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Abstract

Human cytomegalovirus (HCMV) infection has been associated with increased mortality,

specifically cardiovascular disease (CVD), in high-income countries (HICs). There is a pau-

city of data in low- and middle-income countries (LMICs) where HCMV seropositivity is

higher. Serum samples from 2,174 Ugandan individuals were investigated for HCMV anti-

bodies and data linked to demographic information, co-infections and a variety of CVDmea-

surements. HCMV seropositivity was 83% by one year of age, increasing to 95% by five

years. Female sex, HIV positivity and active pulmonary tuberculosis (TB) were associated

with an increase in HCMV IgG levels in adjusted analyses. There was no evidence of any

associations with risk factors for CVD after adjusting for age and sex. HCMV infection is

ubiquitous in this rural Ugandan cohort from a young age. The association between TB dis-

ease and high HCMV IgG levels merits further research. Known CVD risk factors do not

appear to be associated with higher HCMV antibody levels in this Ugandan cohort.

Introduction

Human Cytomegalovirus (HCMV), also known as human herpesvirus-5 (HHV-5), is a mem-

ber of the β-herpes virus family which is widely distributed in human populations. HCMV

transmission occurs through person-to-person contact. It can be transmitted transplacentally

to neonates or through breast milk of an infected and shedding mother, by intimate contact

and by transplantation from (or sharing syringes with) an infected individual [1]. It has been

shown that young children shed HCMV virus in saliva and urine at high levels which may add

to transmission between infants and adult caregivers [2].

Congenital HCMV infection is the leading cause of permanent hearing and neurological

impairment as well as vision loss in infants worldwide [3]. Maternal primary infection or
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reactivation, especially during the first trimester, is particularly associated with adverse neona-

tal outcomes [4]. The incidence of congenital HCMV infection is estimated at between 0.7 and

5% of all births in low- and middle-income countries (LMICs) [5].

In immunocompetent adults, HCMV infection rarely causes disease; however, once

infected, the virus remains latent in a wide range of cell types, including lymphocytes and mye-

loid lineage cells, as well as smooth muscle cells and endothelial cells which line blood vessels

[6]. HCMV/HIV co-infection is common and is an important cause of HCMV retinitis and

severe non-AIDS events, including death, in HIV-infected individuals [7,8]. HCMV infection

is associated with chronic immune activation [9] and recent evidence implicates immune acti-

vation with increased risk of tuberculosis (TB) disease [10].

Epidemiological studies in high-income countries (HICs) have found associations between

HCMV infection and increased risk of mortality in older people [11,12]. Further studies have

implicated chronic HCMV infection as a risk factor for cardiovascular disease (CVD); a recent

meta-analysis of studies conducted in HICs, estimated a 22% increased relative risk of CVD

with exposure to HCMV [13]. In a UK setting, HCMV infection was associated with the devel-

opment of arteriosclerosis [14] and a 3mmHg increase in systolic blood pressure among older

individuals [15]. As Africa undergoes what has been described as an ‘epidemiological shift’

from infectious to non-communicable disease [16], an estimated 1.2 million deaths in Africa

were attributed to CVD in 2004 [17].

Associations of HCMV and CVD have not been fully investigated in LMICs where HCMV

infection rates are much higher than in HICs [18–20]. Studies from other herpes viruses asso-

ciated with non-communicable disease (NCD) in areas where infection is ubiquitous (such as

EBV in relation to African Burkitt lymphoma and KSHV in relation to African Kaposi Sar-

coma), show that risk of NCD increases with increasing viral antibody titre [21–24].

In this study, we investigate HCMV seroprevalence in a large cross-sectional rural Ugandan

cohort (n = 2,174) and investigate associations with co-infections, clinical measurements and

demographic information. As a secondary analysis, we link cardiovascular risk factors to

HCMV antibody levels.

Material andmethods

Study area and design

The General Population Cohort (GPC) is a population-based open cohort study, set up in

1990 by the Medical Research Council (MRC) UK in collaboration with the Uganda Virus

Research Institute (UVRI). Initially to examine trends in HIV prevalence and incidence, the

GPC is located in Kyamulibwa sub-county of Kalungu district, rural south-western Uganda

[25]. The cohort now comprises a cluster of 25 neighboring villages with approximately 20,000

residents (52% aged�13 years) from three ethnic groups, the majority (75%) being from the

Baganda tribe, the main tribal group in the region.

Blood samples are transported to MRC/UVRI laboratories in Entebbe where a portion of

the venous blood sample is analysed according to protocol guidelines. Remaining samples are

stored at –80˚C in a biobank in Entebbe [25].

The majority of samples tested for HCMV in this study were taken from 2011. Samples from

TB cases were from a range of GPC rounds sampled between 1999 and 2014. Active pulmonary

TB was diagnosed through positive sputum smear microscopy after passive case detection.

Sampling

Individuals were selected at random, having been stratified by age and sex. Infants under 5

years of age were oversampled in anticipation of high age-dependent HCMV seropositivity

HCMV, TB and CVD
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based on evidence from other sub-Saharan countries. A target sample size of approximately

100 individuals per year of age from under 1 year to 5 year were sampled and 200 individuals

in 5 to 10 year age groups thereafter. The sex ratio was approximately equal within each age

group (Table 1).

The age structure of sampling for this study was determined based on Ugandan demo-

graphics; 49% of Ugandans are under 14 years of age, 21% are between 15–24 years of age,

28% between 25 and 64 years of age and only 2% over 65. The sampling here was similar to the

Ugandan demographic with 45% under 14 years, 18% 15–24, 32% 25–64 and 5% over 65 years

of age.

Being a cross-sectional study, each individual was only sampled once. Siblings and parent-

child pairs were not excluded.

