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Correlates of hepatitis C virus (HCV) RNA negativity among
HCV-seropositive blood donors

Michael P Busch, Simone A. Glynn, Susan L. Stramer, Jennie Orland, Edward L. Murphy,
David J. Wright, and Steven Kleinman for the NHLBI Retrovirus Epidemiology Donor Study
(REDS) Group

BACKGROUND: Approximately 20 percent of persons
infected with hepatitis C virus (HCV) clear viremia.
Factors associated with resolution of viremia are not well
defined. Implementation of routine nucleic acid testing
(NAT) of blood donors has yielded a large data set for
analysis of demographic correlates of resolved viremia.
STUDY DESIGN AND METHODS: HCV antibody and
NAT data, liver enzyme (alanine aminotransferase [ALT])
results, and donor demographic characteristics were
compiled for 2,579,290 allogeneic donations given at five
large blood centers after NAT implementation in 1999
through December 2001. Donation HCV RNA status was
compared between first-time donors categorized by ALT
levels, sex, age, race and/or ethnicity, country of birth,
level of education, blood center location, and blood group,
with chi-square tests and multivariable logistic regression
methods.

RESULTS: Of 35 confirmed-seropositive repeat donors,
19 (54.3%) tested negative for the presence of HCV RNA;
there was no association between RNA status and
preseroconversion intervais (p = 0.74). Of 2105 RIBA-
positive, first-time donors, 402 (19.1%) tested negative for
the presence of HCV RNA by NAT (presumptive resolved
infections). There were significant differences in the
frequency of RNA negativity among first-time donors
categorized by ALT levels and by race and/or ethnicity.
ALT levels were more likely to be elevated in RNA-
positive, first-time donors (p < 0.0001). Viremia was less
likely to resolve in Asian (8.2%) and black non-Hispanic
(14.4%) donors than in white non-Hispanic (20.7%),
Hispanic (22.1%), and other race and/or ethnicity (22.1%)
donors (p = 0.02). No significant associations were found
for age, sex, country of origin, level of education, blood
type, and donor center location.

CONCLUSION: These results confirm that the frequency
of HCV RNA negativity among seropositive persons
differs by race and/or ethnicity. Follow-up studies of
donors with resolved viremia are warranted to further
elucidate viral, immunologic, and genetic factors
underlying spontaneous viral clearance.
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nly about 15percent of persons recenty
infected with hepatitis C virus (HCV) develop
a clinically overt hepatitis syndrome, which is
generally mild, occurs within 5 to 12 weeks of
exposure (mean, 8 weeks), and lasts from 2 to 12 weeks.'?
Although 85 percent of primary HCV infections are
asymptomatic, most studies indicate that 70 to 80 percent
of these infections become chronic with asymptomatic
viremia generally persisting for decades before later
disease manifestations."® This results in a reservoir of
clinically occuit HCV infections in persons presenting
to donate blood.** HCV seroprevalence (confirmed by
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= transcription-mediated amplification.
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recombinant immunoblot assay [RIBA]) among first-time
donors in the United States ranges from 0.2 to 0.3 percent
(reflecting a steady decrease from 0.6% in 1992 owing to
increasingly effective education and deferral procedures).
With approximately 2.6 million first-time donations per
year in the United States, we estimated that 6000 to 9000
HCV-seropositive infections are diagnosed annually as a
result of donor screening (data obtained from the Ameri-
can Red Cross [ARC] national database). Since introduc-
tion of nucleic acid amplification testing (NAT) in 1999,
the viremia status of seropositive donors is routinely avail-
able. In addition, NAT screening detects approximately
60 additional HCV-infected donors in the acute viremic,
seronegative phase of infection each year {data obtained
from the ARC national database).>® Results from interview
studies of seropositive US blood donors have demon-
strated that injection drug use (IDU) many years before
the HCV-pesitive donation is the likely source of infection
for the majority of cases, with transfusions before imple-
mentation of HCV screening and other parenteral and sex-
ual risk factors implicated to a lesser extent.”®
Evidence from human and chimpanzee studies indi-
cates that long-term viremia status (i.e., clearance vs. per-
sistence) is generally determined within 6 months but
occasionally as long as 12 to 24 months after infection."!!
The mechanisms and determinants of apparent viral
clearance after seroconversion (as demonstrated by RNA
negativity but HCV seropositivity) are not well understood
but likely involve a combination of host and viral factors,
including mode of acquisition; dose and quasispecies
complexity of HCV in the source inoculuimn,; viral genotype
and/or subtype; patient race and/or ethnicity, HLA type,
sex, and age at infection; and numerous host immune
response variables.'>?' Of note, symptomatic acute infec-
tions have been associated with an increased rate of viral
clearance (up to 50%) compared to asymptomatic infec-
tions, probably reflecting the dual effect of a more robust
immune response that eradicates infected hepatocytes
and results in manifestations of clinical hepatitis."?
Owing to the large numbers, diversity, and low-risk
characteristics of HCV-infected blood donors, this popu-
lation may offer unique insights into correlates of HCV
resolution, relative to those from studies of patients with
symptomatic acute infections, historically identified
transfusion recipients, or prospectively followed high-risk
populations (primarily active IDUs).'? To investigate
laboratory and demographic correlates of HCV RNA nega-
tivity in HCV-seropositive blood donors, we compiled
data on first-time allogeneic (whole-blood community,
directed, and apheresis) donations collected at five blood
centers participating in the National Heart, Lung, and
Blood Institute Retrovirus Epidemiology Donor Study
(REDS) that tested HCV-seropositive between the start of
HCV RNA NAT in mid-1999 through December 31, 2001.
We also evaluated the NAT status of repeat allogeneic
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donors who gave an HCV antibody-positive donation in
the NAT period.

