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Hrm Prevalence of Hepatitis B Virus Infection
in the United States in the Era of Vaccination

Annemarie Wastey,' Deanna Kruszon-Moran.? Wendi Kuhnert.* Edgar P, Simard,? tyn J:a.:._ Geraldine McQuillan® ~
and Beth Bell' - E . . .
"National Center for HIV/AIDS, Vital Hepatitis, STD, and 8 Prevention, Centers for Diseasa Control and Prevention, Atlama, Georgia; National
Center for Haalth Statistics, Genters for Disease Contral and-Prevantion, Hyattsville, ?..miw:ﬂ afd *School of Public Health; University. ..~

.. "ot Medicine arid Dentistry s New Jersey, Piscataway

Background., .Qur objective was to assess trends in the prevalence of rnvmmam, B virus (HBV) .infection in the

United States after widespread hepatitis'B vaccination. . ) .
Methods. The prevalence of HBV infection and immunity was determined in a representative sample of the

.us population for thi€ periods 1999~2006 and 1988-1994. National Health and Nutrition Examination Surveys

participants 6 years of age were: tested for antibody to hepatitis B core antigen (anti-HBc), hepatitis B susface
antigen (HBsAg), and antibody to hepatitis B surface antigen (anti-HBs). Prevalence estimates were weighted and
age-adjusted. - ’ ) o o

Results. - During the period 19992006, age-adjusted prevalences of anti-HBc (4.7%) and HBsAg (0.27%) were R
not statistically different.from what they were during 19881994 (5.4% and 0.38%, respectively). The prevalence

* of ant}-HBc decréased among persons 619 years of age (from 1.9% to 0.6%; P<.01) and. 2049, years of age

(from 5.9% to 4.6%; P<.05) but not among persons =50 years of age (7.2% vs 7:7%). During 1999-2006, the
prevalence of anti-HBc was higher among non-Hispanic blacks (12:2%) and persons of “Other” race (13.3%) than

'" it was.among non-Hispanic whites (2.8%) or Mexican Americans (2.9%), and it was higher among foreign-born

participants (12.2%) than it was among US-bom participants G.mo\E.‘mnnﬁ_nHﬂn..mSo:m US-born children 6-19

" years of age (0.5%) did not differ by race or ethnicity. Disparities between US-born and foreign-born children

‘were smaller during 1999-1996 (0.5% vs 2.0%) than during 19881994 (1.0% vs 12.8%), Among children 6-19

.yéars of age, 56.7% had markers of vaccine-induced immunity,

Conclusi HBV prevalence decreased among US children, which reflected the impact of global and domestic.
vaccination; but it changed litile among adults, and ~730,000 Cm residents (95% confidence interval, 550,000~. *
940,000) are chronically infected. ‘ ‘

< DOk 101085653622 s

. Hepatitis B virus (HBV) is a bloodbome and: sexually. -

transmitted virus. Eachi year, .:.mco.ooo. m.w<.nmr:mn_
deaths occur worldwide [1, 2], most of which result
from the'chronic sequelae of HBV infection [3-5): Ap-
proximately 25% of persons who. bécome chronically
infected during childhood and-~15% of those who be-
come chronically infected after childhood die from cir-
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rhosis or liver cancer {2]. In the United States, before

. tepatitis B vaccines ‘were licensed in 1982, 200,000

300,000 persons each year became infected with HBV

". [6). Hepatitis B <mnnmbmc,.ou is the most effective mea-

sure.to prevent HBV infection and. its consequences, -
However, -for .vwnoam m._mnv_..\_.v. infected with HBV, an-
tiviral agents are available nr.m::: prevent the serious
sequelae of chronic liver disease, which highlights the

. impertance of Eml&iﬁm infected individuals [7].

Patterns of HBV infection .<v~<.£o_.E§mn. Approx< -

B ?.wﬁ? 45% of the world’s population live in regions

that are highly endemic for HBV infection, where most -
infections are acquired perinatally or during early child-

. hood [2, 8]. Another 43% live in regions of inferme-

diate endemicity; where multiple modes of tranismission .
(ie; perinatal, household, sexual, injection drug use as<

. '-.:- socidted, and health'care associated) are important. In ..

. 1192 ¥ {ID 2010202 (15 July) + Wasley et al ©
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countries of low endemicity, most infections occur among ad-

olescents and adults and are attributable to sexual and injection.

drug use exposures. In 1992, the World Health Organization
set a goal for all countries to integrate hepatitis B vaccine into
their childhood vaccination programs by 1997 {9].

In the United States, a country of low endemiicity, a strategy

to eliminate HBV transmission [10] was initiated " in 1991,

which includes universal vaccination of infants; screening of
all pregnant women for HBV, with poslexbosure prophylaxis
provided to infants born to ‘infected women; catch-up vacci-
nation of. adolescents; and. vaccination of adults who are-at
increased risk of infection [11, 12], To assess US trends in the
burden of HBV and to provide the first nationally representative
analysis'of the impact of hepatitis B vaccination, we compared
the prevalence of HBV infection a'mong National Health and
Nutsition Examination Survey (NHANES) participants during
1999~2006 to that during 1988-1994 and measured the. prev-

alence of vaccine-induced immunity among participants duririg

1999-2006. S
METHODS

Study populations and samplé-design.” NHANES isa series
of surveys conducted periodically to obtain representative data
-on the health status of the US population.” Participants are
chosen using a complex, stratified, multistage sam};ling design
:to obtain a representative sample of the civilian, noninstitu-
tionalized population. gu.r_ analyses include data from '1999-
2006 (NHANES 1999-2006).and 1988-1994 (NHANES 1988
1994). Further details on the design and impleinentation of
these surveys are deséribcd elsewhere {13, 14].

During the years evaluated, all ages were eligible to partic-
ipate. Participants were interviewed at hore and then visited
a mobile examination center for additional interviews and a
physical examination: Blood samples were collected for partic-
ipants aged >6 years in NHANES 19881994 and aged>2 years
in NHANES 1995-2006. Informed conserit was obtained. Ef.
forts were -made to ensure participation; respondents were
nominally remunerated for their time and travel expenses.

Laboratory methods. Senim samples from participants
aged. =6 years were tested for antibody to hepatitis B core
antigen {anti-HBc) (NHANES >1988—199'4: Corab radioim-
munoassay (Abbott Laboratories]; NHANES 1999-2006: Ortho
HBc ELISA {Ortho Clinical Diagnostics}) and, if results were
positive, were tested for hepatitis B surface antigen (HBsAg)
(NHANES 1988-1994: Ausria II [Abbott Laboratories); NHA-
NES 1999-2006: Auszyme [Abbott Laboratosies}). Starting with

NHANES 19992006, serum samples from participants aged

>2 years were tested for antibody to hepatitis B surface antigen
(anti-HBs) (Ausab {Abbott Laboratories]).
Definitions. . ‘Past or present HBV infection was defined as

the presence of anti-HBg, Chronic HBV 'mfecu'ox) Was defined
as the presence of anti-HBc arid HBsAg. For NHANES 1999—
2006, persons with test pesults positive for anti-HBs and neg-

ative for anti-HBc were considered to have vaccine-induced

immunity.

In NHANES 1988-1984, 25,733 (83.2%) of the participants
aged >6 years were intepviewed, of whom 23,527 (91.4% of
those interviewed) were eiamined and 21,260 (90.4% of those
examined) were tested Eor anti-HBc and HBsAg. In NHANES
1999-2006, 34,338 (79.8%) were interviewed, 32,534 (94.7%
of those interviewed) wepe examined, and 29,828 (91.7% of
those examined) provided gerum samples, Analysis of vaccine-

induced immunity inc}qd:d NHANES 1999-2006 pardcfpmt; »

aged 22 years tested for anti-HBs. Samples for participants’
aged 2-5 years were collected starting in NHANES 1999; par-
tiqipation rates in this age group were low, with samples avail-
able for 55.8% of 3592 examined children; In NHANES, rice
and éthnicity is categorized as non-Hispan}’c white (hereaftet
“NH-white”), non-Hispaai.c black- (hereafter "“NH-black™),
Mexican American, or-Qther (vhich includes all other. racial
and ethnic groups, includigig'Asians and other Hispanics). Age
groups were 6-11, 12-19, 20-29, 30-39, 4649, 50-59, and
=60 years of age. ‘ ' ‘

Statistical analyses, Prevalence estimates were weighted to |
. represent the US populafion and to account for oversampling

and nonresponse to'the hiqusehold interview and physical ex-
amination. Standard errars were éaleulated in SUDANN Sta-
tistical, Analysis Software {Research Triangle Institute). Preva-
lence estimates were age-adjusted by the direct method: using
the age groups listed dbove to the 2000 US census population
for comparisons across subgroups and between’ surveys [15].
Prevalence of vacdne»ind[.wcd jmmu}u'ty was'compared be-

tween the periods 1999—2'002 and 2003-2006. Prevalence es-' | -

timates of HBV infection and chronic infection for some sub-
groups, where noted in the tables, are based on a small number
of persons with positive tesylts and may be unstable. Statistical
comparisons were evaluated using a ¢ test for linear contrast

procedure in SUDAAN. No-sdjustrhents for multiple compar-
. isons were made. O . R

RESULTS .

Overall prevalence of past gnd Ppresent HBV infection and

markers of immunity.  The. prevalence of past_and present

. infection durinig the period 19992006 was 4.8% (5% confi-

dence interval Cl], 4.3%-5,3%). Prevalence of chronic HBV
infection. was 0.28% (95% Ct, 0.21-0:36%), which represents
~730,000 infected persons (95% C, 550,000-940,000). Prev-
alence of markers of vaceiné-induced immunity was 22.29%

(95% CI, 21.3%-23.1%). ~ - .
Prevalence of HBV infecxion increaséd with age, from 0.6%
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(95% Cl, 0.2%-1.4%) among persons 6-11 years of age to
7.3% (95% Cl,6.2%-8.5%) among persons =60 years of age
(Figure 1). Prevalence of vaccine-induced immunity was neg-

atively correlated with age, ranging from 53.5% (95% CI, -

50.8%-56.3%) among persons aged 6-11 years to 5.1% (95%
Cl; 4.3%-6.0%) among persons->60 years of age. Among the-

" 2003 children 2-5 years of age who were tested, 57.3% (95%

Cl, 54:1%-60.4%) had test results that were positive for anti-

- HBs; the representativeness of that estimate is uncertain because

of the low response rate in this age group. )
" Age-adjusted estimates of the prevalence of ‘past-and present
HBYV infection. The overall age-adjusted prevalence -of. past

* and present infection in NHANES 1999-2006-(4.7%) was lower

than but was not statistically different from the prevalence in
NHANES 1988-1994:(5.4%) (Table 1). However, among chits
dren 6-19 years of age, prevalence decreased signiﬁcam.[y,’fr_om

1:9% to 0.6% (P<.01). Amdng adults, prevalence decreased’ _
significantly-among those 2049 ‘yeass of age; from 5.9% to

4.6% (P <.05) but wis unchanged. amorig those #50 years of
age. ‘ . . v X B

In NHANES 1999-2006, age-adjusted prevalence of past and
present infection was significantly higher among NH-blacks

(12.2%; P<.001) and Others (13.3%; P<.001) than' it was
" among NH-whites and Mexican Anericans, and it was sigx?if-

icandy higher -among foi’eign-bom persons (12.2%; P<.001) :
- than it was among US-borni persons (3}.5‘%). Cornpared with

NHANES 1988-1994, prevalence decteased significantly only
among the Other (from 20.1% to°13.3%) and Mexican Amer-

ican (from 5.1% to 2.9%) race and ethnic groups. No.significant -

change in sex-specific prevalence occurred; in NHANES 1999
2006, prevalence among male participants. remained signifi:

" cantly (P<.001) higher than it was among fem@ie participants.

-

The age-#djusted prevalence of chronic HBV infection in
NHANES 1999-2006 (0.27%) was lower but not statistically
different than it was in NHANES 1988-1994 (0.38%) (Table
1). Among children 6-19 years of age,.there was a 79% decrease
i the age-adjusted prevalence of chronic infection, from 0.24%
t0 0.05%, which was-not statistically significant. In NHANES
1999~2006, prevalence of chronic infei;tion was low'er»ani_o'ng.
persons 6-19 years of age (0.05%)-(P<.00L) than it was among
-those 2049 years of age (0.30%) or 250 years of age (0.38%),.
and.it was lower arhong female participants (0.19%) (P<.05) .

"~ than it was among rha[e»pa'_xt.iqipants (0.35%). Chronic infection

was more common ainong persons, classified as Other (0,98%:;
P<.001) or NH-black (0.89%; P<.001) than'it was among
" NH-whites (0.09%) and Mexjcan Americans (0.07%); Chiroic
‘ infect.iqn among foreign-born participants (0.89%) decreased

significantly. (P<.05), compared with NHANES. 1988-1994, " -

(1.75%), but remained >3-fold higher than it was among US-
bom pirticipants (0,16%; P<.001). The number bf chronically:
. infected persons identified i NHANES was small estiniates
- for some sparsely populated strata, where: noted iil"(hg tables,
- have large confidence intervals and may be unstable,
 Trénds among childen in past and present HBV. infection. -
‘Amang children, the age-adjusted prevalence of past and pres-
ent infection among NH-blacks (P<.05) dnd'Others (P<.01) -
decreased: signiﬁca.ndy across 5urvéys. ‘_,The“de_crgases’ i’n“these‘
groups, which both had’significandly (P<.01) "higher preva-
lence than d_id NH-whites and Mex:can Americans in_NHAN_ES :
19881994, ‘resulted in-a’ narrowing of racial anid ethnic dis-
parities in NHANES 1999:-2006, although thié' difference be:

twecn‘g}ie highest (NH-black) and lowest 2 groups (Mexican' L

Americans and Other) remained significant (P<.01 and P<
.05 respec(ivclj') (Table 2), Differences in prevalence between
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‘Figubré. 1. Crﬁ&e prevalence of markers of- hepaiitis.B_virus {RBV) infection and vaccine-induced immunity by a‘gev.‘ 1999—2006. e
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Table 1, Age Adjusted Prevalence. of Hepatitis B Virus {HBV) Inf

’byeu'..nn hic Char.

Past or present HBV infection

Chranic HBV infection

NHANES il {1988-1994)

NHANES 1999-2006

Prevalence,

Samgle size” % (95% Ch

+ Variable
=

* Female

5 13.8-5.4) 15,305

NHANES (il NHANES

{1988-1994): 1999-2006:
Prevalence, Prevalence, ' Prevalence,
% {95%.Ch P~ % {95% Cl % (95% Ci

.30 (0.21-0.42) NS

38(3.2-4.49) NS - 0230.14-036)- . 0.19(0.11-0.30) NS

NOTE Cl, confidence intérval; NHANES National Health and. Nutriti

M Stratum—specmc sample sizes may not sum 10 total bacause of missing data, -

De(ermlned by rtest evalua!lng charige across surveys:

Survgw;‘NS;vnot ignifi 3

M Esnmate is small relative to its standard error (relative standard stror >GO%) and thérehre may be unstable, "

Esnmale ba:ad on 10 mdeuals with positive samples.

US and’ fomgn bom children dnmmshed as.a result of greater .

. decreases in prevalence among forelgn-bomchddxcn The{ prev- -

alerice among'. foxelgn-bom children: (12.8%) in ‘NHANES
1988—1994, which was almost 13-fold higher than that among

~ US-born. chlldxen (1.0%; p< 01), decreased to, 2.0% in NHA- -

NES 1999—2006 ccmparcd with 0. 5% (P<.01) among US-borm
. children. Most. riotable was a.>90% decrease among foreign-
] bom Other children (p< .001).

. Among US-born children, tacial and ethinic dlspanues were
_reduced. .Tn NHANES 1988-1994, prevalence was significantly

higher among US-born NH-black chitdren (2.1%; -P<.05),
‘compared w1th NH- whites . (07%) and "Mexican Americans
(0.5%). In companson, in NHANES 1999—2006 prevalence was

similar among US-born children by race and ethnicity, ranging -
from0.1% (Othier) to 0.6% (NH-white). Race-speqﬁcesumales .

" for some subgroups, as noted in Table 2, are based on. <10
- positive samples and may be ble.

Trends among adults, " The sxgnlﬁcam deqease in' preva-
lence across-surveys among persons. 20-49 years of age (P<
\05) reflected decreases among US-bon and foreign-born par:

: ticipants; although. only the decrease among US-born partici-

‘pants was statistically significant (P <.05). Prevalence remainéd -

‘significandy higher among foreign-born participants (10.3%)

Jin NHANES- 1999-2006 -than  among US-born pamcxpants '

(3.4%; P< 001) (Table 3) Among Us- bom adults a pancm

of decreasmg prevalence was noted in alt :acxal and ethnic’
groups, but only the decrease in prevalence among NH-blacks
wis statistically significant (P <.05).:In NHANES 1999—2006
prevalence among US-| bom non-Hispanic NH-blacks (9.6%)
remained hxghcr P< 001) than the. prevalence among NH-
whites and Mexican Americaps. In contrast, prevalence among
. US-born Others no longer diffcred from that among US$-bom
NH-whites or Mexicin Ammcans The decrease among_for-
eign-bormn participants 2049 years of age (P <.05) was seen
among several racial and ‘ethnic groups but was statistically
‘significant only among Mex.\cans Americans [(P< .05). The
prevalence was ~3-fold h:ghex among’ foreign-born Others
(16 1%) than it was among US-born Others (5.6%; P<.001),
a.gap that appeared to widen, compared with NHANES 1988—
1994, when prevalences among foreign-born and US born Oth-
érs were 21.3% and 17.4%, respectively.

In contrast to the trends among younger adults, the prev-
alence among persons 350 years of age in NHANES 1999
2006 (7.7%; 95% Cl, 6.8%-8.7%) did. not differ from that in

. NHANES 1988—1994 (7.2%; 95% Cl, 6.2%-8.3%); Disparities
by face and country of birth that were present in NHANES
1988-1994 (data not shown) remained unchanged in NHANES
1999-2006. In patticular, prevalence remained unchanged and’

slgmﬁcandy higher among NH- blacks (21. 7%; 95% cl 19.2%-
24 3%; P< 001) and Othiers-{25.5%; 95% Cl 19:6%-32. 1%;
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Demograpliic Characteristics -

- Table 2. Age-Ad[usted Prevailence ul Past and Present Hepalllls B Virus Infection among Children 619 Years of Age, by Selected

NHANES 11 (19881994}

NHANES 1998-2006

No. of children

Prevalence,

No. of chiidren Pravatencs,

. . e b
Variable Sample size” with positive results % {95% Cll  Sample size® with positive results - % (95% C1) P! ‘

Othe:_ . e & 21,

1.0 {0.6-1.4)

22 ; : 5
229(126-363F - 180 . 4

<05

1.0 {0.7-1.4}

0.4 (0.1-1.1)°

050208 <05
SR
0.5(03-07) <01

10,474

0.1 (0.0+0.6)°v
45

2.0{1. 2—-32)

1.4 (0.3-3.9° 2001

NOTES, ' Cl; confidence interval; NHANES, Natioriaf Healthand Nutrition Ex;:mlnation Survey; NS, not significant.

rStratum-speelﬁc sample sizes may not sUm to total because of fissing data.

® Determined by, £ test evallating change across' surveys.

©.Estimate is small relative to its, standard erfor {relative standard emor >30%} and (hereiora may be unstable

P o00), compared with NH-whites (4 7%; 95% Cl, 3.9%—

5.5%) and Mexican Americans (mean value, 6.0%; 95% CI,
5. 0%—7 2%), and was sighificantly higher among foréign-born
persons (22 8%;.95% Cl, 19.4%~26.5%), compared with US-
born persons {5.9%; 95% CI,-5.0%-6.9%; £ < .001):

‘0 djusted P I e of mc‘.
NHANES 1999-2006. - The age-ad;ustcd prcvalence of-markers
ofvaocme-mduced‘unmumty in NHANES 19992006 was 22.9%
(95%.Cl, 21,9%-24.0%), ranging from 56.7% (95% Cl, 54.0%-
59.3%) among children 619 years.of age to 17.0%.(95% CI,
15.8%-18.29%) among those 2049 years of age.to 7.5% (95%
cl 5.7%-»8.3%) among persons- =50 years of age (Table 4).
- Prevalence of vaccine-induced immunjty increased significantly,
from -20.5% during 1999-2002 to 25.2% during - 2003-2006
(P <.001). This reflected significant ificeeases in all age and racial
and ethnic groups and among foreigh-born and US-born par-

ticipants. Comparing data from 1999-2002 with that from 2003~ .

2006, the age-adjusted prevalence of vacsine-induced immunity
increased. from 52.7% to 60.5% among those 6-19 years of age,
from 14.3% to 19.6% among those 2049 years of age, and from

-, 6.6% to 8.2% among those =50 years of age.

induced i ity during 1999—

The prevalence of vacci

2006 among children 6~19 yezrs‘nf agé varied litde by race and -
ethnicity, ranging from 53.6% (95% Cl, 49.7%-57.6%) among

'-'pd‘ ity in -

. NH-blacks t0 59.7% (95% Cl, 54.2%-65.0%) among Others: *.
-and: d:d not differ by sex. A: slgmﬁcam.ly higher proportion-of

foreign-born -children' (63.7%; 95% CI, 59.3%-67.5.0%; P<

.01) had evidence of vaccine-induced i immunity, compared with, '

US-born children (56 3%;-95% Cl, 53 5%-59.1%), although -
the lowest prevalence in this age group occumed among for- °
eign-born NH-blacks (51.2%; 95% CI, 41.7%~60.6%) (data not
shown).

Amongadults 20—49 years of age, prevalenczwas 51gmﬁcantly
higher among US-Born persons (17.9%; 95% Cl, 16.5%~19.4%;
P<.001) than foreign-bom persons (12.7%; 95% Cl, 10.9%-~ -

*.14.6%) -and higher among women (20.1%; 95% CI, 18.2%-

22.0%; P<.001)-than among men-(13.8%; 95%. CI, 12.6%~

. 15.0%). Among adults 250 years of age, the age-adjusted prev-

alence of ‘vaccine-induced immunity (7.5%; 95%- Cl, 6.7%—
8.3%) did not differ by race and ethnicity or country of birth

(data not shown)'but was signiﬁmntly higher among women
(8.7%; 95% Cl,.7.6%-9.9%; P<.001) than among men (6.1%;

_ 95% Cl, 5.29%~7.0%).

DISCUSSION

In this analysis of the iost recent NHANES, conducted-a de-
cade after universal vaccination of US children against hepatitis
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Table 3. Age»Adiuétsd Prevalence of Past and Present Hepatitis B Virys ln(ugliun among Persons
2049 Years of Age by Selected Demographic Characteristics

NHANES 1t {1988-1994)

Variablé ' Sample size® -

NHANES 1988-2006

Prevalénce, Prevalence,
% (95% CI)

Sample size® % (95% CI}

20.0 {14.4-26,7) .

4.5 (3.8-53)

17.4-(6,7-34.1)°¢

4.4 {11.0-18:3)

299

| 2130447

3 )
164 12.2-206) NS

) 509

NOTE. CI, confidence intarval; NHANES, National Health and Nutrition Examination Survey; NS, not significant,
* Stratum-specific sample sizas MaY not sum to total because of missing data, S :
_" Determined by t test evaluating changs across surveys: .

©

B began in 1991, we démonstra(e'a significant reduction. of
68% in HBV infection prevalence among children, including

" those born in the United Stites and elsewhere. In addition, 2

79% decrease in the prevalence of chronic infection in this age
group, although-based on a small number of children and not
statistically significant, further suggests that substantial progress

- has been made in reducing the disease burden among children.

NHANES, the only source of nationally representative infor-.
mation on the seroprevalence of. h_epé‘titis virus ‘infections in
the United States, has been critical to describing the burden of
-HBV infection and, for the first time with this report, -deter-

mining how it is changing after i pl

ation of a compre-

hensive national straicgy to éliminate HBV transmission in the -

United States, Keéping in mind the limitations of estimates that,
are based on small numbers, extiapolation- from these. data '
suggests that the number of chronically infected children ditring
-1999-2006 was ~29,000 (95% Cl, 11,000-63,000), compared
with ~122,000 (95% CI, 36,000-250,000) during 1988-1994, i
These decreases among children are likely due, in large part,
to the incorpqratiqn of hepatitis B vaccination into domestic
and global routiné infant anid childheod vaccination programs.

A-smaller yet significant decrease in the: prevalence of HBV. -

infection-occurred améng US-born adults 20-49 years of age.
Among US-bora and foreign-born adults aged >50 years, HBV

Estimate is small relative to its standard efror (relative standard amor >30%) and thereforg may be unstable, -
Estimate based on <10 indiiduals with positive samples. . L

infection’ prevalénce changed. little over the décade. An esti-

mated 730,000 US residents, mostly adults, had chronic HBV. .
infection, which démonstrptes. the ongoing burden of HBV.

associated disease, oo .

" The decrease in the prevalence of infection among children,
which was primarily the resyit of large decreases among US-
bom NH-black and Other ¢hildrén and among foreign-born

Other clﬂldxen,_re;ulted in'the elimination or narrowing ‘of .
many disparities. Among U8:horn children, prevalence of HBV. .. .

" infection was uniformly low,:Al_ﬁtough the ‘prevalence among

.. foreign-botn childreri continyéd to-be higher than that among.

US-born children, it decredsgd by 84%, compared ‘with data
from the previous survey, Mést strikingly, there was 2 >90%
decrease among the' foreign+horn Omer’.é;'qub, and ‘the dis-.
parity between US-born and-fqreign-bom'c.fﬁldren was reduced
from 13-fold: to.4-fold: These data provide a sense of theimpact

of vaccination here and abrogd on pieventirig HBYV infections N

among children living in the United States,

In ghe'United-States, the ﬁm recommendations for universal R
vaccination of children againgt hepatitis. B were made in'1991

[10).To Preverit perinatal trapsmission. of HBV, scréening of
pregnant women for HBsAg was recommended with the follow-
up of infanits bor to infected Women to ensure that they receive
postexposure prophylais. “Catchup” Vaccination of unvacci-
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Variable

25.0 {23.6-26.3)
56.7 (54.0-59.3)
7.5 {6,7-8.3)
by age in years
56.7 {53.4-59.8)

'7.76.8-8.6)

5528 . 22.1 (20.7-23.6)

Table 4. Age-Adjusted Preval of Vaceine-Induced | ity to Hepatitis B Virus (HBY) Infection by Selected ara
_Table 4. Age- : ‘
Characteristics, 1993-2006 _ _
NHANES 1999-2006 NHANES 1999-2002 ©~  'NHANES 2003-2006
i ' le .. Prevalence, .
Prevalence, Sarnple --. Prevalence, ) Saf‘np ) > S
S:Ir;\:‘le %ﬁ;‘; Cl size” % 195% Cl} size” % {95% €1} .P :

22.2 (20.0-24.5)

52.7 (48.1-57.3)
o o

Co :
5(16.5-20.6) - ~...24.0 (22.4-25.7)

© 1873 - 63.5 (59.3-67.6)
L el
’ Zy

GRS

7139 (18:6-26.4) "

e e e e

2941 195 07.6-2168) . 2687 - 248 {227-27.1) <001

" NOTES. (1, confidanca ntorval; NHANES, Niionsl Hezlth and Nutition Exarmintion Survey; N :
i ‘Slratﬁmspecifzc sample sizes may not sum to total because of rissing dats. . - ) L

®-Determinad by £ test svaluating cha_nge'vlror‘n 1999-2002 to 2903-200:6:

‘nat‘e.d adole‘scems. was recommended in_l9?§ (16]. Vaccine tov-*
erage data indicate'that, between 1993 and 2006, the percentagf.
of children 19-35 months of age who received hepatitis B vac-

. cine increased from-16% to '93% [17]. Coverage rates amiong

adolescents 13-17 );.earsv of age have also in_cfezscd substantially,
“fo 81% in 2006 [18]. v R
"Considerable progress also has been made: in‘ implementing
hepatitis B vaccination programs for. children in other coun-
‘tries. As of December 2006, 164 (85%) of 193-World Health
Organization member countries -haq introduced hepaptxs B vac-‘

" cination into ‘their infant immunization schedules [19]. Of the

27 countries in the western Pacific, where HBV .infection "ls )

S, ot significant, -

'cndér(nic. 55% introduced infant hepatitis B vaccinafion by 1992 .
and, to déte. 96% have in‘tcg'ra_ted\ Hepatitis B vagxipe into d}exr )
childhood immunization fiogl'ams. Studies:from ésian_.con:m.'- o
tries have documented the impact of these programs, mdud.mg L
decreases in the prevalence of chronic, infe_i:tion' and the »inq-‘

- .dence of hepatucéuqiar carcinoma among children [20-22]. Of .

the 29 countries that have.riot yet ip@ggtd hepatitis B vac-,

cination, 12 (41%) are in Africa, Where endemicity, remairxs.
high. The p?cv;lence patternis among foreign-born- children 1?': -
' NHANES appear to correlate with these global patterns ofya;-- I
cination imblementialion,wid} dramatic decreascs*a_n_ml?g_ fo_e
Other group, which includes th"osg born in Asia,’ :

198 « JID 2010:202 (15 July) * Wasley et al




Although patterns of matkers of vaccine-induced i u'nmumty
in NHANES 1999-2006 reflect the implementation.of domestic
and-international vaccination programs, the results undoubt-
edly underestimate the true prevalence of vaccine-induced im-
munity, particularly that among children, Among persons who
were vaccinated as infants or yoitng children and responded to
vaccination, 15%-45% have low or-undetectable concentrations
of anti-HBs 5-22 years ‘after vaccmatmn (8, 23—26] However,
evidence -indicates that |mmunoccmpetcnt persons who re-
spond to the vaccine femain protected against HBV even as

anti-HBs levels become qndetecnable [27, 28]. Thus, prevalence .’
of anti-HBs in NHANES underestimates the population lével -

of .vaccine-induced immunity by misclassifying participants

‘who. lost' detectable anti-HBs as susceptible to. HBV, Results -

from the National lmmunization Survey and other surveys,

- - which indicate high coverage among 19--35- monith-old children
and adolescents, provide a rhore cormiplete reflection of toverage

and immunity among US-born children [17]
The decreases in prevalence among younger US- bom adults

. likely reflect: the impact of several factors. Over the 18 years .

