Latent tuberculosis is associated with heightened
levels of pro-and anti-inflammatory cytokines among
Kenyan men and women living with HIV on long-term

antiretroviral therapy
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Background: Persons with HIV (PWH) on antiretroviral therapy (ART) have persistent
immune activation associated with increased risk for non-AIDS related diseases.
Latent tuberculosis infection (LTBI), endemic in Africa, may contribute to this immune
dysregulation. We evaluated the impact of HIV and TB co-infection on plasma pro-
and anti-inflammatory cytokines among Kenyan adults.

Methods: We compared data from 221 PWH on long-term ART and 177 HIV-negative
adults examining biomarkers of pro-[sCD14, interleukin (IL)-2, IL-6, interferon gamma
(IFN-y), tumor necrosis factor alpha (TNF-a), IL-12p70, IL-17A] and anti(IL-4, IL-5, IL-
13) inflammatory cytokines, by HIV/LTBI status (HIV+LTBI4, HIV+LTBI—,
HIV—LTBI+4, HIV—LTBI-). LTBI was diagnosed based on a positive QuantiFERON
TB Gold-Plus test in the absence of active TB symptoms. Linear regression was used to
evaluate the associations of HIV, LTBI, and HIV/LTBI status with biomarkers adjusting
for clinical factors including HIV-specific factors.

Results: Half of the participants were women and 52% had LTBI. HIV was indepen-
dently associated with higher sCD14, IL-15, IL-6, IL-4, IL-5. LTBI was independently
associated with higher TNF-a, IL-12p70, IL-17A, IL-4, IL-13 in adjusted models
(P<0.05). LTBI status was associated with higher IL-4 and IL-12p70 only among
PWH, but not HIV-negative participants (P <0.05 for interactions). In multivariate
analysis, only HIV+LTBI+ demonstrated elevated levels of TNF-a, IL-6, IL-12p70, IL-
15,IL-17A, 1L4, IL-5, IL-13 in comparison to the HIV—LTBI— (P < 0.05 for all). The effect
of LTBI on cytokines among PWH was independent of CD4" T-cell count and ART
duration.
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Conclusions: Despite viral suppression, persons with HIV and LTBI exhibit abnormal
cytokine production accompanied by high concentrations of pro- and anti-inflamma-

tory cytokines.
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Introduction

The introduction of antiretroviral therapy (ART) has
increased the lifespan of people with HIV (PWH) in sub-
Saharan Africa (SSA). However, in the same period, the
burden of non-AIDS related comorbidities such as
cardiovascular diseases (CVDs) have increased possibly
due to residual inflammation. We have recently
demonstrated that virally suppressed PWH continue to
have persistent inflammation [1,2]. Therefore, under-
standing the drivers of residual inflammation and defining
targets to reverse inflammation remains a major goal
toward restoring health and lifespan in PWH.

The etiology of HIV-associated immune activation is not
clear and may include HIV itself, microbial translocation,
ART toxicity, comorbidities, and co-infections such as
tuberculosis (TB) [3—6]. In TB endemic regions such as
SSA, PWH are more likely to acquire TB, resulting in a
spectrum of outcomes from asymptomatic to active or
fulminant TB disease. Latent tuberculosis infection
(LTBI) is characterized by the presence of immune
responses to Mycobacterium tuberculosis without clinical
evidence of active TB. Although the prevalence of LTBI
is variable throughout SSA, it is estimated that the
prevalence rates are up to 50% in regions with high TB
transmission, including Kenya [7,8]. Like HIV, LTBI is
also characterized by immunologic dysregulation. Thus,
it may not be benign, as indicated by the increased risk of
CVD in persons with LTBI [9-11]. One possible
common mechanistic pathway for the increased risk
for CVD in PWH and LTBI 1s the immune dysregulation
resulting from periodic activity of some component (i.e.
mRNA, protein) or low-level replication of mycobacte-
rium and HIV [12-14].

Cytokines secreted by monocytes/macrophages and
CD4" T-lymphocytes of T helper (Th) type are
important initiators and regulators of the immune
response to both HIV and TB [15,16]. Monocytes
produce cytokines such as tumor necrosis factor (TNF)-a
and interleukin (IL)-12p70. Of the CD4" T-cell types,
Th1 cells producing IL-2, TNF-a, and interferon (IFN)-
v, and IL-17A-producing Th17 cells may be the most
critical in the control of TB [17]. On the other hand, Th2
responses are accompanied by an increase in anti-
inflammatory cytokines IL-4, IL-5, and IL-13. These

type 2 cytokines and other anti-inflammatory cytokines
may enhance susceptibility to infections [15,18]. HIV
infection of Th cells causes further imbalance in cytokine
production; however, ART may reverse this immune
dysregulation by restoring the ability of T cells to respond
to antigens [19].

Although the cytokine profiles of those with LTBI or
HIV mono-infection have been well explored, to our
knowledge, there are no studies that have assessed
thoroughly the combined eftects of HIV and LTBI co-
infections on the systemic inflammatory milieu. In this
study, we compared cytokine profiles by HIV/LTBI status
in plasma samples of adult men and women from Kenya.
We hypothesized that LTBI/HIV co-infection would be
associated with greater cytokine levels compared to either
condition alone or the absence of both conditions, and
that these association would be stronger in women
compared to men.

