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Distribution of polyclonal hypergammaglobulinemia
in different phases of chronic hepatitis B infection

Adebayo Laurence Adedejia, Ibrahim Eleha Suleimanb,c, and Olubunmi Gloria Ayelagbeb*

ABSTRACT
Background: Polyclonal hypergammaglobulinemia (PHGG) is commonly associated with liver disorders and
could signify an enhanced or defective immune system. This study was conducted to determine the distribution
and significance of PHGG in phases of chronic hepatitis B infection (CHB).

Methods: Serum protein electrophoresis and colorimetric protein were assayed in 80 inactive (IA),
45 immune-clearance (IC) and 17 immune-escape (IE) CHB participants. ANOVA and Student’s t-test were used
for the comparison of data, while area under curve analysis was used to assess the performance.

Results: A significant elevation in γ-globulin was observed in the 3 phases studied in relation to non-hepatitis B
virus-infected controls. The incidence of PHGG in different phases of CHB are IA (61.3%), IC (33.3%), and IE
(29.4%). The IA phase, considered the least severe, has the highest incidence of PHGG.

Conclusion: Occurrence of PHGG seems to signify enhanced immune responses. It may also be used to some
extent to predict the IA phase.

Statement of novelty: This study utilized both qualitative and quantitative methods to evaluate the patterns of
PHGG in untreated and categorized CHB infections.

Introduction

Viral hepatitis is a systemic disease that predomi-
nantly affects the liver leading to inflammation, and
poses a major public health problem in most develop-
ing countries (WHO 2014). Of all the known hepato-
trophic viruses, Hepatitis B virus (HBV) is the major
cause of liver disease morbidity and mortality world-
wide (Pourkarim et al. 2014). HBV infection alone
accounts for over 360 million cases of chronic liver
diseases and 0.62 million deaths per year. The pooled
prevalence of estimated cases of chronic hepatitis B
(CHB) in Nigeria is 13.6% (95% CI) (Musa et al.
2015).

HBV is a small, circular, partial double DNA virus
and a member of the hepadnaviridae family that causes
hepatitis in multiple animal species (Fletcher et al.
2019). It is approximately 3200-bp in size with four
overlapping genes: S, C, P, and X (CDC 2019).
Different genotypes and sub-genotypes of HBV with
varying geographical distribution, clinical presentation,
and prognosis have been reported (Pourkarim et al.
2014). HBV is transmitted perinatally, parenterally,
through blood or blood products, or by unprotected
intercourse (Fletcher et al. 2019).

CHB is defined as persistency of hepatitis B surface
antigen (HBsAg) in the blood for at least six months
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(Hai-Jun et al. 2015). The progression of CHB infection
comprises of more than one phase, consequently, an
infected person can progress from a less complicated
phase to those higher, and vice versa (Karayiannis
2017). Each phase is characterized by specific biochemi-
cal, serological, and virological markers, including
changes in serum alanine aminotransferase (ALT)
levels, HBeAg serostatus, and HBV DNA titer
(Wiegand et al. 2019). The immune-tolerant (IT) phase,
the first phase, is characterized by normal ALT,
HBeAg(+) with high viremia. This is followed by the
immune-clearance (IC) phase. In this phase, the
immune system becomes activated, and is usually char-
acterized by high ALT, HBeAg(+) and high viremia
(Wiegand et al. 2019). After HBeAg seroconversion,
two clinical phases of CHB exist – an inactive phase
(IA) usually presenting with normal ALT, HBeAg(-)
with low viremia, and the second immune-escape (IE)
phase with fluctuating ALT, HBeAg(-) and high viremia
(Hai-Jun et al. 2015). Therapeutic decision-making in
CHB is mainly based on the presence of liver injury
which occurs during IC and IE. ALT is largely consid-
ered a marker of immune-mediated liver damage, thus
the two most commonly used biomarkers are elevated
serum ALT and HBV DNA (Pitaa et al. 2014; Terrault
et al. 2018). Recently, it was recommended that those
in the IT phase should also be treated (Klair et al. 2020).

