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Introduction: The impact of exposure to endemic infections on basal

immunity and susceptibility to HIV-1 acquisition remains uncertain. We

hypothesized that exposure to infections such as cytomegalovirus (CMV),

malaria and sexually transmitted infections (STIs) in high-risk individuals may

modulate immunity and subsequently increase susceptibility to HIV-

1 acquisition.

Methods: A case-control study nested in an HIV-1 negative high-risk cohort

from Coastal Kenya was used. Cases were defined as volunteers who tested

HIV-1 positive during follow-up and had a plasma sample collected 3 ± 2

months prior to the estimated date of HIV-1 infection. Controls were

individuals who remained HIV-1 negative during the follow-up and were

matched 2:1 to cases by sex, age, risk group and follow-up time. STI

screening was performed using microscopic and serologic tests. HIV-1

pre-infection plasma samples were used to determined exposure to CMV

and malaria using enzyme-linked immunosorbent assays and to quantify

forty-one cytokines and soluble factors using multiplexing assays.

Multiplexing data were analyzed using principal component analysis.

Associations between cytokines and soluble factors with subsequent HIV-1

acquisition were determined using conditional logistic regression models.

Results and discussion:Overall, samples from 47 cases and 94 controls were

analyzed. While exposure to malaria (p=0.675) and CMV (p=0.470) were not

associated with HIV-1 acquisition, exposure to STIs was (48% [95% CI, 33.3 –
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63] vs. 26% [95% CI, 17.3 – 35.9]. Ten analytes were significantly altered in

cases compared to controls and were clustered into four principal

components: PC1 (VEGF, MIP-1b, VEGF-C and IL-4), PC2 (MCP-1, IL-2 and

IL-12p70), PC3 (VEGF-D) and PC4 (Eotaxin-3). PC1, which is suggestive of a

Th2-modulatory pathway, was significantly associated with HIV-1 acquisition

after controlling for STIs (adjusted odds ratio, (95% CI), p-value: 1.51 [1.14 –

2.00], p=0.004). Elevation of Th2-associated pathways may dampen

responses involved in viral immunity, leading to enhanced susceptibility to

HIV-1 acquisition. Immunomodulatory interventions aimed at inhibiting

activation of Th2-associated pathways may be an additional strategy to STI

control for HIV-1 prevention and may reduce dampening of immune

responses to vaccination.
KEYWORDS
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Introduction

Sub-Saharan Africa (sSA) bears the greatest burden of

infectious diseases. Persistent pathogens such as helminths,

bacteria, parasites and viruses are common (1). The constant

exposure to these pathogens may alter one’s immunologic

landscape at baseline – henceforth referred as basal immunity (2).

It is possible that an altered basal immunity may modulate the

acquisition of new infections and impact vaccine responses. For

instance, helminth infections are common in sSA and have been

reported to induce a state of immune suppression via Th2 and T-

regulatory mediated hyporesponsiveness and anergy (3–6). This

immunosuppressive profile may dampen the severity of

inflammatory conditions such as auto-immune diseases (6),

malaria (7), and coronavirus disease 2019 (COVID-19) (4, 8).

Contrarily, immunosuppression may dampen immune responses

towards other pathogens and vaccines that require a Th1 response

(4), and thereby potentially increase the infectivity or severity of

infections. Plasmodium falciparum (P. falciparum), the causative

agent for malaria, is another distinct and most common malaria

pathogen in sSA. Frequent exposures to P. falciparum, may favour a

shift of immune responses to a state of tolerance, protecting the host

from malar ia-induced pathology by down-regulat ing

hyperinflammatory responses (9, 10). Moreover, repeated malaria

exposures are associated with a modified immune system in

children that is marked by upregulation of interferon-inducible

genes, higher levels of IL-10 and enhanced cellular activation (11)

and have also been associated with immunosuppression and

immune cell exhaustion (12, 13). Cytomegalovirus (CMV) is also

a common pathogen both globally and in sSA (14). It typically

causes acute disease in naïve and immunocompromised individuals

but can also have profound impact on the host immune system. Its

immunological imprinting is not only restricted to CMV-specific
02
responses but can also affect immunity against other viral and non-

viral infectious agents as well as immunopathological responses

(15). Further and in the context of HIV-1 negative high-risk

individuals, sexually transmitted infections (STIs) like Chlamydia,

Gonorrhoeae and Trichomoniasis are not uncommon (16).

