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Abstract

Objectives: Hepatitis B (HBV) and C viruses (HCV) are among the most frequent blood borne pathogens. According
to WHO, 5% of healthcare workers (in central Europe), are exposed to at least one sharps injury contaminated with HBV
per year, 1,7% - contaminated with HCV. Aims: The aims of the study were to determine prevalence of HCV and HBV
infections, vaccination efficacy against hepatitis B and usefulness of alanine aminotransferase (ALT) testing in prophylac-
tic examinations in healthcare workers (HCWs). Material and Methods: In a group of 520 healthcare workers, a survey,
laboratory and serologic tests such as ALT, HBsAg, anti-HBs, anti-HBcT and anti-HCV were carried out. Results: The
study revealed a low rate of workers with presence of HBsAg and anti-HCV (1,2% and 0,8% respectively). Anti-HBcT was
found in 99 subjects (19%) without a significant association with experiencing an occupational percutaneous injury. Being
vaccinated against HBV was declared by 90% of the subjects. There was no relationship between ALT level rise and posi-
tive HBsAg, anti-HCV and anti-HBcT tests. Conclusion: A seroprevalence of HBV and HCV markers in HCWs found in
the study is low and similar to the one found in general population. Current or past hepatitis B infections were independent
of needle stick injuries. Vaccination against HBV coverage, although found to be high, should improve to 100%. Occu-
pational prophylactic medical examinations found performing ALT test (obligatory in Poland for HCWs) not helpful. It
seems that determination of anti-HBcT and anti-HCV status would be essential in pre-employment medical examinations.
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INTRODUCTION

It’s known that hepatitis B (HBV) and C viruses (HCV)
are among the most frequent blood borne pathogens.
Occupational exposure to them refers mainly to health-
care workers because of frequent contact with body flu-
ids [1,2]. The risk of transmitting an infection following
an occupational exposure depends on lots of factors and
is on average 0.5% for HCV and 18-30% for HBV [3-5].
In United States it’s been estimated that a prevalence

of HBV infection among healthcare workers (HCWs)
was approximately 10 times higher than among the gen-
eral population [5]. Although the risk of being infected
with HBV is greater than HCV, there are efficient means
of pre- and post-exposure prophylaxis (hepatitis B im-
munoglobulin and/or hepatitis B vaccine — obligatory
for HCWs).

According to the World Health Organization, 5%
of HCWs in central part of Europe are exposed to at
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least one sharps injury contaminated with HBV per year
and 1.7% - to the one contaminated with HCV [6].

Polish Chief Sanitary Inspectorate estimates there were
about 1513 new cases of hepatitis B in 2009 in Poland and
there are 450 000 people infected with HBV. Implementing
obligatory vaccinations against HBV in children and ado-
lescents (1994) immunized individuals up to the age of 18
against this virus. In the vaccinated group acute hepatitis B
is rarely observed [7,8]. Hepatitis C morbidity is dissimilar
to the one caused by HBV; the extent of years is increasing,
although in 2007-2009 this trend was revised. It’s estimated
that there are about 730 000 people infected with HCV with
amorbidity rate of 7-8 cases per 100 000 inhabitants [7-10].
The most often genotypes recognized in Poland are: 1b
(75%), 3a (17%) and 1a (about 5%) [11,12].

All employees in Poland are obliged to undergo pre-em-
ployment and periodic medical examinations. The only
laboratory tests that are compulsory for workers being at
risk of exposure to HBV and HCV (according to the Pol-
ish guidelines on prophylactic examinations) to acquire
are total serum bilirubin and alanine aminotransferase
(ALT). Serologic tests aimed at early detection of HBV
and HCV infection are facultative. As an employer covers
the costs of prophylactic care, performing these tests quite
often depends on the amount of money the healthcare set-
ting wants to spend on laboratory tests.

In Poland, there were in total 2933 occupational diseases
diagnosed in 2010. Recently, there are around 30-45 oc-
cupational cases of hepatitis B and 99-119 of hepatitis C
recognized per year, mostly in healthcare workers [13].
The aims of the study were to determine prevalence
of HCV and HBV infections, their association with oc-
cupational exposure and not work-related risk factors,
vaccination against hepatitis B efficacy and usefulness
of ALT testing in prophylactic examinations in healthcare
workers. The evaluation of awareness of being infected
with HBV in the past was also made to determine how
many workers were unnecessarily vaccinated.