“spanned. by these NHANES surveys, the risk of HBV trans-

. -mission has decreascd as-evidenced by an' 80% reduction in

the incidence of aciite hepatms B cases since 1990[29] This'
likely reflécts the implémentation of p
a5 improvemenits in infection contreland screening of the blood

supply, modified risk taking practices among high-risk groups, :

anid thei impact of targcted vaccination of adults at risk because

of. ‘occupational or behaworai factors {30-32]. This ‘decrease

mayalso reﬂect the impact of Pprograms to vaccinate adolescents
(26]. This’ eﬂ'ect recently was documented among US military
recruits, among whom anti-HBs prevalence ranged from 62%

-+ among these born‘during 1937—1988 t0 27% among those born

‘before 1982 {33].

Although substantial progress has been made in preventmg .

HBYV .infection among children and young adults, NHANES

* indicatés that the burden of chronic hepatitis B among adults
~temains large. Many' disparities persist that reflect infections

acquu-ed over the - participants’ lifetiries.- Among - US:born

! adults, prevalence mcreased with age and was higher among

" NHsblack and Other: races and. ethnicities. Of interest, preva-

fence decreased among. yc;mg US-born adult Others, which

*-could: ‘reflect an. impact of - vaccination programs targeting

‘Aslans of all ages [34-36]. As in previous surveys; HBV infe¢- |

tion.prevalence ‘was significantly higher among forelgn born

‘adults than it was amorig US-born adults, which reflected the
level of endcmlcny in participants’ countries or. regions of or-
igin; Fo:exgn born persons accoun(cd for ~14% of the' NHA-
-NES 1999-2006 popilation; which is similar to estimates from
.the US Census’ {37] that mdxcatcd that 12% of the US popu-

. f,l.atlon was forelgu-bom. In NHANES 1999—2006 this group*

accoumed for 43% of all chromc mfecuons or-~317,000 (95%

strategies, such

Cl, 202,000-479,000) mfccnons among fore)p\ bom persons
in the United States in 1999-2006.

The large burden of chronic HBV infection among adults.

demonstrated by NHANES highlights the need to improve
screening programs and other efforts to identify chronically

infected persons, most of whom remain asymptomatic until -

cirrhosis or end-stage liver disease develops. Limited data in-
dicate that many persons with chronic infection are unaware
of their infection status (38-40]. -Screening and counseling pro-
grams are important to educate and med]cally manage infected
patients to prevent liver disease progression and to identify and
vaccinate susceptible contacts.to interrupt further transmis-
sion [7]. :

There are hmuatlons ta‘the usé of NHANES data to assess

'HBV prevalence. In NHANES, participants classify themselves

with regard to race and c(hmcﬂy, but because the numbers of

persons belonging 16 speclﬁc tacial and ethnic groups other
than non-Hlspamc white;' ‘non-Hispanic black, or’ Mexican:
American. are not large enough to make $table prevalence es-
_timates, the National Center for Health" Statistics (NCHS),
which oversees NHANES gmups these persons into a-category
of Or.her nohspecified race: and does not felease self- repcned.
race data. Thus, the calculation of specific estimates for sub-
groups, such as Asxans and Native Americans, is not possible;

It s likely that prevalence among Asians is considerably-higher .

than that reflected by the overall Other categoty, which includes
populations’ which have lower pxevalcnc: ‘of disease. Never-
theless, these groups are sampled in the NHANES populauon,
and overall NHANES estimates reflect and are greatly influ-
enced by'the prevalence in these subgroups. A summary analysis

prowded by NCHS of unédited data, not publicly reléased, of -

participaiits’ self- reported race and country of origin suggests
that persons likely t6 be Asian represent ~3.3%.(95% CI, 2,8%~—

- 3.8%) of the overall NHANES  weighted sample and that ~71% -

of that group are forexgn-hom These results miay be subject
to some ecror because of mlsclassxﬁcatlon of Asian ethmcxly
‘based on unedned data but appear similar to US Census es-
~timates [37], which characterize 4.4% of the US populau(m as
Asian, with 68% of this Asian population being | born overseas.
. In addition, although compasition of the Other category is not
specified and varies somewhat acrass surveys, an esu.mated 30%
of the group were classified as ‘Asian based on the analysis of
raw ethnicity and country of origin data, and the trends and
Ppatterns expected among the Asian population appear to be
discernible in the results for the Other race and ethnic group,
-Another limitation ‘of NHANES is that jt samples only from
the' noninstitutionalized civilian ‘population of .the United

E States ‘Thus, the overall esu.mate does not reﬂect infections
. amcmg populations that include mcarccrav.ed pexsons, among

“whom HBV. prevalencc is k:nown to be hxgh. The: prevalence

Vof chronic. HBV mfecnon amang the estimatéd- 2.2 mxlhon
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persons in US jails and prisons i ~2.0% [41], resulting in an _
estimated 44,000 persons with HBV infection in these settings
and increasing the estimated number of chronically infected
persons in the United States by 6%, to 774,000. Homeless per-
sons, wha also may have increased prevalence of infection, aré
also not included in NHANES {71

In summaity,‘ this analysis of unique population-based data
provides new evidence of the impact of domestic and global
childhood hepatitis B vaccination programs on preventing HBV
infections, while illustrating the remdining large burden of
chronic HBV infection in the United States, which consists of
~730,0000 persons. These results are relevant to public health
policy makers and highlight the importance of ongoing hep-
atitis B vaccination programs and of programs to identify per- }
sons with chronic HBV infection. ’ ’
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HEPATITIS B VIRUS DNA IN SALIVA'FROM .-
CHILDREN WITH CHRONIC HEPATITIS B .
INFECTION

» IMPLICATIONS FOR SALIVA AS A POTENTIAL MODE OF
o HORIZONTAL TRANSMISSION :

Ida Louise Heiberg, MD,* Metie Hoegh, MSe, PhD,}
Sicien- Ladelind. MSc,; Hubert G. M. Niesters, MD, DMSc,§
aud Birthe Hogh, .MD, DMSc*

Abstract: To explore the mechanism of harizonta) transmission-of hepa-
titis B virus (HBV) among childien, we investigated the quantitative
relationship between HBY in saliva and blood from 46 children with
chronic hepatitis B, . .
X We found high levels of: 1{BV DNA in saliva of HBeAg (+)
" ehildren. sugipesting saliva as'a vehicle for horizontal-trahsmission of
HBY ameong children, : :

Key Words: chionic hepatitis B, chifdren; HBV DNA, saliva, horizantal
fransmission
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.+ infected. The course of Hiepititis B infection is dependent on ajze at the

2 lime of infection: When infected perinatally, 90% of children become

- chronic carrigrs and 25% develop liver cinhosis #nd are at risk for

« “hepaaceliilar. carcinoma, During childhood the HBV infected ehil-

dren wre in‘a prolonged iminune (oleraisce phase, and they constitute

asilent infeétious reservoir that may further imaintain dnd spread HBV
to.susceptible. individuals. 0 - : .

" The most common roufes of acquiring hepatitis B:infection

-.in adulis are sexudl contact and sharing: injecting equipment. In

childhood, périnalal and horizomtal child-to-child transmission dre

-t most common modes of {ransmission; bui the méchanisim of

viral spread in horizontal transmission. remains 1o be elucidated:'™>’

Since 1992, WHO has recomnended global vaccination

~against MBV.-and by the end of 2006, 168 countries had imple-

mented or were planning 16 implement a tniversal HBV inuhuni-

- zation program for néwborns, infants. and‘or adolescents: Only. 7

< eountries. in Northemn Europe have not yet implemented such a
. poljcy~=~Demmnark, . Finland, Iceland, the Netherlands, Norway,

+"Sweden, und the United Kingdom.* These countries have:adopted

an aterisk srategy (1ﬂ’ujl'ipig vaccination to.individuals at high risk
of infection.® The :seleciive immunization siritegy in' Denmark
‘includes immunization of staff and children. at day-care centers

before an HBsAg positive child is.admited. ‘The Medical Officer -
-of Health informs_ staff and parents before’ the ‘vaceinations arg .

il : The Pediatric. Infectious Disedse journal s Volure 29, Numbe2 § Méy 2010

H ep:i\'ixisv’B virus (HB\") infection is a major global health probiem -
~§and more than 350 nillion people’ worldwide. are chronically -

given, and knowledge about the individual child with chronic

hepatitis B.infection is confidential. However, despite professional

information; this strategy can cause social discrimination of the
family "and " the child’ with chronic hepatitis B infection, The
selective strategy in Denmark does not inchide hepatitis B vacei-
nation before school eptry, and parents are not obliged 1o inforn
the school that their child has chronic hepatitis B infection, For the
parents ‘of a-child with chronic hepatitis B infection, this policy
leads to fear of transmission of HBV from their child to unvacei-

“nated children at school. The potential importance of saliva.as a

vehicle.of spread is ofien a mujor concem, although wansinission
from saliva has not been documented except through percutanecis
exposure. (e, a bite’ that breaks the skin). Recent siudies hisve.
shown that HBV'DNA js present in saliva from infected adults and

and serum.”S

“that there is a quantitativé correlation betwéen viral load in saliva

The aim of this snidy was 1o explore lhc"pmcntia.l signifi-

cance of saliva as a tehicle of transmission, and the quantiative

“relationship between BV DNA-in saliva and in- plasma 0l

children, was determined.

MATERIALS AND METHODS: ‘
_<Tn Denmark, <hronic ‘hepalitis ‘B infection has beena noti-
fiable disease since the year 2000, All children nationwide; -aged 0

"0 16 years, notified with chronic ‘hepatitis B (n ="180) were

invited by letter to participate in the study during the period May

2006 to Noveniber: 2008. The families of 46 children responded
positively, and after written informed conseint from the parents, 46

childien were included il the study. Biodd and saliva samples were
obtained at the chifdrén's clinical visits every sixth or 12ih-manth.

The saliva samples were obtained using the saliva collection kit

QOracol’(Malvern Medicul'Dévelopmenls, Worcester, United King-
dom)."Blood was collected in EDTA 1ubes, spui. and sepaated

Jinto’ tells und plasma fractions. Purification of HBV DNA from

plasma aiad saliva- was. performed using the’ MagNa Pure LC
Instrument. (Roche Applied Science, Penzberg. Germany). HBV
DNA in plasnia and saliva was quantitatively measured using tle

"HBV. TagMan Assay a5 previously. described.” The Jower defec-
. tion limit'was 50 1UAnL. To mouitor both loss and inhibition 6f the

samples, a universal interna) control consisting of a known number
of Phocid herpesviris type-] particies was added to the samples

previously described *Y Correciions in viral loud assessments were
made if necessary: Data on.the serological status (HBsAg, 11BeAg,

" anti-HBeAg) were obigined: from the children’s clinical reconds.

Statistical . analyses were performed. using mixed models with
random_intercepts with the statistical environment R-2.8:) using
the NLME pacKage. taking inio account repeaied measurements on
several of the patients. AlLHBY DNA values were log transformed
by the natural logarithim prior.to analysis, 1o ensure normality of

. standardized residuals.

RESULTS

A 1o1a] of 46 HEs‘Ag positive children were included in‘the -
study. Two: children ‘were excluded - from the snalyses as they

converted” from HBeAg (+) 1o’ HBeAg (=) during the study

“period, and one child was excluded dug.10 unknown HBeAg status.
-Of those, 25 (58%) of the children were HBeAg (+) and 1§ (42%)
- wereHBeAg (—). Meay age at sample date was 10.2 years (SD -
3.9 years).: The numbei of samples collected ranged fromi 1 10.7-

from.each child. In 1ofal, we collected 117 plasma samiples and 124

_ subiva samnples from 43 ehildren; 116 plasma and saliva samples
- were paired. N :

* . The geometric mean for HBV-DNA in plasimai fran‘JBéAg
(+) children was 41:9 X 10% TU/mL-ahd 33.9 X 10 1U/mL in

e 466 | i o
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TABLE 1. HBV DNA in Saliva and Plasma From Children With Chronic Hepatitis B

Infection According to HBeAg Status

Subjects/Specimens - 108 HBV.DNA Geometric Mean HBV Coss el
ubjects/Specimens UL, 95% Cl P - DNA 1U/mL ‘. 95% ClI .
HBeAg (+) . S .
}S’I:]\§n1a 17.6 16.6-18.5 418 x 10° -16.7 X 10° 10 105.0 x 10°
- Saliva 10:4 9.5-11.4 .9 x°10% 10 *
Hbeag i) . 33.9 X 10° J13.0 % ]? to 86.4 X 10
Plasma . . ' 6.8 5.9-7.6 880 - ’
Saliva s NA* Na= . . 35?\'3838
HEeAg (+)vs. HBeAg (=) - 106 9.2-120 <0:001
' in plasma
- HBeAg (+) saliva vs, 3.7 2.4-4.9  <0.001

HBeAg (~) plasma

“All values below lower detestion limit, -

" saliva, compared with 880' IU/mL in‘plasmafrom HBeAg (=)

children. This showed a 39 times higher levels-of HBV DNA in
saliva from the ‘MBeAg (+) childreh than in plasima from- the
HBeAg (=) children (P < 0.001), HBY DNA was undetectable in
. saliva from the HBeAy (=) children (lower detection limit S0
1UAnL). Results are shown in Table 1.’ : o
In 60% (30/84) of samples from HBeAg (+) children, HBV
DNA levels.in saliva were above 10" fUAnL, and-in 33% (28/84)
HBV'DNA levels were above 10° JU/mL., . .
When analyzing the paired measurements of quantitative
HBV DNA “in plasma and saliva samples, we found a linear,
relationship. between log HBV DNA in plasma and saliva of the
HBeAg (+) children described by the equation:

Jog HBV DNA in‘saliva = ~ 6.63
+0.92 times tlog HBV DNA in plasima)

) The ljél'dli‘\')l\slﬁp is presented gruphically online in Figure,
Supplementa! Digital Content 1, h1lpv://links.lww.com.’INF/A4I74 :

R DISCUSSION o .

i Saliva has' been considered” a potential sourcé of HBV

lransm_isﬁiqn, and HBV. DNA has been detected in saljva frony:
adults,”® We siudied paired saliva and plasma samples from 43
children with chronic hépatitis B and khown HBeAg status, We .

found a tigh level o' HBY DNA in saliva from the HBeAg (+)

children. Of note, the levels of 1BV DNA were 39 times higher in

" suliva from the HBeAg (+) childrenthan it was i plasma from the

HBeAg (—) children, .

Our findings show that saliva. is v source of HBV DNA.
Assuming-that HBY DNA Jevels reflect the number of infectious
particles, saliva is.a potential vehicle of spread of HBV. However,
studies.of the infectivity of 1BV DNA in suliva are limited due 10
lack af avaikuble animal models. and cell lines that suppont HBV
infection. 1r'is known that HBV ¢an survive for at.least 7 days
outside the body, and thin infection though ‘close interpersonal
comact within households is & conman: friode of trangmission of
HBV during early childhood. in high' endemic countries. > 1t is
‘presumed that jn these setlings transmission occurs from skin
Jesions or by sharing blood conluminaléd’(\bjecls,‘ although a
$pecific pathway of transdermal exposure is rarely identified.
.-+ A significant concéin for children with chionic hepatitis B
infection and their parents, is the risk of inféciing unvaccinated -
children. Older children might experience anxiousness when shar-
ing dr'inks and food with friends. Because not all countries rou-

tinely -vaccinate children against. hepatitis B, it. is a -dilemiria
affecting families hn those countries. } s
In samples from the HBeAg (~) children, HBV DNA was
not-detectable in saliva (lower detection limit 50 TU/mL) and the
levels of HBV DNA were low-in plasma in_ this ‘group (880 .
TU/ml.). This confirms our knowledge that HBeAg () children are
“nuch dess infectious than 11BeAg (+) children. It is showt i Figure, .
. ‘Supplemental Digital Content 1, hup:#/links.ww.com/INFIA417, that
HBV .DNA becomes detectable-in saliva at a level where-log
HBV DNA in plasma is around |1, corresponding toa viral load
- i plasma of about 60 X 107 IU/mL. It 'bas been discussed at
. -what levels 1BV DNA of a chronic carfier should be consid-
ered to be infectious. Various guidelines are used in 1he European
countries for when hiealth _care’ workers are allowed 10 work with®
exposure prone procedures, based on knowledge *of HBY DNA
levels: at which HBY transmission Has occirred. In the -United
Kingdom and Ireland, a éui-off limit of 10 HBV DNA copies/mL
(=185 1U/mL) is used; in the Netherlands it is-T0% copies'mL
(=18.5 x.10° TU/mL)-and & European consensus group decided.in-
2003 fora cut-off Jevel at 10% 4BV DNA copiesinL (=1.9 X 10°
U/mLy e o . C -

The mean viral load in siliva from HBeAg (+) childrén in our
study was 33.9. X J0* 1U/mL and 33% of these children ‘had HBV',
DNA levels more. than 10° IU/mL. Provided that the saliva. is c.cuila;
gious, these children should be considéred as highly infettiovs. ™

We found a clear association beiween HBV viral load in
plasma znd salive. Similar vesults have been shown in adults
As discussed, we do not know whetheér the HBV DNA in saliva
i infectious; but it has previously been demonstrated that .
inoculation of.chimpanzees and gibbons with suliva from hep-
atitis B infecied- individuals caused an.acute infection, '3
Today contact tracing of the (ransmidsion of HBV using epide- .
miological and molecular data cun’ identify possible sources of
infection,’* S : R R
Infection with HBYV in childhood has serious éonsequences,
as most children become chranic carriers and are at increased risk
of developing liver cirhosis and’ hepatocellular carcinoma. We
have an ethica) duty on both individual-and country lével to protect

~..~children from an’ oncogenic virus when we have' the mearis (o do

so. Universal inmunization can be implemented during infuncy
a_nd adolescence; vaceination of adolescents pro'\'i‘tles immuriiza.
uon 3t a time of increased-high-risk behavior. However, viceina- -
tion- of infants is preferable because immunization: of this ‘age
group. is betrer established, and children infécted at this age are.atl’ |
-high risk of acquiring chronic infection. Universal Vaecination -
might alleviate the fear of saliva a5 a potential ‘\ehicle of trans- .

24
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mission among children, and : is the only logical strategy to
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. 555321 no:.:mwa vaccing, 4
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Division of Pedjari ectious Diseascs, UnE:_:nE of F&_.__:G.
Gung Children's Ion_q:u_ Chang Gung University College of
Medicine, .D.S;E: :

Dsganﬁ E:m:::::&. across reg
documented.'~* Global clones and
include:-Spain®.2, "
Colombia®"-26, Spaip™'-1,, and Taiwan™ Recently,
Hsieh et al, reported the emergence of invasive serotype 19A
_,c_.:nm in Tai
Jates.” To prevent u:nc_soooonu_ infections, 7-valer
cal conjugate vaceine (PCV7) is being widely used.’” PCV7 has
significantly reduced “jnvasive pneumococcal diseases :vg
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'METHODS'
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The efficacy of. mdmdual donatlon and mmlpool testing to
detect low- ]evel hepatltls B virus DNA in Taiwan

Meng-Hua )(mg, Lel Li, Ying- Shen Hung, Cheng-Shen Hung, /ean Pierre Allain, Kuo-Sin L/n “and

"BACKGROUND: Finarncial onstraints are the main
concem in implementing nucleic acid testing (NAT) as
routing blood screening i Taiwan; The PROCLEIX
ULTRIO. assay (Ultrio) on the TIGRIS Systern (Novartis
Dlagnosucs) was_evaluated for its operauonal perfor- -
mance both for individual-donation testmg (DT} and-in
‘minipools, of. 4 (MP4) to, deve!op a.feasible soluhon )
STUDY DESIGN AND METHODS: Analytical sénsitivity
was determined by lestlng WHO international stan-
dards We tested 10,290 blood donors, 4210'in 10T and
6080 in MP4, Potemlal hepa(ms B virus {HBV).yield
donors (hepatms B surface antigen [HBsAg] negative/

< NAT: reactnve) were evaluated for up to 9 months’
follow-up Discordant results be1ween the Ultno assay
and the HBsAg tests were-fuither - analyzed by HBV

‘antibody serology. altemanve NATs HBV DNA quanlm-

¢ation, and sequericing.
RESULTS: The 95% limits of: de1ecnon t 1UmL (95%

conﬂdence mterval) wefe as follows: hufman immunode:- -

hcnency virus Type 1.(HIV-1),-18 (12-34); hepatitis C.
vuus (HCV), 4.4 (2.8-8.9); and HBV, 6.3 (4.4-11). The
‘retest rates were 0.55% for 1DT and 0.33% for MP4. No
“HIV. or HCV ‘yield cases were found, while there were

12 patential HBY yiéld cases, rune from 10T and rhree L

from MP4 tésting. Eleven.of them were. successiully ;-
genotyped as B2, Ten of them returned for rollow-up
and'mostly were determined. as occutt HBY. mfecnon
(OBI) The IDT yield ‘rate-of 9in 4210 (0.21%) was four-
told. greater than the MP4 yield rate of 3 in 6080 -
(0.05%; p < 0.05).

CONCLUSION The higher yneld rate for.IDT versus

MP4 demonstra(es the benefit to implement a more . R

sensntwe NAT slralegy in regions havmg sugmhcanl OB

carriers stich-as Talwan .

Su Jen Lin Tsai

ntroduction of nucleic dcid dmphﬁc.mmn testing
(NAT}:has been shown fo resulri inthei improvement
of blood safety in hany countries around the workd.!
> NAT markedly reduces the window: period {(Wp)
deﬁned as the time between infecrion and first derecrable
viral marker, compared to serologic assays, NAT can detect

nat only- WP infections for human immunodeficiency.

virus (HIV), heparitis € virus (HCV), and ‘hepatitis B3 virus

“(HBVY;. but a!sn oceult HBY infection (OB1), which are’

missed by even’ the ‘nfost sensitive hepatitis 8. strface
.antigen (HBsAg) tests: NAT has been'introduced in/ North
Americd, many European countries, Australia, New
Zealand; and parts of Asia including. Japan, Hong hung,
and Smgapore. However. at the time of this: study; it has
not been implemented in Taiwan. While NAT screening

for. HIV-1. and HCV is ‘move widespread rhan for HBV s

(hE recent ndvdncemem of allf()l“dft‘d or. Sen‘llduf(ll‘l‘ldf("d
systems - w:rh mu!nplex tests  has . facilitated' ‘the

. 'ABBREVIATIONS: d = discriniinatory (BV. HCV, HIV- 1 assay);
1D}'-r = individual donor testing: LOD(s) = fiits) of detection;
l‘\-ll’4_-v minipaol.of 4: OBI(s) = oceuit hepiitis B vipus
infectionis); qPCR = quantitative polynierase chain regetion;
S/CO = signat-to-cutoff; TTHEY = transfusion- transimitted 1{8V:
WP =window period; ’

From the Taipei Blood Cpn;m Taiwan Bload Services
Foundation; Institute of Bmchenn\uv and Molecular Biology,
“National Y.mg Ming llnwen y. 1% Fafwan; and the Depart-
ment of i Idemdmlng,\' University of (‘nmhndgxf (dmlmtlge.

UK. g :

{l— No. 3, ,\«mh.u hud(l Taipei
)Inml mg e

106, Taiwan; e-nmllmsu,en
Tl Suppurled by'the Tz
‘Rmean

(l‘nn ‘l()_,l [RREN ¢
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simultaneous screening of all three viruses. The two assays
currently commercially available are the Chiron PRO-
CLEIX ULTRIO- assay (Novartls Diagnostics, Emeryville,
CA) and the Roche cobas MPX - assay. (Roche Molecular
Systems, Pleasanton, CA).

Taiwan is an-endemic area for HBV infection, with an
HBsAy seroprevalence of 17.3% compared 1o 4.4% for

- HCV® and 0.012% for HIV.Y adaption of anti-hepatitis 8
core antigen (HBc) screening that correlates with HBV
exposure, in many low-prevalence countries, resulted in

the deferral of only a small nuimber of donors. However,
adding this safety measure in Tajwan, where antj-HBc

seropositivity is reported to be J6% to 90% in the general,

population,* would. defer f.sr 100 many otherwise accept:

_able donors.

Tajwan hdS'im]Tlelﬂel“éd widespread-HBV \'eiccinav

tion since 1985 and adopred .third-generation HBsAg

blood screening tests to limit HBV infecrions. None-
theless, one study® reported: that at least 3% of the

‘population carried occllt HBV .and- hence transfusion-
wansmitted HBV (ITHBY) infections still occur under-
ring the need for additional-blood safety measures. .

Wang -and" coworkers’ estimated that approximately
0.02% of donated blood in Talvan could transmit HBV
and predicred the HBV NAT yield to be 20-fold lnghex in
Taiwan than inlow- prevalent wgions such as the Unired

-MATERIALS AND METHODS

PROCLEIX ULTRIO assay :

The Ultrio assay is an in-vitro NAT utilizing transcription-
mediated amplification for the qualitaiive detection of
HIV-1.RNA, HCV RNA, and HBV DNA simultaneously in

“human plasina. The technolngy has heen previously

described.'t ¢

Analytical sensitivity ,

To verify the analyical sensm\nry for detecting HIV-1,
HCV, and HBV, diluted panels of World Health Organiza-
tion (WHO) internationa) standards (HIV-1 RNA Interna-.

< tional Standard 974656, HCV RNA International Standard

967798, and HBV I)N'/( International Srandard 97/746)
were ‘fested. The WHO internarional standards were

+ obtained-fiom the Narional Institute for Biological Sran:

dards and Control (NIBSC. Heitfordshire, UK) and panels
were prepared at Acrometrix {Behicia, CA), by sendl)y
diluting the vespective standard with-nonreactive human

- plasma and storing aliquots at -80°C. Four sets of each
. WHQ standard: panel were prepared and tesfed, each set

[ onsmmg of eight concentrations, with exghr feplicates of

1.5-ml aliquors for -each cohcentration. The «uwl\mcal'

Srates. A tove recent study® showed-the rate of transfu-"|

sion’ transmission of HBV in alwan to be 7- to 40-fold -
-higher than that ohserved .in 1nm'-p|eleex1(e countiies
with approximately 0. 1% of the transfused  recipients

acquiring TTHBY. The same smdy showed that even

. same vaccinated children with low levels of anti- HBs
‘developed HBV viremia posttransfusion, hxohhghnng the
. continted threat-of TITHBY despite the use of sensitive

" HBsAg blood screening and muore than 20 y&us of HBV

vaccination.f

While many recent evalua,m)ns of NAT systems in
Asian populations have demonstrared their clinical urility,

tanges for each WHO standaid were as follows: 0.23 to
301Ul for HCV, 0.78 to 100 1U/ml. for HIV-1, and 0.31

1040 1U/mL. for HBV. Aliquots:wete stored frozen at ~20°C
*‘unti} tésting. Eight replicates of each concentration were -
-tested on each of three different days; to give a-total of 24

replicates for -each diturion of each virus, An additional’

-eightreplicates of all soncentrarions were tested with the:
- PROCLEIX HIV-1, HCV,"and HBV discriminatary assays’
“L{dHIV-T,[dHCV, dHBV) on a fourth day: A Probit:statistical

especially for HBV ¥ each country.undertook evaluations -

af NAT, given the complexity arid cost of NAY, in its own
setting and detérmined which multiplex test is best suited
10 their circumstances. A recent. pilot study' of minipool
NAT screening of Taiwanese blood donors with” an alter-
native technology showed yield retés.0.10 and 0.01% for
HBV and HCV. respectively, that were hlgh(-‘l than those
abserved in'Hong Kong.® -

The objective of this study was to emluare hmh the
pe;fmm'mre of the Lttio as: y on the automated TIGRIS
S
ability rojidenti
ese hlnnd dnn.mﬂnﬂ {vield). A secondar objective was to
onfigurition of the Ultrio assay, indi-
vidual donor testing 107) or minipoof of 4 INIP3) testing,
would pumde the ‘optimal combination of operational
efficieiicy and hlnnd sufety in ldlw.m
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stemn’ under. standard operational condirions and its’
infectious.units in seronegative Taiwan- -

- System reliability was as

mode!'” was appilied to the analytical sensitivity data and
the 95% limit of detection (LOD) was calculated for the
Ultrio assay and the discriminatory assays.