Methods

Study population and procedures

We utilized cross-sectionally collected samples from a
study which assessed risk factors for CVD and pulmonary
diseases in PWH on long-term ART in Kenya [8]. Data
were collected between December 2018 and December
2019 and included demographic and anthropometric
measurements. Study procedures have been described
elsewhere [8]. Briefly, a convenience sample of men and
women 30 years or older with and without HIV were
recruited from the Kisumu District Hospital HIV clinic
and voluntary HIV testing centers respectively. Pregnant
women or individuals with history of CVD, neoplasia,
active infections, and those on immunosuppressive agents
were excluded from the study. For this analysis, we further
excluded individuals with previous diagnosis of TB or
those presently on treatment for TB.

Data on covariates such as age, education, alcohol use,
smoking status, ART duration and nadir CD4" T-cell
count (CD4) were obtained from the participants and
confirmed using medical records. Anthropometric
measurements such as weight, height, and blood pressure
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(BP) were measured. Body mass index (BMI) was
calculated from weight and height measurements. Fasting
blood samples were used to assess for blood glucose
(FBG), lipids, current CD4" Tecell count, and HIV
RNA viral load (VL). Elevated BP was defined by systolic
BP >140 mmHg and/or diastolic BP >90 mmHg and/or
it the participant was on antihypertensives medications.
Viral suppression was defined as VL <1000 copies/ml per
Kenyan guidelines [20]. Data included in this manuscript
was obtained and stored in compliance with regulations of
the Ethics and Research Committee of Kenyatta National
Hospital and the Institutional Review Board at Univer-
sity of Washington. All participants provided written
informed consent.

Latent tuberculosis Infection assessment

A QuantiFERON TB Gold-Plus (QFT-Plus) test was
performed at CDC/KEMRI in Kenya in accordance
with manufacturer’s instructions (Qiagen). We defined
LTBI by a positive QFT-Plus and the absence of
symptoms or signs suggestive of active TB. Prior TB
infection was self-reported. Study participants were asked
whether they had previously been told they have TB. All
participants were screened for symptoms of active TB
(ongoing productive cough, hemoptysis, weight loss,
chest pain, fevers, chills, or night sweats) using World
Health Organization symptom screening form. Those
with symptoms of active TB were not enrolled. Eighty
percentage of PWH had received prior Isoniazid
preventive therapy (IPT) for treatment of latent TB at
the time of recruitment and all were included in these
analyses. Individuals with indeterminate QuantiFERON
values on were also excluded in the analysis.

Immunological biomarker analysis

Plasma levels of IL-2, IL-4, IL-5, IL-6, IL-2p70, IL-13,
IL-15, IL-17A, IFN-v, and TNF-a were measured using
the multiplex ELISA-based assay (Meso-Scale Discov-
ery). Samples with a coefficient of variation >30% were
re-ran. Plasma biomarkers of intestinal barrier dysfunc-
tion [intestinal-fatty acid binding protein (I-FABP)| and
monocyte/macrophage activation markers (soluble
CD14) were quantified using ELISA (Quantikine ELISA
kit, R&D Systems). Assays were performed in duplicate
and in accordance with manufacturers’ protocols.

Statistical analysis

We first compared demographic and clinical character-
istics within and across groups [HIV4LTBI4HIV+
LTBI+), HIV+LTBI—(HIV), HIV—LTBI+(LTBI), and
HIV—LTBI— (healthy controls, HC)] using t-tests,
Wilcoxon rank sum tests or Kruskal-Wallis test for
continuous variables and chi-squared or Fisher test for
categorical variables. Univariable and multivariable linear
regression models were used to investigate the association
of biomarkers with LTBI and HIV in two ways. First, we
assessed independent association of HIV or LTBI with
biomarkers. We regressed biomarkers on HIV and LTBI

status before and after adjustment of demographics (age,
sex, education level), and clinical factors (body mass
index, HDL, hypertension, alcohol intake, and smoking
status). An interaction term between LTBI and HIV status
was introduced in the model to test the difference of these
associations by LTBI. Second, HIV and LTBI were
combined into a single variable with four groups:
HIV+LTBI, HIV, LTBI, HC and we evaluated the
synergistic effects of LTBI/HIV status on biomarkers
adjusting for demographics and clinical risk factors listed
above. In a similar manner, we conducted a multivariable
linear regression analysis to examine the association
between HIV/LTBI status with biomarkers among male
and females separately. These covariates were selected
based on prior work suggesting an association with the
biomarkers of interest [1,2,21].

Among PWH only, linear regression analyses were
performed to evaluate the relationships between bio-
markers and LTBI with further adjustment for nadir and
current CD4, ART regimen, and ART duration.

All biomarkers were log-transtormed before model fitting
due to their non-normal distribution. We report the
exponentiated B-coefticients and their calculated 95%
confidence intervals (Cls) representing the fold increase/
decrease in mean level of the biomarkers. Significance was
set at a P value <0.05. Analyses were performed using
STATA version 13 (San Antonio, Texas, USA).

Results

Study participants characteristics

Of the 398 participants enrolled, 101 were HIV4+LTBI+,
120 HIV, 108 LTBI, and 69 HC (Table 1). Overall, the
median [interquartile range (IQR)] age was 46 (38,57)
years and 51% were women. The prevalence of LTBI was
46% in PWH and 61% in the HIV-negative participants
(P = 0.002). There were differences in age, BMI, rates of
hypertension, and diabetes by HIV/LTBI status. Parti-
cipants with LTBI were younger regardless of HIV status.
Women were more likely to be overweight/obese (51%
vs. 29%; P < 0.001), and less likely to use alcohol (13% vs.
18%; P < 0.001) or smoke tobacco (1% vs. 6%; P < 0.001)
than men.