Ethics

Written consent for the use of clinical records and biological samples for research purposes

was obtained from all GPC participants following Uganda National Council of Science and

Technology guidelines.

Ethical approval for the use of samples for this study was obtained from The UVRI Research

and Ethics Committee and from the Uganda Council for Science and Technology, in addition

to the London School of Hygiene & Tropical Medicine, London, UK.

HCMV serology

Serum samples were tested for antibodies against HCMV using standard, validated and com-

mercially available enzyme-linked immunosorbent assay (ELISA) against HCMV IgG (IBL

Table 1. General population cohort characteristics of individuals included in this study.

Age, mean (range) 22.7 (0.08–100.75)

Sex, percentage female (number/total) 50.2% (1,091/2,174)

HIV prevalence, percentage (number/total) 4.6% (100/2,134)

Body mass index�, percentage (number/total)

- Underweight 21% (237/1,150)

- Normal 69% (797/1,150)

- Overweight 8% (97/1,150)

- Obese 2% (19/1,150)

Hypertension��, percentage (number/total)

- Normal 46% (552/1,187)

- Pre-hypertension 39% (460/1,187)

- Hypertension 15% (175/1,187)

Tribe, percentage (number/total)

- Baganda 75% (1,524/2,035)

- Rwandese Ugandan 16% (319/2,035)

- Other § 9% (192/2,035)

�body mass index 18.4 and below is underweight, 18.5–24.9 is normal, 25.0–29.9 is overweight, and 30 and above is

obese.
�� Pre-hypertension is systolic blood pressure (SBP) between 120mmHg and 140 mmHg, and a diastolic blood

pressure (DBP) between 80 mmHg and 90 mmHg. Hypertension is defined as SBP�140mmHg and DBP

�90mmHg.

§ Other tribes include Bakiga, Batooro, Banyankole, Basoga, Bafumbira, Tanzanian, Barundi

https://doi.org/10.1371/journal.pone.0192086.t001
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International GmbH). Testing was conducted at UVRI in Entebbe. Briefly, serum samples

were thawed and diluted as per kit instructions to 1:100 in sample diluent. One hundred

microliters of diluted serum and controls in duplicate were dispensed into a 96-well plate

coated with HCMV antigen. Plates were covered and incubated for 1hr at 37˚C and then

washed before 100μL of anti-IgG conjugate was added and the plate covered and incubated

again for 30 minutes at room temperature. After another washing step, 100μL of tetra-methyl-

benzidine (TMB) substrate solution was added and the plate incubated for 15 minutes in the

dark at room temperature before 100μL of 0.2M sulphuric acid solution was added to stop the

reaction. Plates were read at 450/620nm within 30 minutes to obtain optical density (OD), a

surrogate marker of antibody titer.

Individuals were considered to be seropositive if the IgG ODmeasurement of plate controls

fell within the kit specifications and the mean of duplicate measurements was above the calcu-

lated cut off.

Linking to GPC data

Testing for HIV was carried out immediately after blood collection in Uganda as previously

described by Asiki et al [25]. Data were linked to the samples retrieved via each participant’s

unique GPC identifier.

Anthropometric measurements and blood sampling were performed by trained interview-

ers/nurses using calibrated instruments following standard protocol guidelines. Body mass

index (BMI) was calculated as weight (kg) divided by height (m)2. Pre-hypertension was

defined as having a systolic blood pressure (SBP) between 120mmHg and 140 mmHg, and a

diastolic blood pressure (DBP) between 80 mmHg and 90 mmHg. Hypertension was defined

as having a SBP�140mmHg and DBP�90mmHg. Proportion hypertensive was calculated by

dividing the number of hypertensive individuals by the combined number of normal and pre-

hypertensive individuals. Classification of BMI into four categories and definition of hyperten-

sion were derived from current World Health Organization (WHO) and National Institute of

Health guidelines, respectively [26,27]. Biochemical analyses were performed using the Cobas

Integra 400 plus analyser to determine lipid profiles for total cholesterol, high and low density

lipoproteins (HDL and LDL respectively) from serum samples, and HbA1c from whole blood

samples. Abnormal lipids were defined as raised total cholesterol being> 5.2mmol/L, low

HDL as< 1.0mmol/L for men, and< 1.3mmol/L for women [28].

Total IgG was measured by ELISA utilizing a commercial standard curve. Degraded sam-

ples with negative total IgG were excluded from the study.

Samples used in this study were linked to demographic and other clinical data correspond-

ing to the same time period at which the sample was taken.

Statistical analysis

Participants were categorized as either HCMV seronegative or seropositive based upon OD

results; seropositive samples were further categorized into tertiles of OD, to differentiate low,

medium and high responders. The Student’s t test was used to compare continuous variables

(such as HCMV IgG antibody ODmeasurement) between two independent groups (sex, tribe

(Baganda or other), HIV and TB status). Associations of HCMV IgG OD with age, tribe, sex,

HIV and TB were investigated. An analysis of variance (ANOVA) was used to compare con-

tinuous variable outcome between HCMV tertiles.

Linear regression was used to determine the relationship between HCMV IgG OD (as the

dependent variable) and sex, HIV and TB status (as the independent variables–tribe was

excluded in HCMV IgG OD regression analysis due to missing data– 10/27 active TB cases did

HCMV, TB and CVD
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not have information on tribe), and also between CVD risk factors with a continuous measure-

ment (dependent variables: HbA1c, cholesterol, HDL, LDL and BMI) and the independent

variables HCMV tertile, age and sex. Logistic regression was used for the binary outcome vari-

ables HCMV seropositive/seronegative and proportion hypertensive. Due to the approximate

two-fold increase in relative risk of coronary heart disease or acute myocardial infarction in

HIV-infected patients [29–31], associations between HCMV and CVD variables are limited to

HIV negative individuals in this analysis.

