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ABSTRACT

Background: Worldwide, human immunodeficiency virus (HIV) infection remains a real public health. Hepatitis B
virus (HBV) and HIV have the same routes of transmission and shared risk factors and epidemiology similarities. The
purpose of this study was to assess the impact of HBV and HIV co-infection on T CD4 cells and innate immune cells.
Methods: A cross-sectional and descriptive study was carried among 260 persons living with HIV (PLHIV) admitted
and supported with antiviral tri therapy at the national reference center for research and Care of HIV infected person
(NRCRC) of the national hospital and university center in Cotonou, Benin. After PLHIV peripheral blood collection,
surface hepatitis B antigens (HBsAg) and HIV serology were tested using ELISA (Enzyme linked immuno sorbent
assay). White blood cell count and leukocyte formula were performed using flow cytometry. After staining with anti
CD4 antibodies, TCD4* lymphocytes frequency was determined using flow cytometry. Means were calculated using
student T test.

Results: Of the 260 PLHIV, 10.77% (n=28) were co-infected with HBV. Our data has shown a significant decrease
of lymphocytes among HIV and HBV co-infected persons and a very significant increase in immune innate cells
including eosinophils, polynuclear basophils and monocytes, suggesting an important role of innate immune cells
during HIV and HBV coinfection.

Conclusion: HIV and HBV coinfection results in hyperinflammatory response associated with viral clearance. How
this hyperinflammatory response is mounted was still unclear. More data are needed for better management of HIV
and HBV co-infection.

Keywords: Innate immune cells, HIV, HBV, Co-infection, Benin

INTRODUCTION transmission and shared risk factors and epidemiology

similarities.? HBV is more transmitted in HBV/HIV co-
Wor'dwide’ human immunodeficiency virus (H|V) infected patients, and chronic infection with HBV is not
infection remains a real public health concern.! Hepatitis rare.> HBV/HIV co-infection results in virological and

B virus (HBV) and HIV have the same routes of
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immunological changes leading in important morbidity
and mortality.!

Highly active antiretroviral therapy (HAART)
introduction is associated to the decline of HIV/acquired
immunodeficiency syndrome (AIDS) morbidity and
mortality. However, liver diseases related to hepatitis B
viral remain the second major cause of death in
HBV/HIV co-infected individuals.* Almost 10% of all
HIV-infected patients are chronically co- infected with
HBV with differences depending in prevalence of HBV.®
This proportion could reach 15% in Africa.
Unfortunately, hepatitis flares occur in 20-25% of
HBV/HIV co-infected after HAART.® In sub-Saharan
Africa HIV/HBYV frequency varied from 0% to more than
28.4%.7

Several factors influence the chronic stage of HBV
infection. These factors include suppressed CD4* T-cell
responsiveness owing to dendritic cell impairment or
upregulation of PD-1 expression, down regulation of
innate immune responses with decreased natural killer
cell function, increased number of regulatory T cells
(Treg) resulting in suppression of HBV-specific T-cell
responses and therefore decreased viral clearance.®*? On
the other hand, HBV infection in HIV-positive patients is
associated with a lower number and a lower recovery of
CD4 lymphocytes, resulting in lower virologic response
in a course of HAART. 3

Other factors such as induction of apoptosis of
lymphocytes through activation of Fas/FasL pathways in
Kupffer cells lead to immune tolerance to HBV.'
Moreover, these immune dysregulations are thought to be
a major factor leading to liver diseases and
carcinogenesis. Even it is thought that the interactions
between the different immunological pathways are
complicated, it is clear that a strong Thl-like immune
response, with high levels of functional cytolytic T
lymphocytes (CTL), leads to virus control and better
outcomes. Therefore, the reduction of T CD4
lymphocytes will impact the outcome of the disease.®
Indeed, many studies have shown that HBV/HIV co-
infected patients have reduced or impaired CD4 cell
count compared to HIV mono-infected.'® Moreover,
higher HBV DNA is observed in HBV/HIV co-infected
individuals with low CD4 cell count or advanced
HIV/AIDS stages.'”*® Even on HAART, in these co-
infected patients, the immune response was impaired
compared to HIV mono-infected patients. This immune-
compromission increases the risk of AIDS and death.?

