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Abstract

Background: Helminth and HIV infections are endemic among poor populations. Studies investigating the socio-demographic and economic risk factors associated with dual HIV and helminth coinfection are scarce.

Objectives: This study aimed to describe risk factors associated with HIV and helminth coinfections among peri-urban South African adults residing in poorly developed areas with high poverty levels, lack of sanitation and a clean water supply.

Method: Adult participants (n = 414) were recruited from clinics in the south of Durban, KwaZulu-Natal, South Africa. Participants’ demographic, socio-economic, sanitation and household information, anthropometric measurements and HIV status were collected. Stool samples were donated for coproscopy to detect helminths using the Kato-Katz and Mini Parasep techniques. Blood was collected to confirm participants’ HIV status and to determine Ascaris lumbricoides-specific immunoglobulin E (IgE) and immunoglobulin G4 (IgG4) levels to improve microscopy sensitivity.

Results: Overall coinfection was 15%, and single helminth and HIV prevalence were 33% and 52%, respectively. Ascaris lumbricoides was predominant (18%). Univariate analysis of variance (ANOVA) showed that coinfection was 11.9% and 19.8%, respectively, among the 18–34 years and 35–59 years age groups (p = 0.0006), 16.4% and 19.9%, respectively, for the no income and < R1000.00 groups (p = 0.0358) and 22.8% and 17.1%, respectively, for the pit or public toilets and toilets not connected to sewage groups (p = 0.0007).

Conclusion: Findings suggest that the dual infection with HIV and helminth infections among adults residing in under-resourced areas with poor sanitary conditions is frequent. Older age, poor toilet use and low income are associated with coinfection. More attention is required to break the cycle of coinfections and possible disease interactions.

Contribution: The study highlights the importance of determining and treating helminth infections among adult population during HIV and helminth coinfection and the influence of poor sanitation and socioeconomic status on disease transmission.
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Introduction

Intestinal helminth parasitic worms are listed by World Health Organization as part of the neglected tropical diseases. They infect over 2 billion (24%) of the world’s population and are endemic in tropical and subtropical climatic regions across East Asia, China, the Americas and sub-Saharan Africa.1 The most prevalent intestinal helminth species worldwide are Ascaris lumbricoides (1.2 billion), Trichuris trichiura (795 million), Strongyloides stercoralis (600 million) and Necator americanus and Ancylostoma duodenale (740 million).2 Climate conditions, poverty, unsanitary conditions and a lack of clean water supply promote the transmission, spread and pathogenesis of helminth parasites.3,4

As most helminth infections are asymptomatic and associated with lower mortality rates, they have received less attention than more virulent pathogens such as the HIV/AIDS, tuberculosis, malaria5 and recently the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) virus.6 High prevalence levels of helminth infections in children, adults and pregnant women have been reported.5,7,8 Helminths are associated with iron deficiency anaemia, intestinal obstruction, malnutrition, malabsorption, retardation of mental and physical growth in children and mortality.9

Over 38 million people globally are infected with HIV, the majority of whom are living in low- and middle-income countries with poor socio-economic status.10 As both HIV and helminth infections are widespread under similar conditions, the possibility of people being coinfected remains high.11 Helminths are known to activate anti-inflammatory T-helper type 2 (Th2) and Th3 regulatory immune responses12 while HIV promotes the activation of vital pro-inflammatory Th1/Th17 immune responses. During coinfection, this immunological scenario can be disadvantageous because helminths could possibly dampen the production of vital Th1/Th17 cytokines that are needed to control the early stage of HIV infection.13 An association between chronic helminth infections and lower CD4+ counts,14 increased HIV viral loads, increased HIV infections15 and impaired antiretroviral drug activity has been reported.16

