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€ Tortajada {ctortaja@aspb.cat)?, P G de Olallal, R M Pinto?, A Bosch?, J Cayla?

1. Pubtic Health Agency of Barcelona, Barcelona, Spain

2.Enteric Virus Laboratory of the Department of Microbiology of the University of Barcelona, Barcelona, Spain

Between 1 September 2008 and ¢ March 2009, 150 cases of
hepatitis A were reported in Barcelona, representing a-threefold
increase compared with the same period in-the previous two years.
The majority of the ceses occurred in adult men, including 87 who
reported having sex with-men. This indicated the possibility of an
outbreak ongoing in the population of men who have sex with men
(MSM) and emphasised the need to. target this community mth
more effective vaccination programrnes X

Introduction
In Spain, hepatitis Aisa reportable disease defined by acute

hepatitis symptoms combined with the presence of immunoglobulin
M antibodies to- hepatitis A virus (IgM anti-HAV) [1). Physicians
and laboratories report cases to the local public health agencies.
The Public Health Agency of Barcelona is the relevant office for the
city of Barcelona, covering a population of 1,600,000 inhabitants.
The Health Department of the Government of Catalonia collects
cases from afl the regional agencies of Catalonia and reports them
to the National Centre of Epidemiology in Madrid.

Since September 2008, an increase in the number of reported
cases of hepatitis A in the mumc'pallty of Barcelona has been
observed. Between 1 Septernber 2008 and 9 March 2009, a total
of 150 confirmed cases of hepatitis A were reported from the area.
In the same period in 2006-7 and 2007-8 the numbers of notlfled

cases were 54 and 55 respectively.

The notification data indicated that the increase may affect’
predominantly men who have sex with men (MSM). An outbreak
alert was raised ‘after.five cases had been notified in one day,
including four men aged 23-25 years of whom three were known
to be MSM. For comparison, in the previous two years, the average
number of notifications ranged from O to 12 cases per month, This
prompted us to undertake a survey among the reported’ ‘adult male
cases, to determine whether they belonged to the group of MSM
and whether they engaged in activities assocqated with an increased
risk of hepatitis A infection {2-5]. )

The outbreak is sull ongding and notifications oceur at a
frequency of one case per day.

A

Methods . )
For the purpose of the outbreak investigation, a case was defined

as a man over 18 years old who had sex with men, was resident
in Barcelona city and had symptoms of acute hepatitis with onset
from 1 September 2008 and positive result of 1gM anti-HAV-test.

To identify cases according to the above definition; all reported
hepatitis A patients who were male and older than 18 years,
resident in Barcelona city and had symptoms onset from September
2008 were interviewed with 2@ modified questionnaire based onthe
standard questionnaire ‘for hepatitis A of the Health Department
of the Government of Catalonia but with additional questions on
sexual behaviour. The interviews were done by telephone or e-mail.
Cases that had been reported before the outbreak alert but could
fulfill the case definition criteria were re-interviewed refrospectively,

. using the modified questioninaire.

Questions included having sex with men, number of sexual
partners, visiting bathhouses, bars and discos, use of.the |ntemet
to look for sexual partners, having group sex, and workmg as s{‘
worker during the two months before symptoms onset, as we

. s hepatitis A-immunisation status and mfectlon with human

ummunodefncnency virus (HIV).

Contact-tracing was performed accordmg to standard procedures,
as done routinely by the local Public Health Agency for every
case of hepatitis A reported. During the interview, the patient is
asked to identify close contacts. These peopie are then contacted
directly by the Agency and informed about the risk.of infection and
offered vaccination or. postexposure ‘prophylaxis. Vaccination and
immunoglobuline is provided free of charge in the Agency offices
or, in some cases, admln:stered by heaithcare workers vxsrtmg the

contacts.

Sera from:-14 cases who fulfilled the case definition were sent
to the Enteric Virus Laboratory of the Department of. Mlcrobuology
. of the Unnversrty of Barcelona for genetic analysls Y

Results
From 1 Septémber 2008 to' 9 March 2009 Eg tctal of 150
- laboratory-confirmed hepatitis ‘A cases were reparted. Of the 150
cases, 137 (91%) werevlder than 18 years, and of these, 126

/

. . o
18 . -
- —_—
. . - | ‘ | . R
EURPRGHRVETIIBNPE VAl 16 . Te<ie 18 + 1A Snnil 2010 . www snnneurveilianrae nro - B °



(84% of the total) were men and 11 (7% of the total) were women,
In the equivalent period in 2006-7, of the 54 hepatitis A cases
reported, 29 (54%) were older than 18 years, including 21 (39%)
men. Similarly, in 2007-8, there were 55 cases in total, 24 (43%)
of whom were over 18 years old, including 13 (23%) men.

Ficure

Number of cases of hepatitis A among men older than 18 years, by
nmonth of anset of symptoms and sexual behaviour, Barcelona, 1
September 2008 - 9 March 2009 (n=122, preliminary data)

R Men who have sex with men (MSM)

Unknown
[ Heterosexual

number of cases

Sep B Wv D Jan Feb

manth of symptam onset

Source of data: Public Health Agency of Barcelons, Spain
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Of the 126 adult male patients, 107 were interviewed using the
modified questionnaire. In response, 87 (69%) declared to have had
sex with men and 20 {16%) defined themselves as heterosexual.
For the remaining 19 notified cases (15%) this information was
not availabie (Figure).

As a result, 87 persons fulfilled the case definition criteria. The
median age of these cases was 33 (IC 95%: 31-34) years. Ten
(11%) were HIV-positive. Only one had been vaccinated against
hepatitis A and another one had received only one ddse of the
vaccine.

A considerable proportion of MSM cases reported engaging in
activities that may be associated with increased risk of infection.
The mean number of sexual partners was four (IC 95%: 3-6), 14
cases (16%) used the internet to look for sexual partners, 26 (30%)
frequented discos or-bars and 19 (22%) visited bathhouses.

The virological analysis showed HAV genotype IA in sera obtained
from 14 patients. The results of phylogenetic analysis are not
available yet.

Control measures

Vaccination against hepatitis A of all cases’ contacts and
postexpasure prophylaxis of close contacts and sexual contacts
within 15 days of the last exposure has been recommended.
Vaccination and immunoglobuline is offered free of charge in the
Public Health Agency of Barcelona.

We performed contact-tracing and offered vaccination and
immunoglobuline to those identified. tn cases when patients did not
have or did not want to give this information (address or telephone),
we advised them to inform their partners and close contacts to get
the vaccination or immunoglobuline.

In addition, we have also strengthened the existing
recommendations for vaccination of - MSM by distributing fliers
and posters in collaboration with the Spanish “Coordinadora Gai-
Lesbiana" a federation which coordinates the activity of gay non-
governmental organisations (NGO) and other associations.

The vaccination program far hepatitis A and B in gay bathhouses,
which has been in place in Barcelona since 2004, has been
reinforced, as well, by increasing the number of visits of healthcare
workers and by covering more establishments.

To raise awareness about the possible outbreak, e-mail alerts
were sent to microbiology laboratories, local practitioners and
hospitals to enhance natification.

Gay organisations were informed about the hepatitis A outbreak
affecting MSM, and information about the outbreak was published
on some gay websites.

Discussion
An increase in the number of reported hepatitis A cases in
Barcelona has been observed since September 2008. Of the 150

cases reported between 1 September 2008 and 9 March 2009,

87 were identified as MSM.

An increase in the number of notifications has recently been
observed in other regions of Spain, as well. The data available
are from the period between week 36 of 2008 and week 4 of

2 EUROSURVEILLANCE Vol. 14 - Tssue 15+ 16 Anril 2019 » Www sunncnavetll snre ng

20089, Andalucia has reported an increase from 175 and 125 cases
for that period in 2006-7 and 2007-8, respectively, to 350 in
2008-9; Madrid has reported an increase from 95 and 75 to 230
and Castilla — La Mancha has registered an increase from 15 and
20 cases to 60 [6]. It is not clear whether these increases are due
to outbreaks and whether they affect a particular risk group but
investigations are ongoing.

In Spain vaccination for hepatitis A is not included in the

- routine immunisation schedule, but is recommended for certain

risk groups, including MSM [7].

In recent years, 2002-3 and 2004, two outbreaks of hepatitis
A among MSM, affecting 48 and 60 people respectively, were
detected in. Barcelona. Most of them (80%) were bathhouse users
{data from the Public Health Agency of Barcelona, not published].
Similar venues have also been associated with hepatitis A outbreaks
elsewhere in Europe [2-5]. The strain identified in the current
outbreak is different from the one detected in the MSM outbreaks
in 2002-3 and 2004.

Since 2004 a special vaccination programme for hepatitis A
and B has been targeted at those who frequent gay bathhouses.
Hezlthcare workers from the Public Health Agency of Barcelona
visit these venues and offer information about hepatitis A, B, C and
sexually transmitted infections (STI), perform rapid tests for HIV
and administer vaccinations for hepatitis A and B. To date; 3,000
bathhouse guests have used this opportunity [data from the Public
Health Agency of Barcelona, unpUblished].

The scenario in the present outbreak seems to be different from
the previous two outbreaks since only 22% of the cases identified
as MSM were bathhouse users.

Interventions aimed at the sexual contacts of the cases were
difficult to carry out since in a considerable proportion of the cases
the partners could not be identified in the course of contact-tracing
process.

All but two cases among MSM were unvaccinated. Vaccination of
MSM could help to control this outbreak and is crucial in preventing
future ones. Thus information campaigns and immunisation
programmes which effectively reach the MSM community are
needed.
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Reassessment of deferrals for tattooing and piercing
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BACKGROUND: In August 2005, the Canadian Blood
Services decreased the deferral period for tattooing and
ear or body plercing from 12 to 6 months. This study

" assessed the impact of this change on biood safety and

avaifability.

STUDY DESIGN AND METHODS: The prevalence of
these activities was assessed on an anonymous mail-
out survey of 40,000 recent donors. Transmissible
disease (TD) marker rates were caiculated using the
National Epidemiology- Donor Database. A case-control
study was performed compadng risk factors in
TD-positive donors with matched controts. Donor defer-
ral rates were assessed before and after the change in
deferral period.

RESULTS: The prevalence rates of tattoo ear piercing,
and body piercing were 13.7, 53.6, and 10.4 percent in
survey respondents, respectively, with up to 0.7 percent
of activity likely to represent deferrabie risk. TD marker
rate.was low and stable at 21.6 per 100,000 donations
before and 19.2 per 100,000 donations after the

change in deferral length. Remote tattoo was assogi-
ated with hepatitis C virus (HCV) risk (odds ratlo, 5.437
95% confidence interval, 1.82-16.2), but neither recent
tattoo nor piercing was a risk factor for HCV or hepatitis
B virus. Shortening of the deferral period reduced defer-
rals by 20 percent for tattoo and 32 percent for piercing.
CONCLUSION: There was.no measurable adverse
effect on safety and a positive but less than expected
effect on blood avallability after shortening the deferral
period for tattoo-and piercing. The length of other tem-
porary deferrals should be reassessed, since their -
current contribution to blood safety may be negligible.
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lood donor selection criteria are an Important
part of blood safety. Criteria must balance
recipient and donor risk, against the ever-
increasing need for blood and the challenges of .
ensuring adequacy of supply. It is important to reassess
both the need for and the duration of specific defeiral
criteria, particularly as other aspects of blood safety, such
as transmissible disease (TD) testing-and good manufac-

turing procedures, are sengthened.! Tattooing and ear

and body piercing are reasons for temporary -deferral of .
varying lengthsin different regulatory jurisdictions. A US
Food and Drug Administration (FDA) memorandum
issued in April 1992 stipulated a 12-month deferral for
donors who have had ear piercing or tattoo in whlch'
sterile procedures were not used.? A decade later, an FDA
Blood Products Advisory Committee voted to continue-
these deferrals, but recommended a reexamination of the. -
duration of deferral.® Presentations made to the commit-
tee at that time underlined the limited evidence of any-

safety benefit of these criteria,®

" Blood donation does not exist in a vacuum, but is |
affected by socletal trends in behaviors and infectious
disease rates, which will influence donor deferral and TD-
rates. The frequency of both tattooing and body piercirig
is. increasing in the general population, particularly in
younger individuals, as assessed by population surveys

and individual observations on a stroll down any city .

ABBREVIATIONS: CBS = Canadian Blood Services;

" DHAQ = denor health assessment questionnaire;
~ IVDU = intravenous drug use; TD = transmissible disease.
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street on a summer day.*’ Temporary deferrals result in
donation loss on that day and may also decrease donor
return rates, particularly when they happen early in an
individual's donation career’ In Canada, the deferral
period for these activities decreased from 12 months to 6
months in August 2005, We aimed to examine the impact
of this change on safety by assessing both TD rates and
the association between these behaviors and TD before
and after the change in deferral period. We also esti-
mated the prevalence of piercing and tattoos in our
donor population and assessed the positive impact of a
shorter deferral period on adequacy of supply.

MATERIALS AND METHODS

Anonymous donor survey

An anonymous questionnaire was mailed to a total of
40,000 whole blood donors on a monthly basis through-
out 2006. The sample was stratified by region propor-
tional to the number of donors in each region, and
first-time donors were oversampled such that there were
20,000 first-time and 20,000 repeat donors in the sample.
A sample was drawn from donors who had donated
during a given month, and the questionnaire mailed
within 2 weeks of the end of the month. To increase the
response rate, a second questionnaire with an accompa-
nying letter and reminder card were sent 2 and 4 weeks
after the initial questionnaire, respectively. The question-
naire included a code that denoted the region of index
donation, donation status, and whether it was the first or
second mailing, but did not include donor identifiers. [n
total, 20,037 donors (50%) completed a survey question-
naire, including 7382 first-time donors (37%). Of total
responders, 4357 (21.7%) were from the second mailing.
To identify possible duplicate questionnaires an algo-
rithm comparing the first and second mailings for age,
sex, donation status, donation times, country of birth,
first three digits of residence postal code, marital status,
ethnic origin, and highest level of education was applied.
The handwriting on potential duplicate questionnaires
was compared, and if duplication was likely, the second
mailing item was removed. Frequencies of demographic
characteristics of respondents were compared with those
in the 2006 general donor base to confirm representa-
tiveness, To account for the differential sampling prob-
ability (first-time and repeat donors), sampling weights
were created for each of the respondents based on their
representation in the 2006 donor population by age, sex,
donation status, and region.

Donors were asked if they had ever had a tattoo, ears
pierced, or any other body piercing and whether or not
they had participated in the activity in the past 6 months.
The survey was approved by the Canadian Blood Services
(CBS) Research and Ethics Board.
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Assessment of donor deferral rates

All donors are queried about tattoo, ear piercing, and
body piercing, in the self-administered section of the
CBS donor health assessment questionnaire (DHAQ). For
donors who answer affirmatively, the date and type of
activity are noted on the DHAQ, and the donor is coded in
the CBS donor database. However, deferral codes are not
entirely specific for a given risk factor and include donors
with other risk factors, such as needle-stick injury. Manual
revision of the DHAQ was done for the central and north
eastern regions of Ontario, which include Toronto,
Ottawa, and surrounding areas. These two regions repre-
sent about 23 percent of CBS collections. The exact reason
and start date of deferral was obtained from the DHAQ.
For the purpose of analysis these were divided into two
groups: Group 1, the 16 months before the change in
donor deferral period (April 1, 2004, to July 31, 2005) and
Group 2, the 16 months after the change in deferral
duration (Septemnber 1, 2005, to December 31, 2006). The
month of August 2005 was excluded to avoid the inclusion
of potential errors relating to operational issues in the
early phase of implementation.

TD testing

Antibody to human immunodeficiency virus (HIV)-1/2,
hepatitis C virus (HCV), and human T-lymphotropic virus
(HTLV)-I/1I, and hepatitis B surface antigen (HBsAg) were
detected with a chemiluminescent assay (Abbott PRISM
HIV O Plus, Abbott Diagnostics Division, Wiesbaden,
Germany). Confirmatory testing for HIV was performed
using the HIV-1 Western blot (Calypte Biomedical Corp.,
Rockville, MD), for HCV using a third-generation recom-
binant immunoblot assay (Chiron Corp., Emeryville,
CA), for HBsAg using the Abbott PRISM confirmatory
assay, and for HTLV-I/I using the HTLV Western blot
assay (Version 2.4, Genelabs Diagnostics Ltd., Singapore
Science Park, Singapore). Nucleic acid testing (NAT) was
performed for HIV and HCV (Roche Molecular Systems,
Branchburg, NJ} using 24-unit minipools.

National Epidemiology Donor Database

The National Epidemiology Donor Database is main-
tained with computer software (SAS, SAS Institute, Inc.,
Cary, NC) and contains donation and demographic data
such as age, sex and geographic location on all Canadian
bleod donors except those in the province of Québec. All
allogeneic blood denations ‘(whole blood, plasma, and
platelet donations) were included in the TD rates.

Case-control study

A case-control study to examine predictors of TD in blood
donors was carried out in 2005 and 2006. Because very few
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donors test positive for the presence of HIV or HTLV in
Canada, we have focused on risk factors for HCV- and
I{BsAg-positive donors. The method has been described
previously.? In brief, all donors who tested paositive for the
presence of HBsAg or HCV in 2005 or 2006 were invited to
participate in a telephone interview about risk factors. For
each positive donor who participated; 4 control donors
who had tested negative for all markers matched accord-
Ing to age {5 years), sex, donation type, donation status
(first time or repeat), and geographic region were ran-
domly selected. All TD-positive donors received a stan-
dard notification letter informing them of their test results
and permanent deferral from donation and advising them
to seek medical attention. Donors were subsequently sent
aletter inviting them to participate in the telephone inter-
view and then were telephoned to conduct the interview.
Once an HBsAg- or HCV-positive donor had completed an
interview, control donors were selected and invited to
participate in the same way. If a control donor refused to
participate or could not be contacted, another was ran-
domly selected among the eligible donors until 4 control
donors had been interviewed for each positive donor. The
telephone interview used a scripted questionnaire that
asked about known and potential risk factors and demo-
graphic factors.® The interview was completed by 181 of
318 TD-positive donors (57%) and 737 of 1252 matched
controls (59%). The study was approved by the CBS
Research and Ethics Board.

Statistical analysis

Donor survey data

The percentage of donors with a risk factor was calculated
and the 95 percent confidence interval (CI) was estimated
using the normal approximation method or the Poisson
exact method for small percentages.

TD rate

The rate for each TD marker was expressed as the number
of positive donations per 100,000 donations, and Cls were
estimated using the Poisson exact method.

Case-control study

Odds ratios (ORs) and 95 percent Cls were estimated for
the studied potential risk factors separately for HBsAg-
and HCV-positive donors. To determine

in the ORs before and after the change in deferral dura-
tion, models for before and after were constructed sepa-
rately for each marker and the ORs compared,

Deferral data

Deferral data were tabulated (frequency and percentage)
for each specific deferral reason in the two time periods as
well as the duration between the risk behavior and the
deferral date (<6 or =6 months). The differences in pro-
portions between two time periods (Groups 1 and 2) were
compared using the chi-square test. A relative decreasing
rate was calculated as: (number of deferred donors
in Period 1 - number of deferred donors in Period
2)/number of deferred donors in Period 1 multiplied by
100(%). The deferral frequencies of each group were cormn-
pared using the chi-square test for a one-way frequency
table. In all analyses, a p value of less. than 0.05 was
considered to be significant.

RESULTS

Prevalence of tattoo, ear piercing, and other body
plercing

As shown in Table 1, the prevalence of tattoo, ear plercmg,
or body pjercing is high iri donors, Furthermore, it is rela-
tively common for donors to have engaged in these behav-
fors in the past 6 months (the duration of deferral when
the 2006 donior survey was performed). After ddjustment
for donation status, there were approximately 5265 CBS
donors in 2006 (95% CI, 4616-5911) who had one of these
risk factors in the past 6 months but who had donated -
within the past few weeks.

TD rates

TD rates for all CBS donors did not change over the dura-
tion of the study. In'thé 16 months before the change in the.
duration of deferral there were 270 confirmed. positive
donations for all TD markers and 1,247,706 total dona-
tions for a rate'of 21.6 per 100,000 (95% CI, 19.1 10'24.4). In
the 16 months after shortening of the duration of deferral
there were 249 confirmed positive donations and
1,295,561 total donanons, for a rate of 19.2 per 100,000
(95% CI, 169 to'21.8; p > 0.05).

the independent association of the risk
factors with positivity, multiple logistic
regression models were constructed

TABLE 1, Prevalence of tattoo and piercing, 2006 donor survey
037)"

(n =20,

separately for each marker. Only those | Riskfactor

risk- factors that had significant

(p<0.05) ORs in univariate analysis Body piercing, other than ear piercing

Ever In the past-§ months
Tattoo 13.7 (13.2-14.1) 0.4 (0.3-0.5)
Ear piercing 53.6 (52.8-54.2) 0.7 (0.6:0.8)
10.4(10.0-10.8) " 0.3 (0.2-0.4)

were included in the model To deter- | g oe roported as percentage (36% G

mine whether there was any difference
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Importance of tattoo and piercing as risk factors
for HCV and HBV

Tables 2 and 3 show the risk factors identified in all CBS
donors confirmed positive for the presence of HCV or HBV
in 2005 and 2006. Separate models were constructed for
before and after the deferral change and there was no
difference in the ORs when the two time periods were
compared for either HCV or HBV; hence the data are pre-
sented for the 2-year period. For HCV; tattoo was found in
22.7 percent of cases and 10.9 percent of controls with an
adjusted OR of 3.47 (35% CI, 1.49 to 8.07). To determine
the impact of the date of receiving a tattoo, the model was
also constructed with tattoo divided into those donors
who had received a tattoo more than 10 years ago and
those donors who had only received a tattoo in the past
decade. Having received a tattoo more than 10 years ago

TATTOOING AND PIERCING

was a significant predictor of HCV positivity (OR, 5.43;
95% CI, 1.82-16.2), but receiving a tattoo within the past
decade was not (OR, 2.35; 95% ClI, 0.77-7.22). Ear or body
plercing was not a risk factor for HCV on univariate or
multiple logistic regression analysis. Major risk factors for
HCV, shown in Table 2, were intravenous drug use (IVDU),
country of birth in Africa or Asia, sex with an VDU, blood
transfusion, and needle-stick injury. -‘For HBV, neither
tattoo nor piercing was an important risk factor for infec-
tion on univariate or multiple logistic regression analysis.
Major risk factors for HBV, shown in Table 3, were country
of birth in Asia or Africa, living in a closed institution, a
family history of death from liver disease, or living with
someone who had hepatitis or liver disease.