Frequent exposures to STIs create mechanical mucosal damage by

genital inflammation and ulceration (17, 18) and may also cause an

imprint on the immune system (19, 20) that contributes to shaping

consecutive immune responses to secondary pathogen exposures.

Understanding how exposure to infectious pathogens alters basal

immunity and helps shape responses to a secondary infection may

inform observed differences in disease burden and vaccine efficacy

within-and-between populations. So far, evidence to explain

heterogeneity in the distribution of the HIV-1 epidemic remains

sparse. It is possible that endemicity of underlying infections within

the sSA setting (21) contributes to an altered baseline immune

response that predisposes individuals to higher risk of HIV-1

acquisition (21). We hypothesized that exposure to P. falciparum,

cytomegalovirus (CMV) and STIs results in altered basal immunity

which enhances susceptibility to HIV-1 acquisition. We sought to

test this hypothesis in a retrospective analysis of data and samples

from a HIV-1 high-risk cohort from Coastal Kenya.
Materials and methods

Study design

A case-control study nested in a historic HIV-1 high-risk cohort

from Coastal Kenya was developed. Briefly, HIV-1 negative high-

risk volunteers, either men who have sex with men (MSM), or

female sex workers (FSW) aged ≥18 years were recruited and

followed up between 2006 and 2011 as part of a multi-country
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cohort for HIV-1 vaccine preparedness studies (22, 23). During

follow-up, volunteers were screened for incident HIV-1 infection

using RT-PCR assay, HIV-1 p24 antigen assay and/or HIV-1

specific antibody assays (22). For those who tested positive for

HIV-1 infection, an estimated date of infection (EDI) was calculated

as follows: 10 days before a positive HIV-1 RNA test (if antibody

negative), 14 days before a p24 antigen positive test (if HIV-1 RNA

test was missing and antibody negative) and mid-way of a last

negative test and first positive HIV-1 specific antibody test (if RNA

and p24 antigen tests were missing) (24).
Study population

For the purpose of our study, cases were defined as volunteers

who tested HIV-1 positive during follow-up, while controls were

defined as volunteers who remained HIV-1 negative at the end of a

similar follow-up period. For cases, plasma samples collected 3 ± 2

months prior to the EDI were retrieved. Controls were matched 2:1

to cases based on age, sex, risk group, follow-up duration in the

study and having plasma samples collected at around the same

calendar date as that of the index case ±2 months.
Laboratory methods

Measurement of exposure to sexually
transmitted infections

Available data on sexually transmitted infections (STIs) were

extracted from the cohort database. STI data collected up to six

months prior to the EDI (for cases) or a matched follow up period

(for controls) were used as measures of exposure to STIs. Overall,

six STIs including gonorrhea, chlamydia, hepatitis B, syphilis,

trichomoniasis, and yeast infection, were diagnosed using a mix

of clinical and laboratory methods as previously described (25). In

brief, chlamydia and gonorrhea infections were diagnosed using

syndromic screening for urethral/rectal discharge and confirmed

using Gram stain. Trichomoniasis and yeast infections

(Candidiasis) were diagnosed using syndromic screening for

vaginal/rectal discharge, dysuria and itchiness, and confirmed

using wet prep microscopy. Hepatitis B was screened clinically

based on yellowing of the skin, eyes and dark urine, and confirmed

with serology tests for hepatitis B virus antigens and antibodies.

Syphilis was diagnosed using syndromic screening of genital/rectal

sores and confirmed using Rapid Plasma Reagin (RPR) and

Treponema pallidum Hemagglutinin (TPHA) tests. A composite

STI variable, defined as volunteers who tested positive for any of the

six STIs during the defined window period, was generated and

carried forward to downstream analyses.

