathogenicity of hantavirus
infection and development of novel approaches for prevention
and treatment of viral infections.

Emerging Infectious Diseases » www.cdc.gov/eid « Vol 20, No, 10, October 2014

References

1. PiniN. Hantavirus pulmonary syndrome in Latin America. Curr Opin

Infect Dis. 2004;17:427-31. http://dx.doi.org/10.1097/00001432-
200410000-00007
Schmaljohn C, Hjelle B. Hantaviruses: a global disease prob-
lem. Emerg Infect Dis. 1997;3:95-104. http:/dx.doi.org/10.3201/
¢1d0302.970202
Vial PA, Valdivieso F, Mertz G, Castillo C, Belmar E, Delgado I,
et al. Incubation period of hantavirus cardiopulmonary syndrome.
Emerg Infect Dis. 2006;12:1271-3. http://dx.doi.org/10.3201/
¢id1208.051127
Chile Minisiry of Health. Resumen ejecutive de Hantavirus,
semana epidemioldgica 1 a 52, dic 2012 [ecited 2014 Feb 28], http://
epi.minsal.cl/epi/html/bolets/reportes/Hantavirus/hantavirus_
' SE522013.pdf
Padula P, Figusroa R, Navarmete M, Pizammo E, Cadiz R,
Bellomo C, et al. Transmission study of Andes hantavirus infec-
tion in wild sigmodontine rodents. J Virol. 2004;78:11972-9.
http://dx.doi.org/10.1128/JV1.78.21.11972-11979.2004
Martinez VP, Bellomo C, San Juan J, Pinna D, Forlenza R, Elder M,
et al. Person-to-person transmission of Andes virus. Emerg Infect
Dis. 2005;11:1848-53. htip://dx.doi.org/10.3201/6id1112.050501
Padula PJ, Edelstein A, Miguel SD, Lopez NM, Rossi CM,
Rabinovich RD. Hantavirus pulmonary syndrome outbreak in
Argentina: molecular evidence for person-to-person transmission of
Andes virus, Virology. 1998;241:323-30. http://dx.doi.org/10.1006/
viro.1997.8976
Wells RM, Sosa Estani 8, Yadon ZE, Entia D, Padula P, Pini N,
et al. An unusual hantavirus outbreak in southern Argentina: person-
to-person transmission? Hantavirus Pulmonary Syndrome Study
Group for Patagonia, Emerg Infect Dis. 1997;3:171-4. http://dx.doi.
0rg/10.3201/id0302.970210 i
Fesrds M, Vial P, Marco C, Yanez L, Godoy P, Castillo C, et al.
Prospective evaluation of household contacts of persons with
hantavirus cardiopulmonary syndrome in Chile. J Infect Dis.
2007;195:1563-71. hitp://dx.doi.org/10.1086/516786

1635



RESEARCH

10.

11

12,

13.

14,

15.

Toro J, Vega JD, Khan AS, Mills JN, Padula P, Terry W, et al. An out-
break of hantavirus puimonary syndrome, Chile, 1997, Emerg Infect
Dis. 1998;4:687-94, http://dx.doi.org/10,3201/eid0404.980425
Castillo C, Villagra E, Sanhueza L, Ferres M, Mardones J,
Mertz GJ. Prevalence of antibodies to hantavirus among family
and health care worker contacts of persons with hantavirus cardio-
pulmonary syndrome: lack of evidence for nosocomial transmis-
sion of Andes virus to health care workers in Chile. Am J Trop Med
Hyg. 2004;70:302-4.

