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Mortality Secondary to Fulminant
Hepatic Failure in Patients with Prior
Resolution of Hepatitis B Virus
Infection in Japan |

Takeji Umemura,' Eiji Tanaka,' Kendo Kiyosawa,"* Hiromitsu Kumada,®
and the Japan de novo Hepatitis B Research Group*
‘Department of Internal Medicine, Hepatology, and ‘Gastroenterology, Shinshu
University School of Medicine, Matsumoto, and- ‘Depamnent of Hepatology,
Toranomon Hospital, Tokyo, Japan ’ -

Hepatitis B virus (HBV) reactlvatlon in, patlents with resolved
HBYV infection was found in 23 (4%) of 552 newly hepatitis
B surface antigen—positive patlents m Iapan. Because one-
fourth of cases develop into fulmman hepatic failure and
mortality is 100%, management of HB eactivation in pa-
tients with resolved HBV infection should be discussed. .

Reactivation of hepatitis B virus (HBV) is ‘becoming a well-
recogmzed complication i in patients with chironic HBV infec-
tion who :are undergomg cytotoxic chemotherapy or immu-
nosuppressive therapy {1-5k: HBV reactivation has a variety of
manifestations, rangmg from subdrmeal increases in trans-
aminase activity to severe and’ potentlally fatal fulminant he-
patic failure (FHF). Because cluucal studies have demonstrated
that lamivudine therapy reduces the rate of HBV reactivation
- and mortality {6-9],- prophylactlc antiviral therapy.is advised
__for HBV carriers at the onset of chemotherapy [10].

The clearance of hepatitis: B' surface antigen (HBsAg) and
the appearance of antibody to- HBsAg, with: normalization of
 liver function, is.generally accepted as evideace of clinical and
-serologic recovery from acute hepatitis B. However, HBV rep-
lication has been shown to persist at low levels in the liver for
decades {11-13], which may explam the recent increase in the
" rate of HBV reactivation in: patlents with resolved infection
.during or after chemotherapy and transplantation [1, 5, 14—
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- total of 1239 patients were registered by 93- hospxtals (40%)

16]. Although reactivation led to FHF and even death in some
cases [17-22], the incidence of and mortality associated with
HBV reactivation have not been fully clarified in this context.
Recently, a prospective study [23] from Hong Kong revealed .
that 3.3% of HBsAg-negatiye patients developed HBV reacti-
vation after chemotherapy. In Japan, bemus'e ~20% of indi-
v1duals are positive for at least 1 HBV marker [24}, HBV: re-
activation <during or after immunosuppressive treatment may
become a critical issue in the near future. Thus, we mvestrgated
the mortality associated with and prevalence and chmcal isig-
nificance of HBV reactivation in Japanese patients with resolved' .
HBYV infection in a multicenter, cross-sectional study. ~
Methods. In 2005, we sent a questionnaire to 230 hospltals

tions about patients who had become newly positive for serum
HBsAg from January 2000 through December 2004 [25]. A

Of those patnents, 55 were recorded as having experienced HBV
reactivation after having resolved. HBV infection, and the re-
maining 1184 patients were classnﬁed as havmg acute hepatitis
B. Sixty-three (68%) of 93 hospitals responded to a second
survey and provided mfonnatxon on 552 patients enrolled: in
this study; 23 of these, pauents developed HBV mctlvatlon, :
and 529 had acute hepatms B. . -
HBV reactivation was defined (accordmg to a slight modx-
fication of the report by Hui et al. [~23]) as a decrease in the
level of antlbody to HBsAg that was associated with the reap- ‘
pearance of HBsAg, a 3-fold:elevation of serum alanine ami-
notransferase (ALT) level above normal, and detection of HBV .
DNA in_serum durmg or after chemotherapy The diagnoses

‘of acute hepatms B and FHF were defined as reported elsewhere

[26]. Patierits with other liver diseases were excluded. Serum =
HBV markers ‘were determmed as: reported elsewhere [26]. Se-
rum levels of HBV DNA were ‘determined w1th use of Amphcor
HBV Monitor kxts (Roche Dlagnostxcs) at: ach hospital when
the patients were admitted.' HBV genotypes were determined
with use of the PCR-mvader method, with genotype-specific
probes [27] This study was approved by the ethics committees
of appropnate msututlonal review boards. Informed consent _
was obtained from each patlent in accordance with the Helsmkl ‘
Declaratxon :

The Mann- Whltney U test was used to analyze continuous
variables. The y test with Yate s correction was used for analysrs
of categorical data. In cases in which the number of patients

" was <5, Fisher’s exact test was used. P < .05 was consldered to
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be statistically significant. Statistical analyses were performed
using SPSS, version 15.0] (SPSS).

Results. We first compared the demographic, clinical, and
virologic features of the 23 patients who experienced HBV re-
activation with those of the 529 patients with acute hepatitis
B (table 1). The reactivation group had a significantly higher
median age and median serum HBV DNA level (P<.001) and
significantly lower peak ALT and albumin levels (P <.001). Al-
though HBV genotype was not determined for one-half of the
patients with acute hepatitis B, marked differences in the dis-
tribution of genotypes were seeri; HBV type A occurred less
frequently (P = .003) among patients with HBV reactivation
than among thase with acute hepatitis. However, HBV type B
occurred more frequently among panents w1th HBV reacn-
vation (P<.001). o ,

FHF was more common among patients with HBV reacti-
vation than among those with acute hepatitis (P = .048). Of
the 23 cases of HBV reactivation, 6 {26%) resulted in liver-
_related death, 11 (48%) resolved, and 6 _(26%) led to chronic
hepatitis B. In contrast, of the 529 cases of acute hepatitis B,
© 490 (93%) were self-limited, 16 (3%) became chronic, and 21

- (4%) resulted in death. These results revealed that liver-related -
mortality was significantly higher in the group with HBV re- .

~ activation than in the group with acute hepatitis (P<.001).

We then compared the clinical features of FHF between the

groups (table 2). Patients with HBV reactivation had a higher

median age, significantly lower peak ALT levels (P = .006),

Table 1.

higher HBV DNA levels (P = .035), and higher mortality
(P =.031) than did patients with acute hepatitis B.
Malignant lymphoma-associated morbidity was significantly
higher among patients with HBV reactivation who developed
FHF than among those who did not develop FHF (table 3). A
rituximab-containing treatment regimen was administered to
all patients who experienced FHF, compared with only 4 (22%)
of 18 patients who did not experience FHF (P = .004). La-
mivudine was administered to 16 (89%) of 18 patients who
did not experience FHF and to all patients who experienced

"FHF at 7 and. 20 days after hospital admission; respectively;

this suggests that lamivudine treatment could not prevent FHF
after HBV reactivation. Eventually, liver-related mortality oc-
curred exclusively in patients who experienced FHE, There were
no statistically significant differences between the 2 subgroups
regardmg HBV markers.

Discussion. Although a prospective study by Hui et al. [23]
revealed that the incidence of HBV reactivation among HBsAg-
negative patients after chemotherapy was 3. 3%, there are no
data available on HBV reactivation in Japan. In our nationwide
cross-sectional study, a total of 552 newly HBsAg-positive pa-
tients were registered from 63 tertiary:care-hospitals: Overall, . :
HBV. reactivation was found in 4% of patients:with resolved::::
infection after chemotherapy. Serum and liver samples:were-‘::
not available before chemotherapy for most of these patients;

therefore, we were unable to prove specifically whether- reac- e
tivation was a result of occult or'acute HBV infection.However; -

Demographic aud clmlcal charactensues of patlents wnh hepatms B virus (HBV) reac--

uvatlon. comparad with those. of patients with acute hepatms B.

.

Characteristic = -

“ HBV reactivation

Patients with
acute hepatitis B P

Patx_ents with

57/232 (25)

Treatment _
" Lamivudine
: R rr T

141/232 (61)

NOTE. Data no. (%) of patients, unless otherwuse mdncated ALT, alanine amnnotransferase NS not staustwcalty

. significant; PT, prothrombin time.
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Table 2. Demographic and clinical characteristics of patients with hepatitis B virus (HBV) reactivation
who experienced fulminant hepatic failure (FHF), compared with those of patients with acute hepatitis

B who experienced FHF.

Characteristic

Patients with FHF

With HBV reactivation

With acute hepatitis B P

26/45 (58)

Uver related death

NOTE. Data are no. (%) of patlents unless otherwuse indicated. ALT, alanine. ammotransferase NS, not statlstucally

significant; PT, prothrombin time.

because all patients were negative for HBsAg and positive for

antibody to hepatitis B core antigen before treatment, we pre-

sumed that réactivation was occult in nature.

~ In our study, patients who experienced HBV reactivation
were significantly older and had lower serum albumin levels,
compared with patients with. acute hepatitis B, The immune
status of many patients may have been further decreased by
cytotoxic chemotherapy. Approximately 20% of the patients
who experienced HBV reactivation developed FHE- Surpris-

ingly, mortality was 100%, implying that FHEF in these cases is

severe. Both the prevalence of and mortality associated with
FHF were significantly higher ambng patients who experienced
HBV reactivation than among those with acute HBV infection.
Although the group with HBV reactivation also had lower'al-

bumin levels at the onset of lamivudine therapy, the devel-

opment of FHF could not be predicted from this study. ‘Thus,
it is crucial to prevent FHF in patients with HBV reactivation
with use of agents other than—or. complimentary to—lami-
vudine. Unfortunately, preemptive therapy is not recom-
mended because of the difficulties in detecting reactivation. Hui
et al. (23] recommended monthly testing of HBV DNA levels

and immediate antiviral therapy when levels are 100-fold the :

levels before chemotherapy. However, this strategy is still con-
troversial {28, 29] and needs testing in a randomized study.
A recent study revealed that HBV type Bj and G1896A mu-

tations were independently associated with a fulminant oi_xta- ,
come in patients with acute HBV infection [30]. However, HBV
genotype, serum HBV DNA level, or mutations in G1896A or .

A1762T/G1764A did not influence the development of FHF i m
patients who experienced HBV reactivation in this study HBV

reactivation'in patients infected with HBV genotype A wasalso = -
not found in this study, which may be explained by the-fact
that this genotype occurs in only 1.7% of patlents thh chromc*‘ :

hepatitis B in Japan [31].

Because our study and other studies [23] have confirmied
that HBV reactivation can be fatal, we need to emphasize greiter.

testing of HBV markers, including antibody to hepatitis B core
antigen, antibody to HBsAg, and HBV DNA levels before ad-
ministration of chemotherapy, especially therapy containing ri-

"~ tuximab. Patients with ’re'solved'HB\( infection should be rou-

tinely monitored for liver function and HBV DNA levels, and
antiviral therapy should be administered immediately when
evidence of HBV reactivation is found. .

In conclusion, HBV reactivation is found in 4% of newly

_ HBsAg—posmve patients with resolved HBV infection in Japan.

One-fourth of cases of HBYV reactivation develop into FHE, and
mortality is extremely high. Because our study was unable to
distinguish HBV reactivation from occult-HBV infection and
could not clarify whether antiviral therapy was effective; a pro-
spective study is being planned to clarify the mechanism of
HBYV reactivation and the benefits of antiviral therapy.

- Japan de novo Hepatitis B Research Group. Tetsuya Ish-
ikawa (Aichi Medical University), Takaaki Otake (Asahikawa

"Medical University), Kunihide Ishii (Asakura Hospital), Ken-
ichiFukai (Chiba University), Yoichi Hiasa and Morikazu Onji
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Table 3. Demographic and clinical characteristics of patients with hepatitis B virus (HBV) re-
activation who did and did not experience fulminant hepatic failure (FHF).

Characteristic

Patients with HBV reactivation

' Did not
Experienced FHF experience FHF
(n=5) (n = 18)

11 (61)

PT%,® median % (95% CI)

Liverrelated death

5 (100) 146 <001 =

. NOTE. Data are no. (%) of patlents unless otherwise mdncated ALT alanine ammotransferase NS not smtAstncally

significant; PT, prothrombin. time.

® Laboratory data are from the start of.lamivudine therapy. )

Takahashi (Hiroshima University), Yuji Oka (Hitachi General -

Hospital), Koichi Abe (Iwate Medlcal University), Makoto Oke-
tani and Hirohito Tsubouchi (Kagoshima University), Akito
- Sakai (Kanazawa Umversxty), Mutsumi Tsuchlshnma (Kana-
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' Umverslty), Yoshihiro Akahane (Kofu Municipal Hospital),
Akihide Masumoto (Kokura National Hospital), Hiroyuki Shi-
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* University), Masahito Minami (Kyoto Prefectural ‘University),
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eikai Yokohama Nanbu Hospital), Yoshiyasu Karino (Sappero~
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Guidance for Industry -

Requahﬁcatlon Method for Reentry of Blood Donors Deferred Because
of Reactlve Test Results for Antibody to Hepatltls B Core Antlgen
| (Antl-HBc) | .

Thls draft guidance, when ﬁnaIzzed will represent the Food and Drug: Admmzstranon s (FDA s)
B current thinking on this toptc 1t does not create or confer any rights for or on any personand
W does not operate to bind FDA or the public. You can use an alternate approach if the approach
satisfies the requirements of the applicable statutes or regulations. If youwanf to discuss an -
1 alternate approach, contact the appropriate. FDA staff. If you cannot identify the appropriate -
: FDA staff; call the appropriate number listed on the title page of this gutdance , TR

L INTRODUCT ION

. 'We FDA are prov1dmg recommendatnons to you, estabhshments that collect human blood or BRI
“blood components, for a requalification method or process for the reentry of deferred donors into -
~the donor pool based on a determination that previous tests that were repeatedly reactive for
- antibodies to hepatitis B core antigen (anti-HBc) were falsely positive-and that there is no
~ evidence of infection with hepatltls B virus (HBV). Currently, donors who are repeatedly
- reactive on more than one occasion for anti-HBc (samples from more than one collection from -
* the donor are repeatedly reactive for antl-HBc), must be indefinitely deferred, in‘accordance with' .
Title 21 Code of Federal Regulations, section 610.41(a) (21 CFR 610.41(a)). Although it may .
‘seem unlikely that two anti-HBc tests would be false positives, such situations have occurred =
- with some frequency because of the relative. non-specificity of these tests. The result is that -
~ many otherwise suitable donors are indefinitely deferred because of their anti-HBc test results
- even though med1ca1 follow-up of such donors mdlcates that they are not mfected thh HBV

' The availability of an FDA-hcensed hepatltls B virus nuclelc acnd test (HBV NAT) whlch is .
- particularly sensitive when single samples are tested, provides an additional, powerful methodof =~
determining whether a donor who has been deferred because of anti-HBc reactivity is truly -
infected by HBV. Due to the availability of this licensed HBV NAT and the improved
specificity of anti-HBc assays, we are recommendmg in this guidance a reentry algonthm for

_vdonors deferred due to falsely posmve repeatedly reactive tests for antl-HBc

F DA’s guidance documents mcludmg this guldance do not estabhsh legally enforceable Lo
responsibilities. Instead, guidances describe the FDA’s current thinking on a topic and should be
viewed only as recommendations, unless specific regulatory or statutory requirements are mted
- The use of the word should in FDA’s guldances means that somethmg is suggested or '
o recommended but not required. -~ v
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BACKGROUND

A. ClmlcalSlgmﬁcance of Donor Screening forHepatltls B Vlmslnfectlon '

" HBV is a major human pathogen that causes acute and chronic hepatitis Aci'rrho"sis and

hepatocellular carcinoma (Ref. 1). HBV is an enveloped virus with a partlally duplex -

- circular deoxynbonuclerc acid (DNA) genome of approxrmately 3,200 bases. ‘Most
. .- primary infections in adults are self-limited; the virus is cleared from the blood and hver
" and individuals develop a lasting 1mmumty Fewer than 5% of mfected adults develop
 chronic mfectlons that ¢can be asymptomatic (i.e., a carrier state) ‘About 20%of
b chromcally infected individuals develop, cm:hosrs Chromcally mfected subjects have _ . .

L 100 times higher risk of developmg hepatocellular carcinoma than non-carriers. The

”Currently, HBV is transmltted by blood transfusrons more frequently than hepatrtls C

- from aSYmptomatlc donors w1th acute HBV mfectxons who have not yet developed

HBsAg (i.e., donors in the seronegathe window penod), and from donors’ w1th chromc :
infections in which serological markers are not detected (occult. hepatitis B).-: -

v HBsAg becomes detectable in blood 30 to 60 days after mfectlon followed by emergence '
" of anti-HBc, Vlrerma develops by the time HBsAg is detected, and can reach’ 109_1010

o vmons/ml in acute infections (Ref. 1). Upon clearance of the HBV ‘infection by the -

“mortality of acute HBV infection is about 1%. In the United States, deaths from chronic
‘HBV mfecuon are estlmated to range from 3, 000 to 5 000 md1v1duals per year (Ref 2)

. >Seronegat1ve blood donations from infected individuals can transmit: hepatltls B Insuch -
. cases, lookback studies using polymerase chain reaction, have shown that HBYV DNA can -
»;be detected at Iow levels in the donor s blood (Ref 5) o IR SR

- immune response, the I-IBsAg antigen disappears from the circulation and detectable antl- -
~ HBcand antxbody to hepatltls B surface antigen (anu-lms) usually persxsts mdeﬁnltely :

There is evidence that anti-HBc can decrease and even  disappear over a penod ‘of decades _- -

- in resolved infections (Ref 6). In chronically infected individuals, tests for HBsAg and

anti-HBc usually remain positive for life and lower v1ral tlters can be detected m blood

S for a long penod but tend to declme over tlme - 3; _‘__ L o o o

s also mdxcated for testmg samples from mdrvxdual donatrons thus mcreasmg test

.. sensitivity. In a BPAC mieeting on October 21,2004 (Ref. 15) we  proposed a rewsed L
reentry algonthm in whlch subsequent testmg of the donor for I-IBsAg and antl-HBc lS R

31

. _,HBV NAT assays for detectlon of HBV DNA have been developed So far one test has

o,



~ - however, a donor who tests reactive for antl-HBc on only orie occasion is not requrred to be deferred. In'this -

-Contaivvn_sv Nonbinding Recommendations |

Draft —Noi For Impleme‘ntdtionv |

retained, but sensitive HBV DNA testing using a licensed NAT would replace anti-HBs
testing. While the Committee did not take a formal vote on FDA’s proposed algonthm
the Committee did not raise any objections to FDA’s proposal. We are not proposing
additional testing for anti-HBs as part of donor reentry because extensive hepatitis B
vaccination programs have been in place for a number of years, resulting in many

- individuals having anti-HBs from vaccination. *As a result, anti-HBs now has

_ questronable value asa marker of hepatltls B mfectlon

Smce October 21, 2004 we have hcensed a qualltatxve test for the direct detection of _
, HBV DNA in human plasma from donations of Whole Blood and blood components for
tra.nsfusron, and Source Plasma.” The avarlablhty of a sensitive, FDA-licensed HBV NAT
“assay, partlcularly when smgle samples are tested, provrdes an additional, powerful
?method of deterrmmng whether a donor ‘who has been deferred because of anti-HBc © L
. teactivity is truly infected by HBV. Due to the avallablhty of alicensed HBVNATand =~ * }
. the improved specrficrty of antr-HBc assays we are proposmg a reentry algorlthm for E e
"_’"antl-Hchthls guldance RN , C v . e

hﬁeatlon Method for Reentry

v»Ratlonale for the'Requa

o 'screemng test for evrdence of infection ‘due to a'communicable dlsease agent(s) listed in

. 21 CFR 610.40(a). However, donors ‘who test repeatedly reactive for anti-HBc on only .

- - one occasion need not be deferred (21 CFR 610. 41(a)(1)), although the donation " T {") ”

- ‘collected would bé unsuitable (Ref ll) " Donors who test réactive on more than one ~ =
R occasron do not fall w1th1n thrs provrsron and must be deferred under 21 CFR 610: 41(a)

"?Under 21 CFR 610 41 (b) e provrded for reentry of a deferred donor who:-' is” S
L ;'subsequently “found to be suitable as'a donor of blood ot blood components by a’ R
o 'requahﬁcatlon method or process found acceptable for such purposes by FDA eI ‘ o

) Untll now ‘we have not recommended a requahﬁcatron method for reentry of donors o, | - ,
: deferred due to repeatedly reactive test results for antr-HBc because there wasno - ' '

o 'm 21 CFR 610 41(a), FDA reqmres that blood establrshments defer donors who test reactlve by a screemng test for
.- evidence of infection due to a commumcable disease agent listed in section 610 40(2). In section 610.41(a)(1),

' guldance, we refer to reactive test results for HBsAg and antr-HBc as “repeatedly reactlve to accurately descnbe .
thetestmg algonthm forantn-HBc e T : ; s : . :




o m . ‘RECOMMENDATIONS o

_ ;For do_no, etesting, we recommend that' a mlmmum 8-week (56 days) period elapse followmg
* the last repeatedly reactive anti-HBc. test, because this time period, provides sufficient . :
- thatat least one of the three HBV markers (HBsAg, anti-HBc, and HBV DNA)-w1ll be detectable -

- (Ref. 1). In addition, 56 days is the minimum time penod permrtted between donatlous of ‘Whole
: .Blood (21 CFR 640 3(b)) ) . v

Contains Nonbinding Recommendations

Draft ~Not For Implementation

supplemental (addrtlonal more specrﬁc) test avallable Although donor screening for
anti-HBc has contributed to blood safety, a large proportion of donors with anti-HBc¢
reactivity who fulfill all other donor suitability criteria have been indefinitely deferred on
the basis of potentially false positive anti-HBc test results (Refs. 7, 16). It is estimated
that as many as 21,500 potentially eligible donors were deferred annually in the late.

’ 1980s and 1990s because of false positive: antr-HBc results and that over 200 000 donors
could be ehglble for reentry (Ref 7) ' .

For purposes of reentermg mto the donor pool a donor who has been mdeﬁmtely deferred o |

- ’because of having tested repeatedly reactive for anti-HBc on more than one occasion, we -
. recommend that, after a minimum of 8 weeks following the last repeatedly reactive anti-HBc
- test, you, obtarn a pre-donation blood sample (i.e., a blood sample which is obtained prior to. any
- next donatron) from the donor for follow—up testmg, using licensed tests for I-[BsAg, anti-HBc -
~ -and HBV. DNVA\by'NAT : _Provrded that the blood sample test results are neg ’ R
- anti-HBc and HB \ JT ‘the donor may, at a later date, retum to donate bIood.,, When the donor ST

for HBsAg, L

tco_nﬁdence a

if the donor had been truly infected with HBV at the time of that last anti-HBc reactive donation =

e 'For purposes of reentry, we recommend that you usé a hcensed HBV NAT labeled as havmg a
S sensitivity of < 10 copies /mL (at 95 % detection rate). This sensitivity reflects the current- R
" technological capabilities regarding sensrtwrty of HBV NAT assays. Depending upon the assay
- . and the platform used, this sensmvuy may only be achreved when testmg mdrvrdual donor

e ‘samples

o Donor reentry followmg deferral for repeatedly reactrve tests for antl-HBc on more than one -A
occasion: g : : A

A. You may reenter into the donor pool a donor who has been mdeﬁmtely deferred
solely because of repeatedly reactive tests for antl-HBc on more than one occasion 1f
(see ﬂow chart in the Appendlx) : :

l.' After a mrmmum of 8 weeks followmg the last repeatedly reactive antl-HBc
,test, you collect a follow up sample ﬁ'om the donor and tlus  sample tests
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negative on licensed tests for HBsAg, anti-HBc, and HBV DNA by NAT
(sensrtrvrty at 95% detectlon rate of < 10 copres/mL)
“and
2. _When the donor presents to donate subsequent to the negatlve tests for
~ HBsAg, anti-HBc, and HBV NAT, you determine that the donor meets all

ehglbrhty cntena for donors of Whole Blood and blood components '

B You should contmue to mdeﬁmtely defer a donor who was deferred for antr-HBc

reactivity on more than one occasion and whose sample or donation tésts repeatedly' T

reactive on the: 1) I-IBsAg test (whether or not the neutralization test is posxtrve), 2)» o

. anti-HBc test; or 3) HBV NAT. Positive results on tests for HBsAg, antr—HBc or e

. I{BV NAT may be useful in donor counsehng

C. If you wrsh to perform follow-up testmg ona donor who is deferred because of
" HBc test results, you mdy do so before the end of the 8-week waiting period for
L "*’i__"notrﬁcatlon purposes or for medical reasons: Negatlve test results'on follow-‘up fi
" ""HBsAg, anti-HBc, and HBV NAT (sensxtmty at 95% detection rate of <
" copies/mL), may be useful in donior counseling: ‘However, orily négativ
~all three tests, obtained at least 8 weeks after the last repeatedly reac
" result, would quahfy the donor for reentry. If you obtain a reacive HBV NAT:
- repeatedly reactive HBsAg or anti-HBc, or positive HBsAg result on any of these ... -
- tests durmg this 8-week wamng ‘period, ‘the donor would not be ehglble for reentry, o
"and we recommend that you defer the donor mdeﬁmtely {7 2 _

.Th1s gmdance is bemg dlstnbuted for comment purposes only o
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APPENDIX

; REENT RY FOR DONORS DEFERRED BECAUSE OF REPEATEDLY REACTIVE
o TEST RESULTS FOR ANTI-HBc

B :_Donors prekusly deferred solely becaus of repeatedly reactlve antl-HBc test on more than One |
: .joccasxon e LI SRR I o _

_ peatedly reactlve antl-HBc test resuits on more' o
ple using licensed HBsAg and antl-HBc tests and V CAR

L followmg he
- .. thanone occasnon, test a folloA up ;

o ;..:;';.E‘After a minimum of 8 we_eksf

5Defer ddhor mdeﬁm Reenter donor

i e ol wmg_the Iast repeatedly reagtive anti I-IBc test- 4‘ o
A results on more than one ocg:_gsxoh, a) if the sample_tests HBsAg RR or antl-HBc RR or I-IBV -
ST NAT reactlve, the donor is deﬁmtely defe; §

S repeatedly reactlve antl-HBt}
- antl-HBc tests, and HBV NA
L T.he sensmwty of the HB
3 Regardless ofthe neu '__' :
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" markers and HBV DNA. was quantrﬁed and mquenced.

Results: One implicated donation"contdined anti-HBc, anti-HBs’ (12 1102 L) and 180 3| it
’subsequent samples contained 3-10 times lower viral load and slightly variable anti-HE \
- icause HBV infection: Recipients‘of thé FFP:and RCC from the mdex donatlon wer'

«ztype D strams wrth sequenm ldenhmi to the donor stram. -

BackgroundlAm Occult bepatms B infecuon (OBI) in blood donatlons is not consndered mfectlous when antr-HBs is .

-Methods: Four months: after transfusion of englt blood components durmg coronary arterial bypass surgery, a 59—year—b
old patient developed acute hepatitis B, A’ second 71-year-old patient transfused with a red:cell co . ;
one.of these donations had early HBV infection 7 months post-transfusnon. Samples‘w e tested
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Apromoterlpn-oore b

.’quency of - subclinical i
'serologxcal screening with a sensitive assay is systematl- N
..cally performed, transfuswn transmission of HBY can. .
originate from either recent infections'in the pre-HBsAg
“seroconversion window period or occult HBYV infection
"(OBI). OBI is defined as an atypical cafrier stite charac-
terized by the presence of HBV. DNA.in plasma without -

1. Introduchon

In Slovenia, approx:mately 100,000 donat:ons per .
year are collected. However, in 2005—2007 six cases of
HBYV transmission by transfusion wete reportcd “Inci- -
dence was probably underestimated. due to a high fre-
mfectlom "Since * HBsAg

detectable hepatitis B surface anngen (HBsAg) with or
without antibodies to hepatms B core antigen (anti-
HBc) and hepatms B surfaoe antxgen (antx-HBs) [l].

- 0168-8278/334. 00 © 2008 European ‘Association for the Study of the leer Published by Elsevner B.V. All nghts reserved
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It is generally accepted that HBV DNA in blood may
carry the risk of transmission, particularly in the pre-
HBsAg window phase [2] However, the transmission
risk of OBIs is not well defined, although some cases
of OBIs with anti-HBc only infectious by transfusion
were described [2,3].

HBYV transmission by blood components from a sin-

gle anti-HBs positive OBI donation to two recipients is

presented.

2. Case report

A patient who had been transfused 4 months previ- -

ously with five units of fresh frozen_,plasma'(FFP)_ and
three units of RCC was suspected of acute hepatitis B.

Stored samples from each implicated donation were -

tested for HBV markers. Seven samples were HBV mar-
ker negative. One sample was anti-HBc reactive and

_ contained HBV DNA. The implicated donor was identi- _
fied and stored samples from eight previous donations-

- -and one donation subsequent to the index donatios as

well as three follow-up. samples were tested for HBV

3 markcrs. .

.. The fist recipient of an FFP unit from the index

- ~donation was a 59-year-old male who was screened neg-
.,ative fo

15 later, clinical and Iz y evidence of ac
Hepatitis B was obtained. ALT level was 1821 TU/L,

HBsAg and anti-HBc. IsM. became reactive, No sample

was available for HBY, DNA. testing, In a sample. col-
* lected 4 months later, HBsAg was undetectable, IgM

anti-HBc remained present and HBV. DNA was at low -

_level (Table 1).

Table 1

- Hepatitis B virus markers in the OBI donor and two HBY infected recipieats

“patient had recovered.

¢ HBV markers 3 days. prior. to cardiac arterial
le was transfused on 23rd June, 2005, Four ..

and. laboratory evidence of acute .

+ hepatitis B. virus. carria

The second recipient of the index donation was a 71-
year-old female who received two units of RCC follow-

ing orthopedic surgery. No pre-surgical HBV screening

was performed and no post-surgical evidence of
HBV infection was noted. A blood sample obtained
7months after transfusion was anti-HBc negative but
HBsAg positive and contained a high level of HBV

. DNA (Table 1). Nine months post-transfusion, ALT

level was 566 IU/L. At 14 months post-transfusion the

2.1. Methods

Routine blood donation séreening for HBsAg was

performed using Abbott PRISM (Abbott laboratories,

Delkenheim,  Germany). HBsAg repeat testing, anti-
HBc and anti-HBs assays were performed with Abbott

a AxSYM. Cobas Amplicor HBV Monitor {Roche, Basel,

Switzerland) and in-house real:time PCR (QPCR) as
previously described. were used to detect and quantify

HBV DNA 4] Basic core -promoter/pre-core region

(BCP/PC), Pre-S/S regions and full HBV genome were

.+ amplified, sequenced. and phylogenetically analyzed as

3. Results and discosion

~

. B The mdex donatlon ..,t,n.t_’;t_ the cntena deﬁnmg ‘oiﬁ__cult’ _

nce. the .plasma contained
ut BV DNA, anti-HBc and .

no_detectable HBsAg:

- low titer ‘of anti-HBs. This: pattern was consistent 7

and 16 months aft'é;r't‘l‘x:_ index donation. Seven .prior -
donations  carried ‘anti-HBcand - anti-HBs although

-HBV DNA ranged between 7 and 63 IU/ml when tested

Time from Index

" HBsAg
- donation (m) i

Auti-HBc

Anti-HBc IgM

Anti-HBs (IU/L) .. HBV.DNA (rtj/mly- o

HBV-genotype
Amplicor S e

". Domer - - —45 - 4 "ND 2 .- Neg .. ....63 - . .
L -37.- - *. “ND 15 o Nege o Neg.
- =31 = CE . ND 16 v Negeis 35,0 L
-23 - + . ND 16 _Neg - ... 45 -
-19 - + " 'ND 19 .0 Neg, ... 7. ..
=13 = i ND . 15 ~ +.Neg. ' ... ND . '
6 = B I "ND S - Neg. .. ND' - -
Index C- B PR SND 12 . <60-. . 180.. . D
) = Y ND 3.0 .. . Neg. .- ND. . -
4T - .+ . ND 31 o Negi oo 16 L
+12 ~ " ND. 'ND ND i+ ND:o o Neg: g
¢ Recipient'l. . —3'days ~ - I "~ ND - . NDs .. . ND . .- . -
L e + e - ND . ND ... .
v 48 - L+ e - 12 188 D
_ Recipient2 47 +. - - - LIx10%. 17x10° D
: +14 - + Lt - D :

—» non-reactive; ND, not done; Neg, negative.

_Neg . ND

-
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with a sensitive in-house assay but was consistently
undetectable by a commercial assay except in the Index
.. sample. This pattern indicates recovery from >S5 years

" past HBV infection (Table 1). Desplte being tested with
the high sensitivity assay, two of the nine donor samples
tested remained HBV DNA. negative, suggesting fluctu-
ations of viremia. Prior to the index donation, anti-HBs
* levels were essentially stable (15-29 TU/L) but increased
_ from 12 to 53 IU/L 3 months later suggesting minimal

immune response. There was no, clinical evidence that
" 14 previous donations and one subsequent donation

. -were infectious to recipients. Pre- and post-transfusion
- -samples from recipients of —71 and —13 month-dona-

- tions showed no serological evidence of HBV infection.
. The —71 recipient was negative for HBsAg, anti-HBc
. - and anti-HBs pre—transfuswn and 4 months. post-trans-
.- fusion, HBsAg was negative but anti-HBc was not
~ tested. The —13 month recipient did not carry HBsAg,
’ antl-HBc or anti-HBs 42 months after transfusion.

~In contrast, there is strong evidence that both recxpl; '

" cnts of the index donation were HBV mfected since

transfusion. In recipient 2, the 7-month post-transfusion
sample containing HBsAg and high HBV DNA load
without anti-HBc strongly suggested recent acute HBV
inféction and was followed by, serological evidence of
. recovery (Table 1). A high ALT level 9 months post-
transfusion that normalized after 14 months further
supported this conclusion. The 4-month and probably
‘T-month long incubation time observed in recipients -1
-and -2, respectively, could be explained by a relatively

low infectious dose further decreased by partial anti- _
_HBs neutralization (calculated on the basis of 180 1U/

ml of HBV DNA and 200 m! of FFP for recipient 1 at
200,000 copies and 20,000 copies in 20.ml of RCC
plasma for recipient 2). Published data indicated that
" lower infectious dose prolonged HBV incubation. time
and milder symptoms [6]. Transfusion transmission

* was further demonstrated by the Pre-S/S sequence iden-

tity between the index donation, recipient 1 and recipi-
ent. 2 strains from follow-up samples.. The whole

genome sequences of recipient 2 and index donation -

were identical. Strains were of genotype D. Of note,

the deduced amino acid sequence of the S protein was_

, wﬂd—type ‘when compared to the genotype D consensus
sequence except for A117T and S133Y, neither of these
. substitutions being recognized as escape mutants. An
- escape mutant mechanism explaining the infectivity of.

" the-index donation but not of the other donations fiom -

. the donor was thus excluded. Similar cases of break-
through HBYV infection with wild-type strains have been

-described {7]. Although suppressxon of the HBV replica- -
tion and gene expresslon is a reported cause of occult
HBY [8], no mutation in the parts of the genome impli-
cated in replication was found lmperfcct containment

of viral replication by the donor immune system is-the
most likely cause of low levels of HBV DNA. .

The stability of HBV DNA load and anti-HBs in
multiple samples preceding the index' donation and
tested simultaneously contained 6-10 times less viral
DNA than the index donation (Table 1) It is therefore

speculated that the main factor singling out the .index

donation was a temporarily higher viral load sufficient
to overcome the relatively weak neutralizing capacity
of a low anti-HBs level (Table 1). This interpretation
is supported by the subsequent increase in anti-HBs level
suggesting a weak immune response. i
Published data reporting the- mfectmty of OBIs by

-~ transfusion are rare. One case. of transmission by a

donation carrying . anti-HBc wnhout anti-HBs was
reported in Japan [2] Another study reported five

<. donors (4 genotype D, one genotype A2) with: OBl also
. carrying only anti-HBc transmitting to recaplents. Of s51
- traced recipients, 28'(54.9%) either developex
_ fatal, hepatitis B (3 cases) or ‘carrie a.ntl-
" “transfusion although no . pre-transfusion
acute hepatms B occurred in recipient 1, 4 months after -

Iy; 165 onatlons

contained both anti-HBc and anu-HBs> and no evidence

of HBV transmission was found [2] conﬁrmmg previous.

- results [9]. The two cases reported here appeéar to be the

first related to an OBI donor with anti-HBs. Data col-
lected in Poland indicated that apptoxlmately 50% of
OBIs in" asymptomatic, apparently hwlthy, blood
donors carry anti-HBs [10] and that levels of- DNA
and anti-HBs are variable as reported here o
Considering that the recipients at age 59 and 71,
respecuvely, might have presented a mild, age-related, -
immunodeficiency added to the trauma of major surgery
might have played a role in increasing susceptibility to

‘viral infection [11]. The fact. that appro:umately 50%

of recipients of blood components in Western Europe
present some degree of lmmunodeﬁcwncy related to

‘age, chemotherapy or therapeutic i immunosuppression
. Suggests an. increased susceptlblhty to HBV infection:
“ {12} Limited but convincing evidence that OBIs can be
infectious and can be detected by HBV DNA screening
,should be carefully considered by the health. authorities

of countries where neither anu—HBc nor HBV NAT are

-implemented.

Despite their apparent umqueness our two « cases of .

" 'HBV transmission need to be factored in discussions
. regarding HBV blood safety pohcy They clearly illus- -

trate_ that the neutralizing capacity of low-level anti-

HBs is limited and reinforce the validity of considering

anti-HBs below 100 IU/L to be poorly protective from -

: mfectxvnty when HBV DNA is present. However, even

in the presence of higher levels of anti-HBs, in a severely
immunodeficient recipient, HBV DNA—contanmng :
blood might be mfectlous and the chmml expressmn '

. severe.
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XA RT-PCR ¥ EERMFhk#otirTon, SRLN. K5 EEHN T 44 HEV, :

RBW: B Lﬂﬁf?‘cﬁ’é-ﬁ- )&.ﬁﬂfiaﬁ& t«ﬁtmﬁ-

Detectlon of swme hepatltls B v1rus and E v1ruses m the hver
and serum m plgs m Chma '

LI Wen-guxl -3 ,SHE Rul-pmg WEI Hal-tao ,ZHAO Img— i? LIU Ll-qxang ,
" LI Xiu-min? .WANG Ying-hua' , WANG De—cheng '
(1. College of Veterinary Medicine ,China: Agncultural Umvernty,Beumg 100094, Chma 2. Instxtute o f Bez]mg
Ammal Husbandry and Vetermary,Beqmg 100107; Chma;3 College o f ‘Animal Science and Technology ‘
Yunnan Agru’ultural Unwersxty 'Kunmmg 650201 China) ;

Abstract: The study reported the presence of swme he:patltls B(HBV) and E'(HEV)" viruses in the
kiver and serum in pigs in China Two’ pri’r'nefs for S gene of swine HBV Wére designed and synthesized

accordmg to’ sequences of the S genes of human HBV in the literature. Swme liver and serum samples were .

'4_jcollected from a slaughter house. Swine S genes were . ‘arnplified with RT-PCR and sequenced. Results.
showed that sequences of S genes’ of swine and human HBV viruses shared 98% —100% homology. mes-

- -non transmlsslon electron rmcroscopy examination of HBV—posmve serum revealed presence of virus parti-_

des 40 20 nm.in dlameter These partlcles were similar to human HBV partlcles in terms of both diame-

o ters and shapes A pomtlve serum was defmed by the’ Ppresence of the HBV surface antigen: usmg the ELISA ‘
. nethod. Responses in-a nested RT-PCR assay to a panr of degenerated primers de51gned from ORF2/ ORF 3

, :_’overlappmg region md;cated presence of gene sequence of HEV in ‘the liver, but not serum,in some plgs

Key words: swine; hepatms B v1rus hepatms E vn'us electron mlcroscopy

' DEE'DNA' ﬁﬁ'ﬂ-(Hepadrxaﬁﬁdae)ﬁEi‘?H.v '_;#E@.E%Zﬂﬂ?ﬁéﬁ%é&i’&ﬁﬁﬁﬁﬁ ‘SKE

- DNA # % R (Orthohepadnavirus) R & X B FF Zﬂﬂ?ﬁéﬁﬁ% XERENASEN - EEE |
v"'DNA ﬁiﬁ (AVlhepadnawrus) 2 B, E'?ﬂzf ¥ 3.0~3.3 kb, ﬁ-ﬁﬁﬂﬁ‘ﬂﬁmﬂ;ﬁ DNA, 9]‘%-@- :
INAERABEAZHFARE(HBV) . REX  BECASERARRERABNERDNAR

.’Eﬁﬁﬁiﬂ"ﬁiﬁw%%)ﬁﬁﬁ ﬁ'%‘é'%ﬁ DNAﬁ ‘Aﬁ %ﬁﬁﬁﬁ% Fikﬁﬂﬁﬁﬁ@ﬁﬂaﬁa

&ﬁﬁm 2007-06-11; #1188 %8 :2007-10-28
E2UEH: BEXAAREXSTHE (30771588) C : : .
ﬁ-’%ﬁﬁ‘ 5)‘(&(1973 =) %vZ&‘ﬁE%A WW ﬁi‘ﬁi ﬁ’a#ﬁﬁﬂ{ﬂi% E—ma:l shermpmg@lZG com -
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FEHRERE

L RIE

SR NARENE L, — RTREERERL,
T _EERARM LT, RERE. & s

£ EIRER. 820 HE 80 FRUK, B

BB E F REDYRHZ FRERERR
(FI A WIREB AR, 3t E S BAKZ RS
B9 FRE, 2006 RSN A R H AL

¥ MR AEEHAR BEEFOAZD
F 2GR RN, SRR AN Z D FARE -

b‘;)ﬂ&ﬂi&ﬁﬁ 73%~100%.

%24 B % (Hepatitis E, HE)J%EB&@QEF&W?& .

B (FX egtitis E virus, HEV)@H&%I@E‘J%%ﬁf?ﬁ

B AR B, RS RES DS, RE }

2 HERE, &Fﬂﬁ&ﬁﬁﬁﬁ%tﬂfﬂ%%ﬁ

HEFENERZ—. A¥ENN, %L HEV £

EH%E.H ztaﬁﬂﬁﬁa HEV S5 0SSR
A TSR . X RAFIERAT K MBS 5485 B
A BN MABOTRRN . AE SHEEXRYE
- Al ) HEV B g9 K& . %:&X&ﬂ? |
HEV@%&AB@EJE“ 131 > HB ft HE Fgﬁg

B A AR AR, T A KRBT HRREE

ETKEF. 9. ARE 'ﬁA?éééﬁ'l‘f}%ﬁJE‘J

. 342K HBV § HEV HEEBRIWA, SIS AK

HBVf HEV RRBREER . BER + 4%, &
HBSZH M PCR ¥R EERA R ER L — 5
X R M M4 HBV S £H . HEV RNA #

T 7w, #f‘ﬁﬁ&%%ﬁ%&é&?ﬁﬂ%?’%$'

¥ M §+ &9 HBV,

1 Jﬁﬂ'—v‘ﬁ%

"-11 BES

FERERT Iﬁliﬁ%ﬁdtafﬁﬁﬁﬁ}_
1.2 B5&EH '

o Trizol !@Eihﬁigﬁﬁki%ﬂ-&’\j TGQﬁ
. .dNTP@EjBRf@kiﬁ/\j Oligo(dT) . 319 ¥

B EMISYIBRERRFERAT; MMLY -

-Revetra Ace #1 RNA Byl $13) 7 TOYOBO A7
P& NCR quick £ DNA I o A e
IR EERAT,; R 7 P4 41 B
- pMIDRE-T ﬁﬁ%kﬁii%l&ﬁﬁﬁ"??m
1.3 susvmpcntgm R

1.3, J DNA&I& % ‘PDNAG‘JEEX mﬁ.‘m

W LOVAL B A 300 L TES 2 f # (10 mmol/L. |
"Tris—ICl,pHS. 0,5 mmol/l. EDTA.5 g/L SDS, -

200 rxy/L EAMK).55 C¥ 5 b, Bm- -B -7

&Ega'iﬁ Z~3W.BMEHEM 1/10 {8 3 mol/L

NaAc BMA 2.5 SR KZ B#FRRE. A
700 mL/L Z BEBEIE 1 %, FRIEHET 20 ul X'ﬁ
KPEH.