MATERIALS AND METHODS

Five blood centers collecting approximately 8 percent of
all US allogeneic donations participated in REDS includ-
ing three ARC Blood Services regions (Greater Chesapeake
and Potomac Region [Baltimore, MD, and Washington,
DC), Southeastern Michigan Region [Detroit, Mi], and
Southern California Region [Los Angeles, CA)); the Blood

‘Centers of the Pacific (BCP, San Francisco, CA); and the

Sylvan N. Goldman Oklahoma Blood Institute {{Oklahoma
City, OK]). Information on donation type, donation date,
demographic characteristics (age, sex, race and/or ethnic-
ity, education level, country of birth), first-time and repeat
donor status, and screening and confirmatory test results
have been compiled in a database by the REDS coordinat-
ing center (Westat, Inc., Rockville, MD) since 1991. The
REDS protocol was approved by the institutional review
board at each center.

We identified first-time allogeneic (whole-blood
community or directed and apheresis) donations that
were confirmed HCV antibody-positive and were col-
lected between April 1999, the approximate start of HCV
NAT screening at REDS centers, and December 31, 2001
(the study period). The data set for the three ARC centers
was subsequently limited to HCV-seropositive donations
given subsequent to September 8, 1999, because before
that date seroreactive donations were frequently identi-
fied before pooling and consequently not subjected to
NAT screening. During the study period, screening for
antibodies to HCV was conducted with a third generation
enzyme-linked immunosorbent assay (Ortho HCV Version
3.0 ELISA test system, Ortho-Clinical Diagnostics, Inc.,
Raritan NJ). A third-generation (Chiron RIBA HCV 3.0 strip
immunoblot assay, Chiron Corp., Emeryville, CA) was
used as the confirmatory test by all centers, except for one
center (BCP), which used either second-generation RIBA
HCV or third-generation HCV assay versions between
April and July 1999, before switching exclusively to the
third-generation version on July 15, 1999. NAT was con-
ducted with a human immunodeficiency virus-1 (HIV-1)
and HCV transcription-mediated amplification (TMA)
system (Procleix, Gen-Probe, Inc., San Diego, CA} at four
centers (ARC centers and BCP) and a second-generation
HCV screening test (COBAS AmpliScreen, Roche Molecu-
lar Systems, Inc., Pleasanton CA) at one center (Oklahoma
Blood Institute).*? For the Procleix TMA system,
minipools (MPs) consisting of 16 individual donations
were screened by the multiplex HIV-1 and HCV assay
(except for BCP where donations were screened with MPs
of 24 for the initial 14 months of NAT screening).**** Once
areactive MP was identified, the corresponding individual
donations were tested by the multiplex HIV-1 and HCV



assay, followed, if reactive, by discriminatory HCV and
HIV-1 TMA assays to identify the viremic donation. For
this analysis, only those specimens that tested reactive by
the discriminatory HCV TMA were categorized as HCV
RNA-positive. The COBAS AmpliScreen HCV assay was
performed on MPs of 24 donations, with two-step resolu-
tion with six-member intermediate pools, followed by
individual donation testing to identify the HCV RNA-pos-
itive donation(s). Both the Procleix and the AmpliScreen
systems are highly sensitive with 50 percent detection lim-
its of 12 HCV copies per mL on neat samples based on
probit analyses and projected sensitivities of MP NAT
screening of fewer than 250 copies per mL.?*

We also identified repeat allogeneic donors who had
given at least one third-generation HCV ELISA-nonreac-
tive donation since January through June 1996 (time of
third-generation HCV ELISA implementation) followed by
an HCV ELISA-reactive and third-generation RIBA-posi-
tive donation in the NAT study period {(April-September
1999, to December 31, 2001). We evaluated the propor-
tions of third-generation RIBA-positive donations that
were RNA-positive or -negative as a function of estimated
time since infection by evaluating NAT status as a function
of the length of the seroconversion interval or time
between the HCV antibody-negative and HCV antibody-
positive donations.