Of the participants with HIV, the median (IQR) ART
duration was 9 (6,12) years. The median current CD4"
T-cell count was 508 cells/pl and was borderline higher
for the HIV/LTBI co-infected individuals (P = 0.05)
compared to the HIV mono-infected individuals.
Women with HIV had significantly higher median
CD4" T-cell count (565 vs. 443 cells/ul; P< 0.001) and
nadir CD4™" T-cell count (356 vs. 333 cells/pl; P = 0.02)
than the men. Almost all PWH (97%) were virally
suppressed.
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Table 1. Characteristics of participants stratified by HIV and latent TB status.

HIV-negative HIV-positive
LTBI HC HIV+LTBI HIV P, across P, LTBI+ vs. P, HIV+ vs.
(n=108) (n=169) (h=101) (n=120) groups LTBI- HIV—

Demographics

Age, years 43 (33,5) 48 (35,60) 45 (39,54) 49 (42,58) 0.01 0.003 0.05

Female 58 (54) 32 (47) 57 (56) 55 (49) 0.36 0.08 0.92
Cardiovascular risk factors

Diabetes 5(5) 8 (12) 2(2) 54) 0.04 0.10 0.06

Hypertension 33 (31) 26 (38) 16 (16) 19 (16) <0.001 0.93 <0.001

Current smoker 4 (4) 2 (3) 2 (2) 4 (4) 0.92 0.78 0.87

Current alcohol 13 (13) 8 (13) 14 (15) 22 (20) 0.32 0.57 0.07
Other characteristics

BMI, kg/m2 25 (22,29) 24 (21,29) 23 (21, 26) 23 (20, 26) 0.003 0.43 0.0004

Waist circumference, cm 83 +22 84+21 84+15 84+15 0.56 0.69 0.22
Laboratory values

HDL-cholesterol, mg/dl 5011 52+14 53+14 53+13 0.47 0.58 0.10

LDL- cholesterol, mg/dI 103 +£31 99+29 94 +32 98 +34 0.29 0.76 0.07

Total cholesterol, mg/dl 171+£38 166 +35 166+37 171 +£41 0.78 0.76 1.00
HIV related characteristics

Nadir CD4™" T-cell count, 365 (200,552) 335 (200,571) 0.90

cells/pl

CD4™" T-cell count, cells/ul 543 (406,695) 475 (351,614) 0.05

Viral unsuppressed RNA 4 (4) 3 (3) 0.56

>1000 copies/ml

Total ART duration, years 10 (6,11) 10 (6,12) 0.65

Current integrase 44 (44) 70 (58) 0.10

inhibitor

Nevirapine-based 24 (24) 22 (18) 0.11

treatment

Efavirenz-based treatment 22 (22) 14 (12) 0.04

Pl-based treatment 6 (6) 11 (9) 0.09

Data reported as mean = standard deviation, percentage, or median [interquartile range (IQR)]. HIV-+LTBI+ [HIV+LTBI+], HIV4+LTBI— [HIV],
HIV—LTBI+ [LTBI], and HIV-LTBI— [healthy controls, HC]. ART, antiretroviral therapy; LTBI, latent tuberculosis infection; BP, blood pressure;
BMI, body mass index; HDL, high-density lipoprotein; LDL, low-density lipoprotein. The Kruskal-Wallis or Pearson exact and x* tests for
comparisons of more than two groups and the Wilcoxon rank sum or x* test for comparison between two groups.

Impact of latent tuberculosis infection on plasma
gut permeability and monocyte activation
biomarkers in HIV

To determine the influence of LTBI on intestinal barrier
function and monocyte activation, we compared plasma
levels of I-FABP and sCD14 in persons with and without
LTBI by HIV status. As shown in Fig. 1, plasma levels of I-
FABP and sCD14 were significantly higher in the
HIVA4LTBI4 and HIV groups compared to the LTBI and
the HC participants (P < 0.001 for all).

We evaluated the independent effect of HIV and LTBI
separately by regressing biomarkers on HIV status, LTBI
status, and their interaction controlling for demographic
and clinical factors (Fig. 2). HIV but not LTBI was
independently  associated ~ with  higher I-FABP
(P<0.0001) and sCD14 (P<0.001) in a fully adjusted
model. HIV status did not modify the effect of LTBI on I-
FABP or sCD14 (P = 0.36 and P = 0.92, respectively for
LTBI by HIV status interaction).

We next evaluated the effect of LTBI on plasma
biomarkers by combining HIV and LTBI into a single
variable with four subgroups. In fully adjusted models,

both HIV4LTBI+ and HIV+ remained associated with
higher I-FABP and sCD14 (P < 0.001 for all) compared
to the HC (Table 2). When stratified the analyses by sex,
men, and women with HIV, regardless of their LTBI
status, had significantly higher sCD14 and I-FABP
compared to the HC in fully adjusted models (P> 0.05
for all; Table 3).