Measurement of plasma protein fractions can be used
for the diagnosis and monitoring of diseases given that
it is relatively uniform in the healthy population, yet
varied in some disease conditions (Pimenta et al.
2019). A pattern of imbalance in protein fractions may
indicate the presence of infection, inflammation, or
autoimmune disease (Gregory et al. 2012). Serum
protein electrophoresis (SPE) is a versatile diagnostic
technique, particularly in disease conditions where
abnormal protein level is found in plasma/urine
(Hooijberg et al. 2018). A change in concentration of
serum protein in the range of 0.5 g/L is enough to bring
about variation in pattern of SPE (Zhang et al. 2014).
Chronic inflammation is typically manifested by an
increase in immunoglobulins, which constitutes the
slowest migrating band and most often occupies the
β- and γ-region of the electropherogram (Marceline
et al. 2018). Polyclonal hypergammaglobulinemia
(PHGG) is the most common abnormal electrophoretic
finding and usually associated with liver disease,
autoimmune disorder, malignancy, or infection
(Pimenta et al. 2019). Since immunoglobulins (γ-band)

represent humoral factors, variation in its pattern could
translate to changes in humoral immune status of the
participants (Marceline et al. 2018). A significant
association has been reported between PHGG and
histological manifestations in hepatic fibrosis, which
correlated with the progression of liver damage
(Lebherz-Eichinger et al. 2015). However, in the avail-
able literature, there is scarce information regarding the
distribution and significance of PHGG in CHB.

In view of the above, the aim of this study was to
evaluate the incidence and pattern of PHGG in different
phases of CHB. To our knowledge, this is the first study
to evaluate the patterns of PHGG in untreated and
categorized CHB infections.

Materials and methods

Ethical considerations
Ethical approval for this study was obtained from the

ethical review committee of Kwara State Ministry of
Health, Ilorin (MOH/KS/EU/777/245). Informed
consent was obtained from eligible participants prior
to enrollment. Questionnaires were used to gather
sociodemographic data such as age, gender, marital
status, family type, history of blood transfusion, pres-
ence of tattoo, number of partners, and maternal
HBsAg status.

Study design
This is a community-based prospective longitudinal

study among indigenes of Kisi in Oyo State, Nigeria.

Inclusion and exclusion criteria
Only participants that consented and who were

within the age of 18–55 years were enrolled in the study.
The samples included in the study met the following
criteria: HBsAg(+) for at least six months (cases), no
history of malignancy, alcohol intake, HCV and HIV.
Pregnant women, asthmatic patients, individuals co-
infected with tuberculosis, those with positive history
of blood transfusion and antiviral treatment during the
past four months were excluded from the study.

Sample collection
At first visit, approximately 2 mL of whole blood was

collected from eligible participants. The samples were
allowed to clot, retracted, and then centrifuged at
3000 rpm (Uniscope Inc, USA) for 10 minutes. The
serum was screened for HBsAg, anti-Hepatitis C and
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HIV using rapid kits (Shanghai Eugene Biotech. Co,
Shanghai and DetermineTM, Abbott). At least six
months after the first sample collection, a second
sample was taken from those with HBsAg(+) and
re-screened using ELISA methods. Participants with
HBsAg(+) after at least six months were considered
CHB (WHO 2014). ALT and HBeAg were assayed in
the second sample.

HBsAg and HBeAg testing
HBsAg and HBeAg were analyzed using commercial

ELISA kits (Bio-Inteco, UK and Monobond Inc., USA)
using the method described by Mohammad et al. 2014.

Liver enzymes assay
Serum ALT and AST level were measured with a

commercial kit (Agape Diagnostic, Switzerland), using
the method described by Mohammad et al. 2014.

Total serum protein assay
Total serum protein (TSP) was measured colorimetri-

cally using the Biuret method (Goa 1953) while serum
albumin (SA) was measured by direct spectrophotomet-
ric determination of albumin in human serum by dye
binding method, using Bromocresol green dye
(Doumas et al. 1971). Total serum globulin (TSG)
concentration was determined by calculating the differ-
ence between TSP and SA as reported elsewhere
(Al-Joudi and Wahab 2004).

Serum protein electrophoresis
Serum protein electrophoresis (SPE) was performed

using the Helena Electrophoresis system, according
manufacturer’s instructions (Beaumont, TX; Sebia,
Norcross, GA, USA). The electropherograms
(Figure 1) were independently examined by two of
the authors (SIE and ALA) and discrepancies were
resolved by consensus.

Quantification of protein fractions on
electropherogram
The absolute value for globulin fractions (α1-, α2-,

β- and γ-) in g/L were quantified by GelQuant image
analysis software using method of Zhuang et al. 2009
and Mendoza and Lu 2015. Ponceau S. was preferred
because the stained membrane can be de-stained quickly
to leave a very low background, whereas some other
stains give higher background (Siegers et al. 1976). The
electropherogram was scanned and the band intensity

determined for both the albumin standard and tests
in accordance with the software manufacturer’s
instructions.