Chaparro J, Vega J, Terry W, Vera JL, Barra B, Meyer R, et al.
Assessment of person-to-person transmission of hantavirus pul-
monary syndrome in a ‘Chilean hospifal setting. J Hosp Infect.
1998;40:281-5. http://dx.doi.org/10.1016/80195-6701(98)20304-8
Vitek CR, Breiman RF, Ksiazek TG, Rollin PE, McLaughlin IC,
Umland ET, et al. Evidence against person-to-person transmission of
hantavirus to health care workers. Clin Infect Dis. 1996;22:824-6.
http://dx doi.org/10.1093/clinids/22.5.824

Kramski M, Meisel H, Klempa B, Kruger DH, Pauli G, Nitsche A.
Detection and typing of human pathogenic hantaviruses by
real-time  reverse framscription-PCR  and  pyrosequencing,
Clin Chem. 2007;53:1899-905. hitp:/dx.doi.org/10.1373/clin
chem,2007.093245 .

Padula PJ, Rossi CM, Della Valle MO, Martinez PV, Colavecchia SB,

. Edelstein A, et al. Development and evaluation of a solid-phase

16.

17.

18.

19.

20.

21

enzyme immunoassay based on Andes hantavirus recombinant
nucleoprotein. J Med Microbiol. 2000;49:145-55.

Medina RA, Tomres-Perez F, Galeno H, Navarrete M, Vial PA,
Palma RE, et al. Ecology, genetic diversity, and phylogeographic
structure of Andes virus in humans and rodents in Chile. J Virol.
2009;83:2446-59, http://dx.doi.org/10.1128/JV1.01057-08
Sotomayor Proschle V. Enfrentamiento de una enfermedad emer-
gente; hantavirus en Comal equipo respuesta rdpida. Santiago
(Chile): Ministerio de Salud; 2011.

Swofford DL, Waddell FJ, Huelsenbeck JP, Foster PG, Lewis PO,
Rogers IS, Bias in phylogenetic estimation and its relevance to
the choice between parsimony and likelihood methods. Syst Biol.
2001;50:525-39. hitp://dx. doi.org/10.1080/106351501750435086
Takahashi K, Nei M. Efficiencies of fast algorithms of phylogenetic
inference under the criteria of maximum parsimony, minimum evo-
lution, and maximum likelihood when a large number of sequences
are used. Mol Biol Evol. 2000;17:1251-8. http://dx.doi.org/10.1093/
oxfordjournals.molbev.a026408

Posada DC, Crandall KA. MODELTEST: testing the model of
DNA substitution. Bioinformatics. 1998;14:817-8. htip:/dx.doi.
01g/10.1093 /bioinformatics/14.9.817

Felsenstein J. Confidence limits on phylogenies: an approach
using the bootstrap. Evolution. 1985;39:783-91. hittp://dx.doi.
org/10,2307/2408678 ’ ‘

22.
23

24,

25.

2.

27,

28,

29.

30.

E3

32

Meade A. A phylogenetic mixture model for detecting pattern-
heterogeneity in gene sequence or character-state data. Syst Biol.
2004;53:571-81. http://dx doi.org/10.1080/10635150490468675
Pagel M, Venditti C, Meade A. Large punciuational contribution of
speciation to evolutionary divérgence at the molecutlar level, Science.
2006;314;119-21. http://dx.doi.org/10.1126/science. 1129647

Hijelle B, Jenison §, Torrez-Martinez N, Herring B, Quan §, Polito A,
et al. Rapid and specific detection of Sin Nombre virus antibodies in
patients with hantavirus pulmonary syndrome by a strip immunoblot
assay suitable for field diagnosis. J Clin Microbiol. 1997;35:600-8.
Cao ZW, Zuo SQ, Gong ZD, Zhan L, Bian CL, Zhang PH, et al.
Genetic analysis of a hantavirus strain carried by Niviventér con-
fucianus in Yunnan province, China. Virus Res. 2010;153:157-60.
http://dx.doi.org/10.1016/j.virusres.2010.06.011

Murlia R, Navarrete M, Cadiz R, Figueroa R, Padula P, Zaror L,
et al. Hantavirus pulmonary syndrome: cument situation among
rodent reservoirs and human population in the 10th region, Chile
[in Spanish]. Rev Med Chil. 2003;131:169-76. http://dx.doi.
org/10.4067/50034-98872003000200006

Pedrosa PB, Cardoso TA. Viral infections in workers in hospi-
tal and research laboratory settings: a comparative review of in-
fection modes and respective biosafety aspects. Int J Infect Dis. '
2011;15:e366-76. http://dx.doi.org/10.1016/).1fid.2011.03.005
Padula PJ, Colavecchia SB, Martinez VP, Gonzalez Della Valle MO,
Edelstein A, Miguel SD, et al. Genetic diversity, distribution, and
serological features of hantavirus infection in five countries in South
America. J Clin Microbiol. 2000;38:3029-35.