To evaluate if HCV RNA negativity in seropositive
donors was associated with demographic characteristics,
we evaluated the number of HCV RNA-negative (pre-
sumptive resolved infections) and RNA-positive (pre-
sumptive chronic infections) donations from first-time
seropositive donors in various demographic groups and
used chi-square tests to compare the proportions of HCV
RNA-negative donations between demographic groups.
The demographic characteristics evaluated included age
(<25, 25-34, 35-44, 45-54, 55-65, and 265 years old), sex,
race and/or ethnicity (white non-Hispanic, black non-
Hispanic, Hispanic, Asian, other non-Hispanic), country
of birth (US; non-US), education level (less than high
school degree, high school degree, some college or an
associate degree, college degree, graduate or professional
degree), and blood center location. We also assessed if the
distribution of ABO/Rh blood groups and alanine ami-
notransferase (ALT) levels (normal, <60IU/L; low-ele-
vated, 60-1201U/L; high-elevated, >1201U/L) differed
between the RNA-negative and RNA-positive groups.
Missing data were excluded from the analysis (NAT results
were not available for 2.4% of donations from HCV anti-
body-positive, first-time donors; race and/or ethnicity,
level of education, and country of birth information were
missing for 11.3, 9.3, and 3.8 percent of donations from

RIBA-positive first-time donors, respectively; and infor-
mation on age, sex, blood center, ABO/Rh, and ALT was
missing for 0.1% of donations from first-time donors).
Logistic regression models were conducted to obtain odds
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ratios (ORs) that compared the odds of being HCV RNA-
negative between demographic groups. We included as
independent variables in the adjusted models only those
demographic characteristics with a chi-square p value
of 0.1. The models were conducted both unadjusted (one
demographic characteristic at a time) and adjusted (all
demographic variables entered into the model). The
adjusted model permitted us to evaluate whether the
association between a particular demographic variable
and NAT status was confounded by another demographic
variable, that is, whether the apparent effect of one demo-
graphic variable on NAT nonreactivity could be attributed
to the effect of another demographic variable on NAT
status.

RESULTS

The five participating blood centers collected 2,579,290
allogeneic donations during the study period (start of rou-
tine MP-NAT of seroreactive donations in 1999 through
December 31, 2001), including 616,228 first-time (23.9%)
and 1,963,062 (76.1%) repeat donations. There were 2105
donations from HCV ELISA-reactive and RIBA-positive
first-time donors {seroprevalence, 0.34%); of these 402
(19.6%) tested nonreactive and 1653 (78.5%) reactive by
MP-NAT (50 donations [2.4%)] from RIBA-positive, first-
time donors had missing NAT results and were sub-
sequently excluded from the analysis; Table1). HCV
seroprevalence rates were similar among the five REDS
centers; the number of confirmed seropositive donors
contributed per center varied from 227 (ARC Southeastern
Michigan Region) to 729 (ARC Southern California
Region).

We also identified 35 HCV seroconverters who gave at
least one HCV ELISA-nonreactive donation subsequent
to implementation of the third-generation version of the
anti-HCV screening assay in 1996, which was followed
by an ELISA-reactive and RIBA-positive donation during
the current study period. Of these 35 repeat donors, 19
(54.3%) were HCV MP-NAT-nonreactive on their RIBA-
positive donation (MP-NAT was not available for 1 posi-
tive donation [2.9%]}). The median seroconversion interval
length observed for the 34 seroconverters with a NAT
result was 22.6 months (range, 3.4 to 60.4 months); 24 of
the 34 seroconverters (70.6%) had an interval of at least
1 year. We hypothesized that repeat donors with shorter
seroconversion intervals would have higher RNA positiv-
ity rates than donors with longer seroconversion intervals,
since on average they should have been infected more
recently and consequently had less time to clear the HCV
virus. As shown in Table 1, however, there was no signifi-
cant difference in HCV RNA rates in seropositive donors
with shorter or longer seroconversion intervals (p = 0.74).

Further analyses of correlates of RNA negativity were
limited to the 2055 first-time confirmed-seropositive
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donors for whom NAT status was available. Significant
associations {p < 0.05) were observed between HCV RNA
negativity, and ALT levels (Table 2) and race and/or eth-
nicity (Table 3). ALT levels were more likely to be normal
in RNA-negative donors than in RNA-positive donors, and
high-elevated ALT levels (2120 IU/L) were much more
frequently observed in RNA-positive donors than RNA-
negative donors (p<0.0001; Table 2). Asian and black
non-Hispanic donors were less likely to be RNA-negative
than Hispanic, white non-Hispanic, or other non-His-
panic first-time donors (p=0.02; Table 3). The odds of
HCV BRNA negativity were significantly lower in Asian
donors (unadjusted OR, 0.34; 95% confidence interval
(CI), 0.12-0.96) and in black non-Hispanic donors (unad-
justed OR, 0.64; 95% CI, 0.44-0.93) than in white non-
Hispanic donors (Table 4). These racial and/or ethnic dif-
ferences were not explained by age or sex differences
between race and/or ethnic groups because unadjusted
and adjusted (for age and sex) ORs remained similar
(Table 4).