Measurement of exposure to malaria parasite
(P. falciparum)

Plasma samples were analyzed for the presence of IgG

antibodies against malaria schizonts as a measure of cumulative

exposure to malaria, as previously reported (26). Therefore,

exposure is defined here as the serological detection of pathogen-
Frontiers in Immunology 03
specific antibodies. Schizont extract was prepared from the NF54

malaria parasite strain. ELISA was conducted by coating each well

with schizont extract lysate. Dilution series of pooled hyper-

immune serum that had previously been determined, were added

to each plate for the generation of a standard curve. Malaria

seropositivity was determined based on a cut-off of negative

control plus two standard deviations (SDs). In addition, arbitrary

units (AU) were assigned to the standard dilution curve from which

AU concentrations of the samples tested were interpolated.
Measurement of exposure to cytomegalovirus
Plasma IgG antibodies against CMV were determined as a

measure of previous exposure to the virus. Commercial ELISA

plates (EUROIMMUN Medizinische, Germany) pre-coated with

lysed MRC-5 cells infected with the CMV AD169 strain were used.

In brief, 100 µl of calibrators, controls and diluted samples were

added to the plate and processed as per the manufacturer’s

instructions (27). The optical density readings from the samples

were read at 450 nm on a Synergy 4 (Bio Tek) plate reader. Anti-

CMV antibody concentrations in each sample were quantified from

a standard curve constructed using the calibrators.
Measurement of basal cytokines and other
soluble factors

Measurement of cytokines and soluble factors is considered

reflective of the overall basal immune microenvironment.

Multiplexing was done using the Meso Scale Discovery (MSD)

human V-Plex multi-spot assay kits, which is designed to reduce

sample handling and allow for simultaneous processing of multiple

samples and analytes, hence reduce variability (28). In brief, 25 µl of

prepared calibrators and samples were added to the wells in

duplicates and the plates were processed according to

manufacturer’s instructions (28). After processing, the plates were

read on an MSD Quickplex SQ120 imager, and concentrations

interpolated from a standard curve. The respective upper (ULOQ)

and lower (LLOQ) limits of quantification for each analyte were also

inferred. Analyte concentrations below the LLOQ were assigned

half the LLOQ concentration, whilst those above the ULOQ were

assigned the ULOQ value, as previously reported (29). Duplicate

observations were aggregated into a mean value and used in

downstream analysis.
Data analysis

Socio-demographic characteristics of cases and controls were

compared using the Wilcoxon rank-sum and chi-square tests for

continuous and categorical variables, respectively. Malaria and

CMV antibody titres were compared between cases and controls

using Wilcoxon rank-sum tests. Correlations between malaria and

CMV antibody titres with cytokines and soluble factors were

assessed using Pearson correlation tests. The composite STI

variable was compared between cases and controls using the chi-

square test and associations with cytokines and soluble factors

assessed using the Wilcoxon rank-sum tests.
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Comparison of basal cytokines and other soluble factors

between cases and controls were initially assessed using Wilcoxon

rank-sum tests. From an exploratory model-building approach,

cytokines and other soluble factors with a p-value<0.1 between

cases and controls were carried forward to principal component

analysis (PCA) to elucidate clustering patterns that may better

explain underlying common immune-modulatory pathways.

Subsequently, univariable and multivariable conditional logistic

regression models were used to assess associations between the

different principal components and HIV-1 acquisition. Associations

with a p-value <0.05 were considered statistically significant.

Statistical analyses were done using Stata/IC version 17

(StataCorp LP, California). Graphical representations were

generated using GraphPad Prism version 7.0 (GraphPad Software,

California). A 2-sided type I error of 10% was considered acceptable

to inform model building, 5% acceptable for statistical significance,

and no formal corrections were made for multiple comparisons, as

is consistent with previous publications (29–31).
Ethical approval and volunteer consent

The study received ethical approval from the Kenya Medical

Research Institute (KEMRI) Science and Ethics Review Unit (SERU

protocol no. 894). Volunteers provided written informed consent

for the sharing and use of data and samples for research. Volunteers

who acquired HIV-1 infection during follow-up despite receiving

HIV-1 risk-reduction counselling and testing (24), were referred for

follow-up HIV-1 care and treatment. STIs were treated according to

the Kenyan national treatment guidelines (25).
Results

Selection and distribution of volunteers

Of the 1,977 volunteers enrolled in the parent cohort, 142 tested

HIV-1 positive during follow-up. Of these, 47 and 94 met our

eligibility criteria for cases and controls, respectively (Figure 1). No

significant difference in socio-demographic and clinical

characteristics were found between cases and controls (Table 1).