HCMV OD data were slightly positively skewed, possibly resulting in artificially narrower

confidence intervals (CI) around estimates. Cardiovascular disease (CVD) risk measurements

were available for individuals over the age of 12 years.

To account for evidence of non-linearity of HCMVOD with age (likelihood ratio test

p = 0.0025), a quadratic term for age was included in the regression analyses.

To account for multiple comparisons, 99% CI are reported and a p value of 0.01 is consid-

ered to represent strong evidence to reject the null hypothesis.

Data were entered using Microsoft Excel and analysed using STATA version 14 (Stata Cor-

poration, College Station, TX, USA).

Results

Of the 2,189 samples tested, 15 had negative total IgG levels and so were excluded due to prob-

able degradation of sample, resulting in 2,174 samples being included in initial analyses. Fol-

lowing these exclusions, 40 individuals did not have a valid HIV result and so were excluded

from regression analysis where HIV was included as a regression term.

Overall 91% (1,988/2,174) of the population tested positive for HCMV antibodies. Among

children less than 15 years of age, 1% (10/991) were HIV positive; among individuals over 15

years of age, 8% (90/1,143) were HIV positive. The highest proportion infected with HIV

(15%) was within the 41–50 year age group.

Factors affecting HCMV IgG antibody levels

The percentage of HCMV seropositive individuals in this population increases for both males

and females equally from birth until the 6–10 year age group, after which seropositivity levels

plateau at around 95% (Fig 1): 83% HCMV seropositivity was seen by age one year and this

increased to 95% by age five.

Because of the ubiquity of HCMV infection within this population it was decided to con-

duct further analyses on the HCMV seropositive population only. An analysis of the HCMV

negative population (n = 186, none of whom were TB cases and only 4 HIV positive) showed

no significant associations for sex or HIV in regression analysis. The only significant associa-

tion was with age in years (p<0.001).

Of the HCMV seropositive individuals, IgG levels initially decrease from a peak in those<1

year until the 16–20 year age group, after which HCMV IgG levels increase for both males and

females (Fig 2A). When HIV negative individuals are plotted separately, the increased HCMV

IgG levels in the 31–50 year old groups coincide with the highest HIV positivity (Fig 2B).

To investigate impact of age on HCMV IgG levels, ages were further split into< 9 months,

9 months to 12 years, 13–20 years, 20–60 and 60 years and above. Age groups selected are

based on presence of maternal antibodies (conservative estimate of 9months [32]), prior to

sexual debut (9 months—12 years [33]), post sexual debut (13–20 years [33]), 21–59 years and

post 60 years. It was found that infants under the age of 9 months have higher mean HCMV

IgG (1.25 OD) than any other age group apart from the over 60 years olds (1.34 OD) in unad-

justed analyses.

HCMV, TB and CVD
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A 0.07 OD increase in HCMV IgG (99% CI 0.02,0.12, p<0.001) is associated with being

female in unadjusted analyses. This increase remained after adjusting for age, HIV and TB

infection status (mean difference 0.07 OD 99% CI 0.03,0.11, p<0.001) (Table 2). The 0.49 OD

increase in HCMV IgG associated with HIV infection also remained after adjustment for age,

sex and TB infection status (mean difference 0.47 OD 99% CI 0.37,0.57, p<0.001) (Table 2).

Mean HCMV IgG OD levels among the 27 people with sputum-confirmed pulmonary TB

was 0.34 OD higher than individuals without active TB. After adjusting for age, sex and HIV

infection status this difference is partly explained by those variables but there remains good

evidence of that active TB disease is associated with an increased HCMV level of 0.19 OD

(99% CI 0.01,0.37, p = 0.006) (Table 2) which equates to a 7% increase based the range of

HCMVOD values (min 0.31, max 2.84 OD). When HCMV seropositivity was divided into

low, medium and high responders, the majority of active TB cases had high HCMV IgG levels

(16/27, 59%). Thirty three percent were of medium HCMV IgG (9/27), 7% (2/27) had low

HCMV, and none were HCMV seronegative (Fig 3).

When HIV positive and negative individuals are analysed separately, the effect of active TB

disease is shown to be greater in the HIV positive group, but the direction of effect is the same.

Among HIV negative people (S1 Table), having active TB disease is associated with an adjusted

increase of 0.11 OD of HCMV IgG (99% CI -0.10–0.33, p = 0.170) whereas among the HIV

positive individuals (S2 Table), having active TB disease is associated with an increased

HCMV IgG OD of 0.32 OD (99% CI -0.12,0.77, p = 0.063).

Fig 1. Percent HCMV seropositive by age group (years).Vertical lines show 99% CI for each mean data point. CI—confidence interval, HCMV—human
cytomegalovirus.

https://doi.org/10.1371/journal.pone.0192086.g001
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Being from a tribe other than the majority Baganda tribe was associated with a 0.14 OD

increase in HCMV IgG (99% CI 0.09,0.19, p<0.001). Due to missing data (10/27 active TB

cases did not have information on tribe), and the fact that inclusion of tribe into regression

analyses did not alter mean difference coefficients, this variable was not included in regression

analyses. Although not included, a sensitivity analysis resulted in a change in coefficient

for sex from 0.068 to 0.070 OD, a change in coefficient for hiv from 0.466 to 0.454 and a

change in coefficient for TB from 0.193 to 0.184. The coefficient for tribe was 0.11 OD 99% CI

0.06–0.16.

Association of HCMV IgG levels with cardiovascular disease risk factors

Cardiovascular risk factors were assessed in individuals over 12 years of age (mean age of indi-

viduals included in CVD risk factors analysis: 36.5 years, range 12–100 years) due to availabil-

ity of data.

