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Background. Latent tuberculosis infection (LTBI) has been associated with increased cardiovascular risk. We investigated the 
activation and pro-inflammatory profile of monocytes in individuals with LTBI and their association with coronary artery disease 
(CAD).

Methods. Individuals 40–70 years old in Lima, Peru, underwent QuantiFERON-TB testing to define LTBI, completed a coronary 
computed tomography angiography to evaluate CAD, and provided blood for monocyte profiling using flow cytometry. Cells were 
stimulated with lipopolysaccharide to assess interleukin-6 (IL-6) and tumor necrosis factor (TNF)–α responses.

Results. The clinical characteristics of the LTBI (n = 28) and non-LTBI (n = 41) groups were similar. All monocyte subsets from 
LTBI individuals exhibited higher mean fluorescence intensity (MFI) of CX3CR1 and CD36 compared with non-LTBI individuals. 
LTBI individuals had an increased proportion of nonclassical monocytes expressing IL-6 (44.9 vs 26.9; P = .014), TNF-α (62.3 vs 
35.1; P = .014), and TNF-α+IL-6+ (43.2 vs 36.6; P = .042). Among LTBI individuals, CAD was associated with lower CX3CR1 MFI 
on classical monocytes and lower CD36 MFI across all monocyte subsets. In multivariable analyses, lower CD36 MFI on total 
monocytes (b = −0.17; P = .002) and all subsets remained independently associated with CAD in LTBI.

Conclusions. Individuals with LTBI have distinct monocyte alterations suggestive of an exacerbated inflammatory response and 
tissue migration. Whether these alterations contribute to cardiovascular disease pathogenesis warrants further investigation.
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About a quarter of the world population has been infected with 
Mycobacterium tuberculosis (Mtb) [1]. Most of these individu-
als will remain asymptomatic through their lifetime, carrying a 
condition known as latent tuberculosis infection (LTBI) [2]. In 
contrast to the traditional view of LTBI as a state of mycobac-
terial dormancy, LTBI is now recognized as a continuous spec-
trum of host–pathogen interactions where replicating and 
metabolically quiescent mycobacterial populations coexist 

and are constrained by variable host immune responses within 
each granuloma [3–5]. Most persons with LTBI will achieve 
long-term Mtb control without antimicrobial treatment, as 
a result of their immune system’s ability to contain mycobac-
terial replication [3, 6, 7]. However, the cost of keeping the 
infection in check may lead to persistently or intermittently 
enhanced systemic immune activation, which, in turn, could 
contribute to the progression and/or development of 
inflammation-driven chronic diseases. Chronic infections 
such as HIV are capable of driving alterations of inflammatory 
responses, as demonstrated by the presence of inflammatory 
soluble proteins and activation markers on monocytes 
[8–10], which have been associated with atherosclerotic disease 
[10–12]. Similarly, chronic inflammatory conditions such as 
rheumatoid arthritis and systemic lupus erythematosus are as-
sociated with pro-inflammatory alterations of monocytes 
[13–15]. Nevertheless, these immune alterations have not 
been comprehensively assessed in LTBI.

LTBI has been associated with increased ocurrence of 
cardiovascular disease (CVD). We demonstrated that LTBI 
was associated with 2-fold increased odds of having an acute 
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myocardial infarction, after adjusting for traditional CVD risk 
factors [16]. More recently, LTBI has been associated with sub-
clinical obstructive coronary atherosclerosis, symptomatic cor-
onary artery disease (CAD) [17, 18], and increased risk of 
developing hypertension and diabetes mellitus [19, 20].