MATERIAL AND METHODS

The study was conducted from January to December 2009.
Ten healthcare settings in £.6dZ county (Poland) were se-
lected using a table of random numbers from a list obtained
from the £.6dZ Health Department; consent and permission
to conduct a survey were also requested. Five of the selected
that responded were included into the study. From a total
number of 1878 healthcare employees, a group of 600 work-
ers were randomly selected by using a table of random num-
bers, of which 520 agreed to take part in a study (86.7%).
All participants completed a questionnaire designed by
authors partly based on questions presented in Survey of
Healthcare Personnel on Occupational Exposure to Blood
and Body Fluids developed by Centers for Disease Control
and Prevention (CDC), and described in Sharps Injury Pre-
vention Workbook [14]. Among 50 workers (which were in-
cluded in the final study population) a pilot study was con-
ducted. Comments obtained from this group contributed
reasons for some revision of the questions.

Questionnaire

The questionnaire included questions on: job category
(nurses, surgical medical staff, ward attendants, non-sur-
gical medical staff, dental personnel (dentists and dental
assistants), laboratory staff), place of work (hospital, out-
patient clinic), job seniority, vaccination against HBV sta-
tus, history of exposure to percutaneous injuries, number
of occupational exposures and non-work related history
that posed a risk of transmission of blood borne viruses
(like surgeries, dialysis, piercing or endoscopic tests).

Laboratory tests

In all subjects, 4 ml of blood was collected for labora-
tory and serologic tests such as alanine aminotransferase
(ALT), hepatitis B virus surface antigen (HBsAg), hepa-
titis B virus surface antigen antibodies (anti-HBs), total
hepatitis B virus core antigen antibodies (anti-HBcT) and
hepatitis C antibodies (anti-HCV).
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Detecting anti-HCV, HBsAg, anti-HBs and anti-HBcT
was performed by enzyme immunoassays (ECLIA,
Roche) according to the manufacturer’s instruction.
Anti-HBs concentration equal to or greater than 10 IU/1
was considered positive. ALT was tested using COBAS
Integra tests. Laboratory testing was made in a refer-
ential laboratory of the Infectious Diseases Hospital in
16dz. Anti-HBcT positive individuals were analyzed in
regard to job seniority (divided into 4 groups: working no
longer than 10 years, between 11-20 years, 21-30 years
and longer than 30 years), history of hepatitis B (aware-
ness of being infected with HBV in the past), vaccination
against HBV, occupational exposure and other non-work
related risk of infection. Due to a low number of HBsAg
and anti-HCV positive workers, no such analyses were
done for these markers.

The Regional Bioethical Committee approved the study
protocol. All of the participants gave informed consent
prior to the study.

Statistical analysis

Sample size was estimated on the basis of a following as-
sumption: occupational exposure rate at 40%, percent-
age of anti-HBcT positive workers — 20%, twofold risk of
anti-HBcT positivity in exposed workers (OR = 2), the
power of inference not lower than 95%, o ratio = 0.05.
Continuous variables were expressed as mean va-
lues + standard deviations (SD) while the nominal vari-
ables as numbers and percentages. Associations between
dependent variable and group of independent variables
(clinical and laboratory parameters) were assessed in lo-
gistic regression analysis. The odds ratios describing the
strength of association between discrete variable and nom-
inal or categorized independent variables were estimated
in univariate model. For categorized variables the first
categories were defined as reference. All statistical analy-
ses were performed using STATISTICA 8.0; p < 0.05 was
used as a definition of statistical significance.