Effect of latent tuberculosis infection on pro-
inflammatory cytokines in chronic HIV

To determine the influence of LTBI on pro-inflammatory
cytokines in HIV, we compared the plasma levels of TNF-
o, IFN-vy, IL-2, IL-6, IL-12p70, IL-15, IL-17A in PWH
and negative participants with and without LTBI. As
shown in Fig. 1, median levels of TNF-a and IL-12p70
were significantly higher in HIV-+LTBI4 than the HIV
group. Levels of IL-2 were higher in HIV4-LTBI4 than
those with HIV or LTBI mono-infection. Median levels
IL-17A were elevated in both the HIV+LTBI4- and LTBI
groups compared with HC (P < 0.01 for all) while levels
of IL-15 were higher in both the HIV4+LTBI4 and HIV
participants than the LTBI or HC participants. We did not
observe any difterences in the levels of IFN-y and IL-6
between the HIV4LTBI and HC participants.
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Fig. 1. Log;o plasma levels of biomarkers by HIV serostatus and LTBI status. LTBI/HIV co-infection is associated with elevated
levels of monocyte activation and pro-inflammatory cytokines. Symbols depict median log;, levels and interquartile ranges for
each biomarker by LTBI/HIV status. *P <0.05, **P<0.01, ***P<0.001. HIV+LTBI+ [HIV4+LTBI+], HIV+LTBI—- [HIV],
HIV—LTBI+ [LTBI], and HIV—LTBI— [healthy controls, HC]. IFN-y, interferon gamma; IL, interleukin. I-FABP, intestinal fatty
acid-binding protein; sCD14, cluster of differentiation 14; TNF-a, tumor necrosis factor alpha; LTBI, latent tuberculosis infection

We determined the independent influence of LTBI and
HIV on these pro-inflammatory cytokines using multi-
variable linear regression models. Both HIV and LTBI
were independently associated with higher TNF-a when
adjusting for demographics and clinical factors (Fig. 2).
LTBI remained independently associated with higher IL-
12p70, and IL-17A. HIV but not LTBI was indepen-
dently associated with higher IL-6 and IL-15 in adjusted
models controlling for LTBI (P<0.01). The effect of
LTBI on IL-12p70 was modified by HIV (P=0.049 for
LTBI by HIV status interaction). Plasma IL-12p70 levels
were higher in LTBI+ participants than LTBI- among
those with HIV (P < 0.0001 in adjusted model), while
IL-12p70 levels were comparable among those without
HIV (LTBI vs. HC; P=0.70). No significant interaction

was observed between HIV and LTBI in relationship to
TNF-a or IL-17A.

‘We nextassessed the influence of LTBI on proinflammatory
cytokines by LTBI/HIV status (Table 2). In a fully adjusted
model, the HIV4LTBIH- status was associated with higher
IL-6, TNF-o IL-12p70, and IL-17A (P < 0.05 for all) in
comparison to the HC. Both HIV+LTBI4 and HIV
exhibited higher IL-15 compared to the HC participants.
In analyses stratified by sex, HIV4+LTBI4 co-infected
women demonstrated higher plasmaIL-6, IL-17a, TNF-a,
IL-12p70, IL-15 than the HC women (P < 0.05; Table 3).
There were no significant associations between HIV/LTBI
groups and the pro-inflammatory cytokines in male
participants (P> 0.05).
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Fig. 2. Association of LTBI and HIV with plasma biomarkers. Markers were regressed on LTBI status, HIV status, and their
interaction, age, sex, education HDL, hypertension, BMI, smoking, and alcohol use status. Black boxes surrounding a y-axis
variable indicate that there is effect modification by HIV status for this marker, that is, P < 0.05 for LTBI by an HIV status interaction
term. *P < 0.05, ¥*¥P<0.01, ***P <0.001. LTBI, latent tuberculosis infection; NS, not significant.

Effect of latent tuberculosis infection on anti-

inflammatory cytokines in chronic HIV infection
To determine the influence of LTBI on anti-inflamma-
tory cytokines in PWH, we compared plasma Type 2
cytokines (IL-4, IL-5, and IL-13) in HIV positive and
negative persons with and without LTBI. HIV4LTBI+
participants had significantly higher systemic median
levels of IL-4 and IL-13 cytokines compared to the
healthy controls, HIV, and LTBI mono-infected groups
(P <0.05 forall; Fig. 1). Levels of IL-5 were also increased
in HIVH+LTBI+ in comparison to the HIV-negative

participants but were comparable to those of HIV mono-
infected participants.

In multivariable analyses, HIV status was independently
associated with higher IL-4 and IL-5. LTBI status but not
HIV status was independently associated with IL-13
(P <0.05 for all; Fig. 2). The eftect of LTBI on IL-4 was
modified by HIV (P=0.02 for LTBI by HIV status
interaction). Plasma IL-4 levels were higher in LTBI4
than LTBI- among those with HIV (HIV+LTBI+ vs.
HIV; P=0.0003), whereas levels were similar between
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Table 2. Association of latent tuberculosis status with biomarkers by HIV serostatus and LTBI status.