The absolute value of each protein band in g/L, were
calculated using the formula below;

Absolute Band value in (g=l)

=
Band intensity of sample × Standard concentration (g=L)

Band intensity of standard

Statistical analysis
Statistical analysis was carried out using the IBM SPSS

version 20 for window software (SPSS Inc. Chicago, IL
USA). Descriptive analysis and one-way ANOVA test
was used for the comparisons of data. Quantitative
variables are presented as mean ± SD and qualitative
variables as percent. p-values< 0.05 were considered
significant. The Pearson correlation coefficient was used
to test association between variables, as appropriate.

Results

Study subjects
A total of 142 CHB participants were serially

enrolled, based on their HBeAg status and ALT

Figure 1: 1 to 25 representative electropherograms from
controls and different phases of CHB studied. Figure
Control: Electropherogram representative of uninfected
control. Figure IA: Electropherogram representative of IA.
Figure IC: Electropherogram representative of IC. Figure IE:
Electropherogram representative of IE. The electrophoresis
was performed under non-denaturing condition using
barbitone buffer at pH. 8.7 and visualized with Ponceau S
stain.
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(ALT < 30 IU/L in men and <19 IU in women). Three
groups were identified: IA (n= 80), IC (n= 17), and IE
(n = 45). The outcome of multivariate discriminant
analysis showed that ALT could classify our patients
into IA, IE, and IC phases. The control group included
80 non-HBV infected individuals by excluding other
viral infections and alcohol intake. The demographic
information of the participants is shown in Table 1.
The mean age for the four groups was approximately
36 years, with most subjects aged between 20 to
50 years. The female-to-male ratios were similar for
control and pathological groups (1.3:1). All were of
Black ethnicity.

SPE was run on the samples of cases and controls. Five
bands were visualized corresponding to albumin, α1-,
α2-, β- and γ-globulins. However, the majority of the
3 pathological groups exhibited a more intense staining
at the γ-regions than uninfected controls (Figure 1). The
intensity of γ-band staining is most prominent in IA.
More so, out of the 3 CHB phases, IA has the highest
participants (58%) with PHGG compared with IC and
IE. Similarly, the prevalence of hypoalbuminemia was
highest in IC than other groups. The percentage of partic-
ipants with PHGG in each group is represented in the bar
chart in Figure 2.

Table 2 shows the relative percentages of protein
sub-fractions in cases as well as the controls. The relative
percentage of albumin was much lower in the IC group
compared with others (p= 0.051). The relative percent-
age of the γ-globulin sub-fraction was also much higher
compared to controls (p = 0.005). Both qualitative and
quantitative results of α-1, α-2 and β-globulins were
found to be normal, with no significant differences were
observed between IA, IC, IE, and control groups. The

mean ALT value was lowest in IA, intermediate in the
IE, and highest in IC participants (p< 0.001, Table 2).

The performance of PHGG in evaluating different
phases using the receiver-operating characteristic
(ROC) curve is presented on Table 3. The result showed
a comparable specificity among the three groups, but
both sensitivity and PPV were better in the IA phase.

Discussion

The new baseline cut-off for ALT levels, 30 U/L in
men and 19 U/L in women, as well as HBeAg status

Table 1: Characteristics of study subjects.

Chronic HBV phases

Non-HBV IA IE IC

N 80 80 45 17
Gender M/F 45/35 49/31 27/18 11/6
BMI (Kg/m2) 24.65± 0.14 25.09± 1.37 25.09± 1.10 23.11± 0.93
HBsAg −ve +ve +ve +ve
HBeAg −ve −ve −ve +ve
Anti-HCV −ve −ve −ve −ve
RVS −ve −ve −ve −ve
Note: The values are mean±SD, p-value were determined by Student’s t test as appropriate p< 0.05 was considered significantly different, HBsAg = Hepatitis B
surface antigen, HBeAg = Hepatitis B e antigen, Anti-HCV = Hepatitis C virus antibody, RVS = retroviral status.