Associations between HCV RNA negativity and sex
(p=0.10), age (p =0.12), blood center location (p=0.17),
country of origin (p=0.64), education (p=0.80), and
ABO/Rh status (p =0.72) were all nonsignificant (Table 3).

TABLE 1. Proportion of RIBA-positive donations by
first-time and repeat donors who tested HCV RNA-
negative by MP-NAT and relationship of
preseroconversion intervals for repeat donors by
RNA status

Number of RIBA- HCV RNA-

Donor status positive donations  negative® p Value
First-time 2055 402 (19.6)
Repeat: length of 34 19 (55.9)
preseroconversion
interval (months)
<6 4 3 (75.0)
>6-9 2 2 (100.0)
>9-12 4 2 (50.00)
>12-24 9 4 (44.4)
>24-60 15 8 (53.3) 0.74

*

Data are reported as number (%). MP-NAT results were not
available for 50 RIBA-positive, first-time donors (2.4%) and for
1 RIBA-positive, repeat donor (2.9%).

DISCUSSION

Investigations in various populations at high risk for HCV
infection have identified correlates of HCV RNA clearance,
including host factors such as age, sex, and race and/or
ethnicity. The effectiveness of the immune response
(which is largely determined by host genetics but influ-
enced by age, health status, and previous antigenic expo-
sures) and the corresponding evolution of the virus during
the preseroconversion and early postseroconversion
phases of infection are probably the major determinants
of successful resolution of HCV viremia.'**'#*2°
Thomas and coworkers' first reported that race and/
or ethnicity is significantly associated with clearance of
HCV RNA in a study of seropositive IDU in Baltimore,
Maryland. These investigators found that 9.3 percent of
729 seropositive black non-Hispanic IDUs resolved HCV
infection, compared to 36 percent of 44 nonblack donors.
Although our findings confirm a significant association
between HCV RNA negativity in seropositive first-time
blood donors and race and/or ethnicity, the differences in
frequencies between black non-Hispanic blood donors
(14.4%) and nonblack donors (e.g., 20.7% for white non-
Hispanic donors) are smaller than seen with the Balti-
more [DU cohort. This difference may relate to the high
rate of HIV coinfection in the IDU cohort (33.4% of HCV-
seropositive IDUs were HIV-seropositive, and [1IV coin-
fection was associated with lower rates of HCV clearance)
and to the relatively small number of nonblack subjects in
that study compared to our study (44 vs. 1153, respec-
tively). We also found that the odds of Asian first-time
seropositive donors being RNA-positive was approxi-
mately three times that of white non-Hispanic donors. To
elucidate the basis for these race and/or ethnicity differ-
ences, investigators have begun to correlate HLA and
other immune response polymorphisms with HCV clear-
ance status. Strong associations with several HLA class |
and II alleles have been detected.'™ Persons who have
cleared HCV are also more likely than chronic carriers to
be homozygous for specific inhibitory killer immunoglo-
bulin-like receptors (KIR) combinations (KIR2DL3) and to
harbor specific polymorphisms related to cytotoxic lym-
phocyte antigen 4 (CTLA-4), interleukin 10, and CD4+
CD25+ regulatory T-cells (T-reg; Thio and colleagues, sub-
mitted for publication). These genetic studies have been
hampered by insufficient power owing

or high-elevated ALT levels

TABLE 2. Proportion of first-time seropositive donations who were
HCV RNA-negative or -positive (by MP-NAT) with normal, low-elevated,

to limited numbers of persons with
resolved HCV infections from various
race and/or ethnicity groups. Access to

ALT leve! (IU/L)

seropositive blood donors who have
tested RNA-negative offers a solution to

HCV status Normal (<60) Low-elevated (60-120) High-elevated (2120} p Value . ) 3 R
RNA-negative 396 (98.51) 3(0.75) 3075 this problem, and we are now c‘ontnb-
RNA-positive 1384 (83.78) 47 (2.85) 221 (13.38) <0.0001 uting specimens from donors with pre-

* Dala are reported as number (%).

sumptive resolved infection to these
studies.