Impact of change in deferral period
on deferral rates

TABLE 2. HCV risk factors, loglstic regression model, 2005:2006*

There were 329,203 donor visits in

Group 1 and 341,848 donor visits in

Risk factors Case (n=88) Control (n = 349) Adjusted OR 985% ClI G f . .
g/Du ‘ 18 (20.5) 1(0.3) 69.02 5.05-592.02 roup 2, for the two Ontario regions
Bomin Aics orasia 14 (16 14 (4.0) 1444 5.18.40.35 examined. Table4 summarizes the
Bood tanstusion 21 gaey 29 09) 570 Socrisg | mammoer of donors deferred for attoo oc
;Jesdle-sﬁck injury 14 (15.9) 14 (4.0) 404 1.45-11.29 ear or body piercing in these two time
attoo 20 (22.7) 38 (10.9) 3.47 1.49-8.07 frames. Deferrals are divided into

* Data are reported as number (%).

whether the donor stated that the activ-
ity had occurred less than 6 months or 6

donation. After the decrease in the

TABLE 3. HBV risk factors, logistic regression model, 2005-2006*

deferral period (Group 2), no donors

should have been deferred for tattoo or

hepatitis or liver disease

Cass Co ierci y «
Risk factors et o =’2.7"';‘) A‘fga‘ed 05% G piercing that occurred more than 6
Ethnic origin - months before their donation attempt.
5::; or i?gmeastAsla 24 (34.8) 7 (2.5) 151.41 38659384 | 1he 10 donors in this category may
or Alrica 14 (20.3) 5(1.8) 74.42 17.34-319.29 have been defe i
South or West Asia 9 {13.0) 16 (5.8) 23.08 6.48-82.17 aft he ‘cri e'md o oon sborﬂy
European 18(261) 236 (85.8) 100 er the ‘criteria were changed. For
ch:g];:acloed' it 4 (5.8) 11 (4.0) 9.59 1.64-56.03 comparison, the number of donors
r sed institution 8(11.6) 6(2.2) 39.67 2.00-17.82 temporaril i
Death'in the family resulting 9 (13.6) 7 (2.6) 22.85 4.77-109.38 b i " deferred 3 ff)l' other risk
from lver cisease g g - factors in the self-administered portion
Living with someone who had 15 (23.8) 13 (4.7) 5.68 1.49-21.72 of thé DHAQ is noted for the two. time

frames. These deferrals varied in length

* Data are reported as number (%).

from 1 day for activities such as dental

cleaning to 12 months for activities

TABLE 4. Impact of change in deferral duration, Central and North Eastern Ontario

Deferral reason and interval

- Group 1, n = 329,203
(April 1, 2004, to July 31,.2005)

Group 2, n = 341,848 (September 1,
2005, to December 31, 2006)

before donation attempt <6 months >6 months Total <6 months >6 months Total
;gt(oo 187 17 304 237 4 241
iercing 465 248 - 713 476 1 482
Other temporary deferrals 156 35 191 146
self-administered questions “ e
Total deferrals DHAQ® 2074 787 2861 2335 208 2543

® Not including defervals due to donor Hb, malaria risk travel, or vital signs assessment.
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such as contact with an individual with hepatitis or jaun-
dice. Overall, the 1017 deferrals for tattoo and piercing in
Group 1 and the 723 deferrals in Group 2 represent 35.5
and 28.4 percent of total donor deferrals based on the
DHAQ before and after change in the deferral duration,
respectively (p < 0.0001). This does not include deferrals
due to donor hemoglobin (Hb), malaria risk travel, or
vital signs assessment. The number of donors deferred
for tattoo decreased by 21 percent while the number of
donors deferred for piercing decreased by 32 percent
after the change in deferral duration; the number of

other temporary donor deferrals based on the self-

administered portion of the questionnaire decreased by 3
percent, which was not significant (p = 0.80). In Group 1,
risk activities were not evenly distributed in the 6 to 12
months versus less than 6 months before the donation
attempt (p < 0.0001). For tattoo and piercing, respectively,
61 and 65 percent of reported risk activities occurred less
than 6 months before donation. Since many of the other
temporary deferrals in the comparison group were of
very short duration, one would expect the majority of
these to occur less than 6 months before the donation
attempt, as seen in Table 2.

DISCUSSION

Our results demonstrate that there was no increase in TD
rates after a shortening of the deferral period for tattoo or
ear and body piercing. Furthermore, engaging in these
activities, at least in the past 10 years, was not a risk factor
for HCV and HBV positivity, the only two markers with
enough positive donors to permit analysis. Piercings and
tattos, occurring in the past 6 months, were not infre-
quent in people who had recently successfully donated
and had negativé TD testing results. Shortening of the

deferral period had a positive effect on our inventory, '

although less than one would have expected.

Body adornment by tattoo and body piercing are’

increasingly common, with prevalence rates of 8 to 25
percent for tattoos and 14 to 51 percent for body piercing
reported in recent surveys conducted in various popula-
tion groups.*” It is therefore not surprising that tattoo-and
piercing are relatively common reasons for temporary
donor deferral, both for CBS and for other blood suppli-
ers,'®" Deferral rates are particularly high in younger
donors, who are early in their donation career and may
potentially have a'negative impact on donor return
rates.*!® Tattoo and piercing result in temporary deferral
periods of 6 to 12 months in various jurisdictions; in some
cases, shorter deferrals are permitted if additional testing
is performed for HBV or HCV or if the donor states that
single use needles were used.'*** In the United States, after
the FDA granted licence amendments to several blood
suppliers, AABB Standards were amended to permit dona-
tions if tattoos have been applied in a state-regulated
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entity with sterile needles and ink that has not béen
reused; however, this is only possible in states that regu-
late tattoo establishments.'™'®

Deferrals for tattoos and piercing were implemented
in Canada and other jurisdictions in the 1980s, when TD
testing, quality standards, and deferral for other higher
risk behaviors did not provide the same level of safety that
we ‘have achieved today.”” The current contribution of
these criteria to blood safety has not been extensively
evaluated. In our study there was no change in the TD
marker rate after shortening of the deferral period, in spite
of acceptance of donors who would otherwise have been

" deferred. If these behaviors were important.risk factors,

one would expect an increase in TD rates immediately
after implementation of the change. Zou.and coworkers'®
from the ARC found that returning donors who had been
temporarily deferred for potential infectious disease risk
did not have a higher prevalence of positive TD markers,
compared to other donors. . '
There are conflicting studies on the importance of
tattoo and piercing as risk factors for HBV and HCV in the
general population.*'*® However, causal associations are
generally difficult to establish and interpretation is limited -
by the different populations studied and by potential con-

- founding effects of other established risk factors such as

incarceration and IVDU, particularly since these carry

much stigma and may be less readily acknowledged by '

study participants than piercings and tattoos. In any.
event, neither ear or body piercing or tattoos (in the past -

- 10 years) were predictors of HCV or HBV positivity in our

study, in spite of their high prevalence in donors, and

- shortening the length of deferral had no effect on this.

Although we could not assess the association between
piercings or tattoos and HIV or HTLV due to their low
prevalence in donors and in the general population, it may
be expected that if these were independent predictors of
blood-borme pathogen transmission, they would be iden-
tified as such for HCV and/or HBV since these are more
prevalent infections in the ‘Canadian population and in
the donor population. Furthermore, failure to teport these
risk factors appears to be fairly common, with an esti-
mated 5265 donors having engaged in one of these behav-
iors in the last 6 months in 2006, and yet TD rates are very
Jow in Canada, underscoring the nonspecificity of these
behaviors as identifiers of risk.

" Studies on TD marker rates in the blood donor popu--
lation have consistently demonstrated much higher rates

. for first-time versus repeat donors, indicating that almost

all infections in the donor population are related to
remote rather than recent infections and risk factors.?
There have been several studies examining risk factors in
TD-positive donors.**% In a large, case-control study . -
performed by the REDS group in 1994 to 1995, ear or body
piercing was a weak risk factor for HCV positivity, while
tattoo was a risk factor on univariate analysis alone®




Similar results were obtained on an earlier US study.?®
Results of earlier studies may not reflect risks associated
with more recent piercings or tattoos, since these activities
are currently much more common in the general popula-
tion and less likely to have occurred in nonprofessional
settings, such as jails. More recent studies from Holland
and Australia are difficult to interpret because of the lack
of a control group or analysis to remove confounding
effects of IVDU and incarceration, which may be particu-
larly important for HCV trapsmission.2*

In Canada, a decrease in the deferral period from 12
to 6 months did result in decreased donor deferral rates
for tattoo and piercing. However, a 50 percent decrease in
the deferral interval only led to a decrease of 21 percent in
deferrals related to tattoos and 32 percent in deferrals
related to piercing. Analysis of the interval between dona-
tion attempt and reporting of risk behavior in Group 1
denionstrates an uneven distribution of reported risk
throughout the 12-month deferral period, with increased
reporting of more recent risk. Our donor survey data also
indicate that many donors who have donated recently
have engaged in one of these behaviors within the previ-
ous & months. Since there were likely a few weeks between
the time when the donor made her or his last donation
and completed their survey questionnaire, it is possible
that 2 minority of donors engaged in the behavior after
donating, however, most likely failed to report deferrable
risk. Donors may judge that more temporally remote risk
behaviors that did not result in infection do not actually
require reporting and may also have decreased recall
of more remote behaviors.”” In spite of the less-than-
expected donation gain, a decrease in deferral period was
still advantageous, as it will result in approximately 2000
additional donations annually, without any adverse effect
on safety. Additionally, the data generated provide reas-
surance that a further reduction of the length of deferral
would not be expected to have any impact on safety. Inter-
estingly, preliminary results from a study in Spain demon-
strated that a reduction in donor deferral period from 12
to 4 months for a variety of risk activities, including tattoos
and piercing, did not result in any increase in TD marker
rates, but led to a less-than-expected decrease in deferral
rates of 17 percent.?”

In summary, tattoos and piercing are frequent in
donors, reflecting their increasing popularity in the
general population. Qur data suggest that deferral of
donors for recent tattoo or piercing has a very limited
contribution to blood safety in Canada, since decrease in
the deferral period did not change the TD marker rate.
Additionally, undisclosed risk is common, the TD marker
rate is extremely low, and recent tattoo or piercing are not
independent risk factors for HBV or HCV .infections in
donors. Given that window periods for HCV and HBV are
estimated at less than 10 and less than 45 days, respec-
tively, for HCV minipool NAT and HBsAg tests currently
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performed in Canada, a decrease in the duration of defer-
ral to 4 months, which is the current EU standard, would
not be expected to have any negative impact on safety.?!
The value of other temporary deferrals should similarly be
reassessed.
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Reactivation of hepatitis B refers to the

abrupt increase in hepatitis B virus (HBV)

replication in a patient with inactive or resolved hepatitis B. Reactivation can occur
spontaneously, but more typically is triggered by immunosuppressive therapy of cancer,
autoimmune disease, or organ transplantation. Reactivation can be transient and clini-
cally silent, but often causes a flare of discase that can be severe resulting in acute hepatic
failure, Most instances of reactivation resolve spontancously, but if inmune suppression
is continued, re-establishment of chronic hepatitis occurs which can lead to progressive
liver injury and cirrhosis. The best-described instances of reactivation occur in hepatitis
B surface antigen (HBsAg) carriers with inactive or minimally active discase who are
given cancer chemotherapy for lymphoma or leukemia. Typically, serum HBV DNA
rises during chemotherapy, followed by a diseasc flare and HBV DNA clearance with
imniune reconstitution after chemotherapy is stopped. Special forms of reactivation
occur after solid organ and bone marrow transplantation in which chronic infection

often results. Several randomized, placebo

-controlled trials have shown that reactivation

can be prevented by antiviral prophylaxis. Routine prophylaxis is therefore recom-
mended for persons with HBsAg undergoing cancer chemotherapy or transplantation,
but major questions remain. Which patients should be screened for HBsAg and should

all be treated? Which antiviral should be

used and for how long? Should persons with

resolved hepatitis B without HBsAg receive prophylaxis? Future research should address
the underlying molecular mechanisms of reactivation as well as its optimal means of
diagnosis, treatment, and prevention in different patient populations. (HErATOLOGY 20093

49:5156-5165.) ' :

Introduction

Reactivation of hepatitis B is a well-characterized syn-
drome marked by the abrupt reappearance or rise of hep-
atitis B virus (HBV) DNA in the serum of a patient with
previously inactive or resolved HBV infection. Reactiva-

Abbreviations: AASLD, A Axociation for the Study of Liver Diseases;
ansi-HBe, antibody 1o hepatitis B core antigen; anti-HBs, antibody to beparitis B
surface antigen; anti-HBe, antibody to heparitis B ¢ antigen; HBeAg, heparitis B e
antigen; HIBiAg, beparitis B surfice antigen; HBV, hepatitis B virus; HIV, buman
immuniodeficiency virus; TNF, .tumor necrosis factor.
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tion is also often, but not always, accompanied by reap-
pearance of disease activity or a flare of hepatitis in
previously minimal or inactive disease. Reéactivation can
be spontaneous, but is most commonly triggered by can-
cer chemothetapy, immune suppression, or alteration in .
immune function. Reactivation can lead to dlinically ap- &
parent acute hepatitis, which can be severe and result jn
acute liver failure and death. Nevertheless, alarge number
of cases of reactivation are subclinical and resolve sporita- .
neously, or result in persistent infection which may go
undetected until advanced liver disease is present or the
disease has been transmitted to. sexual or family contacts.-
The importance of reactivation of hepatitis B rests on -
its potential severity and the ease of its prevention with .
praphylactic oral antiviral therapy. In addidon, reactiva-
tion reveals fundamental features of HBV and its ability
to persist in a latent replicative form for prolonged periods
despite other evidence of viral clearance. Importantly, the
lack of recognition of reactivation and its complex viro-
logical and biological features often cause confusidn and
delayed recognition until it has already occurred and -

caused clinical consequences. Furthermore, reactivation = -

can be misdiagnosed as superimposition of another form
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of liver discase (drug-induced liver disease, alcoholic liver
disease) occurring in a previously stable, inactive HBV
carrier. There is a need for a wider awareness about reac-
tivation of hepatitis B, when and where it occurs and how
it should be prevented or managed.

Virological and Clinical Features of HBV
Reactivation

HBV reactivation occuts in many situations in which a
person with mild or inactive hepatitis B is exposed to
immunosuppressive agents or suffers from immune defi-
ciency. Reactivation has been shown to occur with che-
motherapy for solid cancers and leukemia!> particularly
when using rituximab;¢ with immune modulation using
prednisone or infliximab for autoimmune conditions;?
with progression of human immunodeficiency virus
(HIV) infection;? after solid organ transplantation (heart,
lung, kidney);'®!t and, most commonly and dramati-
cally, after bone marrow!#!2 and liver transplantation. ™

The typical course of reactivation is shown in Fig. I,
* which shows the course of two heparitis B surface antigen
(HBsAg)-positive patients who received cancer chemo-
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Chemotherapy,
Cycle
1600 Fig. 1. (A) Reactivation of hepatitis B in an
HBsAg carrier with testicular cancer undergoing
cyclic chemotherapy. After the second course of
chemotherapy, he presented with jaundice and
marked elevations in ALT and HBV DNA polymer-
ase activity in serum. Testing of stored serum
demonstrated HBsAg without HBeAg or detect-
able HBV DNA before chemotherapy. The acute
hepatitis eventually resolved and he tolerated
further courses of chemotherapy without recur-
rent reactivation. In follow-up 18 months iater,
he was HBsAg-negative and anti-HBs positive.
(B) Reactivation of hepatitis B in an HBsAg
carrier with non-Hodgkin's fymphoma undergoing
cyclic chemotherapy. After the third course of
chemotherapy, she presented with jaundice and
marked elevations in ALT and HBV DNA polymer-
ase activity. Testing of stored serum demon-
strated HBsAg without HBeAg and low levels of
HBV DNA polymerase in serum before chemo-
therapy. The acute hepatitis eventually resolved,
but she developed HBV reactivation agaln when
chemotherapy was restarted. Prospective moni-
toring demonstrated the rise in HBV DNA with
the first course of treatment, but only mild ALT
elevatlons and no clinical symptoms until. che-
motherapy was stopped, at which point she
suffered a severe bout of icteric hepatitis. Ap-
proximately 6 months later, she was found to
have cleared HBsAg and tested positive for anti-
HBs. Modified with permission from Hoofnagle
et al.3
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therapy in the carly 1980s before the availability of anti-
viral therapy which might alter the course and outcome.3
HBYV reactivation can be separated into three phases: (1)
increase in HBV replication; (2) appearance of hepatic
injury; and (3} recovery (Table 1).

Reactivation stares with the abrupt increase in viral
replication that typically occurs soon after initiating im-
mune suppression or chemotherapy. The degree of in-
crease in viral replication is measured by the rise in HBV
DNA in serum (the examples show HBV DNA polymer-

Table 1. Three Phases of HBV Reactivation

Diagnostic
Phase Feature Markers Comments
1 Increase in Viral Replication  HBV DNA Rise of > 1 log;q IU/mL
HBeAg In HBeAg negative
HBsAg - Reverse sefoconversion

2 Appearance of Disease Activity AT Rise of > 3 times baseline

Symptoms Indicative of mure severe
Jaundice injury
3 Recovery HBY DNA Fall to baseline values
ALT Fall to baseline values
HBsAg May be cleared late

$158  HOOFNAGLE

ase activity, an insensitive, carly quantitative measure of
viral replication). In paticnts without hepatitis B ¢ antigen
(HBeAg), this marker may reappear in the serum. The
second phase of reactivation starts when immunosuppres-
sion is withdrawn or decreased and hepatocellular injury
or hepatitis arises, as shown by rises in serum aminotrans-
ferase levels and, in more severe instances, symptoms and
jaundice. During this phase, HBV DNA levels may start
to fall. The third phase of reactivation is recovery, as the
evidence of liver injury resolves and HBV markers return
to baseline Jevels.

Not all patients with reactivation have all three phases.
In some patients, HBV DNA reappears and rises to high
levels, bur there is no immune reconstitution and no liver
injury arises. These patients also typically do not recover
completely, a pattern that is common in patients who
remain immunosuppressed, such as solid organ and bone
marrow transplant recipients.'®!3 In other padents, the

hepatitis phase is severe and can be fatal so that recovery

does not occur.! In other instances, the hepatitis phase
persists and a chronic hepatitis is established, of varying
severity. Finally, recovery may be marked by a retura to
the previous inactive state of hepatitis B or may actually
result in more complete recovery. In the examples shown
in Fig. 1, both patients ultimately became HBsAg-nega-
tive and developed antibody to HBsAg (anti-HBs). The,
examples also show that restarting chemotherapy and im-
mune suppression does not necessarily cause recurrence of
reactivation (Fig. 1A), but in some instances can (Fig.
1B).

The Frequency of HBV Reactivation

The frequency of reactivation is not well defined. In a
landmark study from the 1980s, investigators from Hong
Kong carefully followed 100 patients with lymphoma
while undergoing cancer chemotherapy for virological,
serological, and biochemical evidence of reactivation. Al-
most half of the 27 HBsAg-positive patients (48%) devel-
oped reactivation during or shortly after chemotherapy,
compared to 0 of 22 patients with no serological markers
for ongoing or previous hepatitis B. Importantly, two of
51 patients (4%) with serological evidence of resolved
hepaditis B (without HBsAg, but with antibody to hepa-
titis B core antigen [anti-HBc] in serum) developed reac-
tivation with reappearance of HBsAg in serum. This latter
pattern is commonly referred to as “reverse seroconver-
sion” and represents an extreme form of HBV reactiva-
tion. In this initial prospective study, half of patients who
developed reactivation became jaundiced, and 20% of
patients with jaundice died. While the incidence of reac-
tivation has varied in different case series, the fatality rate
of HBV reactivation has been consistently greater than
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10%, far higher than the fatalicy rate of typical acure hep-
atitis B and similar to fatality rates of hepatocellular drug-
induced liver injury.

A recent meta-analysis of the role of prophylaxis with
lamivudine in preventing reactivation of hepatitis B has
provided support for these early results on the frequency
of its occurrence.}® Among 13 studies enrolling 424 pa-
tients who did not receive prophylaxis, the combined rate
of HBV reactivation was 50%, ranging in individual stud-
ies from 24%-88%. Subsequent studies have assessed risk
factors for developing reactivation; the likelihood of HBV
reactivation is higher in padents with HBeAg or HBY
DNA before chemotherapy'é and with the use of cortico-
steroids in the chemotherapy regimen.'7 Actually, the
most important factor—the aggressiveness of the cancer
chemotherapy or rigor and duration of immune suppres-

sion—could not be analyzed in these studies because of

the homogenous populations enrolled.

The role of degree of immunosuppression in the fre-
quency and severity of HBV reactivation is highlighted by
reports of severe reactivation following more aggressive
forms of chemotherapy or immune suppression such as
with the use of rituximab?® or fludarabine’® in the therapy
of lymphoma. Riruximab is a monoclonal antibody
against CD20, a-major cellsurface marker on B cells,
which cffectively reduces B celi numbers and antibody
levels. The rate of HBV reactivation with rituximab ther-
apy has not been defined but appears to be high. Thus, in
the 12 individual case reports of HBV reactivation asso-
ciated with ricuximab therapy in the literature, the mor~

tality rate was 83%, and five cases occurred in patients

‘who were HBsAg-negative before therapy (reverse sero-
conversion).®!8-28 In cases of reverse seroconversion, the
reappearance of HBsAg and HBV DNA typically occurs

late, after several cycles of chemotherapy with ricuximab, -

and generally at a time when and-HBs and anti-HBc have
fallen to low or undetectable levels (Fig. 2).2¢

HBV Reactivation After Inmune
Suppression for Nonmalignant Disease

Reactivation is not limited to patients with cancer un-
dergoing chemotherapy (Table 2). Simple immune sup-
pression as is given to patients with autoimmune or’
allergic diseases who have either HBsAg or ant-HBc in
serum can also induce reappearance of HBV replication
and disease activation, although at-a lower rate than oc-
curs with cancer chemotherapy.” Thus, reactivation of
hepatitis B is uncommon with immune suppression using
azathioprine and low doses of corticosteroids, but has

been reported (rarely) with long-term use of methotrex-.

ate.2>-31 Although rare reports of reactivation have been

described in patients receiving corticosteroids alone, more
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striking examples occur after the use of potent immune
suppression such as with anti~tumor necrosis factor-alpha
therapies (infliximab).® Thus, there have been more than
a dozen published reports of severe reactivation (three
being fatal) after use of infliximab for Crohn’s disease,
rheumatoid arthritis, or ankylosing spondylitis which has
tesulted in a “black box” warning,832-36 The rates of reac-
tivation have been difficult to ascertain, because only rare
patients receiving these therapies have pre-existing HB-
sAg or anti-HBc, and prophylaxis with nucleoside analog
is now common. In a study from Spain,® patients who
were both HBsAg-positive and who did not receive pro-
phylaxis with lamivudine developed severe ‘reactivation
after treatment with infliximab, whereas no patient given
lamivudine prophylaxis during infliximab therapy devel-
oped reactivation.

Organ Transplantation and HBV
Reactivation

Solid organ transplanation usually requires long-term
moderate-to-severe immune suppression to prevent rejec-
tion and, consequently, is a setting for occurrence of HBV
reactivation in susceptible patients. Before the introduction
of antiviral prophylaxis, the rates of HBV reactivation after
renal transplantadon ranged from 50%-94%.1037-3% Reacti-
vation was frequently subclinical and resulted in chronic

Table 2. Different Causes and Forms of HBV Reactivation

Spontaneous

(HIV Infs

Sudden Withdrawal of Antiviral Therapy
Cancer Chemotherapy
for or Allergic Conditions

Solid Organ Transplantation (Kidney, Heart, Lung)
Liver Transplartation (Reactivation In Graft)
Bone Marow Transplantation
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Fig. 2. Fatal reactivation of hepatitis B with
reverse seroconversion in a patient with large B-celt
lymphoma treated with rituximab-CHOP {(cyclo-
phosphamide, doxorubicin, vincristine, and dexa-
methasone). The patient was HBsAg-negative but
anti-HBc-positive before therapy, becoming HBV
DNA-positive during the last of six cycles of che-
motherapy and subsequently developing HBsAg
and rising levels of ALT and bilirubin leading to
acute liver failure and death. Modified from Yama-
gatd et al.28

(1p/6w) waning

hepatitis rather than acute reactivation episodes. For this rea-
son, the frequency and consequences of HBV reactivation
were often overlooked. A similarly high rate of reactivation
occurs after heart cransplantation. ! Rates of reverse serocon-
version after kidney and heart transplantation have not been
well defined, but may be rising in recent years with the use of
more potent antirejection regimens.'® Currently, patients
evaluated for heart, lung, and kidney ransplantation are rou-

tinely tested for HBsAg and ant-HBc and, if positve, con- -

sidered for anciviral prophylaxis and long-term antiviral
treatment. % Atissue is the long-term benefit of this approach
and whether aritiviral therapy must be continued indefi-
nitely.