Monocytes have an important role in CVD as they are re-
cruited into atherosclerotic plaque and can be a source of 
pro-inflammatory stimuli [21]. Three major monocyte subsets 
are recognized based on CD14 and CD16 expression: classical, 
intermediate, and nonclassical monocytes. Alterations in the 
proportions of these subsets, as well as variations in the expres-
sion of activation receptors, have been associated with in-
creased cardiovascular risk [12, 21]. In prior studies, LTBI 
was associated with increased proportion of total monocytes 
[22], and increased HLA-DR expression in the setting of HIV 
coinfection [23]. However, a comprehensive assessment of 
monocyte phenotypes and functional responses down to the 
subset level has not been conducted in LTBI. Of particular in-
terest, the chemokine receptor CX3CR1 is highly expressed in 
CD16+ monocytes and promotes pro-atherogenic endothelial 
changes, as well as monocyte recruitment into tissues [24]. 
Another important monocyte marker is the scavenger receptor 
CD36, which uptakes oxidized lipids, thus promoting intracel-
lular lipid accumulation and triggering pro-inflammatory re-
sponses [25]. In this study, we investigated the activation and 
pro-inflammatory profile of circulating monocytes in individu-
als with LTBI. We hypothesized that LTBI is associated with a 
pro-inflammatory monocyte profile. We also explored whether 
such a pro-inflammatory profile would be associated with CAD 
in LTBI.

METHODS

Participant Recruitment

We conducted a cross-sectional study of individuals with and 
without LTBI between March 2018 and October 2019 in 
Lima, Peru, as previously described [26]. TB disease is prevalent 
in Peru, with an incidence rate of 119 TB cases per 100 000 in-
habitants for 2019. The overall prevalence of LTBI in Lima is 
∼50%–60% [16]. Briefly, individuals 40–70 years of age were 
identified from markets and outpatient medicine clinics in 
downtown Lima. Participants were enrolled at the Hospital 
Nacional Dos de Mayo Clinical Research Unit in Lima, Peru. 
We excluded individuals with chronic kidney disease stage 
≥3, history of acute myocardial infarction, ischemic stroke, ac-
tive cancer, immunosuppression, dyslipidemia therapy, preg-
nancy, breastfeeding, or prior LTBI treatment. Participants 
underwent a coronary computed tomography angiography 
(CCTA) to examine coronary atherosclerosis and provided 
blood for QuantiFERON TB Plus (QFT) testing to define 
LTBI (QFT positive) and non-LTBI (QFT negative) groups. 
HIV status was assessed by history and confirmed via 

commercial rapid testing at study entry. Participants also pro-
vided blood for plasma and peripheral blood mononuclear cell 
(PBMC) isolation. For this project, we included LTBI and 
non-LTBI individuals with available, stored plasma and 
PBMC samples.

CCTA and CAD Assessments

Participants underwent a CCTA using a 160-slice Toshiba 
Aquilion Prime CT scanner at Hospital Nacional Dos de 
Mayo, following guidelines from the Society of Cardiac 
Computed Tomography [27]. Stored CCTA DICOM images 
were interpreted by an expert CCTA reader blinded to the par-
ticipants’ demographic and clinical characteristics including 
LTBI status. CAD was defined as the presence of plaque in 
any of the coronary segments.

Plasma and PBMC Isolation

Fresh blood was processed the same day of collection for 
isolation of plasma and PBMCs at the Impacta Peru Clinical 
Trials Unit in Lima, Peru. PBMCs were separated using 
Ficoll-Hypaque gradients following the cross-network HIV/ 
AIDS Network Coordination (HANC) protocol [28]. PBMCs 
were maintained in liquid nitrogen for long-term cryopreserva-
tion. Plasma samples were stored at −80°C. Plasma and PBMCs 
were then transferred to the University of Cincinnati on dry ice 
and liquid nitrogen, respectively. PBMCs remained in liquid 
nitrogen and plasma at −80°C until they were thawed for fur-
ther analyses. Viability of cells was confirmed using Trypan 
blue at the time of thawing from all processed samples.