Operational performance

sed by computing the fotal:

- sample invalid rate, the failed run rate for both 11 and

MP4 testing. and the non-repeatable-reactive rate. A total

of fwa reagent master lots were used in G4 test rons over 11

weeks by three apefators. HEY

"Assay reproducrbllny
i Signalto-tatoff (S/C0O) ratio- wwlls. inc Iudlm7 the means,

standard deviations, and coefficients of v.marmn VY,

Aronr both assay controls and viral (.1be|amn were: med"

to-assess assay reproducibilify: Data were takén from the:

outiné tesiing runs enly and did not include proficiericy

runs arruns of the WHO siandards. Data werte ﬁvpdmtely
mlle(led for the two master lots used in ihe stud\' and the -




three aperators who, performed the as'sa)"s. Results from
the operator who performed the fewest tests were com-
bhined with .those of another operator for purposes of
analysis,

Blood donor testing
A toral of IO.QHO different and consecutive blood donor
specimens were collected at the Tajpei Blood Center from
August 13 to Octoher 4, 2007, Thesethlood donors had met
the routine blood donation criteria established by Tajwan
Health Authority and had consented ro NAT screening of
their hlood. The study was conducted according to the
regulatory guidelines in° Taiwdn and followed the Good
Clinical Practice and Good Laboratory Practice Guidelines
- eonsistent with the pringiples originaring in the Declara-
tion of Helsinki, A separate B VACUTAINER ppT plasina
Preparation rube (Becton Dickinson and Company, Fran:
&lin Lakes, NJ) was collected exclusively for NAT assay,
Routine serologic testing ‘of donor specimens for

HBsAg (Murex Hi}sAg v3.0, Abbar Diagnostics, Dartford, .

UK), anti-HCV (Murex anti- HCV va.0, Abbott Diagnostics,
Kyalami, South Africa), and anti-Hiv. | and -2 (Murex HIV
1.2.0, Abbort Diagnostics) was petformied’ according to-
“Taipei Blood Ceniter's established standard operating pro-
cedures. Study specimens were linked to donors to permit
follow-up evaluations. .

Of the- 10,290 specimens, 4210, were rested in 11
format and 6080 were rested in 1520 pools of MP4 formar,

- MP4 testing. was. perfarmed by pooling equal aliquots of

plasina from four donation specimens. If a pool was reac-
tive in the Ulirio assay, each specimen from the reactive
pool was individually rested 10 i('ientify the reactive
specimen(s).

All Ultrio assq
fied through 1T or MP4, were further tested with the
discriminatory assays to determine specific viral activiry:
When the Ultrio a ay was. nonreactivé and the donor
specimen. was seronegative, the 'resting' was considered
complete.

Supplemental s€rologic and alternative NAT )

Donor specimens with discordant results. herween the
Ultrio assay and the serologic tests of record were retested
using specimens taken directly from the plasima unit.
Supplemental serologic tesrs for HRV, HCV, and BIV were
the HBsAg neutralization fest (Quest - Disgnostics, San
Tuan Capistrano, CA), amti-HCV recombinant imnumohliit
as! (Novartis Diaghostics Emeryville, CAY, and anti-

HIV-172. Western  hlot - (MP Diagnostics, Singapore), -

respectively. Additional “supplemental serologic rests
ncluded anti-HBs (AxSYM, Abbatt_Diagnostics, Wies.
haden, Germany), anti. Hie Ty} and lgM {Quest Diag-
S hostesk andanti- Y (AxsYM, Abbotr “ Diagnos

reactive speciimens, whether identi-

NAT BLOOD SCREENING IN TAIWAN

Py

Alternative NAT comprised two assays: the NGI HBv
UltraQual assay (NGL Tos Angeles, ‘CA), & pohmmerase
chain reaction (PCR) gssay with a 95% LOD of 0.9 1U/m.,
and Cambridge University Laboratories quantitative
[QPCR _assay (Cambridge, 1K), with a 95% LOD of
200/mL.e : ' ’

Yor HIV, HCV. and HBY, the confirmed presence of
viral gename without detecrable viral antigen or specific-
antibody was identifigd as WP infection when follow-up
samples confirmed seroconversion For HBV, samples
with the presence af DNA associared with, anri-HB¢
and/mtami-HBs were defined as OB

HBV-nucleic acid spyuencing and genotyping

Viral DNA was quantified from 500 pl-of plagma =2
addition; sfter uln'a(:egm'Fugminh of 510 8 ml.of plasma
depending on the yolume available, full-length. Hi3v
genome . minus 50.bp. in, the precore region (approx,
3150 bp}, pre-S/S region (approx. 1190 bp), and 300 bp in
the hasic core promater/ precore region were amplified
using nested PCR. Amplified products  were direcrly
sequenced and those with sequences of ‘greater than

1000 bp "were Phylagenetically analyzed 22 Dedueey ..
aMino acid sequences were compared 10 sequences of

HBV strains. of Genotypes B.and ¢ hublished in the
GenBank database, - - ;

< RESULT

i

Analytical sensitivity.. . .
The 95% LOD for HIV=T, HCV. and HBY of the Ultrio assay
and the (:m'résp(mding discriminatory assays, as deter:
mined by Probit analysis, are shown in Table 1.

Asséy reproducibility’
Tor both reagent miaster fots used i the‘study the percent -

(CVs for the reactive calibrators was less than 5%. There

was 100% agreement bgtween the expected and ohserved
$/CO ratio results for'the Uitrig assay contrals. The three

- TABLE 1. 95% LOBs for Ultrio and discriminatory
. @ssays.as determined by-WHO panel tested by
10T

: Estimated 95% LOD,
WHO panel .

Assay testeq . /mL (95% ©))
HIV RNA 87656 Utrio* 18/(12-34)
Co dHIVE 14 (8.1-48)
HCV-RNA 96/708 . o .. 44(2889)
L CgHCY 85 (3.8'63)
HBY DNA 97746 o : 6.3 (4:4-11)
. dHBY 1215.6-69.1)

* Performed on 3 separate days with eight replicates per- day, .
for a total of 24 replicates. B < B
" 1 Perlormed on 1 day with g 1018 of eight replicates.
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operators gave consistent and reproducible results (with
no significant differences) for the reactive control speci-
mens (data not shown),

Operational performance

A total of 4210 donations in IDT-and G0HO donations in
1520 pools of MP4 were tested with the Ultrio assay on.the
TIGRIS platform. A summary of the testing data is shown
in Tables 2 and 3. The non-repeat-reactive rates were
0.07% for 1DT and 0.13% for MP4. There were 23 invalid
results among 4210 spetimens tested 1T (0.55%) and 5
invalid results among the. 1520 pools tested (0.33%). Al
invalid results were valid when the tests were repéated.
“The retest specimen rate of 0.27% was mostly a result. of
assay Processing errors. '

Seronegative donor specimens tested in IDT and
MP4 B : . )
"l’esting results for 10,290 donor specimens by serology
and by Ulrrio assay in TDT (3210).and in MP4 (6080). are

~.shown in Fig. 1A. None of the NAT-only-reactive samples
were discriminated as either HIV or HCV, Amongthe 4179
seronegative specimens rested in IDT, 10'were Ultrio assay
reactive. Six of these were discriminated as'HBV, while four
were nonreactive - in discriminatary testing. These 10

-

specimiens were ﬁn‘thérvana_lyzetl; 9 of 10 were found ta be
positive for HBY by alternative PCR, viral foad, orgenotyp-

-.ing and were regarded as poténtial yield cases. The results,

aresununarized in Table 4. For donor IDT-A9,.it was con-

“sidered an - indeterminate result. 1DT-A9 was initially

Ultrio assay reactive butrio HRY, HCV, ar HIV nqcléivc dcid
detectable (data not shown). Among the 6044 seronega-
tive specimens-in MP4. three were reactive in the Ultrio
assay and were all discriminated as HRV and were also
reactive’ i the NGI HRBV UltraQual assay. 'l'hgse three -
specimens were further studied as potential yi€ld cases as
summarized in Table 4. In roral, there were 12 potential
yields cases, nine from INT and three from MP4. They -

. were between -ages of 30 -and 63, with equal male-to- ~

female ratja. o .

Follow-up study of potential yield cases o
Among the 12 patential yield cases, 10 donors joined in
‘the follow-up study: results of the samples are listed in
Table 4. All jndex samples Em'd,fnllow-up,_samples‘wgre .
anti-HBc positive, excépl the indéx sample of donor MP3.

* A3-Danors IDT-Al and 1OT-A3 became HBV.DNA nega- .

tive a few months afrer the index donations. o
“The combinarion of olecular.and serologic marker
data allows further definition of the diagnosti “phase of
BBV infection {Table 4). The presence of anti-HBc in all”
© U but die index sample excluded presero-

TABLE 2. Summary-of IDT.and MP4 rin results on Ultrio TIGRIS

conversion ‘WP infection. and in- four
‘cases anti-HBs were -also “detected

Voriable . o1 MPa Total indicating resolved infection, In IDT-A9
Number of individual donor samples 4210 - . 'fv‘?gg 12?/23 |, where motecular - confirmarion - was )
L‘:ibr:;rg??r:i:;{Jyog:;'ei:;ezéobs‘ 42;2_ .'523 T s doubtful, the.presence.of anti-HB¢ did -
Initial reactive rate : Y : 1.51 096 - not particulaily  help: the’ diagnn_stic
Number. of resolved pools A 3 f; process because 16% o 90% in'the Jai-
Nﬁzmnﬁiﬁ"ﬁsi‘;wMS) T @ . . ~ o] wanese general population™ carry. this -
Non—«epeat-reactive 1DTipoots (%) 4.(0:09) 2{0.13) . 60011 | marker. The potential yield cases were-
Totat number of bmf"es . o " 2;,1 "76. . 02(3) 1‘4(;_2.2) 1 gendtyped as B2, except dopo} II_)‘I'-AI‘(),_ ,
12:::‘::::2{‘egal;ggéf/;)an\pIes1 %) é13 50:553 7 §10.33) 28 (0.27) |~ This sample could O-O,l,be.?lm‘hﬁedm
“Assay processing error ¢ . C T pp - 5 Sy any of the four different regions larsel‘ecl
intemal Goniral imvalid= © - .. oy . 0 1 - although the viral load fested by GPCR"

NA = not available. . ',

* Caused by negative controf and HIV-1-positive control volume error. .
1 The retested donor samples resulted from invalid tests or invalid bat‘c.h‘ .

“provided a-positive resuli. S
; Finally, in"10 donors; at-least one -

follow-up samyile was obtained and i )

"i'ABLE 3 Summ.ary .of se}o!ogy and Ultrio res

ults observed -

. . . DT - P4
Result . "~ ] : HIVEY HCV "~ Hav “Total HIV-17 "HCV " HBV.-
Seropositive/Ultrio ronreactive. s ) 4. 1 4 9‘ : 7o 0. g
- Seropdsitive/Uitrio reactive and discriminated * © | 0 2 20 2.0 IS 4 - 16
Seronegative/Ultrio reacrive . 0 [¢) 6. L .6‘ 10 o 0o - .3
Seronegative/Uitrio reactive and nondiscriminated s 4 RO .
Seronegative/lrio nonreactive -~ .. : ‘4169 . .

. e ]
" Three canfitmed reactive; one il\delerm_iliale resull by altétnative NAT (see Table 4).
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w. infection with flucruating, low-ig

6080 screened
and serology

by MP4-NAT

P

n=604t

Non-discriminated
ns4°
1 4210 screened by IDT-NAT
and serology R

. .HBsAg(+)
p=24

. 07T NAT(R),
L UdHBVA(R)
L ]

IDTNATR), 1| - r

< dMCV (R): IDT-NAT(R;

b ne2

[ ornatnRy |
pEt

RIBA(S: e 1

. W_B(~): n=d -

l-'n_g‘ l_.'(/\) Resulis nl‘semuegmive donations s;:ruened by T and
samples are di

R = reactive. ) = indeterminate; KIBA = recombinant immunoblot

Table §,

refined’ the preliminary classification obtained on the
basis of moleculyr and serologic results. In eighti:ases. the
results. obtained in the index samples were reprodiced in
the follow-up samplés available ci)nﬁi‘ming the diggnosis
of OBL..In-two ‘cases, HYTEA3 and IDTAG, a low level of
anti-HBs was found i f(}llp\\e-up samples indicating cases

- of resolved infections with fluctuaring levels of anti:HRs,
I DAL HBsAg was ‘detecied iy the follow-up sample

together Wilh_l‘hé persistence of anti-Hic already: present
in the indéx sample, This profile suggested a chionic HBY
! vel, HBsAg. In MP4-A3
the follow-up sample hecaine anti-HB¢ positive while it
was Negative in'the index donation. And the presence of -

MP4-NAT(NR)

MP4.NAT (R}
“n=3

. Non-disctiminated |
n=0

aHBY (R)

Sewpos;live n=36

MP4-NAT(R),
SHBV [R):

MP4-NAT(R),
TdHCV (R):
=g

MP4 and seralogy. NR =nonreactive; R = reactive, *All these

sed in Table 4. (B) Resulis nfscmpnsilivg donations screencd by DT and'MP4 and serology. NR = nonleactive;

assay; WI'= Western biot, *All these samples are discussed i .

HBY DNA in index danation of MP4-A3 suggested that fhis.

donor was a window case during that time.

. Seroreactive donor specimens tested in (DT and
MPa . N '
Lesting results for the 31 sevoreactive donor spécimens
identified among the 4210 tested in IDT and for the
Seroreactive specinges 1

0
s within the 6080.samples screened’
-y MP4 are showi-in J4ig. 185, “Arcinig the 31 specimens
©orested i IDT, 24 were HBsAg reactivé, thrée ‘were anti-
FUHOY rescti e, and'three PIDRETY renctive, Twenty of the
24 HBV-seroreactive specimens weve olse dHBV reactive,
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TABLE 4. Confirmation and possible status of HBV yield cases in Taiwan
. HBV DNA HBV serological markers Possible
Time . Viral load . HBsAg , Anti-HBs HBV staius
Donor 1D (days) gHBV Alt PCR* (IU/mL)t Genotyped {PRISM) Anti-HBc§ (mIU/L). of donors
IDT-At Index R® e 7 82 N P N o8l
81 [ N P N .
199 P N P NG
261 N N " P N
IDT-A2 Index R P 15 B2 N P 488 o8l
85 P . N - P 367 .
) 276 . P - N P 434
10T-A3 Index . R P N B2 N P N [el:]
. 82 P N - P 13 -
144 N N P 8
. L2115 ) SN N C P 6
1DT-Ad . Index TR p 48 B2 N 4 N OBl
. .77 P . N P tuN e e
IDT:AS Index R P <5 B2 p P -N CHBVY4
’ 215 [4 P P N
DT-A6 Index © R P S <5 g2 N P N oBI
: BRST: ] P : : N P " :
~IDT-A7 ° -index NR S P N B2 N P N ,08B1
189 . P . N P. N
iDT-A8 index : NR N N . B2 N P 86 oBl
185 . TN o N P -85
' 256 g N i N P - 66+ N
IDT-A9 .- " indexit NR - N N . NA N [4 N ' inds§
IDT-A10 indextt NR N 6.4 "NA N P P ... 08t
MPA-A1 Index GE e 9 B2 N P N [el:1]
B . - 178 0 P . N P N i .
1P4-A2 Indexti R P N B2 N P N . o8l
MP4-A3. " Index <R 4 N B2 N N, N wP:
X | 1253 - P N P N New infection
‘. Aliernative PCH by NGI'HBV UltraQual’ . . . L . . .
i+ Resulys of Cambridgg qPCR with numbers .indicating viral load in 1U/ML. <5 indicates a signat toa low lo allow reliable quantificalion.
4 HBV genotyped by sequencing; . : ' el : :
§.- The results correspond to-1gG anti-HBc. All the anti-HBc IgM determinations were N.
1l Anii-HBs is given elther qualiative (P or N} or quantitative in mIUL. ERa !
** HBsAg N by Abbott Murex {S/CQ = 0.9} and Orthg Assays; P by PRISM in subsequent analysis.
1. Chronjc HBY infection with low and fluctiiating HBsAg lovel." e ST
13 Donor was lost 10 follow-up, . :
§§ Indeterminate resislt, possibly corftamination or OBI. . . .
. N = negative: NA = not available; Nft-= not reactive; P = positive; A = reactive, .~ . R : J

_while fout were hondiscriminated and were further inves-

tigated (Table 5), ; Lo .

Thirty-six sevoreactive spechnens (25 HBsAg. four
aiti-HCV, and seven anti-HIV).were involved in NAT MP4q
testing. Sixteen of thé 25 HBsAg-reactive specimens were
dHBY reactive and were considered true positive while_
nine were not and were further investigated as shown in
Table 5. : S

Ofthe seven anti- HCV-react
apd four MP4), six.were HCVRNATeactive One of the three

“IDT-redciive specimens was fodnd 10 be dHCV nonreac-
‘tive, OFthe 11 anfi-HiV-reactive specimens (four 111 and

seven MP4), none wwere HIV RNA reactive-and none were
confirmed antibody positive byWestern ot (see Fig. 113),

piscussion. <

{it a region where up t0.90%.0f the papulation has evi-

dence. of pust-exposure” or ongding infection for HIBV,S
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specimens (three 111

undetected OBIs pose a great threat to blood safety. While
NAT oily yield cases may occur under a numbier of
tances—1) acute infectior in the WE 2) tail end of .
a chranic HBV infection, 3) persistence of low-level HBV
‘replication in the presence of anli-HBs, and 4) escape
“murant not defected by currefit HisAg assays?? 2 for this
discussion. we restrict. the terin”of OBI 1o fefer 10 HBV
' infection with the presence of anti-HBc and/or anti-HBs
with 1o other derectable HBV markers except for-HBV -
DNAX While the rrapsfusion transimission risk is liwer for
OBIs than for' WP iifectioiis,?®® OBIs numerically pose s
more sighificant threat to the blood supply, especially in
" HBV-endemic countries, 2 . ’
- In Asia, Taiwan in ‘particulir, many repoits indicated
thatHBV DNA could be pr .'se,h_»r. generally ata fowlevel, in
HBsAg-negative “but _anti-H Be-pasitive bload dona-’

tions.” he proportion of this tvpe of bidod donation
AV

Yo7

and.

ng

32




- respective discriminarory
Care-consistent with the clain
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Y
TABLE 5. Profile of the 13 Ultrio-nonreactive initially HBsAg-positive {Abbott Murex} specimens
HBV serologic markers HBV DNA
HBsAg HBY amibodies Ultrig DT .
Donor 1D Murex (S/COY PRISM Neutralization Anti-HBc Anti-HBs* (Reactive/Total) Ultrio dHBV Al PCR{
D781 28.56 P P P N NR (043) - NA ' R
IDT-B2 10.89 P P P. N NR (073) NA NR
iDT-83 6.68 P P P N NA (/3) NA NR
IDT-B4 3.56 P P P N R {1/3) NR (0/3) A
MP4-B1 50.66 P P P N ‘ R {313) HBYV R.
MP4-B2 3.47 P P P N R {1/3) HBY R
MP4-B3 1.59 P 4 P N R(3) . NR{0/3) NR
MP4-B4 1.45 24 P P N NR (0/3) NA R
MP4-B5 10.72 P P P N NR [0/3) NA NR
MP4.B6 1.32 N Not confirmed P N NA(0/3) NA NR
MP4.B7 1192, N Not canfirmed N >1000 NA {0/3) NA NR
MP4.Bg 222 N Not confirmed N >1000 NR {0/3) NA NR
| MP4.B9 1.00 N Not ‘confirmed N ‘N NB [(v3). ST NAC - NR
* Anti-HBg"is given either gualitative (P or N} or guantitative in miUA. ) )
T Alternative NAT. NGI HBV UitraQual assay used LOD = 0.9 {U/mL.
NA = not available: NR =. nonreactive; A = reactive.

e'xLludmu such dommons from _the bl(md supply in
Taiwan-is important since it was demonstrated that this
type of blood can be infectious by 1 ansfusion 574 The risk
of HBY rangimission with-the anti-Hic-"alone"” blood has
‘been reported to cover a wide range (0.4%-90%). In con-
rrast, in a Japanese study, no donatjons containing: both
HRBV DNA and anti- Hl}s were found infectious tlirough
rransfusion.® However, a recent report from Slovenia pre-
sented rwo cases of HBV.transmission by transfusion of.an
OBlunit containinglow levels of anti-HBs 3 Fuy thermore,

vaccinated children with fow levels of anti: HBs but réla-
tively immunocompromised appeared (o be susceptible |

to. HBV infection. after. transfusion with HBsAg:negative
blood products.C Therefore, on the basis of these studies, it
appears important for blood safery in Taiwan thar routine
HBV-NAT be implemented in. addition te the currém
HBsAg screening.

Assay performance chm.ucrensncs are rllnrdl o the
interdicrion of potentially infectious donations.’ A UK
madel, adjusted for test and processing errors, revealed
that 22% of the risk of transfusion-transmirred infections
{including HBV, HCV, nd BIV) was (e resuit of test fail.
ures-and operational erors,” underscoring rhe need fora
robust, relisble screening dssay The Ulirio assay. in our
hands had both a Tow. invalid rest rate'of 0.27% and a low
averall non=repeatable-reactive rate of 0.07% for IDT and
0.13% far MP4. These character . along with its high
dssay sensitivity and specificity, provide a suitable systém
for routine screening of the bload supply in Taiwan.

The most critical assay attribute for detection of low-

“level viremia is” anulvtical s(-'nﬁm\'m' Our. ealuation
. showed the Dltrio assay 1o he highly sensitive with 5%

1ODs of 18,41, 4.38, and 6.28 IU/ml. for HIV-1 HEY, and
HBV, vespectively, and 13.97, 454, and 12.04 R /mil. for the
ssays (Tible 1), These results
tated inthe package insert |

‘

(PROCLEIX ULTRIO assay, Package Insert INOIGZEN rev.

2,2004, Gen-Probe Ing., San Dieg_,n CA) and with the find-
ings of other inwsnuators 6143435 °

While it was demanstrated thar testing in plasmu
pools.of small sizes was essentially as efficient as IDT for

HIV-Y and HCV, pooling. had a suberdnnal impact oy the

efficacy of detecting fow-level HRV DNA. Results pre-
sented in Tables 3 and 4 show that proportionally more
HBYV DNA- —positive s‘lmples were |dennﬁed among HBV-
containing donarmns inIpT (87 9%) than in MPJ (67.9%).
< Qurstudy. |)m\ndes an. t)ppmrumry to determine the dis-
tribution of concordant” and discordant -blood. donor
ﬁdmples herween the twg main HBV tests: ‘HBsAg and HBV
DNA ‘Among the HI}V-g cantaining donations, (DT identi-
fiedt 60.6% positive for hgth HBsAg and HBV DNA, 12,1%
HBsAg()nlv and 27.3%HBV-DNA only, whereas MP4-jdeén-

tified 57.2% positive fog hoth HBsAg and HBV [DNA, 32.1% .

HBsAg only,and 10.7% HBV DNA only: Fhis distributionis
Similar to the dara.in r)urpwwous study'? (58.6, 26.8, and
14.6%, respectively), Althouuh the two'testing populations
in this study show diffeignt HBsAg-reactive rates (0.57%
for 10T and 8.41% for MF4,, they-gre not much diferar ni
compared to the 0. 48% vguctive rate. of Taiwanese donor
popwdation in 2007 (fmm Taiwan Blood Services Founda-

tion annual report 2007}, The distribution observed in an-
area like Taiwean, where HRV Genotypes B and C arepreva-

lena, (Onildeldbh’ differy from data generated in Ghana,
West Africa, where Genmvpe E is prevalent and, rested
with the Cambridge ql’t R -used. in this study, 84% of

samples were HBSAg ang HRY DNA positive: 6% HBsAg

andy, and 10% INA anly#F
Additionally, the data presented in Table 5 »uggesl
“that some. HBsAg- posiiive samples . may carry  an
exrieniely low level uf HIW DNA-below the 108 0f mast
assays currently availahle For blood resting. This lack of
“sensitivity would be furlhal compounded h\' any level of.
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pooling. Several' options can be offered 1o address this
issue in addition to HYFNAT such as extraction from
larger plasma volume or concentration of viral particles by
high-speed cenmfugdnon " Nevertheless. data of our

specimens, are consistent with the ﬁndmg of out previous

" study' 6n a different rohorgofom donor population and

study demonstrate that, at least for the time being, Hi3sAg .

and HBV DNA screening are compleinentary and thar
bath are heneficial for the blood safery.
One important issue for NAT is the COllﬁthTlOn and

- characterization of yield cases to appropriately inform the

implicated .donors. As shown in Table 4, there are three
successive levels of supplementary testing that can help to
achieve this goal: 1) alternative NAT assays.for HBY DNA,
2) detection of ather HBV serologic markers to refine the
HBV infection profile, and 3)-testing follow-up samples to
reach a suitable diagnosis. To verify potential- (HBsAg-
negative, NAT repear-reactive) and probable (HBsAg-
negative, NAT-réactive, and alternative NAT:reactive on.an
alternate specimen) -yield' cases, ‘we subjected “index
samples. to molecular analysis. and gen()rvpmg and we
tested follow-up specimeris from these donors with_ six

* different serologic rests and three alternarive NAT assays.

Parts of the HBV gename {pre-core, pre:S, and S) along

© with the full genome were amplified limost index cases.

with a different NAT system ]
The results of this study could be used to estimate the
impact of adding NAT for.the whole blaod donorpoputa-
tion in Taiwan. HBY DNA screening by DT together with
HBsAg testing wouldinitially” identify 3919 ‘confirimed
donations per 500,000 donors tested. Comparing to
current HBsAg screening alone, it will interdict 1069 addi-
tional infectious donations pmennally transfused to more |

* than 1000 recipients.

In summary, our study démonstrated.that rhe great
majority of our yield cases were of OBl and that thiese yield o

. samples had very low viral load, necessitating the use of a
© highly sensitive'NAT for detectioi. The: yield rate observed

with the IDT approach was higher than that observed with
MP4 approaches in this study which confirmed the higher
clinical utility of the more sensitive IDT approach. Imple-

" mentation of HBV 'NAT screeriing, especmlly with the IDT

Alt yield cases were Genotype B2, which is the predomi-
nant genotype in Taiwan.” The qualitative NAT (NGIHBY"

- UttraQual) with a L75% LOD of 0.9 IU/mL detected HBV
DNA‘in follow-up specimens from 9 of11 potential yield -

danors, whereas a quantitative NAT- with a ‘LOD of

100 TU/mL (Quest Diagnostics) was not ableto quantify B

DNA in any of the follow-up specimens, atthough it

detected an HRV signal in six donors (data not-shown). A
third highly sensirive quantitative NAT with a LOD of

20-1U/mi. (in-house PCR, Cambridge University Labora- | B

tories), only being used for testing the index-donations,
found HBV DNA levels ranging from less.than 5't0.48 10/
mi. underseoring the assay sensifiviry. as.a defining factor
for rhe detection of DNA'in rthese low-level specimens. In
addition. nested amplification of multiple regions.of the
HBV ‘genonie after concentiation by ultracentrifugation
proved to be the most reliable and sensitive method of

Cconfirmation (Tabie 4), These data illusiraig the need for

alternative NATS wnh high assay sensitiviry in confirming

- the presence of HBV DNA in donarion samples

- The seraconversion of HBsAg and/or other HBV °

markers in a donor with a torajly seronegarive.index dona-

tion distinguishes berween WP infectioh and other diag-

noges. In. Case MP4/A3, anti-HBc-is derected after 8
montlis (Table 4). Both HBY DNA and anti- Hi3s levels are
known ta fluctuate in some cases. Here, exaniples 'nf such
fuctuations are séen in Cases {T-AT and 111-A3.

