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Abstract

Background: It is hypothesized that schistosomiasis and intestinal parasites increase susceptibility to HIV-1 infection and enhance
AIDS progression by immunomodulation. This study aims to compare the prevalence and risk factors for schistosomiasis and intes-
tinal parasites in HIV-1 infected and uninfected persons and to evaluate the association between HIV-1 induced immunosuppression

and risk factors for parasite infection.

Methods: This was a cross-sectional study conducted at Boane Health Center in Boane village, Maputo Province from April to June
2017 in 280 patients aged over 5 years. From each of 140 HIV-1 infected or 140 HIV-1 uninfected persons, demographic and clinical
data were collected as well as one stool and urine sample for parasitological analysis. All stool samples were processed using direct
wet mount and Ritchie method for detection of common parasites, and modified Ziehl-Neelsen staining techniques to identify Cryp-
tosporidium spp., Cystoisospora belli and Cyclospora spp. oocysts from children stools. The urine was sedimented and analyzed for S.

haematobium eggs detection.

Results: The overall prevalence of parasitism in the study population was 46.8% (131/280). Fifty six percent of the HIV-1 infected
persons (78/140) were infected by at least one parasite compared to 38% (53/ 140 of the HIV-1 uninfected persons (odds ratio [OR]
2.0, 95% confidence interval [CI] 1.2-3.3).

Further, HIV-1 infected persons were more likely to be infected by S. mansoni (OR 5.6, 95% CI 1.8-15.8) when compared to HIV-1 un-
infected person and HIV-1 infected women were more likely to be infected by S. mansoni (OR 6.7 C1 95% 1.8-22.8%) when compared
to HIV-1 uninfected women (p< 0.001). HIV-1 serostatus (OR 7.0, 95% CI 1.5-31.2). Multivariate logistic regression revealed that
HIV-1 infected status (OR=1.813575), the use of river or lake as water sources either for drinking (OR=7.289245) or domestic chores
(OR=9.16205) were significant risk factor for parasitic infection. Partcipants with secondary and higher school (OR=0.379) were less

likely to have a parasitic infection compared with primary school or illiterate participants.

Conclusions: It is possible that the a high prevalence of schistosomiais and intestinal parasites in this region plays an important role

on the transmission and pathogenesis of HIV.
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HIV-1: Human Immunodeficiency Virus 1; NTDS: Neglected Tropical Diseases; PI: Principal Investigator

Introduction

Schistosomiasis, a waterborne disease, and intestinal parasitosis are neglected tropical diseases (NTDs) that impose significant health
and socioeconomic burdens, especially in sub-Saharan Africa. It was estimated that over 229.2 million people globally needed preventive
chemotherapy for schistosomiasis in 2018 [1], and that about 2 billion people were infected with at least one helminthic specie, of which
90% of cases occur in sub-Saharan Africa [2-6]. Their geographical distribution in Africa overlaps substantially with Human Immunodefi-
ciency Virus 1 (HIV-1) distribution, suggesting that infection with specific helminths may contribute to or be influenced by HIV-1 infection
[2,3,5,7-14].

The most prevalent species of Schistosoma in Africa are S. haematobium and S. mansoni causing urogenital and intestinal schistoso-
miasis respectively. S. mansoni eggs can be also found in the urogenital tract of women [6,15-17]. Infection by S. haematobium and less
often by S. mansoni may cause female genital shistosomiasis (FGS), a special condition associated with mucosal inflammation induced by
the presence of Schistosoma eggs in the genitalia of women. This results in enhanced expression of CD4 T-cell receptors and may increase
the risk of HIV-1 transmission following sexual exposure [3,18-20]. In addition, S. mansoni infection is associated with a higher density
of HIV-1 co-receptors CCR5 and CXCR4 on monocytes and CD4 T-cells, thus perhaps further influencing HIV-1 pathogenesis in patients
infected with this parasite [21].

Mozambique, together with other nearby South East African surrounding countries such as Eswatini, South Africa, Zimbabwe, Zambia

and Malawi are among the top 10 countries affected by HIV-1 [22,23].

In 2018, with an HIV prevalence among adults (15-49 years) of 12.6%, 2,200,000 people were living with HIV in Mozambique. The
HIV incidence per 1000 uninfected among all people of all ages of 5.25 resulted in 150 000 new HIV infections. Mozambican women are
disproportionally affected by HIV in Mozambique: of the 2,200,000 adults living with HIV, 1,200,000 (60%) are women [24].