In South Africa (SA), the prevalence of HIV and helminth single and coinfection is high, especially among impoverished communities17,18 confirming the notion of these being diseases of poverty. KwaZulu-Natal (KZN) province is at the epicentre of HIV globally.19 Likewise, because of its subtropical weather, a high prevalence of helminths has been reported in this province.20 It is therefore imperative to ascertain whether the known factors of poverty that have been associated with each infection are at play during coinfection, at local contexts. Hence, taking all the above-mentioned facts into consideration, the aim of this study was to describe socio-demographic risk factors associated with HIV and helminth coinfections among peri-urban South African adults residing in underdeveloped areas with high poverty rates, poor sanitary conditions and a lack of clean water supply.5

Methodology

Study setting

This is a sub-study of a main project that aimed to analyse the immunological and nutritional interactions between HIV and helminth coinfections. The study area is situated in the peri-urban area south of Durban, KZN, SA. It has 11 primary health care clinics (PHC) servicing a total population of 404 811.21 Of the 11 clinics, five were selected as study sites based on the availability of HIV counselling and testing (HCT) services. The study was conducted between March 2020 and May 2021.

Participant recruitment and selection

Participants were recruited from the selected PHC clinics. The study participants were adults (≥ 18 years) who were attending the clinics. Some participants were accompanying patients to the clinic; others were community people who were recruited by family members who attended the clinics as well as clinic personnel working in each of the selected clinics. In the clinic waiting area, an information session was conducted to inform the participants about the objectives, possible outcomes and benefits of the study. Those who were willing to participate in the study were provided with further information individually, such as their rights and responsibilities during the study. A bilingual informed consent form for study participation was prepared and administered in the English and the local isiZulu languages. Participants were taken through the consent forms and were included in the study once they had voluntarily signed the consent form. Confidentiality was maintained by protecting all personal data that may identify the study participants through the use of study identification numbers.

Data collection

Pre-screening was carried out to identify those who were ineligible if they were (1) on chronic medication for diseases such as diabetes mellitus, cancer, cardiovascular diseases, (2) abusing alcohol (more than two drinks daily) or illicit drugs, (3) pregnant, (4) frail and very sick and (5) mentally challenged and unable to give informed consent. Eligible participant’s weight and height were recorded. Participants’ body mass index (BMI) were classified as underweight (< 18.5 kg/m2), normal weight (18.5 kg/m2 – 24.9 kg/m2), overweight (25.0 kg/m2 – 29.9 kg/m2) and obese (≥ 30 kg/m2).5

A questionnaire was used to collect the participants demographic information, including history of worm infection, household information, income level, toilet use and water source.

Sample collection and laboratory analysis

The participants were asked to donate two stool samples for parasite detection, over a 2-day period to increase the sensitivity and specificity of coproscopy. Whole blood was collected from all participants using the Vacuette® ethylenediaminetetraacetic acid (EDTA) and serum separator tubes (SST). Upon arrival of the stool samples in the laboratory, they were processed using the Kato-Katz technique and the modified faecal parasite concentrator technique Mini Parasep® SF followed by coproscopy for helminth parasite detection (eggs and worms).22 Blood was used for the Alere DetermineTM HIV-1/2 Ag/Ab Combo rapid test (Orgenics Ltd, Israel), which was used to confirm the participant’s HIV status. Inconclusive results were confirmed by using the ICT HIV-1/2 Ag/Ab test kit (ICT International). Ascaris lumbricoides-specific IgE and IgG4 was analysed using Phadia™ 200 instrument (ThermoFisher Scientific).

Statistical analysis

The participants demographic and laboratory data were entered into a Microsoft Excel 2016 spreadsheet, and statistical analyses were performed using Stata/IC- 17 (Stata Corp LLC, Lakeway Drive, TX, United States [US]). Descriptive analysis was performed to determine the overall prevalence 95% confidence interval. Univariate analysis was carried out by the one-way analysis of variance (ANOVA) Bartlett’s equal-variance test in identifying the association between HIV, helminth and HIV-helminth coinfection and different demographic factors. The results have been presented as the total positive (n), percentage (%) and p-value (p-value < 0.05 was considered statistically significant).