Of the 41 analytes assayed, four (CRP, ICAM-1, VCAM-1 and

SAA) had concentrations that were higher than the ULOQ in

95.0%, 97.9%, 97.2%, and 87.9% of volunteers respectively and

were therefore excluded from further analysis. Of the remaining 37

analytes, excellent duplicity (between-duplicates correlation

coefficient, r>0.9) was observed, except for three analytes (VEGF-

C [r=0.72], IL-1b [r=0.38] and IL-13 (r=0.88]) (Supplementary

Figure 1, Supplementary Table 1). The observed sub-par correlation

for the three analytes was driven by six outlier datapoints, which

were excluded from the analysis. Following the removal of outliers,

the between duplicate correlation coefficient for the three analytes

was improved (VEGF-C [r=0.98], IL-1b [r=0.93] and IL-13

(r=0.95]) and the analytes carried forward to downstream

analyses (Supplementary Table 1).
Frontiers in Immunology 04
Magnitude of exposures

Exposure to malaria
Plasma samples from 117 volunteers (cases (n=39) and controls

(n=78) were available for analysis of malaria exposure. Of these, 81

(69.2%) were positive for schizont-specific IgG antibodies. There

was no statistically significant difference in the distribution of

schizont-specific IgG antibodies between cases and controls

(median log10 malaria antibodies [IQR]; 0.32 [-0.18 - 0.71] vs

0.19 [-0.02 - 0.32], p=0.470) (Figure 2A). When stratified by

malaria sero-status, there was also no statistically significant

difference in schizont-specific IgG antibodies between cases and

controls for neither the malaria sero-positive group (p=0.995) nor

the malaria sero-negative group (p=0.809) (Figure 2B).

There were no statistically significant correlations between

schizont-specific IgG antibodies and any of the 37 analytes

included in the analysis (Figure 2C, Supplementary Table 2).

When stratified by malaria sero-status, IL-1a (p=0.034), IL-5

(p=0.023) and IL-10 (p=0.024) were significantly higher in

malaria sero-positive than sero-negative volunteers (Figure 2D,

Supplementary Table 3).

Exposure to cytomegalovirus
Plasma samples from 115 volunteers (cases (n=39) and controls

(n=78) were available for analysis of CMV exposure. Of these,

98.3% had CMV antibody titres above the detection threshold.

There was no statistically significant difference in the distribution of

CMV antibody titres between cases and controls (median log10
CMV antibodies [IQR]; 4.20 [3.48 – 4.54] vs 4.38 [4.10 – 4.64],

p=0.675) (Figure 3A). Volunteers were then stratified as having

either “high” (above median) or “low” (below median) anti-CMV

antibody levels. Similarly, no statistically significant differences in

CMV antibody titres between cases and controls for neither high

(p=0.522) nor low (p=0.984) CMV antibody titre groups were

observed (Figure 3B).

There were also no significant correlations between CMV

antibody titres and any of the 37 analytes included in the analysis

(Figure 3C, Supplementary Table 2). However, using the “high” or

“low” stratification, anti-CMV antibody levels, IP-10 (p=0.017),

Tie-2 (p=0.017), and IL-2 (p=0.034) were significantly higher in

volunteers within the “high” compared to the “low” anti-CMV

antibodies group (Figure 3D, Supplementary Table 3).

Exposure to sexually transmitted infections
Overall, 48/141 (34.0%) volunteers were positive for either one

or more of the six STIs screened, with gonorrhea being the most

common (Supplementary Figure 2). Further, 17 (12.1%) volunteers

had more than one STI, with a gonorrhea/yeast infection co-

infection being most common (Supplementary Table 4).