Liver transplantation offers a special and somewhar con-
fusing example of reactivation. Because the infected liver is
removed at ransplanation, the reappearance of HBsAg and
HBY DNA afterwards in HBV-infected transplant recipi-
ents is considered reinfection rather than reactivadon. Rein-
fection- is almost universal after liver transplantation- in
patients who are HBsAg-positive, but can be reliably pre-
vented by appropriate use of heparitis B immune globulin

and antiviral therapy. 4! Reinfecton after liver transplanca- .

ton for patients with ant-HBc without HBsAg appears to
be uncommon, and such patients are usually not given im-
munoprophylaxis or long-tcrm therapy.4!

Reactivation in the setting of liver transplantation occurs
when the organ donor rather than recipient is positive for
HBsAg or, more froquently, for ant-HBc. Indeed, the most
dramaric examples of reverse seroconversion occur with the
transplantation of a liver from a donor with ant-HBc with-
out HBsAg into a recipient without HBV infection, 144246
Retrospective analyses indicate that approximately 70% of

such transplants result in HBV infection in the recipientand

almost always results in chronic infection which can be pro-
gressive and severe. ' '

S160  HOOQFNAGLE

Fig. 3. Reverse seroconversion occuming 20
months after successful bone marow transplanta-
tion for chronic myelogenous leukemia in a patient
who was HBsAg-negative but anti-HBs-positive and
anti-HBc-positive before transplant. Levels of anti-
HBs and anti-HBc fell during 16 months after
transplantation, and HBV DNA arose shortly there-
after. HBsAg was detected ance HBV DNA levels
rose above 1000 copies/mL. The patient required
[ d immunosuppression with prednisone,
cyclosporine, and mycophenytate mofetli for graft-
versus-host disease. Serum -ALT levels remained
nomal. Modifled from Knoll et al.'2

The reappearance of hepatitis B in the recipient of a
liver donor with serological evidence of recovery from
hepatitis B (anti-HBc with or without anti-HBs in the
absence of HBsAg) indicates that HBV can become latent
and that virus with replicative capabilities remains in the
liver in patients who have recovered from hepatitis B.
Indeed, blood from such donors can be infectious for
hepatitis B,*7 and persons who have recovered from acute
or chronic hepatitis B have been shiown to harbor HBV
DNA in liver despite absence of active liver disease or
presence of HBsAg or HBV DNA in serum. 4850

For these reasons, donors with anti-HBc¢ (even without
HBsAg) are not used in liver transplantation, unless they are
given to patients undergoing transplantation for hepatitis B
(and thus who will receive antiviral prophylaxis) or are given
with informed consent to a patient who receives long-term
prophylaxis with an antiviral agent.%%4t Reactivation can be
prevented by prophylactic antiviral therapy in this situation,
but the long-term efficacy and safety of this latcer approach
have yet to be fully documnented.'-53

Bone Marrow Transplantation and HBV
Reactivation

Perhaps the most dramatic examples of HBV reactiva-
tion have been described in patients undergoing bone
marrow transplantation. In typical allogencic bone mar-
row transplantation, the recipient bone marrow is ablated
using high doses of chemotherapy and then replaced by
the infusion of donor marrow from someone who may or

-may not have immunity to hepatitis B. Thus, bone mar-

row transplantation represents the most extreme form of
immune suppression/ablation. Reactivation of hepatitis B
is almost universal among patients with HBsAg undergo-
ing bone marrow transplantation.5657 In addition, reverse
seroconversion is common, although it is often not de-
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Months After Stem Cell Transplant

tected or is misdiagnosed, 12135840 [ retrospective anal-

yses using sensitive serological and virological markers, a

high proportion of persons with anti-HBc without HB-

sAg in serum redeveloped HBV DNA and HBsAg after

bone marrow transplantation, occurring in three of six

patients (50%) in a study from Germany*2 and in seven of
14 patients (50%) in a study from Japan.'3 Serial testing

demonstrated that the bone marrow recipients gradually

lost anti-HBs reactivity, with levels of antibody falling to

undetectable between 1 and 3 years after transplantation.

With loss of anti-HBs (and anti-HBc), HBV DNA ap-

peared'and levels increased; once HBV DNA levels rose

above ~1000 copies/mL (~200-IU/mL), HBsAg typi-

cally appeared in the serum (Fig. 3). In the case series,

most patients did not develop clinically apparent hepati-

tis, but among those with dlinically apparent disease, fa-

talities are not infrequent. Importantly, reactivation and -
particularly reverse scroconversion usually occurred late,

between 1 and 3 years after the bone marrow transplan-

tation, and further follow-up may show that a higher pro- -
portion of patients would eventually become infected.

Because of multiple publications of fatal instances of re-

verse seroconversion after bone marrow transplantation,

current recommendations are for all potential marrow

recipients to be tested for HBsAg, anti-HBs, and and--
HBc and patients with HBV markers should receive an-

tiviral prophylaxis. Although this approach appears to be
effective, the late development of reactivation after bone
marrow transplantation suggests that long-term, if not
lifelong, antiviral prophylaxis may be necessary.61-66

Spontaneous Reactivation

Chronic hepatitis B is a dynamic condition, and pa- -
tents with inactive infection (the inactive HBsAg carrier
state) can revert spontancously to the immune-actve .
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phase with reappearance of high levels of HBV DNA and
disease activity.5-6 Indeed, a not uncommon pattern of
discase in paticns with HBeAg-negative chronic hepatitis
B is a relapsing course with periods of normal alanine
aminortransferase (ALT) levels and no or low levels of
HBYV DNA followed by acute episodes of marked ALT
elevations and HBV DNA detectability.™ This pattern
represents recurrent HBV reactivation and can present in
a fashion resembling acute viral hepariris™ 72 and appears
to have a high likelihood of resulting in cirrhosis 6979
Spontancous reactivation of chronic hepatitis B is often
misdiagnosed,”® yet this pactern of disease activity has
been found to be quite responsive to antiviral therapy
with nucleoside analogs which block the episodic flares of
discase.?

Reactivation of Hepatitis B in HIV-Infected
Patients

The progressive immunodeficiency that accompanies
chronic infection with HIV can lead to reactivation in
patients with chronic HBV infection and reverse serocon-
version in patients with anti-HBc without HBsAg in se-
rum. Testing of stored serum specimens from paticnts
with HIV infection followed in clinical research cohorts
has identified several instances in which anti-HBs reactiv-
ity is gradually lost and HBsAg with HBV DNA and ALT
clevations appears.”+76 Many of the antiretroviral agents
used to treat HIV infection also have activity against
HBV, and in several instances, patients have had sudden
exacerbation of chronic hepatitis B when HIV medica-
tions are adjusted and drugs with activity against HBV
(lamivudine, tenofovir, emtricitabine) are discontin-
ued.”” A simjlar severe flare in hepatitis that is potentially
fatal can occur in HIV-uninfected individuals who
abruptly stop lamivudine therapy.”® For these reasons,
patients with HIV infection should be tested for HBV
markers and patients with HBsAg and/or anti-HBc
should noc be switched away from agents with anti-HBV
acrivity,

Prevention of Reactivatioh

Controlled clinical trials?# and several subsequent
meta-analyses'S# 82 have shown that prophylaxis with
nucleoside analogs (most commonly lamivudine) de-
creases the incidence of HBV reactivation and the fre-
quency of clinical hepatitis and death from HBV-
associated liver injury in patents undergoing cancer
chemotherapy. Initiating therapy once reactivation has
~ occurred is typically done for control subjects in these
trials and appears to be ineffective.
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Fig. 4. Rates of HBV reactivation, hepatitis, and fatal hepatitis in two
prospective, randomized controlled trials of prophylactic versus delayed
(therapeutic) tamivudine in patients with malignant lymphoma undergo-
ing cancer chemotherapy. (A) Study from Hong Kong in 30 patients.™
(B) Study from Taiwan in 52 patients®®; numbers in the horizontal bars
represent number of cases that arose during the period of praphylaxis
versus number of cases that arose afterward.

There have been two prospective, randomized con-
trolled trials of lamivudine prophylaxis against HBV re-
activation in patients with HBsAg who were undergoing
chemotherapy for malignant lymphoma. Both studies
were conducted in Asia, one from Hong Kong” and one
from Taiwan.2° Both studies enrolled HBsAg-positive pa-
tients only (not those with and-HBc¢ without HBsAg)
who were scheduled to undergo chemotherapy for previ-
ously untreared lymphoma. In the study from Hong
Kong,72 30 patients were enrolled and randomized to re-
ceive prophylactic lamivudine (100 mg daily starting 1
week before chemotherapy and stopping 6 weeks afrer
completion of the last cycle of chemotherapy) or lamivu-
dine treatment only if reactivation were documented to
occur. Reacrivation was defined by a 10-fold rise of serum
HBV DNA levels and “hepatitis” was defined by a three-
fold increase in ALT levels in patients with HBV react-
vation. Reactivation occurred in eight of 15 control
subjects' (53%) but 0 of 15 patients given lamivudine
prophylactically (P = 0.002) (Fig, 4A). Seven of the cight
instances of HBV reactivation were accompanicd by hep-
atitis (88%), two were icteric (25%), and one was fatal
(12%).
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A second study was recently published from Taiwan®®
which employed a similar design, and, indeed, was dis-
continued early because of the results of the study from
Hong Kong, In this multicenter trial, 52 HBsAg-positive
patients with newly diagnosed non-Hodgkin’s lymphoma
were randomized to receive either prophylactic or thera-
peutic lamivudine. The prophylactic group received 100
mg daily starting 1 week before chemotherapy and con-
tinuing for 2 months after completion of chemotherapy.
The therapeutic group received lamivudine if serym ALT
levels rose during therapy. Definitions of HBV reactiva-
tion (1 logyo rise it HBY DNA levels) and hepatitis
(three-fold rise in ALT levels) were similar in the two
studies. Among 26 patients receiving lamivudine prophy-
lactically, only three (12%) developed HBV reactivation
while on therapy compared to 14 of the 25 control pa-
tents (56%) (P = 0.002). Most conrrol patients with
HBV reactivation also fulfilled criteria for hepatitis
(82%), and five patients developed jaundice. In contrast,
the ‘cases of reactivation in the prophylactic group were
mild and were not accompanicd by jaundice. Two of the
patients who developed reactivation despite lamivudine
therapy were found to harbor lamivudine-resistant HBV
which had not been detected before therapy. Most impor-
tantly, HBV reactivation and hepatitis were also common
after therapy was stopped, occurring in similar propor-
tions of the prophylactic (19%) and the therapeutic
(14%) groups (Fig. 4B). In addition, cases of reactivation
occurring after prophylactic therapy tended to be clini-
cally apparent: three patients developed jaundice and two
died of liver failure.

Thus, both studies clearly demonstrated that prophy-
lactic lamivudine decreased the rate of HBV reactivation
and hepatitis; however, the larger trial from Taiwan,
which had a more rigorous design and follow-up, demon-
strated that HBV reactivation is not completely climi-
nated by prophylactic lamivudiné treatment, perhaps
because of development of lamivudine resistance, and
that continuation of therapy for 2 months after stopping
chemotherapy. was not adequate to prevent delayed reac-
tivation.

Prospective trials of antiviral prophylaxis have not been
performed in other siruations with high tisk for HBV
reactivation (bone marrow transplantation, solid organ
transplantation, HIV infection, immune modulation for
autoimmune conditions), but small case series with his-
torical controls indicate that reactivation appears to be-de-
creased, if not eliminated, if prophylaxis is provided.8#3-47
Given the safety and tolerability of current nucleoside
analogs for hepatitis B and given that prophylaxis against
reactivation of hepatitis B appears to be effective, it would
seem appropriate to recommend its application widely.
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Indeed, clinical guidelines from expert groups in Asia,
Australia,-Europe, Canada, and the United States all rec-
ommend prophylaxis against reactivation of hepatitis B in
high-risk situations.#s-!

Conclusions and Recommendations

Reactivation of HBV is 2 common occurrence after
immune suppression and can be clinically severe and re-
sult in death from acute liver failure or progressive liver
disease and cirrhosis. HBV reactivation can be prevented
in some instances by prophylactic use of antiviral agents.
Nevertheless, it is difficult to make rigorous recommen-
dations regarding the prevention and control of HBV
reactivation. Issues include: which patients should be
screened for evidence of hepatitis B before starting im-
mune suppression or chemotherapy? Should screening -
tests include both HBsAg and anti-HBe? Which partients
should be offered prophylaxis against reactivation? Which
antiviral agent should be used? And for how long? Using
what tests to monitor therapy for both efficacy and safery?

Recommendations regarding reactivation have been
published by several academic societies®® and by the
Centers for Disease Control and Prevention,* but the
recommendations differ and are frequently complex and
require special expertise or knowledge about hepatitis B
and its risk factors and serology. Based on the current
literarure about reactivation as well as the realization that
chemotherapeutic and immunosuppressive regimens .
continue 1o cvolve and have become more rigorous and
aggressive with newer immunosuppressive agents and reg-
imens, simple recommendations can be made, although
not all are convincingly supported by medical evidence. )

All patients who are to undergo cancer chemotherapy,
marked immunosuppressive treatments or solid organ or
bone marrow transplantation should be screened for evi-
dence of ongoing or previous hepatitis B (for HBsAg and
anti-HBc). ’

Persons found to be HBsAg-positive should be evalu-
ated for indications for therapy of hepatids B and, if
found to warrant treatment, started on appropriate ther-
apy before starting cancer chemotherapy or immune sup-
pression. Such therapy should continue for the duration
of chematherapy and for as longas dictated by the chronic
hepatitis B. .

Persons found to have the inactive HBsAg carrier state
or immune-tolerant chronic hepatitis B should receive
antiviral prophylaxis before starting chemotherapy or im-
mune suppression.

Persons found ro have anti-HBc without HBsAg in
serurn should be considered for antiviral prophylaxis if
they are scheduled for argan or bone marrow transplan-
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tation or if aggressive or prolonged chemotherapy or im-
mune suppression is planned.

Prophylaxis against HBV reactivation should continue
for at least 6 months after stopping chemotherapy. In
situations in which immune suppression is continued for
the long term, long-term prophylaxis should be consid-
ered.

Although lamivudine or adefovir may be adequate for
short-term prophylaxis, antiviral nucleoside analog with a
higher barrier to resistance should be considered for pa-
tients in whom long-term prophylaxis is likely, particu-
larly if high levels of HBV DNA are present before

immune suppressive therapy.

Needs for Future Research

The complexity of reactivation of hepatitis B and the
many issues surrounding its management call for prospec-
tive studies of its incidence, pathogenesis, treatment, and
prevention. At present, recommendations have to be
based on our understanding of reactvation, uncontrolled
observations, and limited studies of its prevention. Be-
cause the oral nucleoside analogs active against hepatitis B
are relatively potent and are well tolerated, prevention is
casy to recommend. More difficult is to decide when to
stop therapy and how to monitor patients before or dur-
ing prophylaxis. Although future controlled studies of
prophylaxis versus no prophylaxis are not warranted, con-
trolled trials of different approaches to prophylaxis are’
reasonable and would provide valuable information.
Thus, prospective clinical trials might compare the effi-
cacy of lamivudine versus entecavir or tenofovir, or eval-
uate discontinuation of prophylaxis at 2 versus 12 months
after stopping chemotherapy. Studics of nonliver organs
from donors with anti-HBc without HBsAg might be
developed that compared limited, short-term prophylaxis
to continued antiviral therapy. These studies should in-
clude careful virological analyses and ancillary studies di-
rected at elucidating the nature of HBV latency, factors
that lead to an increase in HBV replication and liver cell
injury, and features of the innate and adaptive immune
system that lead to immune clearance of HBV after acute
reactivadon.
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BLOOD DONORS AND BLOOD COLLECTION

- Age- and gender-specific distributions of hepatitis B virus (HBV)

genotypes in Japanese HBV-positive blood donors

Akira Yoshikawa, Yuko Gotanda, Yoshiharu Suzuki, Masako Tanaka, Harumichi Matsukura,
Toshio Shiraishi, Keiji Matsubayashi, Emi Kon, Ko Suzuki, Hisao Yugi, and the Japanese Red Cross
HBV Genotype Research Group

BACKGROUND: There are an increasing number of
reports on the hepatitis B virus (HBV) genotype distribu-
tion in acute or chronic HBV-infected patients in Japan;
however, reports on the HBV genotype of blood donors
are few. To compare the HBV genotypes of hepatitis B
surface antigen (HBsAg)-positive blood donors with
infected patients, all the HBsAg-positive donors' geno-
types were determined,

STUDY DESIGN AND METHODS: Data on Japanese
blood donors from October 2006 1o September 2007
were obtained from the Japanese Red Cross database.
The number of avallable samples was 1979, and the
HBV genotypes were determined in 1887 samples. The
six major genotypes of HBV (A-F) were determined by
enzyme-linked immunosorbent assay. The presence of
the immurioglobulin M (IgM) antibody against the HBV
core antigen was determined by enzyme Immunoassay
among all HBsAg-positive donors.

RESULTS: A significant difference in the HBV genotype
distribution between donors and patients was in the C/B
genotype ratio. The ratios were low in blood donors
(2.0-3.9) and high in patlents (5.3-18.2). The genotype
B ralio increases from 13.8% in teenage donors 1o
42.4% in those in their 50s; however; the genolype C
ratio decreases from 83.1% in teenage donors 10 55.1%
in those in their 50s. In both IgM antibody against hepa-
titis B core antigen and nucleic acid test—positive
donors, genotypes A and B were restricted 16 male
donors.

CONCLUSIONS: The age-specific dislribuﬁo_n of HBV
genotypes in Japanese blood donors was observed in
the B/C genotype ratio. The gender-specific distribution
of HBV genotype A, which originated from the US or
Western countries, was observed in male Japanese
donors.
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he hepatitis B virus (HBV) genotype is impor-
tant in epidemiologic studies, analysis of modes >
of infection, and medical treatment. There are {)
eight HBV genotypes designated as A to H on the
basis of greater than 8% nucleotide variation over the
entire genome."* HBV genotypes are distributed in dis-
tinct geographical localizations,'* HBV genotype A is
detected in America, Northern Europe, and India.* Geno-
types B and C are prevalent in Asia.’ Genotype D is
detected around the Mediterranean Sea.* Genbtype Eis
restricted to Africa,? and Genoiypes F and H are prevalent
in South and Central America.? Genotype G has been’
found in France, Germany, the United States, and Mexico.?
The clinical significance of HBV genotype has been
reported. The HBV genotype may affect hepatitis B e
antigen (HBeAg) seroconversion rates, mutational pat-
terns in the precore and core promoter regions, response
1o interferon, and the severity of liver disease.**™* Com-
parisons between Genotypes A and D in Europe and
America, and between Genotypes B and C In Asia, have
been reported. Genotypes A and B are more sensitive to
interferon than Genotypes C and D*

ABBREVIATIONS: HBeAg = hepatitis B e antigen;
JRC = Japanese Red Cross; MSM = uen who had sex with other
men.
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Despite the distinct geographical localization of
HBV genotypes, the rate of Genotype A has increased in
Japanese blood donors as well as Japanese acute HBV
patients.”® To provide an overview of the present state of
HBV infection and the HBV genotype distribution in
Japanese blood donors, the HBV genotypes of hepatitis B
surface antigen (HBsAg)-positive donors from October
2006 to September 2007 were determined.

MATERIALS AND METHODS

Data of blood.donors )
Data of Japanese blood donors were obtained from the
Japanese Red Cross (JRC) database. The number of total
blood donors was 4,974,911, and the number of HBsAg-
positive donors was 2043 (0.041%), The number of first-
lime bloed donors was 594,096, and the number of
HBsAg-positive first-time blood deriors was 1362 (0.23%)
from October 2006 to September 2007.

The number of available samples was 1979, and the
HBV genotypes could be determined in 1887 samples. The
HBV DNA load-of the other 92 samples was too low for
the determination of the HBV genotypes.

Determination of HBV genotypes and
subgenotypes ’
The six major HBV genotypes (A-F) were determined by

. enzyme-linked jmmunosorbent assay (ELISA; HBV Geno-

type enzymeimmunoassay [ELA], Institute 6f Immunology,

- Tokyo, Japan). This method involves the use of monoclonal

antibodies directed to five epitopes exposed on the pre-52
region of the HBV genome."When a genotype cotild notbe
determined by the ELISA, they were determined by direct
sequencing of the surface region using a cycle sequencing
kit and a.genetic analyzer (BigDye Terminator and AB}
PRISM 3100, réspecu've]y, PE Applied Biosystems, Foster
City, CA). Toanalyze the sequences, two different computer
programs were used (SEQUENCHER MAC, Version 4.1,
Hitachi Software Engineering, Tokyo, Japan; or GENETYX
MAC, Version 9.0, Software Development Co., Tokyo,

. Japan): The primers from HBsAg region were used as

follows: S1-1 (sense, 5’-_TCGTG'I'TACAGGCGGGG’1"JT—
¥'[nts]192-211), S1-2_(antisense, 5'-CGAACCACTGAACA
AATGGC-3'(nts}689-5-704), S2-1 (nested sense, 5'-CAAG

GTATGTTGCCCGTTTG-3nts}455-474), and S2-2 (nested -

amisex_use, . 5'-GGCACI‘I\GTAMC']'GAGCCA-B’(nts)GGB-

. 687).

The subgenotypes Aa (Asian type) and Ae {European
type) were determined on the basis of the o region of 1556
‘bases {nt 2333-3221 and 1-667) and the subgenotypes Ba

(Asian type) and Bj (Japanese type) were determined on

the basis of the precore region of nucicotide 1838.'213 The
primers from a region were as follows. For first paly-
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merase chain reaction (PCR), HB104 (sense, 5-AGACC
ACCAAATGCCCCI‘ATC-3’[ms]2297-2317) and S1-2 (anti-
sense) were used. For nested PCR, HB106 {nested
sense, 5’-CCCCI‘ATCYTATCMACAC'ITCCG-3'[ms]2310-
2332) and $2-2 (nested antisense) were used. The primers
from precore region were as follows, For first PCR, PCI-1
(sense, 5'-CATAAGAGGACTCTT GGACT-3'[nts]1653-1672)
and PCl-2 (antisense, 5-AAAGAATTCAGAAGGCAAA
AAAGA-3'[nts]1949-1972) were used. For nested PCR,
PC2-1 (nested sense, 5-AATGTCAACGACCGACCTIG-
3'[nts]1679-1698) and PC2-2 (nested antisense, 5-TCC
ACAGAAGCTCCGAA'ITC»3'Ints] 1922-1941) were used.