472 TRANSFUSION Volume 46, March 2006

_29_



CORRELATES OF HCV VIREMIA IN BLOOD DONORS

TABLE 3. Proportion of donations from first-time
seropositive donors In a demographic group testing
HCV RNA (MP-NAT)-negative or -positive
HCV RNA status*
Demographic group Negative Positive p Value
Age (years)
<25 28 (14.89) 160 (85.11)
25-34 64 (23.70) 206 (76.30)
35-44 180 (20.93) 680 (79.07)
45-54 110 (17.89) 505 (82.11)
55-64 15 (15.63) 81 (84.38)
265 5 (20.83) 19 (79.17) 0.12
Sex
Male 232 (18.40) 1029 (81.50)
Female 170 (21.41) 624 (78.59) 0.10
Race and/or ethnicity
Asian 4 (8.16) 45 (91.84)
Black non-Hispanic 38 (14.39) 226 (85.61)
Hispanic 62 (22.06) 219 (77.94)
Other non-Hispanic 16 (21.05) 60 (78.95)
White non-Hispanic 239 (20.73) 914 (79.27) 0.02
* Data are reported as number (%).

TABLE 4. OR comparing odds of being HCV-
seropositive and RNA (MP-NAT)-negative by
demographic characteristic

Race and/or ethnicity

Demographic Unadjusted OR Adjusted OR*
characteristic (95% Cl) (95% Cl)
Age (years)
<25 1.0 1.0
25-34 1.78 (1.09-2.90) 2.08 (1.20-3.60)
35-44 1.51 (0.98-2.33) 1.75 (1.07-2.87)
45-54 1.24 (0.79-1.95) 1.48 (0.88-2.46)
55-64 1.06 (0.54-2.09) 1.30 (0.62-2.73)
265 1.50 (0.52-4.36) 1.98 (0.66-5.96)
Sex
Male 1.0 1.0
Female 1.21 (0.97-1.51) 1.14 (0.90-1.45)

White non-Hispanic 1.0 1.0

Asian 0.34 (0.12-0.96) 0.36 (0.13-1.01)
Black non-Hispanic 0.64 (0.44-0.93) 0.66 (0.45-0.96)
Hispanic 1.08 (0.79-1.49) 1.08 (0.78-1.48)
Other 1.02 (0.58-1.80) 1.03 (0.58-1.83)

* Adjusted for age, sex, and race and/or ethnicity.

Several groups have reported that HCV clearance rates
correlate with sex (more frequent clearance in women than
men) and age at time of infection (young donors resolve
infection more frequently than older donors). In our anal-
ysis, although nonsignificant, the odds for women to clear
viremia appeared 21 percent greater than for men
(p >0.05), similar to the findings in several other studies
{reviewed in Orland et al."). The association with age was
not significant, and no clear trend was observed.

Our results confirm that HCV RNA positivity is asso-
ciated with elevation of ALT in RIBA-positive donors.
Sixteen percent of viremic seropositive donors had ALT
elevations, including 13 percent with elevations greater
than the high doner screening cutoff of 120 IU per L. This

indicates that a substantial subset of viremic donors have
active liver disease at the time of donation. Because liver
disease in HCV infection is intermittent and follow-up
studies of HCV-infected persons with normal ALT have
demonstrated low rates of progression to clinical disease,
virernic donors without ALT elevation at the time of dona-
tion also warrant clinical follow-up to evaluate prognosis
and available therapeutic options.”” In other analyses,
we have shown that HCV RNA-negative, RIBA-positive
donors (first-time and repeat donors) have a distribution
of ALT levels that is essentially identical to that of HCV
ELISA-nonreactive donors.® This supports the conclusion
that the large majority of RNA-negative, anti-HCV-posi-
tive donors have no residual hepatic inflammation and
have likely eradicated HCV infection. In this data set, the
frequency of elevated ALT among RIBA-positive, first-time
donors who tested RNA-negative was 1.5 percent, which
is slightly higher than rates of ALT elevation among all
HCV ELISA-nonreactive donors. This likely relates to the
possibility that a minority of these donors still have active
HCV infection that is undetectable by a single RNA deter-
mination performed in a MP format of 16 to 24 donations.

Our findings of a lower frequency of HCV RNA posi-
tivity in seroconverting repeat donors than in seropositive
first-time donors was unexpected. We had hypothesized
that seroconverters, on average, would have been more
recently infected than first-time donors, and if sampled
within the first 6 months after the identification of their
RNA positivity, would have retained higher rates of vire-
mia not having adequate time for clearance. We observed
that 56 percent of seroconverters tested RNA-negative
on their first antibody-positive donation, in contrast to
20 percent in first-time donors, with no apparent relation-
ship between viral clearance and interdonation intervals.
It is unknown whether these donors have resolved infec-
tion or represent individuals with transient low-level vire-
mia that may only be detected intermittently. Of the 34
seroconverting donors identified in our study, 24 (71%)
had interdonation intervals exceeding 12 months so that
these donors would not have been expected to have
different HCV RNA-positive frequencies than first-time
donors. The lower percentage of viremia in repeat sero-
positive donors could relate to recent observations
in chimps and humans that in early infection, as the
immune systemn tries to control the infection, RNA levels
fluctuate and may be intermittently nondetectable by MP
NAT despite eventual development of chronic infec-
tion.*!! With time, either the immune system is able to
eradicate the infection or the virus escapes. Also, demo-
graphic differences in first-time and repeat donors may
explain the different RNA-positive frequencies observed
in these two groups.

