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Abstract

Introduction: Safe blood and blood products should be offered to all patients in need for blood transfusion. The objectives of the
present study were to establish prevalence estimates for hepatitis B and hepatitis C virus infections as a foundation for safe blood
transfusion in hospital, and to check the accuracy of the laboratory analysis used for hepatitis testing of blood donors in hospital.
Methods: A total of 1,200 blood samples collected from potential blood donors were tested by an enzyme immunoassay technique
(EIA) for detection of hepatitis surface antigen (HBsAg), antibodies to hepatitis B core antigen (anti-HBc), and antibodies to
hepatitis C antigen (anti-HCV). The EIA test outcome was validated by a chemiluminescent micro particle immunoassay technique
(CMIA).

Results: The prevalence of HBsAg and anti-HBc in the study population was 11.4 per cent (95% CI 9.6 - 13.2) and 51.7 per cent
(95% CI 48.8 - 54.5), respectively, the prevalences being higher in males than females. The prevalence of anti-HCV was 0.17 per
cent. The test agreement between the EIA and CMIA techniques was high both for HBsAg detection (k= 0.91; 95% CI: 0.83 - 0.99)
and for anti-HBc¢ detection (x = 0.89; 95% CI 0.81 - 0.97). Compared to CMIA results, the positive and negative predictive values
of the EIA tests were found to be 94.9 per cent (95% CI 87.5 - 98.6) and 97.5 per cent (95% CI 86.8 - 99.9) for HBsAg, and 92.4
per cent (95% CI 84.2 - 97.2) and 100 per cent (95% CI 91.2 - 100) for anti-HBc.

Interpretation & conclusions: The study shows that hepatitis B virus infection is endemic in local area and that almost population
is or has been infected. Hepatitis C infection is rare, but false negative test results cannot be ruled out. Also, the results indicate that
the EIA performance in blood donor screening may be sub-optimal, missing 2.5 per cent of hepatitis B virus carriers and falsely
excluding more than 7 per cent of blood donors. As the prevalence of hepatitis B infection is high, occult hepatitis B infection may
represent a threat to safe blood transfusion. Therefore, nucleic acid amplification testing for HBV should be considered for blood
donor screening.
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1. Introduction

Safe blood transfusions remain a challenge in resource-limited
settings where blood-transmitted diseases are endemic. The
transmission risk of hepatitis B virus (HBV) infection depends
on the actual disease prevalence rate; where the prevalence is
low the transmission risk is estimated at approximately
1:60,000; where HBV infection is endemic, the transmission
rate is probably much higher [*-3l. Testing for hepatitis surface
antigen (HBsAQ) is in place in most low-income countries.
Also patients with HBV S gene mutants may escape detection
by standard blood donor screening tests [ Besides,
transmission can still occur during the initial window-period of
an acute infection, or during late stages where virus is still
present (HBV-DNA positive) though HBsAg is negative, so-
called occult hepatitis B infection (OBI) [2 56,

OBI may originate from recovered infections with persistent
low level viral replication, from escape mutants blocking
export of antigen, or from a reduced HBV replication after co-
infection with hepatitis C virus (HCV) infection > 71, The
presence of antibodies to hepatitis B core antigen (anti-HBc)
indicates previous infection with HBV. In many Western
countries the presence of anti-HBc excludes blood donation.
However, due to limited resources and the potential exclusion
of many blood donors, this routine is seldom practiced in low-
income countries where HBV infection is endemic. There has

been an increased focus on OBI lately, with several studies
published both on the clinical significance of anti-HBc and
OBI, and as a starting point for discussing the matter of safe
blood transfusion.

The infectiousness of OBI cases is not clear although several
studies report that exclusion of antiHBc positive blood
probably decreases the rate of HBV transmission by blood
transfusion > & °1. The nucleic acid amplification (NAT)
technology has greatly enhanced accuracy in identification of
OBI cases, and NAT negative individuals are considered safe
blood donors 2%, However, NAT testing is expensive, the NAT
tests may not pick up mutated virus, cost-effectiveness may be
low, and the technology may not be feasible in blood
transfusion services where resources are scarce [,

Prevalence studies of HBV and HCV have so far been
conducted on relatively small study samples [,
Consequently, the prevalence estimates are too imprecise to
give evidence-based recommendations for blood donor
screening. The aim of the present study was, therefore, to
estimate accurate prevalence rates of HBV and HCV infections
among potential blood donors in a rural area prior to setting up
rural blood transfusion services.