B DNA 0 S0 5087 88 7 46 48 b o B 4
1~2 g, MBRF RS K, JRY 20.mg A DNA £
B (0. 5 mmol/L Tris-HCI. 0. 02 mol/L EDTA,

10 g/L SDS, 0. 01 mol/L NaCl. 500 pg/mL % &1 B§

K).42~48 C34%, FIB-405-5% IRBEM SRR DNA.,

1.3.2 PCR¥¥ RMEH HBV SERBETR

#itH3 9 (L% L #F7 PCR 4. PCR 4 & .

10XPCR & M¥ 2.5 pL, 5|4 HBV-FP. HBV-RP .
% 0.5 uL, 200 pumol/L dNTPs 0. 5 L, Taq 8§

0.5pl(2.5 ). KB AMEE S pul. K

:94 CHIAEH 4 min; 94 C.30 s.58 C 305,72 C

40,30 B ; 72 CEE§ S min, F10g/L R |

B 3k ﬁi%&ﬂﬁﬁﬂ(i&ﬁ “E?FE.

1 Fﬁ?&w%ﬁtm HBvxu HEV #9319
Table 1 aners used in detectlon of swine hepatitxs B virus

and hepatltls E vnrus :

®E BEREN ) 4K/ /bp
No. Nucleotide ‘sequence Amplicon size
HBV-FP: "§'-GATGTGTCTGCGGCGTTTTA3' :
HBV:RP s'-cTGAGGCC'CAC'rCCCATAGc;-s' 81
HE1 641-‘_1A 5“GCRGTGGTTTCTGGGGTGACS 64
HE164R1 3'-CTGGGMYTGGTCDCGCC AAG-3

‘HE137F2 5-(:YTGAT’I‘C’I‘(.AG((.CTT(G(‘-3 L ]é,‘l'

HE137R2 3 —GMYTG(;T(.D(.G(,(_AAGHGGA 3’

1.3.3 PCR ##t) £ a5 %Fﬁ N(.R quxck

H5% DNA SERE MO & B ICH 40 1 B R

B Z pMD18-T # 4, &EF%ZHSE ﬁﬂ-i%/\ H]
" ®FF . DNAman( version§. 2. 2, . Lynnon biosoft)

-.ﬁﬁﬁﬂﬁ"-&%% 2 ﬁ}%iﬁ!ﬂﬂ'&%%ﬁ%ﬂﬁ SHBV_

. bj1.SHBV_bj2,
1.4 ﬁﬁ%%ﬁ%é#m#ﬁﬁl%

B HBY #E 5K ELISA R ME MR HEY

PCR 4 8 M ¥ % B 69 11 3642 5 . 4 000 r/min mo |
- SOmin WEME. MABEBBOR HBV 0@ |
. Hitk.4 CHEEE 15000 r/min .'éf:u 1h.FLE
- WIS B PBS VR, '&Hﬁﬁ%?ﬁ?%ﬂt

FI 10 /1L BB LTE  TIR,

. 8 HEVRNAH{]%ECPCR&%

- $& Trizol’ &%m S RNA, H Inoue % . |t

##A PCR 519 (A% 1)# 47 RT-PCR, ﬁﬁi "

CH&E: s Xiﬁﬂ‘i%#’?& 6 #I.,ZO ‘mmol/L Oligo

(dT) o. 5 FI..IO mmol/l dNTP 2 ;,LL MMLV(IOO
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- SVE I EXRE, E%ﬁﬁ%ﬂﬂniﬂ’aﬂﬁﬁﬁﬁ&mﬂﬁﬁﬁﬁﬂﬁ&w ‘ 923

U/uL> 1 uL.DEEC s 6 4L.RNA B0 805 1 ,11,,'
. ‘RNA% 70 C 7544 5 min, AEE T E 10 min, B
14 pLAEHBAR. B5E 42 C 1 h.95 C 5 min, B

4 pL FYENBERHATT PCR, PCRE&E :10XPCR

ﬁ MW 2.5 uk, 20 mmol/L: 3| 4 - HE164F1.

. HE164R1 % 0.5 pL, 200 wmol/L dNTP 0.5 yL.

TaqE80.5pL(2.5U) , MK EAKRE 25 pl., #

XA 8.5 LR WG, R 2 L fE
ABHETE LR M. BET 20 o/ L BEHE

PRk, R R R A

2.1 SHBV#¥

- 21,1 PCR#EMN NBEEF.OBFRE

- DNAREF HBV- S £H K 5[ #1#£47 PCR 1, 3%

REF=PKR/I K 300 bp, 'iﬁ% Bﬁ)%‘&jcfj\#ﬁﬁ

(RE1D,

. 2.1.2 PCR F%é@ﬁdﬁ»%i % SHBV._ b11 SH- -
- BV_bZ HEHTHUF SREN, T HERS
. GenBank #* HBV H ik sy Rl I #3% 100%, FA B

o FETULES 519,520 AR SR (LE 2).

2.1.3 AR E Em%ﬁ%é#m* RIAKE
H‘J%‘%ﬁ?ﬂﬂ@ﬁ%#ﬁ?,ﬁiﬁ%iﬁTﬂﬂﬁﬂ_
HEEEATR, ARNKATRER. BRELA
NG ﬁ“ﬁ%#ﬁ?i?"fﬁ’h 2HAM,—FE
#H400m &4 (B 3 WL Fm), 5 A% HBV
& Dane TR A48 5 —FEB ¥ 20 nm EH B

3 EMKFR) KT A2 HBV MARRE T,

1 S4MmAFEFh HBY S HE PCR AWM HKER
Fig. 1 " Electrophoresis of the PCR-amplif‘ ed S gene of HBV
from porcine livers and sera

M: DNA S FRERRE H'&ﬁﬂ.;2~4 ﬁﬁ#n;5~7 FH %
M, DLZOOO DNA Marker;l Negative conlrol;Z 4 Serum samples;

C 57, L:vez sampleo :

HBV (x04615) GATGTGTCI‘GCGGOG‘[’ITTATCATATTCCT CTT CATCC'I‘GCTGC'I‘ATGCCTCATC’I‘T C'!"PG‘ITGGTI'C‘ITCTGGACT ACCAAGGT! ATGTT GCCCGTTTGT

~USHBY_Bi1 ... i P U S
SHBV_bj2 R

HBV (_35046 15)  CCICT ACI‘TCCAGGMCATCAACT A(XIAGCACGGGACCATGCAGMOCTGCACGA’FTCCTGCTCMGGAAOCTCMTGTFFCCCTCFTGTTGCYGTACM

SHBV_bj1 D PN AG
SHBV_BI2 oiiiiiiiiaii s U, GA

R e R R R R L L R R T R R I e A

.........................................................

" HBY (x04€15) MCCTTCGGACGGAMCTGCACTTGTATTCWATCCCATCATCCTGGGCTT[CGCMGATTCCTATGGGAGTCGGCCTCAG

CSHBY_BIL i
SHBY. bj2 - e

. 2 FHBS HBY xoms aeﬁmmﬁﬁﬁbk&

" Fig.2 Homologous comparison of the ampliﬁed S-gene of HBV with the publlshed S gene of HBV X04615 stram

| 2.2 HEV #. RT-PCR #ﬁ
| BIRTHE ABABRER Y NE *
£ 137 bp K745 % SHAH B LE .

B3 AETARHNRZFRESL .
. Fig.3 Porcine HBV particles observed by TEM B
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B4 MESEIkEF HEV gMst RT-PCR B 5k & R

‘ an. 4. Electrophoresis of the nested RT-PCR-amplified frag-

- ment of HEV from :porcine livers .

M.D DNA FFRERALLE LRT BRI H zm‘mu ,
T M Duooo DNA Marker;l 2, Products of the first P(.R.s 4:Pro-
: 1ducts of the second’ P(R N :



924 . | , TEEENY

L RIE

3 itig

3.1 %?ﬁZHﬁs
' XTHYCHRENRN, BACH —LIRE,
BEXBEEEERNZFRENK RS A RED,

ARB A EMEI AR b PCR EARM
:EBTEE%&?RXTE%%ME#HEF HBY $iR#AT

BXE, Ee@.ﬁx&gmﬁz&e#ﬁ t Drae wsz#

AL RE 3.
HE» 5’l*f'ﬁ5EL§ﬁ HBV &Mﬁﬂéﬁiﬁ e

 RENTSRERA HBY SR AR

 AEXREARN, AN R AN S KERS
 BETHR.EM TR HBV A FREERR
Bt 5 A HBV ZERNE RSN TFRERD.

FEBHM A HBY SKIIYNBEFHELE. . FHa

B T A B RIS S RES , 5 HBV A
HERA 98% ~100% . B AW FTH A B &

HBV £ E£HAK 0% AR BAXELE—EREL

BB T3 HBV 5\ HBV FRENRESE.

—f&ikR, %ﬁ'z.ﬁ?ﬁﬁxf)\&ﬁﬁﬁﬁ B
SHYRBEERE. BREREEAAKERTT

RASIRMR R R B EHRTA. REYLH
L2LARZIFRERHE XARNBRERLT

ﬁﬁﬁaﬁﬁﬁﬁ%ﬁﬁﬁ J‘X’H‘]E{E%ﬁ #

.

R RRNEE BT, 1 2 38 78
SRE, AR BT RHD
ERZFAE B I 9

BB AR W A R
BRI SERE AT Bﬂﬁi@ﬁ%?y‘ﬁfﬂlﬂfﬁ

3.2 QE-F&BH%E :

BEWALRRY, HE R—HABLAR. €
NER ERERNMARE. A% DFEZERE
B4 BRERRRRRIE IS5 R AL
HEV 8, B & XENFRENR, SHEEMH
PO AR W3 HEV- 5066 % T 9 Bl A B, %2

BT HBV TORRGAGR R EEAE
HRE, HEHEEBONDHYEI DGR

(4]

B B ASK R WE HEV gty g
B 250 7 0T 3 X A 3 2 5 1B 2 6848 69 TRl
ABEH) HEV B ERAR T AL, SRR 9T

 ENBLEEEENEEABOMREERY 77.25%,

EERTF 1992 48 13 MW HE MFRATHRE

AEH 1~50 # A0 HEV BEE17.2%). F5
HERARE 4 ABL LSO GEREREREY -
#5%9 40%, T M 135 R B9 i S0k B R B 35
100% 3 E 3 A # LL E 8% AR N 9% ~20%
HARAGBYEY 71%, ERFRERHN, A

¥ HE FR#ER H R S\ E M EMOHLRYE— =

ERXR, W HE B—F ASEHER. :
Meng®™? 872 7K [ I o 6 55 11 9 o R 9 o8 T

HEV RNA, B/ SMER L% B EHHA HEV RNA
WREHRE. &RKBRNA RT-PCR HENBEE
R T HEV RNA, S0 B SR PR OFE

HEV RNA, *XBESEMNHRNEEEH. &8

ERHTR HEV 485 5URAY e t 3RS 95 %~

100%6 , 3% & 75 (648 ¥ 0 A0 12 A0, [ 20 A 36 T2 49

 AEXE BEEESHAD TN SEF#R
. BREBAFNEFGA FREMI HEV &93‘&_ SR E
L EFFF HEV*E%@%IFB‘JFE’E&H&$§HI&ZE,

FREXALBENRIBE RS, B, EEE
BB AR T HEV IAR MR E. o
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| WA N A )l/Xﬂ(Hepadnavmdae)ﬁZ]')l/ N ’\/\ KF o JDZE
' (Orthohcpadnavuus)}:. FUARBFIALIX E(Avxhcpadnawrus)@ 2BICHEEI NS,
N AN BF I ZABIZIZE R B ﬂﬁﬁ‘é‘?’f)l/X(HBV) EEENRFIAL
Ao EEANSRF TN ANS . RYANRFTAILZITIRT LIV B BEF&
CANWAL TASEBEFRTAINA. NIH BHFATANRRENDS, h
SDYAINRIE, &) AREMN30~33kb THBZ &, —EICEHR=HEE DNA #is
EBIE, MINCTORE—TEETHIE, Xiea 77?“5}\_7’/1\1:34105'7’“1/
23— RE N8B/ DNA RY A 5—F E*’é‘@‘é &E‘#ﬁ@ﬁ%ﬁk?’% oA
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DD, 2006 8. RGIECDS IR EERBA L, LK, WA E
 DRALEER B TROBRALES L UE O OREIEET5AE0 B B

AT AOVARRRE E R LR, B HF4Y VA FRORHEIIRI 73~

T I0%E NS BRIOET BT EMHEB ML,

o E’_ﬂﬂ:l:ﬁ(HcpatmsE HE)PiEﬂB:FﬁW’f)I/X(HepauuSEv1rus, I-[EV)@:“
CEIah, %%ﬁ@bfh%éﬂ%%ﬁﬁ’f)b}(ﬁﬁﬁf%‘o I??‘
| ,ﬂﬁ%%@btﬁﬂﬁ?&f%% thEd HE B REHIR TS D . E ﬁﬁ&@;ﬁﬁéi’in
. BEFATORECICLD gl%ﬂuéﬂ%ﬁﬁ%ﬁﬁﬁ‘%%%ﬂﬁ@@ 1 ‘Dk_ﬁz’_ 5
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MAJOR ARTICLE

Determinant Roles of Environmental Contamination

‘and Noncompliance with Standard Precautions

in the Risk of Hepatitis C Virus Transmission
in a Hemodialysis Unit -

Emmanuelle Girou,'” Stéphane Chevaliez? Dominique Challine,> Michaél Thiessart! Yoann Morice,?

,' Horence Cizeau,' Celine Cavin,' Martine André,?
Djamel Dahmanne,’ Philippe Lang.’ and Jean-Michel Pawlotsky? -

Infection Control Unit, *French National Reference Center for Viral Hepatitis B, C, and delta, Department of Virology & INSERM U635,

and *Nephrology Ward, Henri Mondor Hospital, Assistance Publique-Hopitaux de Paris, Université Paris 12, Créteil, France

B'a'ékgroﬁ'nd. Nosocoimial transmission is the second most frequent cause of hepatitis C virus (HCV) mfectxon
A prospective observational study was conducted to-assess the-roles of environmental contamination and non-

compliance with standard precautions in HCV: cross-transmission in a hemodialysis unit.

Methods. Patients undergoing chronic hemodialysis in a French 'university hospital unit were systematically

screened, revealing 2 sporadic cases of HCV transmission. An investigation was launched to determine whether’

the patients were infected in-the hemodialysis unit and the possible roles'of environmental contamination and
noncompliance with standard precautionis. We examined possible relationships among new cases of HCV infection,
environmental contamination by blood and HCV RNA, anid .compliance with. guidelines on hand hygiene and
glove use. - - - - y C e :

Results. Two patients expgﬁenced sé?ocbnvgfsibh to' HCV dunng the study beriqd,' Phylogenetic analyses.
showed that 1 of these patients was infected with the same strain as that affecting a chronically infected patient

also treated in the unit. Of 740 environmental surface samples, 82 (11%) coritained hemoglobin; 6 (7%) of those

contained HCV RNA. The rate of compliance with hand hygiene was 37% (95% confidence interval;:35%-39%), -
and gloves were immediately removed after patient care in 33% (95% confidence interval, 29%-37%) of cases. A

low ratio.of nurses to patients and poor hand hygiene were independent predictors of the presence of hemoglobin
on environmental surfaces. ‘

Conclusion. Blood-contaminated surﬁces may be a source of HCV cross-transmission in a hemodialysis unit. "~

.. Strict comipliance with hand hygiene and glove use and strict organization of care procedures are needed to redice
.+ therisk 6f HCV cross-transmission among patients undergoing hemodialysis. - ' o

Hepatitis C virus (HCV) infection is a major hiealth -
problem. Worldwide; >170 million individuals carry the
virus, and the infection becomes chronic in:~80% of
adult  cases. Approximately 20%: of patients . with'-
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‘chronic HCV infection develop cirrhosis, and: the in-

cidence of hepatocellular carcinoma is 4%-5%.per y

in’ cirrhotic patients [1}... ..~ . e

~'HCV is principally, if not exclusively, transmitted b

- ‘blood. Historically, the 2 main routes of transmission
"~ have ‘been blood transfusion -and injection drug use.
Sirice the implementation, in the United - States and:
‘Europe, of blood-donor screening with highly sensitive _
EIAs for anti-HCV. antibodies and minipool testing for
HCV:-RNA, the incidence of transfusion-transmitted "~
 hepatitis C has decreased to ~1 case per 2 million trans- *
fused blood wnits [2, 3]. In: France, 3000-4000 new - =
“casés of HCV infection 'still occur every year [4]. Ap-
proximately two-thirds of these cases are related to in--
‘ jection drug use, but nosocomial transmission is the

Nosocomijal Transmission of Hepatitis C in a Dialysis Unit ¢ CID 2008:47 (1 September) 627"
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second most common source of HCV infection. Most cases of
HCV transmission in the hospital setting are attributable to
patient-to-patient transmission through invasive procedures,
such as insertion of an intravascular catheter, colonoscopy,
sharing of dialysis equipment, surgery, and sharing of multidose
vials [5-11].

The prevalence of HCV infection is high among patients
who undergo hemodialysis, because of both contaminated
transfusions before the early 1990s and nosocomial transmis-
~ sion. Several outbreaks and sporadic cases of nosocomial HCV
or hepatitis B virus transmission in dialysis units have been
linked to poor disinfection of dialysis equipment and to poor
compliance with standard infection-control measures [9, 12—
18]. However, the exact route and mechanism of transmission
were unknown in most cases. Here, we examined the intricate

roles of noncompliance with standard precautions, environ--

mental contamination, and low nurse-to-patient ratio in cross-
transmission of HCV within a dialysis unit.

PATIENTS AND METHODS

Setting and patients. Henri Mondor University Hospital has
a 9-bed hemodialysis unit that mainly treats patients with
chronic renal failure. A case of HCV seroconversion was de-
tected by systematic screening during the study period. The
study period was defined as the interval between the probable
date of infection and the discovery of the index case—that is,
January-September 2004. Patients’ medical files were exhaus-
tively reviewed to eliminate a potentlal external source of HCV
transmission. None of the health: care personnel was. known to
be infected with HCV. No. systematic screening of personnel
~ was undertaken. No isolation policy was implemented in the
_unit. Multidose vials were not in use in the unit. -
All patients who undergo regular hemodialysis are screened

for anti-HCV antibodies every 3 months, in an effort to detect.

seroconversion. On 27 July 2004, a case of HCV seroconversion
was detected through this screening. To determine whether this
case was sporadic or part of an outbreak, all-52 patients with

chronic renal failure who were undergoing regular hemodialysis

in the unit were tested for anti-HCV antibodiés and HCV RNA,
as were all patients treated for acute. renal fiilure in the unit
during the at-risk period. Six (12%) of the 52 patients (patients

3-8) were known to be chronically-infected with. HCV, with -
HCV RNA levels ranging from 4.4 to >6.9 log,, IU/mL at the.
time of the study. All but 1 of these patients were to-known .

to have been infected for several years (e.g., patient 3 has been
infected since 2001). A second patient undergoing hemodialysis
was found to be HCV RNA positive through culture of a blood

sample obtained in July 2004 (tests for anti-HCV antibodies. - -

were negative), and an investigation was-then launched.
Virological studies and phylogenetic analyses. Anti-HCV

antibodies were detected with a third-generation EIA (Vitros -

ECi; Ortho-Clinical Diagnostics). We tested for HCV RNA in
all patients’ blood and in hemoglobin-positive surface swab
eluates through use of a ‘sensitive RT-PCR assay (Amplicor
HCV, version 2.0; Roche Molecular Systems), with a detection
limit of 50 IU/mL.

To estimate the genetic relatedness of HCV strains, 2 HCV
genomic regions were PCR amplified and sequenced, including
a 328-base pair portion of the nonstructural 5B (NS5B) coding

region (nucleotide positions 8271-8597) and the 81-base pair

region coding for hypervariable region 1 (HVR1) of the E2

envelope glycoprotein.[19]. HCV genotyping was based on phy-

logenetic analysis of NSSB sequences, which included prototype
sequences of various subtypes of HCV genotypes 1-6. The ge-
netic relatedness of HCV strains was studied by phylogenetic

analysis of both the NS5B and HVRI1 regions. Sequences were -
aligned with ClustalW software [20]. Phylogenetic relationships ‘-
were deduced with the DNADIST-NEIGHBOR module of the
Phylogeny Interference Package, version 3.5 [21]. For neighbor--

joining analysis, a distance matrix was calculated using a Ki-
mura 2-parameter distance matrix with a transition/transver-

.sion ratio of 4.0. Trees were drawn with TREVIEW or
NJ-Plotprograms{22}. Their robustness was assessed by boot-
“strap analysis of 1000 replicates with the SEQBOOT module )

of the Phylogeny Interference Package program.

i,

" The index patient (patient 1) mcpenenced HCV sétoconver— o

sion in July 2004. The second case-of HCV seroconversion :::
during the study period (patient 2) was identified by systemiatic':*
screenmg for HCV' RNA. To determine” whether chtomdﬂly‘-
infected patients were the source of the new cases, the sequences -
of 2 HCV genomic reglons, including a portion of the NS5B.
- .coding sequence and the sequence codingfor HVR1, werecom- . -
pared among the 8 infected patients; relative to reference se-
 quences. Phylogenetic analyses of the NSSB region (figure 1)
and the HVR1. (ﬁgure 2) showed ‘that newly mfected patlent 2, -
was infected with the same HCV genotype 1 strain as was.. .
' chromwlly infected patient 3. In contrast, patient 1 was infected o
. with an HCV genotype 3a strain that was unrelated to. the
strains infecting the other 6 chronically infected. patients (all - .

infected with genotype 1). Despite the proximity of the HCV

- strains from patients 4-8 in the NS5B phylogenetic tree (figure

1}, HVR1 analysis showed that those patients were mfected
with unrelated strains (figure 2).
Thus, 2 patients were infected during the at-risk period, 1

- of whom (patient 2) was. infected with the same strain as. was’ .

a chronically irifected patient (patient 3). The other newly in-

fected patient (patlent 1) was infected w1th a genotype 3astrain,
which could have been acquired either from a’ patient occa- -
sionally treated in the dialysis unit or from an external source..
Risk fat':tors of HCV transmission. . Potential risk factors of . .
HCV transmission were hypothesized—namely, contamination
of dialysis equipment (through machine sharing and inadequate
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Figure 1.
(nucleotide-positions: 8271-8597) from the 2 patients recently infected-in
our hemodialysis. unit.(patients 1. and 2. shaded boxes), the 6. patients

acetic acid [Dialox]) and sodium hypochlonte) and heat
disinfection.

Surfaces at risk of contamination with infected blood were
defined as the most frequently mahipulated surfaces—including
dialysis machines, shared waste carts, patients’ removable tables,
and work benches. At-risk surfaces were swabbed during di- -

. alysis sessions (30 swabs per day on 25 consecutive days) on a

surface area of ~100 cm? by using a cotton swab moistened
with sterile distilled water that was then eluted in 1 mL of
sterile distilled water. Hemoglobin was detected with reagent
strips (Hemastix; Bayer HealthCare) with a detection limit of
150 pug Hb/L—that is, the equivalent of 5 erythrocytes per
microliter. All hemoglobin-positive samples were tested for:
HCV RNA [23, 24]. .

"Compliance with standard precautions (hand hygiene and -
glove use) was studied in the dialysis unit each day for three
30-min periods—during the morning; afternoon, and night
shifts—for 7 weeks (2 weeks during September 2004 imme-
diately after the first case alert and 5 weeks-during June=July

2005). Al staff categories were studied, in an open; uncbtrusive "

manner, by 5 specially trained members of the'infection control”-

team, with use of a standardized quanonnau'e [25). Hand hy-"*

giene opportunifies tailored to the care activities in the he-:"

-modialysis unit were listed in the questionnaire (i.e.; before‘ and"

Phylogenetic tree plotted with’ nonstructural 58 sequences -

S known to be chronically infected with hepatitis € virus (HCV) and regularly '

treated in our hemodialysis unit (patients 3-8; unshaded baxes}, and '

reference HCV strains of different genotypes (the. type and subtype are
indicated just before the strain identification letters and/or pumbers). Two

samples were available and were included in the analysls for patlent 2,

 *July 2004; **September 2004. Nucleotide sequence of the nonstmctural
58 gene of HCV-ED43 was used as an outgroup root

envxronmental disinfection), noncompliance with standard pre— _

cautions, and variation of the nurse-to-patient ratio m the he— '

modialysis unit.

The use and mamtenance of dlalysw equlpment was rewewed

SO T

Figure 2. Phylogenetic tree plotted with hypervariable region (HVR) 1:
sequences from the 6 patients known to be chronically infected with -

- "hepatitis C virus (HCV) and regularly treated in our hemodialysis unit

. (patients 3-8), including the patient who transmitted HCV to patient 2.

by the local infection control team according to the written -

local procedures that are based on published dita and rec-

' ,ommendatlons Dnalyzers were not being ;eqs_ed, and vdxalyslsA i _

" machines (AKlOO;-Gambro) were disinfected after each session,
according to a written protocol combining chemical (peroxy-

{i.e., patient 3), the 2 patients infected in our hemodialysis unit (patients™

1 and 2}, the 5 environment surfaces that tested positive.for HCV. RNA _

and that could be PCR amplified in that region (S1-S5), and reference
HCV straiins of different genotypes {the type and subtype are indicated - N
just before the strain  identification ‘letters and/or’ numbers). Dates of -

sampling are shown in parentheses.
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after central venous catheter or fistula handling; preparation of
material, connection, disconnection, dressing, and manipula-
tion of lines and before and after direct contact with a patient;
handling of other invasive devices, if present; measurement of

temperature; measurement of arterial pressure; etc.). The han-

dling of catheter and fistula were considered to be activities
with high risk of HCV transmission. Overall, 2382 opportu-
nities were observed during 197 shifts, with a total of 98 h of
observation.

Glove use was observed during the same periods as was hand

hygiene. For each care activity, the following variables were

collected on the same standardized questionnaire as that used
for hand hygiene: type of contact, wearing gloves during con-

tact, and glove removal immediately after contact. Wearing

gloves is recommended in the unit when exposure to body
fluids is anticipated.

With consideration that the nurse-to-pauent ratio (including
nurses and nurse assistants) may influence the risk of HCV
transmission, the ratio-was recorded during each observauon

- period, and the average nurse-to-patient ratio per shift (morn-

ing, afternoon, and night) was determined by calculating the
median ratio for all the relevant observation periods. Hand

h);giene compliance was also calculated for each of the 3 shifts. .

Statistical analysis. . Percentages and 95%. Cls were calcu-
lated. The x* test or Fisher’s exact test was used, as appropriate,
to compare proportions. The Mann-Whitney nonparametric

- test was used to compare continuous variables. Each potential
risk factor for environmental hemoglobin contamination (ie.,
nurse-to-patient ratio and-hand hygiene compliance) was tested
in a univariate model, and results were then entered in a logistic
regression model. Variables were not dichotomized. To take into
account the interdependence of observations made during the
same shift, we used robust estimates of variance (generalized
estimating equations) in which each sluft observation was in-

duded as a cluster. Goodness of_.’ﬁ't: was assessed using the -
Hosmer-Lemeshow x* test, and discrimination was determined

from the area under the receiver operating characteristics curve.
Accuracy was considered to be good when the area under the
receiver operating characteristics curve had a range of 0.70—
0.80 and was considered to be excellent when it was >0.80. The
adjusted OR and 95% CI were calculated for each factor that
was statistically significant in the logistic regression model. P
values <.05 were considered to be statistically significant. All

tests. were. 2 tailed. Statistical tests were performed using In- . .- BiHg

tercooled Stata-software, version 8.2 (Stata).

RESULTS

V'rologual study of etmronmental sutfaces. A total of 740

surface samples were collected in the dialysis unit during June-

August 2005, comprising 663 (90%)_from dialysis machines

and 77 (10%) from other surfaces (table 1). Hemoglobin was
found in 82 samples (11%), including 71 (10%) from surfaces
where blood was not evident. Among the 25 hemoglobin-pos-

. itive samples collected from dialysis machines, 5 had been ob-

tained after external disinfection of the machine. Six (7%) of.
the 82 hemoglobin-positive samples contained detectable levels
of HCV RNA, comprising 4 samples taken from a dialysis ma-
chine and 2 from a shared waste cart (table 1). The HVRI1-
coding region could be PCR-amplified and sequenced in 5 of
these 6 samples, designated S1-S5. These sequences were com-
pared with HVR1 sequences recovered from patients 1-8 during
the at-risk period (except for patient 5, in whom HVRI could
not be amplified) and also from patient 3 at the time of surface
sampling (figure 2). As shown in figure 2, phylogenetic analysis

revealed that all sequences found in environmental samples -

were closely related to those isolated from patient 2 when he
was infected in 2004 and to those from patient 3, from whom
samiples were obtained both in 2004 and in 2005. Note also in

figure 2 the very slow genetic evolution of the HVRI in patient
3 (only 4 nucleotide substitutions accumulated in 14 months;
. data not shown), probably because of hemodialysis-associated

immune suppression. Interestingly, the same HCV strain was

‘isolated from 2 environmental samples taken at a 6-h interval

from the same machine that had been used to treat 2 different
patients.
Assessment of practices. Compliance with local preautxons

- for machine use and internal disinfection was adequate Mul- -

tidose vials were never shared between patients.‘The finding
that patients 2 and 3, who were infected with closely related
HCV strains (figures 1 and 2), had always undergone dialysis

during the same sessions but had never shared the same ma- -
chine strongly suggested that patient 2 had been infected by

patient 3 via the hands of a health care worker.

Compliance with standard precautions during the investi- - :
gation is shown in figure 3. Overall, 2382 opportunities for - .
hand hygiene were observed (2358 [99%] for nurses; 24 [1%]

Table 1.

or Ilepatitis C virus (HCV) RI\IA.
Positive
No. of samples, no. (%) )
Sample sute Hemoglobin HCV RNA

samples

NOTE. HCV RNA-positive findings are percentages of the number of
hemoglobin-positive samples.
* Including nursing preparation area, \M\eelchalrs and patient file cart.
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Figuro 3 Complnance with guidelines for heaith care worker hand hygiene and appropriate glove use during dialysis. At-risk care activities consisted

" of handling dzalysls catheters or fistulas. Whiskers, 85% Cls.

for nurse assistants). Immediately after the infection alert (Sep-

tember 2004), compliance with hand hygiene immediately be-

- fore handling a dialysis catheter or fistula was significantly- -

lugher (P<.001) than it was several months later (figure 3).
Globally, gloves were worn .in' 857 (36%) of observed contacts

with-a. patient or the environment. When. worn,: gloves were -

removed immediately after a contact in only 672 (34 1%) of
cases (95% CI,.30.5%—37.8%). There was no statlsnmlly sign-
ficant difference between the findings of the 2 periods of ob-
servation, As shown in table 2, a low nurse- to-patlent ratio’and
a poor. rate of hand hygiene compliance were mdepcndently
associated with the detection of hemoglobm on envnronmental
surfaces ‘

DISCUSSION » _

Several reports of nosocomial HCV' transmission in the he-
modialysis setting have been published, but the investigations
were: incomplete and the routes of transmission remained un-

clear [13 l7, 18, 26] Allander et al, [26] reported nosocomxal _

HCV transmission in a series of patients who underwent di-
alysis at the same time but who did net share dialysis equip-
ment. Those authors postulated, but did not show, that the
envnronment was contaminated. Comphance with standard
precautions was not studied. - -
To our knowledge, ours is the first study to demonstrate that‘
a low nurse-to-patient ratio and poor comphance with guldc-
lines for hand hygiene and glove use are independent ptedxctors
of environmental contamination by blood and HCV.:By com*-
bining geneuc and phylogenetlc analyses of HCV recoveted
from patients’ blood and the environmient with measurements
of compliance with standard precautions; we showed that: (1)

2 sporadic cases of HCV transmission occurred in the dialysis
unit during the study period, 1 of which was unequivocally. -

due to patient-to-patient transmission withijnethe-.unit;: {2) the :
dialysis. environment was. frequently. contaminated by-blood, -

including HCV-infected patients’ blood, as:shown by: the.de

‘tection of hemoglobin; sometimes associated with detectable -~
levels.of HCV RNA iin a substantial proportion of swabsyand ;¢ .
(3) compliance with guidelines for hand hygiene and glove use -- -
during patient. care was poot, raising the possibility.of HCV ;..
transmission via the hands:of health care workers. Interestingly, ., -

. all HCV-infected blood found in environmental samples be- - -

longed to the patient who indixectly infected another patlent :

undergoing: dialysis. S .
In-our study, hemoglobin. was found in Il% -of environ-

- mental samples, and 7% of those positive samples g:__oma_med .
detectable HCV RNA. Hepatitis B virus transmission has been -

linked to the presence of the virus on environmental surfaces—
in the absence of visible blood [27]. Hepatitis B virus has been - -
reported to remain viable on environmental surfaces for atleast -

7 days at room témperature [28,-29].- HCV_RNA has been - -

. shown to'be resistant for at least 48 h on inert surfaces at room

temperature [24, 30, 31}. A robust cell culture system for HCV
was recently developed, but it cannot be infected with viruses
other than those produced after cell culture transfection of a
specific HCV clone [32-34]. Cell culture systéms that can be

 directly infected by HCV-infected patients’ blood will be needed o
to determine how long HCV remains infective in the environ- -
‘ment. Even in the absence of such data, our results strongly

suggest that mfectlous HCYV is present in the dialysis environ-

 ment and that HCV can be transmitted by the hands of health-

care workers. We did not, however, ‘sample health care workers’
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Table 2. Factors independently associated with environmenta_l blood contamination during nursing shifts.

Univariate analysis of environmental

hemoglobin, by daily shifts

Multivariate analysis

Hemoglobin found  Hemoglobin not found

Variable

(n = 28)

(n = 14) OR (95% Ci} P

Nurse-to-patient ratio, mean + SD

0.78

NOTE. Performance of the model, HosmerLemeshow goodness-of-fit; P = .386 ; area under receiver operating characteristics curve,
0.768.

gloved or ungloved hands during care activities, because this
would have hindered the assessment of compliance with stan-
dard precautions by increasing the Hawthorne effect.

The rate of compliance with standard precautions in our
study was similar to that reported elsewhere about a similar
setting {35, 36]. A recent survey of hand hygiene practices in
9 Spanish hemodialysis units showed poor compliance, both
before and after contact with patients (14% and 36%, respec-

tively) [36].

Permanent glove use can unpau' compliance with hand. hy-.

giene [37] and may thus lead to cross-transmission of infectious

agents. This is the first time that glove use and removal have

been studied in relation to the risk of environmental contam-
ination. Gloves. are worn mainly for health care worker self-
_protection; rather than to prevent patient cross-infection. The

recommendation that gloves always be worn in the hemodi- -
alysis- setting, whatever. the type of contact (environment or -
patient) [38}, therefore, may be confusing and may: expose -
patients to HCV transmission if not followed properly, with-

systematic' glove removal and hand hygiene between care

procedures. ' _ :
‘We found that a nurse-to-patient ratio <0.60 was indepen-

dently associated' with hemoglobin contamination. of environ--

mental surfaces. Understaffing is a recognized major risk factor -

for nosocomial infection [39—41]. Recently, a Brazilian study

of 22 dialysis centers showed that the number of patients per.

health. care worker was independently related to the risk of

. hepatitis B virus infection [16]. Petrosillo et al. [42] showed,:
in a prospective multicenter study in Italian hemodialysis units, :

that a low staff-to-patient ratio is an independent predictor of

the risk of HCV ‘nosocomial transmission. Therefore, to-limit -

the spread of blood in the dialysis environment, we recommend

that -at-risk care procedures, such as connection and. discon- .~

- nection of equipment to the patient, be performed by a pair
of nurses: one working with the patient and the other working
with the machine.

In_conclusion, blood-contammated surfaces may repmsent .
a source of HCV transmission, via health care workers’ hands. .

or gloves. Environmental contamination is mainly a conse-
quence of poor adherence to standard precautions in the he-
modialysis setting. Strict adherence to guidelines for hand hy-

giene and glove use and strict organization of care procedures,
with an adequate nurse-to-patient ratio, should help to reduceb
the risk of environmental contamination and, thus, HCV trans-
mission in patients undergoing dialysis.
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" individuals who:had traveled:
. . increasing number bf aitochthonous cases of hepatitis E>and

. .. give rise to the suspi : )

o7, pathic non-A’ non-B_ﬁepatlt:s.__'I‘her:efore, the transmission -j._ '

SE "_-'pathways from animals.to' humans rae;nam obscure. However;

2"/ -in deveéloped countriés, séroprevdlence ranges varying from
.- :1-18% have been repor

- "have been published: descnbmg drfferences in the prevalenee N

- of anti-HEV antibodies betwéen people exposed and not ex- - -

o . '_the virus have not beén studied.’::

- - July” 2007 in Spam
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Short Report: Occupational Exposure to Hepatitis E Virus (HEV) in Swine Workers. -
Carolina Galiana, Salceda Fernindez-Barredo, Angel Garcia ‘MarﬁbTeresa deéz andMana Teresa Pérez-Gracia* i:

Depanamen:o de Atencién Sanitaria, Salud Piblica y Sanidad Animial, Facultad de Ciencias Experimentales y.de la Salud,
Umvemdad CEU Cardenal Hcrrera, Moncada, Valeucm. Spam -

Abstract.

_ Hepantls E yirus: (HEV) is the mam causative: agent of
enterically transnutted ‘non-A. non-B hepatltxs and self--
-limiting clrmcal presentatron in: humans. ! It is 'a non:
" enveloped virug. with'a’ posmve-sense, smgle-stranded RNA

o genome of - ~7;20(I nucleotides in length and contains three

“open reading frames (ORFs) Nowadays, HEV is classified

 the recent ﬁnﬂmgs of HEYV in doméstic animals such as swine -
BV i§ underdetected in idio-:

ed. In the last years, several studies

R _posed to swine, %2 but’ the risk t‘actors for. the acqmsrtron of.

Aceordmgly, the aim of this’ work was’ tb study the preva-

- lence of HEV .and the’ “risk fae “the! aeqmsmon of the

- .virus in healthy Spanish people. distr ted in exposed and
- =‘unexposed to swine groups:

" " A retrospective study was’cart

. prevalence of HEV dunng the

A total sumber of 198 heauhy dmd%hls, 101 (51%) men’

Ciencias Expenmentales Y de IaA§alud."Umvemdad CEU Cardenal

The aim of this work was to study the prevalenee of hepatms E virus (HEV) and the risk factors for thc e
acquisition of the virus in a population in contact with swine and unexposed to swine. A total of 198 individuals, 97
unexposed (49%) and 101 exposed (51%) to swine, were tested for the presence of HEV infection. The prevalence of - o
anti-HEV:1gG in the exposed group was 18.8% versus 4.1% in the unexposed to swine group. People exposed-to swine

- were observed to'be 5.4 'times (P. = 0.03) at risk of having anti-HEV IgG. Ten (52 6%) of the IgG-positive #idividuals
showed twe concomitant risk factors: untreated water consumptlon and exposure to swine. These data support.that HEV
infection should be. treated as:a vocational illness.in swine workers.  Thérefote, systematic applrcatron of hygrene
‘measures in thls collectrve is lughly recommended to avoid the exposrtron to this vrrus R

" and 97 (49%) women, were meluded in tlus study

'_ logic questronnarre _lncludmg name, dge,’ ‘arga of reslderfee

- travel abroad,. exposure to swine, and consumptron of ra
B ~vegetables raw shellfish; and untreated: water. Informed:
" proval was obtained from all participants. indwrduals wei

“divided 'into two separate groups faking: into consrclem
'-.-,.exposmon to swme 97 unexposeﬂ‘(NE 27 mexi "3

; ,vempunctute,. and sera. were obtame

endemrc zenes. Actually, the. a:" -

leferent stages of assay were perfonned m drfferent plaoes R
B "_to ‘avoid the possrﬁllrty_ .of Crosss¢ ination. The '

, "cral ELISA' (Forfms Dragnostrcs Antrim, UK) aoc&rdmg toff' :
© 7 crowelt stnps preooated wrth reeombrnant HEV: antrgens

‘to determme the - \
’October2004to

3 Deeartarnento de

oneada, Valencra, Spam. "

 JRC2008T034

“the prevalence of HEV. Participants ﬁlled ont an: eprde

Bloed samples were '.obtame fire

[ VlgGan gM):us

(HEV-Ag) eorrespondmg 10- struetuml protems ORFZ, de-
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vaer furiction tests mcludmg tra.nsammase levels {aspar- ._ '

" tate aminotransferase [ALT] and alanine aminotransferase

[AST]) in serum were determined using a Thermo Spectromc ,

spectrophotometer (Helios, Barcelona, Spain).
" To determine the correlation: between the data obtamed

from the questlonnalre and the laboratory results, odds ratios’
(ORs) and ;their correspondmg 95%. eonfidence intervals . .

(ClIs) were calculated using bmary logisnc regressron analysis
by means of SPSS version-15.0 statistical software. For the
statistical comparisen of the: seroprevalenee obtained in the E

. and NE- groups, thev earson X .test and Student ¢ test were

- _apphed

. :All individuals tested n gat:ve for the presence of HEV; ‘
RNAin serum. The ovérall prevalenoe of anti-HEV IgG con-" -
firmed by 1mmunoblottmg was 11:6% (23/198) The sero-
. .prevaletice of anti-HEV lgG ni‘the‘E group andin NE group - .
. - 'was 18.8% (197101) and 4.1%:(4/97), _respectively (Table 1). -
- Values of transaminase: enzymes were located within the . .

* ‘normal: ‘range (ALT men <
< 34 TU/L for s mén‘and woi

_ - between the anti-HEV IgG-positi
- -AST 12:1:7.5)and theai HEVI'

havmg 'ﬁinthEV IgG antib
ils. s

.. Thisis the first study in Spam portifig the prevalenee of : .
'v lgG antl-HEV an_'bodxee i swme workels (18 8%) and in .-

T 'l‘/uausl

. veloped fegions that swine isolates from geno'type 3 ar

ein) in'all individuals. No signif- <
icant differences i in'the levels'of. transammases wete observed -
veigroup (AL :_22 * 14;

_than, to: swine strams from" dlfferent areas Mo

: ) analysxs 'showed a’
_ srgmﬁcant association, (P'< 005) ‘between: ‘the’ presetice of . -
. anu-HEV IgG and the Consumption of. untreated water with -

- to swine-were observed t be 54 tiriies (P = esz atrisk of .
" “swine, as repo "‘ed by sevei
. - ‘people (18% and 2.4%, 1 ; d. T
" results were déscribed’in The Nethierlands; Moldova, andTax-”"f L

- and 27%. versus 2%, 24.7%; and 2.4

people unexposed to swine (4 1%). The mcreased nsk (54 )
times at risk). of havmg IgG anti-HEV observed in ‘swine
workers in this work is not surpnsmg, taking into account the
high number of farms (76%) and pigs (23%) testing positive .
for HEV RNA in the same area.'* This datum is higher than ..
the OR (1.46) reported by Meng and others® in 2002 in the
only study that calculated the risk for a.veterinarian to be .
posmve for 13G anti-HEV. The fact that the: values of trans- -
aminases were srmrlar between posmve and negative indi--
viduals suggests that HEV' mxght be responsible for subclini- -
cal mfectxons, because none of the pparticipants reported any:. -

past clinical signs of acufe- hepatitis. The factors triggeringthe .

development of an acuté or a subclinical; hepatms E mfeetron R
remain obscure in industrialized oountnes..Some authors .
point. to several contnbutmg factors such: as. age,.‘s pre-‘
existing hepatopathy,“ and the genotype of the'strain.™”.
It has been reported for autochthonous hepahtls E d -

related to hurnan strams ﬁ'om the same

strams cnrculat(ng m Spamsh

States,*” significant prevalenc
ing. thh switie (26% and 1

wan,*1° with values for those ‘éXposed t

trast studles in Swedenu found no Signific:

19-(18.8%)

80 (79 2%)
95 (97.9%)
26490
15+122
11£68 .