This study has several limitations. We used routine
donor screening MP-NAT resulis, resolved to the individ-
ual donation level for NAT-reactive pools, to classify RIBA-
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positive donors as RNA-positive or -negative. Owing to the
16- to 24-fold dilution factor inherent in MP-NAT, we may
have failed to detect viremia in a proportion of seroposi-
tive donors with chronic infection (whether these donors
were first-time or repeat donors or with interdonation
intervals exceeding 12 months). The MP-NAT assays
employed in donor screening, however, have 50 percent
detection limits of approximately 200 gEq to mL, equiva-
lent to that of commercially available quantitative HCV
RNA assays that are widely used clinically to define vire-
mia status of seropositive persons. We have retested spec-
imens from MP-NAT-nonreactive, RIBA-positive donors
individually and have identified HCV RNA positivity in 2
to 5 percent of cases; results from follow-up studies of
such donors indicate that they have normal ALT levels and
intermittent low-level viremia detectable when samples
are tested without dilution.”

Finally, our current analysis was limited to demo-
graphic and laboratory data available from routine donor
screening on approximately 8 percent of the US blood
supply during the study period; the REDS centers do not
include centers from the southeastern United States
where HCV incidence and prevalence are higher than in
the rest of the country (data from the ARC national data-
base). We also did not recall donors to investigate risk
factors or probable dates of infection, nor did we perform
additional laboratory studies to confirm viremia status or
further characterize the donors (e.g., HLA typing, cellular
immune responses) and the virus (subtype, quasispecies
diversity). We have recently begun a study that involves
enrollment and follow-up of seropositive donors with
resolved infections and matched control donors with per-
sistent infections, as well as NAT-positive antibody-nega-
tive donors who are being followed prospectively through
seroconversion to establish their resolution status. This
study will hopefully contribute to the understanding of
determinants of HCV clearance, as well as yield informa-
tion to assist in counseling and clinical management of
the several thousand HCV-infected donors identified
annually by US blood centers.”
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Table 1 Remarkable predominance of male over female, irrespective of severity of
the disease. ‘

Disease categories

Total
Gender 700 Subclinical  AHe ASHs FH?
n=171 n=13 n=2]1 n =16
Female 5523%)  18(34%)  20(21%)  4(19%) 4(25%)
Male 188(77%)  53(66%)  106(79%)  17(81%)  12(75%)
F/Mratio  1/34 1/29 1/37 1/43 1/3

2Abbreviations : AH, acute hepatitis ; ASH, acute severe hepatitis (defined by prolonged
prothrombin time, ie., PT value < 40%) : FH, fulminant hepatitis.

Table 2 Age of the subjects, possibly influencing clinical manifestations.

Disease categories

Total

Agein yrs n=2p  Subclinical AH ASH FH
n=70 n =135 n=21 n =16
Lessthan40  63(26%)  38(54%)*  21(16%) 3(14%) 1(6%)
40 t0 59 105(43%)  20(29%) 70(52%)  11(53%) 4(25%)
60 or more 74(31%) 12(17%) 44(32%) 7(33%) 11(69%)®
Mean*SD 501156  423%159¢ 5282144 528+156 589101

3 P < 0001, 0.003, < 0,001 against "AH", "ASH", “‘FH" respectively: ®P = 0010, < 0.001 against
“AH", "Subclinical” (Chi square test). ¢P < 0,001, 0.009, < 0.001 against "AH", “ASH", "FH"
(t test) ; 9P = 0.047 against “AH" (Welch test).

%
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b, HUBOESZERT 5\ IIRME FHI D> 2
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TIEROEIRE HBIL, 2006 £ 1 Bk F Tio#B 254
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LB PREOSEFIZEDTHN L 4B IEE
RThal, WHERFEVWARBLON-E0OT, UT
EREFHRET 2.

it

B &
EPIOEEESR
HEHROF 4D, BERUBREET CRE L/ HEV
BEGhcowT, i i % BHE BHB.
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Table 3 Geographical distribution of HEV genotypes, showing a significant predominance of
type-3 over type in the areas other than Hokkaido.