I-FABP sCD14 TNF-a IFN-y IL-2 IL-6
exponentiated exponentiated exponentiated exponentiated exponentiated exponentiated
B (95% Cl) £ (95% Cl) £ (95% ClI) B (95% Cl) B (95% Cl) B (95% Cl)
Stratified by HIV and LTBI status
Unadjusted
HC Reference Reference Reference Reference Reference Reference
LTBI 0.99 (0.88, 1.19) 0.96 (077, 1.18) 1.16 (0.89, 1.52) 1.39 (0.78, 2.49) 1.09 (1.00, 1.89) 1.33 (0.84, 2.12)
HIV 1.61 (1.34, 1.92) 1.97 (1.58, 2.44) 1.01 (0.78, 1.30) 1.06 (0.59, 1.91) 2.14 (1.07, 2.02) 1.35 (0.86, 2.12)
HIV+LTBI+ 1.47 (1.22, 1.22) 1.93 (1.55, 2.41) 1.34 (1.03, 1.75) 1.57 (0.88, 2.80) 1.90 (1.25, 2.33) 1.65 (1.03, 2.61)
*Fully adjusted
HC Reference Reference Reference Reference Reference Reference
LTBI 1.03 (0.85, 1.24) 1.01 (0.81, 1.26) 1.19 (0.90, 1.59) 1.16 (0.75, 1.80) 1.24 (0.87, 1.77) 1.35 (0.80, 2.26)
HIV 1.55 (1.29, 1.83) 1.81 (1.45, 2.28) 1.12 (0.84, 1.48) 1.08 (0.70, 1.66) 1.32 (0.93, 1.88) 1.52 (0.91, 2.53)
HIV+LTBI+ 1.37 (1.19, 1.73) 1.82 (1.45, 2.29) 1.48 (1.11, 1.97) 1.27 (0.81, 1.99) 1.40 (0.98, 2.02) 1.97 (1.17, 3.33)
IL-12p70 IL-15 IL-17A IL-4 IL-5 IL-13
exponentiated exponentiated exponentiated exponentiated exponentiated exponentiated
B (95% Cl) B (95% Cl) B (95% Cl) B (95%Cl) B (95% Cl) B (95% Cl)
Stratified by HIV and LTBI status
Unadjusted
HC Reference Reference Reference Reference Reference Reference
LTBI 1.27 (0.61, 2.64) 1.08 (0.88, 1.35) 1.35 (1.04, 1.76) 1.04 (0.63, 1.72) 1.09 (0.70, 1.68) 1.36 (0.88, 2.12)
HIV 0.68 (0.33, 1.40) 1.49 (1.22, 1.82) 1.19 (0.92, 1.55) 1.03 (0.63, 1.68) 2.14 (1.39, 3.29) 0.77 (0.49, 1.19)
HIV+LTBI+ 2.18 (1.05, 4.48) 1.59 (1.27, 1.92) 1.42 (1.09, 1.84) 2.10 (1.29, 3.50) 1.90 (1.23, 2.94) 1.60 (1.04, 2.45)
*Fully adjusted
HC Reference Reference Reference Reference Reference Reference
LTBI 1.23 (0.55, 2.71) 1.03 (0.82, 1.32) 1.51 (1.12, 2.03) 0.93 (0.54, 1.24) 1.02 (0.62, 1.67) 1.49 (0.90, 1.59)
HIV 0.82 (0.37, 1.80) 1.48 (1.16, 1.87) 1.31 (0.97, 1.75) 1.08 (0.63, 1.83) 1.95 (1.20, 3.18) 0.93 (0.84, 1.48)
HIV+LTBI+ 2.57 (1.15, 5.70) 1.63 (1.28, 2.08) 1.48 (1.08, 1.95) 2.23 (1.29, 1.73) 2.22 (1.16, 3.12) 1.48 (1.11, 1.97)

HIV+LTBI+; HIV+LTBI4, HIV; HIV+LTBI—, LTBI; HIV-LTBI+, and HC; HIV—LTBI—. I-FABP, intestinal fatty acid-binding protein; IFN-vy;
interferon gamma; IL, interleukin; sCD14, cluster of differentiation 14; TNF-, tumor necrosis factor alpha.
“Fully adjusted for age, sex, HDL, body mass index, hypertension, body mass index, smoking, and alcohol use, and education status.

Results are presented as exponentiated B coefficients and 95% Cl. Interpret the coefficient as fold increase in mean level of the biomarkers of
interest comparing the groups with HC for example 1.63 will be interpreted as HIV+LTBI+ have 63% higher mean IL-15 level in comparison to HC.
Sensitivity analysis restricted to integrase inhibitor users showed similar trend in the association between biomarkers and HIV/LTBI status.

LTBI+ and LTBI- among those without HIV (LTBI vs.
HC; P=0.45). The interaction between HIV and LTBI
on IL-13 was not statistically significant (P=10.52).

Next, we examined the relationship between LTBI/HIV
status and IL-4, IL-5, and IL-13 (Table 2). In the fully
adjusted models, only HIV4LTBI+ co-infection status
remained significantly associated with higher IL-4 and IL-
13 cytokines relative to the HC. Both HIV4+LTBI+ and
HIV had significantly higher IL-15 in comparison to the
HC participants. We did not observe any significant
differences in the levels of these biomarkers between the
HC and any other groups (LTBI or HIV). In analyses
stratified by sex, we show that only women HIV+LTBI+
participants exhibited higher IL-4, IL-5, and IL-13
cytokines than HC women (P < 0.001; Table 3). We did
not observe any differences in the levels of these cytokines
between the HIV/LTBI groups in men.