Pettersson L, Klingstrom J, Hardestam J, Lundkvist A, Ahlm C,
Evander M. Hantavirus RNA in saliva from patients with hemor-
rthagic fever with renal syndrome. Emerg Infect Dis, 2008;14:406—
11. http://dx.doi.org/10.3201/eid1403.071242

Hardestam J, Lundkvist A, Klingstrom J. Sensitivity of Andes
hantavirus to antiviral effect of human saliva. Emerg Infect Dis.
2009;15:1140-2. http://dx.doi.org/10.3201/eid1507.090007 .

Ferres M, Martinez C, Godoy P, Cuiza A, Valdivieso F, Hjelle B,
et al. Presence of Andes virus genome in gingival crevicular flnid
during acute hantavirus infection. Abstract presented at: VIII Inter-
national Conference on HFRS, HPS & Hantavirures; May 22, 2010;
Athens, Greece,

Galeno H, Mora J, Villagra E, Fernandez J, Hernandez J, Mertz GJ,
et al. First human isolate of hantavirus (Andes virus) in the Americas.
Emerg Infect Dis. 2002:8:657-61. http://dx.doi.org/10.3201/
¢id(807.010277

Address for correspondence: Marcela Ferrés, Escuela de Medicing, k
Pontificia Universidad Catélica de Chile, Marcoleta 391, Santiago,
8320000, Chile; email: mferres@med.puc.cl

T T et 3 ’7

Carbapenem-Resistant Enterobacteriaceae

R Dr. Mike Miller reads an abridged
version of the article,
Deaths Attributable to

| Carbapenem-Resistant

| Enterobacteriaceae Infections

N N

POYRSR e

http://www2c.cdc.gov/podcasts/player.asp2f=8633574

PODCASTS

1636

Emerging Infectious Diseases = www.cdc.gov/eid « Vol. 20, No, 10, October 2014



: O REENF A S b TR -

#AP L "G NREL T RS HT P F h QDI E
T YR QA RE TIE R EY R (E V) EY ati2ap s
OFTT NGB 26D R TRFR G 21D Pkl H

‘CRIZWOINNL Y WG TSI
ey ESa S D10 Il T e ENAL RO ALl S

KDDL KBOETZE
L (OHD DA - ‘@D B G AL s — AT O AU SWE R TAEREY \WHER L= B
S o | — (4 TG TR B o W A2 S BN S RO [ Y UG LIS S BT O M| g
A LG bl T | R W) EALEGRs YE TR Yh TS TR 8 O sk [ Y “ AT QLRI ST MV IO TR F O
‘ | - : CRILVIB LRIV IV EOEE| 5
Mo 5 TS0 TS B ‘SERRIEES O M CCUSY UMTOIE FNHOO>E  QRAYOHTH O (EMF L (L Lt "1 AV —O] g
| | 1 —218h) (2L FD BEOE IR 2 EEHAIRA RO AR BION WHLR CHDHOYE R 3
Iz _ o Ao ’ - ° 4
I ﬁwm ﬁ%%%%wx Bl a0 SRR Y YRS RN TS T HF OB HYHAL QNGO #
T-PEEEUE| £ Y iy BT 0o T S WD IO “SAD. C R M NG BB B 0D Y B VR F U e s, bl
 BMESEWHOL 3. CR 2 E WGP IS 2E RO E T ST B — 0 B $OER G @0 7E B[] ch G ¥ 36 TP RN IR 2 o [
VSR ETOTRE °C@) FEE TP CANT RO QLN B O N YH s K B 0 T =)
Wi 2L Qo R T i TTEN A0
Sl R R S A (e b 5 ) 11 o] (P FEW
O os| MW QBRI | (RebhI B) T AR
—eoUeIg ‘H MIABS ‘d [BAT 8P
EHEY P TITHEY ik % LR —
V= ¥ 01 7102 e o
BETRBos SFosTEDY | DLYB-% e RESR-SREE
ESHTE SH¥E TE= |
-2 NI