HEV genotype

Total
Areas® n = 228 " . 3 .
Hokkaido 123 - - 58(47%) 65(53%)®
Tohoku 18 — - 17(94%) 1(6%)
Kanto-Koshin'etsu 43 5(10%)¢ — 31(65%) 12(25%)
Chuhbu-Hokuriku 8 1(9%)¢ — 7(91%) -
Kinki 10 1(10%)¢ - 9(90%) -
" Chuh-Shikoku 10 1(10%)¢ - 7(70%) 2(20%)
Kyusho-Okinawa 1 - - 9(82%) 2(18%)

a Japan was divided, from northeast to southwest, into 7 areas, each of which includes the following
prefectures. “Hokkaido™ : Hokkaido alone. "Tohoku" : Aomori, Iwate, Miyagi, Akita, Yamagata, and
Fukushima. “Kanto-Koshin'etsu” : Ibaraki, Tochigi, Gunma, Saitama, Chiba, Tokyo, Kanagawa, Shizuoka,
Yamanashi, Nagano, and Niigata. "Chuhbu-Hokuriku” : Toyama, Ishikawa, Fukui, Gifu, Aichi, and Mie.
“Kinki" : Shiga, Kyoto, Osaka, Hyogo, Nara, and Wakayama. "Chuh-Shikokn" : Tottori, Shimane, Okayama,
Hiroshima, Yamaguchi, Kagawa, Ehime, Tokushima, and Kochi. “Kyushu-Okinawa" : Fukuoka, Saga, Na-
gasaki, Kumamoto, Oita, Miyazaki, Kagoshima, and Okinawa.

b P < 0.00] against other areas (Chi square test).

€ All but one were from cases of imported infection.

Table 4 HEV genotype and clinical manifestation : the severer the disease
the higher the frequency of genotype 4.

Disease categories

HEV
genotype Subclinical AH ASH + FH
1 h=7 — 6 1
2 (n=0) — — —

3 {n = 135) 52 76 7
4 {n = 78) 7 48 23
Rate of type-d*  7/50(12%)  48/130(37%)  23/31(74%)

* P < 0.001 between “Subclinical” and “AH" as well as between "AH" and "ASH+FH"
. (Chi square test).

IO FENIRE LD TH o 72P,
HEYV genome {EXE0FIAZAR
ORF1 RO 2% 3RO, FhFiL69 nt', 326
nt'®, 21 nt* N TH 3 iz % L b—o0lK %
PCR THIE L, direct sequencing T3 Z £ 2k b geno-
type TRELL:.
- BEIPHEEERTE
BMOLEOELTHEOZOEBRREDS A
Wiz HEEF R HEIEE 4 © Table DME ORI T
#® R
HEV BE 0B
EERIERIE O NLESOMIRRINER (ERI

_36_

PR 13, dtEE (n=130), BF (15, BH& (1),
Wi 1), B8 (1), X @), Hk Q). BE Q).
HE 6), FE (6), HE (23), #ZN 6), #E
(1), WE 1), BE 1), F8 ), 'L @), AN
Q). Fm 3). B (1), KK (), 28 (), E®
(5), BE (4), A (4), LB (). B2 ). BM
(1), B8 (12), #&x (1), X% (2). #»8 3), T
Holz.
HEV BrE 0 & £
HBRAED 2 VIIRAEEETBE TH o 11 B%
BEvas 243 &t &0, HEDOHEE Tablel 1R T.
R, IR S 2 ILRERRTAD 12 4 % 185}




BENE2006-021

FIELFEY A N ABRRLEEE 9: 387

Table 5 Liver function test levels differed by HEV genotype.

Genotype 3 Genotype 4
Parameters® P
n mean SD n mean SD
peak ALT 101 1676 1390 75 3048 2501 < 0.001%
(Tu/L)
peak T.B. 80 71 36 71 118 89 0.01¢
(mg/dL)
nadir P.T. 74 796 263 67 63.3 27.7 < 0.001¢
(%)

2 Abbreviations : ALT, alanine amino transferase : T.B. total bilirubin : P.T. prothrombin time.® By

Welch. ¢ By t test.

Table 6 Month when the infection occurred, sug-
gesting that there was no seasonality.

Month Number of cases  Adjusted number
January 20
February 16
March 21 20»
April 37 24b
May 11
June 17
July 20
August 22
September 26 2]«
October 17
November 23
December 18

2 Of the 21 cases in March, 2 were infected simultaneously
by eating the same namagimo (raw liver) of wild boar 21)
while the other 19 were exposed to respective infection-
sources, and hence the number of independent infections
should be 20, not 21 ; b Similarly, of the 37 cases in April,
11 were from a mini-outbreak that occurred after wild
boar barbecue party 2¥and 4 were from deer-sashimi shar-
ing 22 ; ¢ Of the 26 in September also included 6 individu-
als from a mini-outbreak 10,

L7z 242 B &S, FRSH OB % Table2 12/ T
BEEN, PEREBUF-RLTHEECHL DAL
5, FERMERERE & RS (I REF 48 &
O, EHROHOBELEEEZIBD LM BB,
BRI 2R EEELLENB D> o HIiEIE, T
SRR ICIIB R RS (FELL.
Genotype %7 D= )
HEV genotype 2SHIBA L 7> 228 Blic oW T, B

(eB%ibigE, Hik, MEPER Sk &
PENE, AMHBBOT7 T 0y 7258 L D geno
type 5% % Table 3 2R

JbiEE DA DOHE T3 genotype 3 M HBSSHE &
7275, ALHEEICH Tt genotype 3 & 4 2NIZEH
FHELI:. Genotypel BB EN 8B 7RITA >
¥ (n=4), #¥75FVa (2), 23— (1) ~O
EHELH L Twi
HEYV genotype &SRB & DER

Genotype 1K R USSR RIS BTN OIS %18 b /- 220
BlizowT, BB L D genotype 55 % Table 4 IZ7R
7.