[JOMEH 2013;26(3)

RESULTS

The study group comprised: 260 (50%) nurses, 50 (9.6%) sur-
gical medical staff, 45 (8.6%) ward attendants, 54 (10.4%) non-
surgical medical staff, 57 (11%) dental personnel, 25 (4.8%)
laboratory staff and 29 (5.6%) other HCWs. This group con-
sisted of 377 (72.5%) hospital-based workers, 98 (18.8%)
outpatient clinic workers and 45 (8.7%) workers employed
in other healthcare settings. The mean age of the subjects
was 44.42+8.66 years (min. 22, max. 75) while the mean job
seniority in healthcare was 21.02+9.42 years (min. 2 months;
max. 45 years). 467 (89.8%) of them declared being vaccinated
against HBV, 46 (8.9%) have never undergone vaccination
and 7 (1.3%) couldn’t recall a fact of vaccination. The results
of performed laboratory tests are shown in Table 1.

Table 1. Results of laboratory tests performed in a group
of 520 HCWs

Respondents (N = 520)

Laboratory test n (%)

ALT above normal range (> 40 [U/]) 28 (5.4)
HBs antigen

positive 6(1.2)

negative 513 (98.6)

undefined 1(0.2)
Anti-HBs level (IU/1)

<10 69 (13.3)

10-100 87 (16.7)

> 100 364 (70.0)
Anti-HBc total

positive 99 (19.0)

negative 416 (80.0)

undefined 5(1.0)
Anti-HCV antibodies

positive 4(0.8)

negative 511(98.2)

undefined 5(1.1)

HCW - healthcare worker; ALT - alanine aminotransferase; HBs —
surface antigen of hepatitis B virus; HCV - antibodies to hepatitis
C virus; Anti-HBc - antibodies to core antigen of hepatitis B virus;
Anti-HBs - antibodies to surface antigen of hepatitis B virus.
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Among 520 of HCWs, HBsAg was detected in 6 subjects
(1.2%), and 4 of them were aware of being HBsAg carrier.
Anti-HCV positive results were found in 4 workers (0.8%)
and only 1 person knew of being infected with HCV.
Prevalence of positive HBsAg, anti-HBcT and anti-HCV
in different categories of independent variables is shown
in Table 2.

ALT levels in subjects positive for HBsAg, anti-HBcT and
anti-HCV were analyzed. There was no case of an ALT
rise in HBsAg positive or anti-HCV positive workers.
Slightly elevated ALT levels (from 42 to 61) were found
only in 9 anti-HBcT positive subjects (9%). From all 28
cases presenting elevated ALT levels (above 40 IU/), in 19
subjects (67.9%), viral hepatitis as a cause of raised liver

Table 2. Prevalence of positive HBsAg, anti-HBcT and anti-HCV results according to job seniority, history of viral hepatitis B and C,
vaccination status, occupational percutaneous injury, not-work related risk of infection and ALT level above 40 IU/l in a group

of 520 HCWs
Respondents Positive serologic tests
Independent variables (N = 520) n (%)
(n) HBsAg anti-HBcT anti-HCV

Job seniority (years)

<10 94 0(0) 6(6.4) 0(0)

11-20 166 2(12) 22 (13.2) 0(0)

21-30 182 3(1.6 44 (24.2) 4(2.2)

> 30 78 1(13 27 (34.6) 0(0)
History of viral hepatitis type B

yes 43 29 (67.4) 0(0)

no 471 70 (1.5) 4(0.8)
History of viral hepatitis type C

yes 3 1(333) 1(333) 1(333)

no 517 5(1.0) 98 (18.9) 3(0.6)
Vaccination against HBV

yes 467 1(0.2) 78 (16.7) 3(0.6)

no 46 5(10.9) 21 (45.6) 122

Unknown 7 0(0) 0(0)
Occupational percutaneous injury

yes 197 1 45 (22.8) 1

no 323 0.9 54 (16.3) 1
Not-work related risk of infection

yes 287 54 (18.8) (1.0)

no 233 1 45(19.3 1
ALT above 40 TU/l

yes 28 (0) (32.1) 0(0)

no 492 6(1.2) 90 (18.3) 4(0.8)

HBV - hepatitis B virus. Other abbreviations as in Table 1.
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Table 3. Association between elevated ALT (> 40 IU/1) (dependent variable) and job seniority, history of viral hepatitis B and C,
vaccination status, occupational percutaneous injury, not-work related risk of infection, presence of anti-HBcT and anti-HBs
> 10 U/ (independent variables) in a group of 520 HCWs in the univariate model of logistic regression analysis