Volunteers with a history of an STI exposure were more likely to

have acquired HIV-1 infection compared to those without (48%

[95% CI, 33.3 – 62.8] vs. 26% [95% CI, 17.3 – 35.9] respectively,

p=0.008) (Figure 4A). There was no statistically significant

difference in the prevalence of HIV-1 infection among volunteers

with more than one STI, compared to those with one STI, but both
frontiersin.org
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Enrolled in Prot B

(n=1,977)

HIV pos - cases

(n=142)

HIV neg - controls

(n=1,835)

Cases with 3(+/-2) mos

sample unavailable

(n=18)

Cases with sample at

3(+/-2) mos prior to

HIV

(n=124)

Cases with <2 matched

controls

(n=27)

Cases with >2 matched

controls eligible 

(n=97)

Cases not traced in

freezer

(n=50)

Cases carried forward to

analysis

(n=47)

Controls not closely

matched to cases 

(n=1,645)

Controls closest match

to cases eligible 

(n=190)

Controls carried

forward to analysis 

(n=94)

Controls not traced in

freezer

(n=96)

FIGURE 1

Flow chart of volunteers enrolled into the parent cohort, followed up over time and included in the analysis based on the eligibility criteria. Prot B,
Protocol B; HIV +ve, HIV-1 positive; HIV –ve, HIV-1 negative.
TABLE 1 Distribution of socio-demographic and clinical characteristics of volunteers at high risk of HIV-1 acquisition from Coastal Kenya (n=141).

Characteristic Grouping Cases (n=47) Controls (n=94) P-value

Gender Male
Female

37 (78.7)
10 (21.3)

74 (78.7)
20 (21.3)

0.999

Age group in years 18.0 – 24.9
25.0+

28 (59.6)
19 (40.4)

56 (59.6)
38 (40.4)

0.999

Risk group MSM-W
MSM-E
MSW-E
WSM-E

31 (66.0)
3 (6.4)
3 (6.4)
10 (21.3)

62 (66.0)
6 (6.4)
6 (6.4)
20 (21.3)

0.827

Follow-up time in months (group)* 0 – 5.9
6.0+

27 (57.5)
20 (42.6)

54 (57.5)
40 (42.6)

0.886

Marital status Single
Married
Widowed

39 (83.0)
4 (8.5)
4 (8.5)

79 (84.0)
6 (6.4)
9 (9.6)

0.425

Education level None
Primary
Secondary
Higher

3 (6.4)
17 (36.2)
23 (48.9)
4 (8.5)

3 (3.2)
47 (50.0)
37 (39.4)
7 (7.5)

0.741

Circumcision status** No
Yes

Missing

4 (10.8)
32 (86.5)
1 (2.7)

6 (8.1)
64 (86.5)
4 (5.4)

0.741
F
rontiers in Immunology
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MSM-W, men who have sex with men and women; MSM-E, men who have sex with men exclusively; MSW-E, men who have sex with women exclusively/heterosexual male; WSM-E, women
who have sex with men exclusively/heterosexual female; IQR, Interquartile range.
*From enrolment into protocol B (parent cohort) to date of sampling.
**Applies for male volunteers only (n=111).
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had a significantly higher prevalence of HIV-1 infection compared

to those without any STI (Supplementary Figure 4). Of the 37

analytes, MCP-1 (p=0.036) was significantly elevated in volunteers

with a history of an STI exposure, compared to those

without (Figure 4B).

Overall, all volunteers had a history of exposure to either

malaria, CMV or STIs, while 21 (17.9%) had all the three co-

infections (Supplementary Table 5).
Association between cytokines and soluble
factors with HIV-1 acquisition

From an exploratory analysis, VEGF (cytokine panel, p=0.092),

MIP-1b (p=0.042), Eotaxin-3 (p=0.018), VEGF (angiogenesis panel,
p=0.066), VEGF-C (p=0.057), IL-2 (p=0.016), IL-4 (p=0.006) and

IL-12p70 (p=0.039) were elevated in cases, while VEGF-D

(p=0.049) and MCP-1 (p=0.064) were higher in controls

(Figure 5, Supplementary Figure 3). After controlling for STIs in

a conditional logistic regression model, none of the analytes
Frontiers in Immunology 06
demonstrated a statistically significant association with HIV-1

acquisition (Table 2).