9¢ °N




Correspondence

JRC2014T-038

1094

1 SilverKL, Singer PA. A focus an child
development. Science 2014; 345:121,

2 Yousafzai AK, Rasheed MA, Rizvi A, Armstrong R,
Bhutta ZA, Effectof integrated responsive
stimulation and nutrition interventionsin the
Lady Health Worker programme it Pakistan on

" child development, growth, and health
outeomes: a cluster-randomised factorial
effectivenesstrial. Lancet 2014; pubtished online
June 17, http:ffdx.dol.org/10.1016/50140-
6736(14)60455+4.

3 Walker 5P, Chang SM, Powell CA,
Grantham-McGregor SM, Effects of early
childhood psychasecial stimulation and

" nutritional supplementation on cagnition and
education in growth-stunted Jamaican
children: prospective cohort study. Lancet

_ 2005; 366:1804-07.

4 Gertler P, Heckman ), Pinto R, et al. Labor
market returns to an early childhood
stimulation intervention in Jamaica. Science
2014; 344: 993-1001.

Global health and the
media '

We commend Pamela Das and
Gabriela Sotomayor for shining a light
on WHO and its recent handling of
communications at the 67th World
Health Assembly (june 21, p 2102).!
What this-article also touches on is the
role of the media and global health
more broadly.

Health advocates already struggle
to make core public health issues
headline news and at the forefront of
people’s minds. With a record-braaking
number of agenda items, World Health
Assembly briefings with the media
should have been proportionate
to new developments and changes
being made to communicate these

- effectively and appropriately.

The media have a responsibility

to communicate with the public
responsibly, And health advocates

have a responsibility to communicate
stories with the media. History has
shown that when they do, positive
change might be stimulated—as
seen with HIV and enhanced access
to antiretrovirals. The media is a
powerful force for good and WHO
needs o prioritise these relationships.
Neglect the media and the issues are
overlooked.

A report? by independent think tank
Chatham House on governance and

WHO suggests the complexity of WHO
as an organisation. With reform on the
agenda, media and communication
necessitate a central role.

Article 2 of the WHO constitution,
about the functions of the organisation,
emphasises the need "to provide
infermation, counsel and assistance
in the field of health”,? which is clearly
essential “to assist in developing an
informed public opinion among all
peoples on matters of health” and
needs partnership with the media to
achieve that goal.

Systems need to be in place to
respond to questions and points
of clarification by those tasked
with spreading new ideas and
developments—otherwise an absence
of darity will lead to no dissemination.
Twitter and Facebook posts cannot
substitute briefings with the press. We
urge WHO to respond in time for the
68th World Health Assembly.
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Human schistosomiasis:
an emerging threat for
Europe

In their Seminar, Daniel Colley
and colleagues (June 28, p 2253)
described the epidemiology of human
schistosomiasis, but it is important

to acknowledge that schistosomiasis
is now becoming a European disease.
The Mediterranean area is a former
settlement of Bufinus and climate
warming creates favourable conditions
for local transmission in southern
Europe. The emergence of urinary
schistosomiasis in Corsica (France), with
a decade of native cases around Europe,