Further, the country is highly endemic for numerous NTDs, including schistosomiasis with an estimated country prevalence of more
than 50% [25]. One study in Cabo Delgado Province documented that 63% of children in the first year of school, 66% children from 9 to 12
years of age and 44.8% of adults aged 20 to 55 years were infected by S. haematobium [26]. For intestinal parasites the global prevalence
varied from 1.2%- 93%. The most prevalent helminths were Trichiuris trichiura, (36.06% to 93%), Ascaris lumbricoides (35.69% to 56%),
Strongyloides stercoralis (5.5% to 48%), and Ancylostoma duodenale (1.86 to 38%) [8,27]. Concerning protozoans, the most frequently
found were Giardia intestinalis (5.6% to 37%), Entamoeba histolytica/Entamoeba dispar (4.83% to 10%), Entamoeba coli (10.41% to
34%), and Cryptosporidium spp. (2.5% to 9%) [27,28].

However, information remains limited on the bidirectional interactions between HIV-1 and Schistosoma, or relationships among HIV-1
and intestinal parasites in Mozambique. In particular, the roles played by these NTDs on the acquisition of HIV-1 infection and progres-
sion to AIDS are uncertain. A prior study conducted in Maputo city found that the prevalence and intensity of intestinal parasites in HIV-1
infected persons was related to the degree of immunosuppression as assessed by CD4 cell count, while antiretroviral treatment (ART) was

associated with lower levels of parasitic infection [8].

We conducted a study of the prevalence of these NTDs in HIV-1 infected and HIV-1 uninfected persons attending the Boane Village
Health Center in Maputo province, south Mozambique in an effort to better understand relationships among NTDs and HIV/AIDS in Mo-

zambique and neighboring countries. The study also examined risk factors associated with parasitic infection and examined associations
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between levels of immunosuppression and parasitism.

Materials and Methods
Study design and setting

We conducted a descriptive, cross-sectional study at Boane Health Centre from April to June of 2017. This Health Centre is located in
the Boane district in the southeast corner of Maputo province (26°02’36S 32°19°36E) which has a HIV-1 prevalence rate of 22.9% [29,30].

Study population, sample and data collection
We recruited a total of 280 persons equally distributed as 140 HIV-1 infected and 140 HIV-1 uninfected.

The sample size for this study was calculated based on previously published estimates of the prevalence of schistosomiasis in the Bo-

ane region [29] of 61.4% considering a confidence level of 95% and using the following equation:
o’ * p*q*U

"= e*¥U-D)+0’*p*q

Where:

n: sample size;

o: confidence level chosen, in number of deviations;

p: proportion of characteristics surveyed in the universe;

q: proportion of the universe that does not have the researched characteristic (q = 1-p) or q = 100% -p
¢: allowed estimation error;

U: universe.

Recruited population and study workflow

Persons over 5 years of age seeking care at Boane Health Center were systematically recruited by collaborating physicians and the
principal investigator while performing their daily healthcare activities. The principal investigator, a research nurse or a collaborating
physician approached the patient or relative, explained the aims and methodology of the study and obtained informed consent. Individu-
als aged 5 to 14 years old were classified as children and the remaining as adults. Study participants were prospectively enrolled until the
expected sample size n=280 was achieved. Consenting study participants were assigned a study number and all data and samples were

handled using this study number.

Sociodemographic and clinical data were collected using a standardized questionnaire that included age, sex, education, profession,
water source and time of residence in Boane. In addition, clinical data were obtained, including history of haematuria, hematemensis,
fecal blood, HIV-1 serostatus, CD4 cell count and highly active antiviral treatment (HAART) in the case of patients with HIV-1 infection,
and history of prior antiparasitic drug treatment. Participants were asked to provide a stool sample and a urine sample for detection of
S. mansoni eggs in the stool, and S. haematobium in the urine. All detected parasites were recorded, and the presence in faeces of visible

blood in faeces was also noted.
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Sample collection and copromicroscopy analysis

The stool samples were divided into two aliquots each at the study site. One aliquot was used for direct microscopic examination. The
Ritchie technique was used for S.mansoni eggs and for intestinal parasites. The other aliquot was kept at 42C and sent the same day to the
Parasitology Laboratory of the Universidade Eduardo Mondlane Faculty of Medicine for further processing within 48 hrs using the same

techniques as in the study site [31].