Figure 2: Bar chart showing percentage of participants that
demonstrated polyclonal hypergammaglobulinemia in the
different groups.
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can be routinely used to determine the phase of CHB
(Nimer et al. 2009). Here, the participants in our study
were classified into IA, IC, and IE phases based on their
serum ALT level and HBeAg status. Individuals with
HBsAg(-), HBsAb(-), HBeAb(-) and normal serum
ALT were recruited as controls (Table 1). Serum protein
fractions were quantitatively and qualitatively mea-
sured. The electropherograms were interpreted accord-
ing to the guide of Laboratory Corporation of America
(Directory of Services and Interpretive Guide, Protein
Electrophoresis). The electropherograms were further
quantified for globulin fractions using GelQuant image
analysis, processing, and quantitation program
(Khakabimamaghani et al. 2013).

Comparison of quantitative TSG and γ-globulin
values across the groups revealed that both parameters
were significantly elevated in the 3 phases of CHB with
respect to the uninfected control group (data not
shown). This observation was further supported by out-
comes of the SPE assay; the majority (59.9%) of CHB
subjects have electropherograms with diffused and
more intense staining at the γ-region (Figure 1). This
may be attributed to hyperactivation of B cells due to
chronic antigenic stimulation by soluble viral markers
(Ibrahim et al. 2016). In certain hepatic diseases such

as HBV infection, particularly in chronic states,
γ-globulin may be produced in increasing amounts by
the hepatic reticuloendothelial cells (Li et al. 2014).

Comparison of γ-globulin levels between the 3 patho-
logical groups revealed significant elevation in the IA
phase compared to IC and IE phase. In contrast, levels
were comparable among IC and IE phases (Table 2).
PHGG has previously been identified as a manifestation
of the complex immunological response to injurious
stimuli, including pathogens or irritants (Li et al.
2014). The difference in concentration of γ-globulin in
phases of CHB observed in this study could therefore
be attributed to varied B cell activation resulting from
either/both host and viral factors. Previous studies
have demonstrated that the level of some soluble viral
markers, such HBsAg, HBcAg, HBV DNA, as well
as host factors fluctuated in the phases of CHB
(Wiegand et al. 2019). Variation in level of those fac-
tors might be responsible for differences in B cell
stimulation and thus different levels of immunoglobu-
lins observed in this study. An in vitro study has indi-
cated that HBsAg titers enhance the expression of the
IL-6 and IL-1-β gene via transcriptional transactivation
activity of CRP, and its level varied in phases of CHB
(Hao et al. 2017). The variation in immunoglobulin

Table 2: Comparison of albumin and globulin fraction in different phases CHB.

Parameters IA (A) IE (B) IC (C)
p-value
(A vs B)

p-value
(A vs C)

p-value
(B vs C)

ALT (U/L) 16.42± 7.02 48.20± 12.87 98.88± 21.28 0.000* 0.000* 0.000*
AST (U/L) 19.36± 6.70 29.49± 15.0 105.29± 38.57 0.001* 0.000* 0.000*
Albumin (g/L) 38.40± 3.02 37.91± 3.51 35.35± 3.95 0.449 0.017* 0.031*
TSP (g/L) 68.31± 3.18 67.27± 5.03 63.35± 4.49 0.138 0.000* 0.030*
TSG (g/L) 29.85± 3.36 29.40± 4.08 28.11± 4.50 0.312 0.141 0.422
Alb/TSG 1.28± 0.19 1.28± 0.18 1.23± 0.23 1.000 1.000 1.000
γ-globulin (g/L) 12.03± 2.05 11.65± 2.10 11.24± 2.25 0.050* 0.046* 0.324
β-globulin (g/L) 8.45± 0.88 8.57± 1.11 8.43± 1.45 0.904 0.474 1.000
α2-globulin (g/L) 6.41± 0.91 6.40± 0.84 5.94± 1.20 0.364 0.047* 0.243
α1-globulin (g/L) 2.40± 0.52 2.31± 0.75 2.47± 0.74 0.951 0.402 0.598

Note: The values are mean± SD, p-value were determined by Student’s t test as appropriate p< 0.05 was considered significantly different, TSP; total serum protein,
TSG = total serum globulin. ALT = Alanine aminotransferase, AST = Aspartate aminotransferase, * = when the value is significantly difference from other CHB group.

Table 3: The validity of hypergammaglobulinemia as the classifier of participants in different phases of CHB.

