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Real-time polymerase chain reaction and serological markers in the 
diagnosis and monitoring of hepatitis-B infected patients in southeast 

Nigeria
Stephen Okoroafor Kalu1*,Chukwurah SN2, Ugwunze OE2, Afiadigwe EE2, Eleje GU3, Obioma CF1,Ndulue IN1, Akaeze G1, Ushie SN4, Mbanuzuru 

VA5, Essien VE6, Ugboaja JO3, Igwegbe AO3

Results: About 280 HBsAg positive HBV samples were received, 15 were 
negative for the panel, and the target was not detected with PCR technology. 
More males, 163/280 (58.3%), were infected with HBV than the female 
counterparts 117/280 (41.7%).More males (27(73.0%) were associated with 
higher viral >20,000 IU/ml than their female counterparts (10 (27.0%).
HBeAg positive was associated with higher HBV DNA viral load 2.28 log 10 
to 8.28 log 10 compared to those with HBeAb negative (1.3 log 10 to 6.45 
log 10). The patients between 30 to 39 years of age were mostly infected with 
HBV, while the least infected were patients 60 years and above.

Conclusion: Most serologic HBeAg negative individuals may have significant 
detectable HBV DNA viral load probably due to mutation at the pre-core 
and core mutation, which hinders or reduce the rate of HBeAg synthesis 
and expression. Real-time PCR-based tests serve as an essential tool in several 
clinical settings, particularly in detecting low levels of viraemia in non-
replicative HBV disease and patients with past HBV infection.
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Background: Hepatitis B Virus (HBV) infection is the single most common 
cause of viral hepatitis that causes chronic liver disease, cirrhosis and is linked 
to primary Hepato Cellular Carcinoma (HCC). PCR testing of HBV DNA is 
critical in routine clinical settings to determine patients who need antiviral 
therapy and monitor patients on antiretroviral treatment for suitability of 
treatment.

Methods: This prospective cohort study was performed at the PCR 
Laboratory of the Nnamdi Azikiwe University Teaching Hospital, Nnewi, 
Nigeria. About 280 plasma samples were received between May 2019 to 
April 2020 across southeastern states for HBV serological markers and DNA 
quantification tests.

INTRODUCTION

Hepatitis B virus (HBV) infection is a severe public health problem. It 
is the single most common cause of viral hepatitis in developing and 

underdeveloped settings that causes chronic liver disease, cirrhosis. It is 
linked to primary Hepato Cellular Carcinoma (HCC) [1]. Serological markers 
for HBV infection include Hepatitis B Surface Antigen (HBsAg), Hepatitis 
B Surface Antibody (HBsAb), Hepatitis-B envelops Antigen (HBeAg), and 
Hepatitis B envelops Antibody (HBeAb), and Hepatitis B core Antibody 
(HBcAb). The identification of serological markers allows the detection of 
individuals that are infected with HBV. It is also essential to elucidate the 
natural course of Chronic Hepatitis B (CHB) to assess the clinical phases 
of HBV infection and monitor antiviral therapy [2]. In the past, HBeAg 
and HBeAb were used to determine infectivity and viral replication. Still, 
now this purpose has been replaced by HBV DeoxyriboNucleic Acid (DNA) 
PCR assays. The seroconversion from HBeAg to anti-HBe is related to the 
remission of hepatic disease [3]. However, active viral replication is sustained 
in some individuals with seroconversion due to mutations in the pre-core 
and core regions preventing or reducing HBeAg production and expression 
[4]. PCR technology is used to directly measure HBV DNA viral load, which 
reveals the replication activity of the virus.

When serological HBsAg and HBeAg are negative (occult HBV) infections, a 
real-time PCR assay can detect occult HBV, thereby increasing awareness in 
clinical medicine [5]. The detection of HBV DNA through PCR technology 
is a reliable marker of replication activity. Higher HBV DNA viral load is a 
sign of rapid disease progression and higher incidence of Hepato Cellular 
Carcinoma (HCC) [6]. Additionally, PCR HBV DNA testing is critical in 
routine clinical settings to determine patients who need antiviral therapy and 

monitor patients on antiretroviral treatment for effectiveness or suitability 
of treatment [7]. The Roche real-time PCR technology can detect a wide 
dynamic range of viral load (lower range, 20 IU/mL to 170,000,000 upper 
ranges IU/mL). The Roche CobasAmplirep (CAP)/CobasTaqMan (CTM)/
is fully automated and does not generate carry-over contamination.

