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Abstract

Background

Non-communicable diseases (NCDs) are increased amongst people living with HIV (PLWH)
and are driven by persistent immune activation. The role of socioeconomic status (SES) in
immune activation amongst PLWH is unknown, especially in low-income sub-Saharan
Africa (SSA), where such impacts may be particularly severe.

Methods

We recruited Malawian adults with CD4<100 cells/ul two weeks after starting ART in the
REALITY trial (NCT01825031), as well as volunteers without HIV infection. Clinical assess-
ment, socioeconomic evaluation, blood draw for immune activation markers and carotid
femoral pulse wave velocity (cfPWV) were carried out at 2- and 42-weeks post-ART initia-
tion. Socioeconomic risk factors for immune activation and arterial stiffness were assessed
using linear regression models.

Results

Of 279 PLWH, the median (IQR) age was 36 (31—43) years and 122 (44%) were female.
Activated CD8 T-cells increased from 70% amongst those with no education to 88%
amongst those with a tertiary education (p = 0.002); and from 71% amongst those earning
less than 10 USD/month to 87% amongst those earning between 100-150 USD/month (p =
0.0001). Arterial stiffness was also associated with higher SES (car ownership p = 0.003,
television ownership p = 0.012 and electricity access p = 0.029). Conversely, intermediate
monocytes were higher amongst those with no education compared to a tertiary education
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(12.6% versus 7.3%,; p = 0.01) and trended towards being higher amongst those earning
less than 10 USD/month compared to 100-150 USD/month (10.5% versus 8.0%; p = 0.08).
Water kiosk use showed a protective association against T cell activation (p = 0.007), as
well as endothelial damage (MIP183, sICAM1 and sVCAM1 p = 0.047, 0.026 and 0.031
respectively).

Conclusions

Socioeconomic risk factors for persistent inflammation amongst PLWH in SSA differ
depending on the type of inflammatory pathway. Understanding these pathways and their
socioeconomic drivers will help identify those at risk and target interventions for NCDs.
Future studies assessing drivers of inflammation in HIV should include an SES assessment.

Introduction

Non-communicable diseases (NCDs) are fast becoming the leading cause of mortality in low-
income sub-Saharan Africa (SSA), with disability adjusted life years related to NCDs fast
approaching those from communicable diseases [1]. Given the increased risk of NCDs
amongst people living with HIV (PLWH) in high income countries, there is concern that the
ageing HIV population will be particularly at-risk form NCD related morbidity and mortality
in SSA, placing further strain on already under-resourced healthcare systems. Persistent
inflammation and resultant endothelial damage amongst PLWH are implicated in the patho-
genesis of NCDs amongst PLWH across healthcare settings [2-6]. Studies to date identify sev-
eral drivers of inflammation, including microbial translocation through a compromised gut
mucosa, subclinical coinfection, or low-level persistent HIV viraemia [7-9]. Aetiological
mechanisms are often complex and overlapping, especially amongst those with a history of
advanced immune suppression prior to treatment [10].

We previously demonstrated that heightened inflammation amongst PLWH in Malawi is
heterogeneous in nature, with different immunological pathways predicting different trajecto-
ries in endothelial damage during the first year of antiretroviral therapy (ART) [5]. Carotid
femoral pulse wave velocity (cfPWYV) is a gold standard measurement of arterial stiffness and
has been validated against clinical outcomes in high-income settings; a cfPW'V in the top ver-
sus bottom tertile is associated with a >2-fold increased risk of myocardial infarction or stroke
[11-13]. The 2012 European Society of Cardiology consensus guidelines propose a 10-m/sec-
ond threshold as high risk for CVD events [14].

In this low-income setting, the picture of persistent inflammation amongst PLWH is likely
to be further impacted by socio-economic factors such as poor water and housing quality,
overcrowded living conditions, low incomes and uncertain food stability leading to increased
risk of gastrointestinal infections, malaria, tuberculosis, malnutrition and decreasing ability to
present for routine care for acute or chronic illness [15-20].

In order to modify NCD risk factors and reduce clinical burden, a multi-faceted approach
involving reduction of traditional cardiovascular risk factors, pragmatic pharmacological strat-
egies and public health messages will likely be required. Trials testing pharmacological inter-
ventions aimed at reducing inflammation amongst PLWH have so far shown modest effects
and it is not clear how current strategies could be translated to low resource settings [21-23].
An understanding of the extent to which socio-economic factors contribute to inflammation
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will strengthen the existing model of chronic inflammation in the region and help identify
where interventions should be targeted to most effectively reduce non-communicable comor-
bidity amongst PLWH. Here, we aim to characterise the relationship between socio-economic
factors and immune activation in a cohort of PLWH.