Fig 2. Fig 2A. Mean HCMV IgG OD levels in HIV negative, HCMV seropositive individuals by age group (years) and sex. Fig 2B. Mean HCMV IgG OD levels in
HIV negative and HIV positive individuals combined by age group (years) and sex. Red lines show female mean values, blue shows male mean values. Vertical lines
show 99% CI for each mean data point. CI—confidence interval, HCMV—human cytomegalovirus, HIV—human immunodeficiency virus.

https://doi.org/10.1371/journal.pone.0192086.g002
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Because of the known increased risk of CVD in HIV-infected individuals, associations

between HCMV and CVD predictors is limited to HIV negative individuals in this analysis,

who represented 94% (2,034/2,174) of the total sample.

Of the 2,034 HIV negative individuals included in this analysis, data for cholesterol, HDL,

LDL, and mean SBP and DBP were available for 58% (1,186) of individuals, HbA1c levels for

58% (1,176) and BMI measurements were available for 57% (1,150) of individuals, all of whom

were over the age of 12 years.

Among the individuals for whom BMI data was available in this cohort, 21% (237/1,150)

were underweight, 69% (797) normal weight, 8% (97) overweight and 2% (19) obese. Of the

1,0186 individuals with measured blood pressure, 15% (175) were hypertensive, 39% (460)

were pre-hypertensive, and 46% (552) were not hypertensive (Table 1).

Initial regression analyses showed no evidence of a difference between CVD risk factors

between HCMV seropositive and HCMV seronegative individuals in a model adjusting for

age and sex. When HCMV seropositive individuals were further divided into low, medium

and high responders, the only CVD risk factor that showed an association with HCMV IgG

levels in univariate analysis was hypertension, which is more prevalent in people with medium

or high HCMV IgG levels (Fig 4). After adjusting for age and sex however, this association is

explained by these variables (Table 3). Addition of tribe as an explanatory variable in regres-

sion analyses did not alter coefficients.

Discussion

HCMV is an important pathogen in congenital neurological conditions and in the context of

immune suppression. Recent studies have suggested a link between HCMV seropositivity and

excess overall mortality, specifically from CVD, within HIC settings [12–15,34]. Relatively little

attention has been paid to determining HCMV prevalence and associations with non-commu-

nicable disease in LMICs.

Here, we find that 95% of this rural Ugandan population are seropositive for HCMV by age

five years (Fig 1). This finding corroborates other findings in sub-Saharan African settings

where high levels of HCMV seropositivity have been found; 96% in Egypt [35], 97% in Benin

[36], 99% in the Gambia [37] and 86% in South Africa [38].

Table 2. Unadjusted and fully adjusted mean differences (values obtained using a multivariable model including age, quadratic age, sex, HIV and TB status) in
HCMV IgG ODwith p value (t test for unadjusted values, regression for adjusted values) and 99% confidence intervals.

Factor (n) HCMV IgG

Unadjusted mean difference P value 99% CI Adjusted mean difference P value 99% CI

Sex

Male (978) baseline baseline

Female (978) 0.07 <0.001 0.02, 0.12 0.07 § <0.001 0.03, 0.11

HIV †

Negative (1,860) baseline baseline

Positive (96) 0.49 <0.001 0.40, 0.60 0.47 <0.001 0.37, 0.57

TB ‡

Negative (1,929) baseline baseline

Positive (27) 0.34 <0.001 0.15, 0.53 0.19 0.006 0.01, 0.37

CI—confidence interval, HCMV—human cytomegalovirus

†HIV—human immunodeficiency virus

‡TB–Active pulmonary Tuberculosis.

https://doi.org/10.1371/journal.pone.0192086.t002
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Among the HCMV seropositive population in this study we see high levels of HCMV IgG

antibody in young infants under the age of nine months (Fig 2). While this may be a true

reflection of congenital or primary infection of infants, IgG is the only antibody isotype that

can be transferred through the placenta [39], and so these high levels may be driven by the

inability of the assay to distinguish between maternal and ‘self’ IgG. Detection of virus as

opposed to antibodies would allow elucidation during the first nine months of life while mater-

nal antibodies persist.

After initial high levels of HCMV IgG in infants under the age of one year, we see a rapid

decline whereby maternal antibodies are lost, or primary infection is controlled (but individu-

als remain seropositive), followed by a gradual increase from the age of 16 years of age up to

the highest OD levels seen after 40 years of age.

The magnitude of antibody response to virus after maternal antibodies have waned is indic-

ative of intensity of exposure. The finding that females have higher HCMV antibody levels

compared to males after adjusting for age, HIV and TB (Table 2) was surprising. There is evi-

dence that risk factors throughout life result in a higher risk of HCMV transmission in women

compared to men; a study conducted in Uganda using data on breast feeding trends, showed

Fig 3. Number of active TB cases by HCMV IgG tertile.Numbers above bars show number of active TB cases (n = 27 total active TB cases).

https://doi.org/10.1371/journal.pone.0192086.g003
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Fig 4. Bar graphs showing unadjusted mean CVD risk factors by HCMV IgG OD level. HIV positive individuals were excluded from this analysis. Mean and 99%
CI with p value from linear regression or logistic regression (for hypertension). p values shown are from age- and sex-adjusted likelihood ratio tests. CI—
confidence interval, CVD—cardiovascular disease, HCMV—human cytomegalovirus, HIV—human immunodeficiency virus.

https://doi.org/10.1371/journal.pone.0192086.g004

Table 3. Age and sex-adjusted regression for CVD risk factors cholesterol, HbA1c, HDL, LDL and BMI and hypertension showing mean difference (or Odds Ratio),
p value from likelihood ratio test and 99% CI.