A subsample of stools from patients aged under 14 years old was separated and stained using a modified Ziehl-Neelsen method [32]
for detection of Cryptosporidium spp., Cystoisospora belli and Cyclospora spp. oocysts (Figure 1). Each stool sample was examined by two

laboratory technicians, as well as by the principal investigator, with 94% concordance among the three observations.
Urine Analysis

Urine samples were also primarily examined in the clinical laboratory at the study site after concentration by centrifugation (284 g
for 5 minutes). The supernatant was discarded and 10% formalin was added to the pellet which was observed microscopically for the
detection of S. haematobium eggs. The remainder of the sample was sent to the Parasitology Laboratory at the Faculty of Medicine for

examination by the same procedure (Figure 1).

Setlement for Figure 1.
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Figure 1: Workflow Chart.
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Ethical considerations

The study was approved by the National Bioethics Committee of Mozambique, and the Human Research Protections Program of the
University of California, San Diego, USA. The survey was conducted according to the National Bioethics Committee of Mozambique guide-
lines. The purpose of the study and the non-invasiveness methods were explained to all participants. Informed consent were obtained
from all patients. In the case of children and illiterate participants the informed consent was obtained from their parents or legal guard-

ians or a witness who signed on their behalf.
Statistical data analysis

The Epi-info™ version 7.2.1 (Public Software, Center for Disease Control, United States) was used to establish a database for manual
double-entry of data by two different researchers. After database validation, two identical datasets were obtained, of which one was used

for all subsequent analyses with Statistical Package for Social Science (SPSS) version 20.0 statistical software.

The differences in the proportion of HIV-1 infected patients with a CD4 cell count within specific ranges and stool examination results
showing characteristic findings were tested using Fisher’s exact test. p-values of < 0.05 were considered to be statistically significant.
Multivariate logistic regression modeling was employed to analyze the relationship of socio-demographic and clinical and immunological

variables with parasite infection and HIV-1 serostatus.

Results and Discussion

This was a study that aimed to estimate and compare the prevalence of schistosomiasis and intestinal parasites in HIV-1 infected and
uninfected persons receiving health care at the Booane Village Health Center in southern Mozambique. We also sought to delineate risk
factors associated with parasitism, and to examine associations between the degree of immunosuppression and the risk of acquisition of

schistosomiasis and intestinal parasites in the HIV-1 infected population.
Sociodemographic characteristics of the study population

The sociodemographic data of the study population are summarized in table 1. We enrolled a total of 280 patients, with a mean age of
23.7+ 13.3 years, equally distributed as HIV-1 infected (140) and HIV-1 uninfected (140) persons.

Variables HIV-1 Infected  HIV-1 Uninfected Total
N =140 (%) N=140 (%) N=280 (%)
Age Children 5-14 years old 45 (32.1) 45 (32.1) 90 (32.1)
Adults >14 years old 95 (67.9) 95 (67.9) 190 (67.9)
Female 109 (77.9) 99 (70.7) 208 (74.3)
Gender
Male 31(22.1) 41 (29.3) 72 (25.7)
Illiterate 37 (26.4) 39 (27.9) 76 (27.1)
Education Primary school 87 (62.1) 71 (50.7) 158 (56.4)
Secondary school and
hi};;her 16 (11.4) 30 (21.4) 46 (16.4)
Unemployed 53 (37.9) 65 (46.4) 118 (42.1)
Occupation Farmer 72 (51.4) 45 (32.1) 117 (41.8)
Trading/others 15 (10.7) 30 (21.4) 45 (16.1)
Water source for domestic Piped 40 (28.6) 59 (42.1) 99 (35.4)
chores River and lake 100 (71.4) 81 (57.9) 181 (64.6)
Piped 56 (40.0) 45 (32.1) 101 (36.1)
Water source for drinking River and lake 54 (38.6) 76 (54.3) 130 (46.4)
Well 30 (21.4) 19 (13.6) 49 (17.5)

Table 1: Sociodemographic characteristics of the study population.
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Most of the study participants were women and a third were children. The majority were illiterate or with primary school, were un-
ployed or farmers and use river or lake water for drinking and/or domestic chores. The socio demographic profile observed in our atudy
area, is similar to many other sub-Saharan African countries, which are characterized by low levels of education, poor environmental
sanitation, inadequate access to safe water basic living standards and overcrowding. These factors contribute to the proliferation of NTDs,

diarrheal and respiratory diseases, HIV and malaria which causes significant morbidity and mortality in the region [22,23,25,33].
Prevalence and profile of Schistosma spp. infection and intestinal parasites in the study population

We found an high prevalence of infection by any parasite amongst the study partcipantes (46.8% (131/280). When stratified accord-
ing to age, both children (52.2%) and adults (44.2%) presented highy prevalence of parasitic infection, though this differences were not
statistically significant.