Methods

ART-naive adults with a new HIV diagnosis and CD4 <100 cells/uL were recruited prospec-
tively from the ART clinic and voluntary HIV testing clinic at Queen Elizabeth Central Hospi-
tal, Blantyre, Malawi, (most HIV-positive patients were recruited from the REALITY trial
NCT01825031), along with HIV negative adults with no evidence of infection within the previ-
ous 3 months. The enrolment visit for HIV-positive participants was 2 weeks after ART initia-
tion to minimise visit burden in this unwell group. The cohort has been previously reported in
detail [4]. In brief, participants underwent a detailed clinical assessment and blood draw for
markers of immune activation at enrolment and 42 weeks post ART initiation. cfPWV was
also carried out at both time points as a measurement of arterial stiffness. Further methods
including inter-rater concordance can be found in [4]. Socio-economic evaluation was carried
out at the baseline visit using a standardised questionnaire which included domains on hous-
ing, assets, household composition, education, employment, finances, transport and health
and wellbeing. All participants provided informed written consent and ethical approval was
granted by the College of Medicine Research and Ethics Committee (COMREC), University of
Malawi (P.09/13/1464) and the University of Liverpool Research and Ethics Committee
(UoL000996).

Characterisation of immune activation

Immune activation was characterised through cell surface immunophenotyping as well as
quantification of plasma biomarkers of inflammation, as previously described [4]. Surface
immunophenotyping of T-cells was performed on fresh peripheral blood mononuclear cells
(PBMCs) using flow cytometry [4]. T-cell activation, exhaustion and senescence was defined
as CD38/HLADR, PD1 and CD57 expression, respectively. Monocytes were defined as classi-
cal (CD14"*CD16), intermediate (CD14"*CD16") or nonclassical (CD14"CD16%). Stored
plasma was tested for 22 cytokines: Proinflammatory Panel-1 (interferon [IFN]-Y, interleukin
[IL]-1B, IL-2, IL-4, IL-6, IL-8, IL-10, IL12p70, IL-13, tumour necrosis factor [TNF]-o), Vascu-
lar Injury Panel-2 (serum amyloid A [SAA], C-reactive protein [CRP], vascular cell adhesion
molecule [VCAM]-1, intercellular adhesion molecule [ICAM-1]), Chemokine Panel-1 (mac-
rophage inflammatory protein [MIP]-1p, interferon y-induced protein [IP]-10, monocyte che-
moattractant protein [MCP]-1), Angiogenesis -Panel-1 (vascular endothelial growth factor
[VEGF]-A, basic fibroblast growth factor [bFGF]) and single analyte assays for IL-1 receptor
antagonist (IL-1Ra) and IL-7., all from Meso Scale Discovery (MSD, Rockland, MD, USA).
Assays were performed following the manufacturer’s instructions and recommended dilutions
for human plasma. Soluble CD163 was measured in plasma diluted at 1:20 using DuoSet anti-
bodies (R&D Systems, Minneapolis, MN, USA) on MSD Multiarray plates. CMV viral loads
were quantified by DNA PCR in a subset of participants with available plasma as described
previously [24]. Values <100 copies/mL were less than 3 ct values higher than background
fluorescence and were therefore considered negative.

Statistical analysis

All socioeconomic variables were categorical and were compared by HIV status using the chi
square tests. Associations were tested for socioeconomic variables and immune activation
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markers as well as socioeconomic variables and cfPWV within the HIV cohort. Univariate
relationships were tested using Wilcoxon ranksum or Kruskal-Wallis. Socioeconomic variables
showing univariate associations with immune activation markers or cfPWV at a p value<0.1
were selected for reporting and entered into multivariate analysis by linear regression.
Immune activation markers and cfPWV were log transformed for normality for linear regres-
sion analysis and back transformed for presentation of results. Regression models examining
associations with socioeconomic variables were adjusted a priori for age and sex as confound-
ers for immune activation markers and for age, sex, blood pressure and haemoglobin for
cfPWYV as previously identified [4]. Adjusted models with p<0.1 were selected for reporting.
Analysis was undertaken using Stata 13.1 (StataCorp, College Station, USA).