We conducted sensitivity analysis limiting our analysis to
PWH and further adjusted for ART duration, nadir, and
current CD4" T-cell count. Even after adjustment for
these HIV specific risk factors, LTBI remained indepen-
dently associated with higher pro-(TNF-a, I1L-12p70,

and IL-17A) and anti (IL-4 and IL-13) inflammatory
cytokines (Figure 1, Supplemental Digital Content,
http://links.lww.com/QAD/C823).

Discussion

In this cohort of African adults, we show that LTBI is
independently associated with higher pro- (TNF-c, IL-
12p70, IL-17A) and anti (IL-4, IL-13) inflammatory
markers. HIV is independently associated with higher
monocyte activation and gut permeability biomarkers
(sCD14 and I-FABP), pro-(IL-6) and anti(IL-4, IL-5)
inflammatory markers. Importantly, we demonstrate for
the first time that despite long-term ART, African
persons with HIVand LTBI co-infection exhibit immune
dysregulation characterized by heightened systemic levels
of pro-(TNF-a, IL-6, IL-12p70, IL-15, IL-17A) and
anti-inflammatory cytokines (IL-4, IL-5, 1L-13), women
more so than men. While both HIV and LTBI have
previously been reported to dysregulate cytokine
production, the synergistic effect of LTBI/HIV co-
infection on circulating cytokines after long-term ART
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Table 3. Association of LTBI infection with biomarkers by HIV serostatus and LTBI status, stratified by gender.

A I-FABP exponentiated B (95% CI) sCD14 exponemiated B (95% CI) IFN-y exponentiated B (95% Cl) TNF-a exponentiaied B (95% CI)
Female Male Female Female Male Female Male
Unadjusted
HIV—, LTBI— Reference Reference Reference Reference Reference Reference Reference Reference
HIV—, LTBI+ 0.97 (0.74, 1.27) 1.04 (0.82, 1.32) 0.87 (0.64, 1.19) 1.04 (0.77, 1.41) 1.39 (0.78, 2.49) 1.10 (0.64, 1.90) 1.20 (079, 1.83) 1.11 (0.81, 1.54)
HIV+, LTBI— 1.58 (1.19, 2.07) 1.64 (1.31, 2.06) 2.06 (1.51, 2.81) 1.88 (1.41, 2.51) 1.06 (0.59, 1.91) 0.98 (0.58, 1.65) 1.00 (0.65, 1.53) 1.03 (0.76, 1.33)
HIV+, LTBI+ 1.54 (1.17, 2.03) 1.41 (1.11, 1.64) 1.78 (1.31, 2.42) 2.14 (1.57, 2.92) 1.57 (0.88, 2.80) 0.84 (0.50, 1.44) 1.44 (0.94, 2.19) 1.24 (0.90, 1.69)
*Fully adjusted
HIV—, LTBI— Reference Reference Reference Reference Reference Reference Reference Reference
HIV—, LTBI+ 0.99 (0.73, 1.33) 1.03 (0.81, 1.32) 0.98 (0.72, 1.36) 1.03 (0.75, 1.40) 1.11 (0.58, 2.14) 1.19 (0.65, 2.17) 1.20 (076, 1.82) 1.26 (0.88, 1.82)
HIV+, LTBI- 1.50 (1.11, 2.03) 1.64 (1.32, 2.06) 1.81 (1.31, 2.50) 1.73 (1.27, 2.34) 0.92 (0.48, 1.78) 1.22 (0.68, 2.18) 1.09 (0.69, 1.68) 1.17 (0.82, 1.68)
HIV+, LTBI+ 1.58 (1.17, 2.14) 1.28 (1.01, 1.64) 1.63 (1.18, 2.26) 2.06 (1.49, 2.87) 1.38(0.71, 2.66) 1.08 (0.59, 1.98) 1.60 (1.01, 2.02) 1.39 (0.96, 2.02)
B IL-2 exponentiated B (95% CI) IL-6 exponentiated B (95% CI) IL-12p70 exponentiated B (95% CI) IL-15 exponentiated B (95% CI)
Female Male Female Female Male Female Male
Unadjusted
HC Reference Reference Reference Reference Reference Reference Reference Reference
LTBI+ 1.59 (1.05, 2.43) 1.17 (0.72, 1.89) 1.38 (0.69, 2.75) 1.25(0.67, 2.31) 1.54 (0.55, 4.35) 1.02 (0.38, 2.76) 1.21 (0.90, 1.64) 0.97 (0.73, 1.30)
HIV+ 1.66 (1.08, 2.53) 1.31(0.83, 2.08) 1.28 (0.64, 2.55) 1.42 (0.79, 2.56) 0.88 (0.32, 2.48) 0.53 (0.32, 1.41) 1.82 (1.35, 2.45) 1.23 (0.94, 1.67)
HIV+, LTBI+ 2.25(0.98, 3.41) 1.26 (0.78, 2.03) 2.05 (1.04, 4.08) 1.23 (0.66, 2.27) 4.20 (1.51, 11.67) 0.91 (0.33, 2.51) 1.89 (1.41, 2.53) 1.28 (0.96, 1.70)
“Fully adjusted
HC Reference Reference Reference Reference Reference Reference Reference Reference
LTBI+ 1.35 (0.85, 2.15) 1.15 (0.66, 2.08) 1.18 (0.56, 2.52) 1.56 (0.75, 3.22) 0.43 (0.35, 3.33) 1.19(0.39, 3.64) 1.18 (0.84, 1.67) 0.90 (0.65, 1.26)
HIV+ 1.46 (0.92, 2.33) 1.18 (0.69, 2.02) 1.23 (0.58, 2.63) 1.90 (0.94, 3.85) 0.97 (0.32, 3.01) 0.72 (0.24, 2.18) 1.80 (1.26, 2.54) 1.21(0.88, 1.67)
HIV+, LTBI+ 1.81(0.99, 2.87) 1.08 (0.62, 1.91) 2.25 (1.06, 4.81) 1.78 (0.84, 3.68) 4.39 (1.41, 13.64) 1.46 (0.46, 4.64) 1.88 (1.33, 2.66) 1.39 (0.99, 1.95)
IL-4 exponentiated B (95%Cl) IL-5 exponentiated B (95%Cl) IL-13 exponentiated B (95%Cl) IL-17A exponentiated B (95%Cl)
Female Male Female Female Male Female Male
Unadjusted
HC Reference Reference Reference Reference Reference Reference Reference Reference
LTBI+ 1.19 (0.52, 2.48) 0.92 (0.51, 1.63) 1.76 (1.01, 3.11) 0.67 (0.34, 1.33) 1.88 (0.95, 3.71) 0.75 (0.54, 1.62) 0.50 (0.12, 0.89) 1.08 (0.75, 1.55)
HIV+ 1.15 (0.49, 2.56) 0.91 (0.52, 1.60) 3.09 (1.77, 5.41) 1.44 (0.75, 2.76) 0.94 (0.47, 1.88) 0.58 (0.34, 1.00) 0.34 (-0.04, 0.73) 1.02 (0.73, 1.49)
HIV+, LTBI+ 3.03 (1.37, 6.75) 1.36 (0.77, 2.23) 3.09 (1.80, 5.43) 1.16 (0.75, 2.29) 2.44 (1.25, 4.76) 0.98 (0.57, 1.68) 0.58 (0.19, 0.96) 1.11(0.77, 158)
“Fully adjusted
HC Reference Reference Reference Reference Reference Reference Reference Reference
LTBI+ 0.92 (0.39, 2.18) 0.83 (0.41, 5.31) 1.99 (1.07, 3.78) 0.51 (0.23, 1.12) 1.98 (0.91, 4.25) 0.93 (0.48, 1.80) 1.73 (1.11, 2.79) 1.32 (0.89, 1.94)
HIV+ 1.44 (0.63, 3.32) 0.85 (0.41, 1.59) 3.38 (1.81, 6.40) 1.13 (0.53, 2.42) 1.31 (0.61, 2.82) 0.62 (0.32, 1.19) 1.38 (0.89, 2.17) 1.23 (0.85, 1.80)
HIV+, LTBI+ 3.46 (1.49, 7.92) 1.43 (0.70, 2.91) 3.90 (2.07, 7.34) 0.86 (0.39, 1.88) 3.29 (1.53, 6.96) 1.01 (0.52, 1.98) 1.68 (1.08, 2.64) 1.22 (0.82, 1.82)