The ten analytes were carried forward into a principal

component analysis (PCA) after assessing for sufficiency in their

variation to justify the approach (Kaiser-Meyer-Olkin, KMO=0.69).

A four-component analys is was deemed appropriate

(Eigenvalues>1). Overall, the ten analytes clustered into the four

components as follows: PC1 (VEGF, MIP-1b, VEGF-C and IL-4),

PC2 (MCP-1, IL-2 and IL-12p70), PC3 (VEGF-D) and PC4

(Eotaxin-3) (Figure 6). In a conditional logistic regression, PC1

was significantly associated with HIV-1 acquisition after controlling

for STIs (adjusted odds ratio, (95% CI), p-value: 1.51 [1.14 – 1.99],

p=0.004 (Table 3).
Discussion

Overall and consistent with literature, our findings suggest that

there was high exposure to malaria and CMV in this study

population from Coastal Kenya, and that exposure to STIs
B

C D

A

FIGURE 2

(A) Median log10 concentrations of malaria antibody titres in cases and controls. Red triangles (HIV +ve) denote volunteers who contracted HIV-1
during follow up (cases). Blue triangles (HIV -ve) represent volunteers who remained HIV-1 negative (controls). Horizontal bars denote median and
interquartile range (n=117). AU, Arbitrary units (B) Median log10 concentrations of malaria antibody titres between cases and controls based on
malaria serostatus. Red triangles (HIV +ve) and blue triangles (HIV -ve) (n=117). (C) Heat map correlating detectable malaria antibody titres and
cytokine concentrations. Intensity ranging from red to blue, representing a strong positive correlation (r=+1.0) to a strong negative correlation (r=-
1.0). None of the analytes were observed to be significantly different between the two groups. (D) Radar plot illustrating differences in cytokines
assayed between malaria seronegative and seropositive volunteers. Blue line represents malaria seronegative samples; Red line represents malaria
seropositive samples. Cytokines observed to exhibit significant differences are highlighted in red (n=117); p<0.05 [*].
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B

C D

A

FIGURE 3

(A) Median log10 concentrations of CMV antibody titres in cases and controls. Red triangles (HIV +ve) represent volunteers who contracted HIV-1 during
follow up (cases). Blue triangles (HIV -ve) represent volunteers who remained HIV-1 negative (controls). Horizontal bars denote median and interquartile
range (n=117). RU/ml, Relative units/ml. (B) Median log10 concentrations of high (above median CMV antibody titre) and low (below median CMV antibody
titre) CMV antibody titres in cases and controls. (C) Heat map displaying correlation between detectable CMV antibody titres and cytokines. Intensity ranging
from red to blue, representing a strong positive correlation (r=+1.0) to a strong negative correlation (r=-1.0). None of the analytes were observed to be
significantly different between the two groups. (D) Radar plot demonstrating differences in cytokines assayed between high (red line) and low (blue line) CMV
antibody titres. Cytokines observed to exhibit significant differences are highlighted in red (n=117); p<0.05 [*].
BA

FIGURE 4

(A) Graph illustrating association between STI exposure and HIV-1 acquisition (Chi-square test, p<0.05 considered significant, n=141), where STI +ve
or STI -ve was defined as the presence or lack of any STI, respectively in the last 6 months prior to HIV-1 incidence in cases. Horizontal bars denote
mean and 95% Confidence Interval. (B) Radar plot demonstrating differences in cytokines assayed between STI +ve (red line) and STI -ve (blue line)
volunteers. Cytokine observed to exhibit a significant difference is highlighted in red. STI, sexually transmitted infection; MCP-1, Monocyte
chemoattractant protein 1. Wilcoxon rank sum test, p<0.05 considered significant, (n=141); p<0.05[*].
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increased susceptibility to HIV-1 acquisition amongst these HIV-1

high-risk individuals (16, 32). From a basal immunity standpoint,

interestingly, PC1 analytes (MIP-1b, VEGF, VEGF-C and IL-4),

which are suggestive of a Th2 associated immune profile (33–35),

also independently increased susceptibility to HIV-1 acquisition,

even after controlling for STIs. VEGF and VEGF-C play a major

role in lymphangiogenesis and in tissue repair. They may stimulate

the generation of endothelial cells for leukocyte travel to local sites

of infection (36), and in turn induce production of chemokines,

including MIP-1b (37, 38). MIP-1b can attract and activate

monocytes, T-cells and B-cells to sites of inflammation (39), and

promotes IL-4 production in T-cells ex vivo (33). IL-4 also acts as a

key regulator of immune responses and can also promotes the
Frontiers in Immunology 08
differentiation of naïve T-cells to Th2 cells, favouring production of