- might mean that schistosomiasis is

now a cause for concern in Europe
Also, many travellers (migrants or
tourists) come back from endemic areas
after being contaminated throu(
contact with water. Among travellers,
the European armed forces have many
cases of schistosomiasis because of
their deployments in Africa (especially
Céte d'lvaire, Mali, and Central African
Republic). Clinical examination has
low sensibility and specificity (one of
three people are asymptomatic).'+5
European physicians have to
manage this new situation. Medical
education enhancement would
improve their clinical sensibility.
Nowadays, unexplained chronic
urinary or digestive symptoms should
evoke suspicion of schistosomiasis.
Biological screening should be
systematically done in these patients

- and in travellers with water contact

in endemic countries, whatever
their symptomatology. Finall,
epidemiological surveillance shou,
permit the detection of clusters around
cases and monitor the spread of the
local transmission.
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Calling tuberculosis a
social disease—an
excuse for complacency?

In the June 28 issue of The Lancet,
Ali Mohsin re-discussed the paradigm
of tuberculosis as a social disease!
The social element of tuberculosis
is certainly important because there
is strong evidence that tuberculosis
does flourish in poverty, but this has
several pitfalls. First, reservation of
an exceptional social disease status
for tuberculosis might, paradoxically,
be detrimental, especially if the
designation social suggests that poverty
eradication 15 necessary to eliminate
- tuberculosis. Second, a paucity of
studies show that social interventions
have an effect on tuberculosis
transmission and incidence.? Third,
associating tuberculosis with poverty is
adriver of stigma in communities?

Is HIV any Jess sodial than tuberculosis?
The HIV pandemic has taught us that
with political will, adequate funding,
community mobilisation, and sclentific
resources, the huge barriers of poverty
and social deprivation can be overcome.
On the contrary, given the dismal
success of eliminating tuberculosis,
perhaps the biomedical community has
used the social paradigm as an excuse to
underperform.

The emergence of drug-resistant
tuberculosis is iatrogenic and suggests
that the current biomedical and public
health approaches for tuberculosis
are failing. The time has come to use
the successful HIV recipe (political
will, money, activism, and brains) for
tuberculosis. We have had enough
of using the paradigms, diagnostics,

www.thelancet.com Vol384 September 20, 2014

and drugs of the previous century. We
need a shift for tuberculosis: the one
most important ingredient of a new

paradigm is not biomedical or social, it

is urgency.
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Cardiovascular outcome
trials of glucose-lowering
strategies in type 2
diabetes

We agree with Rury Holman and
colleagues (June 07, p 2008) that
prospective cardiovascular outcome
studies of glucose-lowering drugs
cannot solve the problem of how
to help patients and clinicians make
decisions. We support the authors’
proposal for exploitation of electronic
health records to do large, low-cost,
pragmatic randomised trials measuring
real-world outcomes.? These trials
should be the standard for all newly
licensed drugs.

These trials, however, will permit
assessment of only previously
licensed drugs. We have published
an analysis,? which suggests the
need to rethink the criteria for
approval, registration, and clinical
use of new drugs. Even with
optimistic assumptions, including
cardiovascular benefit, we have

estimated that more than 90% of
people started on such treatment will
not benefit, A 1% reduction in HbA,
would add only about 10 menths
of quality-adjusted life for a 45 year
old and & weeks for a 75 year old.
But such gains would be completely
eliminated by any treatment deemed,
by the patient, to reduce the quality of
life by more than 3%, a figure below
that generally cited for injectable
drugs. On this basis, even a drug for
diabetes that improves cardiovascular
outcomes might be a poor choice for
many patients.

These measures of likely health
gains matter because such treatments,
although potentially providing
benefit in aggregate outcomes, are
being used for individual benefit.
The patient should be the one who
makes choices about treatment once
they are fully informed of potential
benefits, burdens, and harms. When
these factors are closely balanced,
and when patients vary in the weight
they give to different factors, good
quality information that is clearly
communicated becomes particularly

A Dowsett, Publie Hulth‘EngldeScimmPtmuubmy

- important. Data about glucose

lowering falls far short of what
licensing and regulatory bodies,
clinicians, and patients need from new
drugs for diabetes,
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