Results
Clinical characteristics

Of 279 PLWH enrolled, the median age was 36 years (IQR 31-43) and 122 (44%) were female.
The median (interquartile range (IQR)) nadir CD4 count and HIV viral load were 41 cells/uL
(18-62) and 110,000 copies/mL (4000-290,000) respectively. One hundred and ten HIV-nega-
tive participants had comparable age (median [IQR] 35 years [31-41]), with 66(60%) women.
Forty-five(16%) HIV-positive participants were diagnosed with an acute co-infection at study
enrolment and CMV PCR was positive for 61 (32%) of 193 tested HIV-positive participants,
with median (IQR) CMV viral load 928 copies/mL (412-3052). The median (IQR) cfPWV for
the HIV-positive participants at baseline was 7.3 m/s (6.5-8.2). Fifteen (4%) participants died
during the study.

Socio-economic characteristics

Socio-economic data were available for 267 participants living with HIV and 105 HIV negative
participants. Overall, 212 (58%) of participants were renting or living with family and 316
(86%) used a pit latrine toilet. Two hundred and one (55%) had electricity and 95 (26%) had a
private water tap at home. Seventy five (21%) were unemployed and of those employed, 108
(29%) earned less than 25 USD per month, although 97 (36%) of participants were not able to
provide an estimate of monthly salary. Three hundred and thirty nine (92%) of participants
felt that their household did not have enough food.

The main water source for participants differed according to HIV status. Comparing
PLWH with participants without HIV, 105 (40%) compared to 18 (17%) used a shared domes-
tic tap and only 59 (22%) compared to 46 (33%) used a water kiosk (p<0.0001, Table 1). There
were higher proportions of participants unemployed or working in unskilled labour within the
HIV cohort, who were also more likely to work 7 days per week and longer than 8 hours per
day, and tended to be on lower salaries (p<0.0001, Table 1). People living with HIV were less
likely to grow crops [31 (12%) versus 32 (30%); p<0.0001] and experienced lower rates of food
security [13 (5%) vs 16(14%); p<0.0001].

Socio-economic predictors of cfPWV amongst PLWH

On univariate analysis of the HIV positive cohort, cfPWV was higher for the 16 (8%) partici-
pants who travelled to work in a car compared to those who did not [median (IQR) 8m/s (7.3
to 10.2) versus 7.2m/s (6.3 to 8.1); p = 0.008]; for those who owned a television [7.7 (6.7 to 8.5)
versus 7.2 (6.2 to 7.8) p = 0.0005]; and for those who had an electricity supply at home [(7.4
(6.5 to 8.3) versus 7.2 (6.4 to 8.1) p = 0.093]. These factors remained associated with cfPWV
when adjusted for age, sex, blood pressure and haemoglobin: car ownership [fold change
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Table 1. Socio-economic variables for 367 Malawian adults according to HIV status.

Socio-Economic Variables HIV uninfected PLWH p value
n=107* n=266"
Frequency (%) Frequency (%)
Housing Roof Grass 7(7) 14 (5) 0.81
Corrugated 96 (91) 242 (92)
Other 2(2) 7 (3)
Walls Sundried brick 48 (46) 119 (45) 0.16
Burnt brick 55 (52) 125 (48)
Other 2(2) 18 (7)
Floor Earth 14 (13) 41 (16) 0.11
Brick 0 (0) 8(3)
Cement 92 (87) 198 (80)
Tenure Bought 10 (10) 25 (10) 0.72
Built 32 (31) 71 (29)
Renting 52 (51) 139 (56)
Relatives 8(8) 13 (5)
Toilet Flush 17 (16) 38 (14) 0.71
Latrine 90 (84) 226 (86)
Number of bedrooms 1 12 (11) 16 (6) 0.038
2 35 (33) 60 (23)
3 29 (27) 77 (29)
4 20 (19) 65 (24)
5 8(7) 21 (8)
>5 3(3) 26 (10)
Kitchen as a separate room 64 (62) 163 (62) 0.77
Utilities Cooking Wood/Charcoal 94 (90) 232 (89) 0.79
Electricity/gas 11 (10) 31(12)
Electricity 57 (55) 144 (55) 0.91
Water Private domestic tap 31 (30) 64 (24) <0.0001
Shared domestic tap 18 (17) 105 (40)
Communal Water kiosk 46 (44) 59 (22)
Protected well 8(8) 26 (10)
Lake/unprotected well 2(2) 10 (4)