Serologic.screening and nucleic acid amplification

" technology
-The Japanese screening system ‘was described previ-

ously.' Briefly, samples were screened for HBsAg by
reverse passive hemagglutination and confirmed by EIA
(AXxSYM, Abbott Laboratories, Abbott Park, IL) and for HBV "

_ ¢ore antibody (anti-HBc) by hemagglutination inhibi-

tion." The sensitivity of reverse passive hemagglutination
for HBsAg was approximately 2 rig/mL: The presence of
the immunoglobulin M antibody against the HBV core
antigen (IgM-HBcAb} was determined by EIA (Abbott
Laboratories) among all the HBsAg-positive donors. from
October 2006 to September 2007. : . -
" The nucleic acid amplification technology (NAT)
system has been described elsewhere.’® The present pool
size of JRC is 20. The 95% HBV DNA detection limit of the
AMPLINAT MPX test system was found to be 30 (22-60)

"copies/mL based on a plasma standard quantified in the

Amplicor Monitor assay (Roche, Indianapolis, IN)* and

- was foundto be 15 IU/mL (60 copies/mL) according to

validation studies with the WHO standard by JRC. Sero-
logically positive and alanine aminotransferase (ALT)-
elevated (>60 JU/ml) samples .were-excluded from NAT
screening. ) T

Statistical analysis

The proportional distributions of gedotypes were com-
pared using Fisher's exact test, chi-square test with Yates’
correction, and F-test. A p value of less than 0,05 was coit-
sidered significant. ) :

RESULTS

- The number ¢f total blood donors and that of first-time

blood donorsof every ‘age group from October 2006 to
September 2007 are‘shown in Fig, 1. The median age of
total donors was 37 years and that of first-time donors was,
24 yeais. The male/female ratio of total donors was'1.89
(1.29 for those 20-29 years old and 2.13 for-those 30-39 ..
years old) and that of first-time donors was 1.39. The rate
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Fig. 1. Number of total and first-time blood donors and rate of HBsAg-positive first-time blood donors. Left axis shows male and
female total and first-time blood danors. The number of total blood donors was multiplied by 1/10. Therefore, the number of first-

time blood donors was approximately 10'% of total blood donors,
first-time blood donors was 24 years. The right axis shows the rat

The median age of total blood donors was 37 vears and that of
€ of HBsAg-positive male and female first-time blood donors. The

rate of HBsAg-positive first-time blood donors was found to increase with age. Blood donors aged 16 to 19 years were born after
1986, the year a selective vaccination program to prevent mother-to-infant infection by HBV was started. Blood donors aged 60 to

69 years were barn at around World War 11

TABLE 1. Distribution of HBV genotypes In Japanese blood donors and patients
Genotyps (%)
Number A (] C D-F and mix
8Blood donors Total HBsAg posltive 1887 5.6 30.8 ' 8286 1.0
First-time. 1349 5.0 31.0 62.3 1.7
Repeat 538 6.9 30.3 62.3 0.5
IgM-HBCAD positive 61° 217 15.0 63.3 0.0
NAT-positivet €8 191 16.2 63.2 . 1.5
Patigntst Chronig Kobayashi et at.’ 1077 1.8 9.4 87.7 1.0
Orito et al.™ 720 1.7 12.2 847 1.4
Takeda et al® 80 00 6.3 93.7 T00
Hayashi et al.?' 123 33 15.4 81.3 0.0
Acute Takeda et al.?® 98 18,4 4.1 74.5 3.0
. Hayashi et al.?' 123 211 . 81 87.5 3.3
Sugauchi et al.? 485 19.0 12.0 68.0 1.0
" The genotype of one sample could not be determined.
1 The number of NAT-positive donors was not included in the total HBsAg-positive donors. Twenty-two HBcAb-positive cases were excluded.
3 The representation of patients was modified as a percentage.

of HBV-positive first-tine blood donors increased with
increasing age (Fig. 1). The rate of HBV-positive first-time
blood donors in Japan decreased yearly from 1.07% in
1995 and 0.22% in 2007 (data not shown).

The HBV genotype distribution in HBsAg-positive
bload donors from October 2006 to September 2007 is
shown in'Table 1. The number of first-time donors was
1349 and that of repeat donors was 538, Among repeat
donors, HBsAg seroconverted donors were approxi-
mately 10%, because JRC accepted thé donors’ right to
refuse to receive the notification of human immunodefi-
ciency virus (HIV), hepatitis C virus (HCV), and HBV
infections. Therefore, some HBsAg-positive  donors
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Comparison of the genotypes of donors and
patients

To compare the genotypes of donors and patients, five
references'®? are cited in Table 1. The HBV Genotype A
distribution in total HBsAg-positive donors (5.6%) was
similar to that of chronic patients (0.0%-3.3%) and that of
acute patients (18.4%-21.1%) was similar to that of IgM-
HBcAb- (21.7%) or NAT-positive (19.1%) donors. A signifi-
cant difference in. HBV genotype distribution between
donors and patients was in the C/B genotype ratio. The
ratios were low in blood donors (2.0-3.9) and high in
patients (5.3-18.2; p < 0.01). However, there was no signifi-
cant difference in the C/B genotype ratio between chronic
patients (5.3-14.9) and acute patients (5.7-18.2).

Age-specific distribution of genotypes

The distribution of genotypes among the same age group
is shown in Fig. 2. The following calculation was con-
ducted from the datain Table 2, The distribution of Geno-
type B increases from 13.8% (9/65) in 16- to 19-year-old
donors 10 42.4% (189/446) in 50- to 59-year-old donors

HBV GENOTYPE OF JAPANESE BLOOD DONORS

(p < 0.01); however, the Genotype C ratio decreases from
83.1% (54/65) in 16- to 19-year-old donors to 54.9% (245/
446) in 50- to 59-year-old donors (p < 0.05). The genotype
distribution among age groups is shown in Table 2, Geno-
type A was found in approximately 90% (23.6% + 37.7% +
28.3%) of 20- to 49-year-old donors. On the other hand,
Genotype C was found in every age group, whereas Geno-
type B was most prevalent in those 50 to 59 years old
(32.5%).

Gender-specific distribution of genotypes and
subgenotype

The male/female ratio of total donors was 1.89 (3,253,849/
1,721,062), that of first-time donors was 1.39 (345,986/
248,110; p < 0.01), that of Subgenotype Ae was 13.8 (69/5;
p <0.01), that of Subgenotype Aa was 4.2 (25/6), that of
Subgenotype Ba was 2.45 (98/40), that of Bj was 2.49 (276/
111; p < 0.05), and that of Genotype C was.2.58 (85]/330;
P < 0.01; Table 3). The significance was compared with the
male/female rato of total donors using the chi-square
test. Subgenotype Ae is male-specific. ’

90
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donate repeatedly. All the HBsAg-positive samples were
tested for IgM-HBcAD. Sixty-one samples were IgM-
HBcAb positive (1.2 =< s/n). Thirty-three of the 61
samples were from first-time donors and 28 samples
were from repeat donors. In addition to the 1887 HBsAg-
positive donors, 90 HBY NAT-positive (HBsAg-negative
and HBY DNA-positive) donors were detected. Twenty-
two HBV NAT-positive donors were considered not to be
in the serologic window period and were excluded
because they were "HBcAb and HBV DNA positive but
IgM-HBcAb and HBsAg negative. If high-sensitive tests
were implemented, some of NAT-positive donors includ-
ing these 22 donors became HBsAg positive.

Fig. 2. Ratio of HBV Genotypes A, B, and C within each age group. The numbers of HBsAg-positive donors were 65 (16-19 years}, 364
(20-29 years), 469 (30-39 years), 433 (40-49 years), 446 (50-59 years), and 110 (60-69 years). The ratio of Genotype C decreased fmr_l_l
83.1% (54/65) for those aged 16 1o 19 years o 54.9% (245/446) for those aged 50 to 59 years; however, that of Genotype B Increased
from 18.8% (9/65) for those aged 16 10 19 years t0'42.4% (189/446) for those aged 50 to 59 yedrs,

TABLE 2. Age-specific distribution of each HBV genotype

Age (years) -
Genotypes Total number (%) . 16-19 20-29 30-39 40-49 50-59 60-69
A 106 (100) 2(1.9) 25 (23.6) 40{37.7) 30 (28.3) g (8.5) 0 (0)
B 581 (100) 9 (1.5) 80 (13.8) 17 (20.1) 140 (24.1) 189 (32.5) 46 (7.9)
c 1181 (100} 54 {4.6) 253 [21.4) 306 (25.9) 259 (21.9) 245 (20.7) 64 (5.4)
D-F and mix . 19 (100} 0 (0) 6 (31.6) 6'(31.6) 4 (21.0) 3(15.8) 00} -
Total 1887 (100) 65 (3.4) 364 (18.3) 469 (24.9) 433 (23.0) 446 (23.6) 110 (5.8)
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TABLE 3. Age- and gender- specitic distributions of HBV genotype or subgenotype

HBV genotype and subgenotype

Gender Age (years) Total Aa Ae Ba Bj B (al)y c O-F
Male 16-39 687 19 42 54 85 16 463 8
40-69 684+ 11 6 27 44 191 22 388 6
Female 16-39 211 3 3 24 24 3 150 4
40-69 304 3 2 16 87 15 180 1
Total 16-69 1887 31 74 138 387 56 1181 198

* Subgenotype could not be determined.
ype could not be i

g in one sample Aa or Ae.

NAT-positive donors

TABLE 4, HBV genotype or subgenétype of IgM-HBcAb—positive and

sequences of Genotype A spread by
MSM were highly-homologous to those

of the strains isolated in the United
States. Although it has been reported

. _HBV genotype and subgenotype
C

Gender Age (ysars) Total Ae Ba 8| 3 .

Mate 16.39 VT 23 s 3 Ty 5 that thereis atendency for Genotype Ao
40-69 24411 3 5 2 14 0 spread among men rather than among

Female 16-39 23 [} 0 1 C 21 1 women,' we could not explain whether
40-69 2 0 -0 0 2 0 this phenomenon might be related to

Total 16-69 129 26 14 6 80 1 )

MSM.

* Genotype of one sample could not determined.
T Subgenotype could ot be determined In one sample Aa or Ae,

In addition 1o Subgenotype Ae, we
have recently found Genotype H in a

The trend toward male-specific infection is clear in
HBV-positive donors who were infected recently: They
are shown as IgM-HBcAb-positive donors (61 donors) and
NAT-positive donors (68 donors) excluding HBcAb-
positive (22 donors; Table 4): Both IgM-HBcAb- and NAT-
positive donors were predominantly male except for those
infected with Genotype C.

Althgugh we could not exclude the possibility of
reactivations completely in the case of IgM-HBcAb-
positive donors, most reactivation cases would be
excluded by the interview with donors whether they had
medical history or not. The male/female ratio of those
infected with Genotype C aged 16 to 39 years is low (2.05:
43/21), and the male/female ratio of those aged 40 to 69
years is high (7.0:14/2; p < 0.05).

DISCUSSION

The rate of HBV-positive donars has declined yearly in

Japan. However, recently, the distribution of Genotype
A has increased in blood donors and acute HBV
patients.’*’”? The inale/female ratio of those infected
with Genotype A is different from the ratio of those
infected with other genotypes. Particularly, IgM-HBc- or
NAT-positive donors are restricted to males.

It is suggested that Subgenotype Ae might have been
brought to Japan from the United States by a young male.

~ This might be supported by the finding that the HBV Geno-

type A was predominant among HBV-HIV dually infected
Japanese men who had sex with other men (MSM)."” The
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Japanese HBsAg-negative and NAT-
positive blood donor.® The sequence of
Genotype H, which is prevalent only in the United States
and Central America, was highly homologous to those of
the strains isolated in Los Angeles. )
There was no difference in the HBV genotype distri-
bution between first-time donors-.and repeat donors as
shown in Table 1. The only difference between first-time
donors and repeat donors was found when the Genotype
A distributions of donors aged 16 to 39 and 40 to 69 years
were considered (data not shown). The Genotype A ratio
in first-time donors aged 16 to 39 years was 5.90% (40/
678), whereas that in repeat donors aged 16 to 39 years was
12.27% (27/220; p < 0.01). That ratio in first-time donors
aged 40 to 69 years was 4.2% (28/671) and in repeat donors
aged 40 to 69 years was 3.5% (11/318; not significant).
The result was quite different from our expectation,
because it was expected that the HBV:positive risk of
first-time donors would be higher than that of repeat
donors as shown in the case of HCV-positive donors.

HBV Genotype A-positive young donors might have a-

clear understanding of their risks and intend to test

_ whether they would be infected with HBV or HIV, This

might be suggested when IgM-HBcAb-positive donors
were considered; the rates of repeat donors/first-time
donors of Genotypes A, B, and C were 7/6, 4/5, and 17/22,

respectively (data not shown). However, we must

exanine the result precisely, because most repeat donors
might-refuse to receive the notification of HBV infection
and donate repeatedly. It might be initeresting to compare
the length of seroconversion between HBV- and HGV-
positive donors. In any case, to reduce the risk of

posttransfusion HBV infection, we should restrain the
right of refusing to receive the notification of HIV, HCV,
and HBV infections.

The characteristic difference in HBV genotypes distri-
bution between blood donors and patients is in the B/C
genotype ratio. In alder blood donors, the ratio of Geno-
type B is markedly higher (p < 0.01).

The HBV genotypes show a relationship to clinical
severity as well as a distinctive geographical distribu-
tion.*™* Genotype C is associated with the development
of cirrhosis and hepatocellular carcinoma as well as a
lower response rate to interferon therapy and with a lower
rate of seroconversion from HBeAg to ant-HBe and a
higher HBV DNA level compared with Genotype B ALT
levels were significantly lower in patients with HBV Geno-
type B than in those with HBV Genotype A, C, or D. 2 Froin
these lines of evidence, donors-infected with HBV Geno-
type B would not be aware of the infection and would
donate, Although donors infected with HBV Genotype C
would donate while they are young and asymptomatic,
they would eventually be symptomatic and would not
donate when they reach old age. :

These facts might be similar to those in the United
States and Western Europe where HBV GenotypesAand D
are prevalent. Although there are conflicting reports con-
cerning the severity of diseases between those infected
with Genotypes A and D, it wowld be interesting to know
whether the distribution of Genotype A and D would
change depending on age in these countries, Compared
with Genotype D, Genotype A is more prevalent in HBeAg-
positive than in anti-HBe-positive patients.?* Although
Genotype A may induce more severe hepatocytic lesions
than Genotype D, Genotype A is more sensitive to inter-
feron than Genotype D.2 HBsAg clearance occurred more
often in patients with Genotype A than in those with
Genotype D.5 : :

In Japan, Genotypes C and B ‘are predominant in
HBV-positjve donors. There, is.a distinctive geographical
distribution in Japan. In the northern part of Japan, the
distribution of Genatype B is 44.7% (350/783) and that of
Genotype C is 48.8% (382/783); however, in the southern
part of Japan, that of Genotype B.is 20.9% (231/1104) and
that of Genotype C is 72.4% (799/1104) except for
Okinawa. In Okinawa, the southernmost part of Japan,
that of Genotype B is 74.2% (23/31) and that of Genotype
C is 22.6% (7/31) (data not shown).

Although now, the age-, gender-, and geographic-

specific distributions of HBV genotypes have been deter-

"mined, the specific distribution of the. genotypes may
- change in the near future. Because the Japanese govern-

ment began a nationwide hepatitis B vaccination program .

in January 1986 for infants born.to HBV-positive mothers
to prevent perinatal HBV infection, %% the vertical infec-
tion from mother to infants would be reduced and the
horizontal infection by sexual contact would be increased.

HBV GENOTYPE OF JAPANESE BLOOD DONORS |

Therefore, the geographical distribution of HBV geno-

types would change and the distribution of Genotype A

would increase in younger males as' shown in Tables1 .

through 4. To decrease the risk of posttransfusion HBV
infection, we should continue to study the epidemiology
of HBV genotype distribution.
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Virulent Strain of Hepatitis E Virus
Genotype 3, Japan
Kazuaki Takahashi, Hiroaki Okamoto, Natsumi Abe, Manri Kawakami, Hiroyuki Matsuda,

Satoshi Mochida, Hiroshi Sakugawa, Yoshiki Suginoshita, Seishiro Watanabe, Kazuhide Yamamoto,
Yuzo Miyakawa, and Shunji Mishiro

Hepatitis E virus :(HEV) genotype 3, which usually
causes asymptomatic infection in Japan, induced severe
hepatitis in 8 patients. To better understand genetic features
of HEV associated with increased virulence, we determined
the complete or near-complete nucleotide sequences of
HEV from these 8 patients and from 5 swine infected with
genotype 3 strain swJ19. Phylogenetic analysis showed that
the isolates from the 8 patients and the 5 swine grouped
separately from the other genotype 3 isolates to create a
unique cluster, designated JIO. The human JIO-related vi-
ruses encoded 18 amino acids different from those of the
other HEV genatype 3 strains. One substitution common to
almost all human HEV strains in the JIO cluster was located
inthe helicase domain (V239A) and may be associated with
increased virulence. A zoonotic origin of J1O-related viruses
is suspected because the isolates from the 5 swine also
possessed the signature V239A substitution in helicase.

epatitis E virus (HEV) infection is relatively com-
mon. Anti-HEV antibodies are found in 10%-20%
of the general population in Japan and most Asian coun-
tries (/,2); however, only a small fraction of these infec-
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tions induce overt hepatitis. Although the mechanisms
underlying induction of liver damage by HEV have not

been well characterized, HEV genotypes seem to have

distinct disease-inducing potential. HEV sequences have
been classified into 4 genotypes (3). Genotype 1 consists
of epidemic strains in developing countrics of Asia and
Africa. Genotype 2. is represented by the prototype se-
quences from an epidemic in Mexico, which have also
recently been detected in Africa. Gerlotypes 3 and 4 are
distributed worldwide and have been implicated in spo-
radic cases-of acute hepatitis E in humans and domestic
pigs. HEV genotypes 3 and 4 are founid in Japan, but ful-

minant or severe acute hepatitis develops more frequently .

in persons infected with genotype 4-(4—6). The severity
of liver disease may therefore be influenced by the HEV

genotype with which the patient is infected as well as host

factors such as age, gender, and pregnancy status.

In 1997, we identified a strain of HEV from a pa-
tient in Japan who had acute hepatitis (designated JIO)
that clustered with genotype 3 sequences. From 2004
through 2006, JIO-related viruses. were -isolated- from
7 additional patients who had acute or severe hepatitis.
To better understand genetic features of HEV associated
with severe hepatitis, we compared the complete or near-
complete sequence of JIO isolates from these 8 patients
with other well-characterized genotype 3 and 4 isolates.

To determine whether these human genotype 3 sequences

were zoonotic in ongm we sequenced full-length viral
genomes from 5 swine infected with the swJ19 strain of
HEV. These 5 aniriizls were part of a larger outbreak of
HEYV infection that occurred’in swine at a single’ farm in
southern Japan during 2000-2002. The GenBank/EMBL/
. DDBJ accession numbers for nucleotide sequences of

HEV isolates are A8291 951-7/AB291960 (for the human -

1sola1es) and AB443623-7 (for the swine 1so}ates)

Emerging Infectious Diseases + www.cdc.govleid + Vo!. 16, No. 5, May 2009
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Methods

We enrolled 8 patients who were infected with HEV
genotype 3 and had clinical features of hepatitis (Table 1).
A zoonotic source of HEV infection was identified for 3 of
these patients: pig liver for patient 4, pig meat for patient 6,
and wild boar meat for patient 7-Prothrombin time, a sur-
rogate marker of hepatic insufficiency, averaged 63.9% (x
29.1%) of the reference range among the 8 HEV genotype
3-infected patients. Hepatitis was particularly severe in pa-
tients 3, 5, 7, and 8; at the peak of disease, prothrombin
times for these patients ranged from 27%. to 46% of the
reference range. These sporadic HEV cases were not clus-
tered geographically; they were distributed across several
regions of Japan, including southern (Okinawa) and north-
ern (Saitama) prefectures (Figure 1). Informed consent was
obtained from all patients after the nature and purpose of
the study was explained to them.

To assess possible zoonotic origins of these humani

infections, we sequenced HEV strain swJ19 isolates from

5 of 11 swine with previously documented infections (7).
These animals had been raised commercially at a farm in
the southern part of Miyazaki Prefecture where HEV in-
fections ‘were detected during 20002002, All animals re-
ceived humane care, and the study was approved by the in-
stitutional review committee of Toshiba General Hospnal
Tokyo, Japan.

To determine whether infections could be linked to a
common genotype 3 virus, we compared the genetic struc-
ture and sequence homology of 8 human and 5 swine HEV
strains.- The entire or near-complete nucleotide séquences
of the 8 JIO strain isolates from the human patients and
the swJ19 strain isolates from the 5 swine were deter-
mined by a method reported previously (8,9), with some
modifications. In brief, nucleic acids were extracted from
serum with the QlAamp MinElute Virus Spin Kit (QIA-

GEN GmbH, Hilden, Germany). HEV RNA genomes were

reverse transcribed, and cDNA was amplified by PCR with
primers specific for 23 everlapping regions of the HEV
genome. Reverse transcription and first-round PCR were
conducted by using the SuperScript 111 One-Step RT-PCR
System (Invitrogen Corporation,-Carlsbad, CA, USA); sec-

Virulent Strain of Hepatitis € Virus Genotype 3
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Figure 1. Map of Japan,showing prefectures where human cases '
of hepatitis E virus have been found. Underlining indicates part of

prefecture name included in isolate name; yellow indicates casesin

swine; red indicates cases in humans.

ond-round PCR was conducted with the Platibum Taq DNA
polymerase (Invitrogen). The 5* and 3'-terminal sequences -
were amplified by using the SMART RACE ¢cDNA Ampli-

fication Kit (Clontech Laboratories Inc., Mountain View,
CA, USA) and Oligo (dt)20 Primer (Invitrogen), respec-

" tively. The sequences enriched in G-C were amplified with

the TaKaRa LA Taq in GC Buffer (TaKaRa Shuzo .Co.
Ltd.,, Shiga, Japan). The sequences not amplifiable by the
above PCR methods were subjected to PCR with primers
deduced from adjacent 5' and 3’ sequences. The final prod-
ucts were sequenced in the 377 DNA Sequencer with use
of the BigDye Terminator v1.1 Cycle Sequencing Kit (Ap-
plied Biosystems, Foster City, CA, USA). Genetic analyses
of HEV sequences were. conducted by the unwc:ghled pair-

. grouping method with arithmetic means by using compiiter

software GENTYX-MAC Version 13 (Genetyx Corpom- .
tion, Tokyo, Japan)

._Table 1. Profiles of 8 patients infected with hepatitis E virus, JIO strain, Japan*

50

.- Patient . " Monthof * “Nadir PT, Presumed route of ’
*no. Age, y/sex __ Residence di e onset Diagnosis % transmi Isolate name
1 50M Saitama 1997-Apr ‘Acute hepatitis 100 Unknown JIO-Sal97L
2 76/M Tottori 2004 Jan Acute hepatitis 92 Unknown - JYM-Tot04L:
3 63/M Okinawa 2004 May Acute hepatitis 46 Unknown JYU-Oki04l..
4 TUF Okayama, 2004 Dec Acute hepatiis © . 75 " Pig liver ~ JSS-Oka04L
] 65/M Tottori 2005 Jun Acute severe hepatitis 34 " Unknown JIY-Tot05L
3 8M Okinawa 2005 Jul Acute hepatitis . 92 Pig meat JSO-Okio5L
7 U 63M Kagawa 2006 Mar Acute hepatitis 451 Wild boar meat JTK-Kag06C
8 79/M Kyoto 2006 Sep Fulminant Hepatitis 27 Unknown JSW-Kyo-FHOSL .~
*PT, prothrombin lime. - - :
‘tOnly 1 determination was made. ) _’ e - 7
Emerging Infectious Diseases « www.cdc.govleid « Vol. 15, No. 5, May 2009 - 705
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Results

The prototypical isolate, J10-Sai97L, had a genome
length of 7,215 nt that contained a 5' untranslated region
(UTR), 3 open reading frames (ORFs), a 3' UTR, and a
poly-A tail. Lengths of HEV genomes from 6 other patients
(JYM-Tot04L, JYU-Oki04L, JSS-Okal04L, JIY-TotO5L,
JSO-0ki0SL and JSW-Kyo-FHOS5L) were identical to that
of JIO-Sai97L. An exception was the HEV isolate JTK-
Kag06C from patient 7, which was slightly longer (7,236 nt).
The 5 HEV isolates from swine (swl19-1, swJ19-2, swJ19-5,
swJ19-7, and swJ 19-8) had genomes of 7,210 nt. The 3 ORFs
of all swine and human HEV genomes had identical protein
coding capacity. HEV isolates from all hunan patients had
97.9%-98.6% sequence homology with the prototypical
J1O-8ai97L strain from patient 1. The § swine swJ19 isolates
had 98.3%-99.9% sequence homology when compared with
cach other and 98.0%-99.8% homology when compared
with the JIO strain from human patients.