However, one large retrospective study has shown an
increased CD4 cell count in HBV/HIV co-infected
individuals compared to HBV mono-infected on HAART
showing that further studies are needed on the
consequences of HBV/HIV co-infection on innate and
adaptive immunity. How HIV facilitates liver-related
damage is not clear. HIV-induced immunodeficiency
seems to enhance HBV-related hepatotoxicity.'® Indeed,

depletion of CD4*T cells in HIV infection results in
suppression of the antigen presentation of liver resident
Kupffer cells and the cytokine secretion of lymphocytes,
allowing the host immunosuppression. The inhibition of
the host immune response therefore enhances HBV
replication with more severe liver damage.?°

Determining the impact of HBV/HIV co-infection on
innate and adaptive immune responses may provide a
means to determine the likelihood of resolving an HBV
infection or the risk of developing hepatocellular
carcinoma.

Even HBV prevalence is in regression in Benin, HBV co-
infection in HIV positive patients remains a great concern
and data on the impact of this co-infection on innate
immune cells needs to be addressed.?

METHODS
Enrolled patients

A cross-sectional and descriptive study was carried out in
the national reference center for research and care of HIV
infected person (NRCRC) of the national hospital and
university center in Cotonou (Benin) from September-
2019 to January-2020. Intentional sampling was
performed in all patients admitted to NRCRC during the
study period and who gave their consent to participate in
the study.

Were included in this study, persons living with HIV
(PLHIV) treated during the study period, regardless of
age, sex and origin and who gave their consent to
participate in the study. Two hundred and sixty persons
living with HIV (PLHIV) were admitted and supported
with HAART at NRCRC. Blood samples were collected
from patients in tubes adapted for analysis after their
consent.

The exclusion criteria for the study were the non-consent
of patients or patients treated for chronic pathologies.

Ethics statement

The study was approved by the national research ethic
review boards of Benin.

Blood samples from patients after their consent. To
ensure anonymity, an identification code was assigned to
each participant.

Blood sampling, serological diagnoses and white blood
cells analysis

The serological analyses were carried out at the regional
site of the national agency for blood transfusion of
Cotonou. After PLHIV peripheral blood were collected in
dry tube without anti-coagulated, serological diagnoses of
HBV infection (HBsAg) were detected by ELISA
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(Monolisa™ HBs Ag ultra, METTRE LE PAYS). To
diagnose HIV, serological diagnoses of HIV were
performed by a sensitive test (Genscreen ultra HIVAgQ-
Ab, compagnie et pays) and by a discriminatory test
(Geenius™ HIV ', compagnie et pays).

White blood cell count and leukocyte formula were
performed from anti-coagulated EDTA tube using flow
cytometry (sysmex XT 2000i, COMPAGNIE ET PAYS).
After staining with anti CD4 antibodies, TCD4*
lymphocytes frequency was characterized using flow
cytometry.

Statistical analysis

Results were expressed as mean + standard error on the
mean (SEM). Statistical analysis between HIV and HBV
co-infected patients and HIV mono-infected patients were
performed using the student's t test (GraphPad, version
6.01).

RESULTS
Sociodemographic characteristics of enrolled patients

Demographics for the 260 PLHIV are listed in Table 1.
Patients were predominantly female (n=184, 70.77%)
among the whole group. Of the 260 PLHIV, 10.77%
(n=28) were co-infected with HBV. The average age for
mono-infected HIV patients was 41+1 years, 37+2 years
for HBV/HIV co-infected patients. Among the 10% co-
infected patients, 2.1% were male and 7.9% female.

Table 1: Ages, sexes and serological status of enrolled
patients, (n=260).

Parameters N (%

Age (Years)

19-25 12 (4.62)
26-35 62 (23.65)
36-45 118 (45.38)
46-55 46 (17.69)
56-65 18 (6.92)
Over 65 04 (1.54)
Gender

Male 76 (29.23)
Female 184 (70.77)
PL HIV

HBS negative 232 (89.23)
HBS positive 28 (10.77)

Leucocytes profile in HIV mono-infected patients and
HBV/HIV co-infection patients

Figure 1 A shows whole blood leucocytes count among
mono-infected HIV patients and HBV/HIV co-infected
patients. The mean of leucocytes among mono-infected
PLHIV was 4.9+0.11 G/L whereas it was 5.4+0.17 G/L
among HBV/HIV co-infected patients, showing a

significantly increase of leucocytes during HBV/HIV co-
infection (p=0.03).