HbA1c (%) Cholesterol (mmol/L) HDL (mmol/L) LDL (mmol/L) Hypertension

(proportion)

BMI (mg/kg2)

HCMV

level

Mean

difference

p value 99% CI Mean

difference

p

value

99%

CI

Mean

difference

p

value

99%

CI

Mean

difference

p

value

99%

CI

Odds

ratio

p

value

99%

CI

Mean

difference

p

value

99%

CI

Negative baseline baseline baseline baseline baseline baseline

Low -0.032 0.803 -0.26,

0.20

-0.113 0.076 -0.43,

0.20

0.007 0.450 -0.14,

0.15

-0.080 0.023 -0.34,

0.18

1.073 0.878 0.34,

3.35

-0.485 0.175 -1.69,

0.72

Medium -0.072 -0.30,

0.16

-0.172 -0.49,

0.14

0.025 -0.12,

0.17

-0.159 -0.41,

0.10

1.095 0.36,

3.34

-0.736 -1.93,

0.46

High -0.046 -0.28,

0.19

-0.266 -0.58,

0.05

-0.028 -0.17,

0.12

-0.234 -0.49,

0.02

1.256 0.42,

3.78

-0.910 -2.12,

0.30

CI—confidence interval, CVD—cardiovascular disease, HDL—high density lipoproteins, LDL—low density lipoproteins, BMI—body mass index

https://doi.org/10.1371/journal.pone.0192086.t003
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that being a male baby increased the risk of early termination of breastfeeding compared to

females [40]. Findings from another Ugandan longitudinal cohort found that age at sexual

debut has been consistently lower for women than for men from the 1950’s to 1990’s [33]. In

addition, the infant caregiving role of females results in disproportionate female interaction

with infants during the peak shedding at 1–2 years of age [41].

Our results suggest that HIV infection and active TB disease are independently associated

with increased levels of HCMV IgG antibodies (Table 2). HIV infection is correlated with

hypergammaglobulinaemia by way of defective humoral immunity resulting in hyperactivated

naive B cells producing large quantities of IgG [42]. Here we see an association between HIV

infection and elevated IgG specific to HCMV, however in the same cohort, we see increased

total IgG as well as tetanus toxoid-specific IgG in HIV-infected individuals, an association

which remained after adjusting for age and sex (Stockdale et al, manuscript in preparation).

Despite this potential confounding of HIV infection upon IgG levels, the increased levels of

HCMV IgG in HIV infected individuals is corroborated by epidemiological evidence pointing

towards high levels of HIV and HCMV co-infection due to similar routes of transmission [7].

Both TB and HIV are known to increase general inflammation [43,44], an immune envi-

ronment which is associated with the increased likelihood of HCMV reactivation [45]. Both

reactivation and reinfection expose the immune system to HCMV antigens, thereby resulting

in elevated levels of HCMV-specific IgG antibodies.

The association of active pulmonary TB with raised HCMV IgG levels was in contrast to

findings of a hospital-based study where HCMV-specific T-cell responses in a whole blood

assay were found to be lower in TB patients who died when compared to TB patients who sur-

vived [46]. In this hospital-based study, HCMV responses were likely a general indictor of

‘immune fitness’ and therefore predictive of patient survival. By contrast, our study was com-

munity based and the severity of TB disease at the time of blood draw would have been low

when compared to a hospital-based study.

The association of active pulmonary TB with raised HCMV IgG in our study was consistent

with the findings of a correlates of TB risk study in South African infants where risk of active

TB disease was increased with an activated T-cell phenotype which was itself correlated with

T-cell interferon gamma production upon stimulation with HCMV antigens [10]. Neither

active case finding, nor routine latent TB infection screening is conducted in the Ugandan

GPC and therefore we cannot be certain that ‘non-TB’ individuals here have not been exposed

to TB or indeed that they are not latently infected withMycobacterium tuberculosis. Despite

there only being 27 active TB cases within this cohort, there remains strong evidence of an

association between TB and elevated HCMV IgG after adjusting for age and sex; an association

which appears to be intensified by co-infection with HIV (S1 and S2 Tables).

In view of the 1.5 million deaths per year associated with TB [47], the association of

increased HCMV IgG with active TB disease may be an important future research area, espe-

cially in areas with large numbers of people living with HIV.

It is important to note that the data from this study gives us no information on causality.

Longitudinal studies measuring systemic viral loads along with antibody levels to HCMV (and

other herpes viruses) in stored sera would be useful to understand progression of both herpes

virus and TB disease in this cohort.

Association of HCMV with CVD risk factors

Rates of CVD are increasing in sub-Saharan Africa [48]. In 2014, the WHO estimated that

27% of all deaths in Uganda were attributable to non-communicable diseases; specifically 9%

of all deaths to CVD [49]. In HICs it has been postulated that the increased overall mortality
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associated with HCMV infections is associated with vascular morbidity [34]. HCMV infection

has been implicated in increased arterial stiffness in chronic kidney patients [14] and in older

individuals in the UK [15], and there is growing evidence of an important role for HCMV-

induced inflammation in vessel walls [50] through persistent replication of HCMV in endothe-

lial cells [6].

The current literature reports conflicting evidence for an association of HCMV infection

with increased risk for CVDmortality. Of the ten studies included in a recent meta-analysis

which found an excess risk of ischemic heart disease, stroke, and cardiovascular death with

HCMV exposure [34], none were carried out in sub-Saharan Africa or other LMICs (studies

were from United States (4 studies), United Kingdom (3 studies), Canada (1 study), Sweden (1

study), and Italy (1 study)). Another large meta-analysis comprising three studies and 9,657

patients found an overall significant association between HCMV positivity and hypertension

(79% of the hypertension patients were HCMV positive compared with 64% of the controls–

(Odds Ratio (OR) 1.39, 95% CI 0.95,2.05, p = 0.017) [13]. Of the three studies included, one

was carried out in the USA, one in Iran and one in China. The overall OR masks large hetero-

geneity in the data, with the Iranian study showing high levels of HCMV seropositivity (93%

overall seropositivity) and no association, while the US study reported 55% HCMV seroposi-

tivity and association between HCMV and hypertension among males only [13]. In one US

population, association of HCMV seropositivity with all-cause mortality remained after

adjusted analysis, however specific association with CVDmortality disappeared after adjusting

for confounders [51] and in another, an association with hypertension was largely explained

away by age [52].