Belongings Fridge 41 (38) 65 (25) 0.14
TV 40 (37) 120 (46) <0.0001
Video 38 (35) 87 (33) 0.003
Radio 79 (73) 163 (62) 0.26
Mobile phone 87 (81) 203 (77) 0.092
Bicycle 19 (18) 27 (210) 0.31
Car 5(5) 11 (4) 0.11

Household Number of adults 1 14 (13) 43 (16) 0.87

2 56 (52) 132 (50)

3 19 (18) 50 (19)

>3 18 (17) 41 (16)

Number of children 0 10 (9) 54 (20) 0.004

21 (20) 44 (17)

2 24 (22) 72 (27)

3 21 (20) 58 (22)

>3 31 (29) 38 (14)

(Continued)
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Table 1. (Continued)

Socio-Economic Variables HIV uninfected PLWH p value
n=107* n=266"
Frequency (%) Frequency (%)
Education/ employment Education None 5(6) 22 (8) 0.032
Primary incomplete 28 (26) 88 (34)
Primary complete 10 (9) 33 (13)
Secondary incomplete 40 (37) 56 (21)
Secondary complete 16 (15) 51 (19)
Tertiary complete 9(8) 17 (6)
Occupation Unemployed 15 (14) 60 (23) <0.0001
Student 24 (22) 31(12)
Non-skilled labourer 56 (52) 141 (53)
Skilled labourer 5(5) 27 (10)
Professional worker 8(7) 7 (3)
Employment status Full time 68 (79) 123 (66) 0.12
Part time 4 (5) 21 (11)
Not working—ill health 2(2) 10 (5)
Not working—lack of employment 12 (14) 32(17)
Working days per week 4 or less 3(5) 10 (10) <0.0001
5 31 (48) 18 (17)
6 26 (240) 45 (43)
7 5(8) 32 (30)
Working hours per day Less than 8 13 (18) 19 (16) <0.0001
8 48 (66) 33 (27)
9to 12 12 (16) 58 (48)
More than 12 0(0) 12 (10)
Finances Paid by Salary 55 (75) 78 (57) 0.007
Participant income (USD/month) <10 1(1) 63 (37) <0.0001
10-25 15 (18) 29 (17)
26-50 34 (40) 31 (18)
51-100 21 (25) 25 (15)
>100 13 (15) 23 (13)
Household income (USD / month) <10 1(1) 61 (36) <0.0001
10-25 6 (8) 23 (13)
26-50 31(39) 26 (15)
51-100 18 (23) 31(18)
>100 24 (30) 30 (18)
In receipt of benefits 0(0) 27 (15) <0.0001
In receipt of household credit 76 (70) 93 (37) <0.0001
Source of credit Family 1(1) 19 (22) <0.0001
Friends 40 (52) 33 (38)
Bank 8 (10) 16 (18)
Co-operative 28 (36) 20 (23)
Household has enough food 16 (14) 13 (5) <0.0001
Household grows crops 32 (30) 31(12) <0.0001
Households with a child that has left school due to lack of food 1(1) 8(3) 0.22
(Continued)
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Table 1. (Continued)

Transport to work

Health and Wellbeing

Mode of transport

Health visual analogue score

Socio-Economic Variables HIV uninfected PLWH p value
n=107* n=266"
Frequency (%) Frequency (%)
Walking 16 (16) 32 (12) 0.66
Bus 85 (83) 217 (84)
Car 1(1) 7 (3)
Other 1(1) 2(1)
Transport costs (Malawian Kwacha) <200 2(2) 2(1) 0.047
200-350 33 (37) 101 (46)
350-600 27 (30) 37 (17)
600-1000 15 (17) 30 (14)
>1000 13 (14) 48 (22)
<10 2(2) 6(2) <0.0001
10-30 23 (22) 15 (6)
31-60 45 (43) 91 (38)
61-120 30 (29) 110 (46)
>120 4 (4) 19 (8)
0 31 (29) 77 (30) 0.094
1 46 (43) 82(32)
2 25 (23) 60 (23)
3 5(5) 23 (9)
4 0(0) 12 (5)
5 1(1) 2(1)
Wellbeing visual analogue score 0 27 (25) 80 (31) 0.042
1 52 (48) 88 (35)
2 25 (23) 57 (22)
3 2(2) 21(8)
4 1(1) 8(3)
5 1(1) 1(0.4)

*Maximum number of SES questionnaires completed.