Comparison of nucleotide sequences of the 13 human
and swine HEV isolates in this study with those of pub-
lished HEV genotype 3 sequences showed that the 13 com-
plete and near-complete sequences described in this study
closely matched those of 2 well-characterized genotype,
3 viruses: JRA1 (89.4%-89.7% nucleotide identity) and
sw]570 (88.9%—89.0% nucleotide identity). The 13 human
and swine genotype 3 isolates displayed weak homology
with other HEV genotypes. The Bl isolate of genotype |
(GenBank accession no, M732]8) was only 74.1%~74.7%
similar to these genotype 3 viruses, the M1 isolate of gen-
otype 2 (accession no. M74506) was only 73.6%-74.0%
similar, and the T1 isolate of genotype 4 (accession no.
AJ272108) was only 75.6%~76.0% similar.

Using the 13 complete or near-complete genomic se-
quences of HEV genotype 3 isolates described in this study
(Figure 2), we constructed a phylogenetic tree. HEV se-
quences from the 8 patients (JTK-Kag06C, JYU-Oki04L,
J88-Oka04L., JIO-Sai97L, JSO-Oki0SL, JSW-Kyo-FHO6L,
J1Y-Tot05L, JYM-Tot04L) clustered on a branch separate
from the other genotype 3 sequences, forming a distinct
grouping related to the prototypical J1O strain. The swJ19
HEV sequences from the 5 swine (swi19-1, swJi19-2,
swll9-7, swj19-5, and swJ19-8) clustered closely with
the JIO-related viruses from the human patients, indicating
that the human and swine HEV isolates were highly simi-
lar (Figure 2, panel A). Another 18 swine isolates, from

farms other than the ! involved in the swl19 outbreak, were *

phylogenetically distinct from those of the outbreak farmis
(Figure 2, panel B). S

Another genotype 3 cluster was formed by 6 isolates
from Hyogo Prefecturé in western Japan {Figure 2, panel
A). In this cluster were' S HEV isolates from persons in
whom hepatitis developed after they ate uncooked deer
meat ¢J0) and from serum from a local boar and a deer

” v

706 .

(11). Unlike the JIO-related viruses, which were broadly
distributed from the most southern to northern Japanese
prefectures, HEV strains responsible for the infections in
Hyogo Prefecturg were not commonly found in other parts

AApun St 2RI
Jw S BT
Jeoim 155 Scogam .

B

o602 N
Figure 2. A} Phylogenetic tree (unweighted pair-grouping method
with arithmetic means) constructed on the complete or near-
complete nucleotide sequences of hepatitis E virus (HEV) genotype
3 isolates. Clustering of nucleotide sequences of 8 human patients
infected with JIO strain of HEV and 5 swine infected with swJ1§

strain of HEV is boxed by a solid line. Another clustering of local -

genotype 3 isolates from Hyogo Prefecture, Japan, is boxed by a
dotted line. B) Phylogenetic tree (unweighted pair-grouping riethod

with arithmetic means) constructed on'a partial sequence of 412 nt'

In open reading frame (ORF) 2 (nt 5994-6405 of the US2 genome)
of HEV genotype 3. Partial nucleotide sequences of 8 human JIO

and 11 swine HEV swJi9 isolates (accession nos. AB094279- .

AB094289) are shown (shading). Analyses of full sequences of

5 of these 11-swine isolates were performed (swJ19-1, swJ19-2, -

swJ19-5, swJ19-7, and swJ19-8). Scale bars indicate ,nucleotide
substitutions per site; boldface indicates isolates from humans.
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of the country. Broad distribution of the JIO-related viruses
seems to be unique in HEV epidemiology. In 2 (25%) of
these 8 patients, pig liver or meat had been implicated in
HEV infection.

Comparison of the 13 JIO-related viruses (Figure 2,
panel A) with the other genotype 3 strains also showed 18
aa differences: 12 in ORF1, 3 in ORF2, and 3 in ORF3
(Table 2). Three mutations in the JIO strain were character-
istic of genotype 4 viruses, which are typically more patho-
genic than other HEV genotypes. ORF] differences were
found at amino acids 605 (serine to proline, S605P), 978
(isoleucine to valine, 1978V), and 1213 (valine to alanine,
V1213A). The V1213A substitution is potentially most rel-
evant because it was not found in the prototypical isolate
from patient 1 (JIO), who had mild clinical disease when
infected in 1997, but was present in highly related isolates
from the other 7 patients who had more severe hepatitis dur-
ing 2004-2006. V1213A in ORF] corresponds to V239A
of the helicase domain, and its surrounding sequences were
well conserved in HEV isolates of genotypes 3 and 4 (on-
line Appendix Figure, available from www.cde.gov/EID/
content/15/5/704-appF.htm). Because V2394 is common
in genotype 4 isolates, we analyzed genomes of the geno-
type 3 JlO-related viruses for evidence of intergenotypic
recombination. Comparison of 28 genotype 4 sequences
with those of the JIO-related isolates showed no obvious
signs of recombination (data not shown), which suggests

Virulent Strain of Hepatitis E Virus Genotype 3

that the V293A substitution arose independently in this ge-
netically unique cluster of genotype 3 viruses. Notably, all
5 isolates recovered from swine on the Miyazaki Prefec-
ture farm during the outbreak of 2000-2002 possessed the
V239A substitution. )

Discussion

Circumstantial evidence indicates that HEV geno-
type influences the severity of liver disease. Remarkably,
HEV seroprevalence studies in Egypt found no clinical ill-
ness in any person, including pregnant women, although
most (67.7%-84.3%) had been exposed to HEV genotype
3 (J3,14). In contrast, results of a survey of 254 patients
with HEV infection in Japan showed hepatitis associated
with genotype 4 to be more severe than that associated with
genotype 3 (4). Our results showed a clustering of 8 HEV
isolates of JIO strain, genotype 3, recovered from patients
with clinical hepatitis. L

Despite the high- disease-inducing activity of the HEV
JIO strain, the 8 patients infected with this strain were’
distributed widely over Japan, This distribution is at odds
with a local cluster of genotype 3 infections restricted to
persons with hepatitis and to wild animals living in Hyogo
Prefecture, Japan (Figure 2, panel A) (11). Wide regional
distribution has also been reported for some HEV geno-
type 4 isolates (/5). Why JIO strains caused more severe
hepatitis than might be expected for a genotype 3 virus is

Table 2. Amino acid residues in 8 human and 5 swine hepatitis E virus isotates compared with those in the other genotype 3 isolates® - .

Amino acid Conserved in Human no.

Swine no, Conserved in

positiont

a

genotype 3 2 3 4 5

6

7 .8 1 2 3 4 5 . genotype 4

ORF1
154
547
598
605
721
807
978
979
1135
1213t
1246
1469

O0<-0-»r03D>
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mI)—{X<UJ—i'UOO>
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h]
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*Eighteen amino acids of 8 human isblales (JiO strain) and § swine Isolates (swJ19 strain) not shared by other genotype 3 isolstes. The 3 at positions

605, 978, and 1213 (boldface) were the same 8s the cor idi

ype 4 isolates. .

- in L4
1Corresponds to the posltign in hepatitis E virus (HEV)-US2 (GenBank/EMBUDDB. accession no, AFO6066) (72). :
$V1213_A Iq the open reading frame (ORF) 1 polyprotein corresponds to V2394.In the HEV-US2 genotype 3 isolate heficase domain within ORF 1 (online
Appendix Figure, available from ww.cdc.govIEIchonleml‘l5/5/704-appF~.hup). .
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not clear, but the reason may depend on the magnitude of
virus replication. Alternatively, recombination between di-
vergent HEV strains (/6) may have played a role. This pos-
sibility prompted us to Jook for any recombination of JIO
strains with genotype 4 strains that cause severe hepatitis
in Japan. However, we found no evidence of recombina-
tion between the JIO strain of genotype 3 HEV with which
the 8 persons were infected and 28 isolates of genotype 4
retrieved from the public and our own databases. The 18 aa
substitutions were unique to the 8 human JIO and 5 swine
sw19 isolates and not present in other genotype 3 viruses.
Three differences in ORF1 (S605P, 1978V, and V1213A)
were common in wild type genotype 4 but not in genotype
3 isolates (Table 2). Because S60SP and 1978V are located
in an ORF1 region that has high sequence divergence, they
are unlikely to be responsible for an enhanced discasc-
inducing capacity. In contrast, VI213A changes at amino
acid 239 of helicase, an enzyme capable of enhancing the
efficiency of viral replication (/7), were detected in 7 of the
8 patients (online Appendix Figure). Indeed, the helicase
region of the prototypical JIO-Sai97L isolated in 1997 did
not contain this amino acid polymorphism. Remarkably,
all 5 swine isolates recovered in-Miyazaki Prefecture dur-
ing 2000-2002 belonged to the JIO strain and possessed
VI213A (helV239A). Taken together, the evidence strong-
ly suggests a zoonotic origin for the 8 human HEV infec-
tions with JIO-related viruses.

Experimental -and circumstantial evidence suggests
that #elV239A may have enhanced the helicase activity of
the genotype 3 JTO strain to levels comparable with those
of the more pathogenic genotype 4 viruses. However, the
role of helV239A in enhancing helicase activity should be
evaluated in vitro in future studies; its role in inducing hep-
atitis is yet to be confirmed. In addition, the effect of other
mutations of JIO strains need to be fully explored before a
conclusion can be drawn regarding the hepatitis-inducing
capacities of this strain of HEV.

Findings from this study have public heaith implica-
tions, Because. farm swine constitute a melting pot for gen-
erating various HEV mutants, at Jeast in Japan where virtu-
ally all swine become infected with- HEV within 4 months
of birth, it is conceivable that virulent HEV mutant(s) arise
on pig farms. Such occurrence has been described for in-
fluenza, for which point mutations are associated with in-
creased virulence (/8,19); for example, mutant influenza
viruses that arose on chicken farms in Hong Kong in 1997
were transmitted to humans and had fatal consequences
(20,21). In addition, a]thou°h a vaccine against HEV has
recently been developed (22), a vaccination strategy for
humans and animals has yet to be defined. The results of

our study indicate that sélective vaccination of farm swine .

bearing HEV isolates of high virulence, such as those of the
1O strain in Miyazaki Prefecture, shbuld be recommended

P
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to decrease the incidence of fulminant or severe acute hepa-
titis E in Japan and elsewhere in the world.
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Lack of Evidence for Human Herpesvirus—8
Transmission via Blood Transfusion in a Historical
US Cohort

Michael J. Cannon,! Eva A. Operskalski,2* James W. Maosley,? Kay Radford,’ and Sheils C. Dollard!

‘Centers for Disease Control and Prevention, Atlanta, Georgia; Deﬁartments of Fediatrics and Medicine, Keck School of Medicine, University of :
Sauthern California, Las Angeles

{See the editorial commentary by Busch and Glynn, on pages 1564-6.) .

Background. Recent studies have found evidence of occasional human herpesvirus (HHV)- 8 transmission via
blood transfusion. However, because these studies were conducted outside the United States or did not have linked
donor-recipient pairs, they have 2 limited ability to inform US blood-banking policy.

Methods. We investigated HHV-8 transmission via blood transfusion in the United States by ¢conducting HHV-8
serologic testing among participants of the Transfusion-Transmitted Viruses Study (TTVS), who enrolled during the
1970s. ’ :

Results, HHV-8 seroprevalence was 2.8% (29/1023) among blood donors, 7.1% (96/1350) among transfusion
recipients, 7.7% (46/599) among surgical control patients who did not receive transfusions, and 96.3% 77/80) among.
control patients with Kaposi sarcoma. One transfusion recipient seroconverted (0.08% [1/1259]), but'this patient did
not receive any HHV-8-seropositive blood units, suggesting that the infection was not related to blood transfusion,
One of the surgical control patients who did not receive transfusions also seroconverted 10.18% {1/556)). Rates of
seroconversion were 1.6 per 1000 person-years (95% confidence interval [GI], 0.04—8.9 per 1000- person-years) for
the transfusion recipients and 3.6 per 1000 person-years (95% CI, 0.09-20.1 per-1000 person-years) for the surgical
control patients who did not receive transfusions (P =..61), o -

‘Conclusions. Rates of HHV-8 seroconversion in the transfusion and nontransfusion groups were not statistically

different, and the historical nature of the.cohort (e.g., before leukoreduction) suggests that any current transmission

via blood transfusion is rare.

Human herpesvirus (HHV)-8 is necessary for the devel- -

opmenit of Kaposi sarcoma (KS), primary effusion Jym-
phomas, and multicentric Castleman 'disease. Disease
tends to occur, however, only in the presence of im-

.muriosuppression [1]. In the overall US population,
HHV-8 seroprevalence is low {estimated at between 1%

and 7%.{2, 3]), but higher seroprevalences are found
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among men who have sex with mien [4] and axﬁong per- -
sons with-human immunodeficiency virus (HIV) infec-

- tion or risk factors for HIV infection {5].

Initial studies found no evidence of HHV-8 transmis- -
sion via blood transfusion [6-8]. However, these stud--
ies were limited by relatively small numbers of patients, -
many of whom received leukoreduced or acellular blood
comiponents. Later reports that HHV-8 infection was
associated with injection drug use and, b;céixniably;-neel ’
dle sharing {5, 9-12] led to larger-scale i;xvestigalionsjqf
transmission via transfused blood [13-15). These stud-
ies found evidence that HHV-8 was traismitted occa-
sionally via blood transfusion, leading to renewed ques-
tions about the advisability of screening of blood for

-HHV-8 [15—1 9] Nevertheless, all 3 studies had alimited =

ability to inform US blood-banking policy,. either be.

cause they were conducted outside the United States or -

because they did not have linked donor-recipient pairs
ta prove transmission via transfusion. B

. R B
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months afler surgery wonths aficr suegery
96 1254

HHV-8 negative Not HHV-R negative
before surgery before surgers
s 91

1IHV-§ negotive: | Noi HIIV-8 negative
bofieg surgery befoce surgery .

3 43

Seroconverters - No clear evidence of Seroconventers . Nao clear e\‘idcr'u:c of
1 seraconversion : 1 . SEFOCONYEISION
. a
4 2

Figure 1. Testing algorithm and outcomes among the transfusion recipients and the surgical contro! patients who did not (eceive tranvsfusioqs. All
4 biood donors for the 1 seroconverter who received a transfusion tested negative. HHV, human herpesvirus; TTVS, Transfusion-Transmitted Viruses

Study.

To better evaluate the possibility of HHV-8 transmission via
blood transfusion in the United States, we conducted HHV-8
serologic testing among participants of the Transfusion-
Transmitted Viruses Study (TTVS). To our knowledge, this was
the largest US study conducted with linked donor-recipient
pairs and longitudinal follow-up specimens. The specimens
were collected before the advent of several blaod-safety im-
provements (such as HIV testing, more-stringent donor-
deferral guidelines, transition to extended storage of blood com-
ponents, and routine leukoreduction by filtration and apheresis
techniques), making this study an important opportunity to de-
tect HHV-§ transmission via blood transfusion in the United

States.

METHODS .

Study design and population. The TTVS was designed in the
1970s to prospectively identify cases of non-A, non-B hepatitis
among a cohort of 1533 patients who had received transfusions
and to create a repository for detecting the occurrence of virus
transmission via blood transfusion [20]. The TTVS repository
was funded by the National Heart, Lung, and Blood Institute
(NHLBI) and is now housed at the NHLBI Biologic Specimen
Repository. The TTVS repository has been used to ﬂenxonstrate
transmission of other viruses via transfusion, such as hepatitis B
virus (HBV) and hepatitis C virus (HCV) [21-25]. TTVS partic-
ipants consisted of blood donors, transfusion recipients (nearly
all of whom underwent surgery), and surgical patients who did
not receive transfusions (referred to hereafter as surgical control

”

patients without transfusions). All transfusions occurred during
the years 1974~1979. Donors could be linked to transfusion re-
cipients, and both the transfusion recipients and the surgical
control patients without transfusions had blood drawn before
surgery and at multiple time points after surgery. The TTVS
received institutionalreview board approval from the institu-
tions at which it was performed. TTVS participants consented to
future testing. The present analysis of HHV-8 was ¢leared by the
Centers for Disease Control and Prevention {CDC) and the Uni-
versity of Southern California; specimens and associated data
were delinked from participant identifiers so that the study did
not fall under the category of human-subjects research.

For this study, we tested specimens from 1023 randomly selected
TTVS blood donors {20.8% of the 4918 donors who had samples
available), specimens from aB transfusion recipients who had sam-
ples available 6 months after transfusion (n = 1350), and speci-
mens from all surgical control patients without transfusions who
had sanfples available 6 months after surgery (n = 599) (figure
1). To identify seroconverters, we tested the pretransfusion or
presurgery specimens from all patients who were HHV-§ sero-
positive at 6 months. To determine the time of seroconversion,

for all those who tested negative before surgery and positive,

6 months after surgery, interim specimens were tested at
monthly intervals. These serial specimens from individual pa;
tients were randomized and masked for testing. A small nun}ber
of patients had specimens with repeated marginal reactivity; the
specimens from these patients were grouped on the same slidés
and plates for retesting. We also tested any blood-donor speci-
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Table 1. Human herpesvirus--8 seroprevalence in ditferent
groups in the Transfusion-Transmitted Viruses Study (TTVS),

Group Proportion (%) positive

Control patients with: K. R 77/80 (96.3)
Blood donors® 29/1023 (2.8)
Surgical-controf patients who did ot 1 i
. Teceive transfusions ©.46/599(7.7)
Transtusion recipients® 96/1350 {7.1)

NOTE, Data are the no. of positive specimens per the total no.
tested. Specimens were considered positive if they were reactive at a
dilution of 1:80 or greater by an immunoflucrescence assay. KS, Kaposi
sarcoma.

® Specirmens from control patients with KS were randomly and blingly
inserted among the other specimens.

® Donors were randomly selected from all the blood donors in the
TIVS.

¢ Specimens were coflected ~6 months atter surgery.

mens {masked to the laboratory) that were linked to serocon-
verters but were not part of the initial sample of tested donors. As
an additional control, 80 specimens from HIV-positive patients
with KS were randomly and blindly inserted among specimens
from study patients. To help evaluate the performance of the
HHV-8 assay, we also tested serial specimens from 7 randomly
selected HHV-8-positive (i.e., positive before and 6 months af-
ter surgery) and 57 randomly selected HHV-8-negative (i.e.,
negative before and 6 months after surgery) surgical patients
(both those who had received transfusions and those who had
not). To compute seroconversion rates, person-time was mea-
sured as the time from surgery until the 6-month.visit.

Specimens were tested at the CDC for
antibodies against HHV-8 by an immunofluorescence assay
(IFA), as described elsewhere {3, 13, 14]. Specimens were con-
sidered positive if they were reactive at a dilution of 1:80 or

Serologic analysis.

greater. Specimens that were equivocal or negative at a dilution
of 1:80 were classified as not positive. To avoid false identifica-
tion of seroconverters, we chose a conservative a priori defini-
tion of seroconversion: negative (not equivocal) at a dilution of
1:40 before surgery and positive at a dilution of 1:80 after surgery
at =2 consecutive time points. All specimens that tested positive
at a dilution-of 1:80 were also tested at a dilution of 1:160.

RESULTS

HHYV-8 seroprevalences in the 4 different study populations are
described in table 1. Nearly all specimens from control patients
with KS were positive (96.3%). Blood donors had the lowest
seroprevalence (2.8%), and the transfusion recipients and the
surgical contro] patients without transfusions had similar sero-
prevalences 6 months after surgery (7.1% and 7.7%, respec-
tively). For the 4918 donors linked to the 1350 transfusion re-
cipients, the type of transfused units were whole blood (61.3%),,
unknown (17.9%), packed cells l7.8%),1>lasma (2.0%), other
(0.8%), washed frozen (0.1%), and platders}(().l %). Of the 142

patients who were seropositive 6 months after surgery (ﬁguré 1),
8 were seronegative at their presurgery visits and were consid-
ered potential seroconverters. .
Serial specimen testing was done for the 8 potential serocon-
verters, with each having a total of 8 specimens tested (14, 1B,
and 2A-2F in figure 2). Of the 8 potential seroconverters, 2 (2D
and 2F in figure 2) were clearly seropositive only at their last
(6-month) visit, suggesting that their 6-month postsurgery spec-
imen may have been mislabeled or had a false-positive result or
that the patient may have acquired a community HHV-8 infec-
tion'near the end of the follow-up period. Another 4 patients
(2A-2C and 2E in figure 2) had mixed reactivities that did not
meet our definition of seroconversion. The remaining 2 poten-
tial seroconverters (1A and 1B in figure 2) had serial test results
that met our a priori criteria for seroconversion (ﬁgutics l1and2).
On the basis of these 2 seroconverters, we computed the risk of
seroconversion as 0.08% (1/1259) (95% confidence interval
[CI], 0.09-0.449%) for the transfusion recipients and as 0,18%
(1/556) (95%'(71, 0.0%—1.0%) for the surgical control patients
without transfusions. Rates of seroconversion were 1.6 per 1000
person-years (95% Cl, 0.04 - 8.9 per 1000 person-years) for the
transfusion recipients and 3.6 per 1000 person-years (95% Cl,
0.09-20.1 per 1000 person-years) for the surgical control pa-
tients without transfusions. The difference in rates was not sta-
tistically significant (P = .61). Rates of seroconversion deter-
rined using a more relaxed definition (i.e., negative at a dilution-
of 1:80 before surgery and positive at'a dilution of 1:80 six )
months after surgery) were similar between the 2 groups (5:2%
{5/96] for the transfusion recipients vs. 6.5% [3/46] for the sur-
gical control patients without transfusions; P = .72) (figure 1),

The seroconverter who had undergone transfusion received a
unit of blood from each of 4 donors (2 U of whole blood and 2 U
of packed cells), none of whom was HHV-8 seropositive. Apply-
ing the HHV.8 seroprevalence of 2.8% to the 4918 donors who
gave blood to the 1350 transfusion recipients, we estimate that
~138 seropositive units were transfused, 128:(92.9%) of which
would have been given to HHV-8-seronegative transfusion re-. .
cipients, none of whom seroconverted, .