Multiplex Assays for Inflammation and Immune Activation Markers 
in Plasma

Plasma levels of high-sensitivity C-reactive protein (hs-CRP), 
tumor necrosis factor–α (TNF-α), interferon-gamma-induced 
protein 10 (IP-10), monocyte chemoattractant protein-1 
(MCP-1), soluble CD163 (sCD163), soluble CD14 (sCD14), 
and soluble tissue factor (sTF) were measured using 2 custom-
ized Luminex assays (Luminex; R&D Systems). Interleukin-6 
(IL-6) levels were determined using an enzyme-linked immu-
nosorbent assay (R&D Systems). All individual samples were 
tested in duplicate on the same plate, and the average was an-
alyzed to minimize variability.

Immunophenotyping of Monocytes at Rest and After In Vitro Stimulation

Cryopreserved PBMCs were thawed and rested in RPMI 1640 
containing 10% heat-inactivated FBS and 10 mM EDTA. A to-
tal of 1.5 × 106 cells were incubated for 20 minutes at room 
temperature with Zombie UV (Biolegend), followed by Fc re-
ceptor blockage. PBMCs were then incubated for 30 minutes 
at room temperature with optimized doses and combinations 
of mouse antihuman antibodies (Supplementary Table 1).
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We followed a similar protocol for in vitro stimulation of 
PBMCs. Briefly, after thawing, 1.5 × 106 cells were stimulated 
in 48-well flat-bottom plates (Costar, Corning, NY, USA) 
with 1 μg/mL of E. coli lipopolysaccharide 055:B5 (LPS; 
Invivogen) and incubated for 6 hours at 37°C in 5% CO2 in 
the presence of 10 μg/mL of Brefeldin A. After incubation, 
the PBMCs were harvested and washed with 2 mL of 1X PBS 
(Biolegend). Cells were then incubated for 20 minutes at 
room temperature with Zombie UV (Biolegend), followed by 
Fc receptor blockage. Optimized doses of mouse antihuman 
antibodies, as previously mentioned, were added to PBMCs 
for 30 minutes at room temperature. Then, the cells were fixed 
and permeabilized with the Foxp3/Transcription Factor 
Staining (Thermo Fisher). Subsequently, standardized doses 
of anti-IL-6 Alexafluor 700 (Thermo Fisher) and anti-TNF-α 
Brilliant Violet 650 (Mab11, Biolegend) were added and incu-
bated for 30 minutes at 4°C. We could not consistently measure 
IL-1β under the described experimental conditions, and there-
fore this cytokine was not included in the final panel.

After antibody staining, the cells were washed with 1X per-
meabilization buffer (Thermo Fisher) and acquired on an 
LSR Fortessa cytometer (BD) using FACS Diva, version 6.0. 
At least 50 000 CD14+ events were acquired per sample. Flow 
cytometry data were analyzed using FlowJo software, version 
10.8.1 (Tree Star, Inc., Ashland, OR, USA). Fluorescence minus 
one (FMO) controls were included to define positive thresh-
olds. All samples were analyzed alongside aliquots of cryopre-
served PBMCs from the same blood bank donor collected at the 
Hoxworth Blood Center in Cincinnati, Ohio. These reference 
PBMCs were used to check for batch effect and normalize 
data using the R package CytoNorm and FlowJo [29]. A validat-
ed gating strategy was used to identify total monocytes and 
their subsets based on CD14 and CD16 expression and their re-
spective activation markers (Supplementary Figure 1A, B).

Statistical Analyses

Study data were collected and managed using REDCap [30]. 
We used 2-sample t tests or Mann-Whitney U tests for compar-
isons of numeric and flow cytometry data between the LTBI 
and non-LTBI groups. Categorical variables were compared us-
ing the chi-square test or Fisher exact test. Pearson’s or 
Spearman’s correlation coefficients were used to evaluate the 
correlation between 2 continuous variables. In multivariable 
linear regression models that assessed the relationship between 
flow cytometry variables of interest and CAD, we included 
10-year pooled cohort equation (PCE) atherosclerotic CVD 
(ASCVD) risk as a covariate to adjust for traditional ASCVD 
risk factors [31]. P values <.05 were considered statistically sig-
nificant. All P values were 2-tailed. We used Stata, version 12 
(College Station, TX, USA), R, version 4.1.0 (R Foundation), 
and Prism, version 9.2.0 (GraphPad Software, San Diego, CA, 
USA), for data analyses and generation of graphics.