MATERIALS AND METHODS

Study design and site

This prospective cohort study was performed at the PCR Laboratory of 
the Nnamdi Azikiwe University Teaching Hospital, Nnewi, Nigeria. The 
laboratory is a reference laboratory for Early Infant Diagnosis (EID) of HIV 
among HIV exposed babies, HIV viral load for HIV positive patients on 
Anti-Retroviral Treatment (ART), HCV DNA, and hepatitis b viral load. The 
laboratory receives plasma samples from several southeastern states of Nigeria 
for HBV serological markers and DNA quantification tests. The NAUTH 
PCR laboratory implemented quality management and was accredited by the 
African Society for Laboratory Medicine (ASLM) in 2017.

Study population/study period

HBV positive patients sent to our laboratory for confirmation and 
quantitation tests within the period of study between May 2018 to April 
2020.

Sample collection, procession, and storage

Ten ml of whole blood sample was collected into EDTA anticoagulant 
Vacutainer tube and gently mixed by inversion. The blood was centrifuged at 
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1,800 RPM for 20 minutes. The plasma was aliquot into 2 ml cryovial tubes 
and stored at -86°C until enough samples were pooled for testing.

5-panel testing

After sample separation, the rapid panel cassettes were placed on a plain 
table. Using the inclusion plastic pipette, dispensed two drops of the ample 
unto each of the five sample pots (wells) of the cassette. Two drops of the 
buffer were also added to the samples and allowed for 15-20 minutes.

The principle of the test

Hepatitis markers were analyzed by the colloidal gold and membrane 
chromatography technology. HBsAg, HBsAb, and HBeAg were measured in 
plasma with the dual-antibody sandwich method. In contrast, HBeAb and 
HBcAb were measured by the competitive neutralization method (Biosino 
Biotech Company, China). 

Quantitation of hepatitis B virus DNA in plasma

Each patient’s HBV viral load was measured by real-time PCR using 
the COBAS AmpliPrep/COBAS TaqMan HBV test (Roche Molecular 
Systems, Inc., Branchburg, NJ, USA). The frozen plasma was placed at 
room temperature (15-30°C) until completely thawed before use. The Roche 
controls (High Positive, Low Positive, and Negative controls) were removed 
from 2-8°C storage to room temperature before use. All reagent cassettes 
were removed from 2-8°C storage, immediately loaded onto the COBAS 
AmpliPrep Instrument, and allowed to equilibrate to room temperature for 
at least 30 minutes before the first specimen procession. The appropriate 
number of reagent cassette racks, sample racks with Input S-tubes, SPU 
racks, K-tip racks, K-tube racks, and K-carriers on K-carrier racks was loaded 
accordingly onto the COBAS AmpliPrep Instrument. The sample rack was 
prepared by attaching a barcode label clip to where a specimen (S-tube) was 
placed. Barcodes label clips for the controls were also attached to the S-tubes 
accordingly in their position. The Amplilink software was used to create the 
specimen orders for each specimen and control them in the Orders window. 
The sample folder and HBV test definition file were selected and saved. The 
samples and controls were vortexed for 5 seconds, and 650 μL of the sample 
and controls were dispensed to the S-tubes. The S-tubes were then inserted 
in the sample rack and loaded to the AmpliPrep. The Amplilink software was 
used to start the COBAS Ampliprep. 

The specimen preparation and simultaneous Polymerase Chain Reaction 
(PCR) amplification of target DNA were performed. The cleaved dual-
labeled oligonucleotide detection specific to the target was detected. After 
the COBAS TaqMan Analyzer run, the results were validated. The Roche 
CAP/CTM automated amplification and detection assay have a limit of 
detection of 20-10,000,000 IU/mL. HBV viral load levels exceeding 2,000 
IU/mL were considered high-level HBV replication. In comparison, levels 
below 2,000 IU/mL were deemed low-level replication [8]. An undetectable 
viral load (target not detected-TND) was defined as HBV DNA below the 
level of sensitivity of the assay (that is, a viral load <20 iu/ml.

RESULTS 

Of the 280 HBsAg positive HBV samples received, 15 were negative with the 
HBV panel test methods. The 15 samples that were HBsAg panel negative 
showed target not detected with real-time PCR. More males, 163/280 
(58.3%), were infected with HBV than their female counterparts 117/280 
(41.7%). More males, 27(73.0%), were associated with higher viral load 
results (>20,000 IU/ml) than their female counterparts, 10 (27.0%). HBeAg 
positive patients were associated with higher HBV DNA viral load 2.28 log 
10 to 8.28 log 10 compared to those with HBeAb negative ( 1.3 log 10 to 
6.45 log 10). 