Some categories have missing values and total number of available answers for each category is inferred from percentage denominator. Denominator for employment

indices were those eligible for employment and did not include students. PLWH = People living with HIV

https://doi.org/10.1371/journal.pone.0256576.t001

1.3m/s (95% CI 1.10 to 1.56); p = 0.003]; television ownership [1.12m/s (1.03 to 1.23);

p = 0.012]; and electricity access [1.09m/s (1.01 to 1.17); p = 0.029]. Median values for plasma
biomarkers are shown for each socio-economic variables and further detail on adjusted models
are reported in S1 File.

Socio-economic predictors of immune activation amongst PLWH

Education level and income. Amongst the HIV positive cohort, increasing education
level and income were associated with increasing proportion of activated CD8 T cells (Fig 1).
Median (IQR) proportion of activated CD8 T cells ranged from 70% (63-78) amongst those
with no education to 88% (74-94) amongst those with a tertiary education (p = 0.002); and
71% (55-81) amongst those earning less than 10 USD/month to 87% (86-93) amongst those
earning between 100 to 150 USD/month(p = 0.0001). Interestingly, an inverse association was
observed with intermediate monocytes, with higher median (IQR) amongst those with no
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Fig 1. Cell surface immune activation markers according to education and income category. *p<0.01 **p>0.001
***p<0.0001 ns p>0.01.

https://doi.org/10.1371/journal.pone.0256576.g001

education compared to a tertiary education [12.6% (5.4-15.5) versus 7.3% (5.3-9.8); p = 0.01]
and amongst those earning less than 10 USD/month compared to 100-150 USD/month
[10.5% (7.8-15.0) versus 8.0% (5.0-12.9); p = 0.08].

Participants with a tertiary education tended to experience greater improvements in CD8
activation after 42 weeks of ART compared to those without any education [%median (IQR)
change from baseline to 42 weeks -5.8 (-16.7 to 2.2) versus 2.4 (-7.9 to 12); p = 0.07], as did
those with higher incomes [% change 6.0 (-8.2 to 20.1) versus -18.2 (-21.1 to -4.8) comparing
lowest and highest income categories; p value = 0.0001]. However, neither educational level
nor patient income predicted change in the proportion of intermediate monocytes on ART
(p = 0.69 and 0.41 respectively).

Adjusting for age and sex, we first compared those with some education to those without
any: IL7 was lower for those with some education [fold change 0.20pug/mL (0.07 to 0.59);

p = 0.002] who also trended towards lower bFGF [fold change 0.22ug/mL (0.048 to 1.09);
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Fig 2. Adjusted fold change in cell surface immune activation markers according to socio-economic risk factors.
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https://doi.org/10.1371/journal.pone.0256576.g002

p = 0.056] and higher proportion of activated CD8 T cells [fold change 7.02% (-0.97 to 15.0);

p = 0.085] (Figs 2 and 3). Amongst those earning more than 25 USD/month compared to
those earning 25 USD/month or less, adjusted CD8 activation and exhaustion were both
higher [activation fold change 12.7% (95% CI 7.75 to 17.78), p<0.0001; exhaustion 6.77%
(1.30 to 12.24), p = 0.016]. Levels of IL6 and IL13 were also higher amongst people with higher
incomes [fold change (95% CI) 2.9 pug/mL (1.13 to 7.6), p = 0.028; and 3.1 pug/mL (1.2 to 8.3),
p = 0.025 respectively]. Proportions of nonclassical monocytes were lower amongst this higher
income bracket with lower intermediate monocytes trending towards significance [nonclassi-
cal fold change -5.23 (95%CI -8.94 to -1.53), p = 0.006; intermediate -1.91 (-3.91 to 0.10),

p = 0.063].
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https://doi.org/10.1371/journal.pone.0256576.9003
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Household factors. Participants with HIV who grew crops at home had higher CD8 acti-
vation [median (IQR) 88% (80-91) versus 76% (64-86); p = 0.0004], and experienced greater
improvements in CD8 activation after 42 weeks of ART [median (IQR) -15.8% (-19.9 to -1.9)
versus -0.18 (-13.1 to 12.1); p = 0.01] over 42 weeks of ART. Baseline CD8 activation remained
significantly higher amongst those who grew crops in adjusted analysis [fold change 12.1%
(5.2 to 19.0);p = 0.001], with significantly higher adjusted levels of IL7 and IL8 [IL7 fold change
2.47pg/mL (95%CI 1.10 to 5.52),p = 0.028; IL8 2.97pg/mL (1.10 to 7.97),p = 0.031].