Patient Consent

The human participants protocol was reviewed and approved 
by the University of Cincinnati Institutional Review Board 
(IRB), the Ethical Committee of Hospital Nacional Dos de 
Mayo, and the Office of Public Health Strategic Interventions 
at the Ministry of Health in Peru. All participants provided 
written consent before being involved in any research 
procedures.

RESULTS

A total of 41 LTBI (60%) and 28 non-LTBI (40%) participants 
had stored plasma available for soluble marker analyses. Of 
these participants, 36 LTBI (62%) and 22 non-LTBI (38%) 
had stored PBMCs available for complete flow cytometry 
analyses. Overall, there were no significant differences in de-
mographic characteristics of LTBI and non-LTBI partici-
pants, except for a higher body mass index observed in the 
LTBI group (Table 1). All study participants were HIV 
negative.

Plasma Markers of Systemic Inflammation and Monocyte Activation Were 
Similar in LTBI and Non-LTBI Individuals

We previously reported that LTBI individuals have higher 
IFN-γ values in the nil (unstimulated) QFT tube as compared 
with non-LTBI individuals [32], which was also noted within 
our study population (Supplementary Table 2). However, we 
found no significant differences between the non-LTBI and 
LTBI groups in plasma levels of IL-6, TNF-α, IP-10, MCP-1, 
sCD14, sCD163, and sTF (Supplementary Table 2).

Table 1. Demographic Characteristics of the Study Cohorta

No LTBI 
(n = 28)

LTBI 
(n = 41) P Value

Age, y 51 (44–65) 53 (47–59) .769

Male sex 15 (54) 19 (46) .555

Body mass index 26.3 (24–27.7) 27.2 (25.9–29.1) .023

Hypertension 4 (14) 7 (17) .756

Diabetes mellitus 4 (14) 11 (27) .215

Dyslipidemia 9 (32) 11 (27) .633

Current tobacco use 1 (4) 4 (10) .331

Hemoglobin A1c, % 5.6 (5.4–5.9) 5.7 (5.5–6.8) .162

Total cholesterol 189 (166–210) 199 (177–222) .183

HDL cholesterol 46 (40–53) 42 (37–47) .135

LDL cholesterol 111 (93–131) 114 (102–134) .505

Coronary artery disease 9 (32) 15 (37) .704

ASCVD PCE score 4.6 (1–8.2) 4.7 (1.6–9.5) .844

Identified from outpatient 
clinic

6 (21) 13 (32) .348

Abbreviations: ASCVD, atherosclerotic cardiovascular disease; HDL, high-density 
lipoprotein; IQR, interquartile range; LTBI, latent tuberculosis infection; LDL, low-density 
lipoprotein; PCE, pooled cohort equation.  
aMedian (IQR) for continuous variables and No. (%) for categorical variables.
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LTBI Individuals Exhibited Alterations in Expression of CD36, CX3CR1, 
and HLA-DR on Their Circulating Monocytes

There were no significant differences in percentage of CD14+ 

total monocytes (LTBI: 13 vs non-LTBI: 12.4; P = .795), 
CD14+ CD16− classical (87.8 vs 83.4; P = .058), CD14+ CD16+ 

intermediate (6.5 vs 7.3; P = .239), or CD14dim CD16+ nonclas-
sical monocyte subsets (7.02 vs 9.1; P = .315) between the 
non-LTBI and LTBI groups (Figure 1A).