‘The HRV yield rate for the 11T Ulnio assay (0.21%) in

‘faiwan was about five times higher than was obsetved in

Hong Kang*and was 10-to 100-fold higher than.reparted
in countries with low HBV prevadence, The 12 yield cases.

10 of which were venﬁed by NAT red(mnv in fnll(m Aap
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Long-Terrx.l Shedding of Hepatitis E Virus in the
Feces of Pigs Infected Naturally, Born to Sows With
and Without Maternal Antibodies . |

Yuta Kanai,! Muneo Tsujikawa,® Mikihiro Yunoki,? Shoko Nishiyaml‘a,l

Kazuyoshi Ikuta,? and Katsuro Hagiwara’*

Depertmont ot Virclogy, Raseereh tuasoess e qniversit, Holaids e Tiversity; Osako, Ja
. ¢ v , B tar Liseases, Osaka University, Osaka, J
Infectious Pathogen. Research Group, Osaka Reséarch Laboratory, Research &vDe_ve}l/umen?Dizﬁyzln

- “Benesis Corporation, Osaka, Japan

Pigs are presumed reservoirs for hepatitis E virus
- [HEV) “transmission . to- humans: To. examine
- infection kinstics, two litters of domestic pigs (A
and "B, each containing <10 piglets) infected
naturally with HEV were studied until pigs were
6 months old. Maternal IgG and IgA antibodies

were detected in litter A piglets, but notin litter 8.

ones’. All -pigs shed HEV in feces-when. they
_were 30-110 days old, and 17 develdped viremia
at 40-100. days of age. Phylogenatic analysis
re‘vealé.ad:a highly close sequence of HEV gér’io-
type 3in ali pigs. The serum levels of specific IG

‘ ‘aqdlgAwen:e’simHarinallpigs,although‘lgAWas .

not detected in'the feces! Intérestingly. the onset
-.of both viremia and séroconversion was delayed
significantly - in litter A . pigs. ‘The. kinetics of
fecal virus shedding -was' similar in both litters;
shedding was’ not detected after the pigs were

120 days old. The' differences in-the infection”

" kinetics ‘between litters ‘A ‘and B suggested
that maternal antibodies delayed the onset of
wviremia and seroconversion. Quantitative real-

.. -time reverse transcriptase-polymerase ' chain -

peaked 10 days after initial shedding of approxi--
mately 105'°copies/g. The viral-load was much
tower in the serum than in the feces. At 200 days
of age, HEV RNA“was found in the ‘internal

organs of 3.out of 13 pigs. These study findings™

‘improve the uriderstanding of the dynamics of

natural HEV transmission in pigs, which could

helpin_controlling virus transmission from pigs
to humans. ' J. Med. Virof, 82:69- 76,2010..
. -© 2009 Wiley-Liss, Ine, ’ ) .
KEY WORDS: "swine;; transmission; time -
) * . course;epidemiology '

reaction revealed that HEV RNA. in feces .

© 2009 WILEY-LISS, INC, .

INTRODUCTION .

Hepatitis E virus (HEV) is a causative agent of acute

. 'hepatitis in humans. HEV is a small non-enveloped
single-stranded positive-sense RNA virus.- Recently,

HEV was classified as the sole member of the genus

Hepeuirus in'.the family -Hepeviridae {Emerson ‘and
.. .Purcell, 2003} HEV isolates from mammals can be

P divided into at least four genotypes 6n the basis of - ‘

co.mplete sequence analysis [Lu‘et al., 2006). Genotype
Lis distributed in-Asia and Africa [Escrib3 et al.; 2008;
vSugi.t,‘ani et'al.,- 2008], whereas genotype 2 is found in
Mexico and Africa [Ty et al., 2006). These two genotypes
are transmitted -to. the -human population via the
_fecal~dral route, and large human outbreaks have-
_+occurréd in non-industrialized countries as a result of
drinking water contaminated with feces [J ameel, 1999].
- Genotype 3 hias been detected in humans, domestic pigs,
and several wild animals, and is distributed worldwide
- [Lu et al, 2006; Lewis et'al,, 2008; Lam et al., 2009),
Qenotype 4 has béen detected in humans and domestic
pigsin Asian countries and Germany (Lu et al; 2006;
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Gakuen University. : ' : : )
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- the age of 8 months have a high seroprevalence [Meng

70

‘Wichmann et al., 2008]. The genotypes 3 and 4 étiains

are considered to be zoonoses {Meng, 2005). An' HEV-
related agent, the so-calléed avian HEV, has.been -
detected in poultry but it does not seem to cause human
infection {Huang et al., 2004). _

Since the initial discovery of swine HEV in the USA
{Meng et al., 1997}, cases of HEV infection in pigs have
been documented worldwide [Mgng, 2005; Dalton

et al,, 2008]. Previous studies have shown the genetic

similarity of swine and human HEV [Wang et al., 2000;
Kabrane-Lazizi et al:, 2001; Huang et al., 2002;
Nishizawa:et al.,, 2003; Takahashi et al., 2003; Yazaki.
et al., 2003; ljaz et al, 2005), and have reported
experimental cross-species infections from humans to
pigs or from pigs to non-human primates [Meng et al.,
1998; Halbur et al., 2001; Feagins et al., 2008; Ji et al.,
2008]. All of these firidings suggest that -pigs are
reservbirs of human HEV, |

Epidemiological - studigs - have revealed that HEV
infections.in pigs are-ubiquitous, and that pigs over

et al;, 1999; Huang et al., 2002; Bankset al., 2004]. HEV
shedding in feces has been observed in pigs of all ages, .
but is more frequently observed in 2—4 months-old pigs
ascompared to slaughter-age (6-month old) 6r-adult pigs
[Meng et-al.,, 1997; Yazaki et al., 2003; Cooper et al.,

. 2005; Fernandez-Barredo et al., 2006; Seminati et al.,

2008]. These results indicate that domestic ‘pigs are.

" infected easily with-HEV at an early age; but that the

majority of pigs stop shedding HEV RNA before they
are 6 months old.” Although many epidemiological

. studies have been conducted on this subject, longitudi-

‘nal studies following individual pigs are limited (Meng
et al, 1997; dé Deus et -al, 2008]: Of particular
importance is the fact there have been no long-term
quantitative analyses of wvirus shedding and serum.
antibody levels in individual piglets infected naturally
with HEV. . : ) o AR

In the present study, long-term follow-up character-
ization was performed untjl slaughter age of two litters’
of pigs infected naturally with HEV—one with HEV-
specific maternal antibodies and the other without these
antibodies—to investigate the dynamics of HEV RNA
-shedding in feces, as well ‘a8 assess viremia, antibody
levels, and the éffect of maternal antibodies on' HEV

" infection, . .

MATERIALS AND METHODS
Animals and Sample Collection o
Twenty mixed-breed pigs, 10 born to sow A (litter A)

and 10 to sow B (litter B), from a swine herd in Japan: .

were followed up until they were 200 days old (day 200).

. The two litters were born on the same day in separate

pens and raised together after day 30. They. were

- separated again from day 83 till the end of the study.

- The sera of sows A and B were collected before delivery

-~ and examined for HEV:specific IgG antibodies. During
- thestudy peried; fecal and serum samples wete collected -
. every 10 days from each pig, and stored at —80°C unti]

" J. Med. Virol. DOI 10.1002/jmv

. Kanai et al;

use. Thirteen pigs (five from litter- A.and eight from -
litter B) were euthanized on day 200, and tissue samples

(liver, ileum, and colon), serum, bile, and intestinal

contents (ileum, colon, and rectum) were collected and

stored at —80°C before testing. The tissues were treated

with RNAlater (Qiagen, Hilden, Germany) according to

the manufacturer’s instructions. Euthanasia and

tissue sampling were. performed -according to the

Laboratory Animal Control Guidelines. of Rakuno

Gakuen University. )

Enzyme-Linked Immunosorbent Assay for
Detecting Anti-HEV Antibodies

The anti-HEV IgG-antibodies in the sera collected

before the delivery of the sows, the anti-HEV IgG and .
igA antibodies in the serum samples; and the anti-HEV -
IgA antibodies in individual feces samples were detected
‘using a commercial ELISA kit for the. detection of
hepatitis E antibodies (Viragent HEV-Ab kit; Cosmic

- Corporation, Tokyo, Japan) according to the manufac-

turer’s instructions. Serum' samples from five pigs in
litter. A and eight in litter B were used for detecting
HEV-specific serum IgA. For detection of antibodies in
feces, suspensions of 10% fecal matter in phosphate-
.buffered saline were prepared. The kit used a truncated
recombinant HEV ORF2 protein expressed in silkworm -

- pupae [Mizuo et al., 2002], Rabbit anti-pig IgG or IgA -

antibodies coupled with horseradish peroxidase (Kirke- ;
gaard and Perry Laboratories, Gaithersburg, MD}) were
used as secondary antibodies. Antibody titres were
recorded’ as index values and calculated according to
the following formula:’ '

Optical density of sample N
Optical density of positive control

Index ‘value =

RNA Extraction ; -

Viral RNA was extracted from 140 pl of serum, bile,
10% fecal suspension, and a 10% suspension of the
intestinal contents by using a QLAamp Viral RNA Mini
Kit (Qiagen). The final elution was carried out using
50ul -of “elution buffer. Viral RNA  was extracted -

.from the tissue samples with TRIzol reagent,(Invitro-
gen, Carlsbad, CA) according to the manufacturer’s

instructions. .

Semi-NestedReverse TYan§criptase-Polymeraée
) Chain Reaction (RT-PCR) :

To ‘detect. HEV RNA, semi-nested RT-PCR was - -
performed. The 5'-terminal region of ORF1 was ampli: -
fied using broadly reactive primers [Hagiwara et al., -
2007]. For the first round of PCR, the sense primer HE61 -
(5"-CACRTATGTGGTCGAYGCCATGGAG-3; R=A or
‘G, Y=C or T) and the anti-sense primer HE51 (5'- .

GOCKRACYACCACAGCATTCG-3'; K=G or T) were

used. This produced.an expected fragment of 125 base -

pairs (bp). For the second round.of PCR, the internal * L -

sense . primer HES50 - (5-AAGGCTCCTGGCRTYAC:,

48"

100 .
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WAC-3'; W=A or T) and the anti-sense primer HE51
were used, producing an expected fragment of 85bp.
Reverse transcription and- first-round “amplification
were carried -out using the. OneStep RT:PCR Kit
(Qiagen). Ini each reaction, 5-ul aliquots of viral RNA
solution were used. The reactions were performed in
an . Eppendorf Mastercycler (Eppendorf, Hamburg,

Geérmany) under the following conditions: reverse tran-.

scription at 50°C, for 30 min, denaturation at 95°C for
15 min, 45 ¢ycles of denaturation at 95°C for 15 sec each,
annealing at 55°C for 30 sec, elongation at 72°C for
30-sec, and final elongation at 72°C for 7 min. After first-
round PCR; 1 ul of the PCR product was amplified under
the following conditions: 20 cycles of denaturation at
95°C for 15sec each, annealing at 60°C for 30 sec, and
elongation at 72°C for. 15 sec, followed by. final incuba-
tion at 72°C for 7 min. The amplified second-round PCR
products were characterized using 2% gel electropho-
resis. A PCR-amplicon of 85bp.was determined to be
HEV-specific,

‘ Quanfitative Real-Time RT-PCR

" The copy number of HEV RNA was measured
by quantitative real-time RT-PCR according to the
technique developed by Jothikumar et al. [2006] with
a slight modification, TagMan® probe ' (5-FAM-
TGATTCCCAGCCCTTCGC—TAMRA-a') was designed
based on the sequence of the HEV - ORF3 region
(accession number AB481228) from litter A pig. Five
microliters of extracted RNA (equivalent to 1.4 mg. of
feces or 14 ul of sera) was used per reaction. A'5 nl aliquot

of RNA was amplified using the forward. primer 5'-

GGTGGTTTCTGGGGTGAC-3 and thes reverse primer
5-AGGGGTTGGTTGGATGAA-3 in a " LightCycler
(Roche, Basel, Switzerland) under.the following con:
ditions: ' reverse transcription at- 50°C for 30 min,
denaturation” at 95°C: for 15min, and 45 cycles of
amplification, each consisting of 1sec at 95°C followed

by 1min at 60°C. Viral RNA copy - numbers were

calculated on the basis of the calibration curve con-
structed using standard RNA as déscribed below, using
LightCycler Software 4.0,

To construct a ‘calibration curve for quantification,
in vitro transcribed RNA from the HEV ORF3 region was
collected from a cloned plasmid. The copy number of
standard RNA ‘was. calculated using a spectrophotom-
eter. Preliminary examination using in vitro transcribed
RNA showed that the detection limit of quantitative real-
time RT-PCR was 10%8 copies/g of feces, 1028 copies/m]
of serum; and 10%¢ copies/m] of tissue,

Sequernice and Phylogenetic Analysis

Four fecal samples from four pigs in litter A and one
fecal sample from sow A, all of which were found to be
positive for HEV by nested RT-PCR, were subjected to
sequence analysis. The ORF2 region of the viral] RNA
was amplified using the primers HE044 (5-CAAGG-
HTGGCGYTCKGTTGAGAC-3';" H=A, C, or T) and
HE041 5 -TTMACWGTCRGCTCGCCA’I"I_‘GGC-S’;
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M=A or C), as described previously, [Mizuo et al.,
2002]. The PCR products were sequenced directly using
the BigDye Terminator Cycle Sequencing Ready Reac-
tion Kit (Applied Biosystems, Foster City, ' CA).
Sequence analysia was performed using Genetyx-Win-
dows version 7' (Genetyx Corp., Tokyo, Japan). The
sequence alignment was generated by CLUSTAL W

[Thompson et al., 1994]. The four nucleotide sequences:
of swine HEV isolates, named swJB-M3, -M5, -M8, and -

M10, have been' deposited in the GenBank sequence
database under the accession numbers AB471965-~
AB471968. A phylogenetic tree was constructed using
prototype sequences of genotype 1,2, 3, and 4 obtained
from GenBank and the neighbor-joining method [Saitou
and Nei, 1987], on the basis of a 412-nucleotide partial
sequence of the ORF2 region; the tree was drawn usipg
the TreeView program [Page, 1996].

Statistical Analysis

The numberof pigs sheddingvirusin feces, the number
with virémia, and the time to seroconversion were
compared between litters A and B by using the Wilcoxon
rank-sum test Statistical analysis was performed using
the JMP 5.1.2 software (SAS Institute, Inc., Cary, NC).
P<0.05 was cdnsidgred statistically significant.

. RESULTS
Detection of Anti-HEV IgG and IgA
© . in.Berum and Feces )

A total of 20 piglets were studied, 10 from litter A and
10 from litter B. Before delivery, sow A tested positive for
IgG antibodies spetific to the HEV ORF2 protein, but
sow B did not. Figype 1 shows the Jevels of HEV-specific
IgG and IgA in the sera of the piglets when they were
1180 days old. Tha serum samples from litter A pigs
tested positive for bath IgA and 1gG antibodies on day 1,
with ELISA index values of 122.6-and 144.5, respec-

.tively; the’ levels gf these antibodies in their sera -

decreased rapidly until day 50. In contrast, the serum’
levels of IgG and IgA in litter B pigs were significantly
low on day 1, with ELISA index values of 17,4 and 27.5,
respectively. The seyum IgG levels in the litter B pigs
remained low during days 1-50.-Seroconversion began
on day 60 in litter A pigs and on day 50 in litter B pigs,
after the onsét of vifemia (Fig. 1), The Wilcoxon rank-
sum test revealed that there was a significant difference
between litters A and B pigs with respect to the time of
IgG seroconversion (B < 0.001) (data not shown), that s,
seroconversion occurred significantly earlier. in litter B
pigs. The antibody titres peaked. on days 90 and 70 in

litters A and B, respectively, and then decreased .

gradually till the end of the study.
HEV-specific fecal IgA to HEV were not detected
during the study peried (data not shown).

Detection of HEV RNA in Feées" and Serum

. 'Pig feces were éxa;m_'ned for' HEV RNA during days
30-110 by using sem{-nested RT-PCR (Fig. 1). On day
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Fig. 1. Hepatitis E virus (HEV) shedding and »s’e_roconvgrsioﬁ‘in'two‘
litters of pigs. The copy.numbers of HEV RNA'n flecss and serurd are
shown, along with the énzyme-linked i hent sssay (ELISA)
index valuesof anti-HEV IgG and TgA in the serum samples. HEV RNA
copy numbers in feces and sérurn represent, che' average values among
positive animals. The numbérs of animals’positive. for fecal RNA and

30, HEV RNA was detected in the faces of five pigs from

each litter. During days 40-90, HEV RNA was detected )

in the feces of all 20 pigs. On day 100, all 10 of the pigs in’
litter' A, shed HEV RNA in their feces,’ but only 5 pigs
from litter-B.did. On'day 110, only one’pig from each
litter was found to be shedding HEV RNA in the feces,
No HEV. RNA was detected in feces after day 120. -
The modified TagMan® probe, desigriedto be specific
to the present HEV strain, reacted strongly to every
sample tested, indicating that the HEV detected in all of -
the litter A:and B pigs belongs to the same strain. The
dyhamics of fecal shedding of HEV were quantitatively
characterized by real-time PCR(Fig. 1). Onday 30, HEV

RNA could be detected in feces by-semi:nested RT-PCR'."

but not by real-time RT-PCR, indicating that the RNA
copy number was below the detection limit of quantita-

tive real-time RT-PCR (102 copies/g). On day 40,

however, HEV RNA increased s'udden}y to IQE‘Q _co.pies/
g.in the feces from both litters. The pigs-in litter A
continued to shed large amounts-of HEV,RNA (approx-

imately 10°°copies/g) until day 100, whereas the

‘amounts of HEV RNA in the. feces of litter B pigs
_decreased gradually. On day 110, the HEV RNA in the.
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serum RNA' are ‘indicated in paréntheses. The levels that 'were ..
a ble b itati al-time RT-PCR. were -approximiated .

using the. estimated. detection” limit (10 S copies/g for -fecal RNA,

10%® copies/m} for serum RNA). ELISA index value= (OD of sample/

- OD of positive control) %100, Error bars reptesent_'s_tandard_ error.

detection limit of real-time RT-RCR:. - - U
- “During: thé study period, viremia was detected in

feces fr;‘;ﬁx b'ét_h litters decreased to amounts bel

" 7 pigein litter A and 10 in litter B. The onset of viremia
“occurred on day 60 inlitter A pigs and on day 401n litter

B pigs (Fig.-1). The Wilcoxon rank:sum test showed that, - N
this differerice between the timie of onseét of viremia.

-in litter A -and B’ pigs-was statistically ‘significant -

(P=0.024; Fig. 1). Throughout the study, the amounts’
of HEV RNA in the serum were lower than' those in the

feces (Fig. 1). The highest serum HEV RI:I‘ZA tit?e-w‘as L
found on day 90 in a pig from litter A.(10%2copies/ml) s

and on day 60 in a pig from litter B (]705'6‘ copies/ml)..

“Time Courses of Changes in Virus Shed_djng,‘
Viremia, and Sérum Antibody Titres :
Based on the data obtained on virus shedding and."

antibody reaction in individual pigs (data of individual: -*"
-pigs not shown), .the gerieral time course of HEV

infection in’ domestic pigs.can be described as follows --

“(data are expressed as mean (SD; range)):. pigs }Jvegin‘bo -
- shed HEV in feces on day 30 (27.4; 0-70) after birthand - - -

ov the. g
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.- viremia and seroconversion of serum IgG and IgA oceu
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r . internal organs of 8 pigs hy semi-nesfea RT-PCR: inthe

33.5 (7.0; 10-60) and 32.3 (7 4;'20-50) da. C i ig, i :

A s X 4; - ys, respec-. gall bladder of one litter A pig, in the mesenteric | h
ti;/ez,: aftgr the onset ,Of HEV shedding in feces. HEV - nodes and liver of one litter B pig; and in thel hg;:;ﬁc
shedding in feces continues for 63.5 (7.4; 50-80) days, and mesenteric lymph nodes of another litter B pig.

whereas viremia can appear- transiently for 11.8 (12.9

;  According to real-time RT-PCR, .in. contrast, none of

10-40) days. In this study, virus »shedding,i'h feces was  these samples tested positive for HEV RNA, indicating

- observed in all pigs with high antibody titres, whereas  that the amounts g i
b ved i ¢ z i 3 ts of HEV - RNA present in thes: i
Vviremia was qbserved ina total of 17 pigs, all of which were below the detection limitof real-time RT;é;mglzi
haq relatively low antibody titres.Serum IgG and IgA - is, 10°° copies/g. - s
antibody levels peaked 8.5 (12.0; 0~30) and 6.2 (7.1, 0— ' )

“.20) days, fespectively, after seroconversion. After peak-
ing, they decreased gradually but remained detectable
d}xring the entire study period, even after the end of
viremia and after the pigs stopped shedding virus in - of HEV in pigs have been conducted, longitudinal °

L studies of the time course of HEV infection in pigs’

feces.

_Sequence Analysis

_ DISCUSSION
Although there a number of: epidemiological surveys

infected naturally have been quite limited [Meng et al.,

1897 de Deus et al.,, 2008). The dynamic HEV life cycle

- Genomic sequencing of the ORF2 region of virus P Piglets infected naturally can only be evaluated
isolates from -four piglets in litter A and from sow A through long-term follow-up studies with quarititative

- revealed that the virus strains were identical. Phyloge-

netic analysis of the HEV isolates indicated that they -2ntibodies in individual Pigs from birth to slaughter.

- belonged to HEV genotype 3 and that they were

This is the first report on the quantitative dynamics of

clustered with genotype 3us, both of which are telateq . Virus shedding in- feces, viremia, and specific serum

. to the strains of swine and human HEV found in the

USA (Fig. 2) (Takahashi et al., 2003). -
HEV RNA Detection ini Tissue Samples Fiom
200 Days Old Pigs -
Of tl'.xe_'IB pigs (5 from"litter A, :8 from ‘litter B)
-euthanized on day 200, HEV RNA was detected in the

R - o
e - 02

antibodies that were. evaluated.in a long-term follow-up
study of pigs infected naturally with HEV, - - ’
Maternal antibodies, including IgG, IgA, and Ighi,
that are transmitted via the. colostrum have  been
reported to protect piglets from' infection by various
pathogens [Andries et ‘al:; 1978]. Although ‘maternal
antibodies ‘against HEV have been found in piglets
. ‘born to HEV-positive sows, the protective role of these
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B e (AF173232) ' Genotype'2

Fig, 2, Phylogenetic analysis of t};g nuclestide .sequence of the ORF2 reg-ion 'o.f HEV >(412hp’).v I;i.tra<. .

genotypic classification of genctype 3 Busy Bsp, 2ind 3,

») Was done according o a previgus report [Takahashs -

et al., 2008]. HEV isclates obtained in this study (swJB-M3; -M5, -M8, sind -M1 indi inB
4 , -M5, -M8, -M1D) are-
letters. Prototype sequences of genotype .1, 2,3, and 4 from GenBank :r'e ngexz%vr;}:ntd}::rte:c;s:;}:

numbers. Phylogenetic treé was constructed using
. (r = 1,000) are given fér the major nodes., ", = :. ..

the neighbor-joining method, The bootstrap values
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* to'various pathogens.

measurements of both HEV.RNA and viral-specific '
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maternal antibodies has not yet been determined Meng
et al., 1997; Kasorndorkbua et al., 2003]. In the present
study, twe litters of piglets—one with maternal anti-
bodies and the other without—were studied to deter-
mine whether the presence of maternal antibodies
affected HEV shtedding. The results showed that virus

- shedding in feces occurred.from days 30 to.110 in both

litters, though a significant delay in the onset of both
seroconversion and viremia was observed in the litter A
piglets, which had maternal antibodies: Although serum
IgG and IgA of litter B pigs were slightly reactive to the
HEV antigen on day 1, as determined using ELISA; this
reactivity was considered to be non-specific because of
‘the:presence of large quantities of maternal antibodies

"' The similarity between ﬁhe litters in terms of the

Idrtetics of fecal virus shedding indicates that maternal .

antibodies do' not protect piglets from primary HEV
infections ini the early days of their lives. Interestingly,
another study has reported that maternal antibodies
can have an immunosuppressive effect [Siegrist, 2003).
Although the immunological mechanisms responsible
for such an ‘adverse: affect remain :unclear, it is
possible that in this studg, maternal antibedies delayed
the piglets’ immune responses against HEV.infection,

causing the delay in'seroconversion that was seen in the."

litter A piglets. ) RS .
Since this study followet up domestic pigs raised
under. normal conditions, it was.not obvius whether
HEV infection in the two litters occurred under similar
- conditions. Therefore, it was difficult to determine the
exact_effect of maternal &ntibodies on'the-kinetics of-

HEV infection. Further studies are required to. clarify :

the role of maternal antibodies. .

In previous epidemiological studies, feca} and serum
HEV RNA and serum antibodies have been used as
markers of HEV infection {Meng et al., 1998; Cooper™
et al., 2005]. In the present study, fecal RT-PCR was far
more sensitive than serum RNA testing in detecting
‘HEV RNA. 'Indeed, all of the pigs shed. high copy
numbers of HEV RNA in feces for 7080 days; whereas
viremia appeared transiently the copy number of the

RNA shed was low. In addition, viremia remained
= undetectable in' three pigs. It is possible that the

sampling schedule, particularly the 10-day intervals

between sampling days, may have led to the low: rate of )
serum RNA detection. Fecal RT-PCR, in contrast, does -
' not appear to have the same limitations, and can be

" recommended as an indicator of current HEV infection
. based on early occurrence, high' viral load, and long,
. duration of HEV RNA in feces. It may prove especially
" useful in quarantine situations when pigs are intro-
duced to another herd: « .. . . )

. Thereactivity of the modified TagMan® probe usedin
this  study, which . was designed according to the .
‘sequence of HEV obtained from litter- A pigs, to the
present HEV suggested that all-the pigs were infected
' with the same viral strain, The strain‘in question was
found to belong to genotype 3., which is related to the

HEV strains found in humansand pigs in'the USA. Itis )

J: Med. Virol. DOT 10,1002/mv
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“oneofthe three clusters into which gez;otype‘3 hasbeen

divided: the other two are 3, and 3, [Takahashi et al.,
2003). HEV genotypes 3 and 4, both of which have
been reported in Japan [Takahashi et al.,, 2003], are
considered to be zoonoses, causing hepatitis in humans;
genotype 4 has been reported to cause a particularly
severe form of hepatitis [Ohnishi et al., 2006). Some
phenotypic variations between genotypes 3 and 4 have

been reported. Though the results of the present study. -

coritribute significantly to the understanding of the
infection of HEV genotype 3 in pigs, further studies on

genotype 4 and the other two sub-clusters of genotype 3 "

will be required to develop a conclusive strategy to
control HEV infection in domestic pigs.

Inthis study, HEV RNA'was detected in the liver, gall
bladder, or lymph nodes of 3 of 13 pigs examined
on-day-200, that is, 3 months after the pigs had stopped
shedding the virus. The prevalence of HEV RNA in pig:
‘livets at grocery stores in Japan and the USA has been
reported as 2% and 11%, respectively [Yazaki et al.,

2003; Feagins et al., 2007]. Furthermore, HEV isolated

“from pig livers at grocery stores in the USA was found

to be infectious. This could create public health problems

stemming from HEV .contamination in' slaughtered-

pigs, even if no HEV shedding is observed before
slaughter. In addition, the long-term shedding of large
-amounts of virus, which was observed in this study,

supports the idea that farm workers exposed to infected -

-pigs could be infected directly because of a contaminated
working environment [Zheng et al., 2006): Controlling
HEV infection on pig' farms would therefore’ help

decrease the likelihood of the disease being transmitted *

to people.

CONCLUSIONS

" To understand the timé course of HEV ihfectioqin_ )

domestic pigs, pigs infected naturally with HEV geno-
type:3- were followed up from birth'to slaughter age.