Serial testing was also done for patients whose serostatus was®
constant before surgery and 6 months after surgery (either positive
ornegative at both time points), For these 64 patients, serial HHV-8
testing results are shown in figare 2 (3A-3G and 4A—4H) and table
2. Forthe 7 HHV-8~positive patients, all serial specimens were pos-
itive at dilutions of 1:80 or greater at all visits. For the 57 HHV-§-
negative patients, nearly all test results ivere negative, although a few
were equivocal and 2 were positive (table 2). ¢

DISCUSSION

In the present study—the largest US stv_._xay to analyze HHV-8
infection among transfusion recipients and their linked do-’
nors—we found no evidence thgt HHV-8 is transmitted via
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Table 2. Consistency of human herpesvirus-8 test results among serial p in the Transf

Viruses Study.

from p Transmitted

i i No. of visits with specimen resuits that were
2 - Patients
& Group tested,* no. Negative Equivocal Positive at 1:80 Positive at =1:160
, ‘Iri : Positive before surgary and positive 6 months after surgery .~ 7+.: 1710 05 L0 L nlT e a3
% Negative before surgery and negative 6 months after surgery 57 378 1" 0 2
s ———— ; NOTE. Included are test resuits for specimens from the presurgery visits and irom alt follow-up visits through € months after surgery (mean no. of visits, 6.8).
; ; * Patients were selected to be positive and negative control subjects for the seroconversion study.
UL 2 blood transfusion. Two study patients met our a priori defini-  the blood of seropositive donors. ‘Although in another historical
” : : g tion of seroconversion—they were negativc by the JFA at adilu- cohort we identified 2 possible transfusion-related HHV-8 sero-
- ° % tion of 1:40 before surgery and had at least 2 consecutive positive conversions, that study was not able to show a linkage to sero-
s s 5' —g IFA results at a dilution of 1:80 after surgery. One seroconverter positive donor blood [13]. Given the safety improvements.cre-
g EH 8 2 received only HHV-8—seronegative blood, and the other sero-  ated by current blood donation and transfusion practices, a
{1 2 & i converter was a surgical control patient without a transfusion. cohort containing thousands of linked donor-recipient pau's,' -
& ‘ : : : &’S The study design did not allow us to determine the cause of  such as the NHLBI RADAR (REDS {Retrovirus Epidemiology
e 2 2 4 seroconversion in these 2 patients. It is conceivable that the pa- Donor Study] Allogenic Donor and Recipiént) repository [29], -
- - g e ;é ' tient who underwent transfusion received blood from an HHV- would be required to rule out rare transmission events.
§ g 8 - 2 b 8~infected donor who wasin the so-called window period—that * In contrast with these US results, HHV-8 has been shown.to
) § 2 2 % 2 E‘ is, not yet HHV-8 seropositive but with newly acquired HHV-8 - be transmitted via blood transfusion in Uganda [14], with ~39%
g . z . 2 : g circulating in the blood. Alternatively, the seroconverters might of HHV-8-seropositive units causing infection, If there were a
§ & s % A e E %J' . E have experienced community-acquired infections or nosoco-  ‘comparable risk in the TTVS, we would have expected to see
k] ” & 8 © * 5 3 - mial infections unrelated to transfusion. ’ ~3.8 (3% of 128) infections resulting from: blood transfusion,
g ° E ° *E M g g The lack of evidence in this historical cohort suggests that the rather than the zero that we-observed (for the difference between
; 3 é i g i g g current risk of HHV -8 transmission via blood transfusion'is very the observed vs. the expected, P = .035), The transfusion. nsk
_g. = 5 2 E M §~ é low. Evenif we assume that the one seroconverter whip received may be hxgher in Uganda because ofa hlgher prevalence: ‘ofim-
2 A a -% 8 3o 8 ; a blood transfusion was infgcied via the tranisfusion, cutrent ~ minosippression, a higherrisk of exposure and reinfection, and
z« 8 a s ‘§” = € ] practices mnake it much less likely that such transmission would ahigher frequency. ofwremlaamong HHV- 8—-se:oposmvemd1- :
§ * § # » § : g occur now compared with when the TTVS specimens were col-  viduals. In addition, danor-deferral guidelines in Uganda were
% : g : ‘é s ) l_'“:f _ lected. Since the 19705, blood banks have stricter donor-r.iefcrral less stringent, testing for HCV was not done, and leukoreduction
2 s § M 2 s s guidelines [26], and tests that screen out blood positive for HIV,  was not performed. Furthermore, blood was often stored for
é g ] & g © HBV, arid HCV may also scréen out blood positive for HHV-8, short periods of time, perhaps allowing virus to remain viable.
° Q ® § € Q & g given that there are shared risk factors for infection among The lack of evidence for HHV-8 transmission via blood trans-.
% : & : : g HHV-8 and these other viruses [5, 27]. Moreover, leukoreduc-  fusion is unbikely ta be explained by assay deficiencies. We used
; o ° o s tion, which became conlmonplagc in the mid-1990s, islikelyto  an IFA and a dilution (1:80) that have been validated and used i_n
i § g s g é reduce the risk of HHV-8 transmission via transfusion, because previous studies {13, 14] and that have been shown to have high
é ;_; 8 ;‘2 2' - HIHV-8 is highly cell associated {7, 16, 28]. Sim_ilarly,»th_e current sensitivity and specificity. The assay detected HHV:§in 96.3%, of
P § @ 2 ; v o : o increased use of red blood cell components, which are stored for specimens from control patients with XS (specxmens were ran-
H g ~ e e ~ < e up to 42 days at 4°C, is likely to reduce HHV-8 trapsmission domly and blindly inserted among the TTVS specimens), in- -
R E, % 3 3 E) because such storage conditions are known to decrease the in- cluding KS specimens that had been found to have relatively low _
— 3 =z e ° ° = fectivity dF transfusion-transmissible herpesviruses, such as cy- levels of antibodies by other assays [30, 31]. Our low seropreva-
) £ f 2 N £ tomegalovirus. However, it is worth noting that the seropreva- Tence among blood donors (2.8%) was:consistent with-the find-
i i § z i _";' g * lence of HHV-8 among TTVS blood" donors is very similar to. ~ ings of other studies [2, 3} and suggested high assay specificity.
§ 5 < s - s < & : P morefecent estinates [3], suggesting that HHV-8 is endemicat  The higher seroprevalences among the transfusion recipients
é £ e I s L E <. 2 § s low levels in the United States. and the surgical control patients without transfusions (7.1% and
H ® ® * ¥ £ f Our results are consistent with those from grevxous studiesof - 7.7%, rcspc‘clive]y) were consistent with their older age and - .
. ER BN ) T i - 7 3 ° T — HHV:8 transmission via blood transfusion in the United  health status (i-e., surgical patients may be less healthy 1}1311 the - :
3 3. g g - % H - g i i g States—the risk to current transfusion rcclpxents is very low, but ..gcncral population). Furthermore, .our results for longitudinal *...
5 g K : ] § v s H é v £ é © rare tra.nsmxssxon cannot be ruled out [6~ 8,13). For example, follow-up specimens were highly coherent, with results remain-
. i . g < Pellett et al, [3] found that HHV-8 scroprevalence among blood ing cofisistent throughout follow—up among postsurgery speci-
o donors was low (~3.5%), and HHV-8 DNA was not detected in - mens for >95% of the presurgery speamens with a posmve or.
4 s - . : . ‘/ K
/ , 1596 * JID 2009:199 (1 June) + Cannon.etal. . , .
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negative result (table 2). For the small number of patients with
incoherent longitudinal reactivity patterns, a few explanations
may pertain. First, a single positive serum specimen among a
series of negative specimens (e.g., 2D, 2F, 4F, and 4H in figure 2)
is likely the result of nonspecific reactivity or a specimen-
labeling error. Second, up-and-down reactivity patterns (e.g.,
2A-2Cand 2E in figure 2) may be the result of periodic nonspe-
cific reactivity or, more likely, low levels of HHV-8 antibody
fluctuating above and below the lower limit of detection of the
assay.

Screening of blood donors for HHV-8, if warranted, faces
important technical challenges. Currently, there is no con-
sensus on a standard HHV-§ assay that has known high sen-
sitivity and specificity, The TFA used in the present study is
time-consuming and could not be readily standardized across
laboratories in the implementation of a screening program.
Enzyme-linked immunosorbent assay formats, which might
be more amenable to the high throughput demanded by a
screening program, may be less sensitive. The main challenge
is that the HHV-8 antibody response in healthy individuals is
relatively weak, and most of the current assays have inade-
quate sensitivity and specificity.

In conclusion, the present study does not provide evidence of
transmission of HHV-8 via blood transfusion in the United
“States. Rates of seroconversion in the transfusion and nontrans-
fusion groups were not statistically different, and the historical
nature of the cohort suggests that any current transfusion trans-
mission is rare. However, much larger studies would be required
to rule out rare transmission evenfs. Nevertheless, if such trans-
mission is shown 10 occur in the United States, universal screen-
ing of blood donors may not be warranted, because HHV -8 sel-
dom causes disease in immunocompetent populations. If
suitable assays become available, screening of blood for HHV-8
may be beneficial for immunosuppressed populations. How-
ever, the challenges associated with reliably detecting HHV-8
antibody or HHV-8 DNA in a healthy blood-donor population
remain a substantial barrier, one that must be crossed before the
costs and benefits of HHV-8 blood screening can be appropri-
ately weighed.
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BRIEF COMMUNICATIONS

cells and is easily isolated from both the subject’s plasma and periph-
eral blood mononuclear cells (Supplementary Methods). Her viral
load cannot, however, be Quantified with a group M-specific commer-
cial assay (Amplicor Monitor v1.5, Roche) or with an academic assay
(Generic HIV charge virale, Biocentric®) (Supplementary Fig. 2), We
did not obtain amplification with complementary group M-specific
PCRs (Supplementary Methods). We initially suspected HIV-1 group
O infection, endemic in western central Africa, espedially in view of the
subject's Cameroonian origin. However, amplification with our usual
group O primers failed (Supplementary Methods and Supplementary
Table 1), leading us to search for a divergent virus by using a nonspecific
extra-long RT-PCR method. We successfully amplified the viral genome
with this approach, allowing us to fully sequence it (Supplementary
Methods, Supplementary Fig. 5 and Supplementary Table 2).
Evolutionary analysis of the near-complete genome sequence (Sup-
plementary Methods) shows that the RBFI68 strain is most closely
related to SIVgor (Fig. 1a and Supplementary Fig. 3), and simiarity
plotting confirms that this relationship is maintained in all regions of
the genome (Fig. 1b). Before the discovery of strain RBF168,
HIV-1 group O was the lineage most dosely related to SIVgor, but it
is too divergent to be directly derived from current SIVgor strains*, As
strain RBF168 dusters significantly with SIVgor strains (see support
values on tree, Fig. la and Supplementary Fig. 3), the most likely
explanation for ‘its emergence is gorila-to-human transmission of
SIVgor (Supplementary Fig. 4a,b). Similar to the proposed chimpan-
zee origin for the HIV-1 group O and SIVgor lineage*, we cannot rule
out the possibility that SIVepz gave rise to strain RBF168, either
indirectly by transmission to gorillas and then to humans (Supple-
mentary Fig, 4ab) or directly by transmission to humans and also to
gorillas (Supplementary Fig 4c). Detection of RBF168-like viruses in
chimpanzees would be needed to confirm this possibility.

Strain RBF168 thus represents a new HIV:1 variant and is the
prototype of a new human lineage that we designate as putative group
P, pending the identification of further human cases, in keeping with
nomendlature guidelinesS. The human case described here does not seern
to be an isolated incident, as before coming to Paris the subject had lived
in the semiurban area of Yaounds, the capital of Cameroon, and reported
1o contact with apes or bush meat (Suppl. ¥ Methods), and the

The human prevalence of this new lineage remains to be deter-
mined. Strain RBF168 shows typical HIV-1 behavior in serological and
nonspecific molecular tests, suggesting that it could be circulating
unnoticed in Camercon or elsewhere. HIV screening tests and
molecular tools have improved markedly over the past two decades,
enabling the distinct HIV types and groups to be detected. This
increased sensitivity, however, may paradoxically mask ‘the circulation
of divergent strains. Indeed, néw variant infections can now be
detected only by monitoring discrepancies between immuriological
status and virological results in molecular assays. Currently, there is no
simple detection algorithm based on existing serological and mole-
cular tools, and, therefore, only nucleotide sequending can identify
further HIV-1 group P strains.

In condusion, our findings indicate that gorillas, in addition to
chimpanzees, are likely sources of HIV-1. The discovery of this novel
HIV-1 lineage highlights the continuing need to watch closely-for the
emergence of new HIV variants, particularly in western central Africa,
the origin of all existing HIV-1 groups.

Accession codes. The near -full-length sequence of strain RBF168 has
been submitted to GenBank under accession number GQ328744.

Note: Supplementary information is avadable on the Nature Medicine website,
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variant’s high level of replication in vivw and ready isolation in culture
indicate that it is adapted to human cels. This eficient replication of
RBF168 is rather unexpected, given the absence of an arginine (or lysine)
at position 30 in the Gag protein, considered a signature of human-
specific adaptation of HIV-1 (ref, 9). Contrary to most HIV-] strains
(apart from group M subtype C), but like SIVgor and all SVepzPrt
strains’, RBF168 has a methionine at this amino acid position.
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Practice of Feeding Premasticated Food to Infants: A
Potential Risk Factor for HIV Transmission

WHAT'S ?(RE:‘WN &N THIS SUEJECT: Although some caregivers
© are known to premasticate food for infants, usually during the
weaning period, HIV transmission has not been linked to this
practice.

WHAT TRIS STUBY AGBS: The reported cases provide compelling
evidence linking premastication to HIV infection, a route of
transmission not previously reported that has important global
implications including being a possible explanation for some of the
reported cases of “late” HIV transmission in infants, so far attributed to
breastfeeding.

|

OBJEGTIVES: Although some caregivers are known to premasticate
food for infants, usually during the weaning period, HIV transmission
has. not been linked to this practice. We describe 3 cases of HIV trans-
migsion in the United States possibly related to this practice.

PATIENTS ARE METHODS: Three cases of HIV infection were diagnosed
in children -at ages 9, 15, and 39 months; clinical symptomatology
prompted the testing. A thorough investigation to rule out alternative
maodes of transmission was conducted. In addition, phylogenetic com-
parisons of virus from cases and suspected sources were performed by
using the C2vV3C3 or gp41 region of envand the p17 coding region of gag.

RESULYS: In 2 cases, the mothers were known to be infected with HIV,
had not breastfed their children, and perinatal transmission of HIV had
.. previously been ruled out foilowing US HIV testing guidelines. In the
third case, a great aunt who helped care for the child was infected with
HIV, but the child's mother was not. All 3 children were fed food on
multiple occasions that had been premasticated by a care provider
infected with HIV; in 2 cases concurrent oral bieeding in the premasti-
cating adult was described. Phylogenetic analyses supported the epidemi-
ologic conclusion that the children were infected through exposure to
premasticated food from a caregiver infected with HIV in 2 of the 3 cases.

COKCLUSIORS: The reported cases provide compelling evidence fink-'
ing premastication to HIV infection, a route of transmission not previ-
ously reported that has important global implications including being
8 possible explanation for some of the reported cases of “late” HIV
transmission in infants, so far attributed to breastfeeding. Until the
risk of premastication and modifying factors (eg, periodontal disease)
are better understood we recommend that health care providers rou-
tinely query children’s caregivers and expecting parents who are in-,
fected with HIV or at Fisk of HIV infection about this feeding practice and
direct them to safer, locally available, feedmg options. Pediatrics 2009,
 124:658-666
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The availability of antiretroviral medi-
cations, the appropriate use of cesar-
ean delivery, and -the avoidance of
breastfeeding have dramatically re-
duced the incidence of mother-to-chitd
transmission (MTCT) of HIV in the
United States and other developed na-
tions. Every diagnosis of HIV infection
in a child, especially in the developed
world, should prompt us to identify
missed opportunities for diagnosis
and intervention to prevent MTCT.\2 Al-
though the practice of premastidating
food for children, usually during the
weaning period, has been described in
varipus parts of the world¥® inciuding
the United States, HIV transmission has
not been linked to this practice. We re-
port 3 cases of pediatric HIV infection
that are likely to have resulted from a
child, who was not infected with HIV, re-
ceiving premasticafed (prechewed) food
from an adult who.was infected with HIV.

PLTIERTS AND METHODS

Local health departments investigated
the 3 cases through interviews with
the available involved adults and
through review of medical charts.
Blood specimens from the children,
available family caregivers, and the
sexual partner of a deceased care-
giver were sent to the Centers for Dis-
ease Control and Prevention (CDC) for

HIV nucleic acid extraction, polymer-

ase chain reaction (PCRY amplification,
and genetic sequencing of the C2V3C3
or gpd1 coding regions of envand the
p17 coding region of gag® These re-
gions are commonly used for phyloge-
netic comparison of HIV sequences.to
determine relatedness between strains
when transmission i§ suspected. Phylo-

' _genetic analysis has been widely used

in transmission cases, both epidemio-

logic and forensic, and both person-to-

person and transmission chalns' In
brief; sequences were edited with Se-

_quencher 3.1 software (Gene Codes,
" Madison, WI) and aligned with the SE-Al

1.0 sequence alignment editor,'¥ The

PEDIATRICS Volume 124, Number 2, AuguSt 2609

Modeitest 3.04 program'' was used
with each alignment to test for a sta-
tistically justified model of DNA substi-
tution for use in the phylogenetic tree-
building program by using neighbor-
joining methodology implemented in
PAUP*2 Because of the epidemiologic.
focus of this report, phylogenetic anal-
ysis has been used to eithier support or
fail to support the conclusions of the
epidemiologic investigations. Available
family caregivers consented to speci-
men collection and participation in the
investigation. in addition, consent to
report deidentified case details was
obtained from the mathers of the chil-
dren in cases 1 and 3. Case 1, who is
now an adolescent, provided his as-
sent as well. Unfortunately, Case 2 and
his-mother, as well as the great-aunt of
case 1, have died.

RESULTS

Case 1 (Witami, FL}

In 1993, a previously healthy 15-month-
old black boy was seen by a pediatri-
cian for recurrent diarrhea and otitis
media. The results of a first-generation
HIV-1 antibody test (enzyme immuno-
assays [ElAs]) (Bio-Rad Laboratories,
Hercules, CA) and Western blots per-
formed on specimens from the child at
15, 16, and 19 months of age.were pos-
itive.-PCR-based tests for HIV were not

available for clinical care at that time. -
The results of ElAs performed or speci-

mens from the mother (21 years old) at
these same 3 intervals were negative.

The mother reported that when thé_

child was aged 9. to 14 months, she
and the infant had lived with 8 mater-
nal great-aunt (33 years old) infected
with -HIV. During this time, the great-
aunt helped care for the child and fed

him food that shé had prema;ticated. .

The mother noted that on’more than 1

occasion, the great-aunt's gingiva -

were bleeding when she. premasti-
cated the child’s food, and the mother

saw blood mixed with the prechewed
food; however, at thattime, the mother
was unaware of the great-aunt's HIV
diagnosis. The great-aunt died of sep-
sis and pneumonia related to Strepto-
coccus pneumoniae when the child
was ~14 months of age (~1 month
before the child’s first positive EIA test
result). She was not reported to be on
antiretroviral medications and had an
absolute CD4 count of ~270 cells per
wL on morethan 1occasion duringthe
8 months before her death.

The great-aunt had been in a 124 year
sexual refationship with a male |ntra~
venous drug user who was HIV-
infected. The mother stated that he did
not use intravenous drugs in the house
while.she and the child resided there.
Shedid not recall seeingneedles inthe -

" house (and thus'did not believe that

the child could ever ha)"e been stuck by
one) and did not believe that the child
fad ever been sexually abused by her
great-aunt’s sexual partner. [n addi-
tion, there was no history of him ever
feeding the'phnd premasticated food.
HIV phylogenetic analysis. was per-’
formed on the HIV-1 sequences of the
great-aunt’s sexual partner because’
clinicaf specimens from the great- aunt ‘
had not been banked before her death.
Phylogenetic analysis of the HIV-1 se- ,‘
quences from the child and the great- -
aunt’s sexual partner showed no phy- -
logenetic clustering, suggesting that
these 2 viral strains were not epidemio-
logically linked (Fig 1). However, the his-
tory of premastication in the absence of
known risk factors for HIV transmission
and the possibility that the great-aunt's
HIV strain was from a source other than
her-sexual partner suggested that the
great-aunt was the possible source of
the child's HIV infection.-

‘Case Z {Miamf, Fty -

A ‘biack child born o a mother (36 -

,years old) infected with HIV was fol- ~

- lowed up in the University of Miami .
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Case 1 (Miami). A, Phylogenetic retationship of the HIV se
from Miami (Miami 1-3. 5, and 6). 15 unrelated subtype 8
City T ang 2. BMN, and BHX82), 1 subtype F strain (F1.8R020), and 2 epid

Houston§ Aunt's
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related trar

0.05 substitutions/site
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quences derived from case 1 and the great-aunt's sexual partner, § tinrelated subtype B strains
strains from US cities other than Miami (Denver 1-3, Houston 1— 6; New Orleans t and'2; New York

pairs (bite transmission 1 and 2; infant and

mother). Shown is a neighbor-joining tree of the Ep17 region of gag, only bootstrap values of >70% are indicated. B, Phylogenetic relationship of the HIV

+ sequences derived from case 1 and the great aunt's sexual
B.strains from US cities other than Miami (Denver
(F1.8R020}, and 2 epidi gically related trar

-3, Houston 1-5 and 7, New Orleans 1

CG2V3C3 region of env; only bootstrap values of >70% are i
f as an outgroup. Sequences from 2 epidemiologically ro
Phylogenetic analysis shows no clustering or epidemiologi

partner.

Pediatric HIV Screening Clinic until
1993, when HIV-1 infection was ruled
out on the basis of negative results
from first-generation HIV-1 antibody
test (HlAs) (Bio-Rad Laboratories) per-
formed when the child was aged 20
and 21 months. PCR-based tests for HIV
were not available for clinical care at
that time. The child had normal immu-
noglobulin levels and a normal CD4
count (abselute count: 1700 cells per
ul) at the time of the negative EIA re-
sults. Neither the mother nor child re-
ceived perinatal antiretroviral prophy-
laxis. In 1995, at age 39 months, the
child was seen by a pediatrician for
anemia and recurrent submandibular
lymphadenitis with abscess caused by
Mycabacterium fortuitum. The moth-

€60 GAUR et al

er’s history of AIDS and intranasal co-
caine abuse without intravenous drug
abuse, combined withthe child’s clini-
cal presentation, prompted the-pedia-
trician to order an HIV-1 EIA (Bio-Rad
Laboratories}, a confirmatory Western
blot, and p24 antigen testing for the
child: all results were positive. A con-
current CD4 count of 24 cells per i
(1%) indicated severe immunosup-
pression. a

The mother reported feeding the child
premasticated table food but could not
recall details regarding the child's age
or her own oral health during the time
she preghewed the child’s food.
Phylogenetic analysis of the mother's
and_the child’s HIV-1 sequences sup-

- . s
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partner, 4 unrelated subtype 8 strains from Miami (Miami 2,3,5,and 6), 16 unrelated subtype
=3, New York Gity 1 and 2, BMN, and BHXB2), 1 subtype F strain
pairs (bite transmission 1 and 2; infant and mother). Shown is a neighbarjoining tree of the
ndicated. In A and B, US subtype B sequence strains were used as references along with subtype
elated transmission pairs were also included (bite transmission 1 and 2; infant and mather).
ical relatedness between the virus from case 1 (Miami) and the virus from the great aunt's sexual

ported the epidemiologic conclusion
that the mother was the source of the
child’s HiV-1 infection (Fig 2).

Czse 3 (Memphis, TK)

In 2004, a 9-month-old black girl was
seen in an emergency department
because of fever, jaundice, nosebleed,
oral thrush, and failure to thrive.
HIV-1 infection was diagnosed based
on an ultrasensitive HIV-1. RNA PCR of
>100000 copies per mL (Gobas Ampli-
cor HIV-1 Monitor 1.5 test [Rache Mo-
fecular Systems, Inc, Branchburg, NJ];
dynamic range of detection: 50-100 000

‘copies per mL). Given the mother's his-

tory of chronic HIV infection since

" 1995, this child had previousty been
screened for perinatal infection. Three

.
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neighbor-joining tree of the gp17 region of gag, only bootstrap values of >

on 1-6, New Orleans 1 and 2, New York City 1 and 2,

1-8nd 2). Shown is 8

strains along with a subtype F as an outgroup. S

2). Pnylogenetic analysis shows strong clustering, with an 88% bootstrap support for the

froman fly related tr

pair-(bite tr

70% are indicated. In A and B, US subtype B sequentes were used as reference
i ission pair were aiso included (bite transmission 1. and

r b the virus from case 2

{Miami) and the child's mother. B, Phylogenetic relationship of the HIV sequences derived from the mother-infant pair.of case 2 from Miami, 4 unrelated
subtype B strains from Miami (Miami 2, 3, 5, and 6)., 16 unrelated subtype B, strains from US cities other than Miami (Denver 13, Houston 15 and 7, New
Orleans 1--3, New York City 1 and 2, B.MN, and B.HXB2), 1 subtype F strein (F1.BR020), and 1 -epidemiologically related human bite-transmission pair (bite
transmission 1 and 2). Shown is a neighbor-joining tree of the C2v3C3 region of env, only bootstrap values of >>70% are indicated. Phylogenetic analysis
shows strong clustering with a 99% bootstrap support for the relatedness between the virus from case 2 (Miami) and the child's mother. :

standard quantitative HIV RNA viral
loads (Cobas Amplicor HIV-1 Monitor
1.5 test; dynamic range of detection:
400750 000 copies per mL) were pér-
formed at 41, 60, and 118 days of life.
Resuits of all 3 tests were negative.(no
copies of HIV RNA detected).