Individuals with LTBI exhibited an increased percentage of 
classical monocytes expressing the chemokine receptor 
CX3CR1 (Supplementary Figure 2A). LTBI individuals also 
had an increased MFI of CX3CR1 across all monocyte subsets 
(Figure 1B), including classical monocytes (860 vs 725; P = 
.041), intermediate monocytes (2084 vs 1699; P = .006), and 
nonclassical monocytes (2053 vs 1724; P = .031).

The MFI of CD36 receptor was higher on total monocytes 
(28 826 vs 23 245; P = .047), classical monocytes (29 612 vs 21 
826; P = .033), intermediate monocytes (30 746 vs 26 991; P = 
.043), and nonclassical monocytes (4080 vs 2826; P = .042) 
from LTBI individuals compared with non-LTBI individuals 
(Figure 1C). No differences were observed on the percentage 

of total monocytes and monocyte subsets expressing CD36 
(Supplementary Figure 2A).

Another marker that was altered in the LTBI group was 
HLA-DR. LTBI individuals exhibited a lower percentage of to-
tal monocytes positive for HLA-DR compared with non-LTBI 
individuals (Supplementary Figure 2A), but no differences were 
found in the MFI of HLA-DR (Supplementary Figure 2B).

Additionally, we found that LTBI participants had a 
higher percentage of CD80 on nonclassical monocytes 
(Supplementary Figure 2A), but this difference was not ob-
served across other monocyte subsets, nor did we find differ-
ences in MFI of CD80 between the LTBI and non-LTBI 
groups. Finally, we found no differences in percentage or 
MFI of CD86, CCR2, and CD163 receptors on monocytes by 
LTBI status (Supplementary Figure 2A, B).

Monocytes From LTBI Individuals Showed Enhanced Pro-inflammatory 
Responses Upon LPS Stimulation

Following LPS stimulation, LTBI individuals exhibited a lower 
MFI of HLA-DR on classical monocytes (6802 vs 8842; P = 
.049) and intermediate monocytes (9735 vs 12 483; P = .049) 

Figure 1. Immunophenotyping of monocytes in LTBI. A, Percentage of total monocytes, classical monocytes, intermediate monocytes, and nonclassical monocytes in 
non-LTBI and LTBI individuals. MFI of (B) CX3XR1 and (C) CD36 on total monocytes, classical monocytes, intermediate monocytes, and nonclassical monocytes in the n-
on-LTBI and LTBI groups. P values are from the Mann-Whitney test. P values <.05 are considered significant. Abbreviations: LTBI, latent tuberculosis infection; MRI, m-
ean fluorescence intensity; ns, not statistically significant.
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compared with non-LTBI individuals (Supplementary 
Figure 3B). No differences were observed in percentage or den-
sity of CX3CR1, CCR2, CD80, CD86, and CD163 receptors by 
LTBI status (Supplementary Figure 3A, B).

To determine monocyte expression of pro-inflammatory cy-
tokines, the gating strategy shown in Figure 2A was used. 
Individuals with LTBI exhibited a higher percentage of non-
classical monocytes expressing IL-6 (68.6 vs 54; P = .035) 
(Figure 2B), TNF-α (79.5 vs 66.7; P = .047) (Figure 2C), and 
both IL-6 and TNF-α (43.2 vs 36.6; P = .042) (Figure 2D) com-
pared with non-LTBI individuals. There were no differences in 
the percentage of IL-6+ and TNF-α+ total monocytes, classical, 
and intermediate monocyte subsets (Supplementary 
Figure 3C).

To examine whether alterations in expression of CX3CR1 
and CD36 on LTBI monocytes influenced the enhanced 
pro-inflammatory cytokine responses in the nonclassical 
monocyte compartment, we conducted a correlation analysis 
between baseline MFI of CX3CR1 and CD36 with post-LPS cy-
tokine expression. The MFI of CX3CR1 at baseline positively 

correlated with IL-6+ nonclassical monocytes in the LTBI 
group (r = 0.438; P = .008) (Supplementary Figure 4A), which 
was also observed in the non-LTBI group (r = 0.464; P = 
.029). There were no significant associations between MFI of 
CX3CR1 and percentage of TNF-α+ or IL-6+ TNF-α+ nonclas-
sical monocytes (Supplementary Figure 4A). No significant 
correlations were found between MFI of CD36 and IL-6 or 
TNF-α expression in LTBI vs non-LTBI participants 
(Supplementary Figure 4B).