Ethical considerations

This study was undertaken following the approval by the Biomedical Research Ethics Committee (BREC) at the University of KwaZulu-Natal for both the main study (BE351/19) and the substudy (BREC/00001495/2020). Throughout the study, ethical principles for research on human participants were followed, including autonomy, justice, beneficence, nonmaleficence, confidentiality and dignity.

Results

A total of 414 participants were recruited, of those 128 (30.9%) were uninfected and 214 (52%) were infected with HIV; 137 (33%) infected with helminths and 62 (15%) dually infected with both HIV and helminths.

Characteristics of study participants

The demographic profiles of study participants are shown in Table 1. The majority of participants were single (70%), 35–59 years of age (46%), females (67%), overweight and obese (60%) and unemployed (78%). Twenty-one percent had primary school education or below while the majority (68%) had secondary school education. Regarding earnings, 22% were employed and had a stable salary. For the remainder, 13% had no income, the majority (45%) were dependent on the state social support (16% pension and 29% social grant). Furthermore, income analysis showed that 85% earned less than R5000.00 (< R1000.00 [44%] and > R1000.00 – ≤ R5000.00 [41%]). These groups constitute 78% of the study population being unemployed or falling within the low-income bracket. A proportion (20%) lived in informal houses or houses made up of mud and stones and 30% lived in houses with < 2 rooms. The probability of having 5–8 and > 8 family members living in a home was 43% and 8%, respectively. Over 40% of participants had one or more children attending preschool while 63% had one or more children attending primary school in the home. With regard to toilet facilities, 33% used pit toilets and 8% used toilets with the flush system not connected to the sewage. With regard to water source, 44% relied on taps located outside the house, while 16% relied on public taps. A further 17% relied on unclean water sources. Approximately, 26% of participants had a history of previous helminth infection.
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Distribution of helminth species in the study population

The distribution of the various helminth and protozoa species in the study population is highlighted in Figure 1. Of the total study population (n = 414), 33% (n = 137) were infected with helminths and 3.1% (n = 11) were infected with Entamoeba coli (based on stool coproscopy and A. lumbricoides-specific IgE and IgG4 results). The species detected in the participants who were diagnosed with helminthiasis by eggs or ova in their stool samples (n = 357) were A. lumbricoides (18%), Taenia spp. (1.96%), Schistosoma mansoni (1.40%), Strongyloides spp. (1.12%), T. trichiura (0.84%), Schistosoma haematobium (0.84%), Enterobius vermicularis (0.84%), hookworm spp. (0.28%) and Hymenolepis spp. (0.28%). E. coli (protozoan) (3.08%) were also prevalent (Figure 1).
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Association between coinfection status and demographic variables

The association between HIV and helminth coinfection and demographics variables are presented in Table 2. Significance was noted for age (p < 0.0001) ), marital status (p = 0.023), education level (p = 0.004), source of income (p = 0.015), income level (p = 0.036), number of primary school children residing in the home (p = 0.008) and toilet use (p = 0.015). In the age group 18-34 years, 11.9% were coinfected, while 19.8% were coinfected in age group 35–59 years. Income level < R1000.00 (20%) were coinfected, while 43.1% were only HIV infected and 13.3% were only helminth infected. Toilet use coinfection among those who use pit or public toilets and toilets not connected to sewerage were 17% – 23%, while in the helminth only infected group were 16% – 23% (Table 2).
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Discussion

This study investigated the socio-demographic and economic risk factors associated with HIV and helminth coinfections among South African adults residing in poorly resourced areas in the eThekwini south region that has high poverty rates, poor sanitary conditions and a lack of clean water supply. Findings suggest that older age, low-income level and poor toilet use are the main factors associated with helminth and HIV co-infection in this study population. The HIV and helminth coinfections (19.8%) were most common in people aged 35–59 years, and HIV single infection was 45.3% in the same age group. Those between the age group 18–34 years had HIV and helminth coinfection prevalence of 11.9% and HIV-single infections recorded at 31.9%. The findings of this study are consistent with the HIV national norms, which show that there are approximately 8.2 million people living with HIV in SA between the ages of 15–49 years, accounting for at least 19.5% of the HIV-infected population.23 The overall HIV prevalence in this study population was 52%, which is consistent with the fact that participants were recruited from HCT clinics.

