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Abstract

Background: Infection with HIV and TB leads to inflammation.
Markers of inflammation include TNF-a, IFN-y, CD38 and HLA-DR. In
HIV infection these markers create an environment which favours re-
activation of latent TB to TB disease in patients on HAART. The markers
TNF-a, IFN-y, CD38, HLA-DR and CD4 cell count can be used to predict
possible reactivation of latent TB to disease in HIV patients on HAART.
The level of these inflammatory markers in HIV and HIV/TB co-infection
is unknown. The purpose of this study was to investigate inflammatory
markers TNF-a, IFN-y, CD38, and HLA-DR levels in HIV and HIV/TB co-
infected patients attending AMPATH clinic at MTRH-Eldoret.

Objective: To determine inflammatory cytokines and cell activation
markers in HIV and HIV/TB co-infected patients attending AMPATH clin-
ic at MTRH-Eldoret.

Methods: This was a cross sectional comparative study of 168 pa-
tients comprising of 84 HIV/TB co-infected and 84 HIV only patients
who had been on HAART for more than 1 year. Clinical and demo-
graphic information was obtained from the patients hospital files and
interview guide. Blood samples from each patient were collected into
EDTA tubes and plasma separated within 2 hours of collection at 3,000
r.p.m for 3 minutes then kept at -80°C until analysis. Activation markers
CD38, HLA DR and CD4 count were analysed by flow Cytometry (BD
FAC’S calibur®) on whole blood samples. Analysis of the inflammatory
cytokines (TNF-a and IFN-y) were done on the plasma samples by ELI-
SA (Genway’s’). The levels of inflammatory markers in the two groups
were compared. Data was analysed using STATA version 13. P-value <
0.05 was considered significant.

Findings: The mean age for both HIV/TB and HIV patients was 42
years. The median (IQR) levels for TNF-a (pg/ml) was 7.26 (6.76- 8.12),
IFN-y (pg/ml) 26.3 (25.18- 27.22), CD38(%) 4.36 (2.06-6.31), HLA-DR
(%) 92.44 (90.52-95.51) and CD4 (cells/mm?) 231 (117-350) in HIV/TB
co-infected patients, while in HIV patients the levels were TNF-a 10.72
(8.12-12.13), IFN-y 25.40 (23.59-27.67), CD38 5.94 (4.44-7.41), HLA-DR
93.33(90.24-96.56) and CD4 383 (318-543). HIV only patients had high-
er levels of TNF-a (p=<0.001), CD38% (p=0.0002) and CD4 (p=<0.001)
compared to those of TB/HIV co-infected patients. No significant differ-
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ence was observed in the levels of IFN-y and HLA-DR (p=0.1559) and
(p=0.1754) respectively.

Conclusion: Higher levels of inflammatory markers were found in
HIV only patients compared to HIV/TB co-infected patients. This high
level of inflammation leads to TB-reactivation.

Introduction

In HIV/TB co-infection, the immunologic environment is char-
acterised by cytokine shifts that has been shown to increase
immune activation, viral replication, and problems associated
with T- cell function such as autoimmunity [1]. Studies have
shown that, immune response to MTB involves IFN-y as a Thl
cytokine which plays the role of containment of mycobacterium
within granulomas [2]. IFN-y is induced early in infection, and is
protective against many pathogens including HIV and TB infec-
tions [3]. IFN-y also plays the function of immune regulation
and pro inflammatory antiviral activity which has made it be
able to be used as an alternative biomarker to assess immune
capabilities and antiviral response in HIV patients [4]. IFN-y and
TNF-a levels were found to be high in HIV/TB and TB patients
due to increased immune activation [5]. According to Barlett et
al. 2013, HIV positive and negative TB patients displayed similar
plasma cytokine pattern and, anti-TB treatment improved the
Th1 cytokine levels but did not restore the immune response in
HIV positive individuals. TNF-a release from infected cells was
stimulated by both HIV and MTB, where the stimulated TNF-a
enhanced HIV replication, and inhibited MTB growth [6]. It was
shown that increase in HIV viral load led to development of ac-
tive TB, in patients who were not on antiretroviral therapy [7].
This signifying that high viral load has negative effects on the
immune system by weakening the natural immunity mecha-
nisms, leading to development of opportunistic infections such
as TB. TB associated Immune Reconstitution Inflammatory Syn-
drome (TB-IRIS) developed in many patients on Highly Active
Antiretroviral Therapy (HAART), soon after being initiated on
HAART [8]. IRIS was thought to be caused by rapidly recover-
ing CD4 T cell count when the patient was on HAART, thus the
rapid recovery being as a result of immune recovery, in which
there was a high level of Th1 response to a latent opportunistic
infection [9,10]. Immunological pattern of patients on HAART
individuals was found to be similar to non-infected individuals,
showing that when the patient was on HAART, immune recov-
ery was returned to about normal [11]. Biomarkers of immune
activation and inflammation in patients on HAART moved to-
wards levels found in HIV negative patients [8]. Thus, HIV pa-
tients not on HAART were in an inflammatory state, which was
shown by varying levels of Th1 cytokines and activation markers
[11]. In patients on HAART there was reduced plasma levels of
TNF-a. implying that there was immune recovery and reduced
viral replication [12]. This however has been shown to reverse
after some period of treatment with HAART, implying that there
could be immune deterioration shown by increased viral repli-
cation as a result of high TNF-a levels [13]. Protection against
Mycobacterium Tuberculosis infection required activation of
Th1 cells and subsequent production of TNF-a and IFN-y [14].
Studies have shown that, for TB to remain in a latent state, there
should be higher levels of Th1 cytokines, to be able to contain
the infection within granulomas [15]. However, high levels of
TNF-a in patients on HAART has been shown to indicate treat-
ment failure, and reflect immune activation [14,16]. Increased