Among LTBI individuals, the percentage of total monocytes 
of HLA-DR+ negatively correlated with the percentage of IL-6+ 

(r = −0.335; P = .046) and IL-6+ TNF-α+ total monocytes (r = 
−0.421; P = .011) (Supplementary Figure 4C). No significant 
correlation was found between HLA-DR and TNF-α+ total 
monocytes (Supplementary Figure 4C).

CX3CR1 and CD36 Expression Were Associated With CAD in LTBI 
Individuals

We then explored if monocyte parameters found to be altered 
in LTBI individuals were associated with CAD. Baseline MFI 

Figure 2. Alteration in the proinflammatory response of LPS-stimulated monocytes from LTBI individuals. Peripheral blood mononuclear cells were stimulated with LPS 
1 μg/mL for 6 hours. Unstimulated control was included. A, Gating strategy for detection of nonclassical monocytes (CD14dimCD16+) positive for IL-6, TNF-α, and IL-6+ TNF-α+. 
Percentage of nonclassical monocytes positive for (B) IL-6, (C) TNF-α+, and (D) IL-6+ TNF-α+ from the non-LTBI (green color) and LTBI (red color) groups. P values are from the 
Mann-Whitney test. P values <.05 are considered significant. Abbreviations: IL-6, interleukin-6; LTBI, latent tuberculosis infection; LPS, lipopolysaccharide; ns, not statisti-
cally significant; TNF, tumor necrosis factor.
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CX3CR1 on classical monocytes was significantly lower in 
LTBI individuals with CAD compared with LTBI individuals 
without CAD (Figure 3A). Similar but nonsignificant trends 
were observed in total, intermediate, and nonclassical mono-
cytes (Figure 3A). The baseline MFI of CD36 on total mono-
cytes and all monocyte subsets was lower in LTBI individuals 
with CAD as compared with those without CAD (Figure 3B). 
Baseline and post-LPS HLA-DR monocyte MFIs were not asso-
ciated with CAD (Supplementary Table 3). No associations be-
tween CAD status and MFIs of CX3CR1, CD36, or HLA-DR 
were observed in non-LTBI controls. No associations 
were found between percentage of classical monocytes 
+ CX3CR1 + baseline and post-LPS IL-6 and TNF-α expression 
with CAD status in individuals with or without LTBI 
(Supplementary Table 3).

In multivariable analysis, lower density of CD36 on total mono-
cytes and all monocyte subsets of LTBI individuals was indepen-
dently associated with presence of CAD (Table 2). CX3CR1, 
HLA-DR, and pro-inflammatory cytokine expression were not as-
sociated with CAD after adjusting for ASCVD PCE scores.

DISCUSSION

We found that monocytes from individuals with LTBI exhibit-
ed distinct alterations in expression of surface marker receptors 

and pro-inflammatory cytokine responses. Specifically, indi-
viduals with LTBI had higher MFIs of CD36 lipid scavenger re-
ceptor and CX3CR1 chemokine receptor, lower percentages of 
HLA-DR, and increased proportions of nonclassical monocytes 
producing IL-6 and TNF-α post–LPS stimulation. Among indi-
viduals with LTBI, CAD was associated with lower MFI of 
CD36 across all monocyte subsets. No influence of LTBI on pe-
ripheral blood soluble markers of immune activation was 
found, indicating that LTBI-driven immune alterations are 
not sufficiently exacerbated for being reflected at a systemic lev-
el but are noticeable at the cellular levels.