Fifteen per cent of this adult population is coinfected with HIV and helminths. Only a few South African studies5,14,17 have reported on this potentially debilitating dual burden, particularly among adults where peak HIV infections occur. The HIV and helminth coinfection was 15.7% in the unemployed group, while the group had a higher occurrence of HIV and helminth single infections, which were 51% and 33%, respectively. The HIV and helminth are both poverty-related illnesses; hence these findings were expected.24 Following the Eastern Cape, KZN is one of the poorest provinces in SA.14,25 Despite the fact that the majority (68%) of the study participants had secondary school education, 78% are unemployed and many depend on government grants and family support for income. This may be attributed to the high unemployment rate in SA26 and KZN, worsening the burden and impact of HIV and helminth infections and diseases that are being superimposed upon poverty-stricken individuals. Related to this, those who use pit or public toilets had a higher occurrence of HIV and helminth coinfections (22%) and HIV, helminth single infections (58%) and (40%), respectively.

The overall prevalence of intestinal helminth parasites was 33%, which was lower than 38% that was reported in a similar population of HIV-infected adults from the eThekwini North district by Mkhize et al.5 In this study, A. lumbricoides (18%) was the most prevalent helminth infection followed by Schistosoma infections (1.68%), contrary to previously reported studies in which T. trichiura was the second highest after A. lumbricoides in SA.25,27 Preschool and primary school children are the most vulnerable to helminth infections and are the most likely to transfer the infection to their adult family members.28 As such, in KZN, several studies have reported a high prevalence of these infections that ranged between 20% and 80% among children over several decades.24,25,29

The HIV and helminth infections are most common in KZN particularly in areas that are poverty stricken, with inadequate sanitation,5,25 as well as those who live in small, overcrowded houses.28 Furthermore, HIV infection is reported to be more common among females.26 Several reasons have been suggested that relate to female predilections including the anatomical structure of women reproductive system, which predisposes women to be more vulnerable to sexually transmitted infections. Another factor is health-seeking behaviours, which vary between men and women.28 The latter is also demonstrated in this study, which has predominantly female (66%) participants.

Transmission of helminth infections is exacerbated in communities that rely on pit toilets and toilets not connected to sewerage systems5,30 and areas that highly depend on outdoor or public taps as a source of water for daily consumption and sanitary use.30 The findings of this study concur with these reports. Although the helminth re-infection rate was not analysed in this study; other studies reported a high helminth re-infection rate among people who were continuously being exposed to poor socioeconomic and unsanitary lifestyles after deworming treatment.31 This finding emphasises the importance of good hygiene practices and the need for the local government to enhance sanitation in endemic areas to reduce and break the helminth transmission cycle.

This study’s outcomes justify the need to include adults in deworming programmes because such initiatives are only targeted to school-going children in most cases.32,33 Furthermore, preventative chemotherapy is especially crucial for HIV-infected adults because chronic helminth infections are suggested to have a deleterious influence on the immune system even though the results of these studies are limited.12,34,35

The study is limited by selection bias because most of the participants were recruited from clinics, even though some of the controls were recruited from the community and people accompanying the patients. In particular, the selection of clinics was biased towards those with HCT clinics. This is reflected in the high overall prevalence of HIV in the study sample.

Conclusion

Although the associations between poverty and HIV and helminths as single infections have been reported,14,36 the association during dual or coinfection has not been investigated in the local setting of SA. In the main, a similar pattern of an association with poverty indicators has been found in this study, thus adding to the existing knowledge base. Mainly low income, poor toilet usage and older age were associated with coinfection.