Independent variables OR -95% CI +95% CI p

Job seniority (years)

<10 ref

11-20 0.90 0.29 2.84 0.80

21-30 1.15 0.39 3.40 0.80

> 30 0.96 0.25 3.71 0.90
History of viral hepatitis type B 1.36 0.39 4.69 0.60
History of viral hepatitis type C* - - - -
Vaccination 1.22 0.47 3.19 0.60
Occupational percutaneous injury 1.45 0.68 312 0.30
Not-work related risk of infection 1.50 0.68 3.33 0.30
Presence of HBs antigen® - - - -
Presence of anti-HBs > 10 [U/l 091 0.31 2.72 0.80
Presence of anti-HBcT 2.09 0.92 4.71 0.08

OR - odds ratio; CI - confidence interval. Other abbreviations as in as Table 1 and 2.

* OR could not be estimated.

enzyme could have been ruled out. Relationships between
elevated ALT levels (as dependent variable) and a range
of clinical and laboratory parameters were also assessed
(see Table 3). There were no statistical predictors of ele-
vated ALT levels that confirms the lack of association be-
tween ALT levels and the presence of HBs antigen or the
presence of anti-HBcT.

The presence of anti-HBcT was significantly more fre-
quent in subjects working between 21-30 years and lon-
ger than 30 years (OR = 4.75, p = 0.006 and OR = 8.08,
p < 0.0001 respectively).

Out of 99 anti-HBcT positive workers, 78 (78.8%) de-
clared being vaccinated against HBV and only 29
(29.3%) confirmed being infected with the hepatitis B
virus. Among those anti-HBcT positive HCWs, there
were fewer vaccinated subjects in a group with history
of hepatitis B than in a group that denied having a HBV
infection (13/29 vs. 65/70). In the univariate model of lo-
gistic regression analysis, being vaccinated significantly

[JOMEH 2013;26(3)

lowers the probability of anti-HBcT positivity (OR = (.23,
p < 0.0001).

There were bigger percentages of anti-HBcT positive
workers in a group that admitted experiencing at least one
occupational percutaneous injury than in a group with-
out such history (45/197 vs. 54/323), but these differences
were not statistically significant (OR = 1.48, p = 0.08).
Presence of non-occupational risk factors for HBV infec-
tion didn’t affect anti-HBcT presence either (p = 0.894).
Detailed results are shown in Table 4.

Positive anti-HBs concentration was found in 451 individ-
uals (86.7%). Among these workers, 20 admitted to never
being vaccinated against HBV. In these 20 subjects — 15
were anti-HBcT positive, in one case anti-HBcT was un-
settled and 4 were anti-HBcT negative. 7 workers with
protective concentration of anti-HBs could not remem-
ber whether they were vaccinated. Anti-HBs concentra-
tion lower than 10 IU/l was found in 69 subjects and 26
of them admitted to never being vaccinated against HBV.
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Table 4. Association between presence of anti-HBcT (dependent variable) and history of viral hepatitis B, vaccination status,
occupational percutaneous injury and non-work related risk of infection (independent variables) in a group of 520 HCWs in the

univariate model of logistic regression analysis

Independent variables OR -95% CI +95% CI p

Job seniority (years)

<10 ref

11-20 2.26 0.88 5.78 0.09

21-30 4.75 1.94 11.60 0.0006

>30 8.08 3.12 20.92 < 0.0001
History of viral hepatitis type B 11.90 599 23.63 < 0.0001
Vaccination 0.23 0.12 0.44 < 0.0001
Occupational percutaneous injury 1.48 0.95 2.30 0.08
Not-work related risk of infection 0.97 0.62 1.51 0.8

Abbreviations as in Table 1-3.

Non-protective anti-HBs level was found in 43 vaccinated
workers, which made up 9.2% of all vaccinated subjects.
Three subjects were found to be anti-HBcT positive with
anti-HBs and HBsAg negative status. There was also
one HBsAg positive worker with anti-HBs titer greater
than 10 IU/l (anti-HBs = 22 IU/).