TNF-a levels were linked to increased viral replication, high viral
load, acceleration to disease, and low CD4 count [17]. Progres-
sion of HIV infection was related to increases in levels of TNF-a
as the high levels propagated viral replication [8,18]. TNF-a was
elevated in HIV patients before HAART, and the levels were seen
high in patients failing HAART, indicating treatment failure [19].
Thus, the immunological response involving high TNF-a levels
may signify a failing immune system due to increase in viral
load, which then weakens the immune system leading to exac-
erbation of latent TB to TB disease.

Key Th1 cytokines (TNF-a and IFN- v ) in HIV patients can be
investigated as a milestone in the quest to finding a solution in
retaining the TB infection in a latent state, which would increase
productivity and reduce mortality.

Methodology
Study area

The study was carried out at AMPATH clinic at MTRH Eldo-
ret, Kenya. The clinic provides health services for HIV infected
patients from the western region, covering Kitale, Kapenguria,
Teso, Mosoriot, Turbo, Burnt-forest, Webuye, Naitiri, Chulai-
mbo and Amukura. MTRH is used as the teaching hospital for
Moi university-school of medicine, and other institutions. AM-
PATH also works to address the epidemic of TB, with a keen
emphasis on HIV co-infection. AMPATH has over 60 urban and
rural clinic sites, running programmes such as research, social
health, primary care and chronic diseases, maternal and child
health, communicable diseases, agriculture and nutrition, and
children’s services (Wikipedia, 2016). The United States Agency
for International Development-Academic Model Providing Ac-
cess to Health care (USAID-AMPATH) clinic is located in western
Kenya, Eldoret headquarter [20].

Study design

The study was a cross sectional comparative study of repre-
sentative Th1 cytokine (IFN-y and TNF-a) levels and cell activa-
tion markers in HIV/TB co-infected and HIV only patients attend-
ing AMPATH clinic at MTRH-Eldoret.

Study population

The study population consisted of HIV/TB co-infected and
HIV only patients attending AMPATH clinic at MTRH-Eldoret. A
total of 168 patients were enrolled, of which 84 were HIV/TB
co-infected and 84 were HIV positive patients on HAART. They
both met inclusion and exclusion criteria.

Sampling procedure

Sampling was done consecutively, based on patient’s hospi-
tal number. All patients HIV and HIV/TB status were established
first, and whether they were on HAART. The clinicians at the
AMPATH and TB-clinics manage HIV positive patients, and those
co-infected with TB. The clinical data was sought from the clini-
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cians, as they saw the patients. This was filled in the interview
guide and data sheet (appendix 1), as the patients presented
themselves for routine check-up and drugs collection. The two
groups were matched on the basis of age, gender with the help
of clinicians and records.

Data collection instruments and procedures

An interview guide was used to collect data. Blood samples
from each patient were collected into EDTA tubes. Separation of
plasma was done within 2 hours of sample collection at 3,000
r.p.m for 3 minutes and kept at -800C till the day of analysis.
Activation markers CD38 and HLA DR and CD4 count were ana-
lysed by flow Cytometry on whole blood samples, while analy-
sis for the representative Thl cytokines (TNF-a and IFN-y) was
done on the plasma samples by ELISA (Genway’s®). The controls
comprised of HIV positive patients on treatment for HIV infec-
tion only.