T 0%)

25 (92.6%) -

- 93(95.9%)" :
| B2(812%) -

S0 ogs

_:v | 175

150@77%) -
175(884%) "

S 0(0%) o ) B
s "-'_154(912%)7? S lem T s 12245
a@s%) i

8%y g g 0216 -

Gl osa 1.7-"t63_‘ AR

OR oddsuuo;C! oonﬁdeueemunﬂ;ALT nlume knot AST =

e
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tween those exposed (13%) and unexposed to swine (9 3%),
and in Italy,'? prevalences of 3.3% in'swine farmers and 2.9%
-in people without occupatlonal exposure to swine were re-

ported. The high variation atong the prevalences described .
above miglt be caused by- differences in sample size, country ..
of origin, and the dxagnostxc assay used. In this context, it has

been described that there are mgmficant sensitivity variations

in developed countries depending on the type of ELISA kit
‘used, as well as immunoblotting confirmation’of the ELISA-~
posmve samples The data obtainied by Herremans and oth-
ers® in 2007 suggest that there are few. dlfferences in’ the’

sensxtmty of ELISAS based in’ genotype tor3 antlgens

Therefore, the number of false negatrves in the' healthy popu- N
lation is expected to be low. In our study, to ‘minimize the
possibility of false positives and-yield more ‘accurate: preva-
lence results, positive samplee were conﬁrmed byn means of an '

immunoblot assay (Recomblot HEV Mikrogen). .

Regarding other risk factors studxed in this _work an el : o

" who reported consumptxon of untreated water from water_'ﬂ '
fountains in the countrysnde was recorded. The relauonshlp'_ .

. - between untreated water consurnptron ‘and exposure to swine -
' m swme workers is not‘ surpnsmg because  farms are lo- - -

(28%) and ‘the rate obtained by Buti and athers (73%)? in

- " - anormal Spanish population: These ‘cannot be. _properly com- "’_ ’
.. pared with the data obtained in this study because of'the high®
.~ number of exposed people (50%). _These high prevalences ’

“suggest that autochthonous HEV is circulating in Spain,

" and the infection is, underdiagnosed: Although transfusion-.

transmitted HEV is probably much too rare to sustain HEV
 transmission, it 'should be taker ‘into actount that HEV. is

* spread through uncertain routes, and the potential risk of ::

transfusion- transmltted HEV_ mfectnon should be’ eonsld-
ered.”

- In concluslon, this is the first study in Spam reportmg a lngh :

prevalence of . IsG anti-HEV. antibodies in swine- workers.

" These data support that HEV' infection should betreatedasa . - '
. .vocational illness in swine workers. Therefore, ystematlc ap-: Yo
- plrcatron of hygiene measures in. this group is lughly recom- -

: .'-mended to. avond the exposmon to tlus virus.

- 2008.
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TRANSFUSION COMPLICATIONS

A case of transfusmn—transmltted hepautls E caused by blood
from a donor infected with hepatitis E virus via zoonotrc
food-borne route

Keiji Matsubayashz, ]ong-Hon Kang, Hldekatsu Sakata, Kazuaki Takahashl, Motohzro Shindo,
' Masaru Kato, Shinichiro Sato,. Toshiaki Kato, Hiroyuki Nishimori, Kunihiko Tsuji,
Hzroyukz Maguchi; Jun-ichi Yoshtda, leOShl Mackubo, Shunjl Mishiro, and Hisami Ikeda

- |- BACKGROUND: Five cases of transfusion transmission
" of hepatitis E virus (HEV) have been reported so far. _
- “The irifection routes of the oausanve donors remain

in the enure eourse of HEV Enfecuon has not been well

" ‘documented. ’

: STUDY DESIGN AND METHODS' Nuclelc acid testmg

 was performed by real-time reverse transcription—
po!ymerase chain reaction fargeting the open reading
frame 2 region of HEV. Fulldength nudleofide - * -

C sequenoes of HEV RNA were detected by d‘reet

o4 TS. Lookback study of a HEV-posrtrve donor
| - revealed that the platelets (PLTs) donated-from him 2 -
‘weeks previously contained HEV RNA and were trans-

@' barbecue restaurant 23 days befors the ‘donation:-

| Thereafter, his father died of fulminam hepaﬁns E‘and -
“ thie other 6 members showed serum markers of HEV

. infection, Iri the recipient, HEV was detected in ‘serum -

- on Day22 and reached the peak of 7.2 log copies per

aminotransferase. Immunogbbul' in G anti-HEV emerged
on' Day 67; subsequenﬁy hepatitis was resolved: HEV
|- RNA sequences from the donor and recipient were an
. identical, Japan-indigenous strain of genotypo4: HEV'
RNA was detectable 'up to Day:97'in’ semm Day 85 ln-
-} feces; and Day 71 in:saliva. :
N | ,CONCLUSION. Atransfusron—transrmtted hepaﬁbs E .
-}-.case by blood front a donorinfected via the: Zoonotic -
. food-bome route and the progress of HEV: markers in’

' ',--.relatednsksforHEVevenmrnduet_naﬁzedeounmes.v

 unclear, however: Also, the progress of virus markers -

fusedtoa patient. Thirteen relatives includi ing the donor -
were asoertamed to. en[oy gritled pork meats together in

“mL on Day 44 followed. by the steep increase of alanine

. the:entire course are demonstrated. Further studies are -
2 neededtodantytheeptdemologyandﬂxetranshrsm B

) reoeived January 20, 2008, and accepted]anuaxy 20; 2008. -
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epatitis E virus (HEV) infection has been con-
- sidered to occur mainly via fecal-oral trans-
" mission and is an important public health
~ concern in developing countries. In industri-

" ‘ alized countries including Japan, cases have been rarely

reported and hepatms E has .been regarded‘(as an

' 1mported infectrous disease from its ‘endemic areas.
5 Recent[y, however. mcreasmg numbers of sporadlc cases -
. have been reported,"“ some of which resulted from infec-~

route by, consumptlon of

" raw or undereookedme s of wild boar, wild deer, or
) farmed pig that was contarm_nated with HEV*1!

I 2004, we reported the first moleculariy eonﬁrmed
case of transfusron transmlssron of HEV"2 The infection

" 'toute in the causative donor was not very clear, however.
’l‘hereafter, at Ieast four cases of transfusion transmission
S of HEV have been reported in Iapan, the United Kingdom,

" 'AéBREViATIONS FAM G-mrboxyﬂuotesoem. :
i HEV hepatms E virus; ORF ='open reading frame- '
“PSL= predonisolone; TAMRA = G-r:arboxy-
"*-tetramethylrhodamlne. ‘ '
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and France,'>'¢ where hepatitis E is nonendemic and HEV
infection routes remained to be obscure.

- Here, we report a case of acute hepatitis E caused by
transfusion transmission from the donor who was

infected with HEV via a zoonotic food-borne manner. To

our knowledge, this is the first case in which the infection
route of the causative donor has been confirmed. Also, in
this report, we describe, for the first time, the virus kinetics
and changes of anti-HEV in serum, prospectively moni-
tored from latent period of infection until convalescence,
accompanied by disease progression in the patient.

MATERIALS AND METHODS

Detection and quantitation of HEV RNA

For reverse transcnpuon—polymerase chain reaction (RT-
PCR) to detect HEV RNA in the samples, the following
oligonucleotides were desxgned to detect 75 nucleotides of

; highly ‘conserved sequence in the open reading- frame*
(ORF) 2 region of all HEV' genotypes- forward primer -

‘5"-CGGCGGTGGTITCTGG-3', reverse primer 5-AAGG

- GGTTGGTTGGATGAATA-3", and mixed probes with a’

S’-reporter dye (6—carboxyﬂuomcem. FAM) and a 3-
i quencher dye (6-carboxy-tetramethyirhodamine, TAMRA)
‘ 'and FAM-S’ 'FGACAGGGTI'GATI’CI’CAGCCC'I'I’CG
' ~TAN[RA, FAM-5’ TGACCGGG'ITGA’ITCI'CAGCCCITC

‘TAMRA; and FAM-5" -TGACCGGGC'IGATI‘CI‘CAGCCC_

'1'1‘3"1'AMRA (Slgma-Aldnch Japan, . Tokyo. Japan).

““Nircleic ac1d wis ‘extracted from 200 L of serum and -

" saliva and from 100'uL of 10 percent (wt/vol) fecal suspen-
sion in'saline with kits (QIAamp M’mElute virus spin kit,

" Qiagen KX, Tokyo, Japan; and SM]TEST R&D-EX, Medical
' & Biological Laboratories, Nagoya, Iapan) Before exirac-

tion, the samples were centrifuged at 6000 x g at 4°C for -

* -10 minutes; thereafter the clear supernatant was sub-
jected to nucleic acid extraction. Before RT-PCR, RNA-
preparation of feces was diluted at 10 times thh nuclease- .

_free water to reduce the effect of inhibitors. Twenty micro-
liters of nucleic acid saml)le was. used for each reaction.

" Bach 50 pL of reaction mixture contained 25L of 2¢
RT-PCR kit master mix (QuantiTect Probe RT-PCR kit,

Qiagen), 0.5uL of RT mix'(QuantiTect Probe RT- “PCR kit,
“Qiagen), 400 nmol per L each of forward and reverse
= primer, and 67 nmol per L each of three probes. RT-PCR

-mixture was incubated at 50°C for 30 minutes and at

-95°C for. 15 minutes; followed by 50 cycles of 94°C for
=15 seconds; and 60°C for 1 minute utilmngathermocycler
'(Applied Biosystems 7500, real time PCR system, ‘Applied
< Biosystems, Tokyo, Japan). HEV nucleic acid testing (NAT)

- viral load was determmed from staridard curves generated
by using 10' to 107 copies of HEV RNA per reaction. The

* HEV quantitation standard was generated by transcribing -
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HEV cDNA of HEV ORF2 region that was cloned into a
plasmid (pCRII-TOPO, Invitrogen, Carlsbad, CA), usingthe
in vitro transcription kit (MAXIscript T7 ‘high-yield tran-
scription kit, Ambion, Austin, TX). Purified plasmid DNA
was linearized with HindIll restriction endonuclease and
transcribed to yield 717-nucleotide-long RNA transcripts
containing 75-nucleotide target sequence.

Phylogenetic analysis of HEV isolates.
Entire or nearly entire sequences of HEV isolates were

'determined as previously described by Takahashi and’

coworkers.* The sequences were aligned together with

- .reported HEV strains with a computer program (CLUSTAL

W, Version 1.8)."” A phylogenetic tree based on the nearly
entire HEV RNA sequence was constructed by the

_ neighbor-joining method,® and the final tree was obtained

by a computer program (TreeView, Verslon 1:6.6)." Boot-

* strap values were determined by resamplmg 1000 times of

the data sets. The nucleoude sequences isolates- HRC-
HE14C, JST-KitAsa04C, and]TC -Kit-FHO4L reported in this
study have been assxgned DDBJ/EMBL/GenBank nucle-,

otide sequence databases with the accession numbe:s .o

AB291965, AB291965, andAB291959 respecuvely

Detectlon of serum antl-HEV

" Samples were tested for- immunoglobulin M* (IgM) and
- immunoglobulin G (IgG)-class antibodies - ‘against: HEV

using a commercial enzyme-linked tmmunosorbent assay
k1t (Viragent HEV-Ab, Oosxmc Corp., Tokyo, ]apan) 520,

1 Alanine aminotransferase testmg

Alanine aminotransferase (ALT) testing was carried out
using transaminase-HRII - Nisseki/GPT . ‘(Wako Pure .-

Chemical Industnec L, Osaka, Japan) on an. automauc'

~ analyzer (ACA5400 OlympusCmp Tokyo, Iapan)

RESULTS

’ A lookback study of a causatlve blood donor

~_ Blood froma 39-year-old Japanese male on September 20
. 2004, was disqualified: because of the elevated ALT level at

236 IU per L and tested for hepatitis viruses because of the
abnormal ALT result. His blood sample turned out to be -
positive for the presence of HEV RNA at'4.8 log copies per

. mLas well as anti-HEV IgM and IgG.and negative for the

presence of any marker of hepatms B virus (HBV) or hepa-

- titisC.virus (HCV). A lookback study revealed that his
was performed individually. The analytical sensitivity of -

the HEV NAT was determined to be 25 (13-166) copies per
** mL(with95% confidence interval) bylogistic analysxs. HEV

donated blood on September-6, 2004, 2 weeks before the

last donation, was positive for the presence of HEVRNA at

3.1log copies per mL and negative for the presence of '
IgM- or IgG-class anti-HEV. The HEV isolate, HRC-HE14C, - -
was classified as genotype 4 of a Japan-indigenous strain. -

(Fi ig: 1). The blood (platelet {PLT] concentrate) donated on
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Abb-28 (Pakistan, AF185822)
unknown (Myanmar, M73218)
HEVNESL (Myanmar, D10330)
unknown (India, AF459438)
unknown (India, AF076239)
TK15/92 (Nepal, AF051830)
unknown (india, X99441)

(india, X98292) -
Uigh179 (China, D11093)
-unknown (China, D11092)
SAR-55 (Pakistan, M80581)
K52-87 (China, 125595)
HeBei (China, M94177)
unknown (China, L08816)
Osh 205 (Kyrgyzstan, AF455784) s
HE-JA04-1911 (Japan, AB248520)
swJ8-5 (Japan, AB248521) s
swJ12-4 (Japan, AB248522) s
Arkell (Canada, AY115488) s -
HE-JA10 l apan, AB089824!

-Sap (Japan, AB074918

JMY Haw (Japan, AB074920)
Meng (USA, AF082843) s
100 — HEV-US1 (USA, AF060668)
L : HEV-US2 (USA. AF060669)

1 100 .‘

100

swJ570 (Japan, AB073912) s .
wbIYG1 (Japan, AB222184) b
— JJT-Kan (Japan, AB091394).
HEVN?1 (Japan, AB246676)
wbJSG1 (Japan, AB222182) b

wbJTS1 (Japan, AB222183) b
< JRA1:(Japan, AP003430) -
[ JBOAR-Hyo04 (Japan, AB189070) b

OHYo03L {Japan, ABIEO0T

-} 9YO-Hyo03L (Japan, AB189075).
-J JTH-HyoO3L (Japan, AB189074)

<~ swCH31t (China, DQ450072) s
< IND-SW-00-01 (India, AY723745) s

JYLChiSaio1C (Japan, AB197674)
SWCH25 (China, AY5941 99) s
T1 (China, AJ272108):;
HEVN2 (Japan, A8253420)
— DQ1 (China, DQ279091) s -
— CCC220 (China, AB108537)
HE-JA2 (Japan, AB220974)
JAK-Sai {Japan, AB074915)

-~ HE-JI4 (Japan, ABOB0575) - T
swJ13-1 (Japan, ABO9781))'s . -
HE-JA1 (.lapan, AB0O97812) -
d , AB220974

100 |

JSFTO03C (Japaii; AB193176). ©
HE-JK4 (Japan, AB099347). =

HE-JM‘I(:Jaa%:n A3220979) S
" |oo}; JTC-KGt-FHO4L

- JSM-Sap95 (Japan, AB161717)

r JKK-Sap (Japan, AB074917) -
HE-JA19 (Japan, AB220975) -

- HE-JA3T (Japan, AB220978)

..}y HE~JFS (Japan, AB220973):
HE-JF4 (Japan, AB220972) °
JTS-Sap02 (Japan, AB161718)
JYW-Sap02 (Japan, A8161719) '
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. JMNG-OKI02C (Japan, AB236320) m .

-V IDEER-Hyo03L (Japan, AB185071) d

- JKO-ChiSai98C (Japan, AB197673)

. A .‘)fr';-’w.‘-...;.
JYN-Sap01C (Japan, Aemfh) ’

Hokkaido: o
Cluster~

- S Avian HEV (USA, AY535004) Fig. 1. Phylogenetic tree constructed by the
| 2 T3 mmmm) neighbor-joining method based on the entire
L 106 , _{:: Morocco (Morocco, AY230202) or nearly entire sequences of HEV genome of

77 isolates using an avian HEV (AY535004) as
- an outgroup. After the isolate name, the name
‘of the country where the strain was isolated
and accesslon numbers are shown in paren-
theses. The numbers 1, 2, 3, and 4 in bold indi-
cated HEV genotypes. The 3 isolates HRC-
HE14C from the causative donor, JST-
KitAsa04C from the patient, and JTC-Kit-
FHOAL from the donor’s father are indicated in
bold.‘l'heleﬁets“s."“b.""d."and"m"al’tet
parentheses denote HEV isolates from farmed
pig, wild bore, wild deer, and mongoose;

respectively. A vertical bar represents a cluster
consisting of strains indigenous to Hokksido,

- Japan. Bootstrap values are indicated for the
major nodes as a pementage of the data set.

' obtalned fmm 1000 reeamplings.

September 6. was -released because it
-showed normal ALT and passed all the‘ .
current- blood screening tests. Transfusion -

was carried out 3 days after the blood dona-
‘tion, and the total amount of HEV in the PLT
concentrate was estimated to be approxi-
mately 5.4 log eoples. He was asymptomatic °
and did not-feel tired or febrile in the

periods :near the two occasnons of blood,
donauom -

" A minioutbreak of HEV infection
in family members of
the causaﬁve donor _
o Besxdes the causatxve donor, HEV RNAwas »
. detected. in_the blood .of his 69-year-old :
.. father, who developed acute, hepatitis on
~ Séptember 14, 2004, and finally died of ful-
 minant hepatms on October. 14. Retrospec- .°
;. tive. analysxs of the father’s blood sample
: taken on September 24, 41 days after the
dxmng. revealed that the HEV strain, JTC-
_Kit-FHO4L, was genotype4. HEV RNA
,-sequence analys:s of the HEV isolates from
. the causative donor.and his father showed
. only 9-nucleoude differences of 6588 nude-
_j}otxdes, suggesting that the two strains
were. extremely close but not 1dent1ml .
'(Fig. 1).. :
... By retroacuve mtemewmg, it was
revealed that the causative donorand his12
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including pig liver and intestines at a A
. barbecue restaurant on August 14,
2004.2! Blood samples from the relatives
were tested for -HEV markers with

. informed consent. Seven of the family
members who ate grilled pig liver
and/or intestines had IgM- and/or IgG-
“class anti-HEV in the blood samples
taken 37 to 92 days after the barbecue 0o -
party. Retrospectively, in the previous -10
6 months or more, dining out at that

- restaurant was the only occasion all the -

g

e

" HEV-RNA (log coplas/mt, or g)
8

0 0 W 40 W 0 W 0 % 10 Mo
Days ster ranshision ‘

'13 relatives had eaten together.

" Clinical course of the patient -

It was confirmed that the PLT concen-
-traté {approx. 200 mL) “contaminated
with HEV was transfused to @ 64-year-

old Japanese male patient with' non- 0

Hodgkin's lymphoma on: September 9,
..; 2004, .as. shown Day0 in Fig.2. The
...,patient had been. treated with autolo- C

102030403060700090100110

Daynﬂntumn :

R 3MA/dey - Pst..sﬁm t&mwwsw

-..gous: peripheral blood stem cell trans-
chemotherapy. since July 30, 2004.. In

hver funcnon tests sustamed to be

'_,normal. On .Day 22, the ALT level
increased transnently at671U per L, and
- HEV was detected in serum. While the
ALT. level returned to normal, the viral
load in serum showed an exponential
incréase. Levels' of aspartase amino-

ALT, AST (UA)

- 888188

P
[

i

g

o
(-]
Tolsd eerum bilkubin img/dL}

transferase (AST) and ALT “took an

upward turn on Day 41. There was no

“#" evidence for acute infection of hepati- ,
" tis A virus; HBV, HCV, cytomegalovirus,
“*: or Epstein-Batr virus. Hewasdlagnosed_ '

*"as acute hepatitis E. On Day 45, he was

"“referred to the liver uinit of Teine Keijini- -

~kai: Hospl_tal to treat pmumed develop-

Fig.z.Clinical course of tnnst'usion-transmltted hepatldsl!with kinetics of (A) HEV
RNA, (B) serologic, and (C) biochemical markers after transfusion. The patient had
mfustonofpuwmmesmnmmmtedmmmonmym.mmzvnmload- .
wasreptesentedaslogﬁoptupetml.ofmum(D)ornllva(')or[iergoffeees (A).

mmmmdambmbaynandbayulnfemandsaliva.(B)cmoﬁvaluesof -

mlsu(ﬂ)mdlgﬁ(.)anﬂbodiamsomw.respecﬁyely.(C)Mediwﬂom
wueadmlnlstuedwiﬂanN-afmmDayﬂthmghDayGZandwithPSL&om ’

ing actite hepatitis E. Despite antiviral
“therapy with ‘intérferon (IFN) from

" Day 45, 2',5‘-ohgoxsoadenylate synthetase in serum never
" showed apparent iricréase afid no obvious decrement- Qf

" “viral l6ad had obtained (Fig. 2A). Levéls of AST and ALT
“indicated creeping increase to reach highest levels of 903:

in expectation of its anti-inflammatory effect. Ftom

* “Day 59 ‘after induction of PSL treatment, AST and ALT
- showed rapid decrease and improvement of prothrombin
*’ time was observed (data niot shown): Dosage of PSL was

T and 673 IU per L ofi Day 59, mpectWely (Fig. 2C). The 2
*i treatment was switched from IFN to predomsolone (PSL)

Dayssdxmughl'gﬁy 112 (U)ALT'(A)AST'(.) totalsermnbmmbin.

tapered gmdually and djscontmued on Day 113 Soon .

__after anti-HEV: IgG emerged on Day 67, HEV load in the .
- seruin ‘sample had declined rapidly, although anti-HEV

IgM in the serum sample remained negative (Figs. 2Aand.
2B)..The levels in ammou'ansferases were normalized

“dfter Day 95 (Fig. 2C). The HEV strain JST-KitAsa04C -

detected in the. patient was génotype 4 and its entire. -

sequence analysis showed only a 1-nucieotide difference

of 7255 nucleotides, sugg&snng the two isolates were
identical (Fig. 1).
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Serial quantitative changes of HEV load i in serum,
saliva, and feces of the patient

HEV RNA and anti-HEV were measured for every serum
sample before and after the transfusion. In addition, HEV
loads were also assessed prospectively for feces and saliva
after his transference to the liver unit on Day 45. Any
marker for HEV was not detected in serum sampled
. 37 days before the transfusion. A small amount of HEV
RNA was transiently detected in his serum on Day 1, the
-next day of the transfusion. After the reappearance on

~Day 22, HEV RNA showed exponential increment with -

doublmg every 29 hours and reached the peak level of
7.2 log copies per mL on Day 44. Beyond its plateau. phase
. lasting 3 weeks, viral load revealed gradual decline over 2
weeks and thereafter decreased prompty. HEV viremia
. had been finally sustained for 63 days. HEV RNA remained
detectable up to Day 97 in serum, Day 71 in saliva, and
Day 85 in feces. Peak levels of HEV RNA were found on.
Day 53 in saliva at 4.0 log copies per mL and on Day 50 in
- feces at 8.9 log copies per g, respectively. HEV RNA was no
longer detectable after Day 99 (Frg. 2A).

, DISCUSSION _
I Iapan, a nonendermic oountry for hepatms E. HEV

' - infection. is occurring more- frequently than. prevnously

recognized. The prevalence of anti-HEV IgG in healthy
Japanese  persons ranged from 19 to 14.1 percent,

~ depending on the geographic area,? and the prevalence of )

'HEV RNA among Japanese blood‘donors with ALT level of

at least 201 1U per L was 2.8 percent.! The risks of trans- -

* fusion transmission of HEV might be low; ‘however, five
'molecularly confirmed cases of transfusion-transmitted

- HEV infection have been reported in nonendemu: coun-
. tries so far.'>'® Ini none of them, HEV mfecuon routes of
 the causative donors are kriown. In this report, we have
_ described the first case that the infection route of donor is

" clarified as zoonotic food-borne. The conclusxon is based

* mainly 6n two observatlons

First, by the epxdemlologlc study, the donor was

determined tobe infectedina mrmoutbreak of HEV mfec- .
. 'tion in the context of food-borne transmxsslon. Six of the

13 relatives who dined out together were posmve for the
*‘presence of HEV RNA and/or 1gM anti-HEV in their serum

“transiently occurred without any symptom and had sub-

7 sided by the time when blood samples were taken. Since L
- 1gM anti-HEV are regarded as the markers of acute HEV i

atic. The party at the barbecue | restaurant was ‘the only

' opportumty all the 13 members had eaten together in the ; _>
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estimated period of HEV infection, 2 to 10 weeks 22

. Although it was difficult to identify the source of infection

because no meat was left, they ingested various kinds of
pig meats including liver and intestines, according to the
replies to the questionnaire from the family members.2*
From this retrospective research, it is strongly suspected
that the family members shared the motive of infection
with HEV by ingestion of pig liver and intestines. In Japan,
HEV has been isolated from farmed pigs,** wild deer,*?%2’
and wild boar!®!2%27 35 well as humans and recent studies
also indicated that HEV is moderately resistant to heat
inactivation.*** Some reports suggest that a number of
hepatitis E cases in Japan may be via a zoonotic food-

‘borne route.* 1252730

Second, a single transmission route of HEV i in thls
minioutbreak is corroborated by molecularly conﬁrmed
facts. ‘From full-length sequence analysis, HEV RNAs
detected in the donor and recipient were identical and
closely related to that in his father. Among the strains of
genotype 4 indigenous to Hokkaido, Japan, these three
strains were segregated into a distinct cluster with a boot-
strap value of 99 percent in a:phylogenetic tree based on
the entire or nearly entire sequences of HEV. genome. -
Moreover, when comparing * 412-nucleotide sequences'

‘(nucleondes 5985-6396 of HRC-HE14C) of ORF2 region, - »

where many seqiiences of Iapanese swine HEV are retriev- .
ablein DDB]IEMBLIGenBank nucleotide sequence data-

.~ bases, high similarity (409/412 nucleotides, 99.3%) was
“observed between the HEV sequences derived from the

causatlve donor and hxs father "and strain swJL145

" (AB105902),° which was detected in pig liver sold at a drug
 store in Hokkaido, Japan.

To date, in acute hepagnsE mcludmg transfusron
transmxssxon cases, dynamic relatxonshxps between infec-

. tion markers for HEV and disease progression throughout
"the course. from HEV transmxssnon to convalescence of

disease have: -not been demonstrated This is the first case ..

_ ofacute hepatms E, inwhich HEVkmetm inserum aswell :

asin feces and saliva were described by using quantrtauve '

vRT -PCR for HEV RNA from transfusion up to the end of

viremia. acoompamed by disease pmgressxon, and the

. emergence and increase of anti-HEVs. In the current case, -
. HEV viremia had lasted for9 weeks or more and viral load

o reached its’ peak 15 days before the peak of aminotrans-
samples obtained 37 to 92 days after dmmg at the restau- .

" rant (Appendix 1). As for 4 relatives who were positive for
~ the presence of IgM anti-HEV, HEV viremia rmght have

ferase level and died out promptly right after the appear-

" ance of anti-HEV 1gG on Day 67. The results led us to
. understand the chronologlc relationship between preced-
" ingviremia and after emergence and i increase of anti-HEV.
" Besides serum, the kinetics of HEV load in feces and
: saliva were concomxtantly observed for the first time in
" infection besides HEV RNA," these facts strongly suggest

" that family members had recently become infected with-

. . HEV probably at the same time and remamed | asymptom-

hepatms Ein humans. After the transmission, HEV RNA

. remained detectable until Day 71 in saliva and Day 85 in
- feces. Among sera, saliva, and feces, every time point at

peak viral loads resembled each other, 50 to 60 days after

. transmission. 'l‘hece facts may indicate that viral loads in

-




saliva and feces would also reflect viremia state. In addi-
tion, the results for saliva suggest that besides fecal-oral
route, oral-oral transmission manner can be another
route of human-to-human infection of HEV.

Soon after the transference to liver unit in the hospi-
tal, IFN-a therapy was started against HEV infection, indi-

cating the exponential increase of viral load in sera.

The levels in 2’,5°-oligoadenylate synthetase, however,
- induced by IFN and regarded as a predictive marker for

- favorable IFN efficacy,® did not show sufficient increase in

serum (data not shown), and HEV load monitored con-
comitantly indicated no actual decrement during treat-

ment. Thereafter, single-nucleotide polymorphisms in

markers predicting the therapeutic efficacy of IFN, such as

mannose-binding lectin,® MxA,® LMP7,** and osteopon- . -

tin,® were examined, and all of them did not show the
phenotype assocxated with favorable efficacy of IFN (data
not shown).

Throughout his clinical course, no dlsunct positive

resuit for IgM anti-HEV was observed It is possible that

the concentration of IgM anti-HEV was too low to be’

detected by the ‘method we used. In fact, some of his
samples showed equivocal reaction. Furthermore, under-

lying disease and' the preceding treatment including -

: autologous penpheral blood ‘'stem cell transplantatlon
and’ latge dosage chemotherapy nught have led the

patient to an immunocompromised state that responds -
o madequately for HEV infection. In fact, both serum levels

* inIgG and IgM had been indicated consistently less than
lower liriitation of normal ranges in the entu'e course

" (data not shown).

We should note that the present case was not revealed
if the two practices had riot been introduced, whxch are
not wndespread outside Japan. They are ALT su'eemng

and donor blood. sample reposxtory system. As a safety- )
measure, the Japanese Red Cross Blood Center introduced -

ALT testing fora surrogate marker for hon-A, non-B hepa-

- titis virus infection. Because ALT testing contribiites little l

for HCV infection after HCV anhbody testing started, ALT

screening has been dxscontmued in the United States and:

some other countries. Although the cutoﬂ' value may need

~to be reevaluated, the current case suggests that ALT
" testing may contribute to exdudmg blood with thé pres- N
" ence of HEV. On the other hand, the lapanese Red Cross

- 'has established storing reposltory samples of all dona-
; tions since 1996. Blood samples are collected from each
- donation and stored for 10° ‘years at -30°Cto investigate for

lookback study such asthesuspectedmsesoftransﬁxsxom o
~ transmitted infection and alloantibodies for TRALL This =
" ‘system plays a very unportant role in the hemov:g]lance

" system in Japan.%¥
In the present case of transﬁ:slon-transnutted acute
: vhepauus E, the infection route in the blood donorwas, for

" _the first timé, clarified to be zoonotic food-bome manner. -
In addition, the entire course including incubation period.
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and disease progression in acute HEV infection was fol-
lowed by serologic and virologic markers, and the patient
was treated by monitoring them. To our knowledge, this is

- the first report for acute HEV infection in humans, in

which various infection markers were prospectively moni-

tored simultaneously with disease progression, excepting
experimental hepatitis E in a volunteer.®

Our data suggest that hepatitis E is likely caused by

consumption of contaminated pig meat, and there is a risk

of transfusion transmission of HEV in Japan. The most

effective preventive measure to reduce the risk of blood-

borne transmission is to screen the blood supply for HEV

" orto implement pathogen inactivation. The epxdexmology
‘and the transfusion-related risks for HEV infection have
‘not been fully understood in industrialized countries

- including Japan. We are undertaking epxdemlologw'
‘studies of HEV infection in Japanese blood donors-and a-

" feasibility study of NAT screemng for HEV in Hokkaido,
Japan. ‘
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APPENDIX 1
HEV infectlon markers in the 13 famlly members who pamclpated in the dinner mJS“i 14 2004
Number* Age (years) = Sex Days after Aug 14, 2004 ALT (IUII.) RNA (10"lmL) _ lth (lndex) B lth (index)
1 S .39 Male - 23 M3y ~3.4) ~2.0)
Lo . : 7 236'_ LT Hae8) +60.4) o H142)
49 70 +2.1) ©H{2695) - #{i54.7)
, . 53 a4 - +257.8) +150.5)
° 77 20 R +{174.6) - +{163.0) -
2 69 Malo A 1511 H26) - Hi8T2) - W2714)
3 43 Male:. 92 34 - : 1747y - . 2977y |
4 68 Male 79 15 , - H517) . . . «2833)
5 37 Fertiale 79 13 ~ ' n - . !
6 90 17 =
7 79 25 -
8 79 15 —.
9 - 89 12 -
7T 19 =~
77 19 -
90 15 -
90 15 -
«of the cadsative donor. '
*.-Number 1 isme@ausaﬁvedonorNumberZssmedonot‘s fatheranddiedofhepaﬁﬁs E.omersammeirmlanves.
f 'Positive =30 index. . ) .
1: Posinve 213 lndex. o
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asy to use, FDA approved test to confinn repeat reactives or to resoly,
dgcrepant results is lacking. .

Afns: To dcvclop a_supplemental test for cqi_qf_mning the presencef of
anthodies to T. cruzi in repeatedly reactive blood or plasma units id¢nti-
fied Ry a screening assay. .

Methdds: The immunoblot assay is based on four different reconhinant
antigens {rAgs) FP3, FP6, FP10, and TcF, for the detection of antihbdies to
T. cruzi\Each rAg was constructed with multiple antigenic domgfns of T
cruzi incuding repetitive sequences and non-repetitive sequghces. The
rAgs are Xited as discrete lines onto the strip. Antibody respfinses were
visually asessed against two internal calibrators (low and hifh} also ap-

plied to the\mmunostrip as discrete lines. The immunobloyassay sensi-

tivity was evjluated with 688 RIPA confirmed chagasic specimens. The
specificity waskevaluated with 821 unscreened specimens frfin random U.S.
blood donors ajd 531 specimens of 30 different unrelagfd medical con-
ditions, includi
potentially interfdging substances. The interpretation
follows: {a} no barkls or a single test band = NEGATIYE: (b) two or mare
test hands with a Ickst on band having intensity of ¥+ or higher = POSI-
TIVE; and (c) milllipl faint test bands (£} = INDETER AINATE. All samples
were initially tested i} the PRISM Chagas screeniffg assay; and reactive
samples were also. test&f in two different ELISA 3 hd in a radio-immuno-
precipitation assay (RIP. R : .
Results: All 688 chagasiqsamples showed two 5 four rAg test bands and
were interpreted as positivk in the immunoblo assay; sensitivity of 100%
(688/688). Among 821 urKcreened ‘specimefls of random donors, 819
showed none or a single test and, and ane ghve two Faint test hands. One
specimen was repeatedly readjive in PRIS Chagas assay, two reference
ELISAs, and confirmed in RIP\ as positiyf; while another specimen was

{ results was as

" non-reactive in these reference¥ests. Offfhe 531 specimens with disease
525 tested negative, fwo con- -

states or potentially inferfering s\hstangh
e indeterminate, .

Conclusions: The sensitivity of thq ifimunoblat assay in-the geographi-
cally-diverse group of chagasic. sffcimens was 100% (688/688). The

resolved specificity of random -dogb) specimens was also’ 99.88% 819/

820). The recombinant -antigen: baged-\mmunoblot assay, in multiple lots
~and run by multiple techniciangf has-

monstrated great potential as a

supplemental test to confirmi the firesencdof antibodies to T, cruzi in blood

s specimens. Design verification fad vatida fon of this-assay are ongoing.

P-615 :
HEPATITIS B. VIRUS-DJTECTION AMO

DS', Gorgevska VG', Kffstovska SK* . ,
'General Hospital, Strj nu'm.'Macedom_'g *Generai pspital -Prilep, Prilep,

" Macedonia *Nationalfinstituse Jor Transfusion McdiXne, Skopje,

‘Macedonia

In épite of the proffress in the development of diagnosKc, therapeutic and

prophylactic metffods, virus hepatitis still present a seripus global health
" pioblem. The
. translusion of Yood and blood derivates implies obligato ‘control of the

ssibility of transmission of these in ctians  through

donated blood .

‘Aim: To shgv the yirevalén_cé of Hepatitis B {liBsAg) in vofunteer blood
donors for gle periad from 2001 Il 2006,

Materials:

leishmaniasis, malaria, and autoim unc diseases, or -

» VOLUNTARY BLOOD
'DONORS IN THE MU CIPAU'I'Y OF STRNMICA )
Timova TT', Kocovska:EJl*, Maninska LM', MomAovska T™, Stambolicva -

e presence of virus markers was analyzed in t E serum of

Q1.4%) blood donors, with B blood group were 10 {11.2%) blood dono
ang with AB blood group were nine (10.29%) blood donors,

CorXlusion: The obligatory testing of the donors blood is of exceptifna
impoKance to prevent the transmission of diseases, Moreover, a signjfican
ring in\the chain for ensuring safe blood is the selection of a quitative
donor, gt is a donor who donates blood volontarily, freély, anoylymously
and periocNcally. ’

P-616 A . . ~ _
OCCULT HEPATITISNB VIRUS INFECTION 1 BLOOD DONORS
FROM CENTRAL PORXUGAL " : S
Teixeira MJ, Henggeler F, Riniz C, Caldeira M Mateus F, Freitas C,
Gongalves H . ) o .

lustituto Portugués di Sangue\Coimbra, Po fugal

Background: The detection of YBV. DNA in serum without HBsAg and
withlwilhoul the presence of anfpodig (anti-HBc/anli-HBs)..deﬁncs the
state of thie occult hepatitis B viru\igfection. The prevalence-in endemic
areas varies from 7% to 19%, while ilthe west countries varies from 0% to
9%, being greater in people with And HBc and/or anti-HBs. Low serum
HBV DNA titers, in the range of 140-10) :copics/mL, are typical in occult
HBV .infection. A high prevaleflce. of ocgult HBV 'has ‘been reported in
hepatocellutar carcinoma, (HC. - Co ‘

Aims: The appearance of the nucleic acid. teing (NAT) with great sensi-
bifity aliows us.to identify £ population with-HRsAg negative but-with low
levels of HBV DNA in seryfm. In our Centre all doYors are screened for HBV
DNA, MIV RNA and 11CF RNA. o s
Methods: In the screghing of .the hepatitis B seroNgic markers we have.
used ELISA -and qujfnioluminiscence. tests. In. the seening of the HBV
DNA we. have ugfd the Transcription 'Mediated AMplification (TMA)
technology, in sighle testing, with pi'ediéted HBYV detectio} rate of 50% and

- 95% of 3.1 andf7.4 1U/mL, réspectively:In the screening oNHBV viral load |

we have usedSCR technology, with detection limit of 60 TmL. )
Results: ThgfRegional Blood Centre [Coimbra) started the scrégning of the
HBV DNAJo all donors in Ottoher 2006. Until November 200§, we have
studied 20.881 donors. We found three cascs of occult hepatitX B virus
infectigh. -

Cong] sionsii,Some aspects. need to be investigated, especially the

" relapfonship “between the occult hepatitis B virus infection and\the

infctivity of the different blood components. The sensibility of the NQT
jf very important in the precocious detection of the HBV DNA in blog
onors. ' ' :

P617_ - S ,
PREVALENCE OF HEPATITIS E VIRUS INFECTION IN BLOOD
DONORS IN DIFFERENT CITIES OF CHINA :

Ren FR', Wang ZY', Gong XY*, Song ML', Lv QS", Tiemuer MHL?, Yao F2*,°

' Zheng YR®, Wang YC®, Zhuang H®

" 'Beijing Red Cross Blood Center, Beijing, China *Urumchi Blood Center of

9166 blogfl donors who'donated htood at the Department of tranduziology, -

_ General Jospital-Strumica, in the period from 2001 il 2006. )
Method 2 The samples were fested for the presence of viral prarkers

(11BsA), using tests for 1BsAg (Abboti Auxyme Monaclonal EIAL\
Resiilfs: The presence of maikers for Hepatitis B (11BsAg) were. foundin 89

(0.9 f%) blood donors. n-2001 the presence of HBsAg was found 1§ 12
~bighd donors, 2002 - in 20 blood dotiars, 2003 in 14 blood donars, 200§ in

1 blood danors, 2005 in 14 bloed doners, 2006 in 12 blood donors. Wkh

hioad group were 42 (47.2%) bhiood donars, with 0 blood group were

87

- Xinjiang Uvgur Autonomous Region, Urumchi, China qummn Kunmiing

Blood Center, Kunming, China “Guangzhoy Blood Center, Guangzhou,
China *National Institute for the Confrol of Pharmaceutical and Biological.

* Produicts, Beijing, China “Peking University lecalth Science Center, Beijing,

China
Backgfouna: Hepatiﬁs E virus (HEV) is a single strand and non-enveloped

-RNA virus, HEV inlection is normally transmitied via the facco-oral route, |

However HEV receritly emeriged as a transfusion-transmitted pathogen,

Several transfusion-transmitted HEV infections have been reported in‘_
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HEV-hyperendeniic or nonhyperendemic countries. In China, neither 1{EV
antibadies nor HEV RNA are systematically tested in blood donors. Alanine

aminotransferase (ALT) in scrum/plasma- has heen tested irrall blood do-

nors since 1960s in China, hefone hepatitis B surface antigen screening.
With the introduction of specific anti-HCV and viral nucleic acid testing

 (NAT), ALT test is no longer used in routine donor screening in many

countries. However, ALT measurement is still retained as a screening tool
for blood donors in Cliina, in consideration that viral hepatitis is endemic
in China, dllhough ALT has low specificity for detecting individuals with
transfusion-transmitteil virus infection risk and its value is controversial.

Aims: To evaluate the prevalence of HEV infection among blood donors in°

four cities of China and to cvaluate the value of ALT measurement for
climinating HEV infectious hlood in blood donors. .

Methods: Donor samples with negative results in routine screening (anti-
HCV, and-1IVi2, HUBsAY, syphilis and ALT) and samples ‘with ALT cle-
vated alone were caliected from faur blood centers in four Chinese cities,
Beijing (North),  Urumchi (Northwest), Kunming (Southwest), -and
Guangzhou {South) in 2005 and were frozen at -402. A 1otal of 6665 blood
donor samples were tested for anti-HEV IgG, anti-HEV IgM and HEV

Antigen - (Ag) hy cnzyme-linked immunoassays (WANTA! Biological
Enterprise Co. Ltd, Beifing, China) in 2007. Repeated positive results de- -

fined as a positive resuli. The Person Chi-Squared test or Fisher's exact tcst
were used for the statistical analysis.