HIV+LTBI+; HIV+LTBI+, HIV; HIV4+LTBI—, LTBI; HIV—-LTBI+, and HC; HIV-LTBI—. IL, interleukin. I-FABP, intestinal fatty acid-binding protein;
sCD14, cluster of differentiation 14; TNF-a, tumor necrosis factor alpha; IFN-vy; interferon gamma.

“Fully adjusted for age, HDL, body mass index, hypertension, body mass index, smoking, and alcohol use, and education status.

Sensitivity analysis restricted to integrase inhibitor users showed similar trend in the association between biomarkers and HIV/LTBI status except for
IL-6. We found no association between IL-6 and HIV+, LTBI+ status in women; B8 (95% Cl) 1.61 (0.94-4.45), P=0.65.

using multivariate approaches has not been explored prior
to our study. We provide the most direct evidence that
coexisting LTBI may profoundly alter the immune
response in PWH at the systemic level.

Immune dysregulation is a hallmark of HIV [1,2]. Our data
demonstrate elevated levels of both pro- and anti-
inflammatory cytokines in our participants with HIV on
ART, consistent with prior reports from Italy [19], France
[22], South Africa [12] and Nigeria [23,24]. Our study,
however, contrasts with some other studies that showed
normalization of plasma cytokines after ART. Though the
root causes of persistent immune activation during ARTare
unclear, the fact that most of our participants had
undetectable viral load implicates potential factors beyond
HIV viremia such as co-infections, ART toxicity, and
microbial translocation. Of interest, HIV is independently
associated with higher monocyte activation and gut
permeability indicating that gut microbial translocation
may partially contribute to this heightened immune
activation. The fact that only HIVand LTBI+ co-infection

was associated with an exaggerated production of certain
cytokines as compared to HIV alone in our cohort suggests
that LTBI may also play an important role. Apart from I-
FAPB, sCD14, IL-5, and IL-15, which were also increased
in the HIV group, we did not find increased measures of
other biomarkers among the HIVand LTBI mono-infected
participants in comparison to the healthy controls. We also
found that LTBI modulation of cytokine response was
largely dependent on HIV, as HIV—LTBI+ individuals
failed to exhibit significant differences in levels of most
biomarkers in comparison to the healthy controls. This
indicates that co-infection with LTBI may enhance
abnormal cytokine production in PWH possibly through
greater expression of pro- and anti-inflammatory cytokines
by the macrophages and Th cells. Our study further
expands previous reports in the US that found high sCD 14,
IL-6 and MCP-1 but not TNF-o in HIV4HLTBI4
individuals on long-term ART [25,26]. In another study
from South Africa, plasma biomarkers of inflammation
were not elevated, but HIV4+LTBI+ had higher T-cell
activation [12]. A study in Peru reported distinct monocyte
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alteration suggestive of an exacerbated inflammatory
response among individuals with LTBI compared with
non-LTBI individuals [27]. Some differences between our
data and these prior studies may be explained by the
reference group used and differences in study size
and population.