Determination of IFN- y and TNF-a level

Genway’s ELISA kit was used. The ABC working solution and
TMB colour developing agent was kept warm at 37°C for 30
minutes before use. 0.1 ml of samples and standards was added
to each well and incubated at 37°C for 90 min. Biotinylated an-
tibodies were added and incubation done at 37°C for 60 min.
The plate was washed 3 times with 0.01 M TBS. ABC working
solution was added and the plate incubated at 37°C for 30 min.
It was washed 5 times with 0.01 M TBS. TMB colour developing
agent was added and incubation of the plate done at 37°C in
dark for 20-30 min. TMB stop solution was added, and reading
was done at the O.D. absorbance at 450 nm in a micro plate
reader within 30 min after adding the stop solution.

Data management and statistical analysis

Filled data forms were checked for completeness, forms that
had gaps were taken back to the respective points for verifica-
tion and re-filling. Data was entered in a spreadsheet. It was lat-
er exported to STATA V.13 for analysis. Since the subjects were
matched on the basis of age and gender, these variables were
not analysed. Normality tests were performed using the Shap-
iro wilks test. The measure of central tendency (Median (IQR)
was used to summarize the data. Since the data was skewed,
Mann Whitney U-test was used to compare the medians be-
tween the two groups (HIV/TB and HIV only). P-value less than
0.05 was considered significant. Data is presented in form of a
Table 1 and box plots.

Ethical considerations

The study protocol was approved by the Institutional Re-
search and Ethics Committee (IREC) MTRH, Ref. No. RES/
STUD/1/2016 (appendix VII). Written informed consent was
sought from each participant prior to sample collection (appen-
dix I). Numbers were used on the data collection form. Hard
copies were kept in a lockable cabinet while data in the com-
puter was protected using password.

Results

A total of 168 patients comprising of 84 for HIV/TB (test
group) and 84 for HIV only (control group) were analyzed from
February to May 2016.

The age group range was between 22 and 55, a majority of
the population being between ages of 38-47 with a total of 62
patients. The least age bracket was 18-27 years with a total of
24 patients.

\/ Table 1: Biographical data of the study population. \\
Age bracket Males Freq. (%) Females Freq. (%)
Total Freq. (%)

(years) HIV HIV/TB Total HIV HIV/TB Total

18-27 5(2.98) 7(4.17) 12(7.14) 6(3.63) 6(3.66) 12 (7.14) 24(14.29)

28-37 14(8.33) 12(7.14) 26(15.45) 13(7.86) 13(7.93) 26 (15.45) 52(30.95)

38-47 15(8.93) 16(9.52) 31(18.45) 16(9.67) 15(9.15) 31(18.45) 62(36.90)

48-57 8(4.77) 7(4.17) 15(8.94) 8(4.83) 7(4.25) 15(9.08) 30(17.86)

TOTAL 42(25) 42(25) 84(50) 43(26) 41(25) 84 (50) 168(100)

Table 1: Showing the population age, gender and numbers I

of HIV and HIV/TB co-infected patients of the study population.
Clinical data of the study population

All patients sampled had been on HAART for more than 1
year.

Main findings of this study indicated higher levels of TNF-a,
CD38 and CD4 in HIV only patients and similar levels of IFN-y
and HLA DR in both HIV and HIV/TB co-infected patients.

Levels of TNF-a and IFN-y in HIV/TB co-infected patients
and HIV patients

The median (IQR) TNF-a and IFN-y in HIV/TB co-infected pa-
tients were 7.26 (6.76, 8.12) and 26.30 (25.18, 27.22) respec-
tively as indicated in Figure 1.

b
%-
-
L

HIVITB HIV only
| TN [ RN

\\Figure 1: Box plot- Levels of TNF-a and IFN-y. /
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Levels of CD38 and HLA-DR activation makers and CD4 in
HIV/TB co-infected patients

The median (IQR) CD38, HLA-DR and CD4 in HIV/TB co-in-
fected patients were 4.36 (2.06- 6.31), 92.44 (90.52-95.51), 231
(117-350) respectively as indicated in Figure 2

4 R
g : '
: i
=] =
—#— -
= - - il
HIVITE HIV anly
B HLADR | 038
—
Figure 2: Box plot - levels of HLA-DR, CD38 and CD4

N ' %

Relationship in cytokine levels between HIV/TB co-infected
patients and HIV only patients.