2. Material & Methods
This work was done at the department of microbiology of
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Government medical college, Bettiah West Champaran, Bihar.
Regarding ethical aspect I had informed concerned authority of
this college. For the purpose of establishing rural blood
transfusion service, any healthy consenting adult between the
age of 18 and 55 yr living permanently in the study area was
considered a potential blood donor. Prior to the collection of
blood samples, villagers were informed by local health
authorities in media and community meetings that the study
was linked with the introduction of safe blood transfusion
service for the local population; that participation was
voluntary and free of charge; that all participants would be
informed of the test outcome and get medical advice and
counseling accordingly. Individuals previously vaccinated for
HBV were excluded from the study. After the informed
consent forms were signed with the witness of blood collectors,
participants were asked to fill in and sign registration forms
before inclusion. A total of 1,200 persons who were willing to
participate, and meeting selection criteria, were included in the
study. Data on HBe antigen were not gathered. The sample size
of 600 in each region enabled us to detect a difference of HBV
prevalence of at least 10 per cent with significance level 5 per
cent with twosided testing, test power at 90 per cent.

To assess local prevalence variations the blood samples were
collected with stratified sampling procedure: 600 samples were
collected from the villagers in hospital, and blood samples
collected from the consenting individuals. With this sampling
design, potential clustering of results at village level were
considered and adjusted for the prevalence estimates.

To control the quality of sample processing, a subset of 321
serum samples was randomly selected for analysis by an
automated chemiluminescent micro particle immunoassay

(CMIA) technique (n=120 for each category, HBsAg, anti-
HBc, and anti-HCV) (Fig. 1).

The subset sample size (n = 120) was estimated to detect test
indicator differences of more than 5 per cent with 95%
confidence interval, the subset being selected to get at a balance
of 2/3 assumed test-positive units versus 1/3 assumed test-
negative units. Except for a slight under-representation of
females in the HBsAg subset, the demographical composition
of the three subsets corresponded well with the total study
population (Table I).

2.1 Methods

The EIA tests were performed according to the manufacturer’s
instructions. Blood samples (5 ml) were drawn in field from
each study person by trained laboratory technicians and set
aside for spontaneous coagulation for 30 min before
centrifugation. After centrifugation, the serum was pipetted
into two new tubes, cooled to 4°C in a portable cooler and
analysed within three days by an EIA technique. The frozen
serum samples from all participants were stored for one year in
case further analysis should be required. The Monolisa test has
a claimed sensitivity at 100 and specificity at 99.9 per cent for
HBsAg; for anti-HBc the claimed sensitivity is 99.5 per cent
and specificity 99.5 per cent; for anti-HCV the respective
performance is claimed to be at 100 and 99.8 per cent*,

The following confirmation of positive tests is recommended
by the manufacturers: A neutralization test for reactive/
positive HBsAg samples; a recombinant immunoblot assay test
or HCV-RNA polymerase chain reaction test for
reactive/positive anti-HCV; alternatively anti-HBc assay for
reactive/positive anti-HBc.

Hepatitis B surfac

Hepatitis C antibody
n=93

Hepatitis B core
antibody
n=97

Fig. 1. Venn diagram describing the composition and overlap of

subsets for chemiluminescent micro particle immunoassay (CMLA)

analysis. The numbers within each area indicate the number of

study samples.
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Table 1. Demographic factors in the study population and in chemiluminescent micro particle immunoassay (CMIA) subsets

Study group ~ Cam Thuy
(m=1,200) =600
(render ratio; female/male T30M4T70 4017194
Mean £ 5D age (vr) Mozhh M2+88

Samples with concentration values less than 0.05 U/ ml were
considered negative and those that had values > to 0.05 IU/ml
were considered positive. CMIA analysis of anti-HBc and anti-
HCV assays is based on the ratio of signal to cut-off value
(S/CO).

3. Results

The demographic characteristics of the study sample are
presented in Table I and Fig. 2. The subsamples compared well
to the main sample regarding age, and the subsamples were
approximately equal for age and gender, while the main sample
had a gender bias. The analyses showed that 11.4 per cent of
study samples (137/1200, 95% CI 9.6 - 13.2) were positive for
HBsAg, 51.7 per cent (620/1200, 95% CI 48.8 - 54.5) were
anti-HBc-positive, while 9.5 per cent (114/1200, 95% CI 7.9 -
11.3) were positive for both HBsAg and anti-HBc. Further, 1.9
per cent (23/1200, 95% CI 1.2 -2.8) of the serum samples were
positive for HBsAg and negative for anti-HBc; and 42.2 per
cent (506/1200, 95% CI 39.4 - 45.0) negative for HBsAg and

Trieu trach Subsets for CMIA analysis
N=600 HBsAg Ant-HBe  AntiHCV
(n=120) (n=120) (n=120)
3291271 55163 63f33 6436
3384 M4zR2 HER6 35092

positive for anti-HBc.