The aforementioned studies investigated HCMV seropositivity in relation to CVD risk

factors. In our study we investigate magnitude of antibody response to HCMV in a near-

ubiquitously infected population. We do not see an association between the burden of

HCMV infection, as measured by IgG, and CVD risk factors. It may be that the association

between HCMV and CVD is masked due to burden of other chronic and acute infections in

these communities. However more studies are needed to determine any association with

excess mortality in populations with ubiquitous HCMV infection, and to assess if risk fac-

tors found to be important in one population are useful indicators of risk in other popula-

tions. Indeed, many studies have found reference standards developed in Europe and North

America unhelpful when studying other populations [53,54]. It is essential that measure-

ments are clinically relevant to the population in question, and that clinical research institu-

tions ensure that standardized methods are used if data are to be comparable across

countries and continents.

Despite the young age of individuals in this cohort (mean age 36.5 years, range 12–100

years), we do know that CVD outcomes (such as stroke) are not uncommon [55] and so these

analyses could be expected to show association with HCMV antibodies if any exist. Evidence

from a large cohort study in the US found that CVD risk factors linked to myocardial infarc-

tion and coronary heart disease death in later life are measurable in individuals as young as 20

years of age [56].

Despite an established link between HCMV serum antibody levels and blood viremia (and

viral shedding in urine and saliva) among children [57], and the link between high systemic

viral copy number and increased risk of mortality in HIV positive adults [58], it may be of

interest in future studies to link viral load and risk factors to active HCMV disease in this pop-

ulation. Due to limited sample volume here, we were unable to measure viral DNA copy num-

ber in this study.

Considering the paucity of studies linking HCMV and all-cause mortality in LMIC settings

and the association seen here between HCMV and TB, we believe it will be important to
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conduct longitudinal studies to elucidate these associations further in areas with almost uni-

versal prevalence of HCMV infection, specifically in sub-Saharan Africa.

Limitations

The GPC has no official vital registration system and so we do not have CVD outcomes to link

to CVD risk factors. Future studies which specifically investigate CVD related deaths within

the GPC would be helpful to link HCMV antibody levels in longitudinal retrospective analyses

using stored sera. The GPC is perfectly placed to collect CVD outcome data in future rounds

of data collection and so these outcome measures can be linked back to clinical measurements

and stored biological samples.

Supporting information

S1 Table. Unadjusted and fully adjusted mean differences (values obtained using a multi-

variable model including age, quadratic age, sex and TB status) in HCMV IgG OD with p

value (t test for unadjusted values, regression for adjusted values) and 99% confidence

intervals for HIV negative individuals only (n = 1,860).

(DOCX)

S2 Table. Unadjusted and fully adjusted mean differences (values obtained using a multi-

variable model including age, quadratic age, sex and TB status) in HCMV IgG OD with p

value (t test for unadjusted values, regression for adjusted values) and 99% confidence

intervals for HIV positive individuals only (n = 96).

(DOCX)

Acknowledgments

The authors would like to thank participants from the GPC and their families. None of the

authors have a commercial or other association that might pose a conflict of interest (e.g.,

pharmaceutical stock ownership, consultancy, advisory board membership, relevant patents,

or research funding). This work was supported by a UKMedical Research Council studentship

for LS [MR/J003999/1] and SN receives support from the Medical Research Council and

Department for International Development (MR/K012126/1).

Author Contributions

Conceptualization:Helen Fletcher, Robert Newton.

Formal analysis: Lisa Stockdale, Stephen Nash.

Investigation: Lisa Stockdale, Angela Nalwoga, Hannah Painter.

Resources: Gershim Asiki.

Supervision:Helen Fletcher, Robert Newton.

Writing – original draft: Lisa Stockdale.

Writing – review & editing: Stephen Nash, Helen Fletcher, Robert Newton.

References
1. HoM. Epidemiology of cytomegalovirus infections. Rev Infect Dis. 1990; 12: S701–S710. Available:

http://ovidsp.ovid.com/ovidweb.cgi?T=JS&PAGE=reference&D=med1&NEWS=N&AN=214756 PMID:
2173099

HCMV, TB and CVD

PLOSONE | https://doi.org/10.1371/journal.pone.0192086 February 6, 2018 13 / 16

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0192086.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0192086.s002
http://ovidsp.ovid.com/ovidweb.cgi?T=JS&PAGE=reference&D=med1&NEWS=N&AN=214756
http://www.ncbi.nlm.nih.gov/pubmed/2173099
https://doi.org/10.1371/journal.pone.0192086


2. CannonMJ, Stowell JD, Clark R, Dollard PR, Johnson D, Mask K, et al. Repeated measures study of
weekly and daily cytomegalovirus shedding patterns in saliva and urine of healthy cytomegalovirus-
seropositive children. BMC Infect Dis. 2014; 14: 1–10. https://doi.org/10.1186/1471-2334-14-1

3. Marsico C, Kimberlin DW. Congenital Cytomegalovirus infection: advances and challenges in diagno-
sis, prevention and treatment. Ital J Pediatr. Italian Journal of Pediatrics; 2017; 43: 38. https://doi.org/
10.1186/s13052-017-0358-8 PMID: 28416012

4. Hamdan HZ, Abdelbagi IE, Nasser NM, Adam I. Seroprevalence of cytomegalovirus and rubella among
pregnant women in western Sudan. Virol J. BioMed Central Ltd; 2011; 8: 217. https://doi.org/10.1186/
1743-422X-8-217 PMID: 21569321