Figure 1 shows the percentage of HBV markers’ positivity and Figure 2 shows 
the frequency of HBV DNA test results.

Among the 280 samples tested, 35/280 (12.5%) showed target not detected 
while the range of detectable viral load were as follows 38/280(13.6%) <20 
iU/mL, (134/280 (47.9%) (20-2000 i/ml, 37/280 (13.2%), 2001-20,000 iU/
mL, and 36/280 12.9%) was greater than 20,000 iU/mL.

The patients between 30 to 39 years of age were frequently infected with 
HBV, followed by those between 20-29 years, while the least infected were 
60 years and above. Of the 280 plasma samples tested for HBV serological 

markers, 265 were HBeAg negative (94.6%). Fifteen out of 265 patients 
were HBeAg positive (explicative disease stage), while 255/265 were were 
non-replicative. Two hundred and thirty (86.8%) had a detectable viral load, 
while 35/265 (13.2%) had an undetectable viral load. Out of the 230 plasma 
samples with detectable viral load, 171 (74.3%) had a viral load of less than 
1000 IU/mL, 46/230 (20%) had viral load between 2000-9,999 IU/mL, 
while 13/230 (5.7%) had a viral load of ≥ 1.000.000 iu/ml.

DISCUSSION

The presence of HBsAg is the most common marker of HBV infection. In 
contrast, HBeAg is a marker of active HBV infection. It is associated with a 
high viral load and progressive liver disease. Again, HBV DNA, HBeAg, and 
anti-HBeAg in patients’ plasma are also clinically useful for assessing patients 
with HBV infection. HBsAg is a standard diagnostic marker for HBV 
infection but does not provide information about active virus replication. 
The panel serological tests are better diagnostic tests because they can detect 
HBV infection; give an idea of those with active disease (the presence of 
HBeAg), those who have come in contact with HBV (the presence of HBcAb) 
as well as those that have received HBV vaccination (HBsAb). However, the 
PCR techniques have higher sensitivity and the potential to fill in this gap of 
low sensitivity as well as detecting occult cases [9].

The combination of these laboratory tests is not cost-effective for the 
patients. The test combinations are crucial for accurate diagnosis, clinical 
staging, and monitoring of treatment. It also helps to allay anxiety in the 
patients, especially for cases of confirmed negative tests.

Fifteen of the 280 plasma samples submitted for panel and quantitation tests 
were negative for serological marker and HBV DNA quantitation tests. We 
suspect this is due to differences in detection level, sensitivity, specificity of 
test methods, and false-positive test results.

We grouped our patients into replicative HBV disease by the presence 
of HBeAg and non-replicative by the absence of HBeAg. The number of 
replicative HBeAg was 15/265 and non-replicative 255/265. In this study, 
all the 15 HBeAg-positive patients (100%) had a detectable HBV DNA viral 
load by real-time PCR. This was similar to the 93% ((117/126) that was 
reported by Baker et al. among chronic hepatitis patients with replicative 
HBV disease by amplification PCR method [8]. Our finding also shows that 
HBeAg positive patients were associated with higher HBV DNA, more severe 
liver disease, and more infectious than negative results. HBeAg vivacious 
indicates viral replication and the reason for the high HBV DNA viraemia 
and increased risk of liver disease.

Most HBeAb positive patients showed different detectable HBV DNA levels 
with our study’s real-time PCR test method. The issue with seroconversion 
from HBeAg to anti-HBe has been explained to be due to mutation in the 
pre-C region that prohibits HBeAg synthesis and secretion [10,11]. This 
is probably the reason why some HBV-infected individuals are potentially 
infectious yet remain HBeAg negative. The reason for the non-detection of 
HBeAg in patients’ plasma could be due to low viraemia or low sensitivity of 
the test methods. PCR-based technology has the advantage of detecting HBV 
DNA in patients with low viraemia and among those with non-replicative 
HBeAg HBV disease.