IgE-secreting B-cells and activation of M2 macrophages (40). M2

macrophages are HIV-1 target cells as they express CD4 and CCR5,

and can therefore be infected by the R5 HIV-1 strain (41). As MIP-

1b is a chemokine ligand for CCR5, it may act as an endogenous

inhibitor of infection with M-tropic-HIV-1 strains and reduce

disease progression (42, 43), contrarily prior to HIV-1

acquisition, higher levels of MIP-1b has been associated with

increased susceptibility to HIV-1 acquisition (44). In agreement,

our data showed that elevated MIP-1b levels were a risk factor for

HIV-1 acquisition.

MCP-1 stood out to be significantly elevated in individuals with

a history of STI exposure compared to those without. MCP-1 is a
TABLE 2 Conditional logistic regression analysis showing association between cytokines and HIV-1 acquisition (n=141).

Cytokine
Crude Odds Ratio

(95% CI)
P-value

*Adjusted Odds Ratio
(95% CI)

P-value

VEGF 2.94 (1.20 - 7.20) 0.018 2.07 (0.72 - 5.91) 0.175

MIP-1b 2.88 (0.95 - 8.75) 0.062 … …

Eotaxin-3 3.47 (0.81 - 14.83) 0.093 … …

MCP-1 0.59 (0.06 - 5.67) 0.651 … …

VEGF 1.98 (0.99 - 3.94) 0.054 … …

VEGF-C 3.91 (1.31 - 11.67) 0.015 1.79 (0.52 - 6.09) 0.354

VEGF-D 0.24 (0.04 - 1.57) 0.137 … …

IL-2 3.11 (1.28 - 7.60) 0.013 1.88 (0.57 - 6.18) 0.301

IL-4 4.00 (1.24 - 12.90) 0.020 1.09 (0.19 - 6.17) 0.922

IL-12p70 4.69 (1.31 - 16.78) 0.017 1.54 (0.22 - 10.97) 0.666
fro
*Adjusted only for sexually transmitted infections (STIs) as exposure to malaria and CMV showed no association with HIV-1 acquisition.
Bold values denote significant p-values.
FIGURE 5

Significantly different cytokine levels between HIV +ve (red): volunteers who contracted HIV-1 during follow up (cases) and HIV -ve (blue): volunteers
who remained HIV-1 negative (controls). Horizontal bars denote median and interquartile range.
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chemokine responsible for attracting monocytes, macrophages and

natural killer cells to inflammation sites (45). Although

macrophages offer first-line defence during bacterial and viral

infection and together with NK cells secrete the anti-viral

cytokine IFN-g in response to pathogens (45). This may be key in

clearance of hepatitis B and bacterial STIs (45) but may be limited in

HIV-1 due to the dual role of macrophages in acute HIV-1 infection

where they are susceptible to infection and contribute to the

spreading of the virus to other tissues (46).

Malaria and CMV threshold positivity were at 69.2% and 99.2%

respectively, which is consistent with previous reports (14, 47) and

underscores their endemicity in this population. Exposure to these

infections were similar in cases and controls. Interleukin-5, IL-1a,
and IL-10 were significantly higher in malaria seropositive than

seronegative volunteers. This observation may be indicative of

chronic exposure to malaria parasites among seropositive
Frontiers in Immunology 09
volunteers, as these cytokines are involved in clearance of the

malaria parasite (48–50). While IP-10, Tie-2 and IL-2 were

significantly higher in those with high, compared to low CMV

antibody levels. IP-10 is a chemokine secreted in response to IFN-g
in order to attract monocytes, macrophages, T-cells and NK cells to

infection sites (51) which are critical in containing an active CMV

infection. Tie-2, also known as transmembrane receptor tyrosine

kinase (Tek) is an anti-inflammatory angiogenesis factor which

hinders vascular permeability hence leukocyte trafficking from

vasculature to infected tissues (52). This may be a measure to

control CMV-induced inflammation in a bid to regain immune

homeostasis. CMV-exposed T-cells are known to produce IL-2 (53),

which in turn promotes NK cell proliferation and cytotoxic function

consequently controlling CMV viremia (54).