5. Manicklal S, Emery VC, Lazzarotto T, Boppana SB, Gupta RK. The “Silent” global burden of congenital
cytomegalovirus. Clin Microbiol Rev. 2013; 26: 86–102. https://doi.org/10.1128/CMR.00062-12 PMID:
23297260

6. Jarvis MA, Nelson JA. Human Cytomegalovirus Tropism for Endothelial Cells: Not All Endothelial Cells
Are Created Equal. J Virol. 2007; 81: 2095–2101. https://doi.org/10.1128/JVI.01422-06 PMID:
16956936

7. Lichtner M, Cicconi P, Vita S, Cozzi-Lepri A, Galli M, Lo Caputo S, et al. CMV co-infection is associated
with increased risk of Severe non-AIDS events in a large cohort of HIV-infected patients. J Infect Dis.
2014;

8. Rice GP, Schrier RD, Oldstone MB. Cytomegalovirus infects human lymphocytes and monocytes: virus
expression is restricted to immediate-early gene products. Proc Natl Acad Sci U S A. 1984; 81: 6134–
6138. https://doi.org/10.1073/pnas.81.19.6134 PMID: 6091137

9. Wittkop L, Bitard J, Lazaro E, Neau D, Bonnet F, Mercie P, et al. Effect of cytomegalovirus-induced
immune response, self antigen-induced immune response, and microbial translocation on chronic
immune activation in successfully treated HIV type 1-infected patients: the ANRS CO3 Aquitaine
Cohort. J Infect Dis. 2013; 207: 622–627. https://doi.org/10.1093/infdis/jis732 PMID: 23204178

10. Fletcher HA, SnowdenMA, Landry B, RidaW, Satti I, Harris SASA, et al. T-cell activation is an Immune
Correlate of Risk in BCG-vaccinated infants from the MVA85A efficacy trial. Nat Commun. 2016; 1–10.
https://doi.org/10.1038/ncomms11290 PMID: 27068708

11. Roberts ET, HaanMN, Dowd JB, Aiello AE. Cytomegalovirus antibody levels, inflammation, and mortal-
ity among elderly latinos over 9 years of follow-up. Am J Epidemiol. 2010; 172: 363–371. https://doi.org/
10.1093/aje/kwq177 PMID: 20660122

12. Savva GM, Pachnio A, Kaul B, Morgan K, Huppert FA, Brayne C, et al. Cytomegalovirus infection is
associated with increasedmortality in the older population. Aging Cell. 2013; 12: 381–387. https://doi.
org/10.1111/acel.12059 PMID: 23442093

13. Hui J, Qu Y, Tang N, Liu Y, Zhong H, Wang L, et al. Association of cytomegalovirus infection with hyper-
tension risk: a meta-analysis. Wien Klin Wochenschr. 2016; 128: 586–591. https://doi.org/10.1007/
s00508-016-0977-x PMID: 26980213

14. Wall NA, Chue CD, Edwards NC, Pankhurst T, Harper L, Steeds RP, et al. Cytomegalovirus Seroposi-
tivity Is Associated with Increased Arterial Stiffness in Patients with Chronic Kidney Disease. PLoS
One. 2013; 8: 1–7. https://doi.org/10.1371/journal.pone.0055686 PMID: 23451030

15. Firth C, Harrison R, Ritchie S, Wardlaw J, Ferro CJ, Starr JM, et al. Cytomegalovirus infection is associ-
ated with an increase in systolic blood pressure in older individuals. QJM. 2016; 1–19. https://doi.org/
10.1093/qjmed/hcw026 PMID: 27071749

16. Sobngwi E, Mbanya J, Unwin NC, Porcher R, Kengne A, Fezeu L, et al. Exposure over the life course to
an urban environment and its relation with obesity, diabetes, and hypertension in rural and urban Cam-
eroon. Int J Epidemiol. 2004; 33: 769–776. https://doi.org/10.1093/ije/dyh044 PMID: 15166209

17. WHO. The global burden of disease: 2004 update [Internet]. Geneva; 2008. Available: http://www.who.
int/evidence/bod

18. Gompels UA, Larke N, Sanz-Ramos M, Bates M, Musonda K, Manno D, et al. Human cytomegalovirus
infant infection adversely affects growth and development in maternally HIV-exposed and unexposed
infants in Zambia. Clin Infect Dis. 2012; 54: 434–442. https://doi.org/10.1093/cid/cir837 PMID:
22247303

19. Pembrey L, Raynor P, Griffiths P, Chaytor S, Wright J, Hall AJ. Seroprevalence of cytomegalovirus,
Epstein Barr virus and varicella zoster virus among pregnant women in Bradford: A cohort study. PLoS
One. 2013; 8: 1–8. https://doi.org/10.1371/journal.pone.0081881 PMID: 24312372

20. Dowd JB, Aiello AE, Alley DE. Socioeconomic Disparities in the Seroprevalence of Cytomegalovirus
Infection in the U.S. Population: NHANES III. Epidemiol Infect. 2009; 137: 58–65. https://doi.org/10.
1017/S0950268808000551.Investigations PMID: 18413004