Stages of CHB Specificity (%) Sensitivity (%) PPV (%) NPV (%) LR (+) LR (−) Accuracy

IA-CHB 90.00 76.25 88.41 79.12 7.63 0.26 83.12
IE-CHB 90.00 55.56 75.76 78.26 5.56 0.49 77.60
IC-CHB 90.00 52.94 52.94 90.00 5.29 0.52 83.51

Note: Values are percentages (%), PPV = positive predictive value, NPV = negative predictive value, LP (+) = positive likelihood ratio and LR (−) = negative likelihood
ratio.
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levels observed in this study may therefore be inter-
preted to signify a robust humoral response in IA sub-
jects in relation to other phases. Consistent with this
finding, the majority of non-progressor HIV-positive
patients were characterized with PHGG (Adedeji
et al. 2014).

Incidence of PHGG among the 3 phases of CHB
studied revealed that IA had the highest frequency of
PHGG, follow by IC, and lastly IE (Figure 2). This
might be attributed to variation in levels of some viral
soluble markers and cytokines profiles at different
phases of CHB. It is well established that both host
and viral factors are associated with the disease progres-
sion and clinical outcomes of CHB (Yang et al. 2017).
Of the 3 phases studied, the IA phase had the lowest
HBsAg titer and HBV DNA (Matsumoto et al. 2012).
Consequently, it is expected to have lowest number of
PHHG because of the stimulatory action of the two viral
factors (Hao et al. 2017). In view of this observation, it’s
possible that a complex interaction exists between the
level of immunoglobulins and soluble immune factors
at different phases of CHB. Of note, about 6.3% of unin-
fected controls also showed mild diffuse increase in the
γ-band (Figure 2). This has been attributed to genetic
disposition and other intrinsic host factors (Adedeji
et al. 2014). It may also be a manifestation of defective
humoral or cellular immune responses (Adedeji et al.
2021), or reflect the higher antigen load in the environ-
ment (Tothova et al. 2018). Defective immunoglobulin
clearance/metabolism may also underlie PHGG
(Hai-jun et al. 2015).

As shown in Table 2, serum albumin was significantly
lower in IC and IE phases compared to IA. Further, the
percentage of participants with hypoalbuminemia
(IA, 7.1%; IC, 23.5%; IE, 15.6%) could be attributed to a
reduction in rate of synthesis, as inflammation is known
to down-regulate albumin gene transcription (Li et al.
2014). Chojkier (2005) reported that secretion of
TNF-α and IL-6 resulted in upregulation of catabolism
and downregulation of hepatic synthesis of albumin.
Based on the finding of moderate hypoalbuminemia,
coupled with decreased albumin/globulin ratio in patho-
logic groups, particularly IC phase, it is likely that albu-
min synthesis is also adversely affected as the disease
progresses.

Comparison of α1-, and β-globulins between the
pathologic groups revealed no significant differences

(Table 2). An explanation for the apparently normal
levels of α1- and α2-globulins sub-fractions is that par-
ticipants were not severely ill. Elevation of α1-, α2-,
and β-globulins is usually seen in severely ill patients
(Damburam et al. 2012). Thus, substantial pathological
changes must occur before changes in the concentration
of α- and β-globulin can be measured. For α2-globulins,
a significant difference was observed between IA and IC
phases (Table 2), although the precise underlying
mechanism remain unclear.

ROC analysis (Table 3) revealed that PHHG has
moderate sensitivity and specificity, and may thus help
to identify the IA phase. This study further revealed that
PHGG has high specificity and low sensitivity in both
IE and IC phases. This observation suggests that
PHGG can be used in ruling out those that are not in
IE and IC phases. As a result, our study provides sup-
port for the use of PHGG as part of investigations in
CHB management. The observed poor sensitivity in IE
and IC phases could be attributed to lower prevalence
ratios of PHGG in the two phases (18.9 and 15.9)
respectively.

There are a few limitations to our study, including
the inability to carry out genotyping in order to iden-
tify HBV mutants and determine the viral load for
comparison of viral replication in different phases.
Also, our cohort had a relatively low number of
patients in the IC and IE phases. An absence of histol-
ogy in the healthy and pathology groups is noted.
Lastly, Gelquant image analysis software used for elec-
trophrrogram quantification is prone to technical
error. We preferred to use of Ponceau S. because the
stained membrane could be de-stained quickly to
leave a very low background. A further study on
evaluation of IL-6 in different phases of CHB is
recommended.

Conclusion

Substantial abnormalities in the serum protein
electrophoresis in CHB infected individual were
observed compared to normal subjects. PHGG varied
in different stages of CHB infection, with highest inci-
dence observed in IA phase; thus, PHGG observed in
this study could signify enhanced immunity. More
population-based studies are required to further
improve management skills, individualize therapy, and
enhance outcomes of patients with CHB.
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