There were only two positive anti-HCV samples (0.17%). A
substantial age gradient with more positives with increasing
age was found for anti-HBc, but not for HBsAg (Fig. 3).
Gender was found to be important, as more men than women
were positive for HBsAg (16.8%; 95% CI 13.4 - 20.2 versus
7.9%, 95% CI 6.0 - 9.9) and also for anti-HBc¢ (57.0%; 95% ClI
52.5-61.5 versus 48.2%; 95% CI 44.6 - 51.8).

Higher prevalence levels for both HBsAg and anti-HBc were
found in remote rural area compared with the less remote area.
However, these differences were mainly due to sampling bias
(age, gender), as the area variable was without significant
importance in the logistic models (Table 11). As shown in Table
111, that age and gender were substantial factors for anti-HBc
variations while only gender was important for HBsAg. For
both HBsAg and anti-HBc, higher prevalence was found for
males versus females. Model fit was acceptable with a ROC
area of 66 per cent for anti-HBc and 62 per cent for HBsAg.

Cam Thuy Trew Trach
2 4
BT
5 21
3
B
F 8
= T T T
& 20 40 B0 o 20 a0 &0
Mpe (yr]
Fig. 1. The age distribution in the two study areas, Cam Thuy (more
developed community, n = 600} and Trieu Trach (less developed
community, n = 600).
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Fig. 3. The age profile for HBsAg and anti-HBc positive individuals
established using the lowess smoother function in Stata.

The test agreement (Kappa) between the EIA and CMIA was
0.91 for HBsAg (95% ClI: 0.83 - 0.99), and 0.89 for anti-HBc
(95% CI: 0.81 - 0.97) (Table 1V). Using CMIA test results as
reference, the positive and negative predictive values were
found to be 94.9 per cent (95% CI 87.5 - 98.6) and 97.5 per
cent (95% Cl 86.8 - 99.9) for HBsAg; and 92.4 per cent (95%
Cl1 84.2 - 97.2) and 100 per cent (95% CI 91.2 - 100) for anti-
HBc. Samples with difference in results for HBsAg and anti-
HBc had close to cut-off values both in CMIA and EIA
analysis. For the anti-HCV analysis the pattern was different,
the two samples being clearly positive by CMIA and clearly
negative by EIA (Table V).

4. Discussion

The present study documents high prevalence of HBV
infection in the study area and thus confirms findings in
previous smaller epidemiological studies conducted in rural as
well as urban populations reporting prevalence rates of HBV

infection in the range of 8 to 25 per cent [>1%1, Due to the size
of the present study population, the prevalence estimates are
strong with narrow confidence limits. Although there was a
gender bias in the main sample, the study demonstrated that
gender was a risk variable, men having a higher risk of HBV
infection than women. The study also documents a high
prevalence of anti-HBc (51.7%) in the study area.

The large number of samples being HBsAg negative and anti-
HBc positive (42.2%) indicated that HBV infections have been
endemic in the study area for some time. However, there may
be large local prevalence variations as reported in studies of
HBV infection (', Comparing two communities with different
infrastructural levels, we found higher prevalence of anti-HBc
in the less developed community. However, the difference was
moderate (10%) and hardly of clinical significance. Of the
1,200 samples included in the present study, only two were
classified as anti-HCV positive with EIA technique.
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Table I1. Adjusted prevalence estimates (%) of HBsAg, anti-HBe, and anti-HCV with 93% confidence intervals, established with the
svy procedure in Stata, with village as primary sampling unit and area as stratifying variable, siratified over gender
Adjusted prevalence estimates (%)
HBsAg Anti - HBe HCY
Total population (n=1,200) 11.4(9.6-132) 51.7(48.8 - 54.5) 0.17 (0,02 - 0.60)
Female 79(6.0-99) 482 (446-518)
Male 16.8(13.4-202) 57.0(52.6-61.5)
Trieu Trach (n= 600) 120(9.4 - 14.6) 56.7(52.7 - 60.6) 0.17 (0.004 - 0.90)
Female 6.7(4.0-94) 50.4 (45,0 - 55.9)
Male 185(13.8-23.1) 64.2 (58.5-70.0)
Cam Thuy (n=600) 108(84-133) 46.7(42.7- 50.6) 0.17 (0.004 - 0.90)
Female 9.0(62-11.8) 464 (415-51.3)
Male 14.6(96-195) 472(403-542)
Values in parentheses are 95% Cl
Of these two, one was also positive for both HBsAg and anti- technique in Norway. The finding corresponds well with

HBc; the other was HBsAg negative and anti-HBc positive.
Two more anti-HCV positive samples were found with CMIA

prevalence estimates at 0.4 per cent HCV infection reported.

confidence intervals
Outcome  Variables
HBsAg  Apge
Male vs. female
TTvs, CT
Ant-HBe  Ape
Male vs. female
TT vs, CT
TT, Trieu Trach; CT-Cam Thuy