CX3CR1 is a chemokine receptor important in monocyte ad-
hesion and migration to tissues. We found increased expression 
of CX3CR1 on monocytes from individuals with LTBI, similar 
to what has been described in other inflammatory conditions, 
including HIV infection [33]. CX3CR1 is also important in ath-
erosclerotic plaque development, as it plays an essential role in 
recruitment of CD16+ monocytes into the vascular tissue [24, 
34]. Importantly, we found that the increased CX3CR1 expres-
sion among LTBI individuals was more pronounced on non-
classical monocytes, which is the monocyte subset with the 
overall highest expression for this receptor as they patrol the 
vasculature for endothelial injury [8]. A possible explanation 
for the decreased expression of CX3CR1 on circulating mono-
cytes of LTBI individuals with CAD could be that monocytes 

Figure 3. Immune alteration in monocytes from LTBI and their association with CAD. Baseline MFI of (A) CX3CR1 and (B) CD36 on total monocytes, classical monocytes, 
intermedial monocytes, and nonclassical monocytes in non-CAD (yellow color) and CAD (yellow color) individuals with non-LTBI or LTBI. P values are from the Mann-Whitney 
test. P values <.05 are considered significant. Abbreviations: CAD, coronary artery disease; LTBI, latent tuberculosis infection; MFI, mean fluorescence intensity; ns, not 
statistically significant.
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with higher CX3CR1 densities may have migrated to tissues al-
ready, leaving monocytes with lower CX3CR1 in the circulation 
[8], but addressing this hypothesis would require tissue sam-
ples, which were not available in this study. A similar negative 
correlation between CAD and CX3CR1 density was reported in 
a cohort of persons with HIV in Uganda [35].

CD36 is a lipid scavenger receptor that allows uptake of 
modified lipids into cells, particularly oxidized-LDL [36, 37]. 
Mtb infection has been shown to increase CD36 receptor ex-
pression in a TLR-2 manner, inducing intracellular lipid accu-
mulation in monocyte/macrophages [38–40]. Intracellular 
lipid accumulation induces foamy cell formation, a hallmark 
component of TB granulomas, but also atherosclerotic plaque 
lesions [41]. Although we found that LTBI was associated 
with increased CD36 expression as compared with non-LTBI, 
we also observed lower CD36 expression across all monocyte 
subsets among LTBI individuals with CAD. Both upregulation 
and downregulation of CD36 have been implicated in athero-
genesis, and thus a tight protective window of CD36 expression 
has been postulated [25]. Activation of CD36 is downregulated 
by corticosteroids, HDL, and TLR signals including LPS, indi-
cating that CD36 is downregulated during inflammation [42, 
43]. Therefore, it is possible that the lower CD36 expression 
in LTBI individuals with CAD could result from a negative 
feedback mechanism to counterbalance ongoing inflammation. 
Alternatively, it is possible that monocytes with higher CD36 
densities may have migrated out of the circulation, similar to 
what may have happened with high CX3CR1-expressing 
monocytes.

Recent studies indicate that nonclassical monocytes are in-
volved in atherosclerosis development [44]. We reported that 
M. bovis BCG induces a relative expansion of nonclassical 
monocytes, which correlates with the extent of aortic plaque 
development in atherosclerotic mice [45]. Although we found 
that the proportion of nonclassical monocytes was similar in 
individuals with and without LTBI, we demonstrated that non-
classical monocytes from LTBI individuals had a higher expres-
sion of pro-inflammatory cytokines IL-6 and TNF-α upon LPS 
challenge. The nonclassical monocytes patrol the endothelium 
both at steady state and during inflammation and play an 

important role in homeostasis of vascular tissue [46]. 
However, this subset of monocytes is associated with athero-
genesis when immune dysregulation is present [47].

We have found that persons with HIV with LTBI coinfection 
had an increased density of HLA-DR on monocytes [23]. In 
contrast, here we report that LPS-induced expression of 
HLA-DR was diminished in HIV-uninfected individuals with 
LTBI compared with non-LTBI. These data suggest that LTBI 
induces monocyte alterations through different mechanisms 
depending on the host HIV status. Decreased HLA-DR expres-
sion has been described on monocytes of patients with condi-
tions where immune responses and antigen presentation are 
abnormally regulated such as systemic lupus erythematosus 
or pulmonary TB disease [48–50].