Genotype 4 DD, TEERRED b BRI
~, BIEENAE (BETFREEDR + BERFZE) ~
EEEZRLUTER (12%—37%—74%) L Twi:.
FE#IZ, Table5R2MM<, &#BFH®E ALT 1, &
BFREHREIVINVEVE SRPRER O DY
YERMEDVTN 2, genotype 4 DHITBIRHEEH
FRBTAHRERLL:.

M

FERHHIB LIz 247 PIOKEHER % Table 6 iR

4 APRBLTEVRESE (h=37) ERLH,
2055011 H(REF)PRU 2 FIRBE)Midx~
Bl— SRR X 2 ABERBRRIRETLHDTHS
7, 11 cases—1 incidence, 2 cases—1 incidence & L
TEVIMETI2REEERFHEI»Y V FLETE,
4BoFhiEn=24 1l L7 BRI, 3BE 9 R
bk4 1 T o0 MBARKESS2BEETY
Joo T, BRI T 2B AEHS (Table 6
WFMT % “adjusted number”) THET ZED, BER
BRZESIIFEL kb o,
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Table 7 Routes of transmission.

Routes Number of cases (%)  With direct evidence ~ With indirect evidence
Contact with animal 1(0.5%) - 1
Blood transfusion 5(2.3%) 5b -
Travel and Import 17(7.9%) — 13¢
Zoonotic food-borne 68(31%) 5¢ 2
Unknown 125(58%) - -

2 Patient’s pet cat was anti-HEV positive &. » Complete matching of HEV sequences between donor and recipi-
ent was observed in each case 11).13). ¢ Nucleotide sequences of HEV from the patients were more homologous
to those in the visited countries (India, Thailand, Nepal, Pakistan, Bangladesh, China) than those in Japan.
8 Complete matching of HEV sequences between patients and left-over animal meats 16)-22), & Shown in litera-

ture .10, 20),21),

W iig

BAERIHED L VIZRE LEBEML 240
#40% TLA2H o7z (Table7).

S5EoMmmEE (1 HRENR, 1HEIFER 36
JLi#EE) 12T, FF—LZMEDMT HEV RNA se-
quence D—HAHBE N~ EEEBAMNTCHL. —5,
bR (animal contact, travel and import,
zoonotic food-borne) ZH T3, Bl & ieE o) HEV
EEENN—BT 3 LOBEEERIBOLLOE, ¥
ABODBPREL ) hLOREOD 2 BBI5 ED
ATHo T, TOMBRETMIEBIR»PLDEETH 5.
BRBRTHILBELIVIIRESN-BYEE, 7
y (EHIMn=44), 47> (15), ¥ (5). BYE
T8 (2) Thote.

¥ L AU E TREEE BT 5 L, BARK
ROBEIZRERENED &1z ¢ ikl 1/130(0.8%)
vs A LARE 16/124 (13%).

£ 8
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PEAROBRKIEE»S b ABFRICHELTE
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4%z, HEV genotype 4 & disease severity &£ DD
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Z{th, unpublished results) b B oh TV 256, FEF
FEASRIEE L 7= genotype 4 DFEHIBBEMITDOW T,
ABEFOEBFENREICHLPICERTHL LEBDbRLS.
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Demographic, epidemiological, and virological characteristics of hepatitis
E virusinfections in Japan based on 254 human cases collected nationwide
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To know the reality of hepatitis E virus (HEV) infections in Japan, quite obscure until a few years ago, we
have collected a total of 254 human cases of HEV infection, and analyzed for demographic, epidemiological, and
virological characteristics. As a result, we now know [i} HEV has penetrated nationwide from Hokkaido to Ok-
inawa; [ii] hepatitis E is a disease of middle-aged people (approx. 50 years old in average) with a predominance
of male over female (approx. 35 vs 1); [iii) HEV strains of genotype 3 and 4 are autochthonous in Japan, but the
latter is present almost exclusively in Hokkaido; fiv] the older the age the severer the disease; [VJHEV genotype
4 is associated with more obvious and severer clinical manifestations than genotype 3; [vi] no seasonality in its
incidence; and [vii] transmission routes remain obscure in most cases {approx. 60%), whereas about 30%, 8%, and
2% are ascribable to zoonotic food-borne transmission, imported infection, and via blood transfusion, respec-
tively.
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