Results:. OF the 6665 blasd donors tested, the prevalence of ann—HEV
1gG, anti-HEV-IgM: and" HEV Ag were 24, 23% (|6|5/6665) 1.08% (72/

6665). and 0.03% {2/6665) respectively. The prevalence of anti- -HEV IgG,.

anti-11EV IgM and HEV Ag were all higher i 487 donors with clevated

ALT-alone (30, 800, 2.05% and 0.21%, respectively) thai in 6178 donors
“with” negative: resulls i routine screeiting (23.719, 1.00% and 0.02%)

: Table HEV suoprevalence in blood donon

 Sa L Cites ,Numbers, Antl-HE\llgG Nm-HEV IgM HEV Ag
"‘p"“‘,v Tested : . ]
Samples |Befing | 23!7_!1 A02(19.20%)  30(1.26%) 1 0 (0.00%)
with. .- Urumehi .~ 1910} .‘341(1735%) 14 (0 73%) 1(005%)
"':s%‘lz'; kihmng ' 1170] 431 36.8a%) 110 94%); | 0(0.00%)
Jroutne. - | Guangzhou } ml 235(3264%)1‘
|ocreening {Totat . ! 6178, 14652371y 00%)!
deeg U @ eezw) 207w 000w
Samples  |yumen - 27 45(1822%);  1(040%)1. 0(0.00%)
L with Kunmng. 1527 BA(S526%). _ 6(395%)! 0(000%)
- Felevated . . B . b
ALT afone - Guangmou‘ 16 i 5(31.25'}.); . 1(6.25%) 1(6.25%)
T - 1 Totat: i 487 150(3080%)% 10 (2 05%) 1(021%)
Total - |- eoes} 1615 (2a.23%) |  72(1.08%)] 2(0.09%)
‘ i
Data were shown as “numbe (positive rate)”

of positive

(P <0.05). OF the two HEV Ag positive donors, one had negative results
in routine screening and had average HEV Ag ELISA S/CO ratio of 3.4,

anti-$EV 1gG (-), ami-IigM (-): the other had vievaied ALT alone and had

“average HEV Ag ELISA S/CO ratio of 18, 0. anti-HEV. IgG (+) with average.
SICO ratio of 10.8, anii-HEV lgM {-). The fnllowmg table showq the more
detailed. resulls. -

Conclusions: Hepatitis 2 virus is endemic in China. Amang hlond donom

with negative results in routine sereening in China,-about 1% are sinti-HEV i
IgM (+) or l1EV Ag (+) and may be 1JEV infections. ALT seréening may have

some role in climinating L1 LV ml'l-cmms blood in China.

Acknuwl(-dgcmenls* This work was supported by the "863° project (grant B

No. 2006AN02745 l) from Chinese Ministry ol Scic nc\ and Technalogy in
. 2006.
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POLYMORPHISM OF HLA-DRB1 OF THE UYGHURS IN CHRONIQ
HRPATISIS B IN KHOTAN AREA XINJIANG CHINA
Kurtxijiang KT', Wupuer HY, Yunusi K% Zhang Z', Shawuer R

. 'Uvgyur Traditional Medicine Hospital of Khotan Arca, Xinjiang, Khofan,

China\*Xinjiang Medical University, Urumgi, China "HLA Laborato
Beijing\Red Cross Blood Center, Beijing, China

This abshact is read by title only.

P-620

IMPACT OF PHYTOCHEMICAL TREATMENT OFPLATELET
COMPONENTS ( RCEPTN) ON PLATELET 4IND RBC - )
COMPONENT USA BY HEMATOLOGY PATIEN] DURING

3 YEARS OF ROUNNE PRACTICE - '

Ossclacr JC', Dayen C\ Defoin L', Debry C', GolTafix M, Messe N', -
Van Hooydonk M2 Bosly A2, Lin JS' Corash LM

'Cliniques Universitaires\de Mont Godinne, Yvoif, Belgium ’Hematolog_v
Swe, Cliniques Universitaile de Mont God:nnc, roir, Belgium ’Cems
Cnrparnnon. Concord, CA, YUSA

Badq,mund in 2003 the Bhod l'mml’uswl Center (BTC), Cliniques Uni-
versitaires ‘Mont Godinne ((YMG) initiatefl universal ‘use of pathogen -
inactivated INTERCEPT Platclets (I-P, Gfrus Europe BV, Amersfoort;
Netherlands) for transfusion (t\n) suppoft of Ihmmbocy(olwnn Hgma-
lology paticnts require intensive {xn sugbort. -
Aims: To examine the impact of\l-P-foption on platelet (PLT) and red
hlood cell concentrate (RBC) use b matology patients, the duration of
support, the aumber of PLT txn per Mtient, total PLT dose per patient, and
1otal RBC units per patient were confifared for 3 years hefore I-P adoption, -
when only conventional PLT (C-PYfwcke used, and for 3 years after adop-
tion of I-P. RBC use served as a sug ogaty for hemostasis efficacy of PLT txn
and was cvaluated during periodf of PL suppon and periods without PLT
-txn support.

Methads: In boih periods, PYI were colfected by apheresis in reduced
plasma concentration with gfocess leukodyte ‘reduction. For C-P, T-Sol
{(Fenwal, La Chatre, France) fith a.ratio to plAsma of 70:30% was used. For
I-P, Intersol {Cerus) with affatio to plasma 0N65:35% was used. I-P com-
ere treated with- -atjotosalen (150 semol/L) plus
UVA (3 Jlem sq) to inaftivate pathogens and leukocytes. I-P replaced
"'gamma irradiation, bactgfria detection, and CMV § prology. I-P and C-P were
available for issue the flay after collection. Days \f txn support were cal-,
culated from the firg PLT txn, until 5 days afiel the last PLT txn. An

Effect of I-P Adgption on Platelet and RBC.Use

Parameter _J [ ep T AW P

- 7 Platelet Use (mean/median) A
Patients sup’orted ) 272 - 278
Days of PLI support 31.6/15 33.1115 070
PLT txnlpl . 20.8/10 242111 0.17
otai Pl’dose “ 0“)Ipt 87.3/41 | 100.8/43 \ 0.19

RBC Use During Platelét Support (meanlmedian)\

[Patiepisranstused T[22 | 4 T\
Totaf RBC uniisipt 16.4/80 | 17.6/70 | 0
RBC Use Outside of Platelet Support (mean/median) \

otal RBC units/pt 12.778.0 | 12.7/8.0 099 \

: " - -
' OZOOBTheAuth\s )

Joumal mmpllauon ‘D 2008 Bld( kwell Publishing Ltd. Vor Sangmms {2008) 95 (Suppl 1}, 74-326
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- nsioe: : R AMA Deems Flve-Year Blood Donor Deferral for Gay Men:“ o

" Finnish Parfiament Finds ~“Supp0rtable” ,
Red Cross MSM Polu:y'.:l;_ .

_ e s i ‘Medlcal Assoclatlon (AMA) has adopted aksta ment mdlcatmg 1t_.'f. ) : .
s Umbilml COl'd B'OOd Cell I may support, chmglng the fedem[ pollcy lmposmg a llfetlme deferral fOl’ thentlal L -
L Tn;‘n:;l)_lgnts Help Mice ' " . blood dono:s who ha\ge had sex wnh men to a ﬁve-yea: defm. L S

B House Leader S Seeks FDA : - )
h Documents ot
o Preempuon Pelia/

‘ters,y AABB, and the’ Amencan Red Cross The orgamzanons said such : a pohcy _
more consistent with deferrals for other high-risk activities, such- as receiving * ~ .
‘money or drugs for sex. They have argued that public education and the develop- = -

ent of sensitive. nucleic- acid amplification tests have: slgmf cantly reduced the <
sidual Wik of semally transmltted_dxseaseﬁ enter '

pohcy aﬁd ncdurage federal lobbylsts to work to overtum the' ban. .

(contmued on page 2)




" S abstmence from homosexual sex “essentnally pri

ABCNewsletter ... o July 4,2008

. AMA Statement (continued from page Il)

‘The AMA statement is expected help in those efforts because it underlmes the problems of the mathe- .
- matical models berng used to assess risk. - -

' “Any pollcy decrsron on blood donatton deferral of the MSM populatlon must be govemed by the best
avallable scientific evidence, but there are inherent weaknesses in mathematncal ‘models used in the risk
‘assessments on this issue that continue to generate some uncertainty. With respect to the MSM popula-
tion, it appears that a policy change from a permanent lifetime deferral to a ﬁve-year deferral following
the last MSM contact may be: supportable, but societal and ethlcal consequences must be analyzed should
tl'us decnsnon be advanced,” accordmg to the statement. SRR

'The AMA conslders current nsk models weak because they rely on an msuff' clent number "
S vof studles and study groups that aren’t large enough to provnde predictlve results, ‘the or-

nfected unit 6F blood wnll enter the ‘blood supply is. estlmated at' about: 1

mfected donatron for every 2 l mn[hbn donatlons" leen that there are about 14 5 mtlhon blood donationsa' s

- ‘;, ted units do ot enter the' US blood sﬁpply annually undétected: - Smce the lmplemerlta
e 'NAT in 1999 “there have been four incidences where HIV has been t‘ransmrtted rid a blood trs

“the last in 2002 ‘In all four cases, the donors denied engagmg in nsky behav' r at screeninig. So, out of :
more fhan 112 mtlhon' hole blood units transfised.” only resulted in HIV transmissi n —-..far lower than _

o pared toblood dOnors who did not' report MSM contact, blood donors who reported the behavior: within'
s ﬁve years had ﬁve trmes the number of'i reactxve te_st‘ resnlts HoweVer' those who had not practrced male-%’ ?

: report M_SM ‘contact at all The organlr:atton reasoned then that d_ata suggest men who practlce ﬂve-year'

dy that fotind, com-f_f .

—w




ABCNewsletter . 3. -  July4,2008

Finnish Parliament Finds Red Cross MSM Policy Justifi od o

| ~The F innish Red Cross Blood Servrce policy imposing a llfetrme ban on blood donation on men who have:' -
“had sex with men cannot be consrdered unlawful, leand‘s parhamentary ombudsman sard ina statement- :
- Monday (6/30/08). . . . R . . '

~ ‘The ombudsman, Riitta-Leena Paumo sard in the statement that the decxsron was based on appropnately"
reasoned eprdemlologrcal information to the effect that sex between men. clearly increases the risk of con-

: - tracting serious’ blood-transrmtted diseases, such as HIV and hepatitis B and C, and thereby i mcreases their -

_~ safety risk in blood transfusion. .. . The-ombudsman emphasrzes that the ban is not due to sexiial orienta- S
: tlon, whlch enjoys eonstrtutronal protectron agamst drscmmnatron, but rather to sexual behavror ' o

- | ,‘ The ombudsman pomted out that in addrtlon to gay- men, the mesh Red Cross does not acceptblood!,, o
- from anyone over 65 years. o£ age or people who had visited Bntam during the bovme spongrform ens; - -

. . cephalopathy outbreak. Theé: mbudsman was respondmg to two. complamts that alleged the Blood Servrce-"i"-

v : permanent obstacle to blood donat10n

, “It is estrmated that som ,,percent of all men have had sexual contacts. w
.. -risk.of fecent HIV infection. through sex between men abou!

| L "-"_';Staxeﬂlent, 6[30/0& an Red Cross_release 6/30/08).~4.

Lo B f,As for a one-year deferral, e '
B _"donatron from the last MSM contaet would be very- small, rtls not ze ) Thrs small but screnhﬁcally real-

L the drscussronatﬂre

E "unnecessary 'I‘heCounm

- was violating the constrtutlonal prohibmon of dlscnmmatron m consrdermg sex between men to be a e

| Accordmg to the ombu' man’ lmon, the measures undertaken by lhe Blood Servrce are not drscrum

. _"other men, whrchkmakes the
5-fold: eompared- with: that in- heterosexual

T "_}-;relatronshrps The 'selection ‘of - blood donors is largely 'based on _assessment of risks.in; various idon
" groups and léss SO on rndmdual nsk behavrour ‘(Sources: NewsRoom_leand, 6/30/0 Ombudsm

o AMA Statement (contmued ﬁ'om page 2)

e AMA sard “whnle the mcreased nsk wrth a one-year abstmenee from%blood._i_'- c

s rmpaets of movmg :
: But the orgamzatlo'

B : jiported a decision to’ remove wordmg relatr_n' to,'the weakness ofthefff; DU
" - models. The House ofDelegatesﬁlso removed the second recommendation of the-report because the-issue S
" at hard was a risk- and“sci ience-based decision and further ethical’ scrutiny by the Councit was deéeméd. -
: s examination of any.issue is always sclence-based, whrle ahy consrderatron'—o S
. the ethical impact of a change in policy for MSM would be: based, at least in part, on ‘societal values the B
' AMA sald. The AMA statenient can be found at WWW. ama-assin.org/s ma/ ; ub/cate 0 "ll 8644‘htm| 6 e
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10-MONTH EXPERIENCE SCREENING USA BLOOD DONORS FOR
TRYPANOSOMA CRUZI: YIELD, RISK FAC[’ORS AND COST -
EFFECTIVENESS
Custer S', Kamel HT?, Tomasulo PA%, Murphy EL?, Busch MP*
!Blood Systems Research Institute, San Francisco, USA ?Blood Systens
Inc., Scottsdale, AZ, USA *University of California, San Franscisco, CA,
USA ' : L

Background: Screening blood donérs for the parasite Trypanosoma cruzi, -
the cause of Chagas disease, can improve tnnsfus:on safety but may come -
cata lngh price financially and potentially in dorniors lost. Since January 30,
2007 all donors have been tested for T. cruzi by an USA FDA-approved
- ELISA. Here we report our cxpcnencc d\mng the first 10 months of tstmg a
. and interviewing donors. )
Methods: Donors complete a pm—donaﬁon health questionnau'e that
includes questions on country of birth and time spent in Mexico, Central
and South America, areas-endemic for 7. cruzi. Donors who test ELISA .
repeat reactive (RR) for T. cruzi are informed by telephone: and asked to
. complete an interview to assess:risk factors for and symptoms of Chagas L
. disease, ELISA RR donations afe tested by radicimmunpprecipitation assay
(RIPA) to discriminate confirmed--from" false-poslﬁve results.’ We also-
jhealth economlm of. :
universal donor: scrcening for T cruziin theAUSA using anupdated vemon

conducted a’ cost—effectjveneﬁ analysis to-assess;

- of a published model {}.
Results: Of nearly 652000 ellg)blt allogeneic

. Ricity of 99. 99%. The yleld of RIPA_-positlve donaﬁons accon'llng to ltglon : :

" of birth is provided in the table;

Reported risk factors include pmrmusly llving ln ruml areas- -of l.atin-_
-America, living in housing.with thatched roofs andfor mud walls, and
maternal . famlly history .in Latin" America. RIPA-positive- and negative
donors reported similar frequénéies of” ‘symptoms. that could indicate
Chagas disease, yet no symptom was reported bymom that MofELlSA'_, :
RR donors. Preliminary cost ‘effectiveness analysns comparing no. scmemng o
to screening using ELISA and supplemenml RlPA indiated a cost—

' _eﬁcchveness of >$10,000, OOOIQALY

" Birth coumry or region

USA . |

‘Mexico -
., Central or South Amenca
" . All other countries

- Missing/Unknown -

‘Conclusion: The prevalence of and nsk factors for T. cruzn inftction are-
~ .consistent with pre-testing expemtmns. Alﬂxo ght: the - mqoﬁty of RR ..

donations did not test RIPA-positive, the speaﬁcny of thic ELISA:was good.

with substantial donor loss -not- evident” RIPA=reactive ' donors’ have -

.reported geographical exposufe: risks ‘and a smali’ ‘number hive indicated

" symptoms consistent’ with .Chagas: disease. Symptom-relat:d questions ;.
appear less valuable for targeting’ scncning thin ‘geographic risk factor. -
- questions due to the potential for other heaRh tonditions to cause the same-
-~ symptoms. The cost-effectiveness of screening alLdonahons is poor and: e

" may represent an extremely inefficient use of moutcc. indicating that .
targeted screening strategies focused: on conhtry of blrth and ﬁrstumcf:_':

L donor-status should be consxdcred

_past histo
" questions rd

- deferrals each yka
~.availability issue\d
. Alm: Assess the effecti
- testing groups of d&ferred and non-deferred donors.
Methods: Blood dorjprs previously deferved for mflaria risk, dct'med as .
- travel to or residence i§ Plasmodium spp- endemic a
.inalaria, were recruitqd and enrolled in the
. administration of co

ors, 2 1% of mpeat
* " donors and 4.8% of first-time donors: report. having spent’3 months or .
-*7 more in’ l.aun "America_based on pre-donaﬁon qustmns. 93- donors
.- (including 3 autologous ‘donors) tested T cruzi RRin the first 10 mornths of "
. testing. The RR rate for allogeneic donat:ons was 0.0138% (90[65] 471;"
" 1:7239). Only 34%.(28 of 82 tested .to date) RR domations tested:

. _RIPA-positive, for a confirmed yield of 0.0043% (1:23,267) with a speci- 4 blood. sample for EIA testing, A

.~ tially reactive and 20 (1.36%) werd
" real-time PCR were negative for_p 2
#"." repeat reactive donors among the f

-travel, § for residency and 1 for rfalaria i
_questionnaire revealed that myfst sero) ositive dopors had multiple Tisk’
- factors including 17 (BS%) wit)l cither reddence in' ‘an endemic country ora.
* past history of malaria. A gm p of non-dekerred donors {n = 3229) was also-

- repeat reactive. Four of thits

-Conclusions: Blood dghors seropositive - fd
detected among _nongeferred “and :deferred donors. The relationship;

IR * between long-term agfitibody. titers and the nsk or transmitting infccﬂonf,"

Reference: Wilson LS, Strosberg AM, Barrio K. Cost-effectiveness of
Chagas disease interventions in latin America and the Caribbean: Markov
models. Am J Trop Med Hyg 2005; 73: 301-910.

§C-S19-02
AVALUATING THE EFFECTIVENESS OF MALARIA DEFERRA
[ROUGH ANTIBODY TESTING
Leiy D, Nguyen L, Goff T, Gibble J
Amd&ican Red Cross, Rockville, MD, USA

untl: For decades US blood collection organlzations havy used

risk-fagor questions to defer donors deemed to be at-risk for infectiffn with -

Plasmodigm spp., the etiologic agents of malaria. Risk factors a
classified g

¢ broadly
travel to or residence in a Plasmodlum-cndemc cpuntry, or
of malaria. Affirmative résponses to any one thesefrisk-factor

ts in deferral from donating blood for 1-3 ¥ '
years it has bycome clear that this approach has a negative imfact ori blood

availability. Dspite < 5 cases of transfusion-transmitted mgflaria in the- Us.
-since 1998, over 100,000 potentlal donors are lost to/m arla relatrd:
. Thus, malaria can now viewed prigfarily 4s a bléod" _

opposed to a blood safety issue.

exposure to Plasmadium spp. Bload samples

non-deferred donors was sdcct &
Results: A total of 1473 de

Fep atmactwe.Allsampleststcdhyf

ory: The results of the risk factor.

t:stedbyBAand 21 (0.65%%) were initia reacuveand 11 (0.34%) were
11 had'a p

others had spent. extensiyt time in Plasmodiikn-endemic countries.

: rcmains unclear, b semi-immune donors hiye ‘beeii:- -implicated inj-'
o -;-;tzansﬁmon cases iously. The cument appma i to donor deferral is* -
- " inconsistent, failigl to defer donors with residence il endemic areas andlor_‘« :

. _a past history Sf malaria, two factors shown tokbe associated with -
- " transfusion trayg mnssuon.lncontrast, excessive donory eferral for travel to -

l.atm Americafproduces. unnccessary donor loss, desp nummalnsk for-.
transmitting fnfection. \ e
,3c—sns R ‘ X

-~ - GENE] VARIABILITYOFWESTN]LEVIRUS NY) IN
CLINIQAL ISOLATES FROMUS. . - = W
“/Rios M, Grinev A, Chancey C, Daniel S, Rios M
- Foodjfa DrugAdmmtstmnon, Bcthcsda,bﬂ) UsA .

. In recent

ness of current malaria risk: &or questions_'by

¢as or a prior history'of -
gresent study follomng'_;
dut. Each study subject frovided 10 ml of blood'-,
* (EDTA) and completed a\detailed questioninairg regarding risk factors for-
tested by EIA (NcwMarket
- Laboratories, UK) for Plasmydium spp. antibg lies'as per the manufacturers’. -
. instructions. Those samples Yound to be regfat reactive by EIA Were con-
sidered - posmve and tested b rtal-nme. R “for: the presence of paraslte"%
-DNA, and subisequent speciatio ln add tifn, a group of randomby selected, S
e tdtodcttrmmeassayspecnﬁmtyA !
red ono enrolled intlle study and provided:.
10j g those tested, 21 (1 .43%]) were ini~ -

lte DNA. Tlle distribution: of the 20 '._-
 categories was as follows: 14 for

lnstory of malaria- and three‘

Plasmodium - spp: werc

-.1- nd.WNVlscndemlcmtheUSandhascauscdlS—J lmlllon:
. hyfman infections since 1999, with >1000 cases of ncurologlcal ‘
* #od 2100 deaths ytarly since 2002. WNV is transmxss'ble hy . :

B - ' TR © 2008 The Authors
"‘ .Iournal compllation 0 2008 Blackwell Publlshmg Ltd. Va.r Sangulms (2008) 95 (Suppl. I). 3y3




96 .

(R DBi BASE0%BA L2 LL TV b—Tal BT ol b2 5, KRB MO RIS 1L, MG EOIZLA LS
ol unt
RS, Z s

SO %

BERERCHIRLAS AL, 37 A BB L B A COMRTEEA B |
— al B F L, %%@mﬁﬁtﬁﬁihﬂﬂb’fiﬁ@?bb /\/?:/%{ /7»:.::/‘3"4%_%‘162'%/ .

1 ;_ﬂmaﬂmﬁfe SRARLALONSRRERMLL,

 ¢&@#$

“REEROBR

"[a;_-:on‘a/\“/ /&{/7111::/'5’0)/\.:1/—:/9/‘(‘\ . EImdsv\'C!t;/.vi-‘:/&4/7/v:n/-b‘®%i7)=%%éhé_am .
|37 A MOMBESt M BA50% B LI BE, MRMECHR |5, ZL2MEOREREEREL D EERERETBDONIS |
(PRCBARMBERDEEA L E B RLIA. MO
| RERE R fﬁumwﬁ
gt »ff?/v::./-v’@ﬁfﬁm*% BIARAT YR RAT
:.: GF%&-“I%‘&(’F*%!%‘ 1l R

?Hﬁi”lﬁ”ﬂ‘?a ~§7D:‘ Do %&%él%ﬁ%ﬁﬂwl&§k¥b6

MR A RO LI |
R TR RN,

B .-Ne.33
T HEE [f-i %——wma ﬁE%&%mEﬁ &mﬁgﬁ.:. -
m E“E% ﬁ“ﬁ e N g 2008 6 23 Ey“_iiteb o
o ...-.-._,‘Qa.qﬁﬁ;‘ (Qﬁﬁﬁ&%ﬂ%ﬁkﬁﬁﬁf:u 'w o derhaugM MemsM xxnxm ’Aﬁ
' T , |Congress of the International R .
AR i e '_ SOCIth:Of Blood Transfusmn, 2008 - . .
Rﬁﬁ% (ﬁﬁﬁ) ,;}aﬁzﬁniﬂzﬁr?%éﬁﬁ;m) o * N |
f"",,_‘:-.,:"‘O/vf:/%r/wv:r- ‘?ﬂlﬂﬁ@@mﬁﬁtﬁé&uﬁzéﬁﬁﬁﬂ Jale— - ' — T &A A-; i -
A PREEBI B ST I I TN R T T /&lhibﬁtmwﬁ}kﬁlﬁﬁ‘éﬂﬁﬁwxﬂL.J:D ﬁtm&& ﬁiﬁ%ﬁg@%ﬁg
| | BRESERERE iﬁﬂ‘éﬁﬁk&ﬁbm«(f:é‘fﬁﬁf@%ﬁﬁbm SRETIE, FERIRI145070 BRI DR AT DI, $9530 p: . =
| |FHOBRATONTND, /X FIyyRITETIY Y FIAERET BmbIc, KEOMEHER. 1AL 0stm, 1 |SARM-LRIA 5R)
B | BERYDBEITOVWT, L 1T a—F YR al— a2 fTol, Ylal—alil, RUBNZBIL TR E AN ML) 3 (RN G ML-LRI El;j‘f- J
| g TRV, SRAIOGMBED B ROBBEEB-, 1ROV Ial—al CREERIMA B 282 - MAIT A bI RS |
# |7 LA ERVOMMBICONTIL, S RENLADNIER OB B LR RIS E -SRI ol —val @ 11'11{&%:/7"3‘5'7/(/!/2,
.fiig_,notola‘:‘ér-boﬁﬁmr—-&u REATAYT &AT AT AN —CABED, 65U LOABBEDI A ShoMi MK, RASO/mp:
Co | Bﬂ?‘ér-&&ﬂﬁ@jﬂﬁ'@ﬁﬁbm1E¥7‘D®ﬁtm&am&%§kﬂ§?69ﬁm LEMOSE B A OBt vCIDEDEBDYRY
..a:,;*m?*%ﬁmﬁwﬁzﬁ BEERRLBVLOIRT—VRIRLE, IROMBBIEOI 2L —var 2 HEESRT BT, | 0
_ E MGG RO BB RO LA B T35 — 2R, Y TIVIAY TN T ORERRAET B, 37 A '

MedDRA/J Ver.11.0J.-




7" The 2006.and’ 2007

DEVELGPMENT AND J ALUATION oF

. " . Schmidt M', Hourfar M

g ’-:.Meih

40 S19: Enicr'ging lnt;cctions'_'

© JRC2008T-039

\nd since 2003 blood donations are screened for WNV RNA. Investigatioh

X WNV genctic variation is important since persistent reoccurrey
ulgests.viral adaptation through mutations that can potentially interfe
"diagnostic and screening assays, pathogenesis and thmpcuu ap-
proathes. This study reports the genomic variation of WNV obs d/in 67
“clini
- (2002-%007).
Mcthody: RNA extracts were prepared from WNV and subjectcd
. and sequin ing. Sequences were compared to the prototype WN
- other isol: ¢s previously studied using NTI Vector, We also de
validated a\multiplex RT-PCR assay: to ‘investigate if the newj
deletion fould in ID was alsoobsdvcd mot’aermtes.Alls cimens were

Y99 and
- Optd' and

- tested for 3'UTR deletion using this. assay. -
* Results: Sequégce results- from 16 complete: genomic B ences revealed .
. '20~-48 nucleotidg (nt) mutxuons compared to the pmt it WN-NY99. We
" observed an incrdase of a.nucleotide: -divergence in' the { l WNV genomes
. '_ﬁomOlG%inztoominZOOG.ltshwldbenot thatso%ofﬂlent
- changes in structulal regions are tnnsitmns (U Q) fand 75% are silent
mutations. Twelve niw mutations identificd in 2005, Yecame fixed in 2006. .,

solates shared three* -amino i
1449Ala, Ala2209Thr Ynd Lys2842Arg),: but m
K tnnslﬁons w'e A'G) |
N anﬁcdmlsolatcsfm daho(lD-AIJ),Fmther_' hves gndonofﬂlsolates
fmm 2006 -and 2007 for D-AI3; showed geogfiphi cal localization of this

": Condusiom In thlsstudywc epo!
“--'bfWNV carrymg @ 13-nt deljtion
. 'inpliuuon. howcver

mulants coiild potcntlally decre i
3 WYS- 3ﬂ'¢d vu'al pathogen_ j

'SCREENING okm.oo DO J
INIF OL-NATAND

_ ANTIBODY TESTS [ -
. K Dmsmnc* SeifnedE PannlngM’ o
German'Red Cmss,l Frankfurt, Frankfurt§ uMaln,Gmay
»’Instimuqul w llnwersuyafBonnM ical

Bad:gmnnd The |

itbreak ‘of Glikungunya; feva' n the southeasl:an

., .~ isfands: of the Indf nOcmnhasdrawntheattenﬁofdletnnsﬁlsion
*..-‘community.to Chf ngunyavuus.’l'hevimhasvnaw ead to'India and -
. " wide parts of Sfutheast Asia.- Additionally inany fnfe Opns in European .
© - travellers: ng.fmm these regions to their home coultriés have been

reported. ‘Chil ngunya virus can cause 2 wide spectium oldisease-which

© " . may range mnoormﬂdsymptomstodﬂdr.lﬁshlownt bespmdby.'.
= . " 'bloodinsg f _
 ~transplant; Kon' of orpns from people mﬂiprsaymptomati or asymp-.: -

g ptomaﬂccasuandlikdyltcould_ tsgmdby by

: mllll gyses " cdona-
: tlom,ll L,
k: Areal-ﬁm:mmupoolNATasayfotﬂmmnmt:pid strain

X ;blood donor s! mples,
. testey mmnupoolsafuptossdonauons.'l'ovall&}ethe lyof the
" ass .rouunedonormmipoolswerespikodwidﬂnacuvatedww nd
sgd as-positive controls. Additional; m"'NAT-tesungssoo blooddona pns

nsit

o sutenedforlgﬁ-anﬁbodmagamstﬂ;ihmgnnyawmstod ermine -

the pttvaknce of -the: infcctmn in_our blood donor populatnon. P

i Ozoos‘l'hel\umors '

. Journal’ compilaﬁon © 2008 Blackwdl l’ubhshmg l.ul. Va.t Sauguinis (2008) 95. (Suppl. l). 3-—73

isolates obtained in the :ontmental us dunng 6 consecunv yeals -

RT-PCR

identified.

Fid- substitutions (Va-
It changes are silent -
13-nt ddetion in: the J CR (10414-10426) was .

€ of a new genetic variant
Mv-m-m:). found in:

-  days post colléction of cach simulated blood unit:During a day’s simulation. |

Bm.amanyl

sion and

nlplés from symptomatic Chikungunya virus inl":cted travellers we
- andlyzed for virus-load and antibody status.

_ - Results; By testing 9600 bleod donations for - ‘Chikungunya-specifig/ gG-
: antibodl o reactive donation was detected. Likewise, no viren dona-
tion was id nﬁed by screening 29,568 clinically asymptopfatic: blood

donors by midigool-NAT. The ‘minipool-NAT assay proyified sufficient

. sensitivity to det plasma samples from symptomatig/patients infected
- with the pathogen. be expected that the f is also upable to
~ detect viremic donations\gom pre-symptomatic 9¢asymptomatic dénors.’
This is because it was found\at virus load in 2% kungunyi virus infécted

. travellers was highest with onxt of sympipfns (day 0).- After day 7 after ~
onset of symptoms no Chikungunya virgs/RNA ‘was foiind in symptomauc

" travellers. Specificity of the assay w) 100% because: hone of the‘tested
. blood donors were found to be pgsffive Yag the reemerged Alphavirus. -
-Discussion: Although no dongon in th Chlkungunya virus-has.
- been-identified ‘among the ¢ dnors subject to o} study it is- acceptcd Ihat.
- the reemerged pathogm bses a risk for mpien of bloud produ Jin -
particular for immunp€ompromized patients.: A: fecent outbreak. 6f Chi-

ed

kungunyavirus talyhasshownﬂlatﬂlis‘rﬁsafanskto O
‘countrics of thoArestern hemisphere if corpetent vectars' prevalent. -
" With the" desuibcd for the first time lﬁghly sensiﬂve degen ' of

biood-dopdfions on-a routine basis is feasible.” Sifice as- ho-3
inactiv; onpmedumemforredbloodcdlseﬁst,scmingfor
dogafions may be the method of choice in.order to guamteesafe
peOd 'dslncountnc aﬁ'ected bythe Ghikunglmya epldemlc. "

investigated the potential for mluced donaﬁonsaﬁd blood-pmc&lng saff |
slxomges dde-to.an inﬂuenza pzndemxc to eihaust blood stocks befm :

event computer sumulatlon of the estimated ‘ajgregate US b‘lood‘ bsupp[y, :
daily blood donations, and daily deuiand. The simulation used a ‘first in;
first out’ ndcmthmpccttobloodumts. and kcptmckofthcnumberof

any units older than 42 days were ‘elimitidted froii the aggrégate” supply :
' Daily blood «donations. were pmbabllistlmlly sunulated basédon-a normal |
diStribution. of means and ‘standard deviations obtained from, donation’}
i mrdsbaﬂybhoddudanddatamcﬁmted inhs:milarmannerbascd S
n niultiple years of U.S. Ceniters for Medicare & Medlcud Services (CMS) |~ .-~
B MchAR derived:data on the daily ‘number oflnpathnt blood transfusion | -
pmcedurrs recorded: for elderly pmems 65.years old arid. wer An analysis.
- of dally donations and bldod depiand showed sisilar pattems through the } =
" week with the least amount of donations and demand on Sunday with peak | -~ -’
! donatwns and demand at mid-week. Simylating the daityblood supply for |
mulnple years in simulation showed the estimated: aggmgate blood supply
behavior was similar to observed pa(ternsofbloodsu plylevels in the US
" specifically, showing a dedliric in overall levels dumig thesumther followed | . -
| by-a recovery of levels in the winter. To examine theimpact ofpandemic
inﬂuenza. 2.50% dedine in blood donationis for-3 months wis simulated.
-and the cﬂ‘ect ‘wis a depletion most of thie aggregate blood’ supply. ifno’
Ilinihuon of blood demand- was-applied:. liowever, ifiblood demand is
limtedtomnalmes.thenaﬂ:mmonﬂxpeﬂodofnduceddonaﬂons
‘can be endured despite a‘significait depletion of aggmgate ‘blood stocks. |
“The sunulauon nodel pmvided results that- appcarm be msonable with |
respect to observed snmtcofaggmgambloodsupplyandtdbeuscﬁll in )
explonng a nnge of possihle scenarlos expected dming pandemlc -
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- Hightights from the 18th ECCMID

ECCMID research highlights

A key focus of the meeting was around
antibiotic resistance in Europe and
how best to ensure more rational
se of antibictics by clinicians. in a

First European Infagtion Day
The launch of the first Egpean Day
of Fighting Infection took pladhat the
18th annual European Congress™Ng
Clinical Microbiology and Infectious
Diseases (ECCMID) in Barcelona, Spain
(April 19-23). “We need to make
people more aware of infections, and
to highlight to the general public in
particular that everyone can play a
part—for example, in the correct use
of antibiotics”, Giuseppe Cornaglia
(University of Verona, Italy) told TLID.
“The day will also serve to reinforce
collaborations between all players in
the field of infectious diseases in Europe
and to improve knowledge”, he added.
The day has been created to mark
the 25th anniversary of the European
Society of Clinical Microbiology apd
Infectious Diseases (ESCMIDL”"An
important aim for us now i€ to work
“towards fostering greaterCollaboration
between eastern gl western Europe,
through profedSional exchange and
improving” our support to young
sciegiSts.”

prédsconference, Fernando Baquero
(Hospit2Wamoén y Cajal, Madrid, Spain)
said dinician®s{e particularly concerned
about  resistands_ to antibiotics
commonly used in c™dren. He said:
“Innovative antibiotics aréNQot bejad
developed, and industrial »arch
facifities on antimicrobial #Gents aMe
increasingly being down..we
therefore cannot € all the antibiotics
commonly gyfiable for use in adults
for the tgedtment of children”.
Sgr€throats are common in children,
€t only 15-30% of them are caused by

pathogenic bacteria, most frequently
. group A streptococci. In an expert

session, Paul Little (Univeréity of
Southampton, UK) warned dinicians
against = prescribing  antibiotics
immediately. “There are several
alternatives: if rapid streptococcal

“tests are available it takes just 5 min

to exclude or confirm infection. If a
rapid test is not available, it's safeAb
wait 3 days before using antjhf6tics”,
he said. Antibiotic theragy”Should be
started after 3-4 da¥€ if necessary,
“in the meantirge’you can give anti-
inflammatogy”’drugs to control the
symptop

Facconelli and colleagues (Catholic
Oniversity, Rome, ltaly) did a 1-year
cohort study to analyse the risk factors
for infections by antibiotic-resistant
bacteria in " hospital admissions.
Rfections. caused by antibiotic-
resistaqt bacteria were diagnosed in
398 pat®™R{s (seven cases per 1000
admissions). They report an increased
risk associated whg_colonisation in
patients aged >60 yeM\with urinary
catheters and clinical signs ORQacterial

- infections at admission and in pategts

previously treated with antibiotic)
and conclude that greater recognition
of these fisk factors may influence the
selection of empirical treatment.

Sally Hiz(greaves

New arenavirus discovered in Bolivia

An international team from Bolivia,
Peru, and the US Centers for Disease
" Control and Prevention (CDC, Atlanta,
“GA, USA) has discovered a new
arenavirus in a fatal case of haemor-
thagicfeverin Bolivia. Completegenome
analysis revealed a distinct member of
the arenavirus family; namied Chapare
virus, after a river in the foothills of the
Andes. The virus is phylogenetically
related to - other arenaviruses that
naturally cause haemorrhagic fever in
South America, particularly Sabia virus.
Study investigator Stuart Nichol
(CDQ) said that “arenavirus-associated
haemorrhagic fever has been described

in. Argentina (Junin virus), Bolivia -

(Machupo and now Chapare virus),
Venezuela (Guanarito virus), and Brazil
(Sabia virus). The number of cases per
year varies substantially, from around

" http:/finfection.thefancet.com Vol 8 june 2008

a few hundred cases down to double
digits for the whole region”. Nichol
added: "It is highly likely that Chapere
virus has been present in a rodent
reservoir for a long time, although
spill-over to human beings is probably
infrequent”. Michael Farzan (Harvard
Medical School, Boston, MA, USA)
said: “The discovery underscores the

‘ease with which viruses replicating

in South American wild rodents can
acquire the ability to infect human
beings and cause serious disease.
This is especially a concern, since the
natural habitats of these rodents are
being disrupted in a variety of ways”.
A possible new poxvirus has been
discovered following serological tests
in red colobus monkeys in Uganda.
Lead . investigator Tony Goldberg

(University of lifinois, Urbana, IL, USA)

99

said that the virus is similar, but not
identical, to known orthopoxviruses,
which indudes smallpox virus.

Goldberg added: “The likelihood of .
the new virus infecting human beings
inthe near future is probably low; there
was no evidence of human poxvitus
infection in the study area. One of
the main implications of our study is_
that there are new, as yet unidentified
poxviruses in the environment”.
Nevertheless, Goldberg . pointed out
that poxviruses are notorious for
crossing species barriers. _

The concern with both new viruses is
that emerging infections have roughly
quadrupled over the past 50 years, and
that wildlife zoonoses account for the
majority of such diseases.

Cathel Kerr

'{epﬁm_edjwmal includes an
image merely for illustration

For more on ESCMID see http://
www.escmid.org

For mose on Chapare virus see
PLOS Pathog 2008; 4: €1000047;
DOL:10.1371/journal.
Ppat.1000047

For more on the novel poxvirus
in colobus monkeys in Uganda
see Emerginfect Dis 2008;
14: bittp:/ fwww.cdc gov/eid/
content/14/5/80L.htm

For more on emerging
infectious diseases and wildlife
200moses see Newsdesk

Lancet infect Dis 2008; 8: 218-19

355




101

e

AR 2— 1

. ERA WRSS MERSE

_mws% A

ﬁ%a : ) HE-WAER | ﬁl@%uuwﬂ)zﬁ

= SR %ﬁbggvﬁ°§;TQ§fﬁ%§;b’

m%ﬁeﬂma 1 msAL

e

Proo Natl Acad Sei USA: | | ARE

'“f]’a&aM( 24| zumem

""" | ‘ ;.' ;\&&m 2008 105 14124—14129 i o

5 é‘%ﬁﬁ&ﬁm

| mﬁsm&&ﬂ',

REREA ﬁﬁﬁ@ﬁﬁ?ﬁﬁ@ﬁ '7/(/I/X 3: éﬂ’L’Cb\f" card1ov1rus i Hsiob\'C bEFEETDZ &7)§;EE-?%E’J¥Y£I‘_
hREREhE, o

'Elﬁﬁd)iﬁﬁﬁwﬁ c‘: 7‘.:6 p1cornav1rus ﬂkﬁ‘?‘é cardlovuus lj: %@@@83 LR, & N COSE R ONT I
'7'253’35 YR BTN, - SID B B LRDEREN S 1981 FITHEHE St Saffold virus 1, cardiovirus IZAHBEE T
B, AE, BEREN Bﬁ%t K cardlowrus RO/ Ll EROWTRETS, ZhiIA v oAz H BEOER
BRLE —T‘#'{-U)Wf"ﬂﬁwwmb pan-viral mxcroarray HBEAVTRA LL%E)@#&*T‘&) B, BIEREDIANRY ) A
(7961 bp)”ﬁ?‘ﬁﬁ]‘ ﬁ%ﬁ"(‘ ¥4 VA3 cardiovirus DY 7 /b — 7T 5 Theiler’s murine encephalomyehtls virus(TMEV)

(89%)) LMRREMAY (MEILHBL, ML R OB RERRILAE) 6 DBIRIREE 400 D RTPCRIZLBR 2 Y —=2 Y
“ﬂicm&wmm@%@ﬁ%ﬂ%b&h&#otobmb ﬁ%ﬁﬁ%@%A@%ﬁ%ﬂnmwwxﬁ)~=/7®F%\
BRELY cardiovirus (1 2%) Z)S&tﬂéi’bfto Zh b Saffold virus 28t 8 DDtk cardiovirus i3, RGHHENTIZ LD
FRTAEALLE BRI FAE = éh#ﬁ W&ﬁﬁ%k#&b@%ﬁﬁﬂ%b&h#@ / B OFEFIEIT 66.9%-100%),
I b ORI y Jbimiaheﬁsﬂénru\f:mom ﬁmiiuﬁmﬁ‘uowrm%én WEFECHH S h, 2
LT%W%@ﬁEk—Bﬂﬁ bTb‘b’TEEfi?)WJZ)%T U/\I: b TMEVJEE(D cardiovirus @@%?gﬁlfﬂ?) FETDHILETRRLT

ﬁmrb&gﬁ&&m-
%@&6%?@%

TR L. Saffgld- virus’ &ﬁ%ﬁﬁkﬂﬁﬁ?ﬁ&’)o o 719 @W&%’%‘H‘/7’/v (é\ﬁﬂ?‘ﬂ%ﬁ&%{n‘ L7=BEN ST 637 Hilk

BAL-H | . e
' *w#ﬁﬁ*@%@vn«: e Ao

Qmﬁoaxp‘ ;., ¢] '5_,;’, o Aﬁk%%@ﬁﬁwmﬁk%wxwwié&WMﬁ

Morw%tw )

ML

| MedDRA/J _ver‘.ilil‘ |




Z01

e

_ '(DArfnﬁr‘i’/l/7 . @)\mmww R @Alﬁl?ﬁ"/’/l/?’ UK, @)\ﬁ:{ﬁ‘&'nj) > @ﬁi#%/\f//ﬁ@ﬁ)xﬁﬂ&ﬁﬂ7’) v, O
_ BANTARIE S BT Y v, DBEBAVKEARE S 0T Y vx, OEMBRHATEHALT 0 74 C, QRIBMAA M IEEEESEIET,
— & B A

-@ﬁiﬁ’\f//&&ﬁkﬁ.&ﬁﬂ 7Y vk, @%@AHM&I&I%KI%?EAW* OERBRBAT v F b vl

OERREA LEEERSXEF. @ﬁiﬁfﬁmmﬂ)\’ﬁaﬁﬁn ZYyv, @i HBs ARE s ur)y @huvey, @747V 2 7Vm
BXMAF. QEBRGAT vF Rur b, ®bz#3 /JJD)\MEVD TYVBE, QALBT LTI oK, BALET LT I ok,

SRR | @mmww v 20 “ILHAF’, ORILT AT 2 25 “(LLf’. OALEF ATy “YLhdf’ *, @ “YLhff Hr=—rasy s,
| ﬁ@.(ﬁﬁ:&) ,;@ﬁklﬁlﬁiiﬁu7'J v “YLfF’, @MhR=nr—1, OX=ar*+ @EHMTF7 L C2,500 Bifr, @27 72 hF, @/ /%7 b
1T T T T M, ®7‘5/‘L7.-—7 @/\/\}v‘z-7 ®}~n/t/ mm}f’” @‘J"/lxt—/lx @7/znl:/P ®ergsury, OFAr7Iv|
o ‘20%4Bmﬁf* ®7’lv7' /5%413111116?* ®!%ii7p7’) b @)//\a }~F* @7 vAu k'Y P1500 HE4iA

 GELROBE

Az LT, '7/{/1/%7’1:1'[:}(/\)7--—/5 YEREL, FEEIT> TV 3, S EIHE L7 cardiovirus BITiL, TFAUANVALLTH
| LTS EMCV 20bDORRLTRY, LAY F—va L OBRNM G, FAOMETEMN EMCV ORE - RE(LHREET B L%
FS‘ELTV‘Z), ¥, hi‘bi’ﬂuﬂiﬂhlé cardlowrusmﬁéwﬁﬂ%%lim%b\

N E 20 ﬁﬁW)i‘I7’/ v RERL, BRBIZ—ADTT R RNA ’Ci‘béo ‘cardiovirus BIZIZRD 2 >DY T IN—TWNH B  EOBET A
'JV A (encephalomyocarditis virus ; EMCV), #4 5 -0 '72”!5’5%% U4 VR (Theiler’s murine encephalomyelitis virus ;
| T™™EV), chbn TANRIZ, T o BRI LIS (LR E T Lictk, BERANV— FCRETZ, VALVIBBEBRELTHK
| EREENMEERTH DN BB SMTHEN B &ﬁ%’ﬁwﬁ%%%“?f_ To EMCV RED VA VAR BROLHREEXED

ERFELTVBDT, YANVAY V77 v ARBEEND, SMETRBOVANVARE « REEPHRE, TMFSERFO YA LRI
| T2 REMRRITETEINA K54 (BRBE 10475, TR11ES R80R)I RV, VVUALNAETHYIA VA (BVDV),

' card10v1rus i%. picornavirus ﬁluﬁﬁéhéﬁ% 0)—’3'0&)6 cardlovxrus J&ﬂ) ?4 WA R —7 &P, EEW 30nm T |

Ly TMEV REED '7/()1/151451‘!2#@%@%&;55@ LTW53, k& I\?’J’Bﬁﬁfﬁéi’bt & &3 cardiovirus BO YA LR b EE ST
62)3 b PO SEEBEI n—ov ST bl %0)%@5‘5‘ ZERME, b l*'C"U)f‘«UQ%’L’)b\’CGiZbi DEISN TV,
*ﬁ'jo)ﬁéﬁlﬁld‘l 3‘%3‘-5 =V ELR, A A BEMDBIREH S VIIMATEBEORBMORAED U A LA MRERVRELRL

FEHERBIA VA (PRV), ZH VEIAL LA (PPV), ABIFE T A AR (HAV) FIi3MOHE DA AR (EMCV) €571V

REMER T TR

U\J:UJ)FUIPB A#i cardmvuus iuﬂ‘?‘éféﬁ%%ﬁ? L'Cb VBEEZE,




nmw—

INF2008-0086

Identification of cardlowruses related to Theiler’s
murine encephalomyelitis virus in human infections

Charles Y. Chiu™*, Alexander L. Greninger®, Kimberly Kanada', Thomas Kwok®, Kael F. Fischer®, Charles Runckel',
Janice K. Louie$, Caral A. Glaser*S, Shigeo Yagi®, David P. SchnurrS, Tom D. Haggerty?, Julie Parsonnet?,

Don Ganem*#**, and Joseph L. DeRisi**t++.