DISCUSSION

The study revealed a low rate of workers positive for HB-
sAg and anti-HCV (1.2% and 0.8% respectively). It is
comparable with the rate found in general population in
Poland. Since introducing obligatory vaccinations against
hepatitis B, HBV morbidity rate has systematically de-
creased. Nowadays there are about 4-5 cases per 100.000
inhabitants and is similar to other European coun-
tries. HBsAg carrier status is around 1% [9]. Low rate of
positive for HBsAg and anti-HCV HCWs was also found
in different studies. In Italy, HBsAg and anti-HCV positi-
vity was found in 0.4% and 0.8% HCWs respectively [15].
A study conducted in Turkey, where anti-HCV seropreva-
lence in HCWs was compared with one found in blood-do-
nors as a control group revealed that among 702 employ-
ees, anti-HCV antibodies were found only in 0.3% of the

employees and this rate was even lower than in the control
group (0.4%). This fact was explained by a generally low
prevalence of hepatitis C in Turkey, a strict compliance
with universal precautions, a low number of drug-addicts,
tattooing and risky sexual behavior [16]. In Israel, anti-
HCV was found in 0.9% of 4287 hospital employees and
no association between the presence of anti-HCV and
a history of percutaneous injury was observed [17]. In Po-
land, a study conducted in 4248 HCWs in the northern
region (Pomerania) showed the prevalence of anti-HCV
antibodies was 1.3% [18].

The seroprevalence of anti-HBcT in our study was found to
be 19%, but it’s difficult to estimate whether it’s higher than
in a general population. These antibodies are found in 7%
of Polish blood donors, although it is estimated that there
are more people with history of HBV infection in a general
population. Some other data suggest that hepatitis B core
antigen antibodies are found in 20% of inhabitants [19,20].
Another Polish study conducted in surgical nurses and mid-
wives revealed the prevalence rate for HBsAg to be 0.7%
and 16.4% for anti-HBcT [21]. Anti-HBcT may be positive
during the chronic carrier stage, and at the end of an acute
resolving infection where HBsAg may be undetectable. The
presence of anti-HBcT was more frequent in employees

[JONEH 2013;26(3)
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working between 21-30 years and longer than 30 years in
comparison to those working shorter (OR = 4.75 and 8.08
vs. 2.26). These differences could be explained by the intro-
duction of obligatory vaccination against HBV in 1994, that
efficiently lowered the number of new infections. Subjects
with a longer job-seniority could have acquired hepatitis B
before getting vaccination.

There was no ALT level rise in positive HBsAg or anti-
HCV workers, although from clinical point of view these
situations are common and depend on natural history of
viral hepatitis. Some use raised ALT levels as a marker of
recent viral hepatitis infection, but levels of this enzyme
are not specific to this contagion and may fluctuate; more-
over, even people with normal serum ALT levels present
histologic evidence of hepatitis C chronic inflammation
in the majority of cases [22,23]. In regard to occupational
prophylactic medical examinations, testing exclusively for
ALT levels (obligatory in Poland for HCWs) is not useful,
as an infection with HBV or HCV could be easily missed.
Determination of anti-HBcT status would be essential in
initial examinations. Performing a serologic test could be
helpful in detection of hepatitis B (a current or past infec-
tion) and in ruling out the current healthcare setting as
a place where occupational disease might have been ac-
quired. Establishing the necessity of worker’s vaccination
(if not vaccinated) would also be a benefit from this sero-
logic test (although pre-vaccination screening is not rou-
tinely recommended [24]). The study revealed that 78.8%
of anti-HBcT positive individuals were unnecessarily vac-
cinated, this made up 16.7% of all vaccinated workers (78
out of 467). In regard to risk of being exposed to HCV,
anti-HCV antibodies should be the basic laboratory test
performed at the employee’s pre-employment examina-
tions. Further testing should be carried out after needle
sticks involving HCV-positive blood or in case when signs
or symptoms of liver malfunction occur.