‘These pigs shed HEV in. feces when - they were
~ 30-110 dsys. old, and developed viremid when they -

were 40-100 days old. Seroconversion of anti-HEV IgG

and IgA antibodies occurred.20 days after the onset of -

“viremia. HEV RNA in feces peaked at approximately .

10%° copies/g 10 days after the onset of fecal shedding.
The kinetics of HEV infection seemed to be influenced by
the presence of maternal antibodies. At day 200, 3 of 13
pigs (23%) still had- detectable levels of HEV.RNA in

-their livers, gall bladders, and/or lymph nodes, though

they had s_toppéd shedding the virus in feces. Although -

the amounts of HEV RNA in these tissues were low, the

‘presence of HEV in the internal organs after the virus -

sheddinghas stopped could have important imiplications
for the-prevention of virus transmission to “people
‘through food. The time course of HEV infection reveal-

- ed in this study will be very helpful in understanding

the kinetics of HEV transmission from pigs to humans,
and in developing a control strategy to prevent zoonotic
HEV infection from pigs. : o e
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. .PARVY and its biclogy. It was.initially described as ‘not
"+ .closely related to any, known parvoviruses” (Jones et al,
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The parvovirus PARV4 is the most Eomi_xnmvmnlwmn mempber of the family Parvoviridae mrm;mm a
human host. To investigate the prevalence of PARV4 in blood, a quantitative TagMan PCR was

developed and plasma, sera or whale blood from a'variety of population groups. were examined,
Eight samples were positive for PARV4, one at high copy-number. The high-titre-positive plasma
had an approximate viral load of 5x10° mm:oam mnc?m,_m..:m ml™. Two human sera, identified as
PARV4 antibody-positive by indirect immunoflubrescence, were used in immune electron

Received 10 July 2009

‘Accepted 14 October 2009 . PARVA4 has been visualized.

.Bmoﬂom,novw.”o try to visualize native PARV4 within the high-titre human plasma. PARV4 particles -
were observed using one of th

ese two. sera.-To our x:o,.z_mnmw., this is the first time that native

PARV4 is the most recently: déscribed member of the
family Parvoviridae that has a human host :(Jones et al,
2005). It is currently & virus without arly apparent disease
_association (Fryer er al, 2007a), It iwas ientified by 2
“fandom amplification of nucleic acids - extracted -from a
patient with acute virus infection who was co-infected with”.
hepatitis B virus (HBV) (Jones et-al, 2005). Two further
genotypes of PARV4 have now béen described (Fryer etal, |

2006; Simrnonds. ef. al.;: 2008). Very'li le-is kniown about

2005). ‘However, further work has shown' that PARV4 is
" most similar to the recently distovered bovine and porcine

. 'HaKo viruses (Lau et al., 2008) and that it groups togethér
" with these and also the more distantly relatéd Myanmar -

erythrovirus (Hijikata et af, 2001); andther porcine virus.

The human parvovirus B19 cini be present at very high
titres.in the blood. of infected ‘individuals, Plasma and
whole:blood samples thought likely to harbour PARV4,
namely.samples beinig tested for hepatitis B or C or from
human ‘immunodeficiency “virus: (HIV)-positive patients,
were therefore ‘examined. For :cOmparison, samples from
UK blood donors weré also- tested " All samples analysed
wete anonymized. The frequency of detection-of PARV4.in
the UK blood-donor population is expected "to be low,
based on limitéd data from previously reported ‘surveys

- (Fryer et al, 2007b; Simmonds et’al,2007; Schrieider et al.,

Noog.mxro:mvanm_mo_‘im_ &:&n.m rw<mv~28cm
performed. S (SN . . .

.+ Nuclei¢ acid was extracted from ,,w_mmBP seturn or ‘whole

blood, either ng_q.mmgm “Qiagen blood kit spin
columns -or  on 2 Qiagen - BigRobot. ‘A *'quantitative

TagMan PCR (Q-PCR) was designed with the aid of

- Beacon Designer 3 software (Premier Biosoft International)
and optimized for open reading frame (ORF) 2 of PARV4,
The Q-PCR was performed on an ABI 7500 platforin
(Applied : Biosystéms), using’ ABgene - reagents;” and ‘was
shown to have linearity of detection over the range 10'-10%
copies ml™ ", with a*limit of sensitivity of 50 copies mi~ .’
An oligonucleotide positive control of the target sequence .
was synthesized (Eurofins MWG Operon), but - was

o subsequently replaced by a biological standard: a high-"

titre-positive plasma, once one had been identified. Murine

" cytomegalovirus was used as.an ‘internal extraction’ and
.amplification Control. Samples tested.and results aré shown
in Table 1. Q-PCR conditions weré 95°C for 15 min
followed by 45 cycles of 95 °C for 15 s, 60 °C for 60 5. The
.TagMan  primers used ‘were PWTPARV4.IF (5 ¢
OOHOHOOO>OHOO>.H<H>OO>O>.U‘“ 1937-1958)." and' .
PWTPARV4.IR (5 “GCTCCATACCTTTCAGCAGTTTC-.
3'; 2069~2047). ' The  TagMan probe was' PWTPARV4-
probe (5 .Tﬁ&.OOOODOOO>OO>QOO>O>QOﬁ.ﬁ?g.
3 1961-1983). Sequences are numbered according | to
GenBank accession no, AY622943; : .

‘In ‘total, PARV4 DNA ‘was detected in eight. samples.
Quantification ‘of PARV4. iri samples was initially: carried . -
Out against a log,q dilution series of the oligonucleotide .
positive control and E..&mmm:mnax against a high-titre- .
positive control PARVY4 plasma (designated plasma, 129),
This plasma had a viral load of 5 x 10° DNA copies m]™!
-and was from a hepatitis C virus (HCV) ‘RNA:positive,.
HCV antibody-negative .patient.’ Viral”loads of all eight -
positive samples are shown iff Table 2, The four samples -

.. that had a viral load 2760 copies ml™" were amplified -

successfuilly for sequencing, but those with viral Joads. of
K285 failed to amplify. Three samiples (129, 135 and 342) -

o_.ummw © 2010 Health Protection >nm,:nx Printed.in Great. Britain -~
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Table 1. Samples tested for PARV4 by Q-PCR

Abbreviations: HBV, hepatitis B virus; HCV, hepatitis C virus; HIV-1, human‘immunodcﬁciency vir'us type I; IVDU, intravenous drug user.

Population group tested

HCV antibody-negative, RNA-positive blood donors (HCV window phase)

Samples for routine HCV RNA testing

Samples for. routine HBV DNA testing

HIV-1 proviral DNA-positive [VDUs .

Samples for routine HIV-1 RNA viral load testing

\;UK blood donors ~ 20 pooled DNA extracts from 96 donors

n * “No. (%) PARV4-pasitive by Q-PCR
94 ’ 3 (32)

88 T 2(2.3)
140 2 (1.4) N
ot . o

88. : ) {1y

- P 0

*Qverall detection fréqucncy of 1 in 138 (0.7 %) in HIV-1-positive samples tested.
t

were amplified by -using a semi-nested PCR to. ORF2,
initially pv/ith primers PARV4Seql (5'-CCGGAACC-
TTCAAGTCAAGCCA-3'; 2465-2486) and PARV4Seq2
(S';CCGCTCAAGGTCTGGTTCAACAA-B’_;: 3(?10~2988),
followed by PARV4Seql arid PARV4Seq3 (5 -CAAGG-
TGGACTCCGACATCTGG-3; 2954-2933). The resulting
490 bp fragments from these. three samples -were then_v
sequénced with PARV4Seql and PARV4Seq3. All three
were typed as PARV4 genotype 1. Sample 168 was -a_!so
confirmed ‘as PARV4 genotype 1 by sequencing with
brimers PVORFIF and PVORFIR. (Fryer 'et al, 2006).
Sequence simnilarity was determined by using the FASTA
program at’ http://www.ebi.ac.uk and searching the Viral
Database. T ]
For electron microscopy, 300 ul high-titre plasma 129 was
-centrifuged at 48,000 g for 45 min. The resultant Pel]et was
rcsuslﬁendéd in- distilled water - and s@ined wnh: 1.5%
phosphotungstic'acid (PTA), pH 66 Gnds‘ were examined
in a Philips' 420 transmission: electron microscope ﬁFted
with ah AMT XR60 digital imaging system. Parv’ovyus
particles - were not' seen. ‘Small, round, featureless virus
particles, such as parvoviruses, however, can be extremely: -
_difficult to detect, particularly amongst the b_at':kgrougd :
" debris of plasmd or serum. Imrmune electron mictoscopy.
(IEM), a technique that has been employed succgsﬁul]y to,
detect othet small viruses, including parvoviriis 'B19
(Cossart et al., 1975; Curry et al, 2006); was used in a ,

Table 2, Viral loads of PARV4quéitive sarhplgs

‘further attefnpt to- visualize the native PARV4 particles.
Two serum samples -gontaining antibody to PARV# ha'd
been identified in our laboratory on the basis of their
reactivity in’ an indirect immunofluorescence test. (R. P. ;
Parry, unpublished data). These two antibody-positive sera
.were each mixed with an aliquot of high-titre plasma 129,
incubated at room temperature for ! h and cenFrif\{geFl at
48000 g for 45 min, Pellets were resuspended in dlsnued
‘water and stained with 1.5% PTA or 2% methylamine
‘tungstate, ' pH 6.6, and ‘examined as - described abgve.
- Parvovirus-like particles that had .been aggregated into
clumps by one of the sera were seen (Fig. 1a). The patticles
measured * around 20-22.nm in’ diameter and were
ér hologicall ical of parvoviruses. For comparison,
:cosnbinagnt P};\lt{y\l;{ capsids expressed in Sf9 cells by

baculovirus (PARVY capsids provided by Dr.Kevin E.

Brown, Health Protestion Agency) can be seen in .Fig. 1(b).
"The recombinant capsids and the particles found in plasma

129 are similar in size.and have the characteristic hexagonal

appeararice” of - parvviruses: Stain - has - penetrated into
" several of the recombipiant particles, as. would be expected,
whereas the particles’ from plasma- 129 ‘appear complete.

Fig. 1. Electron micragraphs of parvovirus particles. (a) .IEM of
‘particles s'éen in ptasmi 129;.antibody can_.be seen coatnng the
particles. Stained with methylamine tungstate. (b) Recombinant
viral capsids of PARV4, stained with PTA, Bars, 100 nm.

“Sample Viral load (DNA copies ml™")
PARV4 HCV '~ HCV genotype HBV HIV |
129 - Sx10% . 270x10° 2
135 760 1.22x10° 3a
168 ©4.6x10° - 105X 10° 3
A5 . 1 5.04 x 10° :
Clo : 5 + +
342 3.4%10°% - + o+
49 17 + :
HI10 285 . +
549
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The antibody-aggregated clumps of particles observed in
plasma 129 resembled the appearance of B19 virus when
visualized by IEM. Plasma 129 and the two setum samples
containing antibody to PARV4, however, were negative by.
PCR for B19 and human bocavirus, and it was.conclided
that-the particles seen were PARV4. .

Failure to detect virus particles with the second serum may
have been related to the titre of the reagents. The sera. were
only- tested. at one dilution by immunofluorescence, but
results from a prototypé ELISA suggested that this'second
serum had a lower antibody -titre- to PARV4. For 1EM
purposes, the titre' 6f PARV4 in plasma 129 was also low
and probably near- the limits. of sensitivity - for 1EM
detection. This may account for the fact that virus particles
from this sample were not seer with PTA staining, rather
than any difference between the stains, . '

PARV4 was detected at low frequency in san;ples from the
blood of patients infected with HIV-1, HCV and HBV. In a
study of the three human parvoviruses, B19, bocavirus and
PARV4, in HIV-1-infected and non-infected -individuals, ;
Manning er al. (2007) established that high proportion
(70.8 %) of HIV-1-infected individuals harbour PARV4'in"
lympheid and bene-marrow tissues, but none had viraemia..
[t is.interesting to note that seven of the eight individuals in
“whom PARVA4 was detected in the plasma were co-infected ;'
with hepatitis viruses' (Table 1). The original ‘discovery of

. PARV4 was in' an intrave\nous drug user. (IVDU) from the

‘USA. The 94 HCV window-phase plasma samples-analysed :
inour study for PARV4 were USA-sourced plasmas and the

" donors may have been remunerated financially. PARV4 was

“also awaits further elucidation.

» archived plasma poals with 6.58 logyo copies 'ml™" (Fryer

not detected in any of the UK blood donors tested. - :

These data contrast with ‘those of a fecent study in TEaiIand,f

. which revealed PARV4 in sera both from IVDUs (8%) and
_inblood donors (4 %) (Lurcharchaiwong et al;, 2008). Both

of these figures are higher ‘thanthose reported previously.

. from the UK and elsewhere. It is agdin of interest that the -

majority of bthe"PA»R_V{-positive IVDVs in the Thai study,
seven of eight (87.5 %), were HCV-cotinfected; this may of

:course simply-be cdincidental, as.the proportion of HCV

‘positives within this group of IVDUs was very high (88.6%).
The determination of the prevalence of past infectiori with.
PARV4 in these different populations awiits the results of:

" serological studies: Whether. cosinfection is a reflection of

the natural history of the virus. infection, a commonality of
transmission routes or a consequence of underlying disease

The high' viral load found. in sample' 129 (5 x 10° DNA
copies.ml ') suggests ‘that thiis patient was experiencing
active - viriis  replication: and may represent primary
infection. The only other known high-level samples were
from the original patient, which contained 6 log,q copies
ml™! (E. Delwart, personal comminication), and from

et al,, 2007b). It is not kriown whether the lower viral loads
found in this (Table 2} and other studies represent Virus

- replication, waning virus levels as antibody develops or a

" References .
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chronic virus carrier state. Fluctuating low levels of B19~
DNA were observed in the plasma of 7.9 % of patients with

congenital haemoglobinopathy. It has been postulated thaf
-this may be due to minor reactivation. from sites of virus
persistence (Lefrére et al, 2005), which ‘may also. explain
the 1% of pregnant women (Lefrére.ef al.,, 2005) and blood

donors (Candotti et al, 2004) whao are BI9 DNA-positive.- -
- A similar phenomenon may be occurfing with. PARV4.

-Burther development of antibody . assays -and follow-up
studies” on': PARV4-positive patients ‘are required - to
investigate these hypotheses. :

The high level of $equence conservation observed within
the samples: that tested positive' for PARV4 is consistent
with the findings of other groups. This argues for & recent.
_evolutionary origin .or. a high canservation pressure,.
Matining et al. (2007} observed ari apparertt temporal shift’
in PARV4 genotypes, with genotype I representing the
current ‘modern’ infection and genotype 2 the older strain. )
-Study subjects positive for-genotype | wereé all borri after -

- 1958 and those -infected with genotype 2.-were born

between 1949 and 1956, A similar -situation’ has recently
been described for' B9 variants, with genotype |

. -superseding genotype 2 in the’ skin - (Norja et al, 2006).

Demiographic information on' the patients and donors in

© -out study was not available, as.all samples were obtained in .

a random, anonymized mariner.

The three genotypes 6f PARVA nqw"idénvtiﬁéd (Simr‘n_oﬁds .

et al, 2008) havg not yet been 2related to, any- disease.
However, 8 years elapsed between the discovery of B19'and " |

its association with fifth disease (erythema infectiosum):

(Anderson’ et al,, 1983), Our findings and those of others. .
suggest. that a- parenteral transmission royte is likely. It -
‘remains ‘to. be. séen: where PARV4 replicates and whether. -

there are any. disease associations, o
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Materals: Test results of all blood samples from 929 RR blood donors
vecorded during the 2006-2009 period obtained at CITM by testing 2 total
of 313,564 blood units were analyzed. .

Results: {n 929 RR donors, HCV predominated {51%) due to the use of
combined anti HCV/HCV Ag-Ab test, followed by HIV {18.9%} and a
comparahle proportion oF HBsAg and antl TP RR donors (14.4% and 15.8%,

respectively). The HBsAg test ylelded the highest rate of confinmed réac-,

tivity (42%), followed by Syphilis-ElA-(22.4%) and the lowest rate for HCV
and HIV-(4.4% and [.1%, respectl ly). Table 1 s the results of

- 2ll RR donors analyzed during the study period, showing that 742 (79:9%}

RR donors met the réquirements for subisequent blood donation. In Table 2,
next donations by these 742 donors. are classified as follaws: 475 {649)
presented for donation, 246 (51.8%) of them were sefonegative and- 229
(48.2%) showed repeat reactivity. Repeat reactivity was later recorded in 4
of 246 donors having continued with blood donation, :

|SYPH, | Total | %

—-..2006-2008 PH. | Te .
bk . .ARDONORS . 4731175 {147 1 929, ) 1000
- Permanentlydelerred .

onfiroedposttie. 156 2t 2 | 33 |12 | o

ermanently deferred

nfemed indetermined | 3 | 28 JO 2 O IR L 2 5.

remadcarly deferred/ :

Tofolowup . 2 13 7 3 33 ) 36

ree to QO:N»‘\ T . e
shfimednogatve Maned |73 [ 405 | 164 | 100') 743 | 799

2006-2003 -
resented for donation -
ext donations negative _

ov ooy [svom [ ol
33 1 122 | 62 | 475
197 65 [ 29 | 6.

ext donations reactive.

sl gl 6|

: . .
Coucluslons: Testing for blood transmissible (nfectians ylelded nonspe

‘¢ific reactivity in the majority 'of 929 RR donors and repeat reactivity In

nearly half of subjects (HBV. 43%, HCV 48%,.HIV 46% and syphilis 53%]).
Nene of RR danors developed infection (PCR negative) on' follow up,

whereas blood unlt reactivity was recorded In ¢ of 246 RR'donors having

continued with blocd donation, Thus, the use of PCR on thelr reinclusion in

the.donor poal i justified. Further foflow up [n 229 blood doniars scheduled

far monitoting and additiomal testing resulted in permanent deferral in 108
and temporary deferral in 97 donors, whereas subsequerit donation was

approved i 24 doriors: . .

LT P-gsie

INFECTIVITY OF B19 DNA POSITIVE BLOOD PRODUCTS

Houfar _s_n..._snﬁ.ier_?a U, Sireis W', Seifried E', Schrezenmeler H,
Schmidt M’ [

'German Red Cross, Institute Frankfurt, Frankfurt, German, y *nstitute for
Clinical Transfusion Mediclne and Immunogenetics, Gernan Red Cross,
Ulm, Germany

Background: Since 2000, blood*donor screening for B19 by NAT at the
Ulm Institute has been ‘cariducted §-8 wecks post donation, Le. after
transfusion of cellular blood products whereas at the Frankfurt Institute
all donations are screcned before releasing any blood product. In. the
currént study, we evaluated the Infectivity of B19 positive blood prod-
gets In relation to the virus ¢ in the fused blood
component, . - : .
Study design: In a retrospective study, reciplents were classified into fwo
groups {A: transfused with blood products with B19 virus load léss than®
10% [U/mi; B: transfused with blood products with BIS vlrus load 5 10° wy
wl). Phylogenctic analyses were done for BI9 DNA positive danor and
reciplent pairs In the varlant VP-1u genome region. All samples were

" lavestigated for (gM and 1gG B19 antibodics.

Results: 'B19 DNA was detected in 9 out of 18
concentrates from grotp B whereas none out of
were B19 DNA positive (P'w.0.016); Phylogen

recipients of red blood cell
16 reclpients ffom group A
etic analysis demanstrated

identical genome

sequences hetween donors and recipients.

Conclusions: Bi9 transmissign by cellular bload products correlates with

the virus concentration as well as with' the concentration of acutrslizing

ibodies. As a

,-blood donor screening for B19 by mini-pool

NAT should be implemented. for all products in order- to discard alt
donations with a high virys huiden and ta enable transfusion of 819

negative bload products for at-risk patients.

P-0517

WHO WORKSHOPS ON.DEVELOPING NATIONAL SYSTEMS FOR
100% QUALITY-ASSURED SCREENING OF BLOOD ‘DONATIONS.
FOR TRANSFUSION-TRANSMISSIBLE INFECT IONS )

Abu Amin N Dhingra N
World Health 0 Gepeva, Siwirzer

4

Background: The provision of safe blood and

blood products for trans.

fuslon .or manufactisring use involves 2 number of processes, from the

selection of blood donors and the collection,

processing and testing of

blood donatians to its administration to patients. There is a risk of error

" in each’ process in this “transfusion thaln"

implications for transfused vam#:.u. Thuss, whil

"which can have serious
blood transfusion can be

life-saving, thefe are assock ted risks,
bloodhome- infections. It is the resp billty o

larly the ission of
f governments t6 assure 2

safe and sufficlent supply ‘of .Ecqa an

d blaod products for all patients

fequiring transfision. Howevey, In' 2007, 4i countiies are not able to

* screen all blood donations fof ‘one or more of the transfusion-transmis-

sible infections (TTts) - Including HIV, hepatitis B, hepatits C and

syphilis, -

. -Alin: The maln 3ims of the WHQ workshops are to: provide an opportunity

for the ‘sharing of experience: among countrles ‘'on ‘the challenges and

" strategies In an<n~oa_=m.=m=omu_ systems for” quality-assured blood .

screening; identify needs and areas of concern in strengthening national’
blood screening Programmes; develop-Country action plans for.priarity -

- activities for nationat blodd —n..ln.z_:a programmes, snd make recom-"

 to In for supporting countrles to mect

. thelr needs In‘achieving 100% quality:assured screeriing of donated blood,

Methods: WHO Blood Transfi Jan. Safety Prog had organ two
3-dsy workshop .on “Developlng National Systems: for 100% Quality-As-
sured Scieenlng of Donated Blood for Transfuslon-Transmissible Infec-
tions”. The WHO document, “Becommendations on-Screcning Donatéd .
Blaod. for Transfusion-Transmisgible Infections™ were used as the basis of
the tralning.workshop, S I :

- Results: Sixty Pparticipants from 35 countrles in the African, South-East

-Astan’ and Westem Pacific reglons attended the workshops. These rep-
resent the countrles that wére ot able to screen all donated. blood for

major transfusion-transmissibie

{nfections or to pecform _screctting within

#.quality system, Invited participants fromi cach-country will include the.

- hational blood programmic manager and a senlor laboratary manager in

the blood transfusion service

.volved In setting up national s
of donated bload. The working, mcthadology of the workshop will in-
clude country presentations; group work and the development of country
“plans. : . . )
" Conclusions: The workshops were able to facflitate the shadng of expe-
Hence among countries on the challenges and strategies In developing

- national systems for quality-assured blaod screening; fdentify variations in
" screenlng strategies, peactices ang areas of toncern of the countrles; pro-
vide oppactunity for"participants to devefop country action plans for pri-

ority” activities to strengthen na

strengthen the strategies and capaclty of internatiotal organizatians and

{medical/sclentific/technical] who is in- :
ystems for the quality-assured screetiing

tona! -blood screcning programmes, and

Insticutions to respond to countries! needs on policy.

in supporting countries .a”.._nnn«z_.n_a necds in ac

hieving 100%_ quality-

and technlcal guidance

assured screcning of donated blogd. |

- . ® 2010 The Authors

Journal i © 2010} [ Soclety of Blood Transfusion Vor MEGE._: (2010} 99 (Suppt. 1), Tz.m )
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DISPATCHES -

La Crosse Virus in
Aedes albopictus
Mosquitoes, Texas,
USA, 2009

Amy J. Lambert, Carol D. Blair, Mary D'Anton;
Winnann Ewing, Michelle Harborth,
‘Robyn Seiferth, Jeannie Xiang,
and Robert S. Lanciotti

. We report the arthropod-borne ped«amc encephalmc
. agent La Crgsse virus in Aedes albopictus mosquitoes col-

fected in Dallas County; Texas, USA, in August 2009. The -

presence of this virus. in an invasive vector species within

a region that lie's outside the virus's historically recognized. -

" geographic range is of public health concern.

'

§ l “a Crosse virus (ILACV) is. the most comumon cause

of arthropod-bome, pediatric. encephalitis in North -

America” A thember of the' Califormia serogroup within

" the farmly Bunyavmdac and the genus Orthoburyavirus, ..

LACYV is envi eloped and contains a negative-sense, tripar-
tite genome with segments designated small (S), mediiun
. (VD and large (1), Cases of LACV-associated encephali-

‘tis; which can be fatal, occur within the geographic range
of its principal vector, déedes triseriatiis mosquitoes. This

native; tree-hole breeding mosquito is distributed through-*
out wooded regions cast of the Rocky Mountams within -
the Uniled States. ‘Historically, most LACV- associdted en-

. cephalitis cases have occurrod in‘upper:midwestern states;
~ 'mx.ludmg Wisconsin, Ilifois, Minnesota; Indiana, and

Otiio.(Figure1). In.recent years, LACV encephalitis actjv--
ity has increased shove ‘endemic levels in regions of the .

- southeastern United States, including West Virginia, North

Carolina, and Tennessee (Figare 1) (). In aidition, recent

- cases.6f LACV encephalitis bave bieen reported as far south
as Louisiana, Alabama, Gwrgza and Florida (Figure 1).

Ae: albopictus is an invasive mosquito species that

was first discoversd in Houston, Texas, in 1985 (2); hav-

" ing apparently arrived in the United States in.a shipinent

“of used tires:from Asia {(3). An-opportunistic container-

breeder, its vector competence for many arthropod:borné’

viruges (arboviruses), inchiding LACV, and its catliolic

Atthor affiiations:- Centers for Disease Control and Pravention,
"Fott Collins, Colorads, USA (A.J. Lambert, R.S. Landiotti); Colo-

rade State University, Fort Colhns ©.o. Blair); ‘and Texas Depart- .

ment of State Health Servnces Austin, Texas, USA (M. D'Anton W.
Ewlng M. Harborth R. Sefferth, J. Xiang) ] S

» Dol 10 3201/eid160S. 100170

feeding habit have made the invasion of Ae. albopictus
1nosquitoes disconcerting to researchers, who have warned
of the potential for an increased incidence of veelor-bome
diseases as a result (4,5). Since 1985, the geographic dis-
tribution of these mosquitoes has grown to include most
of the southeastern United States. The cencurrent increase

in LACV encephalitis activity has led to speculation on -

the possible transmission of LACV by Ae. albopictus
mosquitoes as an accessory mechanism-to the historically
recognized transmission by Ae.: triseriatus mosquitoes

"(6). LACV has been isolated from Ae. albopictus mosqui-

toes in Tennessée and North Carolina in 1999 and 2000,

-+ respectively, during a period of greatly increased LACV :

activity in those areas (6). However, ‘the role of this § Spe-
cies in LACV transmission rémains unknowsi.

: We report the isolation of LACV from a pool of 3 4@
albopzcms mosquitoes collected outside the known gE0o-
graphic range of the wvirus, in- Dallas' County, - Texas, on
Angust 13,°2009 (Figure 1): This is one of only several
‘isolations of LACV within the state, the first isolate’ was
derived from a pool of Aé. zrﬁrmalu: mosquitoes collected
in Houston in 1970 (7). After the identification of LACV-in
. the Dallas podl, an additional isolation of LACV was made
from a mixed pool of 29 Ae albopictis and 2 Ae. triseria-
‘ tus mosquitoes collected in Fort Bend County, Texas, in

* October 2009 (Figure 1) The Fort Berid County location
is relatively near the site’of callection of the 1970 Texas

Figure 1. Geographic distribittion of La Crosse virus (LACV) in
~ accordance with the habitat range of Aedes friseriatus mosquitoes
in the United States as inferred from the California serogroup viris
. neuroinvasive disease dverage annual incidence by county, 1996~
2008. Incidencs rates are shown in shades of blue.. Dallas County
and Fort Bend County locations of the 2009 L ACV. usoladons from

- pocis ining Ae,albogictus and Ae. triser ate’
indicated Er'/ green and red stars, respectively. Data: and figure

adapted from the Centers for Disease Control and P(evenhonv

. webs«le (www.cdc govllacltechlep{ htrod).