*Department of Biochemistry and Biophysics, !Department of Microbiology, *vans:on of lnfectzous Diseases, Department of Medicine, and ""Howard Hughes )
Medical Institute, University of California, 1700 4th Street, Box 2542, San Francisco, CA 94143; $Viral and Rickettsial Disease Laboratory, California
Department of Health Services, 850 Marina Bay Parkway, Richmond, CA 94804; and ¥Division of Infectious Diseases and Geographic Medicine, Department

of Medic:ne, Stanford University School of Medicine, 300 Pasteur Drive, 5-169, Stanford, CA 94305

Commumcated by Patrick 0. wan Stanford Umversrty School of Medlcme. Stanford CA, July 3, 2008 (recewed for review March 19, 2008)

Cardioviruses comprise a genus of picornaviruses that cause severe

. illnesses in rodents, but little is known about the prevalence,

diversity, or spectrum of d_isea_se of such agents among humans. A

_ single cardiovirus isolate, Saffold virus, was cultured in 1981 in

stool from an infant with fever. Here, we describe the identifica-

- tion ‘of a group of human cardioviruses that have been cloned

directly from patient specimens, the first of which was detected
using a pan-viral microarray in respiratory secretions from a chiid
with influenza-like illness. Phylogenetic analysis of the nearly
complete viral genome (7961 bp) revealed that this virus belongs
to the Theiler's murine encephalomyelitis virus (TMEV) subgroup of
cardioviruses and-is most closely related to Saffold virus. Subse-
quent screening by RT-PCR of 719 additional respiratory specimens
[637 (89%) from patients with acute respiratory illness] and 400
cerebraspinal fluid.specimens from patients with neurological

of 751 stoolsp’ecimens from 498 individuals in a gastroenteritis
cohort- resulted in the detection of 6 additional cardioviruses
(1.2%). Although all 8 human cardioviruses (including’ Saffold

quence’ dlverstty was ‘obsérved in the VP1 gene (66.9%-100%

lomyelitis. virus-like cardioviruses that hitherto have gone largely

shed asymptomatically. and have potentlal Imks to enteric and

'extralntestmal dlsease

DNA mlcroarrays 1 gastroenterms { inﬂuenza-hke mnss | pucomavlrus i

" virus dcscovety

» chomav:rusm are positive smgle-stranded RNA viruses that
cause a variety of important disease states in humans and -

animals. Several genera of plcornavxtuses are recognized; based

on genomic sequence and virus biology. The Cardiovirus genus

" of the farnily Picoraviridae consists of two subgroups: Theiler’s

© muriné . encephalomyehns virus (TMEV) and related viruses:

(Theiler-like ‘vitus NGS910 of rats, Vilyuisk virus) (1-3); and

-encephalomyocarditis- viru§ (EMCV) arid related viruses
. (EMCV, Mengovu-us, Columbia SK virus, Maus-Elbeifeld vi--

rus) (4). All thése viruses infect rodents, replicate in the gas-
“trointestinal (GI) tract and’are traiismitted by the fecal-oral
route. Although entéric infection by these viruses is often mild’
or asymptomatlc, extramtstmal spread: of ‘these viruses can-
occur and can lead to systemic disease (1). As their name implies;”
~the EMCV-like' agents cause encephalitis and ‘myocarditis,
"whereas thé TMEV family is ‘linked to CNS infection. In
experiméntal settings, intracerebral ‘inoculation of mice with
TMEV can produce acute encephalomyelitis and/or a chronic
demyelinating disease resembhng human miiltiple ‘sclefosis
4(MS) depending upon ‘the strain of TMEV used (S). Oral

' 14124-14129 | PNAS | Septembefis,Zoos | vel.10S IAno.37

disease (aseptic meningitis, encephalitis, and multiple sclerosis)
. revealed no evidence of cardiovirus infection. However, screening

virus) dustered together by phylogenetic analysis, significant se- -

pairwise amino aad ldentltfes) These findings suggest that there v
. exists a diverse group of novel human Theiler’s murine encepha—

undetected, are found primarily in the gastrointestinal tract; can be

'D.G.,-and J.LD. contributed new r

inoculation with TMEV ‘may also' result in encephalomyelitis,
especially when large inocula are delivered to neonatal mice (6).
Whether authentic human cardioviruses exist has long been
debated. The first candidate human cardiovirus was Vilyuisk
virus, which was linked to Vilyuisk encephalitis, ‘an unusual
neurodegeneratwe disease found among thé Yakuts people of -
Siberia in the 19505 and still endemic to the region (7, 8). The
Vilyuisk virus was mmally isolated from the cerebrospinal fluid
(CSF)of an affected panent and underwent 41 serial passagesin
mice before sequencing and characterization as a. TMEV-like
picornavirus (3, 9). Given its sequence similarity to TMEV and -

‘its extensive passage lustory in mice, qu&suons ‘have arisen as to

whether the virus may in fact be of murine origin. In 1981,
another TMEV-related cardiovirus was cultured from the stool
of an infant. who presented with a febrile illness (10). Although
early passages appeared.to show that the virus was transmissible,.
long-term continuous propagation of the isolate has been prob-
lematic. The nearly complete genomic sequence of this isolate
(provisionally called Saffold virus) was recovered from frozen
stocks by cloning in 2007 and was found to:be much more
divergent. from TMEV. than Vilyuisk virus (10). However, nei- -
ther Vilyuisk nor Saffold virus was cloned directly from primary
clinical specimens, and the diversity, prevalence, and potential
clinical manifestations -of human cardiovirus mfectlon have. ‘
remained largely unexplored.

We have previously developed a pan-wral DNA microarray

.(Virochip; University of California, San Franc:sco) desigried to

detect known and novel viruses in clinical specimens on the basis
of homology to conserved regions of known viral sequences (11).
The current study uses. microarrays from the third and fourth
generations of this platform (Viro3, Viro4). The Viro3 platform
has 19,841 viral oligonucleotides derived from all publicly avail-
able viral sequerice as of June 2004 (12, 13). The Viro4 platform ,

is a streailined update of the Viro3: platform consisting of . = -

14,740 viral ohgonucleotldw derived from all publicly available .

viral sequence as of June 2006. Thé Virochip has-been used to

‘detect novel pathogens such as the severé acute respiratory -
syndrome coronavirus. (14) and XMRY, a retrovirus identified
in prostate tissue of men with germ-line mutations in RNase L

‘ (15) The platfqrm has a!so been smc&sfully used to detec,t,_

Auﬁ:ormntﬁbtmons.(‘_YC..DG andLLD dugnedmseard\.C.YC-,A.LG K.K TK,
andCR.performedreseardl;C.YC.,A.LG K_F.F 1KL,CAG,SY,DFS, TOH, IP,
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known and divergent viruses in acute respiratory tract infections
in several recently published studies (12, 13, 16, 17).

In this study, we used .the Vll’OChlp to screen respiratory -

secretions from patients with influenza-like illness who lacked a

- diagnosis despite extensive microbiological testing. In one such

patient, we detected and fully sequenced a cardiovirus in the
Saffold group. Related cardioviruses were subsequently found in

" stool specimens from an additional six individuals collected as

part of a study examining household transmission of gastroen-
teritis (18). We report here the existence and overall phylogeny
of a diverse group of human cardioviruses and discuss their
potcntial association with human disease.

Results

Detection of a Cardiovirus in a Patient with Influenza-Like lllness. Av
-total of 460 respiratory secretions from patients meeting a case

definition of influenza-like illness were screened for respiratory
viruses by culture. In 108 culture-negative specimens selected
from eclderly and pediatric patients, 16 specimens remained
negative after subsequent RT-PCR testing for respiratory syn-
cytial virus (RSV), influenza A/B (Flu A/B), rhinovirus (RV),

and enterovirus (EV), These 16 specimens were assayed for the

‘presence of viruses using the Virochip (Viro3), with microarray
-analysis carried out using E-Predict and ranked z'score analysns,v

as previously described (12, 19).

Four of the 16 specimens yielded a posmve ‘microarray hy-’

bridization signature suggestive of a virus. Two of the signatures
corresponded to metapneumovxrus, one signature corresponded

to adenovirus, and one signature indicatéd the presence of a .

cardiovirus related to TMEV. From the microarray containing

" the-cardiovirus signature, the highest’intensit-y' oligonucleotides
- mapped to the 5’-untranslated region (5°- UTR) and 2C gene of
. -the TMEV: genome; the 'most conserved regions among cardio- .

viruses and picornaviruses in general (Fig..14, “ARRAY"). To
recover viral sequence, we designed primers based on the highest
intensity array fedtures-and alignment of well: conserved se-
quences-from four cardioviruses (FMEV-DA, TMEV-GDV]I,

Theiler-like- NGS910 virus, and EMCV). One set of primers .

successfully amplified a 224-bp fragment from the viral 5’-UTR.

The fragment shared 90% nucleotide identity with the 5’-UTR -

region of Theiler-like NGS910 virus. This finding established
that the virus in question was indeed a cardiovirus and a relative
of the. TMEV group of _vxrusec We dmlgnated this initial

'cardwvxrus stram UCJ

Complete: Genome Sequending and Analysls of uc1. To done and .
" sequence the remainder of thé UCL genome, additional short

fragments were first obtained from conserved regions in the 2C

-(hehwse) and 3D (polymerase) genes by use of consensus PCR -

primers derived from ent of the four cardioviruses men-
tioned previously. Long-range RT-PCR using specific primers was
then used to bridge the gaps. This resulted in PCR amphﬁmtxon of
two long overlapping fragments (=53 and 3.7 kB in size) jointly
nning nearly the entire length of the virus genoime (Fig. 14,

spa
-~ “RT-PCR"). Cloned ends-of ‘the genome ‘were recovered and’
- sequenced using 3 RACE amplification protocol (20, 21). ,
The nearly complete sequence of UC1 is 7961 nt in length and
forms-a distinct branch in the Cardiovirus genus with Saffold’
© virus (Fxg. 1B). The overall nucleptide 1dent1ty ‘to Saffold virus

i5.>90% in the 5°-UTR and the reg;on coding for the noustruc-

tural proteins but only 70% in the - region coding for the capsid,

proteins (Fig. 14, “Saffold”). There is much less overall nucle-

otide sequence ldentxty to other members of the TMEV sub-_

group (70-80%) and EMCV (50-55%). A poly(C) tract that has
been reported in EMCV but not in TMEYV strains is not present
in the 5°-UTR of UCL. Similar to other cardioviruses, the ORF

- of UC1 is predicted to code for a single - :2296-amino acid -
polyprotem that is subsequently c]eaved into the L protein, the

Chiu et al.v

o ——
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m

Fg. 1.. Genome sequence of uct. (A Genome sequence simdaﬁty plotsv
compare UC1 with Saffold virus, Thetler-uke NGS910 virus, TMEV-DA, TMEV-
GDVI, Vilyuisk virus (partial sequence only) EMCV. and poliovirus. The y axis’
scale for each plot represénts perceritage of nucleotide identities from 0% to
100%. Reglons of the genome with. pefcentage of nuclectide idenﬁhes of -
>70% are highlighted in'pink. The Virochiip oligonucleotides used to detect
UCT ("ARRAY"), the fragments generated by long-rahge RT-PCR and used'to -
sequence most of the virus {(“RT-PCR”), and the cardiovirus. primers and .
resulting PCR fragments used for screening of stool, CSF, and respiratory:

secretions ("SCREENING") are also shown mapped onto the UC1 genome. The

sequences of these primers are provided in Table 1. -(8) Radlaltree depictsthe
phylogenetic relationships bety 1 the g of UC1 and the se'ven

aforementioned cardioviruses. '

capsid proteins (VPL, VP2, VP3, and VP4), and nonstructural
proteinsinvolved in viral replication (2A,2B,2C,3A, 3B, 3C, and

3D) (Fig. 14). Like Saffold virus, UCI encodes an L protein .

contatning a zinc finger; an acidic domain, and a partially deleted
Ser/Thr-rich demain (22, 23) and potentially encodes a severely

truncated L* protein that begins with an ACG codon rather than

AUG (22, 23) [supporting information (SI) Fig. S14]. ;

.. In cardioviruses, the surface loops CD of VP1 and EF of VP2
arc exposed on the capsid surface and are thought to be involved
in host cell tropism and viral pathogenesis (24). These loops are

‘the regions of greatest dlvergence between UC1 and the other’

cardioviruses, including Saffold virus (Fig. S1B). Between UC1

- and Saffold virus, there is 52% and 61% amiino acid identity in .
~the exposed

surface loops CD and EF, respectively. The corre-
sponding identities (29% and 24%) are much' lower between
UC1 and the rodent mrdxovxmses. .

Companson of UC1 Amino Adid Sequence with Other Card' oviruses.

“The level of dxvergence between the sequence of UC1 and other
: mxdxovxruses is' maintained at the amino acid level. Between UC1

PNAS | September 16,2008 | VoL 105 | no.37 | 14125
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Table 1. Amino acid identity of predicted UC1 proteins

Percent amino acid identity to.

EMCV  Polio

O —

- 2296

Gene Predicted size, aa  Saffold  NGS910 . Vilyuisk ~ TMEV-DA

L protein n 77 61 60 60 26 0
vPa - 72 T 99 72 72 68 62 19
VP2 269 83 69 67 n 64 30
vpP3 231 - 85 80 76 75 68 28
VPl 275 77 56 55 59 a8 14
‘Nonstructural 1389 . 98 91 83 40 22
Polyprotein 91 76 7" 52 22

and Saffold virus, the capsid proteins VP1, VP2, and VP3 are only
T1-85% identical, whereas the nonstructural protems are highly
conserved (98% overall identity) (Table 1). The amino acid iden-
tities between UC1 and its closest rodent relatives (NGS910 virus -

- .and TMEV)-are much lower, 56-80% for the capsxd proteins and
83-91% for the nonstructural proteins. These > comparisons confirm
that UC1 is most closely related fo Saffold virus, although there is

5. significant sequence divergence in the capsid- protems contammg
T, the putatwe receptor bmdmg sites: - :

Prevalence of Cardtovu-nses in Clmlcal Spedmens. To mvestlgate the |
prevalence -of cardiovirus infection in acute human: illnesses, we
-désigned PCR primers targeting the 5'-UTR to. amplify cardiovi-
rus&sbyrealhmeone—stepRTPCR.Inouruunalscreen,weran
two RT-PCRs using conserved primers designed to‘amplify. 102-bp
and 24:bp fragments from the 5'-UTR of UC1, Saffold virus, or
"tho[:se Strains of TMEV. By probit analysns (Le., the-concentra- «
the’ targe s’equence testing positive in 95%, of mm) using
j transcribed UCL miRNA, the’ sensmvxty of the 'RT-PCR -
assay for detection of cardiovirtises was 600 copws. Standard curves
generated using pooled cardiovirus-negative specimens spiked y with-
UCI mRNA were linear from 10 to 10" copies/ml (R = 0.9831- -
0.9944, Fig. SZ). The prsence ‘of PCR inhibitors was estimated to
st spiking experiments on randorily sélected
X ‘(only 20f95 RT- PCRs failed to amplify the yeast
E pOSlthe control). All positives in the initiil scréen were 'sequenced
- - and then further hofc;nﬁmed by. another RT-PCR ‘using primers
- design ' .amplify -an overlaﬁpmg 608-br fmgment 14,
' SCREH‘UNG”) ® (Fi&
- »Since UCI was ﬁrst 1dent1fied m respxratory secretlons, we
Y sereened 719 Tespiratory specnmens from' two large groups of .
’ . patients: 278 nasopharyngeal aspirates from pediatric patients at:
" a-single hospital (190 spécimens from patients with an acute.
_respiratory illness) (13) and -441 pooled oropharyngeal and
nasopharyngeal swabs from mdmdnals ia Cahforma with influ-

Tgblg 2 Paﬁgns \A_rith stoql po'sitiye forfcar_dioiriruses .

.were positive for caxdww_rui

1 (17%); the rémaining 2 childié

: parechowrus, norovxrus and enterovu'us) but only wdmvu'us

- Clinical symptoms .

enza-like illness (25) None of the 719 total mspu’atory speci-
mens tested was positive for cardioviruses.
We next conducted screening of CSF specimens from patients

-with aseptic meningitis (n = 60), patients with encephalitis (1 =

300), and patients with MS (n = 40) for cardioviruses by
RT-PCR. None of the 400 CSF specunens tested. was found to
be positive.

Given the prominent association of picornaviruses w1th en-
teric infection and the known fecal-oral route of transmission, we
then sought to assess the prevalence of humai cardioviruses in
stool. We examined 751 stool specimens from 498 individuals -
collected as part of a cohort study of household-transmission.of
Helicobdcter pylori and gastroenteritis;(18). The vast:majority of ..
subjects were children, with 443:(89%) children younger-than 'S+ -
years, 30 (6%) children between 5 and 18 years, and 25 (5%) 7 -
adults. Specimens from 6 children (1 2% of the 498 mdmduals)

U

virus-positive stool specimer
and from different households Sytaptot 1€
included diarrhea and vomiting'in 3 :(50‘7 ) aid'di

from. 2 of the. sympt
vommng ‘and the othe ]
fied not during acute illness’but i
after each child had recovered.. '
“To, investigate the possibility of coinfecti
viruses, . we used ‘the meclnp (Viro4 to 4

cass(TableZ) Asexpected,allsmcardwvxrus-pom ’

were positive for a cardiovirus by Virochip. In'three of the
wrdxovxrus-posltxve stool specnmens, there was evidence .of -.
coinfection: in two specimens by caliciviruses (nqrovxrus and
sapovirus) andmonespecnmenbyato_avxrus.]fntheothertluee )
individuals, viruses other than cardioviruses were detected in the
stool ‘at the time of the first visit. (adenovnrus, norovirus and .

» A " Virochip/PCR results .. .

o 'Age atfirst ~Number illin - ‘Daysbetween ~ 10daysprior Between visits T S RN
D vistt,months household  visis tand2 | - tovisitl TTand2 L VESIEY T Wistt2
o284 “ano — ' Diarrheal —~ Cardiovirus, rotavirus =
T : ‘vomiting : 2 el S e
uag . oo 61 s 139 - None. none . - Cardlowrus. norowrus
. l.!("A»' L 21.4 . ) 1I9 . ‘91 None - Cnone. .: . Adenovlms ) e Card'owrus

Us - 163 . - ek 95 - ‘Diarrhea/ . -none - Norovirus, parechwirus_ e

T e o . . 'vomiting T SO

Uce: . 140 LB —_ : " Diarrheal — ,Card'ovirus. sapaviris. -

ucr o 186 307 o4 Diarrhea .none . Norovirus, enterovirus .~ Cardiovirus .-

Dashes lndicate entnes for which data andlof spedmens wefe not avallable.

19125 1 quw.pnasorg/cgi/dovw.lon/pna;oaossssm
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Fig. 2. Strain variation'of human cardioviruses. (A) Radi al tree ofa Sos-bp: .
reglonw:thimhe 5.-UTR. (B) Radialtree of an 819-bpregion ‘corresponding to:
the VP1 dene;Strain designations UC2 o UC7 correspond to patients aslisted -

in Table 2.-

y the second visit: All Vlrochlp Tesults

VP1 gene'for the six
ence variations wi

819-bp region corresponding to th VP1 ".(0.3—36 %) were
‘ acquired cardiovirus
 acid sequence identities id the VP1 gene were:
C2/UCS and the ‘other cardioviruses (66. 9%

F affb virus,° 71 o—m% for the other UC strmns)

' ,stngap' wralmlcroamy mamlymdl&eepnratoryspeamens :

influenza-like illness who still lacked a

. affer extensive tests for respiratory Viruses. In’ orie speclmen, we'
signature for acardiovirus. Sequence recovery of the -
genome and phylogenetic analysis revealed that this'virus (UCH)is

divergent ‘from the rodent cardioviruses and clusters with the
Saffold agent. Like Saffold virus, UC1 may code for a truncated L*
protein (Fig. S1A4) that has been implicated in viral persistence and
chronic infection’of the CNS ini TMEV. (26). However, because the

* protemofUClbegmswnthanACGcodon rather than AUG,
-it is unclear. whether any functional protein is actually expressed,
althoughsmallammmisofL‘pmtemhavebeendetemmeMEV .

strains carrying the ACG eodon’(27). .
The binding of sialic acid to TMEV is strongly associated

. with’ perswtence'and neurovirulence, and three amino acids in
. the VP2 protein are directly involved in this interaction (28,

29): In both ‘UCL and Saffold vxrus, there is a substitution or

- deéletion at each of these three positions (Fig. S1B), suggesting
that sialic-acid is unlikely" to ‘serve as-a receptor for these.
viruses. Although the cellular receptor is presently unknown, -.

the sequerices of UCI and ‘Saffold virus dre most dlvergent in

"+ the capsld région, sharing only 77% and 83% amino’ acid
: 1dent1ty in the VP1 and VP2 protems, respectlvely, and 52%

Chlu et aL_

- asymptomatically in naturally acquired infections (30)

'develop systemic disease (1, 5). Our wider screening for cardio-
'ed by PCR and sequencmg usu\g: -

il ﬁomtheS UTRandan__'
posmve'
thifi ‘the -
%)- and ‘within'‘the”

: - genus - is having <70% amino acid identity’in the’ codmg
regions of either VP1, 2C, 3C, or 3D (32). By this strict'

and 61% identity in the ‘exposed surface-loops CD and EF,
respectively. These differences may reflect the use of distinct
cellular receptors or may be the result of immune selection

. during virus evolution (or both); further studies will be

required to shed light on these issues. .
Cardioviruses were detected in six children out of a total of 498

. individuals (1.2%) enrolled in a large gastroenteritis study.

Although the initial specimen that was used to culture Saffold
virus was collected >25 years ago, cardioviruses UC1 through

| UCT7 were- collected from 2000 to 2006, indicating that human

cardioviruses continue to circulate in the population. Despite the
use of screening RT-PCR assays able to detect all strains of
TMEYV, cardioviruses detected in human clinical specimens

. clustered together and were phylogenetically distinct from the

rodent cardioviruses (Fig. 2).
Further studies will be required to define the pathogenic role
of cardiovirus infection in the intestine fully. Although we did-

.-~ recover a cardiovirus from a number of cases with symptomatic
o enteritis, other potentlal GI pathogens were also detected in -
. these cases. Thus, it is presently unclear how frequently enteric

cardioviral infection produoes clinical illness. Moreover, we-
detected cardioviruses in stool from subjects without enteritis,
suggesting that asymptomatic shedding of cardiovirusesinthe GI o
tract can and does occur. In this respect, cardiovirus infection in
humans may mimic that of murine TMEV, which is often shed

Cardiovirus infection outside the GI tract is sometimes asso---
ciated with severe disease in rodents, including encephalomy-.:
elitis, demyelinating disease; and myocarditis (1), although-only:
a small percertage of mice naturally. infected with TMEV::

viruses indicates that cardiovirus infection'is uncommon in-
setting of acute respiratory or neuro]oglcal discase (e.g., aseptic.
meningitis, encephalitis, MS). However, while this manuscript:
was under review, Abed and Boivin (31) reported detection: of
Saffold-like cardioviruses in three children with actte respira-
tory illness. Moreover, in a case of influenza-like illnessreported
here, a cardiovirus was the sole agent identified desplte com-
prehensnve testing with culture, PCR, and a pan-vu'al microarray,
suggesting that cardioviruses may be pathogemc outside the GI '

-tract in at least some instances.

‘One remarkable finding from this study was, the diversity of -
the human cardioviruses that have been identified. For the - :
famxly Picornaviridae, the definition of a new species in'a =~~~

definition, cardioviruses UC2 and UC5 would- classify ‘as a~
navel species distinct from Saffold virus, with 66:9% amino:
acid identity in the VP1 gene. However, since: cardioviruses:
UC1 through UC7 and Saffold virus as a whole clearly define-
a separate group within the Cardiovirus genus by phylogenetlc Ce
analysis (Figs. 1B and 2), we propose a systematic nomencla- =~ -
ture for the human cardioviruses, designating all members of .~
this group HTCV, for human TMEV-liké cardiovirus, and
referring to the strains in this group by a brief suffix (e.g.,

. Saffold agent would be designated HTCV-Saf, UC1 would be-

designated HTCV-UC1). :
Several lines of evidence support the inference that HTCVs:

- are bona fide human viruses and not the products of sporadic

viral cross-over events from rodents to humans: (i) all seven

- cardioviruses from humans in this study are strains of HTCV;,

with no mouse TMEV sequences detected in 1870 total clinical
specimiens despite screening using two consensus PCR primer - -
sets designed to amphfy UC1, Saffold virus, or mouse TMEV;
(if) sequence variations within HTCV UC1-7 are most consis-
tent with independent acquisition of different virus strains by

“patients; and (fif) HTCV is substantially dwerged from .the. -
“rodent cardioviruses, especially in the capsxd region containing -
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the putative receptor-binding sites. Taken together, our findings

Indicate that HTCVs are novel human pxcomawrum in the

Cardiovirus genus that are found primarily in the GI tract, can be
shed asymptomatlcally and have potential links to self-limited
enteric disease and, rarely, to influenza-like illness. Although the

full spectrum of clinical diseases linked to HTCV and the -

mechanisms underlying viral replication remain to be elucidated,
the studies teported here now open all these questions to direct
expenmental scrutiny.

Materials and Methods

-Clinical Spedimens. Respiratory secretions from the California Influenza Surveil-

lance Program study. A total of 943 respiratory specimens were sent to the

California Department of Health Services (DHS) during the 20052006 season -

(25). Among these 943 specimens, 460 were pooled nasophaiyngeal and

oropharyngeal swabs collected as part of the California Influenza Surveillance

Program (CISP) study under protocols approved by the DHS. Patients enrolled
in the CISP study fulfilled a dlinical case definition of influenza-like iliness

" {temperature of 37.8°C or greater and a cough and/or sore throat in the

absence of a known cause other than influenza). Sixty percent; or 280  speci-

_mens, were positive for a virus by culture. Among the remaining 180 culture-
. hegative spedimens, a subset of 108 specimens selected from elderly. and

pediatric patients was then subjected to further screening by RT-PCR to
exdude cases of RSV, Flu A/8, RV, and EV (33). Sixteén specimens négative by
cutture and RT-PCR were then Exammed using' the Virachip. We subsequently
screened 441 QISP specimens with remainlng available specimen material
(96% of the 460 total collected speamens) for cardioviruses by RT-PCR.~

Respiratory secretions from the UCSF pediatric: respiratory infections s(udy This

collection consisted of 278 mnseqmvenasopharyngeal asptrates from ped‘ atric

patients seen at UCSF from December 2003 to June 2004 (13). All spedmgnswere

collected under protocols. approved by the | UCSF Institutional Review Board. in

thisgroup, 190 of the patients {68%)hadarespiratory lllness,deﬁned asanupper

resprratory infection, bronchiolitis,. croup, asthma: eaacerba’don. or pneumoma.

The remaining 88 patients (32%) were asymptomatic.-.
Stool from' the Stanford Infection and Family rransmksion mhort The Stanford

infection and Family Transmission (SIFT) cohort of 4333 individuals was initi-

ated in 1999 to evaluate the assodation- between Hi] ylon‘ infection and

gastroenteritis transmission prospectively (18): Amoﬂg ‘the 3063 subjectswho

consénted to further use of biological spedmens, 774 stool specimens were
obtained from 514individuals; of those, 751 speamens‘from 498 subjects were
available for study. Additional details ori the 751 spedmens’ screened for
cardioviruses by RT-PCR are described in S/ Text.

‘ CSF specimens ﬁmpaﬁenumdnasephcmenhgiﬁs, encephalitis, andMS.Atotal
of 60 CSF specimens from patients with clinically diagnosed aseptic men- .
Ingitis, 300 CSF specimens from patients with encephalitis (who lacked a

diagnosis desp|te comprehensive' testmg) (34), and 40 CSF specimens from
patients with MS. were screened for cardioviruses by RT-PCR. Specimens

" were collected under protocols.approved by the California DHS (enceph-
" alitis speci’mens) or the UCSF Institutional Rewew Board (aseptic meningitis
~and MS specimens). .

Spedmu Preparaﬂon and Dsagmstic  Testing. In the CISP study, routine tube
culture or shell vial culture of pooled nasopharyngeal and oropharyngeal

swab specimens followed by specific monoclonal antibody testing for viral -

identification was performed as previously described (33, 35). Total nucleic

acid was then extracted from the specimens using the MasterPure Com-

plete DNA and RNA Purification Kit (Epicentre). Real-time one-step RT-PCR
assays for RSV, FIuA/B, and picornavirus (inclusive of RV and EV) were then

performed as previously described (25, 33, 36). In the UCSF pediatric :

respiratory infections study, 200-ul aliquots of nasopharyngeal lavage

- were used to extract RNA using the RNeasy Mini Kit (Qiagen Corporation),

incduding on-column DNase digestion.-In the SIFT cohort, stool was sus-
pended in 2 ml'of PBS at. 10% weight per volume and the PureLink96 Viral
RNA/DNA Kit (Invitrogen) was used to extract RNA for RT-PCR and Virochip
analysis. Cerebrospinal fluid specimens were processed using either aZymo

MiniRNA Isolation Kit (Zymo Research) or the MasterPure Complete DNA
“ and RNA Purification Kit. i

“Virochip analysis of CISP and SIFT specimens was carried out as prewously

described (14). Extracted nucleic acid specimens were amplified and labeled

using a Round A/B protocol and were hybridized to the Virochip: Microarrays
{National Center for Biotechnology Information GEO platforms GPL3429 for
Viro3 and GPL6862 for Viro4) were scanned with an Axon 40008 scanner (Axon
Instruments). Virochip results were analyzed using cluster analysis, E-Predict,

14128 | www.pnas.org/cgi/doi/10.1073/pnas 0805968105

and z score analysis as previously described (12, 19, 37). All Virochip microar-
rays have been submitted to the GEO database (Nationa! Center for Biotech-
nology Information GEO series number GSE11569, accession numbers
GSM291246-G5M291254).

Complete Genome Cloning and Sequencing (UC1 strain).'Conserved primers
from the 5'UTR of cardioviruses were designed based on the highest
intensity microarray .oligonucleotides and alignment of well conserved
sequences from four cardioviruses for which full genome sequences were
available: TMEV-DA, TMEV-GDVII, Theiler-like NGS910 virus, and EMCV.
After short viral fragments were obtained, six sets of specific primers
derived from sequenced fragments and conserved primers were then used
to sequence the genome by long-range RT-PCR and 5'/3' RACE (rapid
amplification of ¢cDNA ends). Amplicons for sequencing were cloned into
plasmid vectors using-the TOPO.TA Cloning System (Invitrogen) and se-
quenced on an ABI3130 Genetic Analyzer (Applied Biosystems) using stan-
dard Big Dye terminator (version 3.1) sequencing chemistry. The completed
genome sequence of UC1 has been deposited into GenBank (GenBank
acression number EU376394). :

Phylogenetic Analysis (I.IC1 strain). Nudeotlde and protein sequences asso-
ciated with the following reference virus genomes were obtained from )
GenBank: Saffold .virus.(NC.009448), TMEV-DA (M20301), TMEV-GDVI(
(NC_001366), Theiler-like NGS310 virus (AB030161), EMCV (NC.001479),.
poliovirus (NC.002048), and-the partially sequenced genome of Vilyuisk -
virus (M94868). For amino acid analysis, ORFs predicted using ORF Finder
(National ‘Center for Biotechnology Information) were used. Multiple se- -
quence allgnment was. performed using ClustalX (vefsion 1.83). Nelghbor-
joining trees: using the Klmura two-parameter distarice correctlon were '
generated using 1000 bootst(ap reblicates and displayed using. MEGA.
(version 3.1). Sequence |dentlties were, calculated usmg BIOEdIt (verslon
7.0.9. 0) . . . N

RT-PCR Saeening for Cardimuss. Real-tnme quantltatxve RT-PCR (qRT-PCR)
screening for cirdioviruses with SYBR Green i (lnvntrogen) was performed '

" "using conserved PCR primer sets CardtoUTR ‘IFICardioUTR—ZR A and Cardi-
. oUTR-1F/CardioUTR-2R-§ (¥ able S1).0on a DNA Engine: Opticon System '
‘(Bio-Rad): To-determine limits.of sensitivity of the GRT-PCR assay, probit. -

analysis of results- from 10 qRT-PCR replicates- of eight: serial half-log
ditutions of in vitro transcribed UC1-mRNA (from a stafting concentration .
of ~105 copies/ml) was performed using Stasbnect (StatsDirect Ltd.).
Standard curves of the qRT-PCR assay were calculated from 3 qRT-PCR

-repllcates of seven serial log. dilutioris of RNA ‘extracted from pooled

respiratory secretions, stool suspensions, and PBS spiked with UCt RNA (10
specimens per pool). To assess for the presence of PCRinhibitors, RT-PCR for

'yeast was carried out on 95 randomly selected stool samples, each spiked

with 1 ng of in vitro transcribed Saccharomyces cerevisiae intergenlc RNA

_ as a positive control (38).

Poyﬁvebandscwspond‘ngtou\ea(pectedioz-bpandzzwpampllcom v

- were cloned and sequenced in both directions using vector primers M13F and

M13R. Secondary confirmation of all positive reactions was performed using
RT-PCR with primers CardioUTR-1F and CardioUTR-3R (Table S1), which gener-
ated a larger 608-bp amplicon, also inthe 5-UTR. To obtain the full sequences of
the VP1 gene in strains UC2 through UC7, RT-PCRs were performed using con-
served primers flanking the VP1 region of UCt and Saffold virus (Table $1). The -
sequences of the 5’-UTR and VP1 amplicons coresponding to cardiovirus strains
UC2 through UCT7 -have been deposited in’ GenBank (accession nurnbers :
50604739-50604750)

PCR Conﬁmnadon for Virochip—?oﬂtive Stool Specunem. All nine specxmens
collected from the six positive cardiovirus. cases were analyzed using the
Virochip as previously described (11, 12). Confirmatory PCR for calicivirus,

" adenovirus, and _parechovirus was carried out using conserved primers as

previously reported (39-41). Amplified PCR bands of the expected size were

-gel extracted and sequenced using standard Bthye d1em1stry on an ABI3130

(Applied Biosystems).
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jhospltallsed w1th Hendra virus infection. The condxtlon of these 2 patlents
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Herpesv1rus prevalence and viral load i in healthy blood donors by
quantitative real-t1me polymerase chain reaction

S. David Hudnall, Tiansheng Chen, Pau_‘l All_ison,_ Stephen K. Tyring, and Ashley Heath

" BACKGROUND: After primary infection, human herp-

- esviruses (HHVs) maintain long-term latent persistence,
often punctuated years later by sporadic episodes of
symptomatic Iytic activation. Also, blood-bome herpesvi-
fus from healthy persistently infected blood donors can.
lead to active primary infection of lmmunocompromlsed
transfusion recipients. :
STUDY DESIGN AND METHODS' Utilizing a set of -

' newly developed real-time polymerase chain reaction.

- ~ assays for detection and quantification of all eight

. human herpesviruses, the prevalence and viral DNA
load-of white cell-enriched blood from 100 randomly
selected blood donors from the southeast Texas region

| - are reported. :
RESULTS: Herpes sumplex viruses 1 and 2 (HSV‘1 and -

. HSV-2), varicella-zoster virus (VZV), and HHV:8. DNA

* were.not. detected in any donor sample. In oontrast

: Epstem-Ban' virus (EBV) (72%) and HHV-7 (65%) were g

* commonly detected, HHV-6 (30%) was often. detected

. (Type B only), and-cytomegalovirus (CMV; 1%) was
rarely detected. Median. viral loads of posmve samples-
(per m’llllrler of blood) ranged from 4278 for HHV-G o

" less than 46 for EBV.

CMV; and rare for HSV-1, HSV-2, VZV, and HHV-8.
Perhaps the most remarkable finding in this study was

donor, this phenomenon is likely unr_elated to active
. infection or immunodeficiency. -

: CONCLUSIONS These results. suggest that the poten- .
[ tial for transfusnon-mediated transmission of herpesvi-

. tuses from healthy adult blood donors is highfor EBV . .

and HHV-7; moderately high for HHV-6; uncommon for. - |

-] the detection of a single donor sample with greater than

1 6.1x 107 HHV-6 Type B genome equivaientspermb. . = |

-|. blood. Given that this extraordinarily high level of -
'HHV-6 DNA was obtained from a heaithy aduit blood. .

' 1180 TRANSFUSION Volume 48, June 2008

he eight human herpesviruses (herpes simplex
virus 1 and 2 [HSV-1, HSV-2], varicella-zoster
. virus [VZV], Epstein-Barr virus[EBV], cytome-
-galovirus [CMV], human herpesvirus 6 [HHV-6},

_ human herpesvirus 7 {HHV-7], and human herpesvirus 8

{HHV-8, KSHV]) are large enveloped double-stranded
DNA viruses that establish asymptomatic life-long latent
persistence in host cells after primary inféction. 1Given the
moderate to high seroprevalence rates for all but HHV-8,

“and the fact that most of the herpesviruses (EBV, CMV,

HHV-6, HHV-7, HHV-8) maintain latency in white cells
(WBCs), it is likely that a large number of adult. blood
donors carry herpesvirus DNA in whole blood. - :
There have been a number of excellent published
studies regarding herpesvirus DNA prevalence and virus

. load in adult donor blood. Many of these studles, however,

" Anovel nested polymexase chrain reaction(
witha complex Imxture of degenerate and de
substituted primers.to the highly conserved herpesvirus
DNA polymerase gene was previously developed for the
purpose of d1scovery of novel herpesviruses in ‘animals.?
-Our group adapted thlsgeneral method for the detecuon

E ABBREVlA'nONs' I-lI-N human herpesvn'us'HSV herpes
. simplex virus; VZV = varicella-zoster virus.
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HERPESVIREMIA AND BLOOD DONORS

set of eight real-time PCR assays with

i#1 TagMan probes for detection and quan-
{ - tification of the human herpesviruses

31 and have applied these assays to deter-
mine the prevalence and viral load of

. herpesvirus DNA from 100 randomly
selected donor blood samples.