Compared to those with a brick floor, participants with an earth floor had higher propor-
tions of nonclassical monocytes at presentation [mean (IQR) 16.9% (9.9 to 25.80) versus 10.3%
(8.2-16.7); p = 0.04] and were also more likely to experience improvements after 42 weeks of
ART [nonclassical monocyte mean (IQR) change -2.2% (-12.0 to 2.9) versus 5.8% (3.9 to 7.2);
p = 0.026].

Water source. Amongst PLWH using a water kiosk compared to other water sources, the
median (IQR) proportion of activated CD8 T cells at baseline was lower [mean (IQR) 70% (59
to 81) versus 81% (68 to 89), p = 0.002], and decreases in CD8 T cell activation after 42 weeks
of ART were less marked [-3.78 (-15.79 to 7.18) versus -9.85 (-9.80 to 20.7); p = 0.039]. Water
kiosk use was also associated with lower rates of CMV PCR positivity [5(7%) versus 57(31%);
p<0.0001]. Use of a shared domestic tap was overrepresented as the main water source
amongst those with CMV (shared domestic tap users compared to water kiosk; 32 (86%) ver-
sus 5 (14%); p<0.0001). For the four PLWH who used an unprotected well as their main water
source, the proportion of intermediate monocytes was higher than those who did not [median
% 14.2 (95%CI 11.5-17.6) versus 9.3 (5.7-13.0), p = 0.068].

After adjustment for confounders, CD8 activation remained lower amongst water kiosk
users [fold change -7.05% (95%CI -12.1 to -1.97); p = 0.007]. MIP1j, sSICAM1 and sVCAM1
were also all significantly lower amongst kiosk users [fold change 0.63pg/mL (95%CI 0.40 to
0.99), p = 0.047; 0.65pg/mL (0.44 to 0.59), p = 0.026; and 0.74 pg/mL (0.57 to 0.97), p = 0.031
respectively] but IL12p70 was higher [2.39 (1.34 to 4.28); p = 0.003].

Discussion

We show that, amongst PLWH in a low income SSA setting, socioeconomic variables associate
with chronic immune activation along two different inflammatory pathways. Activated CD8 T
cells were expanded amongst those with variables consistent with a higher socioeconomic sta-
tus including higher incomes, higher education and having home grown crops. This popula-
tion was also more likely to show improvements in CD8 T cell activation on ART. Conversely
CD16 positive monocytes, both non-classical and intermediate, were expanded amongst those
with variables consistent with a lower socio-economic status including lower income, less edu-
cation and earth flooring. This expansion of CD16 positive monocytes did not resolve on
ART.

The observation that participants in higher socioeconomic groups were more likely to
improve on ART has several possible explanations. Firstly, inflammation in this group may be
related to HIV itself, or viral co-infection, resulting in T cell activation. Secondly, there may be
an element of the ART care effect, whereby other traditional risk factors are managed once
engaged in care. Lastly, although the socioeconomic variables associated with arterial stiffness
(car and TV ownership, electricity connection) were not the same as those associated with T
cell activation, they were consistent with a higher socio-economic status and perhaps a more
sedentary lifestyle. Taken together with previous data showing that T cell exhaustion is linked
with arterial stiffness during the first 3 months of anti-retroviral therapy [4], there is a sugges-
tion that there may be a relationship between T cell activation, sedentary lifestyles and
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increased cardiovascular risk amongst PLWH in low income SSA setting. The observation that
T cell activation may be increased amongst PLWH of higher socioeconomic status has not
been previously described. However, T cell activation, exhaustion and senescence have been
previously linked to premature ageing and sedentary lifestyles [25, 26]. Studies for older popu-
lations show that lower levels of physical activity predispose to a shift towards Th2 responses
and T cell senescence [26]. Non-communicable disease risk factors have previously been
shown to vary across socio-economic backgrounds in sub-Saharan Africa, but understanding
of this relationship is limited by heterogeneity in measurement and reporting of socio-eco-
nomic status [27]. Urbanisation and epidemiological transition are likely to favour different
non-communicable disease risks depending on socio-economic background; for example, sed-
entary lifestyle being more prominent in high income groups and poor diet in low-income
groups [27]. Detailed characterisation of this relationship will be needed in future studies to
provide context for the role of inflammation within these models.