People with active TB have an increased risk of cardiovas-
cular disease events [51]. Studies indicate that this risk re-
mains elevated among TB survivors [52]. Monocytes from 
patients with active TB show increased cytokine activity 
upon stimulation with PPD antigens [53]. Additionally, TB 
patients have an augmented proportion of CD16+ monocytes, 
which are prone to TNF-α production and cell death [54]. 
Markers of monocyte activation are high at TB diagnosis 
and remain elevated throughout the course of TB treatment 
[55, 56]. Our findings suggest that pro-inflammatory mono-
cytes may be found through different stages of the TB spec-
trum, including LTBI. However, monocyte alterations seem 
more subtle in LTBI and may not be equally present within 
the entire LTBI continuum.

Our study had limitations. Our sample size was limited to de-
tecting small differences on monocyte markers between study 
groups. Nevertheless, to our knowledge, our work represents 
the largest study to date to profile monocyte subsets and their 
pro-inflammatory responses in LTBI. Furthermore, we were 
able to find distinct alterations in total and subset monocytes. 
LPS may induce downregulation of CD16, which could pose 
a challenge to identify CD16+ monocyte subsets post-LPS. 
However, our experiments showed that the overall expression 
of both CD14 and CD16 after LPS stimulation was adequate 
for analyses. Furthermore, we obtained very similar results us-
ing alternative gating strategies [57]. The significant differences 

Table 2. Results of Linear Regression Models Assessing the Relationship Between CAD and Log10-Transformed CD36 Density on Monocytes in LTBI 
Individuals

Unadjusted b Coefficient (95% CI) P Value Adjusteda b Coefficient (95% CI) P Value

CD36 MFI on total monocytes −0.14 (−0.23 to −0.05) .003 −0.17 (−0.28 to −0.07) .002

CD36 MFI on classical monocytes −0.14 (−0.22 to −0.05) .002 −0.18 (−0.27 to 0.08) .001

CD36 MFI on intermediate monocytes −0.18 (−0.28 to −0.09) <.001 −0.24 (−0.35 to −0.13) <.001

CD36 MFI on nonclassical monocytes −0.22 (−0.41 to −0.02) .032 −0.27 (−0.51 to −0.04) .023

Abbreviations: ACC/AHA ASCVD, American College of Cardiology/American Heart Association atherosclerotic cardiovascular disease; CAD, coronary artery disease; LTBI, latent tuberculosis 
infection; MFI, mean fluoresce intensity.  
aAdjusted by ACC/AHA ASCVD pooled cohort equation risk scores.
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in functional responses and MFI of CX3CR1 and CD36 be-
tween the LTBI and non-LTBI groups were modest. The bio-
logical and clinical relevance of these findings needs future 
study. We analyzed CAD as a binary variable (presence or ab-
sence of plaque) and at a single time point, which limits causal 
associations. Future longitudinal studies that analyze monocyte 
activation and quantify plaque progression among individuals 
with LTBI might be informative of more gradual changes and 
interactions between inflammation and ASCVD risk over 
time. We included participants over 40 years of age, and thus 
CAD risk factors were prevalent in our study population, which 
may not be fully representative of individuals with TB infection 
in endemic areas but comprises a population at risk for 
inflammation-driven chronic diseases.

In conclusion, individuals with LTBI exhibit distinct 
pro-inflammatory alterations of their monocytes, including in-
creased CX3CR1 and CD36 expression as well as production of 
pro-inflammatory cytokines. These findings support the capac-
ity of Mtb infection to alter the integrity of immune responses. 
Whether these monocyte alterations contribute to cardiovascu-
lar disease pathogenesis warrants further investigation.

Supplementary Data
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