These findings highlight the need to control the transmission of HIV and helminth infections among adults residing in resource-limited areas with poor sanitary conditions. Relevant stakeholders need to develop health intervention programmes including infrastructure for proper sanitation and clean water supply. Education of the affected groups on the importance of proper hygiene practices, adherence to antiretroviral therapy and deworming chemotherapy to control HIV and helminth infections would be the most feasible while other costly interventions are being planned. Finally, the impact of coinfection on the host immune response and how this affects the efficacy of antiretroviral drug therapy, the administration of deworming chemotherapeutic programmes in the coinfected groups are all largely under-researched.
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FIGURE 1: Helminth and Entamoeba coli prevalence by species in the study

population (n = 3577).
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TABLE 1: Demographic profiles of study participants.

ant characteristics n % 95% confidence
interval
Age (years)
18-34 160 387 33.9-4.53
35-59 212 512 46.3-56.1
> 60 42 101 7.4-13.7
Gender
Male 138 333 29.0-38.0
Female 276 670 62.0-7.0
Body mass index (kg/m?)
<185 24 5.8 3.9-85
18.5-24.9 138 333 2938
25.0-29.9 11 268 228-313
>30 141 381 30.0-39.0
Marital status
Married 59 143 11.2-180
Single 291 703 65.7-74.5
Divorced/widowed 22 53 35-7.9
Living together 42 101 8.0-13.4
Education level
Primary school or below 85 205 16.9-25.0
Secondary 281 680 63.2-72.2
Tertiary 48 120 9.0-15.0
Employment status
Employed EY 217 18.0-26.0
Unemployed 324 783 74.0-82.0
Income source
Salary £ 217 18.0-26.0
No income 54 130 10.1-16.6
Pension 64 155 12.3-193
Dependant 48 116 9.0-15.0
Part time job 39 9.4 7.0-12.6
Social grant support 19 287 25.0-333
Income level
No income 55 133 10.4-17.0
< R1000.00 181 437 39.0-49.0
> R1000.00 - < R5000.00 171 413 37.0-46.1
> R5000.00 7 20 0835
Toilet use
Pit 136 330 28.5-375
Flush connected to sewage 243 587 54.0-63.3
Flush not connected to sewage 35 85 6.1-11.5
House type
Brick/block 329 795 75.3-83.1
Informal houses 66 160 12.7-200
Mud and/or stone houses 19 46 3.0-7.0
Number of rooms in house
1 63 152 12.1-189
2 64 155 12.3-193
3 40 100 7.2-13.0
>3 247 600 54.9-64.3
Number of people at home
<5 203 490 44.3-53.8
5-8 176 425 37.8-47.3
>8 35 85 6.1-11.5
Pre-school children at home
0 247 597 54.9-64.3
1 109 263 223-308
>1 58 140 10.9-18.0
Primary school children at home
0 152 367 32.2-415
1 127 310 26.4-35.3
>1 135 323 28.3-373
Source of water
Tap inside house 145 350 30.6-39.7
Tap outside house 184 444 37.7-49.3
Public tap 68 164 13.2-203
Others 17 41 2665
Previous helminth infection
Yes 107 258 22.0-303
No 307 742 69.7-78.1

R, South African rand.
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TABLE 2: Univariate association of HIV, helminth, and HIV-helminth c

infection with different demographic characteristics.