The mother (31 years old) had not ad-
hered to highly active antiretroviral
therapy during pregnancy. During
pregnancy, she was started on nevi-
rapine, stavudine, and lamivudine and
was later switched to once-a-day
ritonavir-boosted atazanavir and teno-
fovir because of poor compliance. Her
viral load on the day before delivery
was 35100 copies per ml: The child

was delivered at 35 weeks’ gestation
Fa
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via cesarean delivery because of the

‘mother’s high blood pressure and

edema. The mother received intrave-
nous zidovudine before her cesarean
delivery. The mather reported that she
gave the infant oral zidovudine during
the first 6 weeks of life and that the
infant did not breastfeed.

At ~8 months of age, the child was
seen for fow-grade fever and was diag-
nosed with oral candidiasis and & non-
specific viral infection. In the following
week, a red blotchy rash developed on
the child's face, arms, and legs; the pe-
diatrician ascribed the rash to allergic
dermatitis.

A clinician who  routinely queried.-
caregivers about infant care feeding
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practices, including - premastication,
determined that the mother had inter-
mittently offered the child prechewed
meats from ~120 days of life until the
child's current illness. The mother re-
ported that during the period that she
p‘rechewed the child's food, she had in-
termittently bleeding gums and mouth
sores that later resolved spontane-
ously or with medications for oral
thrush. During this same period, the

.- mother's adherence to highly active

antiretroviral therapy was poor, her
HIV viral load was 499 000 copies per
mL, and her CD4 count was.100 cells
per ul 6%).. -

Phylogenetic analysis, of the mother's

and the child's HIV-1 sequences sup-

¥
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Case 3 (Memphis). A, Phylogenetic relationship of the HIV sequences derived from the mather-infant pair of case 3 and unrelated subtype strains from the
United States (19 subtype B, 2 subtype A, and 1 subtype D). Shown is a neighbor-joining tree of the gp17 region of pog, US subtype B sequences and 1 subtype
D sequence were used as reference strains in the tree, and 2 subtype A sequences were used as an outgroup. Only bootstrap valués of >70% are indicated for the
subtype B branching order. This phylogenetic analysis shows strong clustering, with & 100% baotstrap support for the epidemiological relatedness of the virus from
case 3 (Memphis) and the child's mother. B, Phylogenetic relationship of the HIV sequences derived from the mother-infant pair of case 3 from Memphis and 49
unrelated subtype B strains from the United States. Shown is a neighboroining tree of the gp41 region of env, only bootstrap values of >70% are indicated. US
subtype B sequences were used as reference strains in this unrooted tree. Phylogenetic analysis shows strang clustering with a 100% baotstrap support for the
relatedness between the virus from case 3 (Memphis) and the child's mother.

ported the epidemiologic conclusion
that the mother was the source of
HIV-1 infection in the child (Fig 3).

In all 3 cases, additional follow-up in-
terviews with caregivers and physica!
examinations of the children did not
reveal other modes of potential HIV
transmission (eg, percutaneous inju-
ries, transfusion or receipt of trans-
plantedtissues, other parenteral expo-
sures - or other high-risk contacts
[including sexual abuse] with persons
infected with HIV in the household).

GISCUSSITN

The cases described suggest that HIV
may be transmitted through consump-
tion of food that has beéen premasti-
cated by a person infected with HIV. To

our knowledge, this route of HIV trans-
mission has not been reported previ- -

ousty. Bleeding in the oral cavity of the
adult infected with HIV, who pre-
chewed the food as documented in
cases 1 and 3, wds likely the primary

source of HIV. The caregivers’ lack of

access tg or lack,of-agherence to peri-
natal HIV prophylaxis or antiretroviral
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therapy probably decreased the sup-
pression of their HIV-1 viral loads. This
factor in addition to the children’s
compromised oral mucosa because of

‘" teething or intercurrent oral iliness

such as candidiasis (reported in case
1} likely facilitated HIV transmission. in
addition, tonsillar epithelial factors®™
may have facilitated HIV infection be-
cause the tonsils come into contact
with blood-tinged food and saliva.

In reviewing the cases, it is important
to understand why the first 2 cases
‘were not reported earlier. In cases 1
and 2, the clinicians first contacted the.
local health department soon after
each child’s HIV diagnosis. The local
and state health departments ¢ollabo-
rated with the CDC to conduct an epi-
demiological investigation. These 2

cases were not reported imrriediately .

to the general public for several rea-
sons. Only one of the two possible
transmission events was supported by
phylogenetic’ data. Prechewing as a
mode of HIV transmission had not been
described, and ample data at the time
indicated that routine household con-

I
- ,

73

tact and kissing were not associated
with a-significantly increased risk of
oratl HIV transmission. In-case 1, trans-
mission through child sexual atiuse, a
known mode of pediatric HIV transmis-
sion that is difficult to establish, and

_needle-stick exposures were denied but

could not be absolutely ruled out. The re-
port of a third possible case, supported
by laboratory data, provided the impetus
for this report.

Although the practice of premasticating
food for children has been described in
various parts of the world 5814-% includ-
ing the United States, the extent of this
practice is not well known. In the late
1980s, a first-year medical student’s
observation of this practice prompted
a survey of black patients at a primary
care. pédiatrics clinic at the University
of Nebraska Medical Center.” Although
the reports of several infant-feeding
surveys conducted at about this time
did not mention the practice of pre-

" mastication, 45 (65%) of 68 adult care-

giversinthe Nebraska survey acknowl

edged prechewing food for their

infants, and 90% reported knowlegge
. P

of this practice.” More recentiy. astudy

of oral health in a random sample of
Alaska . Native children (aged 12-36
months) and their caregivers docu-
mented that 86.2% of caregivers were
currently prechewing or had pre-
chewed food for their infants.®

From October 2005 to May 2007, the US
Food and Drug Administration, in con-
junction with the COC and other federal
agencies, conducted the Infant Feeding

- Practices Study II,'7 which collected data

from responses to questionnaires
mailed to a sample of US women who
had given birth to term or nearterm in-
fants. After learning about the cases re-

. ported here and because of the lack of

information about the prevalence of this
behavior in the United States, research-
ers added the question, “in the past 2
weeks, have you chewed up food and
then given it to your infant, so the food
was already chewed up before you fed it
to your infant?” Separate questionnaires
were mailed to parents when the infants
were aged 4, 5, 6, 7, 9, 10.5, and 12
months.

Unpublished data from the Infant Feed-
ing Practices Study 1"’ indicate that the
prevalence of premastication rose
from 0.77% (17 of 2203 respondents)
at 4 months of age to 10.5% (183 of
1794 -respondents) at 10 months of

age (Sara Fein, PhD, and Laurence

Grummer-Strawn, PhD, written per-

sonal communication, 2007). Among

‘the subset of black respondents, the

prevalence of premastication was
higher than that among other racial
and ethnic subgroups and increased
as children aged: 5 (6%) of 87 respon-
dents premasticated food for children
aged 4 months; 33 (50%) of 66 respon-
dents premasticated-food for children
aged 10 months. Aithough the sample

_ was- skewed_toward white respon-

dents with more education and higher
income, the findings suggest a much
higher prevalence of premastication

than expected and themneed for clinical

-
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care providers in the United States to
be cognizant of this practice.

in a study of complementary infant-
feeding practices in China, 62.5% of

104 respondents in various cities re-

ported ever having prechewed food for
their children.’s Among those respon-
dents practicing premastication,
21.5% did so oftén or very often. They
started prechewing food when the
child was a median of 8 months old
{range: 1-24 months) and stopped at

a median of 24 months (range: 5-48 -

months). Prechewing was also more
common when someone other than
the parent was involved in feeding the
infant.

The association between prechewing
food and the transmission of infec-
tious organisms has been dogumented
or hypothesized. The transmission of
group A streptococci' and hepatitis B
virus's through premasticated food
has been documented; however, both
organisms are considerably more in-
.fectious than HIV, and as noted, muiti-
ple reports have indicated that the risk
of oral HIV transmission under ordi-
nary circumstances, such as kissing
or sharing household items, is ex-
tremely low.1820 The feeding of premas-
ticated foods by mothers to infants has
been associated with increased risk of
Helicobacter pyloriinfection in infants

in Burkina Faso?' and with dental caries .

in children in southern Asia.? Similar
transmissions of human herpesvirus
8 in rural Tanzania?® and Epstein-Barr
virus (EBV) in Uganda® have:been hy-
pothesized. In EBV-endemic regions,
some authors have suggested that
prechewing food may - foster viral
transmission to toddlers and may ex-
plain, in part, local elevations in the
incidence of EBV-associated Burkitt
lymphoma in children.® N
Eating prechewed food, however, may
provide health benefits. The premasti-
cation of food was protective in univa-
-riable but,not muitivariable analysis

«

~ seroconversion, for cases 2 and 3 -
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against respiratory syncytial virus in-
fection for Alaska Native chitdren aged
<6 months.® It -has also been hypoth-
esized that the feeding of premasti~
cated iron-rich foods may prevent.iron
deficiency during the first 6 to 12
months of life in resource-limited
countries where other sources of iron.
supplementation are not available dur-
ing the breastfeeding period.'® Al-
though the prechewing of food in-
creased bacterial counts' in the

" weaning foods given to infants in -

northern Thailand, it was suggested L
that the mother’s immunoglobulin Q{h
A in saliva mixed with the food
may reduce the infectivity of these
bacteria.¢

Although our evidence argues in favar
of premastication-related HIV trans-
mission facilitated by blood ‘in the
mouth of the caregiver and compro-
mised aral mucosa-in the child, we a¢- -
knowtedge some limitations. In case 1,
phyiogenetic evidence linkinginfection

in the: child and infection in the pre- -
masticating caregiver was lacking be-
cause no blood sample was available
for the latter. However, the history of
premastication. and-the absence of
other mudes of t{‘ansmission are com-
pelling. The possibility of late perinatal

‘whose mothers were infected with HIV,
is extremely unlikely because the re-
sults of sequentially performed highly
specific tests were negative: in case 3,
HIV RNA PCR was performed thrice in

~ the first 6 to 18 weeks of life, 2 and in

the child of case 2, HIV. enzyme-linked
immunosorbent assays were per-

“formed twice after 18 months of age.?

HIV-1 RNA testing is reliable for early
diagnosis of HIV in infants.® Finally, in
light of the findings of the Infant Feed-
ing Practices Study H, which indicate:

. that prechewing is commaon, one might

question why,in >10 years, only 3,

cdses in the United States have been .

linked to this practice and why no

-

P
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cases have been reported in resource-
limited settings such as Africa, where
premastication may be more com-
mon than in the United States. A possi-
bie explanation is that transmission
through breastfeeding makes it diffi-
cult to detect premastication-related
HIV transmission in resaurce-limited
countries such as Africa; the absence
of breastfeeding transmission has al-
lowed us to detect premastication-
related transmission in the United
States. Premastication-related HIV
transmissions are probably rare, re-
quiring a convergence of risk factors
affecting both the caregiver and the
child. In addition, health care provid-
€rs are unaware of the practice and
have not considered it a potential
cause of “late” HIV infection in infants.
To our knowledge, no HIV-retated MTCT
studies with breastfeeding popula-
tions have specifically queried caregiv-
ers about premastication' The 3 re-
ported cases raise the question as to
whether some cases of late pediatric
HIV infection reported in MTCT studies
and attributed to breastfeeding might
have been due in part to the coexisting
practice of premastication. Eliciting a
history of premastication requires
that health care providers be aware
that premastication exists and that
they are culturally sensitive in ask-
ing questions about it. It is crucial to
educate caregivers who are infected
with HIV about prechewing, because
they may be unaware of its paotential
health risks and may perceive it as a
routine, safe, -and culturally accept-
abie practice.

CORGLUSIORS
We hope that our results will prompt
additional investigation and the re-

#
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porting of other potential cases of
premastication-related perinatal HIV
transmission. Until the risk of pre-
chewing and modifying factors (eg,
periodontal disease) are better under-
stood, we recommend that health care
providers routinely query children’s
caregivers and expecting parents who
are infected with HIV or at high risk of
RIVinfection about the practice of pre-
masticating food, that they advise
against premastication and that they
direct parents and other caregivers to
safer, locally available, and accessible
feeding options. Transiating these rec-
ommendations into practice will re-
quire cognizance of culturally sensi-
tive issues and potential nutritional
consequences linked to premastica-
tion. Healfth care providers should
identify the extent to which premasti-
cation is practiced in their communi-
ties and should notify public health au-
thorities of cases of HIV infection that
are potentially linked to premastica-
tion. In the United States, such cases
should be reported to local health
departments according to state
surveillance guidelines for HIV/AIDS
reporting.

We recognize the potential global im-
plications of our findings. Because
infants are fed prechewed food
worldwide, we understand that a
recommendation against premastica-
tion by caregivers. infected with HIV
should not be made lightly, especially
in‘areas where alternative methods of
food preparation are limited and so-
ciocultural beliefs may favor this prac-
tice. For example, even -in developed
nations, providing alternative means
for preparing infant food safely, such
as bienders, may not eliminate pre-
mastication if it has traditional-or cul-
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tural roots. In resource-limited set-
tings, a risk/benefit analysis will be
needed and should take into account
the availability of safe feeding prac-
tices. Finally, it will be important to de-
termine not only the prevalence of pre-
mastication but its contribution to HIV
infection in children worldwide in the
context of other well-described prena-
tal, intrapartum, and postnatal risk
factors, including breastfeeding.
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SUSTAINED INTENSIVE TRANSMISSION OF Q FEVER IN THE
SOUTH OF THE NETHERLANDS, 2009

B Schimmer (barbara.schimmer@rivm.nl)!, F Dijkstral, P Vellema?, P M Schneeberger?, V Hackert®, R ter Schegget$,

C Wijkmans®, Y van Quynhoven?, W van der Hoek!
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& Municipal Health Service South Limburg, Sittard-Geleen, the Netherlands
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The Netherlands is again facing a sharp increase in Q fever
notifications, after the unprecedented outbreaks of 2007 and 2008.
The most affected province of Noord Brabant has a high density
of large dziry goat tarms, and farms with abortion waves have
been incriminated. Mandatory vaccination of small ruminants has
started and should have an effect in 2010. A large multidisciplinary
research portfolio is expected to generate betlter knowledge ahout
transimission and addlitional control measures.

Introduction

Q fever is a zoonosis caused by the obligate intracellular
bacterium Coxiella burnetii. Cattle, sheep and goats are the
primary animal reservoir, but the causative agent has also.been
noted in many other animal species. Infected goats and sheep may
abort, mainly in late pregnancy. The bacterium is shed in urine,
faeces, milk and in especially high concentrations in placentas
and birth fluids of infected animals. Bacteria are transmitted to
humans mainly through the. aerosol route, resulting in subclinical
infection, a flu-like syndrome with abrupt onset of fever, pneumonia
or hepatitis, after an incubation period of two to three weeks [1).
People with underlying conditions, especially heart valve lesions,
are more susceptible to developing chronic Q fever, Endocarditis,
the most common form of chronic Q fever is estimated to occur in
about 1% of acute Q fever cases.

Since 1978, when Q fever in humans became a notifiable
disease in the Netherlands, untii 2006, the number of notifications
had ranged between 1 and 32 cases annually, with an average
of 17 cases per year [2}. However, in 2007, Q fever emerged as
an important human and veterinary public health challenge with
large epidemics in the southern part of the Netherlands (3). In
2007, 168 human cases were notified and in 2008 exactly 1,000
human cases were registered (Figure 1). Notification criteria for
acute Q fever are a clinical presentation with at least fever, or
pneumonia, or hepatitis and confirmation of the diagnosis in the
laboratory. Currently, the taboratory criteria are a fourfold rise in
1gG antibody titre against C. burnetii in paired sera or the presence
of IgM-antibodies against phase |1 antigen. Identification of
C. burnetii in patient material with a PCR test will soon be added

to the notification criteria. Notification of probabie cases, defined
as clinical signs with a'single high antibody titre is voluntary.

Current situation

From April 2009, a sharp increase'in Q fever was observed again,
and a total of 345 cases (including 13 probable} were notified
between 1 January and 11 May 2009 (Figure 1), For 11 cases,
the date of illness onset was in 2008 and one case fell ill in 2007,
resulting in a total of 333 cases with confirmed or presumed iliness
onset in 2009. The overall male-to-female ratio for these 333 cases
was 1.7:1 with a median age of 49 years (IQR 38-61 years).

The epidemic curve for 2009 shows an even steeper increase
in case numbers in April-May, than in the previous two years,
suggesting that an epidemic of at least the same magnitude as
the one in 2008 is imminent. While most cases reside in the same
region in the province of Noord-Brabant as the cases reported in
2007 :and 2008 (see map in reference 3), the geographic are
seems to be expanding (Figure 2).

Clinical features and diagnostics

Pneumonia Is the predominant clinical presentation of the
Q fever cases in the Netherlands. For those patients notified in
2008 for whom clinical details were available, 545 presented with
pneumonia, 33 with hepatitis, and 115 with other febrile illness
(data not yet analysed in detait). Of the 226 cases in 2009 where
data regarding hospitalisation were available, 59 (26%) had been
admitted to a hospital, a percentage comparable to figures in 2008,
but lower than the proportion of patierits hospitalised-in 2007
(49%). Clinical follow-up of patients that were diagnosed with acute
Q fever in 2007, shows that Q fever is not always a mild disease
of short duration, as many cases still suffered from persisting
fatigue several months after disease onset [4], We have no clear
information about the occurrence of other chronic sequelae, such
as endocarditis at this stage.

The medical microbiology laboratories in the affected region
have jointly formulated diagnostic recommendations. Cases are
currently diagnosed with immunofiuorescence assays (Focus -
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Diagnostics), in-house complement fixation tests or ELISA. Real-
time polymerase chain reaction (PCR) tests were developed by
eight medical microbiclogy (aboratories and the most sensitive
(98%) PCR has been selected and has proven a valuable additional
tool for early diagnosis of acute Q fever in the time window before
seroconversion.

Increased alertness of general practitioners together with easy
availability of diagnostic services certainly has an impact on the
number of notifications. The current epidemic curve based on week
of notification refiects a more real time situation than in previous
years, as the interval between date of illness onset and date of
diagnosis has decreased from a median of 77 days in 2007 (IQR
40-121) and 29 days {(IQR 19-45) in 2008 to 17 days in 2009
(IQR 12-24 days).

Separate custers with multiple sources
It is becoming increasingly clear that the overall outbreak

. consists. of at least 10 separate clusters with multiple sources,

mainly in the province of Noord Brabant. For some clusters a clear
epidemiological link could be established to small ruminant farms
with clinical Q fever cases in animals presented as abortion waves.
For other clusters such a link was less obvious. An example of the
latter is a medium sized city (87,000 inhabitants) that experienced
a second Q fever outbreak in 2009 similar to the one in 2008.
in 2008, a dairy goat farm with abortions due to Q fever was
suspected as the source, but.in 2009 there were no veterinary
notifications from the area. The 73 notified-human cases residing
in the city were clustered in the same part of the city as the cases
that were notified in 2008, It remains unclear whether the same
source is involved, whether.the bacteria have persisted and survived
in the local environment, whether the primary source in 2008
has resulted in secondary sources in 2009, or whether there is
increased awareness among health professionals in this part of the
city based on the 2008 experience.

FIGURE 1

In March 2009, the Animal Health Service reported a Q fever-
positive farm in the province of Limburg with more than a thousand
goats. The place also serves as a care farm for young people
with mental disabilities who work there as part-time farmhands.
Prompted by this notification, the municipal health service (MHS)
South Limburg performed active laboratory screening by ELISA
of the individuals affiliated to this goat farm. The screening,
which involved a total of 96 people, has resufted in 28 notified
symptomatic cases to date.

Veterinary situation :

The total number of registered small ruminant farms in the
Netherlands is 52,000, of which 350 are professional dairy goat
farms with more than 200 adult goats and 40 are professional dairy
sheep farms, In 2005, Q fever was diagnosed for the first time as a
cause of abortion at a dairy goat farm, using immunochistochemistry
on sections of placenta {5]. A second case was diagnosed later in
2005. In 2006, 2007 and 2008, six, seven and seven new cases
at dairy goat farms were confirmed, respectively, mainly in the same

- area where human cases occurréd. In the same period, two cases of

abortion caused by C. burnetii were confirmed at dalry sheep farms,
one in the southern and one In the northern part of the country but
these two cases do not seem to be related to human cases. Analyses
of abortion outbreaks showed that the average number of goats per
farm was.900 of which 20% aborted, ranging from 10-60%. The
average number of sheep on both infected sheep farms was 400
and the abortion rate was 5%. '

Abortion outbreaks before June 2008 were reported on a
voluntary basis to the Animal Health Service and also confirmed
by immunohistochemistry. Since June 2008, notification of Q fever
in goats and sheep is mandatory in the Netherlands. There is 8
legal requirement for farmers and their private veterinary surgeons
to nolify the occurrence of abortion in small ruminants held in
deep litter houses. For large farms (>100 animals) the notification

Q fever notifications by week of notification, 1 Iununr)-' 2007 - 11 May 2009, the Netherlands (2007; 0=168, 2068: n=1000, 2009

[week 1-week 19): n=345)
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criterion is an abortion wave defined as an abortion percentage
higher than 5% among pregnant animals. For smaller holdings,
a criterion of three or more abortions in a 30-day period is used.

From January to April 2009, this new regulation has led to
notification of three dairy goat farms with clinical cases of Q
fever. One farm is located in the province of Overijssel (notified in
February), one in the south of the province of Limburg (notified in
March), and one in the province of Noord-Brabant (notified in Aprif).

This veterinary notification can potentially facilitate the detection
of related human cases or clusters. Veterinarians, physicians and
the public are informed through targeted mailings, publications
and the media, The exact location of animal farms with clinical Q
fever is now reported to the municipal health service. In February
2009, a nationwide stringent hygiene protocol became mandatory
for all professional dairy goat and sheep farms, independent of Q

‘fever status.

Vaccination campaigns

In the fall of 2008, 2 voluntary vaccination campaign was
implemented in the province of Noord Brabant. In total, about
36,000 small ruminants were vaccinated in an area with a radius

FIGURE 1

Notifted cases of acute Q fever in the Netherlands by three-digit
postal code arca, 1 January - 11 May 2009 (n=344"), The black line
indicates the mandatory vaccination area covering the province of |
Noord Brabant and parts of the provinces of Gelderland, Utrecht,
and Limburg,

Number of cases
PR 1

wem 2-3

e 46

- 7-10

ot 11-20

-— 72

3 mandatory
vaccination area

" Source: OSIRTS notification system, Map comptled b B;n Bom, Expertise

Centre for Methodglogy and Information Services, RI

* For one case the information on postal code is missing

of 45 kilometer around Uden, a small town in the centre of the
high-risk area.

Another, mandatory vaccination campaign led by the Animal
Health Service (GD) started on 21 April 2003. From Apri! to
October 2009, 200,000 small ruminants will be vaccinated in an
area which includes the province of Noord-Brabant and parts of
the provinces of Gelderland, Utrecht and Limburg.

Ongolng research :

Ongoing studies address the factors involved in.the 2008
epidemic at a national, regional and local levet, the efficacy of the
2008 voluntary vaccination campaign in small ruminants and the
nationwide occurrence of C. burnetii antibodies in the community -
and in small ruminants. From the human epidemiological
perspective, a case control study is currently underway in the
two main affected MHS regions of 2009, ‘Hart voor Brabant'
and Brabant-Southeast. Routinely collected sera of pregnant
women from the affected regions over the period June 2007 to

July 2008 are retrospectively screened for Q fever to study the ...

effect of Infection on pregnancy outcome (registered in a national

database). An integrated human-veterinary study was started, in had

which.small ruminant farmers and their animals will be screened
for presence of C. burnetii antibodies. In addition, environmental
samples will be obtained from a subset of these farms and the role
of particulate matter in relation to C. burnetii transmission will be
further investigated.