HCMV, TB and CVD

PLOSONE | https://doi.org/10.1371/journal.pone.0192086 February 6, 2018 14 / 16

https://doi.org/10.1186/1471-2334-14-1
https://doi.org/10.1186/s13052-017-0358-8
https://doi.org/10.1186/s13052-017-0358-8
http://www.ncbi.nlm.nih.gov/pubmed/28416012
https://doi.org/10.1186/1743-422X-8-217
https://doi.org/10.1186/1743-422X-8-217
http://www.ncbi.nlm.nih.gov/pubmed/21569321
https://doi.org/10.1128/CMR.00062-12
http://www.ncbi.nlm.nih.gov/pubmed/23297260
https://doi.org/10.1128/JVI.01422-06
http://www.ncbi.nlm.nih.gov/pubmed/16956936
https://doi.org/10.1073/pnas.81.19.6134
http://www.ncbi.nlm.nih.gov/pubmed/6091137
https://doi.org/10.1093/infdis/jis732
http://www.ncbi.nlm.nih.gov/pubmed/23204178
https://doi.org/10.1038/ncomms11290
http://www.ncbi.nlm.nih.gov/pubmed/27068708
https://doi.org/10.1093/aje/kwq177
https://doi.org/10.1093/aje/kwq177
http://www.ncbi.nlm.nih.gov/pubmed/20660122
https://doi.org/10.1111/acel.12059
https://doi.org/10.1111/acel.12059
http://www.ncbi.nlm.nih.gov/pubmed/23442093
https://doi.org/10.1007/s00508-016-0977-x
https://doi.org/10.1007/s00508-016-0977-x
http://www.ncbi.nlm.nih.gov/pubmed/26980213
https://doi.org/10.1371/journal.pone.0055686
http://www.ncbi.nlm.nih.gov/pubmed/23451030
https://doi.org/10.1093/qjmed/hcw026
https://doi.org/10.1093/qjmed/hcw026
http://www.ncbi.nlm.nih.gov/pubmed/27071749
https://doi.org/10.1093/ije/dyh044
http://www.ncbi.nlm.nih.gov/pubmed/15166209
http://www.who.int/evidence/bod
http://www.who.int/evidence/bod
https://doi.org/10.1093/cid/cir837
http://www.ncbi.nlm.nih.gov/pubmed/22247303
https://doi.org/10.1371/journal.pone.0081881
http://www.ncbi.nlm.nih.gov/pubmed/24312372
https://doi.org/10.1017/S0950268808000551.Investigations
https://doi.org/10.1017/S0950268808000551.Investigations
http://www.ncbi.nlm.nih.gov/pubmed/18413004
https://doi.org/10.1371/journal.pone.0192086


21. Aguilar R, Casabonne D, O’Callaghan-Gordo C, Vidal M, Campo JJ, Mutalima N, et al. Assessment of
the combined effect of epstein-barr virus and plasmodium falciparum infections on endemic burkitt lym-
phoma using a multiplex serological approach. Front Immunol. 2017; 8: 1–11. https://doi.org/10.3389/
fimmu.2017.00001

22. Mutalima N, Molyneux E, Jaffe H, Kamiza S, Borgstein E, Mkandawire N, et al. Associations between
Burkitt lymphoma among children in Malawi and infection with HIV, EBV andmalaria: Results from a
case-control study. PLoS One. 2008; 3. https://doi.org/10.1371/journal.pone.0002505 PMID: 18560562

23. Carpenter LM, Newton R, Casabonne D, Ziegler J, Mbulaiteye S, Mbidde E, et al. Antibodies against
malaria and Epstein-Barr virus in childhood Burkitt lymphoma: A case-control study in Uganda. Int J
Cancer. 2008; 122: 1319–1323. https://doi.org/10.1002/ijc.23254 PMID: 18000823

24. Wakeham K, JohnstonWT, Nalwoga A, Webb EL, Mayanja BN, Miley W, et al. Trends in Kaposi’s sar-
coma-associated Herpesvirus antibodies prior to the development of HIV-associated Kaposi’s sarcoma:
A nested case-control study. Int J Cancer. 2015; 136: 2822–2830. https://doi.org/10.1002/ijc.29329
PMID: 25395177

25. Asiki G, Murphy G, Nakiyingi-Miiro J, Seeley J, Nsubuga RN, Karabarinde A, et al. The general popula-
tion cohort in rural southwestern Uganda: A platform for communicable and non-communicable disease
studies. Int J Epidemiol. 2013; 42: 129–141. https://doi.org/10.1093/ije/dys234 PMID: 23364209

26. Chobanian A, Bakris G, Black H, CushmanW, Green L, Izzo JJ, et al. The Seventh Report of the Joint
National Committee on Prevention, Detection, Evaluation, and Treatment of High Blood Pressure: the
JNC 7 report. JAMA. 2003; 289: 2560–72. https://doi.org/10.1001/jama.289.19.2560 PMID: 12748199

27. World Health Organization. Obesity: preventing and managing the global endemic, WHO Technical
Report Series No. 894. 2000.

28. Murphy G, Asiki G, K E, Nsubuga R, Nakiyingi-Miira J, Young E, et al. Sociodemographic distribution of
non-communicable disease risk factors in rural Uganda: a cross-sectional study. Int J Epidemiol 2013
December. 2014; 42: 1740–1753. https://doi.org/10.1093/ije/dyt184.Sociodemographic PMID:
24191304

29. Zanni M V., Schouten J, Grinspoon SK, Reiss P. Risk of coronary heart disease in patients with HIV
infection. Nat Rev Cardiol. Nature Publishing Group; 2014; 11: 728–741. https://doi.org/10.1038/
nrcardio.2014.167 PMID: 25331088

30. Nsagha DS, Assob JCN, Njunda AL, Tanue EA, Kibu OD, Ayima CW, et al. Risk factors of cardiovascu-
lar diseases in HIV/AIDS patients on HAART. Open AIDS J. 2015; 9: 51–59. Available: https://www.
scopus.com/inward/record.uri?eid=2-s2.0-84948755520&partnerID=40&md5=
4c397470d9de389140df8f74759f12db https://doi.org/10.2174/1874613601509010051 PMID:
26587072

31. DurandM, Sheehy O, Baril J-G, Lelorier J, Tremblay CL. Association Between HIV Infection, Antiretro-
viral Therapy, and Risk of Acute Myocardial Infarction: A Cohort and Nested Case–Control Study Using
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