 Liver cancer is more common among men than females despite ethnicity 
or race [12]. More males were frequently infected with HBV in our study. 
They were also associated with higher viral load results (>20,000 IU/ml) 
than their female counterparts. Other reports suggest that the possible 
factors contributing to the male predominance with HBV disease could 
be the higher proportion of male tobacco use and heavy alcohol drinking, 
significantly tied to liver disease risk. Men who are current drinkers are eight 
times at higher risk of developing liver disease. In comparison, women who 
are current drinkers are four times as likely. Smoking also increases the risk 
of liver disease for both men and women. However, men smoke more than 
women and are twice more likely to develop liver disease than women, who 
are six percent more likely [12, 13].

Conversely, the study of Nkrumah et al. [14] revealed a higher burden 
of HBV disease in females than males. The finding [15] also agreed with 
Nkrumah et al. [14] that females were highly associated with HBV infections. 
Still, HCV was higher among the male population. The authors reported 
the reason for female preponderance for the high acquisition of HBV than 
their male counterparts due to early onset of sexual activity, considering the 
wide vaginal surface, more extended semen contact and the possibility of 
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iatrogenic acquisition in healthcare institutions where women more often 
work, admitted during pregnancy, delivery, and the care of family members 
than men.

The finding of Januszkiewicz et al. [16] shows that HBV was associated with 
Hepatocellular Carcinoma (HCC), which develops more often in men than 
in women, with a female/male ratio ranging from 1:4 to 1:7 [16]. Again, 
female HBV carriers have lower viral loads than male carriers [17,18]. Some 
studies have attributed the high serum testosterone levels in males to account 
for the associated increased risk of HCC development among male carriers 
of HBV [19].

 Another potential reason for the gender disparity is the impact of sex 
hormones on the release of inflammatory cytokines in the opposite way. The 
female estrogens induce pro-inflammatory cytokines while male androgens 
suppress pro-inflammatory responses. Suppose inflammatory cytokine 
release occurs in the HCC microenvironment. In that case, it can contribute 
to the epigenetic changes responsible for malignant transformation in 
opposite ways between males and females. The studies by [20,21] have shown 
that androgens exert an inhibitory effect on the differentiation of the Th1 
arm of the immune system, which causes a reduction in the production 
of IFN-γ that may explain the reason for the higher susceptibility to viral 
infections in males compared to the females [22].

Besides, men consistently are two times as likely as women to develop 
cirrhosis or liver cancer. A study conducted by scientists in China reports 
unusual liver proteins found only in males, which they attribute as the reason 
for the long-standing mystery behind the Hepatitis B Virus (HBV) sexually 
discriminates – the reason why HBV infection is hitting men harder than 
women [23].

Interestingly, scientists who experimented with laboratory mice found 
abnormal forms of Apolipoprotein A-I (Apo A-I). This protein is useful in 
fighting inflammation in the livers of infected male mice but not in infected 
female mice. The abnormal forms of these Apo A-I proteins were also found 
in the blood of men infected with HBV, but not in women. The researchers 
suggest that the proteins may provide significant markers for tracking HBV 
progression besides other gender differences [24,25].

The males and females between 30-39 years of age in our study were more 
frequently infected by the Hepatitis B virus, followed by those between the 
ages of 21-29 years, while the patients 40 years and above showed a notable 
decline HBV infection. Our finding is consistent with the reports of [26] 
that reported higher HBV infection among 20-29 and 30-39 years of age 
(26.33% and 21.67%) respectively and lowest among those aged 50 years and 
above. The reports of [27] is in tandem with our finding that there is a higher 
prevalence of HBV in both young and middle-aged adults.

Similarly, the reports of Alam et al. [28]; and Castolo et al. [29] are in 
agreement with our finding that the prevalence of HBV infection is 
significantly higher in persons with age between 21-40 years and lower in 
41-60 years ago [30]. 

The findings of [31] from their meta-analysis study across all the regions 
and age group in Turkey is in keeping with our report that the highest 
age prevalence of HBV infection is among the young and middle-aged 
individuals.

Our finding was close to the reports by LEARM [32] that women between 
25-34 years of age had a higher rate of HBV transmission. The report of 
the study conducted in Cameroon [33] and studies from Sudan (Rashaet 
al., [34] and Nigeria (Habiba and Memon, [31]; also confirms that HBV 
seroprevalence is higher among young and middle-aged individuals. The 
high transmission rate among individuals in this age-group correlates with 
the peak age of high sexual activity, confirming the role of sexual intercourse 
as one of the routes of HBV transmission [32].