Our results show an increase of soluble factors such as VEGF

and VEGF-C not only important for lymphanngiogenesis but are
FIGURE 6

PCA multi-plot showing clustering and relatedness of the ten analytes. Bottom axis from the left: PC1, PC2, PC3 scores. Left axis from the top: PC2,
PC3, PC4 scores. Top axis from the left: PC2, PC3, PC4 scores. Right axis from the top: PC1, PC2, PC3 scores (n=141).
TABLE 3 Conditional logistic regression analysis assessing association between the four principal components and HIV-1 acquisition (n=141).

Principal Components Crude Odds Ratio
(95% CI)

P-value *Adjusted Odds Ratio
(95% CI)

P-value

PC1 1.54 (1.18 - 2.01) 0.002 1.51 (1.14 – 2.00) 0.004

PC2 0.93 (0.64 - 1.35) 0.695 … …

PC3 0.64 (0.43 - 0.95) 0.026 0.74 (0.49 - 1.14) 0.170

PC4 1.09 (0.74 – 1.62) 0.652 … …
fro
*Adjusted only for sexually transmitted infections (STIs) as exposure to malaria and CMV showed no association with HIV-1 acquisition.
Bold values denote significant p-values.
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also important for tissue repair. In addition to elevation of cytokines

such as IL4 and IL2 associated with immune regulation. Eotaxin,

important in recruiting eosinophils to point of infection was

elevated in cases. We speculate that the higher incidence of STIs

in the cases may have been a major driver of the cytokine patterns

observed. The skewing of immune responses to a Th2 profile

probably is an attempt to immunoregulate STI related

inflammation. This may however dampen Th1 responses that

would have otherwise been important to protect against HIV-

1 acquisition.

A major strength of this study is the use of a unique set of

sample material that were carefully collected very close to the HIV-1

infection event, which enables us to clearly elucidate basal immune

responses that are more likely to play a role in HIV-1 acquisition.

However, our study is not without limitations. First, not all endemic

pathogens could be measured, and an attempt to measure global

pathogen exposure would still be limited to known pathogens.

Second, cytokines may be secreted in localized immunological

niches and in small quantities that are targeted for specific

functions, which may have hindered our ability to measure these

responses in plasma. Using advanced molecular -omics approaches,

such as transcriptional analysis of the RNA encapsulated in small

extracellular vesicles (sEVs) circulating in biological fluids such as

plasma may be more representative of events occurring elsewhere in

the body and reveal subtle but consequential differences between

groups. Third, we assessed cytokine profiles approximately three

months prior to HIV-1 acquisition. It is possible that the cytokine

milieu closer to the date of infection may have been a better

reflection of the extent of susceptibility to HIV-1 acquisition.

However, taking into consideration the challenges of accurately

estimating the date of infection, a three-month (+/-2) time point

prior to HIV-1 acquisition is reasonable.

In conclusion, and consistent with literature, we observed that

exposure to STIs was associated with increased risk for HIV-1

acquisition, which underscores the role of screening and STI

treatment as crucial interventions towards controlling HIV-1

transmission among HIV-1 high risk populations. Importantly,

our findings suggest that dampening of immune responses by an

elevated Th2 associated profile may hinder optimum Th1 responses

necessary for viral immunity, which may enhance susceptibility to

HIV-1 acquisition. Immunomodulatory interventions aimed at

inhibiting activation of Th2-associated pathways may have

implications for HIV-1 prevention, over and above other STI

control strategies and may reduce dampening of immune

responses to vaccination.
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