Mononuclear cell profile in HIV mono-infected patients
and HBV/HIV co-infection patients

Total number of lymphocytes decreases in HBV/HIV co-
infected patients compared to mono-infected PLHIV
(1.840.08 G/L vs. 2.0+0.05 G/L), (p=0.04) (Figure 1 B).
HBV/HIV co-infection was associated to non-statistically
significant T CD4 lymphocytes decrease with a mean of
468+21 cells/uL in HBV/HIV co-infected individuals and
a mean of 518+12 cells/uL in HIV mono-infected
patients (Figure 1 C). However, the mean of the number
of monocytes increases significantly during HBV/HIV
co-infection (0.48+0.019 G/L) compared to HIV mono-
infection (0.42+0.011 G/L) (p=0.009) (Figure 1 D).

Polynuclear cell profile in HIV mono-infected patients
and HBV/HIV co-infection patients

The difference between polynuclear neutrophils numbers
in HIV mono-infected patients (2.3£0.08 G/L) and in
HBV/HIV co-infected individuals (2.1+0.16 G/L) was
not statistically significant as shown in Figure 2 A.
However, the number of eosinophilic polynuclear cells
significantly (p=0.002) increases during HBV/HIV co-
infection (0.22+0.015 G/L) compared to HIV mono-
infected individual (0.15+£0.009 G/L) (Figure 2 B). Figure
2 C also shows that HBV/HIV co-infection is associated
with increased numbers of basophilic polynuclear cells
(0.032+£0.0021 G/L) compared to HIV mono-infected
individual (0.026+0.001 G/L) (p=0.005).

P =0.03
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Figure 1 (A-D): Leucocytes profile in HIV mono-
infected patients and HBV/HIV co-infection patients.
Whole blood leucocytes were counted among mono-

infected HIV patients and HBV/HIV co-infected

patients mononuclear cell profile in HIV mono-
infected patients and HBV/HIV co-infection patients
were evaluated. T CD4 lymphocytes decrease in
HBV/HIV co-infection. Monocytes increases
significantly during HBV/HIV co-infection.
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Figure 2 (A-C): Polyonuclear cell profile in HIV
mono-infected patients and HBV/HIV co-infection
patients. Polynuclear neutrophils number did not
significantly change between mono-infected HIV

patients and HBV/HIV co-infected patients.
Eosinophil and basophil number significantly
increases during HBV/HIV co-infection.

DISCUSSION

This descriptive and cross-sectional study aimed to assess
the impact of co-infection with HBV and HIV on the
number of certain immune cells including monocytes,
macrophages,  polymorphonuclear cells and T
lymphocytes. Our data showed that female patients were
more numerous (70.77%) than male. The female
predominance observed in this study and in others
countries including in Benin, Bostwana, Ghana, Burkina
Faso, Cote d’Ivoire, Uganda, could be explained by the
ease women have in getting to the hospital and thus get
better care. This vulnerability is favored by economic,
educational, psychological and socio-cultural factors.?227

The prevalence of HIV and HBV co-infection in the
present study is 10.77%. This prevalence is below that
observed in other studies such as in Benin and elsewhere
in Africa, showing the importance of preventive measures
and awareness campaigns, which must be continued.
Moreover, these measures explain the low prevalence
observed in Guinea, in Senegal, in Bostwana, and in
Uganda.??731  These preventive measures limit the
circulation of the virus according to geographical areas,
the types of groups at risk and the modes of exposure.

Our observations showed an increase in the number of
blood leukocytes (p=0.03) which could be due to the
therapeutic success. This increase results in an increase in
the number of polymorphonuclear eosinophils, basophils

and blood monocytes. However, this increase had not
been observed in other African regions, suggesting
immunosuppression or treatment failure in these
populations.®? It would certainly be essential to evaluate
the number of natural killer cells and other innate
lymphocytes such as ILC-1 and cytotoxic T lymphocytes
and Th17 lymphocytes which have significant antiviral
activity.®

We have also shown that coinfection with HIV and HBV
is associated with a drop in the number of lymphocytes
(p=0.04). This decrease is linked to a high replication of
HIV and HBV, further leading to the subversion of the
immune system of these patients.* However, this
relationship had not been observed in Mozambique in a
population of co-infected or mono-infected people.®