Participants in lower socio-economic groups experience expanded CD16+ monocytes,
which did not improve on ART. This suggests that this aspect of innate immune activation is
not linked to HIV itself or co-infections that would normally improve on ART. Subclinical TB,
untreated or recurrent acute bacterial and malarial infections, or malnutrition with persistent
microbial translocation could play a role. Although this association has not been previously
reported amongst PLWH, there is evidence to suggest that factors associated with lower socio-
economic status are related to immune activation in other fields. In paediatrics, lower parental
socioeconomic status is associated with higher levels of CRP and enhancing nutrition can
improve the effects of inflammation [28, 29]. A socioeconomic assessment of the Framingham
Offspring Study showed that both higher lifetime socioeconomic status and education level
predicted lower levels of inflammatory cytokines [30, 31]. Chronic life stressors might also
contribute to higher inflammation levels amongst this more economically vulnerable group
[32].

Water kiosk use was independently associated with lower levels of CD8 activation, inflam-
matory and endothelial cytokines and CMV viraemia. Water kiosks sell water in containers
from a centralised source. It is possible that use may therefore reflect a lower infection-driven
inflammatory risk profile due to improved water quality or better sanitation environments.
Sima and colleagues in Jakatar showed that water kiosks produced good quality water and
reduced diarrhoeal illness to a similar extent to bottled water when compared with using wells
as a water source [33]. Shared domestic pipe use was more common among those who tested
CMYV PCR positive, perhaps reflecting overcrowding in urban settings leading to increased
risk of close contact transmission. Intermediate monocytes were expanded amongst four
PLWH who used an unprotected well as their main water source. Although this group is very
small, this finding is in keeping with low socio-economic status and unsafe water sources
being associated with inflammatory monocyte phenotypes and innate inflammatory pathways
[34].

Study strengths include careful characterisation of socio-economic status in a longitudinal
cohort study of clinically evaluated participants with and without HIV. We compare socioeco-
nomic data with cell surface immunophenotyping and a comprehensive panel of inflammatory
biomarkers allowing a biosocial assessment of chronic inflammation among PLWH in low
income SSA.

Because our cohort of PLWH all had advanced immune suppression, these findings may
not be generalisable to HIV populations as a whole. Also, there may be differences in reasons
for late presentation to care amongst those from higher and lower socio-economic status back-
grounds such as cultural pressures or ability to take time off work. The sample size for this
study may not have allowed us to identify smaller but important effects of socioeconomic
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Fig 4. Hypothesis for the role of socio-economic determinants in chronic inflammation and endothelial damage
amongst PLWH in low income SSA. Hypothesis for the impact of socio-economic factors on inflammation mediated
non-communicable diseases in people living with HIV in low-income settings. This builds on previously documented
relationships between drivers of inflammation, and its effect on endothelial damage in this setting [4, 5]. Further
research will be required to evaluate and improve our understanding of the factors driving immune activation and
non-communicable disease in low-income settings.

https://doi.org/10.1371/journal.pone.0256576.g004

variables on inflammation and arterial stiffness. Analysis of a large number of inflammatory
and socio-economic markers may have led to an increase in type 1 error, and although we
have presented results in keeping with an a priori identified biologically plausible hypothesis, it
is important to note that individual mechanisms will require further characterisation in larger
clinical studies.

Researchers are increasingly recognising that immune activation in PLWH is a heteroge-
nous process and interest is emerging around discrete clinical inflammatory phenotypes [5].
Here we show that socioeconomic risk factors for inflammation amongst PLWH have varied
effects (summarised in Fig 4). Understanding the extent to which socioeconomic factors con-
tribute to such phenotypes, especially in low income SSA, will help identify those most at risk
of developing inflammation driven non-communicable disease, support policy to reduce non-
communicable disease risk factors and aid efficient allocation of limited health care resources.
Future studies assessing drivers of inflammation amongst PLWH should include an assess-
ment of socioeconomic status.
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