Patient characteristics N Negative for both HIV HIV-infected Helminth-infected HIV and helminth P
and helminth co-infected
n % n % n % n %
Total 414 128 309 152 36.7 72 17.4 62 15.0 -
Age <0.0001
18-34 160 56 35.0 51 319 34 213 19 11.9
35-59 212 46 220 % 453 28 132 42 19.8
> 60 42 26 619 5 11.9 10 238 1 2.40
Gender 0324
Male 138 44 320 46 333 30 21.7 18 13.0
Female 276 84 304 106 38.4 42 15.2 44 250
Body Mass Index 0.144
Under weight 2 5 208 12 50.0 5 20.8 2 83.0
Normal 138 35 254 41 29.7 25 180 29 21.0
Overweight 111 38 342 49 441 20 18.0 12 10.8
Obese 141 50 355 50 35.5 2 15.6 19 135
Marital status 0.023
Single 291 85 292 107 36.8 51 17.5 a8 16.5
Married 59 27 46.0 14 237 13 220 7 12.0
Living together 42 7 17.0 24 57.1 4 9.5 6 143
Divorced and Window 22 9 410 7 318 5 227 2 9.1
Education level 0.004
Primary or below 85 37 435 20 235 21 24.7 7 82
Secondary 281 76 27.0 113 402 42 14.9 50 18.0
Tertiary 48 15 313 19 39.6 9 18.8 5 10.4
Employment status 0.065
Employed %0 25 280 39 433 15 16.7 11 12.2
Unemployed 324 103 320 113 34.9 58 17.9 51 15.7
Source of income 0.015
Salary %0 25 280 40 444 15 16.7 11 12.2
No Income 54 17 315 14 25.9 14 25.9 9 17.0
Pension 64 31 48.4 16 25.0 13 203 5 7.8
Dependent 48 11 230 26 54.2 7 14.6 5 10.4
Social support grant 119 34 29.0 47 39.5 15 126 23 19.3
Part-time job 39 10 256 12 310 8 205 9 231
Income level 0.007
No income 55 17 309 14 255 15 27.3 9 16.4
<R1000.00 181 43 24.0 78 43.1 24 133 36 20
>R1000.00 to < R5000.00 171 66 39.0 59 345 32 18.7 17 9.9
>R5000.00 7 2 29.0 1 143 1 143 0 0.0
House type 0.453
Brick/block 329 107 325 117 35.6 60 18.2 44 13.4
Shacks 66 17 26.0 27 409 9 136 13 19.7
Mud/ stone houses 19 4 211 7 36.8 3 15.8 5 263
Number of rooms in house 0378
1 63 17 27.0 28 444 8 12.7 9 14.3
2 64 25 39.1 20 313 7 10.9 12 19.0
3 40 11 3.0 16 40.0 10 25.0 3 7.50
>3 247 75 304 88 35.6 46 186 38 15.4
Toilet use 0.015
Pit and public 136 33 243 48 353 23 16.9 31 230
Sewage connected 243 88 36.1 91 37.4 38 15.6 25 103
Sewage not connected 35 7 200 13 37.1 8 22.9 6 17.1
Source of water 0.206
Tap inside house 145 47 324 42 29.0 20 138 21 14.5
Tap outside house 184 61 332 78 424 34 185 25 14.0
Public tap 68 15 221 28 412 15 221 10 14.7
Otherst 17 5 29.4 4 235 2 11.8 6 353
Total people at home 0.612
<5 203 62 305 75 36.9 40 19.7 26 12.8
5-8 176 56 318 61 34.7 27 153 2 18.2
>8 35 10 29.0 16 457 5 143 4 11.4
No. of pre-school children 0.061
0 247 69 27.9 98 39.7 42 17.0 38 15.4
1 109 a 37.6 29 26.6 18 16.5 21 19.3
>1 58 18 31.0 25 431 12 207 3 52
No. of primary school children 0.008
0 152 46 301 52 35.2 33 217 21 13.8
1 127 49 39.0 45 35.4 15 11.8 18 14.2
>1 135 33 24.4 55 407 24 17.8 23 17.0

Note: Univariate ANOVA analysis showed that older age (35-59), poor toilet use (pit and not connected to sewerage) and low income, source of income, marital status, education level, number of
primary school children residing in the home were associated with HIV and Helminth coinfection. Data in Table 2 were analysed using the Chi-squared test. A Chi-squared p < 0.05 was considered
statistically significant (p-values in bold).

R, South African rand.
+ Water from the following sources: rivers, boreholes and municipal water delivery trucks.
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