MATERIALS AND METHODS

Real-time PCR

‘Herpesvirus DNA was obtained from
the following sources:- HSV-1 (ATCC,
Rockville, MD), HSV-2 (ATCC), "VZV
- (Ellen strain, ATCC), EBV (B95-8, ATCC),
CMV (AD169 strain,” ATCC), HHV-6

R e o T TPt ST

(U1102 'I‘ypeA strain and Z29 Type B
strain, - Advanced - Biotechnologies,
Columbla, MD), HHV-7 (H7-4 strain,
Advanced Biotechnologies), and HHV-8
(BCBL-1, NIH AIDS Reagent. Program,
Rockville MD) PCR products ‘of each
“herpesvirus obtained by regular PCR
(Taq polymerase, Sigma, St Louis, MO)-
were agarose gel-purified, cloned into
the TOPO TA cloning vector (Invmogen, :
Carlsbad, CA), and confirmed by DNA

-was quantified byuhravxolet ww spec-
trophotometry (DU:640; Beclcman. Ful-
" lerton, CA) and stored frozen at -20°C
. until use. . -
: Assay specxﬁatywas determmedby
simultaneously performing ‘two PCR
procedures for each set of primers. One
reaction was performed with a control

EBY

B vzv.

samplé containing DNA of ‘all eight
| herpesviruses - as template (positive -
control), and the other reaction was per-
formed with a control sample contain-
ing DNA of all but the primer-specific
virus (negative control). In each case’

sequencing. Herpesvirits plasmid DNA -

Fig. 1. -time PCR smndard curves. The top panel displxys the lmear relationship
- between log concentration of viral DNA and PCR cycle. The bottom panel demon- :
strates the relationship between ﬁuorescence signal intensity. and PCR cycle. The -
curves from left to right in the lower panel represent serial dilutions of viral DNA—
- 10%,10%,10%,10% and 10' viral geq per PCR procedure (per 1g). Results for 10° geq are

(data not shown), all primer sets yielded
a positive product with the positive
control and no product with the nega:

" tive control. Assay sensitivity was deter-

mined with six serial 10-fold dilunons

shownonlyforBBV,CMVandHHVS. )

~and dii,fe_renﬁation of all eight human herpesviruses by
- chemiluminescent dot blot nucleic acid hybridizatiori and
~ heteroduplex mobility gel shift assay.* While these assays
have proven to be excellent tools for herpesvirus detection
and differentiation, they do not allow for viral load deter-
. mination. To address this limitation, we have developed a

(10°-10° virus genome equivalents [geq])
of each herpesvirus plasmid DNA pre-
pared in TE buffer (10 mmol/L Tris-HCl, 1 mmol/L ethyl
enediaminetetraacetate, pH 8.0). The standard curves for . -

each virus are displayed in Fig. 1. Linearity of all log .

standard curves was excellent, with 72> 0.98 for all eight
assays. The limits of detection (sensitivity) of each assay
are as follows: HSV-1, 10 geq per pg DNA; HSV-2, 10 geq; -
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- proved to be suﬂimently sensitive for

4 - detection of all herpesviruses except for

:{ EBV and HHV-6. Because single-step
assays for EBV and HHV-6 proved to be
less sensitive in detection of low viral
copy number,- we developed nested
PCR assays for detection of small quan-

tities (<1000 geq/ig) of EBV and HHV-6
(Fig. 1)..
To ensure that the nested PCR pro-

cedures ‘were quantitative, standard
curves for both stages of amplification

with high viral load standards were con:
structed. We were careful to limit the
first amplification step (with external
primers) to 20 cycles, a-cycle number
empirically chosen based on results of

single-step real-time PCR in which
samples with viral loads as high as
2 x 10° copies per mL reverted to posi- -
tive only after more than'20 cycles of
amplification (as shown in Figs. 1 and

2). In addition, standard curves for thé
nested PCR clearly indicated that the
assaywas log-linear and quantitative for
-high viral load samples (Fig. 2). ‘
_ One microgtam of sample DNA' (or
2p.L ofextemalEBVand HHVGPCR
- products)’ was added to a real-time PCR
" tube containing 12.5 pL of 2x ready
2] (JumpStart Tag, Sigma), 0.3 pmol per
- primers, 0.2 pmol per L dual-label
probes, 5 mmol per L MgCl,, and ul'
pure water up to 25 pL final volum& ,
'Real-time PCR was performed ina rapld
" thermal cycler (Smart Cycler, Cepheid; -
Sunnyvale, CA) machine under the fol-
- lowing conditions: 95°C for 2 minutes,

followed by 45 to 55 amplification

cycles of 95°C for 15seconds, 60°C
(50°C for HHV-6) for 30 seconds, and

Fig. 1. Continued

-VZV, 10 geq; EBV, 1 geq; CMV, 1 geq; HEIV-6, 5 geaj HEIV-T,

10 geq; and HHV-8, 1 geq.

DNA was extracted from 100 samPles of WBC-nch -
whole blood obtained from the Gulf Coast Regional Blood
Center (Houston, TX) with a DNA mini kit (QlAamp,
Qiagen, Valencia, CA), quantified by UV spectrophotom- .
etry (DU 640, Beckman), and stored frozen in TE bufferat

-20°C until use.

One-step real-time PCR assays for all e1ght herpes .
viruses were first developed. These single-step assays

1182 TRANSFUSION Volume 48, June 2008

72°C for 30 seconds. All TigMan primers -
and probes (see Appendix 51, available
online’ ~ at - http://www.blackwell-
synergy.com/doi/ abs/10.1111/j.0041-
1132.2008.01685.x) were produced by Sigma Genosys (The
Woodlands, TX) and tested for sensitivity and specificity. -
For external EBV PCR, a 1-pug sample of DNA was
added to a PCR tube containing 3 pL of 10x reaction

" buffer (200 mmol/L Tris-HCl, pH 8.8, 100 mmol/L KCl, -
- 100 mmol/L (NHJ),SO,, 20 mmol/L MgCl2, 1% Triton
' X-100, 1 mg/mL bovine serum albumin), 12pL of

25 mmol per L MgCl,, 0. GuLoflo mmolperLdNTPmlx.-
1.5 units of Taq polymerase (Orbigen, San Diego, CA), 6 pL
of 5x CES (2.7 mol/L betaine, 6.7 mmol/L dlthlothrextol, _




6.7% dimethyl sulfoxide, and 55 pg per mL bovine serum
albumin), 0.3 pymol per L external primers (Set 1), and
ultrapure water up to 30 pL final volume. External EBV

PCR was performed in a conventional thermal cycler .

(Peltier, PTC-200, MJ Research, South San Francisco, CA)
under the following conditions: 95°C for 2 minutes and 20
amplification cycles of 95°C for 30 seconds, 56°C for
40 seconds, and 72°C for, 1 minute, followed by a final
6 minutes’ extension at 72°C. EBV internal nested PCR was

performed with internal primets (Set 2) and 0.2 pmol per

L dual-labeled probe.

For external HHV-6 PCR, 1ug of sample DNA was
. added to a preloaded PCR tube (EasyStart microS0,
Molecular BioProducts, San Diego,. CA) to  which was
added 5 uL of 1 percent Triton X-100, 2.5 units of Taq poly-
merase (Orbigen), 3 AL of 25 mmol per L. MgCl,, 0.32 pmol
per L of external primers (Set 1), and ultrapure water up to

' 50 uL final volume. External HHV-6 PCR was performed

" in a conyventional Peltier thermal cycler (PTC-200, MJ

Fig. 2. Real- ﬁmePCRstandardcurveforHHVGhigh ~viral-
- load samples. PCR positivity of extremely high HHV-6 viral

loads (>10° copieslreactlon) was seen only after more than 20 ‘

cycles of single-step PCR and’ yields a highly Iinear log stan-
"dard curve with a range of 10° to 2.45 x 10 virus copies per

reaction. The lineartty of the assays allows for viral Ioad quan-
" tification of samples with high viral ad by one-step PCR.

_‘one herpesv:rus {results summarized in Table 1). No
‘pesvirus DNA was detected in 6 cases. Four herp

" sample, and CMV was detected in’ onlya smgle case,
. contrast, EBV (72%), HHV-7 (65%), and HHV= )
. .commonly detected. All 30 cases of HHV=
“that is, no HHV-6 Type A was identified. Median

(TETUE Smter ¥ €0 SEmTTIc0 0 0 % Sowr v amar war o Wi TS (0P

Research) under the following conditions: 94°C for
2 minutes and 20 amplification’ cycles of 94°C for
30 seconds, 60°C for 30 seconds, and 72°C for 30 seconds,
followed by a final 5 minutes’ extension at 72°C. HHV-6
internal nested PCR was performed with internal primers
(Set2) and both HHV-6A and HHV-6B type-spécific -
probes (0.2 pmol/L each). For extremely high vital loads
(as seen with Case 46), our experience indicates that the
use of two PCR procedures, each with a smgle HHV-6

' type—specxﬁc probe, is preferable.

Virus load calculation

- Because each human diploid cell contains approxxmately

6.6 pg DNA, 1 pg of human genomic DNA from blood was
derived from approximately 1.5 x 105 WBCs. One milliliter -
of whole human blood contains - approximately 7 x 108
nucleated cells (WBCs). Thus, the virus copy number {geq)
per milliliter of blood is equal to virus copy number per

pg of DNA (as determined by the real-txme PCR assay)
' mulnphed by 47 pg of DNA per mL blood.

RESULTS

Herpesvirus DNA was commonly detécted, with 94 of 100
donor blood samples positive for the presence of at lez

(HSV-1, HSV-2, VZV, HHV-8) were undetected in ahy .

of positive samples (virus geq/mL blood) were 4.37 !
HHV-6 (range 188-61,610,713), 3,196 for CMV ‘(1: case
only), 1,763 for HHV-7 (range 282-27,401), and less than47

for EBV (range, <47-550,370). A single donor sample con-

taining more than 80 x 10° geq of HHV-6B DNA. per mL

. was identified. Because 1 mL of normal adult blood con—*
- tains approximately 7 x 105 WBCs, this extremely high

viral load translates to approximately 11 virus copies per
WBC. Seventeen donor blood samples were positive for

the presence of three herpesviruses (16 with EBV, HHV- 6 -

andHHV7'1w1thEBV CMV, and HHV-7).

TABLE 1. Prevalence and virus load of herpesviruses in blood donors

cMV HHV-6 © HHWT7 ‘HHV-8

HSV-1 HSV-2 - VZV ; EBV
Total samples : 100 100 100 100 100 100 100
Positive samples -~ - 0 0 -0 v 1 o 65 o
Median viral load* - R : <47 3196 4371 : 1763
Viral load range ] <47-55x10s : 188-6.2 % 107 282-2.7 x 10*

approximately 1.5 x 10° WBCs.,

1+ * Expressed as virus oopy number per rnL of whole blood Each PCR procedure was performed on 1 pg of whole-blood- DNA,. represemlng

'_ Volume 48, June 2008 TRANSFUSION 1183
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DISCUSSION

_ Given that acute infection with human herpesviruses may

sometimes lead to serious disease, issues regarding the

" frequency and clinical significance of blood transfusion—

mediated transmission of herpesvuuses from chronically
infected donors to previously uninfected or immunocom-
promised recipients have been raised. Although these
issues have been addressed in the case of CMV, the fre-

quency and significance of infection with the other herp- .

esviruses have not been as thoroughly detailed.
Little information regarding the frequency and virus

| load of HSV-1-positive blood donors is available. HSV-1

PCR positivity was not detected in healthy adult blood
donors from three independent studies.>5¢ With a highly

sensitive real-time PCR assay, we detected no HSV-1-
positive samples froma cohort of 100 adult blood donors.

Our results corroborate the earlier negative reports and

- suggest that HSV-1 transmission by blood transfusion is

likely to be a highly unusual event.
Information regarding detection of HSV-2 in healthy

- adult. blood donors is extremely limited.. In one smalil
: study,2 HSV-2 PCR positivity was not detected in 20 adult

blood donors. In the current study, we detected no HSV-
2-positive samples from 100 adult blood donors. Our
results corroborate the earlier negative findings and indi-

~ cate that HSV-2 transmission by blood transfusion is hkely

to be a highly unusual event. ,
Relatively little information regardmg the mcldence

" of VZVDNA positivity in donor blood is available. Hoang
- and coworkers? detected only 1VZV-positive sample (virus

load 39,029 geq/mL) from a total of 20 samples, whereas
de Jong and coworkers’ detected no positive samples from

* atotal of 20. In our study of 100 donor samples, no positive -
samples were identified. Thus, these data suggest thatVZV
-transmission by donor blood is likely to be an infrequent -

event.

Given the very real clinical concerns with transfusmn-'
. mediated CMV transmission in immune-compromised

recipients, several studies have addressed. the issue of
CMV positivity in donor blood. Whereas a relatively high
frequency of -CMV DNA positivity (19%-33%) has been.

. described by some investigators,>® other investigators

have reported much lower rates of CMV positivity, ranging

from 0 to 2.8 percent.>*}2 Roback and colleagues® identi-
... fied only 2 positive samples of 1000 samples from the .
United States whereas Nishiwaki and coworkers®® identi-

- fied 27 positive samples of 953 samples from Japan. In the

-current study, we identified only 1 CMV-posmve donox

.. sample of 100 samples from the United States, aresult that
- is consistent with the low prevalence previously reported
in US blood donors.® In this previous report,® the 2 positive

samples- yielded an estimated 10 to 99 CMV geq per
2.5x10° WBCs. In an earlier article,’s this same group

reported donor blood CMV viral loads ranging from 8 to

1184 TRANSFUSION Volume 48, June 2008

1560 geq per 2.5 x 10° blood WBCs. Our positive sample
contained 3196 CMV geq per mL of blood. Given that 1 mL
of blood contains approximately 7 x 108 WBCs, our single
positive case contains approximately 114 CMV genomes’

" per 250,000 WBCs, a result remarkably similar to that pre- -

viously reported.®

Give the role of EBV infection in the pathogenesis of
posttransplant lymphoproliferative disorders, there has
been a great deal of interest in determination of EBV viral _
load in donor blood. Although EBV infection’is very
common with greater than 96 percent seroprevalence in

.adults worldwide,'* there is a wide range of reported rates

for EBV DNA positivity of donor blood, ranging from 5 to
88 percent.256101520 In, this study, with a real-time nested
PCR method, 72 percent of the donor blood samples con-
tained EBV DNA. The sensitivity of our assay is 1 geq per
jrg of DNA. We suspect that the lower rates for EBV posi-
tivity reported by some investigators were obtained with
less sensitive assays. Regarding EBV DNA load in blood,
Hoang and colleagues? reported 845.geq per mL, Kimura

- and colleagues's reported 585 geq per mL (15.8 geq/ug),

and Maurmann and colleagues!® obtained a range of 3055 -

'to 851,170 geq per mL. The current results indicate that
- BBVload varies over a wide range, with some donor blood

samples containing more than 500,000 geq per mL, a -
result consistent with those previously reported by Maur-
mann and colleagues.!® Qu and coworkers® reported the

interesting observation that removal of WBCs from 14 EBV .
" - DNA~positive whole-blood units rendered ail but 1 unit

EBV DNA-negative. Thus, although EBV DNA posmvuy of
whole donor blood appears to be quite common, the risk

_of EBV transmission from red blood cell transfusion is 31g-

nificantly reduced by leukoreduction. . ,

In the current study, HHV-6 DNA was detected in
30 percent of the blood donor samples. At least six previ- .
ous studies have reported rates of HHV-6 DNA positivity
and virus load from adult donor blood samples. In one

‘early. study, Wilborn and colleagues® reported HHV-6 -
- positivity in only 5.4 percent of donor blood (buffy coat)

samples. In four later studies, HHV-6 DNA positivity was.
detected in 25 to 36 percent of donor blood samples.>?2
Cuende and colleagues® made the interesting observation

| - that using 1 pg of DNA, 40 percent of the samples were -

positive, a rate similar to that reported in the four previ-
ously mentioned studies, whereas using 5pug DNA,
90 percent of the same samples were positive. Assuming.

- that these results are not due to contamination, nonspeci-
- ficity, or technical error, this finding suggests that detec-

tion of extremely low levels of virus may in some cases .

. require amplification of larger amounts of sample DNA. It
.should be noted, however, that the 30 percent HHV-6 -

positivity rate obtained in the current study was obtained
with an assay with a high sensitivity (5 geq/ug DNA).
Clearly the most surprising finding from the current -

) study was the 1dennﬁcat10n of a single blood donor




sample that contained more than 6.1 x 107 geq of HHV-6
per mL of blood. To ensure the validity of this result the
assay was performed four times, with the same result
obtained each time. Unusually high levels of HHV-6 DNA

were first reported by Luppi and coworkers® in peripheral

" ‘blood mononuclear cells from three patients, two with
lymphoproliferative disorders and one with multiple scle-
" rosis. The fact that two of the three patients were HHV-6-
. 'seronegative suggested that the virus infection was latent.
.. Luppi and coworkers® further demonstrated that the viral
genome was integrated into WBC-DNA. Clark and col-
leagues® described a single healthy adult with 1.2 x 10°

" HHV-6 geq per ug DNA (56.4 x 10° geq/mL) in blood that

persisted for at least 10 months with no evidence of active
disease. These findings have been confirmed and
extended by others.#*! Tanaka-Taya and coworkers® con-
cluded that these levels of viremia translate to more than 1
virus copy per blood WBC. Ward and colleagues® identi-
fied six patients with a mean of 107 geq of HHV-6 per mL of
whole blood. These six individuals, ranging in age from
- newborn to 58 years; presented with a variety of symp-
toms including neonatal convulsmns, EBV-associated
encephalitis, and meningitis, while one individual was a
healthy adult stem cell donor. Based on demonstration of
HHV-6 integration in hair follicle cells and previous

reports of vertical transmission of integrated HHV-6,##

Ward and colleagues™ concluded that the virus was

* carried by all cells and inherited through the germline. —

The current case represents to our knowledge the first
report of this unusual phenomenon in a healthy adult
blood donor. Because the virus appears latent and unable

- to provoke a humoral immune response, we believe that.

- this phenomenon likely poses no serious risk to an immu-

nocompetent recipient. It is most likely that in a fully:
.+ inmunecompetent recipient, transfused WBCs carrying

- latent intégrated HHV-6 will be normally cleared from the
- recipient with no residual infected donor cells. On the
other hand, the outcome in immunocompromised recipi-
ents or in those who receive stem cell transplants is less
_ certain. In an immunodeficient patient the possibility of
. viral activation of latent integrated virus leading to acute

| virus infection cannot be absolutely excluded. Assuming

* that integrated virus is present in hematopoietic stem

cells, it seems likely that recipients of stem cell transplants- .~
- from donors that carry integrated HHV-6 will permanently - - -

carry integrated virus in their hematopoietic cells. The
" clinical implications of this phenomenon are not known.
HHV-7 infection, like EBV infection, is very.common,
- with a reported seroprevalence of 96 percent®Inan early

stidy, no. HHV-7 DNA positivity was detécted in 20 donor -

blood samples.? In a more recent study,® HHV-7 DNA was
" detected in_ peripheral blood mononuclear cells from
. 87 percent of blood donors. In the present study, HHV-7

DNA was detected in 65 percent of donor blood samples, a:

result similar to the previous study** The earlier negative

HERPESVIREMIA AND BLOOD DONORS

results® weré obtained with a nonnested PCR assay
coupled with gel detection. of product, whereas the
current results were obtained with a real time PCR assay.
Because the limits of detection of the assays utilized by
Hoang and colleagues? ranged from 222 (VZV) to 1738

. (HSV-2), it is likely that the marked difference in HHV-7

DNA prevalence obtairied by these studies is due to the
relative insensitivity of the earlier assays.-

HHV-8, the most recently discovered human herpes-
virus, is also the least commonly encountered: in the
United States in terms of seroprevalence, with a range of
less than 1 to 24 percent depending on geographic region
and serologic technique.! In terms of HHV-8 DNA positiv- .
ity of healthy adult blood donors, there is relatively little.
information.  In two independent studies, Hudnall and -

colleagues® and Hoang and colleagues? identified no

HHV-8 DNA positivity from an aggregate total of 40 donor
whole-blood samples, and Broccolo and coworkers®
identified no HHV-8 DNA positivity from 36 donor plasma
samples. The current study- extends and corroborates

_these negative findings by identifying no HHV-8 DNA -

positivity from 100 donor blood samples with a highly

- sensitive assay capable of detecting a single virus copy.
~ These results indicate that HHV-8 DNA positivity of adult

donor blood in the United States is likely to be a rare

' phenomenon.

-
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SUPPLEMENTARY MATERIAL

The following supplémentary materiai is available for this.
article: ’ '

" Appendix S1. Real-time PCR reagents (Word document).

This material is available as part of the online article from:
http:/ Iwww.blackwell- synergycom/dox/absllo 1111/
j-0041-1132.2008.01685.x - ‘ .

(This link will take you to the article abstract.)

Please note: Blackwell Publishing are not reéponsible for
the content or functionality of any supplementary mate-
rials supplied by the authors. Any queries .(other than
missing material) should be directed to the correspondmg.

_ author for the article.
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New virus from Arenaviridae family in South Africa and Zambla -
Update

13 October 2008 — The results of tests conducted at the Special Pathogens Unit, National Institute for
Communicable Diseases (NICD) of the National Health Laboratory Service in Johannesburg, and at the Special
Pathogens and Infectious Disease Pathology branches of the Centers for Disease Control in Atlanta, USA,
provide preliminary evidence that the causative agent of the disease which has resulted in the recent deaths of 3
people from Zambia and South Afnca, is a virus from the Arenaviridae family. ’

Analysis continues at the NICD and CDC in order to characterize t}us virus more fully CDC and NICD are
techmcal partriers in the Global Outbreak Alert and Response Network (GOARN) - '

Meanwhile, a new case has becn conﬁrmed by PCR in South Afnca A nurse who had close contact with an |

. earlier case has become ill, and has been admitted to hospltal Contacts have been ldenuﬁed and are bemg
followed-up,

WHO and its’ GOARN partners continue to support the Ministries of Health of the two: countnes in vaaous facets

of the outbreak investigation, mcludmg laboratory dlagnosxs investigations, active case ﬁndmg and fo ‘ow-up of
contacts.

Contacts[E—mall scams]Employmeni Q IFeedbackanvacxtRSS‘f ‘
© WHO 2008
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»Unks . ..The mYsterv virus striklné children dead in eastern Uttar Pradesh (UP) has
" Donations - .~ been diagnosed as "acute encephalitis syndrome™. .by Union. Health Ministry

s k experts. Simply put, they do not know what is cau51ng the - acute brain fever.
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S - - Within weeks, about 800 cases and 150- deaths were: reported from 13
districts in UP, and experts predlct that the numbers could rise.

"Less: than S per cent blood and serum. samples ‘hawve: tested p051t1ve for
Japanese: encephalltls {JEy, which has seen magor.outbreaks in the reglon
each year," said Dr_ Shiv Lal, director of the Natlonal Instltute of
Communlcable Dlseases.»,-“ > T

"Usually, at 1east 15-20 per cent samples test positive for JE during an
outbreak, but the low positivity.is causing confusion:this year [2008]. )
With 4 crore (40 million) children in 27*districts in UP being vaccinated
against JE this year, experts: wonder why the fever refuses to go away.
There is no problem with:the Chinese vaccine SA 14-14-2," said a health’
) mlnlstry official. The v1rus, approved by World Health Organization,
¢ protects - agalnst JE. "We suspect’ some children.could have missed.the
vaccination drive." All the hospltallsed chlldren have reported symptoms of
acute encephalltls.

"Since less than 5 per cent have tested’ posrtlve for JE, we are
investigating whether the outbreak is a combination of JE and water-borne_
enterovirus that caused the disease in 2006," said ' Dr Lal. The Centre is
sending a 4-member team comprising a microbiologist, a ped1atr1c1an, an

"entomologlst, and an-epidemiologist to Lucknow and Gorakhpur to track the
outbreak’ and collect blood .and serum samples from hospltallsd children for
viral culture. . : : . : :

"Apart from rapid tests for JE done,using kits developed by Pune's National
Institute of Virology, we will do virus culture to track the elusive cause
of the current -outbreak,” said Dr Lal, addlng that the result could be

: expected w1th1n 2 or 3 days of collectlon of- the samples.

{byline: Sanchlta Sharm] .

communicated by"
ProMED-m31l rapporteur Mary Marshall

‘i***k**~‘ : ) S . : » o
Date: Wed 27 Aug 2008 g o .
From: T Jacob -John <vlr tjjohnGSQQ rnet 1n>
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‘Undiagnosed fatal illness - India (Uttar Pradesh): RFI 20080331. 1194A

Although the details are skimpy, age distribution and cllnlcal descrlptlon
lacking, yet the available information can be used to propose a prov‘81onal
diagnosis to be investigated. Heavy rainfall and floodirng, febrlle (1néss
resembling malaria, and relatively large numbers of death does - remlnd.on R

of leptospirosis. Immediate serological testing for thls dlsease 1s warranted

Similar episodes in Orissa ‘and Mumbai a few years ago {all the 3 features"
above fitted) turned out to be leptospirosis. In Orissa it was for the

‘first time {(at least recognized), while in Mumbai the presence of

leptospirosis was already known. To add, there is no shortcut to detailed .
clinical description and elementary epidemiological investigation of cases
based on specific diagnostic criteria of the outbreak disease, and .
exploration of risk factors (to look for transmission pathways) Instead of
doing what one can do locally, the complete dependence on experts from
élsewhere is not good.

Dr T Jacob John

Christian Medical College
Vellore

India

<vlr tjjohn@sancharnet.in>

{Japanese encephalitis virus infection is an unlikely explanatlon, but
still under lnvestlgatlon. - Mod.CP

ProMED-mall thanks Dr John for his comments and looks forward to more
information about thlS outbreak. —~ Mod.LL}

[see also: - o L
Undiagnosed fatal 111ness - Indla (03): (UP) RFI 20080826.2666
Undiagnosed fatal illness - India (02): -{UP) -RFI 20080811.2478 '

2007

Japanese encephalitis - Ind1a (02) (Uttar Pradesh)-. 20071026, 3486 .
Undiagnosed viral ‘disease - India (02): (Uttar Pradesh) 20071026. 3485
Undiagnosed viral disease - India: (Uttar Pradesh) 20071022.3440
Japanese encephalitis - India’ (Uttar Pradesh) "20070930.3233

2006 :

Japanése encephalitis ~ India-(Uttar Pradesh). {03): vaccine safety
20061222.3583 oo o ‘ v L
Leptospirosis - India {Gujarat): not hantavirus. 20060831.2476
Leptospirosis - India (Maharashtra) 20060726.2058

‘Leptospirosis - India (Kerala) 20060609.1612 -
‘Leptospirosis: - India (Karnataka) 20060123.0226 .
’2005' . » i

.Undlagnosed deaths - India (Uttar Pradesh) (02) 20051115, 3342

Undiagnosed.deaths - India. (Uttar Pradesh) : RFI 20051113.3322
Leptospirosis - India (Maharashtra) 20050811. 2348
2004 ' i .

’fLeptosp1r051s - .India (South Gujarat)(OZ) 20040908 2509

Leptospirosis - India (South Gujarat)- 20040902.2441
Leptospirosis - Indla (Tamil Nadu) 20040226.0602]

.;;..g ...... .;..;.cp/ll/msp/sh
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ProMED-mail makes every effort to. verify ‘the reports that
are posted, but the accuracy and completeness of - the

.information, and .of any statements or opinions based
- _ thereoh, are not guaranteed. The reader .assumes all risks in

using information posted or archived by ProMED-mail. ISID
and its associated service providers. shall not be “held
respon51ble for errors or omissions or held liable for . any.
damages incurred as a result of ‘use or rellance upon posted

or archived material.
**&**************i******************************************'

128 : o -




"

Become a ProMED-mail  Premium Subscriber - at
<http://www.isid.orq/ProMEDMail Premium.shtmi> )
**************************'A_-*****’***********************i****
' Visit ProMED-mail's web site at <http://www.promedmail.org>.
Send all items for posting to:- promed@promedmail.org
~ (NOT to an individual moderator). If you do not give your
. full name and affiliation, it may not be posted. Send

commands to subscribe/unsubscribe, - get archives, help, .

etc. to: majordomc@promedmail.orq. For assistance “from a
human being send ‘mail- to:  owner-promed@promedmail.org.
HHEH AR ER R E R AR R B B AR E R R AR R LS RO R BRSSO R B R S S R S R4
############################################################

SID mm hi ogra biica | resources
ID | si a D hom

82001,2008 Infernational Society for Infectious Diseases
. All Rights Reserved.
Read our privacy guidelines.

Use of this web site and related services is governed by the IeLms__tsgng_e

129



BT

E%m Hfﬁﬂ"‘ Eﬁﬁﬁ""#

~ No.18

ﬁﬁiﬁ:%w IZﬁ:‘

”F%—ﬁx$a ’
1 ﬁ%&b

;TR

se;gﬁaga* (ﬁﬁﬁ%ﬂ%ﬁkﬁﬁtu

" Anm-mram (Etﬁﬁ-ﬁ-*ﬁ:)

ﬂﬁﬁ@(ﬁf*ﬁ) | RHARNLRI A (AT

*ﬁﬁﬁéﬁéﬁ%ﬂ

2008 7 11  .

: - | emm
Komar N Clark GG Rev Panam :

Salud Publica; 2006 - _

Feb;19(2) 112—7 : .

J*@ 1-

m# Snﬁﬁ}'ﬂ §% __ -_".~ g j;.

| BRI B BWNY

075“/7%)70;*o4:wb)7’¥@037::xl~—)-/r/v7»fzvxa>iﬂmﬁ
(BRI DI RRF AT AR (WNV) I, 2001@493&3*0!7)7’%@1&?&&1 mm %ﬂﬂ'@ﬁﬁkf“ﬁaoto 7;« mj:@
VEBOREOM IOV CENTS, e : |
B EB RESNEXROVE 2 —FFT0, iﬁf:/\ﬁ%ﬁéiﬁ%%uﬁﬁés]m i‘e%ir—aw@bt, T

| SR WNVIBRRME I, ERCHE2001E IR0 Tr A~ BB B R U ) ¥ % —DERICRIEL . 2002¢$%L~/+v4m>@
| B2 BRSNS TRD b, 20024E DWNVIBREE D MK EF Rz, 7 TR —. F**ﬁ#fﬂ@&iﬁnx#/nvv

|7« UM B LU £ BSICRHEN, 20038I21T, WNVIZAF a8 LUHFRT AV L CREL . MFEHTE 7R
|iZ3n= TN abda— CRIHEN T, 20044E9 8 ~10A IZit. :nxt‘?k}\)-&'-—b*'cmak&fm&uoﬁawwviz
B DB D M HEH L T A RELL é’.ﬂﬂ-e&ii%wwwchfuﬁﬁ:ﬁaﬁwﬁmor_o

R STV T AR S RUHY T IR I T, U ENS LUK COERBEMR DS
E oﬁam&m;_om W/vzomsﬂ:&bév\mﬁﬁo‘TﬁE&&&m‘a#&;,

%ﬁmw %’C‘Xbé I

| eRtozERERR- |
: %®ﬁ$#¥§% ~c

&035‘6“3

e (7 27 AN

‘ f77/7})ﬁkIUﬁJ7ﬁﬂﬂW®§b%’?ﬁﬁi’i’o“/"C '71
: ffzb-J-zfzvsvr/vzoﬁwE&miﬁ<>:eo*ev\Miﬁﬂiﬂ“‘f

SORTRARIAERE COEBOERIZOL |
) TH ¥ E@%ﬁﬁ'ﬂ‘éf* &Bﬁﬁﬁbkzwﬁ‘chsa@ﬂ&?%%

TERTEESE mm@mﬁﬁmwm BT ERES
| R R CAED S 4B R Rl LU B, S

P GdZie /VW@Q‘:‘@%EMHK\ %ﬁ?ﬂ“ wmmmm A |
15, S b5 EpeEiim

'AﬁEﬂ'IL ~LRI B R

%%AﬁmLMEfJ

HR?&%’TT%&%/W\
M, RSOy
vCJD%UJ{E%@Dz;_ |

J:ii*”]’ﬁi'(‘ibé ?‘%EF@%T‘ L

e e el . ..

’ MedDRA/J'Ver..H.DJ N




- JRC2008T-044

Informe especial / Special report HEE

| West N|Ie wrus actuvuty in Latm Amerlca
and the Carlbbean |

| .'Nlcholas Komar1 and Galy G Clark2 .

"' Slggested citation " Komar N, Clark GG WatNﬁeVuusachwtymlahnAmmandﬂwCanbbeaxLRevamSalud
R Pubha.m 9(2)112-7 - ) _ _ y S

" - ABSTRACT ..’A-Obyettives. th Nile: virus. (Flavwxrus Flawvmdae, WNV) has spfaud rapzdly y
T throughoutt}wCan’bbmmBasmsm its -initial detection there in' 2001 Tlus reportsumma‘. -
rizes our-current knowledge of WNV: transmission in tropical America. . -
Meéthods. " We reviewed the pubhshad ltterdf:ure ami eonsulted with.
cials to obtain unpublzslmidata . ;

_ lec heulth oﬁ‘i—f’i

“ident freé-mn i bn_% inGuadeloupe, the Dammwan chubltc, and. eastern-Mexico. In
#2003; WNV spréad in Mexico ndnarthern Central Anierica; and serologic evidence was de- -
 tected ire the Bahamas; Puérto Rico and Cuba; T 2004 theﬁrstsemlogwemdetweofWNVac—- r
tvity in: South’ Americin ecosystems surfuced -in-September-October in: Colombm and. ..
Trinidad, where domestic animals:circulated WNV-neutmhzmg antibodies. : - .- o
.Conclusions. - The sparse reports of equine, human and avign disease ini: Latin. Amenm and.
the Caribbean. is puzzling. Isolates are needed to evaluate mmlattmuatwnorotherpossible:'
explamtwns for reduced dasazsebutden in tropwal a:osystems

.. Keywords :-,'_West Nlle v1rus* Lahn:Amenca, Caribbean regmn,__ oviruses; poj ulatlon"sur-;

f?"m 1999 it has spread rapxdly across - land
A T -the North Amiérican’ continent, “cais-
Sm e West Nile - v1rus (Flamm’ ing large numbels f human cases
Flamvtrldae “WNV) first’ “appeared’ in "~ ‘wi seas: deal
v 'the Westem HemlsphetemNew York '

L e:our’ currentknwledgeofWNV": i
5™ 'Aachvity and-surveillance results from "
i ‘ . various' locations - “within " tropical
 Box *this emergmg vn'us (1),‘ West ‘Nile: -+ Aierica; we’ rewewed pubhshed re- .’

“virus -spread southward into - thef""': ports and some- ‘unpublished ‘data "
. , erica as’ * availablé from’public health officials, . -

._'t_.'sumofmueplmmzzm%.m:z‘- ains 4 bod and surveil-" “al
"__.j'f';\'mzz“‘:z“‘mi“mwcsw .f‘-lancesystemsareun repared totrack‘-"-'_ e
| Cettesfox Disnse Contol nd Provestion, D ts spréad. The irus was first detected potenuaipubhchealthﬂuatofWNv;{..

.., vision_of Vector-Bomne Infectious Diseases, 1324 . . R ol
_ CalleCaﬁada,San)uanmPuumRm _ 1‘-'.=m2001 m]ammmandtheCaymanIs—’ 'mtropmlAménca.

w e IR ':'_R}aéa}iab}w&btwﬁéﬁ‘m]mbikﬁamlm,m
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L ',tember ‘West Nile virus: was isolated

Komar and Clark * West Nile virus activity in Latin America and the Caribbean

METHODS

We reviewed peer-reviewed publi-:

-cations and government reports and
consulted with key public health offi-

. cials within Caribbean Basin countries -

to obtain unpublished data.
RESULTS
West Nile virus detected in 2001

In the State of Florida (United States

_ of America), Blackmore et al. de-'
* scribed surveillance findings for WNV

. in two epidemic foci in 2001—a north- -
* - ern focus and a southern focus (2). The

northern focus was characterized by
‘humid temperate forests typical of the .
* southeastern United States but unlike
.- tropical ecosystems . in Latin America.: :

. The first evidence for WNV- activity"

here was-a dead Amencan Cron

- (Corvus. brachyrhynchios) in- June, 200

: ;Nme human cases of West Nlle neuro-

- The southern” epldelmc focus
Florida was more typical of Caribbean

- Island - ecology and - occurred: in ‘the":
Florida Keys. A human case of WNND'. -

.with onset in July, 2001, represented -

_the earhest indication of WNV activity
. there, Two. more human cases.were re-

: '.portedthhonsets mAugust and Sep-
< from dead <corvids, (eg,, Fish Crow,

- }-Anophelw atropos @ of 410), Dcmocentes

" cancer (2 of 845) and Ochlerotatus tae-
. miothynchus (2 of 9288). This last.
‘specms isa femaous human blter and

ble means of dlspersw_n exist, such a

‘ abundant in coastal locations through-
_out the Caribbean Basin.. About 20 000:"
-other mosquitoes tested negative. " -

Follow-up mosquito surveillance
studies in the Florida Keys in the fol-

lowing two years yielded no WNV in
_-more than 30 000 mosquitoes tested in
- » . 2002, but.the virus was detected in 10 -

: pools representing 53 673 mosquitoes

in 2003 (6). In 2003, infections were de-

~ tected from May-September. Infected
species included C. quinquefasciatus
" (minimum infection rate 1.7 per 1 000),
_C. nigripalpus (0.9), O. taeniorhynchus -

(0.9), O. condolescens {0.6) and C. errati-

“cus or. declarator (0.6). No infections

- were detected in either A. atropos or D.

“cancer even though more than 5000 of -
. each species were- tested. These find-'
= ings.suggest.that either WNV became.- -
.endemic in the Florida Keys but
. dropped below levels of. detection in-.;
5‘2002 or that multiple, temporally dis
:persed introductions occurred, result- -
-ing im transmnssnon actwlty in- both"’

2001 and 2003.

.-dxspersal hosts seedmg the, vitus into o
jpotential transmission. foci -during
their southward ‘migration in-the fall -
'of 2000. By: late 2000, WNV activity: .
was reported as far south ‘as North*
““Carolina in’ the" continental” United
" States (7). The virus had probably

dent birds and Culex mosqmtoes dur-

‘ing the warmer spring and early_;
summer. months’ of 2001. While mj-
‘grating birds are a convenient expla-
., samples. had _similar titers for both::

nation of WNV dlspersal, other possi-

WNND case with no history of inter-

onset on August 2, 2001 ﬁ:om tin

_ .:-,'MPM.WMW[PMAMIW,W 19(2)2005
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“Although the cu‘cumstances ofi
'WNV._introduction’ into- the Flonda-'v

) South of l:hé Flonda Keys, a human B

in the Cayman lslands south of Cuba ..
(8). Assuming-an 'incubation period of ...
2—15 days in. people, thxs mfectlon_-.-:::

"S']'.'j‘."

.- probably " occurred in late July, about

the same: tlme that the first human case -

*“- was infeeted in the Florida Keys. How-
ever, the laboratory diagnosis of this -
case was not announced until October

15, 2001. Laboratory tests were posi-

- tive for anti-WNV IgM (indicating re-
- cent -infection) and -a .90% plaque-
“reduction neutralxzmg antibody titer
(PRNTy) of 1:1280, compared with a .
“PRNT,, of 1:80 and <1:10 for St. Louis

encephahtls virus (SLEV) and Dengue-
2 virus, respechvely (CDC unpub-

‘lished data).

More data supportmg WNV trans—

* mission activity in the Caribbean Basin
L in 2001 @mefrom]amaxca,whema L
’Smithsonian  Institution-New: - York
- State Health Department research team
- reported. 17. semposxtw&mxden@buds

of 348 collected in 3.of 4 study sites, all -

‘on the western side of the island (9). -
“The samples were collected i in the first -
- three months of 2002 but probably re-
' flected transmission that had occurred. © .
:months earlier in2001. Seroposmve o
‘bird species included Turdus aurantius B
n=9), Myiopagis. cotta (2), Coereba fla-
veola (2), Tiaris bicolor (2), and one each -
‘of seven other species. Semposltluty
wasdeternunedbyoompanngPRNT” ' ;

titers for WNV, SLEVandIll\eusvxrus, R

a South American flavivirus that - -ig -

:-'genet:mllycloselyxelatedtoSLEV but .
" not in the samie antigenic complex as e o

SLEV .and -WNV (10).' All ‘17 ‘WNV-"

- posxtxve sampls were at least four-fold
“'spread - even ‘further .south at unde-': greater in WNV titer than other fla-

tectable levels, to be amplified by resi-

vivirustiters. Three samples were posi-
tive for SLEV-neutrallzmg anitibodies,

for. Ilheus virus, but-five additional -

' maica and the Cayman Islands- was.
-most likely the reult of the samemtro-

..-national . travel was reported - thh '

" which has been previously isolated in " - o
.- Jamaica (11). No samples, were positive .

s




- was considered "a probable ‘case of

~that WNV had reached southéri Mex

" evidence of WNV- transmlssx‘

E Chiapas study demonstrated eemloglc

g -" “WNV. Secondery ﬂavwﬁ-us mfectlons
R :?-sl:md of West Nlle virus 2002-2004
B ‘(Frerich West Indies) reported niimer-

. 2002, 10.4% -of the healthy ‘horses in

L ]anuary 2003, 61.6% had become ‘posi=

" Greater Antillean island of Hispaniol

Special report . : _ - " Komar and Clark « West Nile virus achvxtym Latin America and the Ciribbean

of the Gulf of Mexico, where tiullions j FIGURE 1. Countries of Latin America and the Caribbean with reported activity for West Nile
of neotropical migratory birds make - Virus (in black) between 2001 and 2004, including Mexico, Belize, Guatemala, El Salvador,

* landfall each year and spend the win- “- - Cuba, Bahamas, Cayman Islands, Jamaica, Dominican Republic; Puerto Rieo (United States),

ter months. Begmmng in 2000, a joint o "Guadeloupe (French West Indies), Trinidad and Tobago, and colombla

effort by the Universidad Auténoma
- de Yucatdn and Colorado State Uni- -
versity blood-sampled and tested. mi- "
gratory and resident birds in Yucatén -
State, Mexico. The following year, the "~
Smithsonian Institution also ‘began
sampling birds on the Yucatén Penin-~
sula. Further south in the Lacandén .
Forest of Chiapas State, a joint federal = "
‘Mexico-United States study evaluated
~ blood from about 200 resident domes= S S
" . tic animals sampled. inJuly of 2000 " - 0 L LA
* ‘From these, a single seropositive cow =~ . * Do

* (Bos sp.) with a PRNT,, for WNV of -

-1:80"and @ " PRNT fé'r" SLEV of 1: 20,

WNV - infection (12). However, these " '
“authors cautioned against concluding

- ico. They reasoned that a major range
" " extension should be confirmed by a
" *second detection of mfechon. Also, no

- " been detected at'that time in the

' nearby Yucatdn Peninsula (9;13). The

-'ev1dence for mfechons due’ to unchar

. are ‘notorious for causing elevated het-

dent’ bu'ds captuted in Novembe s
: ‘2002 for museum collectxons a7). Fwe'_»‘

2 In 2002, WNV contmued to spmd
", in the Caribbean Basin. Guadeloupe

- oous’ subchmcal infections in horses'
< and cluckens, determmed $ _rologx—
‘.{cally by neutrahzatlon (15). In" July

four locations were “positive "d_by

* tive in these locahons. The absence of

‘velllancem2003and2004t‘alledtode-
tect dny transmission (16). = : ' ;

* In the Dominican’ Republi¢ on th ;confirmedeexlco as‘of]uly, 2002. - -Tabasco linked it t6 central United States .-
- - ._SemposmVe horses “were reportedu__:"_su'ains from 2002, but revealed slightly -~
A Umverslty ‘of Kansas study team - "”fmm six states (Chihuahua, Coahtnla ’greater genehs: vanahon than previous - :

R LT T T e m#w‘sai.muwaw:mmmm

o
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"7 (A. Diaz et al, manuscnptmpreparai
" tion). Mosquitoes collected from  the-
" locations . where seroposmve horsa,
“ resided tested negative for WNV in- .~

Komar and Clark * West Nile virus activity in Latin America and the Caribbean

'reporb for North Amencan WNV

strains (21). Two of the 9 nucleotide mu-

tations resulted in amino acid changes,.

and one of these altered a glycosylation. -

site within the envelope (E) protein. Vir-
ulence testing of plaque-purified subcul-
tures of this isolate revealed variants
with reduced virulence in- mice (24).
Similar observations had been made
with a Texas 2002 isolate (25).

‘The widespread WNV seropositiv-

ity among horses observed in Mexico °

in 2003 was also present in the Central

American republics of El Salvador and: -

et al.,

However, anecdotal reports of fatal or

- life-threatening neurologic disease in‘
Mexican and Central American horses

have rarely been confirmed as due to S
"WNV. One encephalitic horse dxag-

nosed with WNV infection was re-

-ported from Belize, with onset October

31, 2003. Interestmgly, 2000 birds
sampled in Belize earlier in 2003 and
-another 2 000 in 2002 all tsted nega-
" tive for WNV antibodies (27). '

West Nile virus activity continued .
- in the eastern Caribbean. region ‘in' -
*2003. In the Bahamas, a human-case.