There was a significant difference in the levels of TNF-a,
CD38 and CD4 between HIV/TB co-infected patients and HIV
only patients as shown in Table 2. HIV only patients had higher
levels of TNF-a, CD38 and CD4 compared to those of TB/HIV co-
infected patients (p<0.05). However, no significant difference
was observed in the levels of IFN-y and HLA-DR (p=0.1559) and
(p=0.1754) respectively.

Discussion & conclusion

There was a significant difference in the levels of TNF-a be-
tween HIV/TB co-infected patients and HIV only patients. HIV
only patients had higher levels of TNF-a compared to those of
HIV/TB co-infected patients. This was in line with similar find-
ings by Palowski et al., (2012). According to Barlett et al., (2013),
both HIV and MTB stimulated TNF-a release from infected cells,
and TNF-a prevented bacterial growth but enhanced HIV rep-
lication. HIV replication lead to increase in viral load. Devel-
opment of active TB was associated with increase in HIV viral
load locally and systemically (Kwara et al., 2005). The excess of
pro-inflammatory cytokines such as TNF-a lead to increased
HIV virus replication [10]. This would imply that, higher levels
of TNF-a created an environment that favoured HIV replication,
increasing viral load, which in turn accelerated AIDS disease
development. AIDS development subsequently leads to TB dis-
ease development, which is one of the opportunistic infections
in HIV infected /AIDS patients. High levels of TNF-a in patients
on HAART have been shown to indicate treatment failure, and
reflect immune activation [8,21]. Increased TNF-a levels was
linked to increased viral replication, high viral load, acceleration
to disease, and low CD4 count [22]. Progression of HIV infection
was related to increases in levels of TNF-a as the high levels
propagated viral replication [17,23]. TNF-a was elevated in HIV
patients before HAART, and the levels were seen high in patients
failing HAART, indicating treatment failure [19]. Thus, the im-
munological response involving high TNF-a levels may signify a
failing immune system due to virus replication. The control of
the levels of TNF-a may help in the retaining of mycobacterium
in a latent state.

Findings of this study contradicted with findings by [23].
Lower levels of TNF-a in patients on HAART imply that there
was immune recovery and reduced viral replication [24]. This
however has been shown to reverse after a period of treatment
with HAART, which may signify that there could be immune de-
terioration shown by increased viral replication as a result of
high TNF-a levels [11].

There was no significant difference observed in the levels of
IFN-y. HIV positive and HIV positive Tuberculosis patients dis-
played similar IFN-y levels. These results are similar with those
attained by [20]. IFN- y levels after active TB treatment indicat-
ed successful antibiotic-induced killing of all bacilli (Sauzullo et
al., 2014). This implies that, in both HIV and HIV/TB co infection
there was successful destruction of the bacilli, as a result, the
levels of IFN-y were similar. Also in the presence of TB in HIV
patients, TB did not alter the level of IFN-y.

Findings from the current study indicated a significant dif-
ference in the levels of TNF-a, CD38 and CD4 between HIV/TB
co-infected patients and HIV only patients. HIV only patients
had higher levels of TNF-a, CD38 and CD4 compared to those
of HIV/TB co-infected patients. However, no significant differ-
ence was observed in the levels of IFN-y and HLA DR. This find-
ings are similar to those by [20] and [15]. The higher levels of
TNF-a, CD38 and CD4 in the HIV only group show that there was
viral replication, shown by high cytokine levels and activation
markers, and a possibility of increased viral load, even when the
patient was HAART. This may indicate failing HAART resulting
into virus replication and problems in controlling the virus. This
contrasted with findings by [26]. When the patient was on both
HAART and Anti-TB, there was immune restoration, which tend-
ed to reduce the levels of Th1 cytokines. These findings suggest
that, in the co-infected persons on HAART and Anti-TB, there
is subsequent immune restoration, and in HIV only patients on
HAART there is vigorous immune activation that leads to po-
larised cytokine production towards Thl response. According
to [27], TB infection had an effect on the reduction of CD4 cell
count in HIV patients as the patient s immune system was at
constant activation due to dual infection. Opportunistic infec-
tions in HIV patients with CD4 counts between 200-500 cells/
mm?3included pulmonary TB, and CD4 counts less than 200 cells
included extra-pulmonary TB, (WHO, 2016). Lower CD4 count
levels predisposed the patient to opportunistic infections such
as TB.
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