55;3' o ‘Emefglr;g Infectibus Dis’easos-www.c_dg.govieid-VO:. 16, No. 5, May-2040
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LACV-positive pool and the known geographic distribu-
tion of LACV activity in southeastern Texas and Louisi-
ana (Figuwre 1). Taken together, our results represent an
unprecedented nu.mber of LA(.V findings within the siate
of Texas. :

The Study -

As part of ongoing arbovirus surveillance efforts, the
City of Dallas Vector Coritrol Division collected 65 mos-
quitoes in a gravid trap at the edge of a wooded area near

- & residential district in Dallas County on August 13, 2009.
Upon their receipt at the Texas State Department of Health
Services, none of the mosquitoes was viable. The mosqui-

toes were sorted and identified by sex. Femadle mosquitoes. -

were grouped into-3 pools by species: pool no. AR6318,
consisting of 50 Culex quiriguefasciatus mosquitoes, povl
0. AR6319, consisting of 3 Ae. albopictis imosquitoes; and

- pool no. AR6320, consisting of | Ae. riseriatus mosquito.
Generated pools were:macerated in 1.3 mf, of bovine
" albumin diluent arbovirus medium followed by 2 rounds.

of centrifugation at 10,000 tpm for 5 min each. Between
each round of centrifugation, a rest .period of 15 min
was used to facilitate pellet formation. After ‘centrifuga-

tion, 50 UL of the resultant supernatant was injected onto

BHK and Vero celis, These cells were incubated at 37°C
dnd examined for cytopathic effect (CPE) over the niext
10 days. At day S postinoculation, Vero cells inoeulated
with the supernatant derived from poolno. ARG319 (Ae.
allmpictus) demonstrated marked CPE. This condition
represented a: preliminary-virus isolation-positive result,

No CPE was.cbserved iin the BHK ¢ells. Infected cells-
".were then subjected to immunofluorescent antibody as-

says with-antibodies directed against vanious arboviruses,
followed by ‘the use of Ruorescein isothiocyanate—con-

Jjugated antimouse antibodies for detection. From thése

apalyses, the isolate derived ffom pool'no. ARE319 (4e.
albopicmr) was determined-to be a Catifornia serogroup
virus. Furtheriore, pool no. 6318 (Cx. quinguefasciatus)

- tested positive for West Nile virus, and pool no. 6320.(4e..

triseriatus) was negative for virus by the above debmbud
methods,

La Crosse Virus in Masquitoes, Texas

To further identify the California serogroup virus iden-
tiied in pool no. AR6319 (de. albopictus), the pool and the -
Vero cell—derived isolate were sent to the Centers for Dis-
ease Control and Prevention in Fort Collins, CO, USA, for
additional testing. Upon receipt of the samples in Fort Col-
lins, a reverse transcription-PCR was pcrfomlu.l to amplify’
cDNAsfrom all 3 segmenis of the onhobm\yavu‘us genotneé .
by using the consensus oligonucleotide primers shown in
the Table and conditions and methods previously described
(8). Generated ¢DNAs were then subjected to nucleotide

_sequencing and BLAST (www.ncbi.nlm.nih, .2ov/BLAST) .

analyses; the results indicated that the pool dnd the isolaté
were positive for LACV.S,M, and [, segment RNAs.
Subsequently, a pool (ARRS73) of 29 de. albopictus

and 2 Ae. iseriatus mosquitces collected in Fort Bend

(,ounw Texas onOctober 5, 2009, was xdemmcdaspmmve
for LACVY §, M, dnd L segment RNAs by using the saine
processing and characterization methods described above.
After these analyses, full-length S, M, and L segment ge-
nomic sequences (GenBank accession nos. GUS91164-9)
‘were generated for LACY RNAs extracted from LACV-
positive pools and Vero cell isolates by using oligonucle-
otide primers ‘specific for the previously published LACV
prototype genome (human 1960, GenBank accession nos.
EF485030-2) and methods previously described (9).. -
Phylogenetic analyses.of partial LACY M segment se-

" quences (Figure 2) indicate thatthe LACVs present in the
Texas 2009 pools are closely relsted to LACVSs isolated

from Alabuma, Georgia, and New York of the. previously
described lineage 2/ (1) and genotype C (7) designations.
These findings suggest a likely southeastern. ancestty for

the Te‘(as 2009 LACV isolates.

Conclus:ons

The presence of LA(,V in Ae. albopictus mosquitoes
in Dallas County, Texas, ‘inlate summer 2009 represents
the possible’ expansion of the geographic range of an en- -
demic pathogen within this invasive mosquito species in -
the United States. The subsequent occwrence of. LACY in
Fort Bend County in October 2009 should be of concern
to public health practitioners who have been alerted to the

Table. Orth oligonucleotide pritters used for amplification and sequericing of La Crosse virus.partial S, M, and .

L segment cDNAs‘ Taxas 2009*

. C Approxirnate
Targeted genornic regions © + Namme Primer sequence {5’ — 3) _" -_amplicon $ize, bp
S segment nucleocapsid ORF Cai S forward GCAAATGGATTTGATCCTGATGCAG 210
¥ Cal S reverse TIGTICCTGTTIGCTGGAAAATGAT L
. M segment 5 termiriuslglycoprdle‘m ORF Orthe M &' terminus .. AGTAGTGTACTACC CT 40

Ortho M ORF reverse . . TTRAARCADGCATGGAA
L segment 5 temunus’porymerase ORF Qitho LS’ terminus AGTAGTGTACTCCTA B 550

Ortho L ORF reverse ‘AATTCYTCATCATCA

S '@lgonucleot!de ‘primers designed Bgalns conserved regions of the onhomnyawus genome. S segment primers appear in a previcug publlcaﬂon {8). Ait
-, primers were applied in using methods d

M, medium; L. large; ORF, apen reading frame. - +

(8] )wvtn atered pnmer annealing uﬂdltnoﬂs of S¢°Clog 1 min, S, small;

Er.:\ex;ging: 6nfeqfious Diseases ¢ v@w‘cdc.gov/eid *\ol. 16, No. §, May .2016 L 857
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DISPATCHES

Figure 2. Piylageny of La Crosse virus (LACV)

b o medium (M) segment sequences of diverse
mk!ssu..?a!.:_sé igins, According to a limited availability of

o i WTATE (O trerkiur, 70 206) fullength sequences in GenBank; 1,663 nt

- N ) i gy . of the M segment glycoprotein gene open-
T MONA dumani tozes) reading frarne.are compared. Isolate ‘soutce

and GenBank accession nos. appear after the

Lineage | Isolate designation for each taxon, Sequences -

" were aligned by ClustalW (10) and neighbor-

joining and maximum-parsimony - trees were

genérated by.ysing 2,000 bootstrap replicates

with MEGA vgrsion 4 software (70), Highly

similar topologies and confidence values were

AL (Pa. bowsnth, O 16862) .- derived by alt methads and'a neighbor-joining

i . tree is shown. Scale bar fepresents the number

iT “.).:. 0. i:xsiuﬂ.uﬂas..! noagsfl of nucleotide gubstitutions per site. The 2009

zn, Datix Courty, TXI00Y (Ao, aBopirus; GLUsE1165) Texas (TX) isolates group with strong support

«l GA/1964 (dog; DOR27684) with fineage 2 vlruses of the extreme south and

B J— o New York (NY), which suggests a likely southem
e STBROS (06, unrkias DO41656% | Uineags i origin for ;M.«N,Fo_&mwwgz. gmsswmoﬂmh W,

Wisconsin; O, "Ochleratatus;. MO, Missouri;
42._.3333... Ae., Aedes; NC, North Carolina;,
OH, Ohio; WV, West Virginia; AL, Alabama; Ps.,
psorophora; GA, Geargia; CT. Connecticut.

presence of this pathogen near 2 major urban centers, Dal- =~ 5.
las and Houston, Of interest, San Angelo- virus, which is
serologically related to LACV, s known to occur in Texas
and- has been shown to replicate ini and be transovarially
transmitted by .4e. albopicius mosquitoes ( (12), although

" this- virus has. no known association with human disease.
Cocirculation cnbles possible reassortment of geniomic
segments between LAG V.and San >=mm_o virus, a phenom-
enon that has been described for viruses of the California

~ serogroup willin Ae. albopictus mosquitoes (13) with un-
known public healtli outcomes,

Ms Lambert is a resedrch Emnnmzo_om_.mn at the Centers for .« g,

Diseass Control and Prevention, Division of Vector-Bornic | afec-
tious Diseases, Fort Collins, Coloradd, Her primary tesearch ia- .
terests lie in the molecular nrmarnn:\&coP detection, and evolu-
tion of viruses of the family wSQQS&QA :
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West Nile Virus Activity — United States, 2009

West Nile virus (WNV) was first detected in the: Western

* - Hemisphere in 1999 in New York Cityr and has since catised

" seasonalepidemics of febrile illness and neurologic disease across
-the United States; where it is now the leading cause of arboviral |
encephalitis (4). This.repart updates a previous report (2) and;
suminarizes WNV scrivity in the United States réporeed to

CDC in 2009, A total f 38 states and the District of Columbia

* (DC) reported 720 cases of WNV disease. Of these, 33 states
and DC reported 386 cases of WNV neuroinvasive disease, for

" an incidénce of 0.13 per 100,000 popul'mon. The five states

" with the highestincidence of WNV.neuroinvasive diseasewere

“Mississippi (1.05 per 100,000), South Dakora (0.74), Wyoming
- 40.73), C olorado. (0.72), and NcbmsLa (0. ( 1). Neuroinvasive
disease incidence increased with increasing age, with the high-
est incidence among persons’aged 270 years. A total of 33
NV deaths were reported, 32 ffom neuroinvasive dxsms\
Cakulating fromthe number of neuroinvasive disease cases

o ~and: projections from 1999 serosubvey data, CDC éstimated

“that 54,000. peesons were infected with WNV in 2009, of
whom 10,000 dcvclopn:d rionricuroinvasive WNV discase. The
continuing disease burdesi caused by WNV. affirms the need fot -

_ohgoing surveillarice, mosquito control; promotion of, pcrsonal '

- protection-from mosquito- bites; arid resea.rch into 1ddmoml .

"~ prcvz.nuon strategies. - - -

- WNVisa nationally notifiable dm:xsc( Dataare rcporrcd w0

_"CDG through AcboNET, an Inteenet-based acbovirus surveil- .
. lance system managed by state health departments and CDC.

~{2). Using standard case dcﬁmtmn.s,* hyman WNV disease cises
dre classified as WNV neuroinvasive disease (e.g.; meningids,

“encephalitis, or acute flaceid para.lysxs) or WNV nonneura-
invasive disease (e.g, acure §ystemic febrile illness thac often.

“ includes headache, myalgia, or arthealgia). Nonneuroinvasive
disease teporting varies gready. by jurisdiction, deperiding on
disease awaceness, healch-care—séeking behaviors, and testing
practices. Thcrcforc, thisseport focuses on WNV neiroinvasive

> dmcasc. cases, whlch are thought o bc identified and reported

-.‘Ay;ﬁhl;k at heguiffeneweede gavinephildissinndsslcasedeffarbovisal_ourtent busm, -

) insiDe

DEPARTMLNT OF HEAL TH AND HUMAN STRVICLS
Ceniters for Discase Control and Prevendon -
www.cde.gov/mmwr |

mote consisténtly because of the severity of the illriess. In
addition to. human disease cases, AtboNET" captuces-data on
prcsumpuvely viremic blood ‘dorors (PVDs), veterinary. cases,

- and WNV infections: in scntmcl animals (most commonly
chickens), dead bitds, and mosquitoes. Not all )unsdlcuonsv

; conduu nonhurman s_ugvelﬂanc,e.

Human Surveilfance o

During 2009, 2 total 6f 720 cases of WNV djseasc were
r»poncd from 262 counties in 38 states and' DC. Of these
- 720 cases, 386 (54%) were-reported as WNV neuroinvasive
disease and 334 (46%) as nonaeyroinvasive d.xsea.sc A ol of

116 PVDs, identified through routing screening of the blood -
" supply; also were reported, ‘Of these PVDs, 92 (79%) wete

:uyulpl()malu, 23 {209%) dleveloped nonneuroinvasive disease,
“and one (1%} subsequently developed neurcinvasive dJsca.sc.
PVDs who dcvclopcd symptomatnc disease were mcludcd in
disease case counts.

"The 386 n:portcd cases of heutoinvasive dlscasc rcprcsentcd a

" rate of 0.13 per 100,000 papulation in the United States, based

on July:1, 2009 U.S. Censys populanon estimates (Figure 1),

. States repotting the most, WINV neuroinvasive disease cases’

were Texas with 93 (74% of U.S, cases) and CalLFomxa with
67 (17%): Washmgmn which rcportcdonly two neuroinvasive
disease cases in 2008, reported 26 (7%) cases in 2009. The five
scates with the highest incidence were Mississippi- (31" cases,

773 Vaccmla Virus lnfectnora A('er Semai Coma::.F witha -
“Military Smalt ipox Vagcine Washmg.m 2010

776 Hepam 3 AVacdnatw'a Coverage Amo':q U.s.
- Children Aged 12-23 Months — mmunization
_ Information System Sentlnﬂf Sites, 20%2009

780, Aqnaunccments
781 quchtms‘ :
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FIGURE 1. Annual incidence™ of cases ofWest Nde virus neuroinvasive diseaset —
ArboNET, United States, 199920095
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e
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0.0
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Year

" *Per 100,000 population, based on July 1 US.Cenisus estimates for each year.

* Meningitis, encephalitis, or acute flaccid pdrnl','ss
3N = 12,208 duﬂng 1999-2009; N = 3b6 in 2009

1.05 cases per 100 000 tesidents), South anun {six -

cases, 0.74), \Y/'vommg {four cases, 0. 73) Colorado
(36 cases, 0.72), and Nebraska (11 cases, 0. 61)
(Figure 2). WNV' ncurom\'aswc disease peaked in the

United States durmg mid- -August, and 352 (91%) of .

the 386 cases wete reported during July-Sepreniber.
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This seasonality was consistent with trends abserved
over the preceding 10 years (2).

Of the 386 neuroinvasive discase cases, 226 (594)
occurred in males. The median age of patients was 60
yeats {range: 2-91 yeacs), with increasing incidence
among petsons in older age groups (Figure 3). Overall,
368 (95%) patients with neuroinvasive disease wete
hospitalized, .and 32 (8.3%) died (riedian age: 72

years; cange: 19-89 years). A total of 229 (59%)

neuroinvasive disease cases were classified as encepha-
litis, 117 (30%) as mieningitis, and 40 (10%) 4s acure
flaccid paralysis; 27 (6896) of the 40 cascs classified
as acute flaccid paralysis had coincident éncephalitis
ot meningitis. -

Serologic surveys mdxcatc thar for every case of

. WNV" neuroinvasive discase there ate approximately

140 ‘infectionls and approximately 20% of infected
persons develop nonneuroinvasive'disease (3), Using

* the 386 ‘reported neuroinvasive discase cases, CDC

cstimated that' 54,000 infections and 10,000 cases
of WNV nonneiroinvasive disease occutred in the
United States in 2009. Only 334 nonneuroinvasive
discasc cases werd ceporred to AthoNET .in 2009,

. represeating approxxmatclv 9% of the estimated
.mLmber . :
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- Animal Surveillance

OF 298 reported veterinary cases of WNV disease,
275 {92% occurred in equines and 23 (8%} occurred
in other species: squirrels, 13; canines, eight; camelids,

" one; and deer, one. The equine cases were reported from

168 counties in 36 states, with 72 (26%) reporred from
Washingeon. The number of reported WNV-infected
equines peaked during the first week of September.,
In 2009, a rotal of 759 dead WNV-infected birds
were teported from 141 counties in 25 states and the
District of Columbia; California reported 515 (68%)

. dead birds. OF the 141 counties reporting WNV-

infected birds, 92 (65%) counties-in 19 states reported
infected dead birds but no himan disease cases. The
number of reported WNV-infected birds peaked duc-
ing che firstweek of mnmgvmn Corvids le.g., crows,
jays; and magpics), which are targeted for surveillance -
by most states, accounted for 534 (70%6) of the birds.
Sirice 1999, WNV inféction has been reporred in 328
avian specics, including two specics, Zunn:::,nwf
warbler and tricolored Zp&&_& in which WNV was
identified for the first time m::_xu 2009.

Meosquito Surveillance )
1n 2009, 2 rotal of 6,646 mosquita pools fram 351

" cotndes in 40 staces and DC were teported as testing
. moﬂcﬁw for WNV. Among the WNV-positive pocls, -

4,987 (75%) had species of Ciddex mosquitoes thought
to be the principal vectors 02,‘\2/\. (e-g., Culex pipiens,
Culex: quinquefasciatus, Cules: restuans, Qa?ﬁ&?,.&ﬁ.ﬁ.
and Culex tarsalis). Unidentified or other species of
Culex mosquitoes made up 1, 488 (220) pools, and

non-Culex mosquito species (e.g., Aedes sp., Anopheles .

sp., Coquillettidia perturbans, Culiscta sp., Mansonia
titillans, Prorophora columbiae, and Uranotaenia sap-
phiring) made up 171 (3%) pools. Data from 2009
also included the first report of WNV infection in Aedes
epactius, which was collected in Texas. The number of
reported WNV- infected ScéES pools peaked due-
ing rid-August.
Reported by

\<~¢ NS&R& MS, JA Lebman, AL Greiner, JE uwn\\na
MD, N Komar, ScD, E Zielinski-Gutierrez, DrPh,
RS: Nasci, PhD, M Fischer, MD, Arboviral Diseases
Br, Divof «?E?magn Diseascs, National Center for
& Eanmiq and Zoanotic Infections Du&u&. AJ DC.

4.» sample of mosquitoes (sually no more than 50) of the sime species
“and s, ab_._on.& vrithin 2 m«m:& sampling area »:m period.

y and Mort

FIGURE 2.Incidence® of cases (N= umm; of West Nile virus neuroinvasive m_mmmmm»

— >_._qum._. United States, 2009
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Editorial Note
Since introduced into the G::ra States' in 1999,
WNV has become the leading cause of arboviral
encephalids in the countcy. .Eosnnﬁ..n in 2009, the
teported incidence of WNV :oc.ao~ﬁ<§<n,&ma5n
“in the United States was 0.13 pet 100,000 popula-
tion, the lowest recorded since 2001 (2): Ducing

MW / July 2, 2010/ Vol. 59 / No, 25
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Noilooo\ WNV had mvmﬂ:& to. reach .2 2..2@

incidence of “approximately 0.4 per 100,000, bur
incidence ABEunm t0 0.2 per 100,000 in 2008 (2)
and continued to decline in 2009, This trend mighe
be autributed to. vatiation in populations of vectors
_and vertebrate hosts, accumalation of | immunicy in’

avian amplifyinghosts, human behavior (c. g, tseof
repellents and protective clothing), comm unity-level.

interventions,, ceporting practices, ot environmental
factors (e.g., temperature and ainfall) (4,.5). © -

In 2009, evidence of WNV human. disease

again was detected in all:geographic regionis of the

.naan:._n:nu_ United States. The highest incidence

of WINV neucoinvasive disease continued to occur.
mainly 0 the west-central United States,’ likely

.wnn.:an of the high efficiency of Cx. tarsalis-as a

WNV vector. Mississippi (31 cases, 1.05" cases pet.
100,000) continued to be among those states with
the Fmrnma incideace of WNV neucoinvasive disease.

Atizona, E_.:nr had the second highest incidence'of

WNV neuroinvasive diseasc in 2008 (G2-cases, 1.0 per
100,000, reported an 81% decrease ig cases with 12
cases and an incidence of only 0:18 per 100,000 in"
2009 (7). After reporting its first cwo neuroinyvasive’
disedse cases in 2008, Washington reported the
seventh highest state incidence in 2009 (26 cases; 0. 39
per 160,000). These findings illustrate _.rafumo annual
variability and mon&_Q of dqz./\ transmaission.

MMWR / July 2, 2010, /. Vo, 59 7 No.25
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*The m:&:ma in'this :._uo: are mchnn 1 at least
two limitations. m:ﬁ. ArboNET is'a passive surveil-
lance system that depeads on clinicians to consider

. the diagnosis of an arboviral disease, obtain the

m@VnOﬁEuan &_NMDO,“N—G est, DDQ hﬂmucnﬂ any muaﬂﬂixﬂ

* results. Diagnosis and reporting likely arc incomplete, .

leading o underestimation of the true iricidence of
disease. Sccond, arboviral stirveillance p programs, test-
ing capacity, and teporting can vary by county, state,
or HGW—O:~ Nm,wxﬂﬂn::_m Ehhﬁﬂﬂuﬁﬂ GJQ:—NHHM

In the absencs of an effective humhan vaccine,
prevention of /&~Z< disease &nvo:mm on community-
“level mosquito control and proméstion-of vnaoa&

Pprotective measures. Such measutes inclisds use of -

mosquito’ repellents, barrier provection {e.g., long-

sleeved shirs, larig pants; and socks), avoiding

-owdoor exposure; or using-personal | ‘protection from’

duskto' dawn. Household measures, such as ‘window
screens and covering or draining peridomestic water-
. holding containcis can further mannﬂua the E_n for

WNV exposure.

Additional information on’ vnmc.n:cc: o». €Z<

Infection is available from CDC ac hup:/fwivw.cde. -

_._Eu \\mmgn_dumw.ﬁwm gov/wny_us _hiiman. rcﬁ_

>n§o§mmmq_o:a

: moi neidod/dvbid/westnile/index. htm, An overview of
cucrent year WNV wansmission activity is.available a,

This nnwo_‘n is based, in part,.on daca ‘provided- w< :

- ArboNET surveillance coordisiators in local and- stace

health departments and'ArboNET technical'staft. Div of

" Vector-Bomeé Diseases; National Center for mSQ.r: w:m
.~Zoonotic Infectious Uaﬂmﬁ. C] CD
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GLOBAL NEWS

Members of the Dutch Parliament met last week to -discuss the cost of blood in that country, and.
one of their topics was the transparency of operations at Sanquin, the foundation responsible for’

.managing the blood supply in the Netherlands. Last August, a benchmark report compared the price of

blood products in a number of European countries, and it concluded that prices in the Netherlands were
higher than those in [reland, Belgium, France, and Finland: In response, the Minister of Health wrote a
letter in which he indicated a number of steps that would improve transparency at Sanquin, and he also
announced a follow-up study that would focus on the current-law on blood supply. The meeting this week
was'also. attended by representatives from patient organizations, donor organizations, physicians, the
Plasma Proteins Therapeutics >mmoo§ao= ‘the Dutch Red Onomm and mEEEP (Source: Nnﬂx Leadership

m:m\,:w, 4/16/10) ¢ :
INFECTIOUS DISEASE UPDATES
CFS o |

Biood banks in New Zealand ‘wiil begin deférring any. potential blood donor who has a record. of
chronic fatigue mwan.‘osn‘ﬁhmmy and officials in Australia are reviewing donation guidelines there.

- The decision in New Zealand was made in the wake of a US-research stidy that found xenotropic miurine
- leukemia virus-related virus (XMRV), a virus that has been linked to prostate cancer, in the blood of far

more péople with CFS than the healthy populition. Qther scientists have been unable to confirm those
results, but healtli authorities in the US are investigating the -possible link bétween CFS and XMRV, and
om.:mm_ma Blood Services Aﬁmmv has w:dm% instituted a lifetime deferral for potential blood donors who-
_have been diagnosed with CFS (see ABC Newsleiter; 4/9/10). The ndtional medical director for New
Zealand’s blood banks, Peter Flanagan, said the New Zealand Blood Service (NZBS) aSnion the issue
at a meeting held -earlier this month and decided that the present exclusion of blood from people stili suf-

“fering from CFS or patients who-had been diagnosed ‘in the past two years “should be extended to also

. exclude donors who report eéver having been diagnosed with chroric fatigue syndrome.” He admitted that

the decision was made despite a lack of good scientific data on the i issue. Meanwhile, the Australian Red
Oamm Blood Service is conducting-its own risk m:ma\m_m mnn it mwﬁ existing donor guidelines require -
wooEo with CFS ‘to_defer giving blood until they make a full recovery. It said. it collects more than -
-500,000 blood donations each year, but only 70 donors with CFS have been deferred in the past twa
years. iﬁ blood service mua in a statement that it “currently defers donors who suffer from- [CFS-and]" .
before we.-can accept their blood again, %ow need to bring us'a letter from their treating Eim_o_wz advis-
ing us that they are ooBEoR_w recovered.” (Sources: www g n [f.co.nz, &E\S wwy lieridsy LCOmLAY,

412010 &

We Welcome Your Articles

We at the ABC Newsletter welcome freelance articles on any subject relevant to the blood banking communi-
ty. Writers are encouraged. to submit shoit proposals or unsolicited manuscripts of no more than 1,100
words. While ABC cannot pay for freelance pieces, the writer’s name and title will be included at the end of |
the story, brief news item, or commentary. If proposing a story, please writea few paragraphs describing the
idea and sources of information you will use, your present job and background, and 'your qualifications for

- writing on the topic. ABC staff cannot guarantee all stories will be published; and all cutside writing will-be .
subject to editing for style; o—mDQ brevity, and good taste. Please submit ideas and manuscripts to Edifor
Robert Kapler at riapler@atiericasblood oty You will be mna a writer’s mnaa that provides Smo:.:mno: on
style no=<m=:o=m , story madancan aamn:Enm ete.
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News & Events

FDA Note to Correspondents

For Immediate Release: August 23, 2610
Media Inquiri¢s: Shelly Burgess, 301-796-4651, shielly, burgess@fda.hhs.gov

Consumer Inquirles: 888-INFO-FDA N .

Study: Presence of murine leukemia virus refated gena sequerces found in CFS patlents . . . y
Researchers have found murine leukermia viruses (MUV) related gene sequences In biood sampies collected from patients di ed with -fatigue sy
haalthy blood donars, according to 3 study published ontine today by the sdentific journal Proceedings of tha Nationat Academy of Sclences, (PNAS).

s

(CFS) and some -

Investigators from the U.S. Food and Drug Administration's Center for Biologics Evaluation'and Research and the National Institutes of Health Clinical Center, in collabaration with'a
physician scientist at Harvard Medical Schoel, examined blood samples from 37 patients diagnosed with CFS and from 44 healthy blood danors, . :
MLV is 3 type of rus _w.:uss to cause cancer in mice, Several differznt MLV gene sequences wers Identified in-samgples from 32 of the 37 p.
the 44 (7 percenl hy bloed donors. Investigators performed DNA sequancing on all positively amplified samples to confirm MLV like gene R
This study Supports 3 previous investigation: [Lombardt et af, Sclerice Octeber 23, 2009 326:'S85) that showed XMRY, 3 genetic variant of MLV-like viruses, to be presant in the Blood o
people with CFS. The study 3 strang between a of CFS and the presénce of MLV-like virus gene sequences in the blood, . The study aiso showed tha
MLV-fike virat gene sequances were detected It @ smatl fraction of heaithy tlcod donors, - Although the statistical association with CFS is strong, this stugy does NOT prove that these
retroviruses are the cause of CFS. Further studies are Recessary to determine if XMRV or other MLV-related viruses can cause CFS. R o .

with CFS (87 percent) and 3 of
= -

T a previous study, publishad in 2008, reported finding XMRY infections in a high percentage of CFS patlénts and a smiall percantage of heaithy blood danors. However, -

mm<n_‘m_.o§mﬂm€u.mm?o:.c,.mc::mn States (including a recent report, from thé Centers for Diseasa Control and- Prevention), the United Kingdom, and the Netherfands have found ria
evidence of XMRV or other MLV-flke viruses in the blood of paopte with.CFS, . . . [ . T
For more information; .

* Murine Leukemia Vifus Gene Sequence Study - Questions and Answerst

* Xenotrapic Murine Leukemia Virus-related Vinis - Overview? (CDC)

* Xenatropic Muririe Laukemia Virus-related Virus + Questions and Answers? (CDC)

Links on this page:
1, httpi/fwww.fa.gov/Biologi i ility/ucen 223232, htm

2. :nu“\\isz,an.eoi«a_a\_vinxq:S__‘ .
© 3. htp:ffwww.cde. govixminv/auestions- answers bemt
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"1 7In the Clinical Center Blood Bank, NIH, between 2003 and 2006. Investigators performed DNA sequencing on each sample that produced positive product for verification of MLV-like

‘.0t Although this study found MLV-like vical gene sequences ina high percentage of CFS patients; this does nat prove that thesa retraviruses are the cause of GFS or of any other disease.

- ... reproducibly associated-with CFS, and if S0 whether the virus Is a ciusative agent of 3 harmless co-traveler. - The different findings frorm various studies reinforce the neéd for more
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. New m»cnm on the of murine | virus-related virus gene sequences in the bload of patients.with chronic fatigue syndrome (CFS)

and healthy blood donors - Questions and Answers oL : : :
: . - - - Questions and Answers

1. What are murine leukemia virusés?

z..isa_mzxna__usEnmwnz_vSmS-med(..éﬂwr:u,::.anm:mmcanml:nmﬁm:a_nm.:_ Noom‘m._,\mu.nausascza5%«2?&32.&:3 xenotropic Murlne leukemia virus-retate
virus (XMRV]), could potentially lnfect humans. XMRV is one of a number of MLVs that appear to. be transmitted to humans. . . |

2. What is CFS? - ; ) .
Chronic fatigue syndrome (CFS) is a debilitating disarder defined solely by clinical symptams and the apsence of other causes. It's unknown what causes CFS,
3. Has MLV or XMRV previously been assoclated with CPS or other disease? - ) ..