'_of WNND was diagnosed with onset
“in July, 2003 (28). In early 2004, two
- seropositive Turdus plumbeus (of 734

birds sampled) were detected in Guan-

.~ tanamo Bay Naval Base at the eastern .

. point of Cuba, and in eastern Puerto .

"'Rico, one, Coereba flaveola (of 1200

" birds sampled) was seropositive, prob-
. ably reflecting transmission in 2003

~ ~(29). Three neutralizing antlbody- and _ -

" IgM-positive, healthy horses were also’

" reported in eastern Puerto Rico in’

: May, 2004, and two others were found:

in central Puerto Rico in ]uly, 2004

' fection..Four seroposrtwe ‘horses from.

* the Havana region and three himan
_-WNNDmsesmcentralCubawerean-,___.f

' nounced in January, 2005 (G. Kouri, -

" personal communicition, 2 February"

- 2005), reﬂechngtrarwmrssloanOO‘i n

.. In the fall of 2004, 8 resident unvac- .
| cinated horses (of 200 sampled) and 2
. domestic Musoovy ducks (of 40 resx-f.i'_'

f

“"nized “WN-li

dent birds sampled) were seropositive

for WNV in Trinidad (28; R. Salas, per-
‘sonal communication, 17 November -
- 2005), and 12 seropositive equines (of
. 130 sampled) were reported in north-

ern Colombia (30). These reports mark
the first evidence of WNV activity in
South American ecosystems (the is-
land of Trinidad is located within sight
of the South American mainland off

‘the coast of Venezuela). Efforts to de-

tect WNV-specific antibodies in resi-
dent and migrant birds in Brazil in

2002 and 2003 were unsuccessful (31).
Guatemala (26, M.E. Morales-Betoulle . With the incursion of WNYV into north-
manuscript in preparation).. --ern South America in 2004, it becomes

. the only. zoonotic flavivirus to have

been ldentlﬁed in snx oontments

' DISCUSSION

“The failure of efforts to |solate the'
'virus or detect genomic RNA from .
. WNV in Latin America and the Ca-
ribbean (with a few exceptions in~
,Mexlco) is perplexing and under-.’
_“scores the concern that serologic evi-’

‘dence for WNV activity is at best indi-
rect.. Flaviviruses are notorious for
their close antigenic relationships and
serologic cross-reactivity (10). In spite -
.of strong serologic evidence from
. cross-neutralization testing .against -
known flaviviruses from the region,
" the possibnhty of misdiagnosis due to.
cross-reaction wrth an as. yet unrecog- .
" "virus still exists. In -
_fact, some of the serologlc results
dlassified as due to “vindifferentiated -
flavivirus infection” can best be ex-
‘ existeti : - ing the reports of WNV in Latin Amer-"
_ ica and the Caribbean is the absence of ;"
) - _..data on the disease burden in people, R
_horses of birds. Widespread resistance’ "
“to virulent strains of WNV in Latin

“ever,: the 'obser'vatnon of mfectlous
'WNV at hxgh titers in tissues of coriva-

' Charadrits vociferus) . :more than “one
"week post-mfectxon and’ the demon-

Specdial report

“valuable resources, yet are unlikely to

provide significant results. Given the
recent intense transmission of WNV
during the summers in temperate
North - America, the capture of WN- '
seropositive avian survivors either =
during migration or on the wintering
grounds is to be expected because’
many of these birds normally migrate’

to neotropical winter territories where
they probably continue to circulate an- -
tibodies derived from a WNV infection’
acquired on their North American’
breeding grounds. Some studies claim "

that seropositive migrants are evidence * -
that birds could carry WNV long dis-
tances. Unfortunately, although plausr—- o

_ .. . ble, this conclusion is not valid for two -~ - .
- -easons. First the possrblhty that WN-' ‘1""‘-}. :

proved Second long—dxstance rmgra-
-tionby a healthy, anhbody—ctrculatmg
‘bird does not indicate that a viremic

bird could: make the ‘same long '
dxstance flrght. More data are needed

lescent migratory birds (e.g., Killdeer,

stration of oral mfechon in - raptors
would’ suggest that recently mfected

“birds that recover from vuemxa, mi-T
“grate, and then fall prey to'a raptor -jf :
" may still inttoduce WNV into new dis- ..

‘tant ecosystems if the raptor becomes
"infected and circulates.sufficient virus . §
“in its blood to infect mosqmtoes (33).:

_The most pressing concern.regard-_

both ldentlﬁedsero ogrmlly as WNV
" 'but. genetically they are’ equidistant "
. from both currently recogmzed WNV '
lineages and each other and » may rep-

eages or new WN-hke ﬂavnvu-use.

Another concern is the strong. em-
phasis_ placed by several research
-'groups on semlogrc surveillance of mi- . hi
_graﬁorybn‘ds (9 13, 22,29 31) ‘These to

studxes oonsume large quanhnes of"\; “avirulent strams make‘the long ﬂxghts
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(including people) seems highly un-- "
.. likely. However, the selectlon of resis- .

American -and Can'bbean vertebratee

5 ';:mechamsm for southward dlspersal of

WNV, then one could imagine a sce-.
nario in ‘which birds’ infected with .

15




Spedial report*

across ‘'seas .and deserts successfully,'

' spreading avirulent- WNV to. new
transmission foci along their migra-

- . tory routes. More research is needed to. -
. thatcannotbe as31gned to a specific in-
- fection (because of the presence of sim-

evaluate this hypothesis, but if proven,
this bodes.well for the future ‘of WNV

-epidemics in North- America, as the .

avirulent strain might be reintroduced - though rarely associated with disease -

: contmually from thé south by return-
ing migratory birds. South American

"arboviruses have in fact been isolated

from northward-bound ' birds during

the spring migration in Louisiana (34)..

- This scenario may also explain the ap-

parent low virulence for SLEV inbirds =
* and’horses in’ North and South Amer- ..
ica.In- fact, South American strains: of
~SLEV. are also less viremogenic in "
* birds than are North American strains, '?""-_SLE-seroposmve ‘birds' reported in
-Puerto Rico provide the first evidence
of SLEV, activity. from that Canbbean» :
*location (9, 29). o

.. and less virulent in mice (35). Whether';,_
' an avirulent bird and: horse. strain of
WNVwiIlalsobeless vn'ulent for hu-:

’ 'mansremamsfobeseen.

‘ Saint" Louis encephahtls vxrus ma){.u,
- be r&sponsnble for. considerable cross-.
Pt .reactxon to WNV m se:oiogm ws!s of

. RL,Brooks RG, ContiLA,etal.-Sunieinihce

- results: from the first West Nilé-virus trans:
nuss:onsasoankmda,ZOO Aml'l‘mp
MedHyg 2003;69(2)'141—50

"}‘-’:anﬁbu 1j, Viach Jj, Demay D, Stark 1M,
“." Stonier RL, Godsey MS, é al. Mdsquifoes in-
- fected with West Nile virus in the Florida

Keys, MonroeCmnty,Flonda,USA.]Med:__'

- Entomol. 2003;40(3):361-3.

6. Hribar L], Stark LM, Stoner RL, Deinay Dj,
No:dholtAL,HemmM],etal.Isolahmof
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: RECOMMENDATIONS

s expected to cross-react in about 5% ..
-'of -primary WNV infections of birds rie

-"(36). - However, insecondary - infec-’
tions, the’ proportion of samples that.,'

' cross-react by PRNTVIS ptobabl much' ' ’break (w1th >100 human cases of

" Komar and Clark « West Nile virus acivity in Latin America and the Caribbean

- greater.. Secondary flavivirus infec:
‘tions may explain the high rate of fla-
- vivirus'antibody—positive serum sam-- -
- ples in the Caribbean Basin countries

ilar titers for multiple flaviviriises). Al-

in Latin Amenca, SLEV infections are

- commonly reported: For example, in

. Chiapas, Mexico, 20- (10%) of 196
...domestic animals (including three of

_five_horses) were diagnosed as posi-. .
_tive for SLEV-neutralizing antibodies
by PRNT (12). The known: range of

" distribution for SLEV was expanded_"
. through, the efforts to detect WNV .in-

" the Caribbean Basm. ‘For example, two

CONCLUSION'AND
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* WNND) in the United States was-de-

layed until 2002, three years after ini-,
tial detection of the virus in 1999. Pub-

- lichealth and veterinary authorities in_

Latin. America and the Caribbean
should remain vigilant for unusual -

- clusters of severe disease cases. Dead.

birds (espeaally corvids) have been
particularly useful for the early detec-.
tion of WNV actxv1ty in North Amer-
ica (37). Corvids are less abundant in

. Latin Amenca, and thus avian mortal-

ity maybelesswseﬁxlasa surveillance
technique in this region (38)..In coun-_
tneswhereWNVhasalrmdybeende—

. tected,: surveillance efforts should be -
“expanded. Surveillance guidélines. for -
_Latin”American ‘and ‘Caribbean Basin °

countn&s areavmlable (28 39“40) NN
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RESUMEN

- La actividad del wrus del Nilo ': les acerca dé Ia transmisién del VNO eh zonas tropicalés del continente americanio.
- occidental: en Amenca Latma y’-

"y :e| Carlbe R © toridades desaluddavepamobtenerdahosmédxhos

" - Resultados. . [asmfeoammpordwnmdelNﬂoocud&Mlapamérow‘

- 'y aves de corral 10 estabuladas oriundas dé Guadalupe, la Repiblica Dominicana y la
mlnorhedeCenhoaménmyseemonhamnpmebassemléguzsenhsBahanms

- donde se observaron anti
*“efi Amirica Latina'y-el Caribe'son‘désconcertantes. Es necesario aislar las
: ﬂ_ducxdaenecosnstemashopmles. —

- f-tf;lapoblaaén,ﬂavwmxs o

. Reo Panam Salud Publica/Pen Am ] Publi Health 19(2), 2006
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" parte oriental de México..En 2003, elVNOsedxsenunédentmdeMéaooyporlaparte:

o Ob;etmos. El virus del ano occidental (VNO familia Flavxvmdae, género Flavivi-~
.. rus) se ha propagado ripidamente por toda la cuerica del Caribe desde que se detects . -
iera vez en 2001. En este informe se resumen nuestroaconoeumenhosactua o

'~-~vezensemshumwsrdedelaslslasCaxménydelosCayosdelaFlondaenZ(X}l
’ yenpé]arosdeaspectosanodeloscualesseobtuvxeronmusu‘asapnmp:osdemx-'-
EnZOOZsemconuamnpnmbassemlégmsdemfeccénporelVNOenmbanos pollos -

" determinar si Ta’ aﬁenuacnéndelv:rusuotm factor explnn la mrga de enfermedad re-

oo

. http:/ fwww, paho.org/enghsh/dd/m/be A
. v23n4—W&t Nlle.htm. Aocased 16 March

" Métodos. . Revisamos todo,1o.que se ha publicado sobre el tema yoonsulmmosa au-' T

u7 ...

.,RmoyCuba.Enmlaspnmetaspruebasserolégimsdeachv:dadvirmenemslsﬁe- R

'massud.ammnossedehectaron en septiembre y octubre en Colombia y Trinidad,

s neutralizantes contra el VNQ:en animales domésticos. - - o
. Conclusiones. : Bstosmformaesporédlcos de enfermedad equina, humana yav:ar -

‘Vu'us dsel Nxto ocudenhl, Aménca I.atma reglén del Canbe arbovu'us, nglancua de ._ o
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ity 8 2008 [nvestlgatlon of Outbreak of lnfectlons Caused by Salmonella Samtpaul | Salmonella 1/3 '\—y '

JRCZOOST 046

[nvestigation of Outbreak of Infectlons Caused by Salmonella
Samtpaul

Cases infected with the outbreak
itrain of Salmonella Saintpaul, .
Jnited States, by state, as of July
1,2008 9pm EDT :

‘hck map to v1ew a la_rg mxagg
ncidence of ¢ases of infection _wn_th

he outbreak strain of Salmornella. -
jaintpaul, United States, by state,
s olelly 7 2008 9PM EDT

Y‘DC is oollaboral:mg with. pubhc hedth ofﬁcmlgm many s(ates, 'the Indmn Health Servwe -an the U S. Food and Dmg Adm:mslratxon -
- FDA) to investigate an ongoing multi-state outbreak of human Salmonella serotype’ Samtpaul infections. An mmal«epxdemlologlc '
’ nthlgatxon comparing foods eaten by 111 and well persons 1dcnt1ﬁed oonmmptlon of raw tomatoes as s!rongly hnked toillness. -

Asine (1) Maryland (29) Massachuseus (24) Miclugan ; anmta (10)' Mlssoun (12) NewHamPshme (4) Nevada (1" \

tp:// www. cdc gov/ pnnt.do"u ri‘http%SA/ / www cdc gov/ salmonella/ samtpaul/ arcl'uve/ 070808 html 2008/ 08/ 29
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Jersey (9), New Mexico (98), New York (28), North Carolina (10), Ohio (8), Oklahioma (24), Oregoa (10), Peansylvania (1), Rhode
Island (3), South Carolina (1), Tennessee (8), Texas (382), Utah (2); Virginia (29), Vermont (2), Washington (4), West Virginia (1),

Wisconsin (11), and the District of Columbia (1). Four ill persons are reported from Canada; three appear to have been infected while .
traveling in the United States, and one illness remains under investigation. ~ -~ B PR

Among the 711 persons with information available, illnesses began between April 10 and June 25, 2008, incliding 275 who became ill
on June 1 or later. Many steps must occur between a person becoming ill and the determination that the illness was caused by the . -
outbreak strain of Salmonella, these steps take an average of 2-3 weeks. Therefore, an illness repoited today may have begun 2-3 weeks
ago. Patients range in age from <1 to 99 years; 48% are female. The rate of illness is highest among persons 20 to 29 years old; the rate
of illness is lowest in children 10 to 19 years old and in persons 80 or more years old. At least 194 persons were hospitalized: One death-
in a man in Texas in his eighties has been associated with this outbreak. In addition, a man in his sixties whio died in Texas from cancer
had an infection with the outbreak strain of Salmonella Saintpaul at the time of his death; the infection may have contributed to his death

Only 6 persons infected with this strain of 'Sélmonella Saintpaul were identified in the country during Apnl thmugh June of 2007i=Tﬁe
previous rarity of this strain and the distribution of illnesses in all U.S. regions suggest that the implicated food is distributed throughout

- - much of the country. Because many persons with Salmonella illness do not have a stool specimen tested, it is likely that many more -
illnesses have occurred than those reported. Some of these unreported illnesses may be in states that are not on todayOs map. =~ R

Health officials have worked continuously since laté May to investigate this outbreak. CDC has seat 17 people to the field io work with.
. other public health officials. The investigation is complex and difficult. One difficult aspect is that people often have difficulty -+ -
- remembering exactly what foods they ate, and remembering specific ingredients is even more difficult. Although labqratcr'y'; testing of

fe: *s might help, perishable foods that were consumed by ill persons are often not available to test. :

Clinical features of Salmonella Infection

Mostpersons infected wiih"SdImonella 'd;eVel(')p‘ dxarrhea, féirer, and abdominal orﬁinps 12-72'h6lir§ after lnfectlon.lnfec o is usually
diagnosed by culture of a stool sample. The illness usually lasts 4-7 days. Although most people recover without treatment, severe
" infections may occur. Infants, elderly persons, and those with impaired immune systenis are more likely than others to develop severe .

dllness. When severe infection occurs, Salmonella may spread from the intestines to the bloodstream and then to. other body sités, and can
. cause death. In these severe cases, antibiotic treatment may be necessary. - - I - & e

~ Advice to consumers ..

. Atthis time, FDA'is advising U.S| cénsirmers to lirit their tomato consurption 1-th
These include cherry tomatoes; grape tomatoes; tomiatoes sold with thé vine still atta T tom oW 4
8, gov/oc/opacom/hottopics/tomati

- ‘Romg, and round red tomatoes from specific sources listed at: hitp.//www.fd
should be awarc that raw tomatoes are often used in the. preparation of fresh

 tortillas, and are used mmamyotherd.lshe&

. * -Refrigerate within 2 hours or discard cut, peeled, or cooked tomatoes. B
- = Avoid purchasing bruised or damaged tomtoes and discard any that appéar spoiled.’
%, Thoroughly wash all tomatoes under running water. © -~ .
o Keep tomatoes that will be corisutied taw"Separate from riw meats; faw seafa
¢ Wash cutting boards, dishés; utensils; and counter tops with hot water-and saap

vand’ rodi

FDA recommends that U.S. retail outlets, restaurants; and food service operators offer only. fresh and fresh cut red plum, red Roma, and .
round red tomatoes and food products made from these tomatoes from specific sources listed at: - =~ - R T
" http:/fwww.fda. gov/oc/opacomthottopicsitomatoes. html#retailers*. Cherry tomatoes, grape tomatoes, and tomatoes sold with the vine . .
~ 7 still attached from any source may be offered. - IR L T L o

- Fl):A:infOtmation on this invesﬁgaﬁdn can be found at: Iy ://www.fdé. ov/oc/opaco 0 opics/tomatoes tml*
.. More information abbut Salmonella and this investi'g:_:ﬁoxi can be found at:

o Timeline for Reporting of Cases o R
. New Mexico Department of Heal ~191KB)

zona epartment of He:

. ttex/ /wwwei.cdo.gov/ print. do?url=httpX3AY /ww.cde.gov/ Salmonella/saittpaul/archive/ 070808 - 2008/08/2¢

-w

145




: i _ u - 3 4 1

ent of Health d ta H iene News elease B
: State health mm issues cautions about tomatoes* © _ L
lew J ent of Heal an Services; NJ Reports Four Salmonella Cases Linked to Multi-State Outbreak
Utah Q_egt_n_u:m of Heallh Health New ‘ '

¢ 0 06 0 o o
oy
Q.

nfonnauon on the safe handhng of produce can be found at: worw cfsan fda v/;dms/ safe htm].*

Prevnous Updates on tlns Outbreak

Ju 7

Julv 4, 2008 .

July 3, 2008
July2.2008 -

CJuly 1,2008

-June 30, 2008 -
June 27, 2008

June 26,2008 © -
‘June 25,2008 < -
June 24,2008 -

ok Lmks to non-Federal orgamzatlons found at thxs sxte are prov1ded solely as a service to otir users. These links do not constitute an
mdorsement of these organizations or their programs by CDC or the Federal Govemment, and none should be inferred. CDC issiot. -
esponsnble for the oontent of the individual rgam'zatton Web pagee found at these links., .

' @Please note: Some of these publx tions
mdertobevxewed. Pleaserevxewthe informatio

»age last modified: July 8,2008
| o .
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TRANSFUSION COMPLICATIONS

- Estimated risk of Cthungunya viremic blood donation during an

eprdemrc on Reunion Island in the Indran Ocean, 2005 to 2007

Céczle Brouard Pascale Bermllon, Isabelle Quatresous, Josiane Plllonel, Azzedine Assal,
Henriette De Valk; and:Jean:Claude Desenclos for the workgroup ‘Quanntatwe Bstimation of the
Risk of Blood Donation Contammatzon by Infectzous Agents”

L were: computed for ditferent phases of the‘epidemic.
- “Calculations used CHIKV incidence estimates - derived -

| -mented for platelet (PLT) donations screening.

| RESULTS: Over the course of the outbreak, the mean . -
| risk was estimated at 132 per 100,000 donatioris. The
‘risk peaked at 1500 per 100 000 donatrons at the

- B blood donations would have been potentially viremic rf

“period, an estimated 312,500 of 757,000 inhabitants

were of the same order of magnrtude .
- 'CONCLUSION: During this large’ outbreak, the esti-
" ‘mated risk of viremic blood donation was hlgh but Iow ‘

~mission. The estimated risk was corroborated by the

BACKGROUND: Between 2005 and 2007, Chikungu-
nya virus (CHIKV) caused a massive epidemic on -
Reunion Island with a major peak in the number of

cases in February 2006. Blood donation was interrupted | . ward, it caused many outbreaks in Africa®” and in Asia %11

-In Africa, a sylvatic transmission cycle between wild pri-

on the island in January 2006. . ,
STUDY DESIGN AND METHODS: Estimates of the.
mean risk of viremic blood donation on. ‘Reunion: |sfand :

from.sentinel surveillance, duration of viremia, and fre-
quency of asymptomatic.infection. Data on these two .
last parameters were initially based on hypotheses and :
subsequently: obtained from studres earried out during - -
the outbreak. The estimated risk was compared to the
results of CHIKV nucleic acid testing (NAT) imple-

helght of the outbreak in February 2006. In total, a7
blood" collec’aon had not been interrupted Dunng this
had been infected by mosquito-borne transmission.

From January to May 20086, the estimated mean risk
(0.7%) and observed risk on PLT donatlons (0. 4%)

oompared to the risk of mosqurto-bome CHIKV trans-

concordant results wrth the observed nsk.

149

“erally very painful, as suggested by its name C
meaning- in the language of the Tanzanian Makonde o
_ plateau “that which bends up?” in reference to.the stooping
. posture adopted by panents because of the severity of the . -
_joint pains. The symptoms usually resolve within'a.few .
- days, but in some severe cases,: arthralgla may persist for

hikungunya virus (CHIKV) is an alphavirus that
. belongs to the Togoviridae family, transmitted:
by Aedes mosquitoes. It was first identified in
1952 during an outbreak in Yanzania.'? After-.

mates and mosquitoes is thought to maintain the virus,

“whereas in Asia, it is transrmtted from human to human .

through an urban transmission cycle.® CHIKV infection is
mainly characterized by sudden onset of fever, arthralgia, -
myalgia, headache, and edemas 1381213 Other symptoms -
like rash, epistaxis, gingivorrhagia, nausea, vomiting,

flushed face, or photophobra have also been described. -

glinya

months or years.** Serosurveys implemented during

... prior outbreaks have demonstrated that Chikungunya '
. infection can also be asymptomatic.®.

In early 2005, CHIKV: emerged for the ﬁrst time in the

) southwest Indian Ocean regron (Comoros, Reumon,

' ABBREVIATIONS: CHIKV = Chrkung\myavuus.WNV West

Nilevrrus.

) From the Insutut de Veille Sanitaire (InVS) (Prench Institute of
. Public Health Surveillance), Saint-Maurice, France; Etablisse-.
.- ment Fram;ars du Sang (EFS) (French Blood Semces),
) -France. :

Address reprint requests to: Cécile Brouard, Instltut de Veﬂle

._Sanitaire, Département des Maladies Infectieuses, 12 Rue duVal
d'Osne, 94415 Saint-Maurice, Cedex, France; e-mail: c.brouard@ v

invs, sante.fr. :
Received for publication October 1, 2007; revision recerved
November 13,2007, and. accepted November 13, 2007.
dm. 10. 1111/] 1537-2995 2008, 016461 :
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April-July 2005 L

LT
NTTTITIIIT)

[

Mid-June 2006-Mid-April 2007

S i Numbar.ofsymptomatlc CHIKV cases

7T

TITTEH
~ MarchjApr.

ERERRR
June { Jul
2005

T
Aug.

=4

tlu'ough Aprﬂ 15, 2007,

Maybtte.’ Seychelles, Mauritius,' and Madagascar Islands).
. On Reunion Island, the first cases were identified at the -
“end’ of ‘April 2005. After a first epidemic peak in May
*~'through Jurie 2005 with a maximum of 450 cases during
* the second week of May, the number of cases decreased
- during the southern hemisphere winter season. At mid-

December, an exponential increase in-cases occurred,

-+ with almost. 10,000 estimated cases at mld-Ianuary 2006
" (Pig. 1). Because of concerns about the possible transmis-

IIHIH1 .
Sept. |Oct. Dec JanFeb

Week of onset of symptoms

) Fig. 1. Distrlbuﬂon of symptomatic cases of CHIKV lnfecﬂon per week of onset of symptonts, Reunion Island, Mareh 28, 2005,

AN EERER

Ap(.M'ay June

group mcludmg the French Agency for the Safety 0£Health -
Products (Afssaps), the Frean Blood Servxces [
the National Institute for Blood 'Itansmslon (INTS) In
early 2005, this group initiated a project with the ¢ aim of -
obtaining a priori quantitative risk’ estimates of « i-
nation of blood donations by infectiouis agents for vanous

 scenarios in terms of mcldence and mn spane

~ distribution.*

sion of CHIKV by blood transfusion, the French Blood Ser- -

vices (EFS) mterrupted blood donations on’ the island
from January 23, 2006, except donations for platelets
(PLTs) for which’ systemaﬂc screening for CHIKV genome
by nucleic acid amplification testing (NAT) was set up.

At thdt moment,: we estimated -the risk of CHIKV.
viremic blood donation. Afterward, we updated these esti-
mates since more.accurate data were available on the inci-
dence of infection and on the frequency of asymptomatic

MATERIALS AND METHODS

. The estimates were performed by the French Insntute of

Public Health Surveillance (InVS) in the setting of a work-

©71334 TRANSFUSION Volume 48, July 2008
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" infections. We compared the estimated risk of viremic
- blood donation to the observed proportion of viremic PLT
. donations determined by CHIKV NAT screen_ing.- '

VGeneraI approach

The first estimates performed in Ianuary 2006 (“prehmx
nary estimates”) concerned the tweo followmg periods:
Period A, from the detection of the first cases in April 2005
to mid-December 2005 when a large increase.of, cases:

“occurred (March 28-December 18, 2005; 266 days), and

Period B, from mid-December until the interruption of

‘blood collection (December 19, 2005-Ianuary 22, 2006;

35 days; Fig. 2). .
These estimates were later. refined with consohdated '

incidence data, corrected for delayed care-seeking and

. delayed reporting and more precise estimates of the pro-
- portion of asymptomatic infections obtained through'a

seroepidemiologic survey carried out at the final phase of
the outbreak (“retrospective estimates”). We: also- esti-
mated the risk of viremic blood donation for five different
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Numbei of symptomatic CHIKV cases

50000 -

RISK OF CHIKV VIREMIC BLOOD DONATION -
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Fig. 2. Periods for risk estimates and- distribuﬂon of symptomaﬁc cases of CHIKV infection perweek of onset of symptoms, .

Reunion Island, March 28, 2005, through April 15, 2007.

penods of the . outbteak W1th these updated data

(Fig. 2).

. By use of. the quarterly numbers of blood donauons
coIlected on Reunion. Island. in 2005, (unpublished data
from EFS), .we could then, estimate the number of blood

. donations that would have been collected in 2006 if blood
.donations had not been mterrupted

. To assess the validity of our risk estimates, we com-
pared the estimated risk of viremic blood donation (“esti-
mated risk’). to the observed proportion of viremic PLT
donations collected and- screened for -CHIKV genome '

(“observed risk”) over the same penod

o Statistical approach :
An apprommatmg formula developed by Bxggerstaff and

Petersen15 in 2002 for West Nile virus (WNV) was used to
estxmate the mean risk of viremic blood donation by
CHIKV This formula combmes the propomon of asymp-

",tomatm (Pa) and symptomaﬁc (Ps) infections with the
. duration of viremia among asymptomatlc infected mdl- :
‘v1duals (Va) and the duration between onset of viremia

. _and onset of symptoms in symptomatic patients (Vs). This

prov1des the mean nme an mfected mdmdual is viremic .
and asymptomauc. D1v1dmg thls mean durauan of

Y
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viremia by the length of the outbreak period (L) then pro-
_vides an estimate of the probability that an individual
donates blood 'during viremia, assuming that a person

'with symptoms would self-defer or be excluded from

donation by the predonation medical examination. Com-
‘bined with the incidence (), of the infection (including
both symptomatic and asymptomatic infection), it gives

. anestimate of the mean risk of vnemlc blood donation:

k= (PaxVa)+(Pssz) I

’Me‘"ns
_veanr L

As suggested by Biggerstaﬂ" and Petersen,**risk conﬁden,ce.
bounds were obtained by multiplying the- confidence

. bounds of I by [(Pax Va) + (Ps x V§)}/L. Confidence inter-

vals (Cls) of I were calculated with Fleiss. quadrauc -
'method.‘“ 4

Data ’o'n duration of viremia -
In Ianuary 2008, few data were avallable on the duration of
'CHIKV vitemia, In 1964, Sarkar and coworkers” described,
~from wrologlc studles of hemorrhagxc fever in Calcutta;
that CHIKV was most frequently isolated from blood
" withiin 48 hours after the onset of symptoms, but that it
' had been lsolated aslate as6 days afterthe onset of illness.

 Volume 48, July 2008 TRANSFUSION 1335
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The duration of viremia has been more extensively docu-
mented for dengue viruses: 1 or 2 days before the onset of
symptoms and between 4 and 6 days and as late’as 12 days

‘after the first symptoms.’** We thus-used the following

parameters for CHIKV: 1.5 days for the mean duration

between onset of viremia and onset of symptoms among A

symptomatic patients (Vs) and 1.5+6=7.5 days.for the

mean duration of viremia among asymptomatic infected -

individuals (V&) assuming that the whole duration of

_ viremia is similar in symptomatic and asymptomatic

infections.

The same estimates of duration of viremia were used -
for the retrospective estimates since consistent observa- -
. tions were reported during the outbreak on Reunion .
Island. Thus, during this epidemic, CHIKV has been iso- -
lated from blood mostly within 5 days and as late as.

12 days after the onset of symptoms. In some cases,

CHIKV viremia might have per31sted over 12 days smce :

viral loads at12 days were hi;

Data on the proportion of asymptomatie infeetlooé
For the preliminary estimates in January 2006, in the’

absence of data on the proportion of asymptomatic
CHIKV infection, two hypotheses were formulated based:

on the proportion of asymptomatic infections reported -
during outbreaks of dengue:?** a minimal proportion of
asymptomatic infection of 30 percent and a maximal pro-

portion of 70 percent. .
Between August and October 2006, a seroprevalence
study was conducted among the general population of
- Reunion Island# This survey showed that 38 percent of
. - the inhabitants of Reunion Island had been infected by
CHIKV. The preliminary results indicated that 6 percent of
‘ the study population had a positive CHIKV. serology
without having reported CHIKV symptoms. This suggests
that approximately 15 percent of infected individuals

during this outbreak may have had an asymptomatic

infection. Therefore; this proportion of 15 percent was
: used for Pa for the retrospective estimates.

lncldence of CHIKV' infectlon

We used the incidence data in the geneml populatlon for

. the risk estimations assuming that potential blood donors
" had the same risk of CHIKV infection as the general popu-

., lation. The population of interest was the inhabitants of

* Reunion Island estimated at 756,745 .by a population

 census conducted in 2004 by the National Institute for
Statistics and Economics Studies (INSEE). CHIKV" inci- -
.dence data, by week of onset of symptoms, were obtained . -

~ from the Reumon-Mayotte Interreglonal Epidemiology
Unit, which had started surveillance for CHIKV infection

“as soon as the first cases were reported in Apnl 2005. A
suspect case of CHIKV infection was deﬁned as a patient

1336 TRANSFUSION Volume 48, July 2008 .

with an abrupt onset of fever over 38.5°C associated with
incapacitating arthralgia in the absence of any other
potential cause of infection. From April to December 2005,

* surveillance relied on vector control teams, which’con-

ducted active and retrospective case-finding around the
cases reported by a sentinel physician network, medical
laboratories, private practitioners, and patients them-
selves. The number of cases took into account the symp-

‘tomatic patients responding to the case definition

whether or not they had consulted a general practitioner.

During this period, approximately 67 suspect CHIKV cases
~were identified by ‘active case-finding for every silspect
‘case identified by the sentinel network physicians. From
. mid-December onward, the number of cases exceeded the

.capacity of the active surveillance system, and surveil-

- lance was then entirely based on the sentinel network. To

.- estimate the total number of cases from the sentinel

i network data, the multiplier of 67, derived dunng the
i+, phase of active case finding, was used.” . ,
o For the estimations of the risk of viremic donatmns,' o
""" we calculated the estimated incidence of symptomatic
.and -asymptomatic CHIKV infection by multiplying the

estimated incidence of suspect cases by 100/(proportion

- of symptomatic infections).

RESULTS

Prelimlnary estimates
When the preliminary estimates were performed at the

end of January 2006, the number of CHIKV suspect cases -

was 6500 for' Period A and 25,000 for Period B.: For

: Penod A; the estimated miean risk of viremic blood: dona--
tion was'15.2 per 100,000 donations, under the' minimal

hypothesis.of 30 percent asymptomatic infections, and

' 61.3 per 100,000 donations, under the maximal hypothesis. .
of .70 percent asymptomatic infections -(Table I).: For

Period B, the mean risk reached 445 per 100,000 dona-

tions, under the minimal hypothesis and 1,793 per, - - -

100,000 donations, under the maximal hypothesis. """

Retrospective estimates

The retrospective estimates used the results of the sero- =
of . 3

prevalence survey that estimated the propom
asymptomatic CHIKV infections during this outbreak at
15 percent. The updated estimate of the number of & symp-

-tomatic cases was 6,864 for: PenodA and 34, 002 for

Period B (Table 2). Risk of viremic blood donation” was

then estimated at 9.6 and 362.5 per 100, 000 donations for

Periods A and B, respectlvely “The risk estimates for the

. five periods of the outbreak are shown in Table 3. Between
the 1dent1ﬁcat10n of the first CHIKV cases and the inter-

_ ‘ruption of blood donations (Period 1), 7 of 14,450 blood
donations collected could have been viremic. During
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RISK OF CHIKV VIREMIC BLOOD DONATION

TABLE 1. Prehmmary risk estimates of viremic blood donation, Reunion lsland March 28, 2005, through
January 22, 2006 :

Period A, Period B,
Mar 28-Dec 18, 2005 Dec 19, 2005-Jan 22, 2006
Minimal Maximal Minimal Maximal
hypothesis hypothesis hypothesis hypothesis

Estimated number of symptomatic cases 6,500 . 6,500 25,000 . 25,000

Proportion of asymptomatic infections (%) 30 70 30 70

Estimated number of infected cases - . 9,286 21,667 35,714 83,333

Period length (days) : 266 266 ) 35 - 35

. Estimated incidence of CHIKV infection 1,227 2,863 : 4,720 : 11,012

per 100,000 ) :
" | Estimated risk of viremic blood donation : o
. Per 100,000 blood donations (95% Cl) 15.2 (14.9-15.5) 61.3 (60.6-62.2) 4450 (440.5-449.5) = 1,793.4 (1,781.9-1,804.9)

Per estimated number of blood 2.0/12,800°(1.9-2.0) 7.1/1,600 (7.0-7.2) 28.7/1,600 (28.5-28.9)

donations (95% Cl)

7.9/12,800 (7.8-8.0)

TABLE 2. Retrospective risk estimates of viremic blood donation,

Although an estimated 7 viremic
donors had donated blood before the

Reunlon Island, March 28, 2005, through January 22, 2006

collecdon was interrupted, no case of

Per estimated number of blood

1.2/12,800 (1.2-1.3)
donations (95% CI)

5.8/1,600 (5.7-5.9)

Period A, Period B, 1 i : .
Mar 26- Dec 19, 2005~ transfusion-transmitted CHIKV infec-
o _ _ v Dec 18, 2005 . Jan 22; 2006 tion has been xdennﬁed during this .
Estimated number of symptomatic cases ., . 16,864 34,002 penod
Proportion of asymptomatic infections (%) 15 15 i : .
Estimated number of infected cases. . . 8,075 40,002 : . ' .
- Period length (days) . 266 35 DlSCUSSION
Estimated incidence of CHIKV |nfec1ion ) 1,067 5,286 - o
‘per 100,000 During this first and massive epidemic
Estimated risk of viremic blood donatlon B HIKV
Per 100,000 blood donations (95% Ct) 9.6 (9.4-9.8) a62.5 @3s0.0a66.0) | °LC infection on Reunion Island,

we computed estimates of the risk of
CHIKV viremic blood donation, in real

Period 2, at the height of the epidemic, the estimated risk

_of viremic blood donation was 1,500 per 100,000, that

is, 29 potentially viremic donations if blood collection
had continued. The estimated risk then decreased due

to drmlmshmg CHIKV transmrssron. ‘210" per 100,000
~ between March and Jne 2006 (Period 3), 1.4 per 100,000

for the second sen;ester of 2006 (Period 4), and 0.27 per
100,000 for the first months of 2007 (Period 5), that is, 1

" potentially viremic blood donation every 21 years on the
‘basis of 17,500 blood donations- collected. each. year.

Finally, -over the course of the outbreak a total of 47 of
35,750 blood donations might have been viremic if blood
collection had .continued. Simultaneously, an estimated
312, 500 of 757,000 inhabitants have been infected by

mosqurto-bome transxmssxon

Comparison between estimated risk and observed

. risk:

Between January 23 and May 7, 2006 2 of the 500 PLT
donations screened for CH]KV RNA were positive (0.4%).
One donor developed CHIKV symptoms on the day after

- the blood donation, the other remained asymptomatic.
~ The risk of viremic blood donation over this period was

estimated -at 720 per 100,000 blood donatmns, that is,
0 72 percent

153

- _time during the ascending phase of the

major. epidemic peak, and afterward,
we refined these estimates with newly available data.
Although we underestimated the iricidence of CHIKV
infection in our preliminary calculations, we overesti-
mated the proportion of asymptomatic infections. Conse-
quently, the preliminary estimates were 1.2- to 6.4-fold

- greater than the retrospective calculations. The prelimi-

nary estimates, however, provided a right order of magni-
tude of the risk in real time in an emergency context. The
retrospective calculations indicate a mean risk over the
course of the ontbreak, between April 2005 and April 2007,
of 132 per 100,000 donations. The mean risk peaked at

A approximately 1,500 per 100,000 donations at the height -

of the outbreak in February 2006. In total, potentially.
47 of 35,750 blood donations might have been viremic-
between April 2005 and April 2007 if blood collection had
not been interrupted. We. also estimated that 7 blood -
donations were viremic before the interruption of blood

donations on the island. Therefore, this measure enabled- S

‘the avoidance of 40 potentially viremic donations. By way
of comparison, during the outbreak, the total number
of individuals infected through mosquito-borrie CHIKV :

~ transmission is esumated at 312,538 individuals.

This approach has several limitations. The estimates -
provrded relat'e to 'a mean nsk, which supposes that. the
risk is constant over the studied penod and for the

Volume 48; July 2008 TRANSFUSION 1337
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geographic area. Although estimates were perform-ed for
several periods selected according to the level of inci-

dence, the number of cases and consequently the risk -
might have been highly variable during the studied -

period. In addition, the risk of infection varied by geo-
graphic area as later demonstrated by the seroprevalence

'survey that shewed that 29.6 percent of the inhabitants of

the North have been infected whereas in the East, this
proportion reached 48 percent, Consequently, the mean
risk underestimates the maximal risk,  corresponding to
the peak of the outbreak dnd to the area where CHIKV
transmission was maximal. This maximum risk, however,
is highly time and space limited. -

To obtain a more dynamic sight of the nsk over. the
‘course of the epidemic and estimates of the ‘maximal
risk, it would have been necessary to develop an
_ approach similar to the one proposed by Biggerstaff and
Petersen’*? for the WNV epidemic in 2002 in the United

States. The latter is a statistical approach based on impu-
tation and resampling techniques providing. daily esti-

mates of the risk of blood contamination in an epidemic

setting. Conducting such an analysis in the context of
this large and long-standing outbreak would have been

" computationally cumbersome. In our opxmon, “such:a

refinement was not essential in regard to the main gbjec-

tives of the study, that is, providing a nght order of mag- :

nitude of the risk as an aid for risk management. We
considered that providing an approximation of the mean
risk over five periods was a suitable alternative. To
compute these mean risks, we therefore used the

- approximating formula proppsed by Biggerstaff -and

Petersen.’® In 2003, Biggerstaff and Petersen demon-

. strated for the WNV epidemic in 2002 in the United
" States that the approximating formula provides a reason-
able approximation to the mean risk of transfusion.’ The -
‘same work of comparison of the mean risks estimated by

this method and by statistical resampling was carried

‘out, in the setting of our workgroup, for an outbreak of
-acute hepatitis A in France that occurred in 1996 through
©1997.14%7 It also concluded to a good concordance of the
“results of both methods. Note that the Cls presented with
~ our ‘mean risk-estimates do not take into account ‘the

uncertainty on the duration of viremia, the propoition of
asymptomatic infections, nor the: coefficient of 67, used

to estimate incidence of symptomatic infections from

the sentinel network data. Even though this limitation

* led to artificially narrow CIs, point- estxmates of mean risk

shou]d not be affected.

Our mcxdence data were derived from a sentinel sur- :

veillance system. Because a clinical case definition was

used, it is possible that other febrile lllnesses, not due to .

CHIKV, were included in the case count. The posmve

“predictive value of a clinical case definition, however,

greatly improves if incidence is high. Therefore, the
inclusion of noncases in the case count, leading to
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overestimation of the incidence and hence the risk of
virernic donation, is more likely to occur outside an out-
break setting. The validity of the extrapolated data
derived from a sentinel surveillance system estimating
the total number of cases in the community should also
be questioned. The serosurvey estimated that 38 percent
. of the inhabitants had been infected and that 32 percent
had suffered from symptomatic infections. These data
are consistent with the 35 percent of the inhabitants
having suffered from symptomatic jllness, estimated by
the sentinel surveillance system and corroborate our
incidence estimates.

- We assumed that potential blood donors-had the
same risk of CHIKV infection as the general population.
This assumption was supported by the findings of the
- serosurvey that showed similar antibody prevalences
among adults of both sexes.? In addition, when we
applied age-specific CHIKV antibody prevalence rates of
. the serosurvey to the donor population of Reunion Island,
the overall seroprevalence among donors was estimated
at 37.2 percent, similar to the overall antibody prevalence
in the general population (38%). .
~ One major limitation of the vahdlty of our estimates
. relates to lack of a precise knowledge on the distribution of
the duration of asymptomatic viremia in individuals with

.apparent and inapparent infection. To refine the esti-'

mates, further studies are necessary to document the
kinetics of CHIKV viremia. This approach also hypoth-
esizes that symptomatic individuals would self- defer or be
excluded by the predonation examination. In real life, this
may not always be the case. In the United States, among
the first 14 identified donors associated with transfusion-
related WNV transmission to recipients, 3 were shown to
have been symptomatic at the moment of the donation.!s

- Nevertheless, for CHIKV infection which is charactenzed -

by sudden onset of symptoms, this assumption is more
plausible than for WNV which frequently causes pauci-
symptomatic infection.

"~ Lackof data on the frequency of asymptomauc infec-
tion was the most unportant limiting factor for the pre-
liminary estimates. This vanable has a preponderant role
in the risk estimate since it contributes both in the com-

putation of the weighted mean of the duration of asymp- -

'~ tomatic viremia and in the estimate of the incidence of
mfectlon 'Valid data were available, however, for the ret-
rospective calculations from the seroprevalence survey.
This survey provided an estimate of the proportion of
asymptomatic -infections obtained- dlrectly among the
studied population and for the epldemxc CHIKYV strain
circulating.
o In spite of the above hrmtatmns, the retrospecﬁve
' estimates are likely to give a good approximation of the
“real risk, as suggested by the observed risk of viremic PLT
donations. From January to May 2006, this observed risk
was 400 per 100,000 donations, of the same order of mag-
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nitude as the risk of 720 per 100,000 donations estimated
over the same period.