Odds Ratio

0.99 (0.97 - 1.02)
2.34(1.66-3.29)
1.02 (0.56 - 1.84)
1.06(1.035 - 1.08)
1.41(1.08 - 1.83)
1.40(0.87-2.27)

Table III. A multivanable logistic model for HBsAg and

anti-HBc expressing the influence of possible confounders on
prevalence estimates, the resulis being expressed with 95%

"
0.695
< (.001
(.958
< (.001
0.011
0. 168
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Table IV. Comparison of EIA and CMIA test outcomes

EIA test outcomes

Sensitivity (%) 98.7192.9- 100)

00,7 (77.9-974)

04,9 (87.5 - 98.6)

07.5(86.8-99.9)
{

0.91 {0.83 - 0.99)

Specificity (%)
Positive predictive value (%)
Megative predictive value (%)

Agreement {kappa)

“The result from one patient was missing from the CMIA analysis

confidence intervals for EIA, using CMIA as reference method

HBs Ag' Ant-HBe'
Positive Negative Positive Negative
CMIA positive 75 1 73 0
CMILA negative - i f 40
Total 7 40 79 40

The results expressed in observed numbers. Test sensitivity/specificity and positive/negative predictive values are given by 95%

100 (95.1 - 100)
87(73.7-95.1)
924 (842-972)
100 (912 - 100)
(.89 (0.81 - 0.97)

Table V. Mismatched EIA and CMIA test results
HBsAg Ant-HBe Anti- HCY

CMIA  Result  Rato  Result  CMIA  Result Ratio  Result  CMIA  Result  Rato  Result
IUml  CMIA  ElA EIA SICO0  CMIA  EIA EIA SCO CMlA  ElA ElA
004  NEG 1.3% POS 0.18 NEG 1.23 POS 212 POS 023  NEG
003  NEG 1.16 POS 0.74 NEG 1.53 POS 743 POS 039  NEG
003  NEG 110 POS 0.54 NEG 157 POS
004 NEG 101 POS 0.62 NEG 119 POS
058 POS (.47 NEG 053 NEG 159 POS

0.60 NEG 127 POS
S/CO: The ratio of signal to cut-off value in CMIA analysis

A recent study in rural Cambodia reports high prevalence rate
of HCV antibodies (14.7%) %, Roughly 80 per cent of anti-
HCYV positive individuals are considered to be infectious?’. The
two clearly missed anti-HCV positive blood samples by EIA
picked up by CMIA analysis, may be due to test properties.
Both for HBV and HCV, there are genotype differences
between Western countries and East Asia.

The test in use was developed by a Western company, and it
may well be that this test did not identify the antibodies
produced by the genotypes in the actual study population.
Regardless of the reason, the study documented that the
accuracy of hepatitis screening in potential blood donors was
suboptimal. The false-negative HBsAg rate was 2.5 per cent,
which increases the risk of transmitting HBV infections
through blood products. Also the false-positive rate for anti-
HBc of 7.6 per cent is unacceptably high and would exclude
large numbers of potential blood donors.

An important problem is the risk of virus transmission from
OBI donors. In the actual study population, the rate of HBsAg

negative-anti-HBc positive participants was high (42%) which
raised the question of how many of these were also OBI cases
and potential transmitters of HBV infection? Accurate
estimates cannot be given because the actual study participants
due to resource restrictions could not be tested for HBV-DNA.
The rate of HBV DNA detected in HBsAg-negative samples is
reported to vary with the prevalence of HBV infection. Less
than 5 per cent of HBsAg negative-anti-HBc positive blood
donor samples are reported to have detectable HBV DNA in
European countries with low HBYV infection, whereas the
corresponding rate is as high as 24 per cent in areas with high
HBYV prevalence [?8 23],
A study conducted in China showed that the prevalence of
occult HBV infection among HBsAg negative healthy
individuals was 10.6 per cent24. On one hand, screening of
blood donors for anti-HBc might reduce the risk of HBV
transmission; but on the other hand, half the population would
then be excluded from donation which has obvious
consequences for blood product availability in the country.
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Based on the present state of knowledge it is not possible to
come up with actual risk estimates for HBV transmission by
HBsAg negative-anti-HBc positive blood products in areas of
high HBV endemicity. NAT studies of HBVDNA in HBsAg
negative individuals are required to get a precise risk estimates
for HBV transmission by HBsAg negative, anti-HBc positive
blood products.

5. Conclusion

HBYV is endemic in rural and constitutes a major public health
problem. The study shows that half of the rural population has
detectable anti-HBc antibodies and that the prevalence of
potential transmitters of HBV infection is high. The prevalence
of HCV seems to be low, however, genotype differences of the
virus may affect the accuracy of test results. The study also
indicated that the EIA performance in blood donor screening
was sub-optimal. The screening tests should be validated by
nucleic acid amplification test (NAT) technology.
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