Early onset of protective type 1 and 17 cytokines (IFN-y,
TNF-a, IL-2, IL-17A) in the latent stage appears to be key
in long-term protection and host resistance to TB
reactivation and development of active disease [16].
IFN-y and TNF-a are critically important for controlling
Mycobacterium  tuberculosis bacterial growth due to their
phagocyte activating functions and their important role in
granuloma formation [28,29]. Anti-inflammatory cyto-
kines (IL-4, IL-5, IL-10, and IL-13) appear to regulate type
1 cytokine production and high circulating levels may be
counterproductive when infected with TB [30,31]. Thus,
alteration in type 1/2 cytokine balance could lead to
increased risk of reactivation of TB. Potential drivers for
overexpression of Th2 cytokines may be parasitic co-
infection endemic in Kenya. Ithas been previously reported
that asymptomatic helminth infection in active TB was
associated with marked decreases in dual-functional Th1
and Th17 cell frequencies [32] and a marked increase in
Treg and Th2 responses [33]. The heightened anti-
inflammatory milieu in HIV4+LTBI+ individuals may
explain why PWH in TB-endemic countries tend to have
increased risk of LTBI reactivation [34,35].

Globally, TB rates are significantly higher in men than
women [36]. Although the mechanism underlying this
disparity is unclear, sex dimorphism in immune response
likely play a role [37]. Sex differences in the immune
response have long been observed with vaccines and
infections” [38]. This heightened immune response in
women may be protective against co-infections but may
be maladaptive in the long run since immune activation
may increase the risk of non-communicable diseases
(NCD). A study in Uganda among adults on long-term
ART demonstrated that HIV-positive women had
significantly higher levels of sCD14, sCD163, IL-6,
IFAPB, and hsCRP than men. In our study, we show for
the first time that HIV positive African women co-
infected with LTBI in our cohort exhibited heightened
plasma anti and pro-inflammatory cytokine response
compared to the HIV-/LTBI- women [39]. This
cytokine responses were not observed in our male
participants. Because we lack past studies for comparison,
future validation of these findings in other cohorts and
populations is warranted.

Our finding of heightened immune activation among
otherwise healthy PWH with LTBI is of clinical
importance since immune activation is associated non-
AIDS related comorbidities, and mortality in this
population [9,25]. LTBl-induced inflammation may lead
to increased risk of atherosclerotic CVD in HIV [9,25].

Biomarkers such as TNF-a IL-4, IL-6, and IL-17A,
elevated in HIV+LTBI+ individuals in our cohort have
all been linked in CVD pathogenesis. Systemic TNF-o
and IL-17A are thought to contribute to increased CVD
risk by mediating endothelial damage [40,41]. We also
recently demonstrated an association between IL-4 with
carotid plaque burden in PWH, suggesting a direct role of
type 2 type response in atherosclerosis plaque develop-
ment [42]. Our observation that the cytokine response
was significantly increased in women is concerning and
could explain the higher risk of CVD observed among
the HIV-positive women with HIV in the SSA compared
to the men [43,44]. Our results are particularly relevant in
the context of Kenya and other TB-endemic settings and
provides support for LTBI treatment to reduce inflam-
mation in persons with HIV infection. It is important to
point out that the potential effects of LTBI treatment on
the measured cytokine is currently unknown and is an
area of ongoing investigation.

Our study has several strengths and limitations. It is the first
study to assess the combined effects of HIV and LTBI on
type 1, 2, and 17 cytokines in a cohort of adult men and
women on suppressive ART. An equal number of men and
women were included in the analysis allowing us to robustly
assess for sex differences. The large sample size enables us to
adjust for multiple confounders. The inclusion of HIV-
negative individuals for comparisonisalso a key strength. As
with any cross-sectional studies, we cannot assume
causality. We used QFT Plus, an IGRA based assay, for
the diagnosis of LTBI. There is no gold standard test for
LTBI however IGRA based assays are preferred over
tuberculin skin test (T'ST) as these assays are more sensitive
than TST [45]. The definition of LTBI using IGRA may
include a heterogenous group of individuals; possibly
including those with subclinical and incipient TB [46].
Given this heterogeneity, inflammatory marker profiles
may vary in those defined as having LTBI.

Conclusion

In summary, we report here that asymptomatic latent
tuberculosis infection is common in African adults, may be a
potential driver of the persistent inflammation and immune
activation observed in virally suppressed African PWH. Our
results provide further support for screening and treatment
for TB infection targeting this high-risk group to reduce
inflammatory associated disease risk and mortality in this
population. As LTBI and HIV are both prevalent in SSA,
more prospective studies are needed to define health risks
associated with LTBI among Africans with HIV.
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