A previous study, published in the Journal .:.o.:um.a_ et. al. Science October 23, 2009 326:°585), reported.finding XMRY in a high percentage of C7S patlents and a small pércentage of
Healthy blood dono However, other studies conducted in tha U.S., Netherlands, and UK did not detect evidence of XMRY of gther MLV-related viruses in"CF$ patients.

XMRV was first identified in tissue S8mples fromi some prostate cancer patients in 2006, However, one subsequent study failed to find XMRY in prostate cancer tissies, and another -
study found the virus only rarely in such tissues, . oo !
-4, What did the. new study evaluste? . .
Investigators from the Food and Drug Administration’s (FDA) Centerfor Biotogics Evaluation and Research, tha National Institutes of Heaith (NIH). Clinicat Center, and Marvard Medical -
School have published a study I the scientific journal Proceedings of the National Academy of Sclences that examines the presence of MLVS In biood collected from two groups =-

patients diagnased with CFS-and healthy blood donors.. X .
. This study tested bload mw.q_v_«« coliectad from the New England area in the mid-1990s from 37 patients diagnosed with CFS, as well as ‘samples from 44 healthy blood donars collectac
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(6.8%)-healthy bloodt donors:that were tested. . : .
Follow-up samples were coliécted from 8 of the CFS patients In 2010, and 7 of these again tested positive for MLV-like geni sdguences.
. What did the new study conclude? AU . e S . .. X
Tis:study supports a.pravious investigationfLombarai ef af. Scrence Octobar 23, 2009 326: SE5]tnat showad XMRY, a genetic variant of MLV-ike viruses, to be present in the biood of
people with CFS, - The study demonstrates a strong assodation between a diagnosis of CFS and the presence of MLV-fike virus gana sequences in the Blood. The study also showed tha
MLV-like viral gene sequences. were detected in a small fraction of healthy blood donars. Although the statisticat assbeiation with CFS is strong, this study does NOT prove that thesé
retroviruses are the cavse of CFS. Further studles are necessary to determine If XMRV or other MLV-related viruses can cause CFS. " .
6. Are there studles that support different canclusions? - :
Some-previous studies fram the United States (including a study by the Centers for Disease. Control and Prevention), the United Kingdom and the Netherlands reparted finding no .
evidenca of XMRV or other'MLV-relsted lafections In people with CFS. These differant findings could be caused by a variety of factors (for example, difference in study poputations);

+ and underscore the need for adaitional studies and standardized methods. .
7. Can MLV or XMRV bé transmitted by blood or tissue products? R .

A his needed to ig: e th that these MLV-related viruses and XMRY may be transmitted by blood or human tissue ard are capable of causing disaase.
Investigators at FDA, NIH, CDC and other scientifit institutions are In the process of conducting stidies to verify the cagabilities of the tests used by the different laboratories for the
detection of- XMRV 6r MLV-related viruses In biood. These studies are intended to develop and standardize a highty sensitive and specific XMRV test to better study its association with

| disease, as welf as the possibility that XMRY can be transmitted to bfood or tissue reciplents, .
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8 What are-the implications for blood dondrs? ) . . R . e .

At present, FDA does not have a donor policy specific to XMRV.or other MLVs.  There is currently ng evidence that XMRV or MLs, are transmitted by transfusion in‘humans or that XMR'
or other MLVS causé-human disadse. FDA regulations require that donors, be In goos health at the time of donation, .
9. Doos FDA dgrea with the AABS re ion to.disco o by people with history of CES?

. FDA does not object to the AABS The ARBA re with a long: g position of the Chronic Fatigue and Immiine Dysfunction Syndrome

p

PRSI T\5, EELMMEIL. B

RRERD, RIS (WHO) . 7 7Uh ~DHIT

) ! g ,mv
{CFIDS) Association of America that Individuals with CFS voluptarily shouid not donate blood.”
'10; How are the differences between the COC and FDA study results being evatuated? : . . P
Differerices In.the resutts could réfiect differences.in the patiént ations that provided the'samples. ' Alternatively, undefined différences in the methad of Sampte preparation could
be contributing 16 the discordant test results, All f the scientists involved are working o design nts Lo guickly answer. this sclentifically puzzling question. -An

- Jindependent Investigator at the National Heart Lung, and Bload Institute, (NHLBI) set up & test setof 36 samples, induding known positives and presumed negatives. Both the
FOA/NIH 3nd CDC labs participated [n this test, and the results showed that both (abs were able to detect XMRV. present at low. levels in bllnded samptes. Additionaily; the CDC °
Isboratory provided 82 samples from their published hegative shudy to FO&, who: testad the sampl indly. Initial analysis shows that the EDA test results are generally consistent
with CDC, with rio XMRV-positive results i the CFS samples CDC provided (34 samples were tested; 31 were negative, 3 were iridetérminste).: w ;
11.‘What do.these findings mean to CES patients and cliniclans who treat them? - :
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Morsover, ‘Other studies have not found eviderice of such-retrovicuses in patients with CFS. Further studies afe necessary to detarmine if XMRV or other MLV-like viruses are

EES WARL WESLSE

. research--including carefut analysis of other cohorts of CES patients from different gaographic regions, studies of larger populstions of healthy people, and testing of transmissibifity of -~

the-agents through blood transfusions In anlmal models. FOA, NIH, and COC heve snd will continue to coflaborate with otter agencies and groups avolved in this research.
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WHO | ,m:,.n Valley »..o<01 in South Africa= update 2

N, World Health
( [ -
NS¢ Organization

S

ﬁ((c\

Rift Valley fever in South Africa- update 2

- 12 May 2010 -- On 11 May 2010 Bernhard-Nocht-Institute for Tropical Medicine in Germany reported that additional laboratory
analyses conducted both in Germany and South Africa on the German tourist who was preliminarily diagnosed with Rift Valley
Fever (RVF) following her return from South Affica, was in-fact infected with Ricketisig and not with RVF virus.

Rickettsia, commonly known as tick fever is a bacterium which can cause many diseases that are ransmitted by blood-sucking
parasitic arthropods such as fleas, lice and ticks: Symptors of rickettsial infections include rash, fever, and flulike symptoms.
African tick bite fever-is caused by rickettsia africae and tends to be a milder illness, with less prominent rash and little tendency to’
progress to complicated disease. All rickettsial diseases respond to treatment with antibiatics such as doxycycline and tetracycline

,>mo:o,varEmOoﬁ::zoEmeocgalomrmm _.nvo_AnaHw.mo,olwﬁﬂmmnmmomcmw/\mw: humans, including 18 deaths, in Free

- & "2 Province, Eastern Cape Province, Northern Cape Province, Western Cape, and North West Province. RVF is a viral disease
i 'primarily affects animals (such.as cattle, buffalo, sheep, goats and camels). The disegse ¢an also affect huraans, The main mode.
of transmission of RVF is via direct or indirect contact with the blood or orgaris of infected animals. Human infections have also
resulted from the bites of infected mosquitoes. There is evidence that humans may become irifected by'ingesting the unpasteurized

. or uncooked milk of infected animals, ’ . - ) s .

Smomasmnm:o w:n:_.w.nozm_~B<a_nom5o:o:ao..mnoamoﬂ_ﬁ.anow. However, WHQ recommends that visitors to South- Africa,

.owvaom&@EomaEﬁz&:m85&2»:3&:%2 mm_:.nEmmZomvm<oEooaw:mmio,oosaﬁiaﬂg:su_ammcamg Eoom. avoid
drinking unpasteurized or-uncooked milk or eating raw meat, - - - §

" All travelers should take mvvnovn&.:a precautioris against bites from Eomn__:,oom and other blood-sucking insects Q:o_snmu.m the use.,

of insect répellents, wearing long-sleeved shirts and trousers, and sleeping under mosquitn nets). Travel medicine professionals.and. _

.nuﬁ—an&&:amm?moomm:oc_acnmﬁu»oo.::ao:lmimﬁumx:mno:m: mo:?aqmgib&m:onaiam»ninoE& care
accordingly. - L ) L o N

For more information

Protection against vee tors fpdi 348kb)
Intemational Travel and Health
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A Large Q Fever Outbreak in an Urban School

in Central Israel

" Ziva Amitai," Mu:hal Brnmberg," Michael Bernstein,* David Raveh,” Avi Keysary, Dan’ David* Silvie. Fuhk'

David Swerdlow,"” Robert M; g.'" Sabine Rzotki

2! Ora Halutz? and Tamy Shohat'™ -~

‘Ye\ #viv District Health Office, Ministry of Heanh *Clinica) Virology-Unit, Tel Aviv Medical Center, *Department of -Epidemiotagy and Preventive.
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Backgmumi. On 28 June 2005, numerous cases of febhlc illness were reponed among 322 sludems and
employees of a boarding high school located in an urban area in.central Israel. Subsequent i mvesugauon identified

a large outbreak of Q fever which started 2 weeks. earlier, We describe the mvesngauon of th.\s outbreak- and its

 possible implications.

Methods,  We'conducted a case-control study to identify risk factors for Q fever dis€ase. Envifonmental sampling
- was conducted to identify the source and the mode of transmission of Coxiella burnetii, the infectious agent.

‘Resubts. . Of 303 individuals, 187 (62%) reported being ill betwéen 15 June zid 13 3idy 2005 Serclogical .
evidence for:C. burnetii infection was evident in 144 (88%) of the 164 tested individuals, Bclng a student, dining.
‘régularly: at' the ‘school dining room, and boarding .at school during-a Jurie religious holiday and-the preceding .’

weékend were all significant risk: factors'for comracxmg Q fevex C. burnetii DNA was detected using polymerase

"chain; feaction on samples from the school dining room’s air condmonmg system, supporung conmbuuon of the

air conditioning system to:the aerosol. transmission ‘of the infectious-agent.
“Conclusions. . We teport-a large outbreak of Q fevet 'in an urban school, possnbly transm)tted throtigh an air
-“conditioning system. A high: level of suspicion’fot 'C. burhetii infection shoild be ined when mvesuganng
point soiirce outbreaks of influenza- hkc d:sease, cspccxally outside the influenza season. .. . . .

: Q fcvcr is a worldwxde-dnsmbuud baclenal zoonos:s
caused by Coxiella bumem_ The most common:Teser-

. 3] In humans, acute mfecnon may present as a self-
timited influenza-like illness, . hepatms, and/or atypical .

" "voirs are d icated rumi but'other

.- birds, and anhropods are also naturally infected (l 2l

C.. burnetii is often' excreted in mlu( urine, and feces

" of infected animals and is presem in’ high numbers'
. wnh,m the ammiotic fluid and the placema dunng par-’ ]

i turition [2]. Viable bactenum may be- present in the
-s0il for. months er years, and mhalauon of contami-.

‘nated aefosols is the major mode of transmission [2,
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- have been described after’ exposug@ to slaughterhouses

[8,9), ammal research laboratories (10], parturient cats

[, comamma(ed straw {12],°and following wind- -
- ‘borne spread of C. burnetii from Yarmlands {13}, In
some urban outbreaks, the source of the mfecuon was

never detérmined [14,-15]. .
“In Istael dunng 1998-2004 the average annual in-

cidenice of Q fever was 0.6-cases 106,000 persons (20—
70 cases per year) (Israel Ministtj-of Health, personal .,

commumcauon) Only 3 few outbreaks were reponed

: wnth the ‘majority occurring in. ruxal or ad)acem areas

" (4, 5. About 60% “of infections may be.
“asymptomatic [4], especnally among fernale persons (4, |
-6) and children aged <15 years (7). :
4M_i)st"rzp.ons of .Q fever outbreaks are' from fural -
areas and ate associated directly or indirecily with farms -
or farm -animals (2, 3). "Neverthales:s. urban outbreaks'.

following outbreaks of Q fever in livestock, and all were rela-
tively limited in scale [15-17].

We report a very large urban outbreak of Q fever in a board-
ing high school in Israel. This outbreak is unique in its mag-
nitude and-setting, because there was no proximity to livestock

or their products,

" METHODS

‘Epidemiologic.investigation. On is June 2005, 2 reports of

a possible outbreak of febrile illness in a religious boarding high
school in the center of the largest’ urban area in Israel were
received at the Tel Aviv District Health Departmept. Initial

"investigation identified a large outbreak of influ like iliness
which started 2 w:eks earher, had llreédy_ peaked, and was later -

confirmed to be dug to acute C.. bumetii infection.

We conducted a case-control study to identify risk factors
for contracting Q fever. All school students and employees were
asked.to fill out a short questionnaire, including demographic
characteristics, medical” history, sthool boarding history, in-
school” dining habits, and contact with. pets .t school.. Those
who reporied being ill duting the previous 2 mosiths were asked
10 specify.the date of onset of illness, duration, symptoms and
signs, and 'usé of health services. All:students and_employees

“were réferred for Q fever testing. In'several cases, primiary prac-
- titioners were Contacted for additional information. Regional

and reference laboratories were Queried about additional Q

" fever ‘cases from the school surfoundmgs during the same

time period.
Human serologic testing, Sedum samples were-tested for
antibodies to C. burnetiiwith use of several laboratory methods.

Indirect-immunofluorescent assays. were performed at the Is-
* raeli Reference ‘Laboratory for Rickettsial Diseases in Ness-
. Ziona [18). Complement:fixation tests were performed by the -

Tel Aviv Medical Center’s Clinical Virology Unit with use of
the standard complement fixation niicrotiter method (Lennette

..and Schmidt) -{19]. Quahtanvc enzymc immunoassays were
petformed by Clalit. Heéalth Services community laboratones

with"use of the PANBIO Q fever DIP-S-TICKS ‘test.-Quanti

. tative tests were performed in various laboratoriés in western

Europe. , - - -

Case definitions. | A “clinical.cage” was defined as-a patient
with symptoms compatible with Q ftv,er, with illnes§ onset from
I June through 31 fuly 2005 and no.other likely cause for hisl

‘her illness.

A “confirmed case” was defiried as anyone with jmimuno-
globulin (lg) M and IgG indirect immunofluorescent assay ti-
ters =100 to phase 1t antigen, or 1gG titers =800 and IgM
titers <100 in-a “clinical case” that was tested at least 4 months

after illness [8, 20}. Using c_omplemem fixation test, a phase iI.

titer 2256 was considered to represént a confirmed case,

A “probable case” was defined a5 phase 11 IgM titer =100

RESULTS -

and IgG titer <100 by indirect immunofluorescent assay, a phase
11 titer €256 but =32 by complement fixation test, or a positive

" o borderline laboratory result of quahtauve enzyme immu-

‘noassay or other quantitative tests, A “possible_case” was de-
fined as a “clinical case” with no serologic testing. A “non-
case” (control) was. defined as negative serologic results for Q -
fever. , N .

Environmental and véterinary invesfigation. A compre-
hensive environmental inispection of the school grounds was
conducted by environmental health inspectors, a veterinarian,
and an air-conditioning system specialist for a possible source
of infection. Two weeks after the.last repcncﬂ case, environ-
mental szmple§ were collected from- the air-conditioning sys-
tems. The samples included '8 gauze pads that were used.to |
swab the dining room’s and synagogue’s air-conditioning sys,
tems and 4 samples from the 2 fiberglass filters from the infet
of the dining room’s air-conditioning unit. All samples ‘were
‘prepared for DNA extraction.

Serum samples of male and female feral cats trapped in the
Tel Aviv area for routiné neutering by municipality veterinar-

_ -ians were tested for Q fever by complement fixation test [21], -

Samples that reacted rionspecifically were retested by indirect im-
munoflucrescent assay (C. burnetii spot IF; BioMéri:ux) In
addition, endometrial tissue pmnmal to the cervix was collect--
‘ed from each of the spayed female: cats and was pxocesscd for
DNA extraction.

DNA wias extracted by use of the DN:asy DNA purification
kit (Qiagen). Polymerase, chain _reaction (PCR) assay was per-
formed as described by Stein and Raoult [22]. .

Al 1ests ‘were performed in the Kimron Veterinary Institute

- (Bet Dagan, Israel): Filter samples from the dining room’s air-

conditioning system were also sent to the Rickettsial Zoorioses
Branch, Centers for Disease Control and Prevention.
- Data analysis, - Data were analyzed with Excel (Microsoft)

: and SPSS, version 10 (SPSS), software. The prevalencc of pos-
sible risk’ factors’ for ;:qm_ractmg Q fever in cases (confirmed

cases with and, without probable cases) and controls was com-
pared using the Fisher's exact test. Odds ratio (ORs) and 95%
confidence: mtervals (95% Cl) were calculated. All sxgmﬁcant
-risk-factors were tested for cobneanty

The school ‘setting. The school, a religious boarding -high
school for boys, .is located in central Tel Aviv in a densely
populated area. During )une'ZOOS, 271 students aged 14-20
years {mean age * standard deviation, 1&9 £ 1.5 years) and
51 _employees - attended” the school. E]ghty four students

: boarded at the school regularly. Some of thie'others, wha resided .. »

in different cities in Israel stayed over dirring certain weekcnds
and hohdays A weekend occurred on 10-11. June 2005, and
)2—)3 Junie was a special )e\nnsh hohday_ {Shavuot). The em-
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" July, with other

ployees were mainly men (84%) aged 33-92 years (mean age
+ standard deviation, 554 % 13.8 years) from various cities
in central lsrael.

Outbreak description. - Of the 322 individuals who attended
the school during June 2005,-187 reported being ill from 1 june

. through 31 July 2005, including 179 (96%]) students and 8 {4%)

employees (19 individuals were excluded from further analyses
because of lack of information). The clinical attack' rate was
62% (70.5% and '16% among students and employees, réspec-
tively), Attack rates were similar in different grades and ranged
between 67% and 74.5%.

Information on date of illness onset was available for 155

. (83%) individuals. The epidemni¢ curve (Figure 1) correlates to

2 -point source epidemic. The earliest and the latest date.of
iliness onset were 15 June and 13 July, respectively. The majority
of cases reported onset during 19-26 June. Assuming an jin-
cubation period of 14-21 days [1, 2}, the presumed exposure
occurred around S June, The reported illness duration was'1-
21.:days (mean duration % standard deviation, 7 % 3 days).

The dominant clinical presentation (Table 1) was fever -

(98%), headache (90%), and weakness (80%). Only 21% had
cough, and none reported symptoms consistent with hepatitis.
Onemrcd forty~one individuals (79%) visited their primary
pracuuoner during their dlness Thirty-one mdlvxduzls under-
went chest radiography examination, and 7 (4%) received a

diagnosis of pneumonia. Five patients were hospitalized (2 stu-_

dents and 3 employees) for pneumonia (n = 2, 1 of which was

4 'man aged 92 years, the oldest patient in our exposed pop- -

ulation), perimyocarditis' (n = 1), perimyocarditis and pneu-

monia (n =.1),.and observation (n = 1), ‘Duration of hospi- .+

talization ranged between 1-7 days. No deaths occurred. Only
3 individuals were treated with doxycycline during illness. Of
note, no additional cases of acute Q fever were diagnosed in
the neigliborhoods. surrounding the school during the same
time perjod. )

Serologic results. Results of serologic tests were available

for 164 individuals (151 [59%] students and 13 [26.5%] em-
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Figure 1. Epidemic curve of all clinical cases and confirmed symgtom-
atic cases. Clinical cases were defined as individuals whg reported symp-
toms compatible with Q fever with illness onset from 1. June through 31
iologies ruled out. Confirmed ic cases in-
cluded any clmu:al ‘case with positive serologic test lesulls for @ fever.

- posmvc individuals (85;15) is-biased, because symptomaticin- .

Table 1, Symptomsg ol Al Glinical Cases and Confirmed
Sympfomatic Cases

No {%} of cases

" Al clinical cases - Confirmed cases

Symptom

Headaches 166 (90) - 85(92)

Weakness 145 180) 78 (87)

"Cough “as 1 22 (24)

Chest pain 20% . 139

ploye.es). One hundred eight (66%) were “confirmed cases”

(103 students and 5 employcés). 36 (22%) were “probable
cases” {35 students and ] employee), and 20 (12%) were “non-

- cases” (13 students and 7-employees). Sixty-five individuals met

the criteria for a “possible case” (63 students and 2 employees).

Eighty-six percent and, 81% of the confirmed and probable
cases, respectively, were glinically ill. AUl of the non-cases were
asymptomatic. The incyhation period and the clinical presen-

tation of the confirmed ¢ases resembled that of all clinical cases

(Figure: 1 and Table'1),":"

The exact attack rate gould not be determined, becauseev-
eryone was not tested fnr Q Afever; therefore, wé estimated a
range. The lower limit ‘was 144/303 (47.5%), including con-
firmed and probable cases. The upper limit was 209/303 (69%),
which als6 included the i:éssible’ cases. This was based on the
observation that all serolu};'ically tested.clinical cases were ¢ither
confirmed or probable Fases: :

_The symptomiatic to a;ymptomauc ratio among semlog\cally

dividuals were more hkgly to be tested. Given that all tested

_ symptomatic individuals had positive reslts, the numerators .

were more likely to be near 187 versus 116—20 (all symptomatic

‘indjviduals vs the astplorﬁaﬁc minus the seronegative indi-
viduals), which trahsla(gr(o a ratio of 66:34. or even higher, |

Risk factors, Tabl,é 2. summiarizes the prevalence of several

'possibl,e risk factors in confirmed cases and contsols. Being a

student (OR,. 11.09; 95% CI, 3.07—40.07), boarding at Schbol
during the June holiday (OR, 13.9; 95% Cl, 4.45:43.45); and

dining regularly at the school dining roam (OR, 8.57; 95% CI,

2.05-35.79) were sighifigantly associated with contracting Q
fever.” When_probable ises were included in the univariate

- analysis, boarding at schgol during the weekend before the June

- holiday 'was also significaptly associated with Q fever infection

(OR, 3.18.95% ClI, 109—~9 22). Because all of the above sig-
nificant risks factors werk statistically associated with each other,
we did not perform mnh:p!e ioglsuc regression analysrs
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Table 2. Risk Factors for Acquiring Q fever

Facior

. No {%) of persons

Cases  Contrals OR (95% CI)

NOTE. Cl. confidence interval; OR, odds ratio,

'iﬁviforimcnml and veterinary investigation. Numerous'
stray cats were seen in. the schoolyard especially in proximity

to the kitchen and the garbagc cans which were located outside
the dmmg room. The dining room had.its own alr-condmomng
System; with inlét that drew air from the' dining room and
outlet that emitted the cooled air back to the room. The air-
conditioning ducts were located on the dining room’s roof and
could be accessed by .animal secretions.. One of the4 filter
samples, as well'as 1 of the 8 gauze swabs taken from the inlet

of the dining room’s air-conditioning unit, had-positive results *

for.Q fever by PCR, Similar positive PCR results were obtained
by the Centers for ‘Disease Coritrol-and Prevention on filter
samples.

Serum samples of 65 feral cats were tested ‘for Q fevex sé-
rology, Nine cats (14%) had posmve results; 2 (10%) "of 20

were.caught within a 2-km radius of the school, whereas the -

other 7 (15%) of 45 weré from other parts, of the city, Forty

feline uterine specimens were tested by PCR, and all were found

to have negative results,

DISCUSSION

We describe a Q fever outbreak: that was unusual i its mags

nitude and place of occurrence. It represents 1 of the largest

- outbreaks described in the literature and the largest to-occur

in'a densely populated urban area locited far away from live-
stock farms {3]. The clinical: attack rate was remarkably high
(62%), with the serological attack Tate’estitnated to-be even
higher (69%). This is a conservative estimate because asymp-

- tomatic individuals, who could have been serologically positive
“(Gf tested), were not-inchided and, the' pre-existing immunity

in this particular populatxon was assuined to be verylow (based:
on research that found 14% seropositivity. to'Q fever among
adults resxdmg in the: Nortiern part of Israel, which is a more
tural area) (A.K., unpublished data): The symptomatic' to
asymptomalic ratio was estimated to be 66:34, hlgher than that
reported elsewhere’ (40 60) {1, 4)..

The high attack rate and symptomatic to asymptomauc ratio

mxght bee r‘ ined by a large inoculsm of bacteria and effective

modes of transmissioni. The demonstration of the presence of
C. burnetii by PCR in the samples from ‘the dining room’s air-
conditioning system supports.an effective aerosol transmission.

_ A similar phenomenon was described in an outbresk in a cos-
metics factory whiere all the exposed workers were symptomatic - :
{23]. The high proporton of sympténialic infection can also
be attributed to the male predominance.of the exposed pop- -

- ulation [4, 6] and to the fact that none of the students were
aged <14 years {7]." B .

"Notable is the low clinical attack rate among the school em-

ployees, compared with’ the students (16% vs 70. 5%), which we '

. think i attributable to theif lower exposute t6 the infectious:
agenL An alternative explanation ‘could be a higher pre-existing’

. y among the employees. However, even if the pre-ex-

isting xmmumty was'14% (AK., unpublished data), this would
have chariged the calculted clinieal attack raté among employea

: by 2%.only (from 16% to 18%).

The dominant x:lxmcgl presentation was an inﬂgicnza-likc ill-
ness, and the working diagnosis of- the major'it}' of the primiry
physicians was a viral infection. Seven- panents (4%) received

_ a diagnosis of p , and nione, xhibi ovcnsxgnsof

- hepatitis. Because, of the delayed nonﬁcatlon of the Tel-Aviv. ..
District- Health Department and the subsequent delay in the '

. laboratory ‘confirmation of.C.. burnetii mfecuon. the outbreak

investigation had little effect-on the clinical management dur- :
ing the acute xllness Thus, laboratory: and. imaging tests were
not conducted routmely but were rather-conductéd on-the ba-

sis ‘of clinical judgment,: and only 3 mdxvxdua[s were t.rca!ed o

" with doxycychnc
Geographic ‘variation in the clinical presematwn of Q {cver
is well described {2]. In a fecent review of 100 hospnahzed‘_ :
patients with acute Q fever from Istael [24], the most commion

- prcsemauon was an acutc febrile illness with few’ physical find: -
" - ings. Rare but severe manifestations of the dlscase are. myo-‘ )
+carditis and pmcardms, each deséribed in ~1% ofpat:cnts {1).-.

Two -patients in the present study were. hospitalized for. my- -

opericarditis. Thus, the clinical presentation’ in the present. e

study is’consistent with that descnbed m the literature,
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Most reported large Q fever outbreaks have occurred in o
adjacent to rural areas as a result of direct or indirect exposure
to infected  Livestock, espédaUy to parturition products, as is
the case in an outbreak in the Netherlands [25): Urban out-
breaks. have been typically linked to farm animals that were
‘brought to slaughterhouses {8, 9], ahimal research laborato-
ries [10), urban farmers' markets [26], contaminated livestock
products {23], or wmdborne aerosols carried long distance from
neighboring farms ‘engaged in lambing and calving
[13]."Some urban outbreaks have been' linked to parturient-
dogs [27) and cats [11, 28], and 'in some thé source was never
determined (14, 151, ’

The source of infection 'in the ‘present outbreak was :riot
" clearly defined. However, the ﬁndmgs that bemg a student,

dining at the schcol’s dining room, and boarding dunng the
June holiday were significantly associated with contracting the
disease support the hypothésis that ‘the transmission of the
infection occurred in the dining room. The positive PCR resilts
from the dining room’s au-condmomng system further suggest
that the au-condmomng system contributed to the aerosol
* transmission of the agent, although we could not prove whether
the primary source of infectionwas the dinihg room or the
air-conditioning system. Th_e fact that the gnvironmental sam-
- ples were taken 2 weeks after the last reported case and mainly
from the inlet of the air-conditiohing system could explain why
only 2 inlet samples of 12 total samples had positive results for
C. burnetii by PCR. No'new. cases appéared a month after the
initial case (Figure 1), and no ‘other cases were d:agnosed in
" .-the vicinity of the school pomtmg to.a hmned exposurc. both:
. in time.and space. -
The ait-conditioning system could have bcen cont

q

-

bl

- when dealing with a relatively prolénged febrile disease, even

with no history of exposure to farm animals. A cluster of febrile

patients, especially if occuiring outside the influenza season;
should raise the possibility of Q fever, and rapid investigation .~

into the etiology and source of infection should be made by
public health authorities. :
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 Large Urban Outbreak of O§:< Acquired Actte
Chagas Disease at a School in Caracas, Venezuela- -

Belkisyolé Alarcén de Noya,* Zoraida Eﬂ.w&.?. naazm.ce_am:m.a.a Raiza Ruiz
-Reinaldo Zavala-Jaspe,’ José Antonio Suarez’ Teresa Abate,’ Laura Naranjo,” Manuel Paiva, Lav

Julio Castro,’ Juan Marques.* Ivan Menid

-Guevara,® Lucianip _sn.:-_a__o... :
inia Rivas,’ ..