Conclusion : .

For the third consecutive year the Netherlands is facing a large
outbreak of Q fever, The new upsurge in Q fever cases in 2009
is alarming. The mandatory vaccination campaign among small
ruminants that was started in Aprit 2009, if effective, is expected
to reduce the occurrence of abortion waves and excretion of Coxiella
in the lambing season 2010. There is a large portfolio of ongoing
muitidisciptinary research, but it will take some time before results
become available that eventually will lead to the implementation
of extended and improved control measures.
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- . oL
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DRAFT GUIDANCE " ‘ Cm
This guidance document is for comment purposes only. v

Submit comments on this draft guidance by the date provided in the Federal Register notice
announcing the availability of the draft guidance. Submit written comments to the Division of
Dockets Management (HFA-305), Food and Drug Administration, 5630 Fishets Lane, Rm. 1061,
Rockville, MD 20852. Submit electronic comments to http://www.regulations.gov. You should
identify all comments with the docket number listed in the notice of availability that publishes in
the Federal Register. ‘

Additional copies of this draft guidance are available from the Office of Communication,
Outreach and Development (OCOD) (HFM-40), 1401 Rockville Pike, Suite 200N, Rockville,
MD 20852-1448, or by calling 1-800-835-4709 or 301-827-1800, or from the Internet at
http:/fwww fda.gov/cber/guidelinies htm. :

For questions on the content of this guidance, contact OCOD at the phone numbers listed above.

U.S. Department of Health and Human Services
Food and Drug Administration

Center for Biologics Evaluation and Research
March 2009
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Guidance for Industry

Use of Serological Tests to Reduce the Risk of Transmission of
Trypanosoma cruzi Infection in Whole Blood and Blood Components
for Transfusion and Human Cells, Tissues, and-Cellular and

Tissue-Based Products (HCT/Bs). -

This draft guidance, when finalized, will represent the Food and Drug Administration's (FDA’s)
current thinking on this topic. It does not create or confer any rights for or on any person and
does not operate to bind FDA or the public. You can use an alternative approach if the
approach satisfies the requirements of the applicable statutes and regulations. If you want to
discuss an alternative approach, contact the appropriate FDA staff. -If you cannot identify the

appropriate FDA staff, call the appropriate number listed on the titlepage of this guidance.

L INTRODUCTION

‘We, FDA, are notifying you, establishments that manufacture Whole Blood and blood
. components intended for use in transfusion, and establishments that make eligibility, -

determinations for donors of HCT/Ps, about FDA approval of a Biologics License Apphcé.tlon

_{BLA) for an enzyme-linked immunosorbent assay (ELISA) test system for the detection of

antibodies to Trypanosoma cruzi (T. cruzi). This test is intended for use as-a donor screenmg test
to reduce the risk of transmission of T. cruzi infection by detecting antibodies to T" cruzi'in -
plasma and serum samples from individual human donors, including donors of Whole Blood and
blood components intended for use in transfusion, and HCT/P donorsliving and cadaveric {(non-
heart beating)). This guidance document does not apply to the collection of Source Plasma.

In addition, we are providing you with recommendations for unit and dorior management,
labeling of Whole Blood and blood comporients, and procedures for reporting implementation of
a licensed T cruzi test at your facility or at your contract testing laboratory, as required-for blood
establishments under Title 21 Code of Federal Regulations 601.12 (21 CFR 601:12). For
establishments that make donor eligibility determinations for HCT/P donors; we are notifying
you that we have determined T. cruzi to be a relevant communicable disease agent under

21 CFR 1271.3(r)(2), and are providing you with recommendations for testing and screening

-donors for antibodies to T cruzi.

The recommendations made-in this guldance w1th respect to HCT/Ps are in addition to

. recormmendations made in the document entitled “Guidance for Industry: Eligibility

Determination for Donors of Human Cells, Tissues, and Cellular and Tissue-Based Products
(HCT/Ps),” dated August 2007 (Ref. 1).
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We recommend that you impleinent the recommendations provided in this guidance within one
year after a final guidance is-issued.

FDA’s gulda.nce docurnents, including this guidance, do not establish legally euforceable
responsibilities. Instead, guidances.deScribe FDA’s current thinking on a topic and should be

viewed only as recommendations, unless specific regulatory or statutory rethrements are c1ted
The use of the word should in FDA’s guidances means that somethxng.}s-suggested or
recommended, but not required.

. BACKGROUND

Chagas disease is caused by the protozoan parasite, T, cruzi. The disease is found pnmanly in
Mexico and Central and South America; the pathogenic agent has rarely been reported to cause
human infection in the United States (U.S.) by natural vector tra.nsmxssmn (Ref. 2). Natural
infections are transmitted mainly when the feces of certain blood' suckmg insects (triatomine -
bugs, commonly referred to as kissing or chinch bugs) that harbor- -the infection are rubbed into a-
bug bite, other wound, or directly into the eyes or mucous membranes. Other primary forms of
transmission include congenital (mother to unborn infant), organ- transplanmtlon, and blood
transfusion. Current estimates are that at least 11 million persons in Mexico and Central and
South America carry the parasite chronically and could present a potenual source of infection
should: they become donors. The presence of the pathogenic agent in U.S. and Canadian donors

- is increasing due to immigration of infected individuals from endemlc areas.’ Some experts

estimate that there may be as many as 100,000 persons unknowmgly mfected with T. cruzi, who
reside i in the U S. and Canada.

- Vector-borme m.fectwns are miostly mild in the acute phase and then persist throughout life,

“usually without symptoms. Acute-ififection in patients with comproxmsed immune systems, for
example, from cancer therapy or organ transplantation, can be very serious and sometimes fatal.’
Treatment options are limited, but are most effective early in the infection, The lifetime risk of
severe cardiac complications (cardiomegaly, heart failure and arthythmias) or intestinal disorders
(megacolon, megaesophagus) in infected individuals averages about 30% (range of 10 to 40% ’
depending on‘a variety of factors) and may occur many years after the initial infection, During
the acute phase of vector-borne Chagas disease, parasites are found in skin lesions.at thesite of
transmission. The parasites are then spread through the bloodstream to. various tissues, S
particularly skeletal muscle (Ref. 3). During the chronic stage of Chagas disease, most persons
who harbor the parasite are asymptomatic and unaware of their infection. “During this phase,
parasites have been demonstrated in muscle (especially cardiac muscle), nerves, and digestive
tract, but there has been very little investigation of tissue distribution durmg that phase (Refs 3
through 10). .
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A. Donor Screening Tests for Chagas Disease in the United States

At the September 1989 Blood Products Advisory Committee (BPAC) meeting, the
committee recommended testing donors of Whole Blood and blood components for
Chagas disease when a suitable test became available. It a 1995 BPAC meeting, the
committee considered whether the performance characteristics of the two FDA-approved
tests then available for diagnosis of Chagas disease would be suitable for blood donor
screening. The committee concluded that the tests discussed Were Tiot suitable for blood
donor screening. Furthermore, the committee sought clarification of the criteria that FDA
would use to license a Chagas test for donor screening. At the September 2002 meeting
of BPAC, FDA presented its current considerations on the regulatory pathway and
sta.p_aatds for licensing a donor screening test for Chagas disease and encouraged
manufacturers to develop tests based on those considerations (Ref. 11).

In December 2006, FDA granted a license to one manufacturer of an ELISA test system
for the detection of antibodies to T, cruzi in individual living hlood and HCT/P donors,
Since the end of January 2007, a number of blood centers representing a large proportion
of U.S. blood collections have been testing donors using this licensed assay. In February
2009, FDA licensed this ELISA test system for the detection of antibodies to T, cruzi in
cadaveric (non-heart beating) HCT/P donors. )

Blood donor testing by an ELISA test system identifies donors that are repeatedly
reactive for antibodies to T, cruzi. The presence of antibodies to T. cruzi is strong
evidence that a donor is infected with this parasite. Most donors that ‘are repeatedly
reactive by an ELISA test system for antibodies to T cruzi have chronic, asymptomatic
infections acquired years earlier during residence in areas endemic for T. cruzi,
Therefore, prior donations from a donor who is repeatedly reactive on an ELISA test
system were likely to harbor T’ cruzi parasites.

At the April 2007 BPAC meeting, FDA requested comments on scientific issues related
to the implementation of blood donor testing for infection with T cruzi (Ref. 12). Issues
discussed by the committee included the need for additional data on the incidence and
risk of transmission of T. cruzi by transfusion, the severity of Chagas disease, the
performance of the antibody test, and, the lack of a licensed supplemental test for
confirmatory testing,

The commiittee also commented on the design of research studies to validate a strategy
for selective testing of repeat blood donors. The committee noted that a period of

- universal testing of all blood donors would generate critical data on the prevalence of T,
cruzi infections in donors and that donor questions for selective donor screening needed
validation. '
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B. Risk of 7. cruziInfection from Transfusion of Whole Blood and Blood

Components \

Blood donations from individuals from endemic areas are the primary source of risk for

T cruzi infection from transfusion. Studies in the mid-1990s (Ref, 1) estimated that the’
rate of seropositive blood donors in the U.S. ranged from 1 in 5400 61 in 25,000,
depending on where the studies were conducted. However, morerecent studies suggest
that these rates have increased in the areas where donor testing has been performed over a
period of time. For example, a rate of 1 in 2000 was found recently in the Los Angeles
metropolitan area (Ref. 14). Transfusion transmission in endemic areas has been a major
public health concem, and many countries considered endemic for T, cruzi infection
screeiT blood donors for the presence of antibody. Therefore, in response to changes in

. donor demographics, we are now recommending bloqd donor testing in the U.S.

In the U.S. and Canada, only seven cases of transfusion-transmitted T. cruzi infections .
(Refs. 15 through 19) and five cases of infection from organ ,ttan&s‘plantation(_(Refs. 20 and
21) have been documented. However, transmission in immunocompetent patients is not”
likely to be apparent, and in many cases, even if symptoms appear, infection may not be .- -
recognized (Ref. 22). -

Studies in blood ¢enters which question donors about birth and/or residencein a T. cruzi-
endemic country have shown such questions to be incompletely effective at identifying
the seropositive donors. Studies also have looked at the rate of transfusion transmission
from 7' cruzi antibody-positive individuals. Published lookback studies in the U.S. and
‘in Mexico of 22 transfusion recipients of seropositive donations, identified five of these
recipients (22.7%) who later tested positive for antibodies suggesting transfusion
transmission of T. cruzi (Refs. 18,23 and 24). This transmission rate of 22.7% is
consistent with the literature from Latin America on rates of blood-bome transmission
from seropositive donors in Mexico and Cenfral and South America (Ref. 25). However,
we are aware that lookback studies conducted using the licensed ELISA test indicate that
the risk of T' cruzi by transfusion of a seropositive unit in the U.S. may be much lower .
risk than previously thought. We note that these studies have confirmed the demographic
characteristics of the typical seropositive donor as described in the first two_paragraphs of
section II. However, the data also suggest that there are seropositive individuals who
acquired their infections within the U.S. (Ref. 26). Despite this new data, the rate of -
transfusion transmission of 7. cruzi in the U.S: continues to be uncertain because of the
limited number of studies conducted to date and the rate of transfusion transmission ’
remains under investigation. ’ :

C. Risk of T.. cruzi Infection to Recipients of Donated HCT/Ps
Based on the risk of transmission, severity of effect, and availability of appropriate -
screening measures and/or tests, we have determined T. cruzi, the agent for Chagas

disease, to be a relevant communicable disease agent or disease under.
21 CFR 1271.3(r)(2). This determination was based on the following information.

4
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1. Risk of Transmission

There is a risk-of transmission of 7. cruzi: by HCT/Ps and there has been sufficient
incidence and/or prevalence to affect the potential donor population,
Recognizing the risk of transmission from donated HCT/P§, countries endemic for
T. cruzi infection have instituted various practices fo Hiirimize transmission
through transfusion or transplantation including screening donors for the presence
of T. cruzi antibodies. Further, when human leukocyte antigen-matched bone
marrow is obtained from an infected individual, the donor receives anti-parasitic

* treatment before the bone marrow is taken for transplantation. The World Health
... Organization recommends that:

* aheart from an infected donor not be transplanted; )

* aliver from an infected donor only be transpléfited to recipients alread:
positive for.Chagas disease, except in emergency cases; and -

* when other organs are transplanted from a Chagas-positive donor, the
recipient should receive prophylactic treatment for Chagas disease (Ref.
K) : '

_Published data regarding the trax_lsmi_ssibili:ty of T cruzi indicate that vertical

transmission (congenitally from mother to infant), oral transmission (through
breast milk or contaminated food) and conjunctival transmission (from contact-
with contaminated hands) have occurred (Ref. 3).. In animal studies, T. cruzi has
been shown to infect multiple tissues, including skeletal muscle; heart, bladder,
peripheral nerve, liver, spleen, adrenal gland, brain, adipose tissue, ocular tissue,
osteoblasts, chondroblasts, macrophages, and fibroblasts (Refs. 27 through 30).
Human placental cells also have been experimentally infected with T cruzi (Ref.
31). Asnoted previously in this section, T: cruzi has been transmitted via blood

_ transfusions and ofgan transplantation (Refs. 20 thirough 22, -and 32). -

At the BPAC meeting of April 26, 2007, the committee noted that, though some:
HCT/Ps are processed in a manner that might inactivate T, cruzi in HCT/Ps from
seropositive donors, current data are insufficient to identify specific effective
processing methods that consistently render HCT/Ps free of T. cruzi. The
committee concluded that, absent such data, it would be prudent to test HCT/P
donors to decrease the risk of transmitting infection with T. cruzi (Ref. 12). .

Information about prevalence of T. cruzi in the U.S. is provided in section II.B. of .

this document.
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. 2. Severity of Effect

T. cruzi infections can be fatal or life-threatening, result in permanent impairment

* of a body function or permanent damage to a body strgcture,.ahd/pr necessitate
medical or surgical intervention to preclude permanent ir_pgag&nent of a body
function or permanent damage to a body structure. R

3. Availability of Appropriate Screéning and/or Testing Measures

Appropriate screening measures have been developed for T. cruzi, such as the

.~ .maedical history interview. (Screening measures for T. cruzi are discussgd m

“séction IV.A. of this document.)
A donor screening test for I' cruzi has been licensed and labeled for use in testing
blood specimens from living and cadavetic donors of HGJ/Ps (see section IV.B.
of this document). You must use a donor screening test Tor T. cruzi that is .
specifically labeled for cadaveric specimens instead of a more generally labeled -
donor screening test when applicable and when available .
(21 CFR 1271.80(c)). Current FDA-licensed, cleared or approved donor
screening tests for use in testing HCT/P donors are listed at
hitp://www.fda.gov/cber/tissue/prod.htm.

RECOMMENDATIONS FOR DONORS OF WHOLE BLOOD AND vBLOO»D

CON[PONENTS INTENDED FOR USE IN TRANSFUSION

A.

Blood'Do_nor "I‘esting and Ménagement
1. Donor ’Ifestipé 4
We recommend testing of all donations of allogeneic units of blood using a. ..

licensed test for-antibodies to 7. cruzi. You must follow the regnlations nnder
21 CFR.610.40(d) for déetermining when autologous donations must be tested.

2. Donor Deferral

We recommend that all donors who are repeatedly reactive on a licet}sed testfor
T. cruzi antibody or who have a history of Chagas disease be indefinitely deferred .~
and notified of their deferral.
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3. Confirmatory Testing and Donor Reentry

At this time, there is no FDA licensed supplemental test for antibodies to T cruzi
that can be used for copfirmation of true positive screening test results. FDA is
not recommending reentry criteria for blood donors deferred indefinitely on the
basis of a repeatedly reactive screening test for antibodiesdo 70 cruzi due to the
absence of a licensed supplemental test for antibodies to Treruzi,

4. Donor Counseling and Physician Referral

We recommend that donors who are repeatedly reactive using a licensed test for
- antibodies to T cruzi be informed about the likelihood and medical significance
. of infection with T cruzi. Additional medical diagnostic testing may provide
information useful in donor counseling. ~ a

All repeatedly reactive donors should be referred to a:el-éhysician specialist. It also
may be useful to refer them to their state and local hiealth departments or to other
appropriate community resources. .

5. Further Testing of Repeatedly Reactive Donors for>Crosé—Reacﬁng Diseases

Because the licensed test has demonstrated some reactivity in donors infected
with pathogens other than 7. cruzi, we recommend that medical follow up be
considered for donors who are repeatedly reactive by the licensed test for
antibodies to 7. cruzi but who have no apparent basis for exposure to T, cruzi or
who have negative results on more specific medical diagnostic tests. For
example, testing for leishmaniasis may be appropriate in.persons with geographic
risk for exposure to Leishmania parasites. and who appear to have a falsely
reactive screening test for antibodies to 7. cruzi.

Product Management

1. Index Donations

We recommend that blood components from repeatedly reactive index donations
be quarantined and destroyed or used for research. Components determined to be
unsuitable for transfusion must be prominently labeled: “NOT FOR

TRANSFUSION,” and the label must state the reason the unit is considered
unsuitable (e.g., the component is positive for 7" cruzi (21 CFR 606. 121(f)).
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2. Lookback (Product Retrieval and Recipient Notification)

Within 3 calendar days after a donor tests repeatedly reactive by a licensed test for
T. cruzi antibody, you should: ‘ ’ : )

* identify all in-date blood and blood components prévigiisly donated by
such a donor, going back either. 10 years (or.indefmitely where electronic
records are dvailable), or else 12 months prior-to the most recent time that
this donor tested negative with a licensed test for T. cruzi antibody,
whichever is the lesser period (the lookback period); .

~- * quarantine all previously collected in-date blood and blood components
: held at your establishment; and

* notify consignees of all previously collected in-date blood and blood

components to quarantine and retum the blood components to.you or to

destroy them. C L ae

In addition, when you identify a donor who is repeafedly reactive by a licensed
test for I. cruzi antibodies and for whom there is additional information indicating - -
risk of 7. cruzi infection, such as geographical risk for exposure.-in an endemic
area, or medical diagnostic testing of the donor, we recommend that you:
* notify consignees of all previously distributed blood and blood
" components collected during the lookback period; and
¢ ifblood or blood components were transfused, encourage consignees to
notify the recipient’s physician of record of a possible increased risk of T,
cruzi infection. :

We recommend that when there is additional information indicating risk of 7 ‘
cruzi infection you make such notifications within 12 weeks of obtaining the
repeatedly reactive test result. )

There currently is no licensed 7. cruzi supplemental test. When such a test is
available, a positive test result will provide additional information indicatir}g risk
of I. cruzi infection.

Retrospective Review of Records

If you are a blood establishment that implemented screening with a licensed test
for antibodies to T: cruzi prior to the effective date of this guidance, you may wish
to perform a retrospective review of records to identify donors:

* with repeatedly reactive test results by a licensed test for T, cruzi
. antibodigs; and ‘ v :
e for whom there is additional information indicating risk of T. cruzi
infection, such as geographical risk for exposure in an endemic area, or
medical diagnostic testing of the donor. There currently is no licensed T .

8
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Ifa donor is identified at risk of infection during the retrospective review, you
may want to consider performing all the lookback actiops:described above.

3. Autologous Donations T

Although autologous use of blood does not increase a patient’s/donor’s risk.of
‘illness from a pre-existing infection, FDA regulations under 21 CFR 610.40(d)

- and () require testing of autologous blood donors under certain circumstances to

. prevent inadvertent allogeneic exposures to unsuitable units.

a. We recommend that blood components from autologous donors that are
repeatedly reactive by a licensed test for' T, cruzi antibody be released for
autologous use only with approval of the autologous donor’s referring -
physician; Establishments should provide the results of additional testing for
antibodies to T. cruzi, as available to the autologous donor’s referring
physician. ’

b. Each autologous donation must be labeled as required under

21 CFR 610.40(d)(4), as appropriate. Given the seriousness of T, cruzi
infections, autologeus donations that are repeatedly reactive by a licensed-test
for T ciuzi antibody must bear a biohazard label as required under

21 CFR 610.40(d)(4). :

4. Circular of Information

Consistent with other donor screening tests, the instruction circular, also known _
as the “Circular of Information” must be updated to state that a licensed test for *-
antibodies to T. cruzi was used to screen donors and that the results of testing
were negative (21 CFR 606.122(h)).

5. Biological Product Deviation Report and Fatality Report

Under 2] CFR 606.171, licensed manufacturers, unlicensed registered blood
establishments, and transfusion services must report any event and information
associated with the manufacturing, if the event either represents a deviation from
current good manufacturing practice, applicable regulations, applicable standards,
or established specifications that may affect the safety, purity, or potency of the.
product; or represents an unexpected or uriforeseeable event that may affect the
safety, purity, or potency of the product, and it occurs in your facility or another
facility under contract with you and involves distributed blood or blood
components. For additional information regarding reportirig, you may refer to
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FDA guidance, “Guidance for Industry: Biological Product Deviation Reporting
for Blood and Plasma Establishments,” dated October 2006 (Ref. 33). Also, when
a complication of blood collection or transfusion (e.g., involving T. cruzi) is
confirmed to be fatal, you must notify FDA in accordzjnce with )
21 CFR 606.170(b). *~ =~ :

-

Reporting the Test Implementation R -

.1. If you are a licensed blood establishment and you begin using a licensed

serological test for the detection of antibodies to T. cruz# according to the

<. manufacturer’s product insert at your facility, then you must notify us of the

testing change in your Annual Report (AR), in accordance with
21 CFR 601.12(d). If you already have an approved supplement to your BLA
to use a contract laboratory to perform infectious disease testing of blood
products, and the contract laboratory will now perfofili a serological test for
antibodies to I. ¢cruzi, you must report this change iryour AR :
(21 CFR 601.12(d)). - ;
2. If you are a licensed blood establishmen} and‘you use a new contract
laboratory to perform a serological test for antibodies to 7. cruzi (and the
- laboratory already performs infectious disease testing for blood products),
. then you must report this change by subniission of a “Changes Being .’ ‘
Effected” supplement, in accordance with 21 CFR 601.12(c)(1) a.nfi ©)(8). '1f -
your contract laboratory has not previously performed infectious disease

testing for blood products, then you must report this change as a major change

in a prior approval supplement, in accordance with 21 CFR.60112(b). -

RECOMMENDATIONS FOR DONORS OF HCT/Ps .

A.

Donor Screening——Risk Factors or Conditibgs

Under 21 CFR 1271.75(d), you must determine to be ineligible any potential dqnor who
is identified as having a risk factor for or clinical evidence of relévant communicable
disease agents or diseases. Ineligible potential donors include those who cxhlb;t one or
more of the following conditions or behaviors.

. Persons who have had a medical diagnosis of T. cruzi infection based on P

symptoms and/or laboratory results. . ) y
Persons who have tested positive or reactive for T. cruzi antibodies using an FDA-
licensed or investigational T. cruzi donor scréening test (Ref. 1). -

10
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Donor Testing

1. You must test blood specimens from all HCT/P donors for antibodies to T,
cruzi using an FDA-licensed donor sqreening test (21 CFR 1271.80(c)).

2. Any HCT/P donor whose specimen tests negative (or non-reactlve) for
antibodies to T. cruzi may be considered to be negaﬁve.(or non-reactive) for
purposes of making a donor e11g1b111ty determmatxcmv -

3. Any HCT/P donor whose specimen tests posmve (or reactive) for antibodies to
T. cruziis ineligible to be a donor (21 CFR 1271.80(d)(1)).

!
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