In our study, patients with detectable serological HBsAg and HBeAg were 
associated with higher viral load (between 2.28 to 8.28 logs 10). This is not 
surprising because HBeAg is a core antigen secreted by the viral DNA, a 
marker of active viral replication with wild-type viruses [35,36]. Individuals 
with HBeAg positive usually have a higher risk of transmitting the infection 
to their households and sexual partners. Mother–to–child transmission of 

HBV may be greater than 90% when positive for HBeAg with high HBV 
DNA viral load compared to HBsAg-positive/HBeAg-negative mothers 
(15%-20%).

Our findings reveal that the panel serological markers test was more accurate 
than the HBsAg mono-screening test in confirming the presence of HBsAg in 
plasma samples and being important in the clinical staging of HBV disease.

Although over two-thirds of the patients were HBeAg-negative, most of them 
had a high HBV DNA viral load with a PCR test [37-40]. The distinction 
between chronic inactive HBV carriers and patients with HBeAg-negative 
disease is important in making clinical decisions for HBV-infected patients. 
The active HBV replication in the latter stage of the HBV disease represents 
the strongest single predictive biomarker associated with disease progression. 
Active disease replication is also attributed to HBV viral mutations that 
replicate aggressively without generating the HBe antigen [41,42]. Importantly, 
patients with HBeAg-negative disease require treatment evaluation and may 
require antiviral treatment for disease control.

Sex disparity in immune responses to viral infections

Research findings have shown that sex dimorphism occurs in humans 
and animals concerning immune responses and the transmission of viral 
infections [43]. Males are more susceptible to viral infections because 
females mount a more efficient and prolonged immune response for 
innate, humoral, and cell-mediated [44,45]. Besides, expression of Toll-Like 
Receptors (TLR7) and several monocytes, macrophages, and dendrite cells 
(innate immune response players) are significantly higher in females than 
in males, thereby accomplishing a more intense inflammatory response in 
females than in males [46-49]. Males have a lower antiviral response during 
homeostasis, contributing to their increased risk of persistent viral infections 
than females. Also, females have a higher number of CD4+T cells activated 
by viral antigens’ engagement. At the same time, there is a lower antiviral 
response in males contributing to the increased risk of undergoing persistent 
viral infections than the females [50-54].

Strengths and limitations

Strengths: The standard Roche molecular platform used for the HBV DNA 
detection in the study is susceptible and specific. It has heightened the 
validity of our findings. Also, the implementation of a quality management 
system and international accreditation of the NAUTH PCR laboratory 
enhances the confidence of our data.

Limitations: The study was only a quantitative study. We could not access 
risk factors that predisposed the patients to HBV infection. Moreover, we 
did not do IgM and IgG Quantitation tests to classify the patients into active 
and chronic HBV patients. Finally, we carried out liver function tests on the 
patients to know the biochemical effects of HBV infection.

Implication for health policy 

HBV-infected individuals should not be denied PCR test investigation and 
treatment based on HBeAg negative laboratory results because the pre-C/core 
stop cordon mutation prohibits HBeAg synthesis and expression, leading to 
a negative HBeAg result. The implication for our findings is the need for 
policymakers to scale up HBV screening and vaccination intervention for the 
vulnerable group (infants and younger adults). 

That panel test should be used for all screening tests instead of the HBsAg 
mono test because of its specificity, ability to reveal those who have received 
the vaccine, and the individuals with occult HBV infection, especially for 
blood bank services.

The young and middle-aged adult population (20 to 39 years of age) had 
greater exposure to HBV, probably due to high-risk behaviors common to the 
group. They should be specific targets for health programming.

An awareness program should familiarize them with HBV screening and 
vaccination through health campaigns, especially on World Hepatitis Day. 
The government of Nigeria should take aggressive steps towards HBV 
vaccination awareness programs involving the media to decrease the future 
burden of HBV in the population (Figures 1-3).
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CONCLUSION

Our findings have shown that most HBeAg negative individuals may have 
significant detectable HBV DNA viral load probably due to mutation at the 
pre-core and core mutation, which hinders or reduce the rate of HBeAg 
synthesis and expression.

The advent of Real-time PCR assays is valuable in confirming the accuracy 
of other HBV test methods because of their high sensitivity over other test 
methods. We conclude that real-time PCR-based tests serve as an essential 
tool in several clinical settings, particularly in detecting low levels of viraemia 
in non-replicative HBV disease and patients with past HBV infection. Real-
time PCR tools are also essential in diagnosing chronic hepatitis infection; 
they help establish HBV prognosis, most significantly, their application in 
guiding HBV treatment decisions and assessing response to antiretroviral 
drugs.
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