Up to date, CHIKV infections from transfusion of
blood or blood components have not been reported in
the literature. On Reunion Island, no case of transfusion-
transmitted CHIKV infection has been identified i in spite
of the estimated seven viremic donations collected
before donations were interrupted. Despite the lack of
data about transfusion-transmitted CHIKV infection, the
high viral load during the acute phase of the infec-
tion, 2 the fact that several cases of CHIKV transmission. -
have occurred among laboratory personnel handling
infected blood,” and the fact that CHIKV has been trans-
mitted to a health care worker drawing blood from &n
infected patient® provide evidence that transfusion-
related transmission of CHIKV is highly plausible. It is
possible that transfusion-related infections have not
been recogmzed or have not been distinguished from
infection from mosquito vectors. Also, the true transmis-
sion rate from viremic donors to recipients is not known.
Several issues may influence the possibility of transmis-
sion of CHIKV through transfusion, such as the stability -
of the virus during storage of blood. and the efficiency of
virus elimination of blood processing methods, as-viral

inactivation. Also, the presence of IgM or IgG. antlbodles
- in donor blood may neutralize infectivity, as demon-

strated for other viruses such-as parvovirus® and:sug- -
gested for WNV! In addmon, the assessment of the risk
of CHIKV transmission from a viremic donor to a recipi-
ent would need to take into account -the recipient’s
immune status. o :

In conclusion, despite ‘the absence of documented .

. cases, blood transfusmn—related CHIKV transmission is

plausible and the risk of viremic donation can be substan-
tial in an outbreak setting. During this large outbreak, the
estimated risk of viremic blood donation was high, butlow
compared to the risk of mosquito-borne CHIKV transmis-

- sion. Despite its, limitations, this work provided a right

order of magnitude of the risk of viremic-blood donation
in real time during the ascending phase of the epidemic
peak. At this moment, the decision of interrupting blood
collection relied on the precautionary principle. The low -

. risk estimated for early 2007 was, howéver, useful to con-

tribute to the decision making process to start again the
collection.of blood donations on the island from June 14,

2007. This illustrates how this approach may contributeto -

guiding prevention measures.
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Rewew of dengue fever casesin Hong Kong durlng
1998 to 2005 | R
: Ob]ectrve ?To descrrbe the ;epidemiology, r:linieal and Iaboraror);>ﬁnd|ngs; ’
... and outcomes of patrents presenting locally with dengue.

: ::‘:De'sign
. Setting
-".-Patients .
-z . > admitted to public hospitals dunng 1998 to 2005 were revrewed .
ﬁretrospectlvely o
ts - ‘A total of 126 cases were rdentlﬁed, 123 (98%) bemg dengue fever .
nd three (2%) dengue haemorrhagic fever. One patient who had—' -
‘blood transfusion-acquired denguie fever was hrghhghted.A total -
..of 116 (92%) cases were ‘imported, while 10.(8%) were local.
'7Among the 56 dengue cases conﬁrmed by reverse transcnptron—-v -
-polymerase chain reaction, dengue virus type 1 was the most
ommon accounting for 48% of them, followed by type. 2, type 3.
“and type 4 responsible for 23%, 16%, and. 13%; respectively. Only
" type. 1 and type 2 were present in Iocally acquired. infections._l'}
* The median age.of-the patients was 38 years and the mean. "
uration of hosprtalrsatron ‘was. 6 days. There was no mortalrty,'.'-;,.',
nd. neady alt patrents (98%) presented wu:h fever. Other

Retrospectlve review of case records.
Public hospitals, Hong Kong.

Medical records of all Iaboratory-conﬁrmed dengue patrents‘

Thrombocytopema, neutropema, and Iyrnphopem
i 86%, 78%, and 69% of the patients, r respectr vely.

* diagnosis. The deniog

as well as outcomes
e ;dengue serotypes, but the
was Jower 'tha_n the‘other_ sero \ :

When physrcxansencounterpatrentsnnﬂl arel ant tray
""" presenting with fever and skm'-.rash,.and having
-'?.‘-':‘:»haematologrcal ﬁndmgs, dengue ever,
drfferentral dragnosrs S

 Conclusion”

Denguei is the: most common and wrdespread arthropod—borne vrral rnfectron in: the worl
.today. It is-recognised in over 100-countries throughout the Ltropics. and subtroplcal areas .- -
.and threatens the health of: approxrmatelyﬂ)% oftheworld'’s population, of nearly2.5brll|on E
-peaple.’ The highest burden of disease occurs. in:South-East Asia and the Western Pacific, :
.where it is one of the 10 leading causes of hespitalisation'and childhood mortalrty :

" In Hong Kong, dengue fever was made notifiable'since March 1994 and alf infecuonsj' B
reported to the Department of Health (DH) are investigated to establish their source. The
::number-of cases reported is showmg an increasing trénd in ‘recent years, the vast majority .

being imported from other countries. Hong Kong’ expeﬂenced its first local dengue case * -

-in-September 2002.3.Thereafter, several others-were: encountered Ain. Ma Wan. and local’:':;}=
cases were.subsequently identified sporadically in 2002 and 2003. : Lo R B

~ The epidémiology, dlinical mariifestations, and Iaboratory findlngs of dengue fever:':i -
“‘inféctions and its complications have been extensuvely describedin the medunl lrterature, S
but comprehensrve revrew is lacking for our local patrents LR e
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~ The objective of this review was to describe the
epidemiology and explore the clinical characteristics
and laboratory findings of dengue fever and dengue
haemorrhagic fever (DHF) cases admitted to Hong
" Kong public hospitals during the period 1998 to -
2005. We also compared the clinical and laboratory
features of the four dengue serotypes identified by

the polymerase chain reactlon (PCR) techmque

Methods

We |ncluded patnents admltted to publlc hospltals""

® Dengue fever in Hong Kong - S

during’ 1998 to 2005 by using selective criteria “ any 388 l

diagnosis ICDICM code” starting with “061 dengue”
-through the: Clinical Data Analysis ‘and Reporting

- Systermi. A patient list was retrieved'and inatched with -
- the’ laboratory-canf rmed dengue cases notified to"
the DH. A cise was definéd as confirmed by détection
. of viral genomic’ sequenCES in autopsy tissue, serum.

I or, cerebrdsplnal fluid samples by PCR; a four-fold or

' morerise rmmmunoglobultn G (1gGyor IgM antibody
rmore dengue vitus antigens in paired "}
serurn sampl“es, ot & positive IgM’ antnbody titre in
Mate™ acute or cbnvalescent phase serum specnmeﬁs

titres to on

. ormélae ), (W|th'=platelet cuunts
‘=100 x 10° /l.) and ewdence of plasma leakage dueto
_increased vascular permeabahty (a rise in haematocrit

o 220% above average for age, sex inthe population, .

-:a drop in the haematocrit following volume-
- replacement’ treatment: of 220% from-baseline, -and-.
- features’. consistent: with . plasma ‘leakage-'such- ‘as -
.- pleutal: effusion; ‘ascites;: ‘and - hypoproteinaemia). :
- Dengueshocksyndromewas defined as: ‘DHF together:
with direct evidence of c:reulatory failure or indirect
_";:thdence mantfested as: a. rapid_and. .weak pulse,
narrow pulse pressure (20 mm Hg.or hypotens;on for.

Lo Statlstrcal analysrs'wascamed out torcompare
the epldemlological clinical; and taboratory fi indings
- among the four dengue serotypés. The categorical-
. variables. were. compared by ‘the ‘Chi squared and

“Fisher’s. exact’ tests. Normally. distributed data were.
) compared by analysus of varlance and data wuth

_Results
Dlsease trend _ . .
Inall, 126 patlents with laboratory-confirmed dengue :

.2005. Only-three (2%) patients suffered from DHEF, -
-while the remaining 123 (98%) had dengue fever; no

Itered mental status. .
untll in-2002, when - nine ‘patients were rdentlf' ed. -

skewed»distril)ution's'by.the Kruskal-Wallis tést, - :

fever were admitted to public hospitals from 1998 to-

-dengue shock syndrome was reported. The number of
- patients: encountered showed an-upward trend from,
11998.(2 cases) 102003 (35 cases), and subsequently"

remained more or less constantin2004 (20.cases)and - ..
2005 (24 cases). A total of 116 (92%) were imported,

~while in 10.(8%). the lnfecuon ‘was locally acqunred S
e

No locally acqutred dlsease was’ reported.__
Among -them, six cases were confirmed to be .
epidemiologically related to- the Ma Wan. outbreak .
_Another patient -acquired the infection. through»

blood transfusion fromone of the Ma Wan cases. The e . o
remammg two locally acquired casesin2002andone . - . R
- HongKong Med J Vol 14 No 3 @ June 2008 ® wwwhkrmorg 171 .
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- FIG 1. Numbers of dengue fever cases admicted to public hospitals in Hang Kong, 1998-2005 "

Noofcases - .. - o

- ‘PG Seasonal variation of decigi féver cases admicond to public hcspitals in Hong Kong. - '+ .

+ . in.2003 were sporadic. - - Country of origin for lnfectlon o S
SRS Amiongthe 116 imported casés,’ 106: (91%) were' " -
acquured in" South-East Asian Countries (Indonesia,
'Thailand; -~ the Phthppmes, Vietnam,. Singapore,

, g de gue cises were reported alt year Malaysua, Cambodia, Macau, and the Pacific Istands);
o _'»:round Fugurez eivionstrates the seasona!vauatlon ‘eight (7%) originated from’ South Asia (India, Pakistan,
: -.._-of cases,’thhapeak from ]uly to September Bangladesh Sn-l.anka, and Nepal), and one- (1%)}

T2 HongKanged Vor1a NG 3 @ o 20068 waiHirior
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from Pitcairn island. Data for one case could not -

be determined as the patient had recently travelled
to more than one country where the infection was
endemic.

Patient demographics

The median age of the patients was. 38 (range, 5.72) I B

years and the female-to-male ratio was 1:1.2; five (4%)
were. paediatric patients (aged under 16 years), 114

(90%) were Hong Kong residents. Asmall proportron»' L

of the patients were migrant workers or tourists
(4% and 5%, respectavely) Among the Hong Kong
residents, 86 (75%) werée: Chmese,r11 {10%) : were

from other Asian nation ’(lndonesra. the Phllrppmes,' .

* Myanmar, 'lhalland), three:(3%) were White. and two

- (2%) belonged to the’:Pakistar
Data on the origin of the remammg 12 patlents were
missing. :

Serotype prevalence

‘Laboratory data on reverse-transcnptlon PCR sero- |

typing were available since 2002 and the serotypes of
. the correspondmg 56 cases‘are shown in Frgure 3.

- All four serotypes, DEN-1, DEN-Z, DEN-3‘and -

- DEN-4 were present among imported .cases; while

klsmmlNepalese group :

= Dongue feverinHong Kong e

WoEN4

B 0eN3

1 DEN-2 bocal
- HDEN2
" M DEN- boaal

EDEN-

:‘ ‘_ Ym,(m)'_: -

G 3. Distribution of serotypes among :he dengue fever cases idendﬁed from 2002 E
. t0.2005.. - :

- DEN- ldenotesdeng:evumstype [ DEN-2dengrevurustype2.DEl\l-3den@em._?.
type3andDEN-4dengue\nmstype4 :

_‘only-, DEN—1 (n=6) and DEN-2 (n=1) were present m"if S

“local cases. Overall, DEN-1 was the most prevalent - -

_ 'dengue serotype responsrble for- nearly half (48%, -
- 27/56) of all cases, followed by DEN-2 whreh accounted
~for. about one quarter (B%, 13/56) ) .

’ v.Cllmcal presentatnons and outcome -

: Approxlmately '98% (122/124) of patlents presented
- with fever; the mean value for the highest temperature .
being 38.2°C (standard .deviation, 1.0°C) [Table 1. .
-The second commonest presenting symptom was -
.myalgla, 83%  (75/90). Two thirds of patients had -
" headache, fatigue; and 3kin rashes. One third of the
. patients (24/71) complamed ‘of retro—orbutal pain.
The chief’ presentmg complamts iy m
third of the patients were gastro-lntestlnal (nausea,
. ..vomiting' and/or diarrhoea) or’ uppeF respiratory
. tract (dry cough and/or sore throat) or both. Over -

" “-one quarter of patients (28/108, 26%) complamed

ore thar'one

"DHF. as the fii nal dlagnosrs The mean duratlon of%~

hospitalisation for these. patlents was. 6 days, 'and_’ '
, there was no mortahty . : .

l.aboratory fi ndmgs
Thrombocytopenla

was the most . commonj-'

haematologlml finding, which affected 107 (86%) of
‘the 124 patients with available platelet counts (Table

S The. m
~was 64 x 1

ean value of the lowest platélet cotnts' e
0° /. Among those with available-results,:

‘neutropenia, atyprcal lymphocytés, and 'Y'“PhOpen.a:"*ﬁ-' S
. were present in 78%.. 75% and 69% of. the patuents%.f i

respectively; “half had
thfombop|ast'n S et

“ptoportions  with - deranged liver functlon ‘tests
‘and hypoalbumlnaemla are ‘also shown in- Table 1.

‘Mean ‘values for ‘aspartite aminotransferase and -

.of abdominal pain, and one complained of blutred  alanine amindtransferase were 212 U/ arid 169 'U'L' e T
respectlvely : L

‘vision. Except for petechiae ‘which were- present
in 45% (471105) of the patients, other. 'spontaneous
' bleedmg was uncommon. Maculopapular skin rash
was -the commonest physical-findings: i’ 70% “oft

... these with a rash it occurred predominately on the

- trunk. Lymphadenopathy Was_.uncommon, whnch

“was only:elicited in 16%.of the patients.- No. patlent_
. demonstrated biphasic fever. :Only.one patient had. .

clinical and radiological features of plasma: leakage:.

. (pleural-effusion), and was confirmed to be: Ad‘ue‘to_

Cllnlcal drfferentlal dmgnosus

Dengue mfectlon was mcluded as an lnltlal cllnlcal" -
dufferentlal diagnasis in only, 29% of the patients.
Other differential diagnoses | included: viral mfectlon,
upper._ respiratory tract |nfect:on, -gastroenteritis,

.typhoid fe

ver, chest. mfectlon, malana, scarlet fever, .

scrub typhus, mfluenza, and fever fori mvestlgatuon

" Hong Kong NedJ Yol 14 N0 .40 2006 8 anrins
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TABLE 1. Recorded dinial symptoms physlal and hboratory findings of dengue cases
Symptomslfindings ’

" No.of Remarks (reference range

patients (%) for laboratory tests)

75% of these patients exhibited petechiae only,
with no statistically significant difference between

virus types (P=0.58). Nor was there any statistically -
significant difference between patients having-

- different virus subtype infections for Iaboratory
* variables, except that the lowest lymphocyte counts

of patients infected by serotype 3 was Iower than the :

. other serotypes (P=0.004).

‘Dengue haemorrhagic fever _
'Of the 126 patients under study, three .2%) were -

. ~ Classified as DHF; all were imported from South-East -

. Asian countries, and. none could ‘recall a prevnous'_,'

=3 history of dengué infection. Thelr demographnc,i-

.79/114(69) Lymphocytes
. _1es1xien

:respectlve acute. and convalescence antlbody tnres S

. Dlscussmn '

Thls isa comprehenswe review ‘of dengue fever
- patients admitted to Hong Kong pubhc hosprtalsover =

- local one in: Hong Kong; only DEN-1.and DEN-2 virus
“subtypes were encountered in. Iocal pattents durmg =

clinical, and laboratory findings are shown in Table 3. .-

: They all received intravenous fluid replacement and:::
<. platelet transfusions, recovered uneventfully without -
~..progression to dengue shock syndrome, and were"_
discharged on day 6 or day. 7 after hospntal admission, " .
‘ Although' these three patrents did not. recall prior,

|nfectlon, in one it was Ilkely, as- evrdenced by-_:'ﬁ

the past 8 years. Epldemrologlcal data showed" that"? K

_ residents w,,h a2 travel “history . to_neighl

. South-East Asian-. countnes, where dengue fever:;_
;. ‘is. more endemic ‘The most Pprevalent serotype
 was. DEN-1, followed by DEN-2, DEN-3, and DEN-4,” .

which was. consrstent with the : serotype “patterns.
in’ the countries ffom which such: mfectaons were
|mported 78 The outbreak in Ma Wan was the first

< 2002 and2003

34/123 (28)_’ Albumin 3552 glL

- Comparison of epidemiological, clinical, and
~ laboratory f' ndmgs among the four dengue virus..

‘- patieit’ gender, age and duration’ of hospitalisation|
headach myalgia, arthralgta, retro-orbital’- pain;

drsease severity between the four virus types,

skin. rash fatlgue, gastro-intestinal and’ resprratory
' symptoms (Table 2). The. percentages of patients with
" "bleed gtendencueswereso% 67%, 63%, and 33% for

© DENE

JEN:Z, DEN-3, and DEN=4 virus typeinfections, -

a respectwely Further’ analysrs of the haemorrhaglc

174

mamfestatrons was conducted by categorisation into

epnstaxrs, gum bleeding, haematurra, and’ petechlae'

- mmwuvaimos.mm- wwiw.kmj.ong -
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.- related arthropod-borne viral disease in Hong Kong;.~ .
.- -disease activity is closely related to and ‘depends on"
" the seasonal and weather conditions of countries
= from which. the:virus is-imported. It is difficult to.....
--determine: the -seasonal patterns: of . dengue fever -
. acquired locally ‘based on the few: reported cases..

<that the: density of Aedes albopictus increases: from
April. -and- peaks-in June:; Itis lmportant to aleit the

~vrral dlsease durmg thls peak penod '

‘transmitted dengue in the literature. The patientwas '

and bronchnectascs. She was admltted

- Seasonal variations in dengue mfectsons should
be mterpreted with'cautions. .Dengue feverisatravel- -

" Monthly.ovitrap surveillance in: Hong Kong showed.

~ public to keep vigilance against this mosqulto-borne

‘a 76-year-old woman, with a history of hypertensnon‘ _
in 2002 ‘-'_"
because of progressrve malaise. Bloqd tests revealed ,. :

orar




 Dongue foverinHong Kong &

TABLE 2. Comparison of demographnc. clinical, and labor:tory ﬁndlngs in patients infected with the four dengue serotypes®
; PCR'typel(n=27) PCRtype 2(n=13) PCRtype 3 (n=9) PCR type 4 (n=7) Overall(n=56)

360(240-520) o .540(330—660)

. Data are shownini No (%), except otherwuse stated
* PCR denotes polymerase chain reaction

TABLE sﬁ'oan&mp@gg dinhlandlaboratoryﬁndlngshpaﬂum with dengue haemiorrhagic fever -
© Sex/age - - Ethnicity .. Fever = Haemorhagic - Lowmplauet Plasmaleakage

- macrocytic anaemia: ‘and “pancytopenia. - She" was'. developed generalised skin rash and-attended. the.
- diagnosed to have vitamin B12 deficiency anaemiia, - Accident and Emergency Department of Yan Chai -
which was:treated by vitamin B12 replacemeit and " Hospital. In Qctober, he was subsequently picked up - -
. .received a blood transfusion on 24 August 2002. On < as.one of the dengue cases based onserology results’ .
+ . day-2 post-transfusion, she ‘developed: low-grade . during.the active case. fmdmg exercise in Ma Wan.. _
.- -fever, but o skin rash, headache, myalgia, arthralgia, - Molecular testing performed on the donated blood PR
- or retro-orbital pain. The patient was treated with: product was positive for-dengue: virus type 1. _The,-f‘ o
antibiotics as for a urinary tract infection; based on  woman who had received the blood transfusmn was .,
. the microbiological findings. The fever.subsided 3 recalled for biood testing on70ctober2062, nd was ...
_days laterandthepatlentrecovered unevemfully The foundtobeposutlveforcorrespond‘ nglgMan ibodies
_ blood product she received was donated by a 17-year- andhada haemagglutmatlon-mhlbmon titre of 1:2560.
old asymptomatlc patient llvmg in Ma Wan, during . This. incident was the first. documented cases of such _
“his vuremlc phase on 17 july 2002. On 24, ]ulymz, he transmussuon in the I|terature, and smce October "

' I-lorgKongMedJ \(c>|14N03!M\é2008:- wwwhkmorg 178
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2002, the Hong Kong Red Cross Blood Transfusmn
Service (BTS) has intensified its "donor deferral

-systems to counter this possnbthty Specifically, it now

asks about symptoms of dengue fever in the Blood
Donor Registration Form (Supplement) by reminding
all prospective donors to inform the BTS. staff of all

instances for flu, fever, headache, eye pain, muscle/

joint. pain, vomiting, and skin: rash expeﬂenced 2
weeks before or after blood donatmn. :

In our study, dengue ‘fever was far more

‘common than DHEF -and dengue shock _syndrome,

which were rare events. Our patients only manifested
mild bleeding with good clinical outcomes and. no
fatalities. The clinical presentations of dengue fever,

such as fever, myalgia, headache, and arthralgia,

© were comparable to findings reported in other

studies.®® Our patients (35%). presented with fewer -
-gastroenteritis symptoms comparedtothose of others

+(50:98%).**% Lymphadenopathy .was documented - -
in.only 16% of our patients, which'is much lower "

- than the figure of 50%. reported elsewhere.®® This

A adequate physical examination. Gum bleedmg and

epistaxis were reportedin 12%and 10% of our patients-
“ respectively, which was also. much lower than: that -

. reported prewously"'12 Such differences could be

" due'to the popu[ataons studied; patients recruited in’

* endemic countries were mainly encountered dunng
- outbreaks in which both dengue fever and DHF were

o vcommon Previous studies. showed dengue dlsease'

i seventycorrelatedwnth hugh wremaatltres, secondary .
infection, - and. DEN-2 serotype infection.** Our"
i ndmgs showed that the haemorrhagic tendencues

and duration of hospitalisation were not related to
specific serotypes. Although some of our patlents

" did- receive platelet transfusions, the efficacy - of

such  treatment in speeding . recovery remains _

controversial. Accordlng to Thai experts, platelets are

- almost immediately destroyed by immune lysts after T
admlmstratlon. _ : -
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target patients were limited to those with laboratory-

confirmed dengue admitted to "public’ hospitals.
Dunng 1998 to 12005, DH received notification’
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underestimated, because some patients mlght have
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Information System. Fourth, not all clinical symptoms

and signs listed in Table 2 could be retrieved from :
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'spectf cally asked for or looked for. . - -

In conclusuon, dengue fever should be.

-considered in' the differential- diagnosis of febrile .. -
.patients with or without a travel history. Health care : -
difference - may be accounted for by less-than-~'

providers should therefore have an understandlng

“of the mfectlon, the spectrum of its clinical features, " .
:and methods of diagnosis and appropriate treatment. -

Until the Aedes mosquito can be effectively controlled

‘or’ a cost-effective vaccine is developed, dengue "
fever will remain-a public health concern, especially - _
“in South- East Asia. Control at source is one: of the
-keys to combatmg dengue | fever.and. requlres acttve_. ’
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TRANSFUSION COMPLICATIONS

Clearance of dengue virus in the plasma-derived
therapeutic proteins

Yi-Wu Xie, Paul K.S. Chan, Chi Kit Szeto, Sui Yi Kwok, Ida M.T. Chu, Shirley S.L.Chu,
Jo LK. Cheung, Sai Wah Wong, Mahommed B. Ali, and Bing-Lou Wong

BACKGROUND: Viral safety is of paramount impor-
tance for human plasma—derived therapeutic proteins.
Recent reports of blood-associated transmission and
continuocus regional outbreaks of dengue fever have
prompted a validation of clearance of dengue virus in
the manufacture processes of the plasma-derived
products. » ’
STUDY DESIGN AND METHODS: A high titer of cul-
tured dengue virus Serotype 2 was spiked into process
samples before individual steps of albumin and immu-
noglobulin manufacture processes, including cold
ethanol precipitation cation-exchange chromatography,
pasteunzatlon solvent/detergent treatment, and virus

N i Itratlon Clearance of dengue virus was quantified with

TCIDS,, assays in the culture of Vero E6 cells and, when
appropriaté, real-time polymerase chain reaction (RT--
_PCR) assays.

RESULTS: The individual process steps were all effec-
" » tive in the inactivation and/or removal of dengue virus,
and the data obtalned clearly demonstrate that the risk
of dengue virus transmission was reduced cumulatuvely
by at least 10.12 and at least 14.24 log in the albumin
and immunoglobutin manufacture processes,
respectxvely

"‘removal approaches currently impiemented in the
manufaCture of plasma-derived products provide a good

virus.

CONCLUSION: The dedicated viral inactivation and/or

- safety margin with regard to the transmission of dengue

1342 TRANSFUSION Volume 48, July 2008

engue virus infects 50 to 100 million people
worldwide a year; of those infected, several
hundred thousand develop the more severe
and life-threatening diseases, dengue hemor-

" thagic fever and dengue shock syndrome. Dengue virus

belongs to the family Flaviviridae, which in general is
known to survive over long periods in fluids with high
protein contents, for example, blood. Therefore, dengue
viruses may be transmitted via transfusion of blood or
blood components. Albeit rare, it has indeed been docu-
mented that blood-associated transmission of dengue
virus occurs via routes including needle-stick " m]unes 1
marrow transplantation,? intrapartum and vertical trans-
mission,? and mucocutaneous transmission.? This can be
a serious public health problem withott ‘proper COntrol
measures.

Dengue virus is a lipid-enveloped RNA virus, W1th a

"diameter of approximately 50 nm.* Reportedly, dengue

virus has been effectively inactivated by photosensitiz-

"ers® and is sensitive to high temperatures and acidic pH.”

This study aims to demonstrate for the first time that the

)

ABBREVIATION: BVDV = bovine viral diarrhea virus.
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ELIMINATION OF DENGUE VIRUS IN PLASMA FRACTIONATION

risk of dengue virus transmission in plasma derivatives is
eliminated by specific virus removal and inactivation pro-
cedures. Log reduction of dengue virus is investigated at

individual steps of the manufacture processes of plasma- -

derived albumin and immunoglobulins, which include
cold ethanol precipitation, cation-exchange chromatog-
raphy, pasteurization, solvent/detergent (S/D) treatment,
and virus filtration. The evaluation of the manufacture
processes provides a measure of confidence for eliminat-
ing dengue virus.

MATERIALS AND METHODS

Raw materials ,
Normal human plasma was obtained from the plasma
fractionator Shenzhen Weiwu Guangming Biological
Products Co. (Shenzhen, China). All chemicals used in this
study were of either pharmaceutical grade or analytical
grade. Virus filters (Planova 35N, 10 cm?) were a gift from
- Asahi Kasei (Tokyo, Japan).

' Virus culture and quantification .
- Dengue virus serotype 2 (S047/00 from Environmental

‘Health Institute, Singapore) was propagated in C6/36 cells
(CDC Guangdong, China) in minimal essential medium -

with 1 percent fetal bovine serum (Gibco, Grand Island,
NY). Dengue virus was quantified with TCIDs, assays in
the culture of Vero E6 cells (ATCC, Manassas, VA). Vero E6
cells (2.5 x 10° cells/mL) were seeded in 96-well platesin a
volume of 100 uL per well. After 1 day of incubation, 50 puL
. of medium was added to each well. Each dilution of
sample was added at 50 L per well, and further incuba-
tion was carried out at 36 + 2°C with 5 percent CO,. Plates
were assessed for TCIDs, endpoint as cytopathic effects
developed on the fifth day. The TCIDs, endpoint was cal-
culated according to the Spearman-Kirber method, and
the Poisson distribution was used when no virus was
detected in samples. Quantitative real-time polymerase
- chain reaction (RT-PCR) was used to determine virus titer
in the chromatography and cold ethanol precipitation
steps. RNA of dengue virus was extracted in duplicate
from samples with a viral RNA mini kit (QIAamp, Qiagen,
Hilden, Germany) according to the procedure provided by
the manufacturer. Dengue virus cDNA was reverse tran-
scribed with random hexamers with reverse transcriptase
(Supercript III, Invitrogen, Carlsbad, CA). Quantitative
RT-PCR utilizing TagMan technology (Applied Biosystems,
Foster City, CA) was. performed on samples and proper
controls with specific primers (GTCAACATAGAAGCA-
GAACCTCCA and CTCTATGATGATGTAGCTGTCTCCG)
and SYBR Green fluorescent probes with conditions opti-
mized to detect 4.67 copies of viral RNA for dengue virus.
Duplicate PCR procedures were performed for each

sample with a sequence detection system (ABI 7900 HT,
Applied Biosystems), and the cycling conditions were 50°C
for 2 minutes, 95°C for 10 minutes followed by 40 cycles of
95°C for 15 seconds, and 60°C for 1 minute, as well as a
dissociation stage of 95°C for 15 minutes, 60°C for
15 minutes, and 95°C for 15 minutes.

Fraction IV precipitation

The supernatant II + I1I was prepared from frozen human
plasma through two consecutive steps of cold ethanol pre-
cipitation with 8 percent ethanol at pH 7.1 followed by
19 percent ethanol at pH 5.85.% Duplicates of 20 mL of
supernatant II + IlI were spiked with 7.00 log per mL each
of dengue virus at a ratio (vol/vol) of 1:10. Ethanol (95%)
was added drop by drop into the supernatant II + [T to a
final ethanol concentration of 40 percent, which was
further mixed at -5 to 5.5°C for 1 hour, before being cen-
trifuged at 2300 x g to separate the fraction (F)IV from the
supernatant IV. The supernatant II+11I, the FIV, and the
supernatant IV were titrated for quantity of viruses by
TCIDs, assay or RT-PCR assay.

Pasteurization :
The purified albumin solution was diafiltrated with
8 volumes of water and then concentrated to a concentra- .
tion of 22 percent with a 30-kDa cutoff cassetté'(l\lfillipore,
Bedford, MA). Sodium caprylate was added to the coricen-
trated albumin solution to a final concentration of
32 mmol per L, before adjustment of pH to 6.8 to make
20 percent ‘albumin bulk. Two-hundred milliliters of - -
albumin bulk and duplicates of the sterile-filtered -
20 percent albumin in a 50-mL bottle was heated to 59°C
in a water bath, followed by spiking with dengue virus
(6.67, 7.50, or 7.67 log/mL) at a ratio (vol/vol) of 1:20 and
1:25, respectively. Gentle mixing with a mechanical stirrer
(stainléss steel) was applied to the bulk pasteurization.
Samples were taken out for virus titration during the time
course of a 10-hour treatment at 59 to 60°C.

Flll precipitation

The FII + III separated from the supernatant II + III above
was redissolved, and NaAc-HAc buffer (0.8 mol/L-
4 mol/L, pH 3.9) was added dropwise to adjust pH to 5.1.
Dengue virus (7.17 or 7.67 log/mL) was $piked at a ratio
(vol/vol) of 1:10 into duplicates of 20ml of the
pH-adjusted FII + II. Ethanol (95%) was added drop by
drop into the FII +III to a final ethanol concentration of

15 percent, which was further mixed. at -5 to 5.5°C for

1.5 hour, before being centrifuged at 2300 x g to separate

the FIII from the supernatant IIl. The FII + 1], the super- .

natant I, and the FIII were titrated for quantity of viruses
* by TCIDs, assay.
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Virus filtration

A guantity of 196 mL of partially purified immunoglobulin
was spiked with 7.67 log per mL dengue virus at a ratio
(vol/vol) of 1:49, followed by filtration with a 0.22-pm filter
{Steritop, Millipore) to remove viral aggregates. The fil-
tered immunoglobulin was subject to virus filtration with
the 35N filter in a normal-flow manner, under constant
pressure of 80 kPa. Samples were titrated for quantity of
viruses by TCIDs, assay or RT-PCR assay:.

S/D treatment

Duplicates of 27 mL of the immunoglobulin purified
through virus filtration were heated to 28°C in a water
bath, followed by spiking with 7.16 or 7.83 log per mL
dengue virus at a ratio (vol/vol) of 1:9. Triton X-100 and
tri-n-butyl phosphate were added drop by drop into the
immunoglobulin to a final concentration of 1 and
0.3 percent, respectively. Gentle mixing was achieved with
a mechanical stirrer (stainless steel) for the time course of
16-hour treatment at 28 to 30°C, during which samples
were removed for virus titration by TCIDs, assay.

Cation-exchange chromatography

A chromatography column of 10-mm diameter was
packed to a bed height of 11 cm with either new CM
Sepharose Fast Flow resin (Pharmacia Biotech, Uppsala,
Sweden) or the used resin that had previously been
recycled 476 times with the immunoglobulin purification
process. The column was equilibrated with 20 mmol per L
NaAc buffer, pH 4.0. Adjusted to a pH of 4.0 with 1 M HCl

and an ionic strength of 1.4 mS per cm with purified water, -

duplicates of 75 mL of the S/D-treated immunoglobulin

“solution were spiked with 7.67 or 7.83 dengue virus at a _

ratio (vol/vol) of 1:20. The virus-spiked immunoglobulin
solution was applied to the column at a linear flow rate of
40.cm/hr at ambient temperature. After washing of the
column with 10 column volumes of 10 mmot per L glycine,
pH 7.0, immunoglobulins were eluted with 100 mmol per

L glycine together with 150 mmol per L sodium chloride, -

. PH 9.0. The column load, the flow-through fraction, and
the eluate fraction containing immunoglobulins were
- titrated for quantity of viruses by TCIDs, assay or RT-PCR
assay. v :

RESULTS

FIV precipitation

After the 40 percent ethanol precipitation of the superna-
tant II + III, no dengue virus was detected with the TCIDs,
assay in both the supernatant IV and the FIV (Table 1).
Despite its direct cytotoxicity to the virus detector Vero E6
cells, when diluted 500-fold, 40 percent ethanol did not
affect the determination of virus titer. Results of quantita-
tive RT-PCR clearly showed that genetic materials of
dengue virus were concentrated in the FIV (Table 1),
which is discarded during the albumin manufacture.
Because chemical inactivation by high concentrations of
ethanol is mechanistically different from the physical par-
titioning effects between fractions, this FIV precipitation
step provides an extra safety margin in the effective clear-
ance of dengue viruses.

Pasteurization

The kinetics .of inactivation of dengue virus in the
20 percent albumin during the 10-hour pasteurization at
59 to 60°C are shown in Fig. 1. The pasteurization was
carried out at 0.5°C below what is normally used in the -
manufacture, representing a worst-case scenario. Dengue

\ T
3 /L.
n 7/

i 10
Pasteurization (hr)

‘Dengue Virus (Log)

Fig. 1. Inactivation of dengue virus in albumin by pasteuriza-
tion over time. (L) Bulk pasteurization; (¢) terminal pasteui'-
ization. Stock dengue viruses (6.67 or 7.50 log/ml) were

spiked at a ratio (vol/vol) of 1:20 and 1:25, respectively, in the

- bulk pasteurization and terminal pasteurization.

_TABLE 1. Clearance of dengue virus in the precipitation of FIV*

Assay (log) Supernate # + Hi Fiv » Supemate IV Log reduction, il + ill - supemate IV
TCIDs " 6.83/7.00 2.061/2.06¢ 1.651/1.65¢1 =5.18/=5.35
Quantitative RT-PCR 7.15/8.33 7.40/7 .56 3.30/4.98 3.85/3.35'

7.00 log per mL spiked at a ratio of 1:10.

* Data shown are total vira! titers (log number multiplied by volumé) ffom duplicate experiments, where stock virus had a titer sach of

“t No dengue virus was detected, and the number was calculated according to the Poisson distribution.
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virus was quickly inactivated by thie heat treatment, and
infectious virus became undetectable within 5 minutes
(Fig. 1). Total viral reduction for both the bulk pasteuri-
zation and the terminal pasteurization is shown in
Table 2.

Fill precipitation

After the 15 percent ethanol precipitation, dengue virus
was detectable with the TCIDs, assay in both the superna-
tant III and the FIII, with a majority of infectious virus in
the FIII. Viral reduction from the FII +III to the superna-
tant III was calculated and is shown in Table 3.

Virus filtration

The immunoglobulin spiked with dengue virus was pro-
cessed at 24 to 25°C through the 35N virus filter within

TABLE 2. Clearance of dengue virus in the
albumin process*

Process step Reduction of virus (log)
FIV precipitation =5.181/=5.35¢
Bulk pasteurization =461
Terminal pasteurization =4.94/=5.44
Cumulative =10.12§/=10.79%¢

* Data are shown from duplicate experiments, except bulk pas-
teurization, which was conducted once. _

1 The data from the TCIDs, assay, but not the RT-PCR assay,
are included.

1 “Bulk pasteurization” is not included in the “cumulative,”
because it is similar mechanistically to “terminal ‘
pasteurization.”

TABLE 3. Clearance of dengue virus in the
immunoglobulin process*

Process step Reduction of virus (log)
Flil precipitation : 2.16/2.65

Virus filtration 3.37t

S/D treatment : =5.05/=5.38
Chromatography 3.664/4.18%
Cumulative =14.24/=15.58

* Data of single virus filtration experiment and duplicate experi-
" ments of other processing steps are shown.

1 Only RT-PCR data are included. )

$ Virus reduction caused by the presence of S/D is not

7 hours. No infectious virus was detectable by the TCID;,
assay in the inmunoglobulin filtrate, the sample obtained
when the virus filter was reversely flushed with purified
water, or the virus-spiked immunoglobulin control stand-
-ing along the whole virus filtration process. To differenti-
ate physical separation from the chemical inactivation by
the low pH, the samples were further quantified for
dengue virus with the quantitative RT-PCR assay. The
RT-PCR data show that dengue virus was much more con-
centrated in the back-flush fraction than in the immuno-
globulin filtrate. Viral réduction by the virus filtration was
calculated and shown in Tables 3 and 4. These results indi-
cate that dengue virus is effectively removed by the 35N
virus filtration.

S/D treatment

The presence of S/D was cytotoxic to the virus detector
Vero E6 cells; when diluted 1000-fold, S/D did not affect
the determination of virus titer. The kinetics of inactiva-
. tion of dengue virus in the immunoglobulin during the
16-hour S/D treatment at 28 to 30°C is shown in Fig. 2.
Dengue virus was quickly inactivated by the S/D treat-
ment, and infectious virus became undetectable within
1 minute. Total viral reduction for the $/D treatment was
shown in Table 3. '

[}
N
N

]

Dengue Virus (Log)
O = N W A~ 0 O N

i L
>/

1 16
S/D Treatment (hr)

o

Fig. 2. Inactivation of dengue virus in hnmunoglobﬁﬂns by
$/D treatment over time. Stock dengue viruses (7.16 log/mL)
. was spiked at a ratio (vol/vol) of 1:9 in the S/D treatment step;

included. - when it was spiked to the inmunoglobulin sample neutral-
: ] ized to pH 7.0 a viral titer of 7.00 log was obtained.
TABLE 4. Clearance of dengue virus in the virus filtration*
Assay Load immunoglobulin filtrate Back-flush Log reduction, load —» filtrate
TCIDso 8.37 =2.58% =251t : =5.79
Quantitative ART-PCR 8.47 5.10 7.08 - 3.37

7.67 log per mL.

* The numbers shown are total viral titers (log number multiplied by volume), and the stock virus spiked at a ratio of 1:49 had a titer of

t No dengue virus was detected, and the number was calculated according to the Poisson distribution.
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TABLE 5. Clearance of dengue virus in the chromatography*
Assay Resin Load Flow through Eluate Log reduction, load — eluate
TClIDso New 8.20 =6.19t =1.16% =7.04
Used 8.04 =6.19t =111 =6.93
Quantitative RT-PCR New 9.24 8.31 5.58 3.66
Used 8.99 8.14 . 4.81 - 418
* The numbers shown are total viral titers {log number multiplied by volume), and the stock virus spiked at a ratio of 1:20 had a titer of 7.67
and 7.83 log per mL for the new and used resins, respectively.
t+ No dengue virus was detected, and the number was calculated according to the Poisson distribution.

Cation-exchange chromatography

After the chromatography step of the immunoglobulin
process, no infectious virus was detectable by the TCIDso
assay in the column load, the flow-through fraction, the
eluate fraction, or the virus-spiked load control standing
along the whole chromatography process. Total viral

reduction from the column load to the eluate fraction was

- at least 7.04 and at least 6.93 log for the new resin and the
476-cycled used resin, respectively (Table 5). Because S/D
was present in the starting material, the elimination of
dengue virus could be a result of inactivation by the
chemicals. To differentiate physical removal from chemi-
cal inactivation, the samples were further quantified for
dengue virus with the quantitative RT-PCR assay. The
RT-PCR data show that a majority of dengue virus was
observed in the flow-through fraction. Total viral removal
by the chromatography process was calculated to be 3.66

- ‘and 4.18 log for the new resin and the 476-cycled used

resin, respectively (Tables 3 and 5).

DISCUSSION

Viral safety is of paramount importance for human
plasma-derived therapeutic proteins such as albumin,
ol-proteinase inhibitor, clotting factors, and immunoglo-
bulins. Recent documentation of blood-associated
transmission' and continuous regional outbreaks of
dengue fever have prompted a validation of clearance of
dengue virus in the manufacture processes of the plasma-
derived products. It was the intention of this study to
investigate clearance of dengue virus in individual steps of
.manufacture processes of plasma-derived albumin and
immunoglobulins. The results shown in Tables 2 and 3
clearly demonstrate for the first time that specific virus

removal and inactivation procedures reduce the risk of -

dengue virus transmission by more than 10 log cumula-
tively in plasma-derived albumin and immunoglobulins.
. . In this study, cold ethanol precipitation is very effec-
tive in inactivating dengue virus in the albumin process,
but mildly effective in removing dengue virus in the
immunoglobulin process. This difference in effectiveness
is probably due to the fact that higher concentrations of
ethanol were used in the albumin process. It is fairly rea-
sonable to speculate that other therapeutic proteins pre-
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pared from plasma by similarly high concentrations of
ethanol, for instance, al-proteinase inhibitor and trans-
ferrin  purified from the Cohn FIV, would have a good
safety margin with regard to transmission of dengue virus.
Pasteurization inactivated dengue virus very quickly
and effectively in the albumin process. The presence of a
high concentration of albumin or the albumin stabilizing
"agent sodium caprylate did not seem to protect dengue
virus from the heat inactivation. Caprylate has been
shown to be an effective virus-inactivating agent at milli-
molar concentrations under acidic conditions;*!?
however, caprylate appears unlikely to contribute much to
the viral inactivation capacity of the pasteurization step as
in the albumin formulation it is used under neutral pH,

 which do not favor the formation of the active

component—the nonionized form of caprylate. As shown
by albumin’s long history of viral safety in clinical appli- -
cations, the dedicated viral inactivation step in albumin
manufacture processes has been very robust in the inac-
tivation of many different viruses including West Nile virus
and bovine viral diarrhea virus (BVDV), both from the
same Flaviviridae family as dengue virus.>*

Virus filtration was very effective -in separating
dengue virus from the:immunoglobulin filtrate (Table 4).
The data suggest that chemical inactivation by the low pH
condition can probably contribute to the viral clearance
capacity of this process step. In a separate study with
BVDV, which is of similar size but not sensitive to low pH
treatment, a majority of the spiked BVDV was trapped in
the Planova 35N filter, which was recovered in the back-
flush sample (unpublished observation). -

' Like pasteurization, S/D treatment very quxckly and.
effectively inactivated dengue virus in the immunoglobu-
lin process. This dedicated viral inactivation step in the
immunoglebulin manufacture processes has been very
robust in the inactivation of many different viruses includ-
ing West Nile virus and BVDV,131¢

The cation-exchange chromatography was ongmally
intended to remove S/D from the immunoglobulin
_process; however, it was also observed in this study to
effectively remove dengue virus by affinity adsorption. in
addition, this purification step was mildly effective in the
physical removal of BVDV (unpublished observation). -
Although the chromatographic process may not be a




ELIMINATION OF DENGUE VIRUS IN PLASMA FRACT IONATION

robust viral removal step in general, it is indeed effective in
the clearance of dengue virus.

In summary, this study has shown that effective clear-
ance of dengue virus is achieved in the manufacture pro-
cesses of albumin and immunoglobulins, providing
additional evidence supporting the viral safety of plasma-
derived products.
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