Three cases of anti-HBcT positive alone (HBsAg and anti-
HBs negative) should have undergone further diagnostics,

[JOMEH 2013;26(3)

although it wasn’t a part of a study. It's common that the
diagnosis of HBV infection is based on the presence
of HBsAg, although the absence of this marker doesn’t ex-
clude the possibility of HBV-DNA presence (serologic pro-
file called occult HBV infection). There are a few possibili-
ties explaining the anti-HBcT alone status. It can be a false-
positive result, a late acute resolving infection with unde-
tectable HBsAg but with persistence of low level of HBV
DNA for a short time, a chronic carrier state with HBsAg
levels below the detection limit of current assays or HBV
infection with a virus carrying mutations resulting in unde-
tectable HBsAg [25]. Some studies show that prevalence
of HBV-DNA is higher in anti-HBcT alone positive cases
than in both anti-HBcT and anti-HBs positive samples [26].
It’s been estimated that HBV-DNA is detectable in (.3-
15% of anti-HBcT alone blood donors [27]. It’s been prov-
en that prevalence of DNA-positive results in anti-HBcT-
alone patients is increased in areas with a higher prevalence
of HBV infection. Even if these subjects are false positive,
complementary tests should be performed to confirm anti-
HBcT reactivity [24,28,29].

Our study revealed good vaccination against HBV cover-
age in HCWs (89.8%). Almost half of 46 subjects who have
never undergone vaccination were found to be anti-HBcT
positive, which made them naturally protected and thus
there was no need of vaccination. Still, the others should be
investigated for reasons of not being vaccinated. The study
revealed an anti-HBs level lower than 10 IU/1in 9.2% of all
vaccinated subjects. Unfortunately we can’t assume whether
these individuals didn’t primarily respond to the vaccina-
tion or lost their anti-HBs-producing capacity after a long
period of last vaccination dose. Nowadays it’s believed
that despite lack of these antibodies, people are protected
against infection or reinfection by cellular immune mecha-
nisms and immunological memory. This is why booster
doses of vaccine and periodic antibody concentration test-
ing are not routinely recommended in case of a drop of an-
tibody level [5,28,30,31]. The assessment of response after
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completion of vaccine series is not common in Poland, not
only in general population, but in HCWs as well. The study
shows the importance of introducing mandatory testing for
anti-HBs level in 1-2 months after completing vaccination
to make sure that 100% of employees are aware of their
vaccination response and protection against HBV infection.
This will also be helpful in managing HBV post exposure
prophylaxis in employees with low titer of anti-HBs pre-
sented at the time of exposure. According to the European
recommendations in previously vaccinated and known re-
sponders there is no need to take up any actions [24].
Surprisingly 4 anti-HBcT negative subjects who declared
not being vaccinated, had protective titer of anti-HBs.
Possible explanation for the presence of anti-HBs anti-
bodies is that these individuals did not remember being
vaccinated or the anti-HBcT results were false negative.
The study has some limitations, like not having a full
participation rate. Lack of time or not being interested
in HBV and HCV status could be an explanation. In-
fected HCWs could have avoided taking part in the study
on purpose. Sometimes subjects do not approve of test-
ing for HBV and HCV in case they are positive for these
viruses; they fear of losing their jobs, although in Poland -
contrary to other countries — there aren’t any regulations
that an infected personnel is not allowed to perform expo-
sure-prone procedures. This could also explain a low rate
of HCV and HBV infections found in our study.
Prevalence data indicate that the rate of HCV and HBV
infections in HCWs is low. It can be explained by low
prevalence of HBV and HCV in general population in
our country, compliance with universal precautions and
good vaccination against HBV coverage. Positive results
for anti-HBcT found in our study had no association with
a history of occupational percutaneous injury, so employ-
ment in healthcare cannot be regarded as a major risk of
contracting hepatitis B infection. However, HCWs are
at risk of exposure to hepatitis B and C viruses and thus
all means must be involved in creating a safer workplace.

Good hepatitis B vaccination coverage, reaching near-
ly 90%, and a similar percentage of HCWs with a pro-
tective level of anti-HBs antibodies was revealed. When
defining vaccination necessity, anti-HBcT results should
be taken into consideration. There was no need to vac-
cinate in almost 20% of HCWs, this contributes to wasting
of funds. It also seems that changing the official guidelines
on obligatory laboratory tests performed in healthcare
employees is necessary, as only carrying out ALT and bili-
rubin tests (without serologic testing) is not helpful in the
detection of hepatitis B and C infection.
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