" Harry A

" p, of Y sov. Urdenta

Ha; Jaime Torres? and -Oscar Noya®

qY.
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3nd “Catedra de Parasitologla, Escuela Mm Medicina Luis Razetti, Uni

Ea_cws LT E.u.qaou, C—y

. Institato"de Medicifa Jropical, Facutad ‘de Medicing, -
idad Central de-Ven

" Veneigela - |

: Alcaldia’ Mayor

"Direccidn de Epidemi

de Caracas, "Direccion General.de Epidemiologla. del. Ministerio def Poder Popular-para la’ Salud, and *Cantro Médico dg Caracas, Caracas,

{See the editorial commentary by Miles, on pages 1282-1284,) .

Background. ‘Tryp ¢cruzi oral v is possible through food contamination v<. vector’s nmnmm..
. Little is-known. about the epideriology and clinical features of microepidemics of orally acquired acute Chiagas
disease (CD), ’ o ' - L

Methods, " A case-control, cohort-nested, epidemiological study was conducted during an o:::d.wx of acute”

CD that affected a school community, Structured interviews were d )
infection: Electrocardiograms were obtained for all patients. Specific serum antibodi
noenzimatic and indirect hemagglutination tests. In some. Cases,
animal inoculation, and/or a polymerase chain reaction techrique;
Results, Infection was confirmed in 103 of 1000 exposed individuals. Of

" 20.3% required hospitalization, 59% showed ECG abnormialities, parasitemia was doc
died. Clinical features differed from those seen.in vectorial transmission. The,

" among younger children. An epidemiological investigation incriminated conl

- source of infection. - -

Conclusions, * This outbreak was unique, because it affected 3 _.u,nmn.,c.nvm.,u.

" .othérwise healtliy populationand lted in an un

e
gned o

y symptoms and sources of -
es were assessed by immu-
' parasitemia was tested directly or by culture,
those infected, 75% were symptomatic,
imented in 44, and 1 child
infection'rate was significantly higher
taminated fresh guava juice as the sole -

v.mnaoima.wszv.%m::m‘EE&?n_um.u.. ’

P

- treatment avoided higher lethality, ma&.fﬂﬁ..ﬁiEW&os. of T

recognized.

dented public heaith’ emergency, Rapid diagniosis-and
T cruzi may occur more often than'is currestly, .

" The burden of iliness associatéd EE.N Chagas disease o ,1, to be'an i

(CD) remains the second highest-among all of the efi-

demic tropical diseases in Latin America and results.in .

. an annual loss of >2 million” disabiity-associated life
“ -years (DALYs) [1, 2).- Although- Chile, Uruguay, and’
< Brazil have been certified-as free of vectorial transmis-
“'sion by domiciliary Triatoma ?\WSE {1], éradication.
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possible task b of the com: -

" plexity of the zoonotic life cycle:of its causative agent,

Trypanosoriia cruzi., In addition to vectorial transmiss . -

. 'sion, other secondary mechanisms,of infection En_can

congenital, transfusionial,. organ transplantation—res
lated; and oral tr ission. A sparse number ‘of out- ..

breaks of orally una:r..,nm. human CD have beenseported. -

from Brazil [3-7], >..w«:m..-.u. [8),-and ne_oEE.m. 9).

Venézuela has a successful CD vector- contro! pro-
gram thatis based on the improvement of rural housing
and vector control (10; 11}, ‘However, epidemiological

* data suggest a reemergence of the infectiorn {12-14]. At

the capital,.Caracas, which is a densely populated cos- -
mopolitancity surrounded .by mountains covered by .
tropical forests, the local m&i.mn 5.»355&285 Pan- -

- strongylus geniculatus, has been -recorded- since .G.N..o ;

{15}; it. Was reported inside the: houses in- 1986 [16] o

"o . and-captured in the wild or within. households show-

(1308 + JID 2010:205 (1 May) + Alarcon de Noya et ol
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ing a high rate (76.1%) of T. cruzi infection {17].- However;
vectorial transmission has not been reported in this city.

The current study describes the largest known outbreak of
orally. acquired CD to date in the American continent, which
involved numérous -childreén and personnel from an urban
school in. Caracas.

METHODS

On 6 December 2007, trypomastigotes of T. cruzi were detected
on periphcral blood smears from a 9-year-old student (index
case), who was admitted to the Hospital Universitario de Ca-

-racas (Caracas, Venezuela) with a- 3-week hlstory of fever of

.” unknown origin- (FUQ). Twenty: persons from the patient’s
"'school were hospitalized with similar symptoms and were later

found ‘to have circulating trypomastigotes and/or serolog)cal.
" fest results positive.for CD. The ‘municipal health authorities -

were contacted at once, ‘and they Teported an unexpected si- -
" multaneous sharp' ificrease in medical consultations and ab- -

_senteeism among school personnel from 30 Ociober through.

75 November 2007,
The center involved {Unidad Educacmnal “Andrés Bello )
i$ focated in the Munmpahty of Chacao, in'the eastern part 'of

" Caracas,” with predominantly middle-class inhabitants. All of
.. - the food and beverages consumed by the students and person-
‘el were supplied by the same’caterer that supplied other mu-. .

. nicipal schools, with the- excepnon of breakfast, which was pxe-
pared ‘under unsupemsed sanmry conditions, located in’a
_ distant stum on the westem mountain slopes of the city: A

muludisqphnary task force was summoned to analyze'the'ep-
1demlologlcal situation with the aim of- controlling the outbreak :

[18]. A case-control, cohort-nested, cpxdemlologlcal outbreak

" study was designed to assess the cxtenl of the outbreak and to

1denufy possible sources of infection; Cases were classified as:
““suspected” or “confirmed” in accordance with 2 consensus.
7 document prepared by the - interdisciplinary group, baséd on

World Health Organization recommendations {19} A sus-

: pected case patient was -any person with an_epidemiological

link to' the institution involved from 10 October through 1
Movember, 2007 who developed FUO of >5 days durstion and

other clinical manifestations. A confirmed case patient was any. -

suspected case patient or asymptomatic person with the epi-

dem:olaglcal link who, in addition, exhibited blood parasités -

‘of specific anti~T. cruzi anubodles by:2 different serolog:cal
techmques enzyme-linked xmmunosorbcnt assay (ELISA) and

- indirect hemaglutmatzon (IH) or ELISA and Wcstcm blot (WB) -

(csts.

_The study. population _consisted of all studems. tcachcrs, -

workers from. the school, ex!emal éersons involved with the

preparatwn or transportation of food consumed in the school, -,
- -and-any person considered to bé a, “school contact” potentially-. :
at risk. Blood samples for dlagnosls were mmally collected from'

-
B

11 December th:oug}i 14 December 2007, as an emergency
intervention, with the ajm of identifying infected persons and
immediately starting antipsrasitic treatment of any individual
affected by a severe, poteptially lethal, acute illness in the con-
text of a large outbreak that occurred at a critical time of the
year (3 days before a prolonged Christmas and new year va-
cation). During a second sampling that.was performed 6 weeks
- later, 21 fanuary through 25 January 2008, all'participants un-

dertook 2 detailed clinical apd epxdem)olognca} qucsuonnmrc '

on CD risk factors.(eg, to vectors, t fi in-

P
fected rélatives, contact with animal reservoirs, and ingestion
of food "and/or beverages in the schoot). Case patients were

. compared with contml sub)ects from .the same, cohon of Sl

-posed .individuals:

Thé study was perfcnhed under the su'pervision of the Eth-

-ical.Committee of the Tropical Medicine Institute, Informed

written consent was obmincd from each participant or from

* their legal guardlans
For the first 43" symptomalic panents, freshi and Giemsa-
stained peripheral blood smicars were reviewed for trypomas-
tigotes. In addition; 2 m, of blood were cultured in biphasic
medium and chécked périadically over at least 3 months. Mice

were inoculated intraperitoneally with ‘300 L"of blood énd'

. “examined each week [19j.‘, .
. dobulin

,(lgG) and immunoglobulin M (igM) amibodiesi'a'gains'( acrude
extract. of T, cruzi ephﬂasqgotes {20} with ‘use: of .an. ELISA
develoPed in house {21]° and an IH test [22] The immuno-

serotogical tests [19]. Those samples with ELISA results positive

for 1gG and neéativg IH results were also tested with'WB tests
23

A representauve numbex of 150" blood samples werk ‘Tan-

’ domly evaluated by a polymerase chain reaction (PCR) For

the DNA extraction, 5 mL ¢f blood was mixed with an-equal

volume of 6M guanidineé HCI /0.2M EDTA (GE) {24]:- The -

amplification reactions were targeted 16 the 330~base pair mini-
circle fragment of the T. cruzi kinetoplastid DNA {25)."

- Conventional ‘12-lead electracardiogtam (ECG) recordings *

were obtained from confirmed or suspected case patients and
treated with either benznidazole (Rochagan; Roche Labbrato_-
ries) at-a dosage of 6. mgfkg/day for 60 days ot nifustimox
(Lampit; Bayer Laboratonn) ata dosage of 8 mg/kg/day for
90 days [19, 26].

The dependent vatiable m ‘main outcome was based on'se~’

- fological status. Ep:d:mmlog'lt:al :xposure was evaluated using
% ‘or the Student’s £ test dcpendmg on the bmary or continuous
independent dzsu_’bunon of the variable. Only variables sigr
nificantly associated in the univariate tegression were included
in'the multivariate regression, issing P'< .05 as the eftry criteria.

Veneruelan Urban Cﬁaga Disease IO‘ubbrnk « JID 2010:201 (l May) « 1309°

Indez péise with eitcalating:
T £5usi trpmaskigoter

Teachers and studants

hospitglized ith
symplems similarto index.

Liec 6, 2007

Information akout: uld..n

personned angd studsate:

absenteeism o

Adig Chagas digeare cibreak

All serum samples’ were d for imn gl G-

diagnosis of CD was based g ‘the positivity of at least 2 specific -

. The relationship. between risk factors and final oiticome (T..

declaced, common.sairoe
o]f\oduvcral : ' suq,"‘_&
?“?‘_”;'s_ . ‘Epidemiologital study dezigned
=3 ) Dee10. 3007

{n
Dcc“tom

Pnhmmmy clinital infbyyiew,
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Confirnation nl-dcute 7, crazi
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!
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fo= 16 .

Figure 1. Study profi te and major omemnes of the epldemlologxcal investigation of the outbreak of acute Chagas disease, Caracas, Veneziela, 2007,
*Parasitemia investigation by diréct technifues. **Parasiternia, Western blot, aid polymelase chain reaction tests performed on.a fore limited group

of exposed individuals {see Methods). ELISA, -enzyme-linked i

Trypanosoma cruzi. *

cruzi infection) was’ estimated by mqar;s of the pairéd odds
ratio (OR), with 95% confidence intervals (Cls). Stata, version
6.0 for Windows {Stata), was used.as the basic stansucal soft-
ware for all calculations.

RESULTS

Figure'1 depicts the general oudjn:c of the study. Becauise the

- outbreak occurred in a well-off urban area of the <ity with no .
 cutrent vectdrial transmission,, 4’ food-| bome niechanism was- .
prcsumed tobe the cause. Date of txposure wis estimated to.
. occur between 10 October and 25 ‘October 2007, based on
'»,"prcwous reports of orally acqiiired bifections with documemed .

incubation periods of 5-20 days [S]
“The demographxc characteristics ‘of thc entire expased pop-

assay; '1gG; globufin-G; I, indirect hemaglutination; I cruz,

ulation (n = 1000) are shown in table 1, No statistically sig-

nificant d(fferences were found in the attack rates among the:
sexes. Although as'a_ whole, age"was not. associated with the’
- main outcome, a more mcnculous revision of age distribution .
of those infected revealed a bxmodal distribution cufve, with a”
teverse trend, in which- the ‘ORfor CD decreased with age for: -
 children but increased w_nh age for adults. As depicted in Tables

1and 2, significantly different attack rages were observed among
students and teachers in relation to their school attendance
'(mommg vs afiemoon shifts;’ 65. cases™ {17.9%] among 363

subjects vs 10 cases.[2. 6%] among 385 subjects; OR, 3.19 [95%. )

ClL2, 1—4 8; P<.001): The difference between- the ‘attack rate
among students of the miorning shift (22:5%) and’ thc attack

rate among children of the afternoon shift (2. fl%) was statis-

310 nD‘-zom:zol (i May) Ala_r"can' d Noyaet’al
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Table 1. Demographic Characteristics and Rates of Infection of
1000 Individuals Exposed to Infection at a Public School Com-
munity of Caracas, Venezuela, Affected by a Large. Outbreak of
Orally Acquired Acute Chagas Disease in December 2007

No. {%) of exposed individuals
{n = 1000}

Variable Study population Infected subjects

Subtofal 747 (74.7)

Personnel

Other contact” . 72 (7.2}

- Shift

- teally significant (P<.05). Ahh'oqgh the ‘absolute number of
infected children was higher (77 of 103 infected subjects), the'

maximum infection rate (15.2%) was observed among the .

school employees. One of the 16 workers who were involved

directly in the preparation or transportation ‘of luncheons.

showed evidence of acute T. cruzi infection, with serological
test results positive for specific IgM and IgG (Table 1), . ~

A significant positive correlation was found between inges-
tion of guava juice and risk of infection (OR, 3.5 [95% CI,
1.85-6.7]) (Table 2). The epidemiological interviews revealed

that, except for the guava juice, all other beverages were made-

in the early morning. The guava fruits, in conitrast, were boiled

the night before and left to cool inside & large uncovered pot ’
beforc blendingi in the morning. Gnce i in the school, the juice :
was delivered to the morninig shift, first to school personnel, .

then to kindergarten students, and then to students in ascend-

ing grades. Some personnel and students of the afternoon shift -

3 PRI -

ily ¢ med.any ren g juice.

Of those infected, 75% were symptomatic, 20.3% required
hospitalization,. and a S-year-old child died of acute chagasic
myocarditis. Most patients reported fever that lasted >7 days,

* abdominal pain, headachg, dry cough, and myalgia; to a lesser

" degree, they reported diarrhea, facial edema, malaise, arthral-
gias; dyspnea, and tachycardia (Table 3). In the univariate re-
gression analysis, the follpwing symptoms showed a significant
association with a higher.tisk of serologically confirmed 'mf_éc-
tion: fever, arthralgias, sk.in lesions (rash, erythema nodosum,
or facial edema), ‘and cagdiovascular abnormalities. However,
on the mullivarigté analysis, only fever and cardiovascular ab-
normalities showed statistical significance. :

In 61 (59%) of the }93 confirmed cases, =1 abnormality
was rioticed on the ECG: récordings. T wave abnormalities were

- significantly miore common among patients <18 years of age,
whereas supraventriculay arrhythmias and microvoltages were
predominant among aduils (Table 4), who more frequently
developed severe cliriica) cardxolag;ca! manifestations that re-
quired- hospitalization,

Among 1000 persons nvnluaxed 103 mdxv:duals had anti-T.
cruzi 1gG antibodies by ELISA, and 90 (87.3%) were also IgM
positive. The specific IH test was concordant in 99 (96.1%) of
103 individuals, whcreas Lhe remammg 4 individuals had pos-
itive WB résults. :

(30.2%) had positive fresh-stained blood smear results, in vitro
culture, or mice moculation

cruzi 1gG anubod)es but:. ncgatxve IH resisits ‘nevertheless fe-
_ceived a full course of amiparasmc treatment. During follow-
up, they. became 1gG seraipegative while remaining pcrsnstendy

tients devclopcd chmcal ;igns. as well as ECG abnormalities.

| Because these patients did not fulfill World Hea.lth OIgamza-
tion criteria for the CD. diagnos)s, they were conSIdered 10 have
undefined cases (Figure n.

by specific PCR targetqd 8l _t.he 7. cruzi kinetoplastid DNA. The
reaction was positive in 35 (79.5%) of 44 serologically con-
ﬁrmed cases. All 106 sereneganve individuals tested were also

negauve by PCR. A collatgral survey performed at the sue where
the incrinsinated. juice wap processed revealed the presence of

" infected P. geniculatus and domestic rats,

As part of an ongoingj"cooperaﬁvc study with the Instituto -

Lépez Neyra in Granads, Spain, 3 parasite isolates obtained
from patients, as well a5 from 1 infected triatomine captured
“at the juice preparanon site, were typed using T: cruzi ribosom-
al and mini-eXon gene, markers. Preliminary results revealed a
great genetic homogeneuy, with all of the isclates bclongmg to

the ‘T, eruzi 1 I.meagc Fu;thcrmorc. hemiology analysxs of the -

Vcn:zpdzn u_rba‘h Chagas Disedsg Drtbreak + 11D 2010:_201 0 May) o
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Because of loglsnc conjtraints, parasitemia could be assessed.
in only 43 patients by porasitological methods. Of these, 13

. Sixteen mdmduals wigh ELISA results positive for anti-T;.

négative according to bath IH ‘and WB results, Five such.pa- .-

Samples of 150 persons.were ‘randomly chosen to be tested - -

“ -

Table Z. Univariate and Multlvanate Logistic negvesslnn Analysis of Risk Factors As-

d with Tryy cruzi T
Chagas Disease, Caracas, Venezuela, 2007

during an - OQutbreak of Orally Acguuuﬁ

Univariate analysis

* Multivariate analysis

"~ OR (95% CI) P OR (95% CI) P

NOTE. €I, confidence interval; OR, odds ratio,

sequence of-an amplified polymorphxc mini-exon from T cru-
zi RNA ccnﬁrmed that all parasite isolates from the’ patients .

.- were. ldcnucal whlch was consistent’ with a cornmon source

of infection..
DISCUSSION

»Than;(s to a coordinated progxarn inthe Soulhem Cotie coun-"
tries, the transmissionof CD has been successfuﬂy intefrupted ‘
in’ Uruguay and Chile; as'well as'in at least 8-of the 12 states”

. of Brazil in. which CD is endemxc [1s, 27] However, the per-

Tnhle 3 Umvanalu and Mullivarlale loglsllc i

sistence of numerous sylvaur. foci and the w:de dlsmbuuon of
. vectors and reservoirs, together with 3 progressi ve reduction in -
the avanlablhty ‘of the vector’s nat\IraI source of blood (bu'ds

. and mammals) in intervened forested areas, is driving ongmal[y B
- wild triatomines to" invade human dweU.mgs [28, 29],-Once

--domiciliation has occurred, P. geniculatus may feed abundam.ly
on domestic réservoirs, as well as'on hurnans, As part of their

" riocturnal activity, vectors cu'culate w:dely inside the house and

can:thereby e ally ¢

protected food and, beve -
erages thh their feces. Therc is also tht poss:b:hty of trans-

lo p and..w. logi :Test,

Results Tor 1000 thdi id Exposed during an" b
‘Venezuela, 2007 ’ o . R

of Ovally Transmmad Acme chagas niseasc in Caracas.

Serological test *

) results . . quvéfiate analysis Mulxiv.a(ia!e ‘analysis
: “No (%) " ot Percent’ o - C
o -of subjects . - positive/percent. T S '
Symiptomm in 000} negative P OR (195% Ch P OR { 95% Cl)
e

. NOTE Cl, confidence interva. OR odds ratio.
. * By ¥ anaysis: :
> Rash;-erythema nodosum,:and lacLaI eden\a

1312° JID 2016:20F (1 May) = Alarcén de Noya et al
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{ECG) Ab

lities by Age Group for 61 Infected Pa-

“Table" 8. -Basal Electrocardiog

tients fram an Outbreak of Orally Acquired Acute Chagas Disease in Caracas, Venezuela,

2007

Age group .

‘€18 Years  >18 Years

ECG(abncrmaliiy .

AV block -

{n=48) " . {n =

13) Total

* Yates comected x* analysis,

‘with urine orvanal secretions

by food co
of infected marsupials {30],
The genetic homogeneity and lack of slgmﬁcam genetic ini-
uahneage polymorphism observed in all of the isolates thus far

endemicity, such as agai (Euterpe oleracea), piassava (Ledpol-
dinea piacaba}, and sugar. cane, were consumed. The present
outbreak is-unique in that it sffected a large, predominantly
young, healthy urban populauon and was associated with high
rates of ‘par and. morbidity but a very low mortality

‘typed from the current-outbreak is ¢ with a ¢

. source of lnfecuom ‘Moreover, the conﬁrmauon of an acute
infection in the resp .'5' ' for the preparation of the
juice lends further’ support. to evidence ‘hat md:cates short-

"‘term exposure, as do the loglsuc regression analysxs results, ’
which. incriminated the guava juice as the possible sou.rcc of

contarnination, We therefore postulate tha§,/dunng the mght,
“infetted triatomines might haveico d the inprotected

" pot. where the guava juice was left. before bemg blended in'the
B early morning: Onge the j )mce arrived at the school, it was first

smed 1o the teachets and afterwards served 1o the students;

: pmgressmg from the lower to the higher grades of the morning,
- shift, Any remaining )uu:e was later shared by the teachers and

. students of the afternoon ‘shift. This sequence. of events’ could ’

explain the relatively hlgh attack rate observed among. ‘school
personal ( 15. 2%) and the significant decrease in the attack rate

' among students in the ninth grade (5. 1%), compared with that -

among kmderganen students. (23. 1%).. The significant differ-
ence in the attack rates found between students of the morning
(22.5%) and aftemoon shifts (2.4%) suggests that the concen-
* tration “of thé inoculum may ‘have been different for both

groups, perhaps reflecting a steady decrease in the sarvival of

jnfecting metacyclic trypomastigotes {31]
‘Orally trahsmittéd CD episodes have been déscribed prevn-

ously, all of which have been’ reported in-Sotith America [3—

9, 32-34]. Distinctive epxdcmlologlcal features. mcludcd alower
number of mfecled persons (37 cases bemg the maximim num-

ber reported in any outbreak);: relatively high léthality (up to

~35.2%, with'an average rate of 7.1%); a prcponderancc -of cases
* eccurringramong adults; and ‘occurkence ini femote rural aréas
“orin urban communitiés where frmts obtamed from areas of

rate (0.97%). The latter prabably relates to prompt diagniosis
“and treatment. It is the ﬁrsg time that contaminated guava juice
hds been mcnmmated as the source of mfecnon. ‘Moreover,
this represents a genuine urban -oral [o)] outbreak, because the
T, cruzi strain k_hh was involved in the Gutbreak originated from

an inner-city heiisehold, where peridomestic triatomines and

rodent reservoirs allowed the of tr
One ‘crucial problem was the overwhelming amount of clin-

ical cases that ‘réquired diagnostic confirmation. Serological’

" ‘testing with the ELISA wa$ very useful for this purpose, and’
the assessment of both IgG and IgM ;nt'i—jT. cruzi antibodies
for all members of the expased population enabled us-to dem-
onistrate the mfecuon in the early phase. The concurrent onset

of symptoms. in most cases and the-fact that specific IgM an- -

tibodies' were ‘demonstrated in- a ‘high percentage of cases
(87.3%) further éugges_ts that exposure to the infecting inoc-
_ulism was recent [35] and siﬁgular or short-lived. .
Of the 103 individuals in whom T, cruzi parasitemnia was
determined by parasitological methods and/or PCR, 44 (40.7%)
had positive test resuits.. This is probably one of the highest

rates of parasitemia ever d ted in any-orally t transmitted

CD outbrcak. '
Although 75% of the mfccted 1nd|v1duals were symptomatic,

the predomi clinical manifestation: observed (fever, head- |

ache, and myalgias) are al highly unspecx_ﬁc..lndeed, dengue,

mononucleosis, hepatitis, and intoxications were among the

causes’ contemnplated - initially. Clinical findings such as facial
edcma, gingivitis, and dry ¢gugh are probably the consequcnce
of the penetration of the parasne throughout the orat cavity,

lips orpharyngeal mucosa, These latter manifestations, along -

Venequelan l]rban Chagas Disease ﬁﬁ(brzzk + J1D .2010:201 (1 May) « 1313
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 the Medge-, medlaled effects” [37); ‘This riew situation imposes

with other unexpected findings, such 'as erythema nodosum, °
anasarca, and lower limbs edema, are not described in vectorial

transmission and even-in prior teports of orally-acquired CD.
They may be related to the host’s immune inflammatory fe-
sponse conditioned by the geneucs of each individual or by a
}ugh parasite load [36].-On the ather hand, .the findings. of
acute myocarditis were observed in an unusually high propor-
tion (59%) of confirmed cases., )

The diagnosis of acute CD req;;ires a hxgh index of suspicion
by the clinician, especially when patients are seen away from

the traditional areas of endemicity. In countries in-which CD '

oceurs, this condition must be ‘considered in the differential
diagnosis of FUO, becausé féod-borne acute CD may occur
more often than is currently recognized.

" Progressive environmental changes that affect the ethology
and ecology of potential T cruzi reservoirs and vectors, together

-with an increase in human populanons surrounded by inter-
vened forests, have favored the urbanization and domiciliation .
“ of the ¢ycle ‘maintained by P. geniculatus, thus affecting the

poor populations of the misery belts arotind most Latin Amer-
ican cities and middle-class populations, under the concept of

necessary changes in the strategy of CD control progtams,

‘which unpl now have been limited:to véctor control activitiés

" in rural Latin American communities in areas of endemicity.

':‘
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Summary
Background : .
Gram-negative Enterobacteriaceae w1th re51stance to carbapenem conferred by New:Delhi metallo-8- lactamase ‘1" (NDM-1) are
potent|ally a major.global health problem. We investigated the- prevalence of NDM-1, in multidrug-resistant Enterobacteriaceae
“in Indla Pakistan, and the UK.
““Methods .
. Enterobactenaceae isolates were stud:ed from two maior centres m lnd1a~Chennar (south India). Harvana {north Indial—and
_http://www.melan'cet.co_m/Journals/lanmf/artxcle/PIlSl473-3099(10)7‘01 43~2/abstract s . 2010/08/31.

t’rnergeni:‘e of a new antibiotic resistance mechanism in India, Pakistan, and the UK: a molecutar, biological, 'and epidemiological stud.. 1/2 &—*'/j

THE LANCET Infectious Diseases s s i
Search for | o » in |All Fields . - - = - Advanced Search

Home | Journals | Collectlons | Audlo { Conferences | Educatlon | Resouree Centres | For Authors | About Us | Subscribe | My Account | Careers

‘The Lancet Infectious Diseases, Volume 10, Issue 9, Pages 597 - 602, September 2010 < PEEVlOUS Articte | Next Articte >
doi'lO 1016/51473-3099(10)70143 2~ Cite or Link Using DOI

Published: Onlme 11 August 2010

‘Emergence of a new antlblotlc resrstance mechanism in lndla
Paklstan and the UK a molecular blologlcal and epldemlologlcal

: study

! .v'_Emergence of a hew antibiotic resistance ‘mec'hanism in India, Paklstan,_and the UK: a molecular, b_i‘ologioal, and epidemiological stud... - 2/2 ANy

- _thase referred to the UK's niational reference laboratory. Antibiotic suscepfibilities were assessed; and the presence of the

~ carbapenem resistance gene' blaypm-s was established by PCR: Isolates were typed by pulsed-field gel electrophoresis of Xbal-

“- réstricted. 'genomic DNA. Plasmids were analysed by S1 nuclease digestion and PCR typing. Case data for UK patiénts were
" revtewed for ewdence of travel and recent admlssuon to hospitals. m India or Paklstan

Fmdlngs ) : - : : :
“We ldentlfled 44 isolates w1th NDM 1in Chennar 26'in Haryana 37 in the. UK, and 73 in other sites in india‘and Pakistan. NDM-1

o was mostly found among’ Eschertchm colr (36)and Klebsiella pneumamae (1 11), which were highly resistant to att antibiotics -

: except to tlgecyclme and colistin: K pneumomae lsolates from Haryana were clonal but NDM-1 producers from the UK and
‘Chennai were clonally diverse. Most isolates carned the NDM 1 gene on plasmrds those from UK and Chenniai wére readily -

) transferable whereas those from Haryana were not con]ugatlve Mary of the UK NDM 1 positive patxents had travelled to India or

: - lnterpretatton : : : . :
e The potentlal of NDM- Tto be a worldw1de publlc health problem is great and co: -ordinated mternatlonal survelllance is needed.
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