Co-infection with HIV and HBYV in our study does not
seem to affect the mean number of CD4* T lymphocytes
in both groups. This observation has been confirmed in
other African studies.?>?® Therefore, it will be relevant to
access T cell subclasses to find the specific class of CD4
T cells that are affected. Recently, it was shown that pre-
HAART, HIV-HBV co-infected individuals vs. HIV
mono-infected individuals had reduce CD4+ T-cell
compare to person infected by HIV alone, suggesting
further immune depletion in co-infection than in HIV
infection alone.®* However, unlike to HBV mono-
infection, it was shown that HIV and HBV co-infected
patients without HAART are characterized by impaired
HBYV specific T-cell response, with significantly increase
in liver-infiltrating 1L-10-producing CD8+ T cells.* This
leads in accelerated liver disease progression owing to
impaired innate immunity and immune activation.®
Indeed, studies have demonstrated a diminished HBV-
specific CD8+ T-cell response in HIV-HBV co-infected
patients on long term HAART, showing that other T cell
class may be affected during HIV/HBV co-infection. This
diminution was attribuated to significant CD4+ T-cell
depletion in HIV-HBV co-infected patients.” The
average number of neutrophils does not vary as
significantly during co-infection with HIV and HBV.
Unlike neutrophils, co-infection with HIV and HBV is
statistically associated with an increase in the number of
eosinophils (p=0.002). The impact of HIV on HBV was
demonstrated and showed an accelerated HBV-related
liver disease progression and significantly higher liver-
related mortality compared to infection with either HIV
or HBV alone.®® The increase number of eosineophils
may be the consequence of the promotion of
hepatocellular carcinoma in co-infected patients
associated with hypersensitivity.3®

Similarly, the number of basophils (p=0.005) and
monocytes (p=0.009) increases significantly during co-
infection with HIV and HBV. This increase in the
average number of blood monocytes in this study
suggests an important role for monocytes in antiviral
responses and viral clearance against viral hepatitis B
infection.*® Mechanism involved in how HIV and or
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HBV evade the immune system remains unclear.
However, it was demonstrated that viruses used a large
range of mechanisms to evade the host immune system.
Recent data have shown that many of these, mechanisms
target dendritic cells (DC) function.** Indeed, DC are
susceptible to HBV and intracellular HBV particles leads
to impair allostimulatory function of monocytes-derived
dendritic cells (MoDC).*? This may results in a
generalized altered function of antigen-presenting
capacity during HBV infection. Moreover, the impaired
MoDC capacities to stimulate T cells are associated to
low IL-12 production in HBV-MoDC cultures, resulting
in Thl impaired functions. Th1l role in virus clearance has
been demonstrated in patients with HBV infection.
Therefore, the increase of monocytes observed in our
study will allow a well response during HIV and HBV
co-infection. However, the role of IL-12 in viral
infections remains controversial and some earlier reports
indicate that 1L-12 may not be necessary for induction of
Th1 response in viral infection.*

It will also be relevant to investigate HLA molecules
expression. Indeed, it was demonstrated that a lower
expression of HLA-DR may additionally contribute to
reduced allostimulatory activity of MoDC (Article
discussion).

This study had some limitations. HBV viral load
detection was not done. This detection of the viral load
by PCR could allow us to take into account patients
despite the negativity of their AgHBs. Furthermore, the
leukocyte count was not determined before antiretroviral
treatment in patients co-infected with HIV and HBV.
This count could allow us to assess the impact of
antiretroviral treatment on the quality and quantity of the
innate immune response in these patients during
treatment.

CONCLUSION

The impact of HIV on HBV is known. Our study showed
different changes in the proportions of
polymorphonuclear eosinophils, basophils and monocytes
during co-infection between HIV and HBV. We have
also observed a significant decrease of lymphocytes.

The impact of HIV and HIV-HBV co-infection
complicated the mechanistic studies of HI and-HBV co-
infection. Carefully matched controls groups, with
patients infected with HIV alone and HIV-HBV co-
infection alone, are needed to carefully adress the
outcome of this co-infection and mechanism underlying it
control. The widespread of HAART allow the reduction
of the clinical burden of most HIV and HBV co-
infections and this will continuous in coming years.
However, in low-income countries HAART is still
limited. Therefore, individuals often initiate HAART
sometime too late. The prevalence of certain co-
infections such as tuberculosis and malaria is very high,
making HIV and HBVco-infection an important concern.

Finally, a better understanding of the immune-
pathogenesis of this co-infection and the complexities of
HAART will be helpful in the future.
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