HIV-1 infected study participants were more likely to be infected by one or more parasites than HIV-1 uninfected study participants
(OR 2.0,95% CI 1.2 - 3.3), (p < 0.004). While HIV-1 infected adults were more likely to be parasitized by any parasite (OR 2.3 95% CI1.3 -
4.3) compared to HIV-1 uninfected adults (p < 0.005). No other significant differences were found regarding the prevalence of parasitism

in children and adults either infected or not infected by HIV-1.

Cl:l(‘:/ro;*“ ?ld(‘;/l:; OR(95%CI) p value :‘:EZI) OR (95% CI) p value
HIV seros-  Yes 26/45  52/95(547) 23(13-43) 0005  78/140 (55.7) 2.0(1.2-33) 0.004
tatus (57.8)
No 21745  32/95(33.7) 53/ 140 (37.9)
(46.7)
Total  47/90  84/190 (44.2) 131/280 (46.8)
(52.2)

Table 2: Prevalence of parasitism in children and adults related with their HIV-1 serostatus.

The profile and prevalence of each species of parasites detected in the patients stratified according to HIV-1 serostatus are shown in
figure 2. Overall, we identified 10 parasite species including larvae and eggs of helminths and protozoa cysts and oocysts. The most fre-
quently observed parasites were G. intestinalis (13.6%), E. coli (10.7%), S. mansoni (8.6%), A. duodenale (5.4%) and E. histolytica (5.0%).

Cryptosporidium spp. oocysts were found in only one HIV-1 infected child. Cystoisospora and Cyclospora were not found.

Figure 2: Profile and Prevalence of Intestinal Parasites in the Study Persons.
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Table 3 summarizes the prevalence of each parasite in children according to HIV-1 serostatus. In children, we identified 7 diferent par-
asitic species. The most frequently detected parasites were G. intestinalis 33.3% (30/90), E.coli 14.4% (13/90), Ttrichiura 5.6% (5/90).

However we did not find any statistically significant diferences in parasitism between HIV-1 infected and HIV-1 uninfected children.

CHILDREN
Parasites HIV-1infected  HIV-1 uninfected n:;:)t?}% ) p value
n=45 (%) n =45(%)

S. mansoni Yes 1(1.1) 0(0.0) 1(1.1) 1.000
No 44 (48.9) 45 (50.0) 89 (98.9)

S. haematobium Yes 0 (0.0) 0 (0.0) 0 (0.0) 1.000
No 45 (50.0) 45 (50.0) 90 (100.0)

T trichiura Yes 1(1.1) 4(44) 5(5.6) 0.360
No 44 (48.9) 41 (45.6) 85 (94.4)

S. stercoralis Yes 0(0.0) 0(0.0) 0(0.0) 1.000
No 45 (50.0) 45 (50.0) 90 (100.0)

A. duodenale Yes 0(0.0) 0(0.0) 0(0.0) 1.000
No 45 (50.0) 45 (50.0) 90 (100.0)

Taenia spp. Yes 1(1.1) 0(0.0) 1(1.1) 1.000
No 44 (48.9) 45 (50.0) 89 (98.9)

E. coli Yes 4(44) 9 (10.0) 13 (14.4) 0.229
No 41 (45.6) 36 (40.0) 77 (85.6)

E. histolytica Yes 2(2.2) 2(2.2) 4(4.4) 1.000
No 43 (47.8) 43 (47.8) 86 (95.6)

G. intestinalis Yes 18 (20.0) 12 (13.3) 30 (33.3) 0.263
No 27 (30.0) 33 (36.7) 60 (66.7)

Cryptosporidium spp. Yes 1(1.1) 0 (0.0) 1(1.1) 1.000
No 44 (48.9) 45 (50.0) 89 (98.9)

Table 3: Prevalence of each parasite in children according to HIV-1 serostatus.

S. mansoni was found only in one HIV-1 infected female child aged 13 years who started HAART at the age of 8 years. S. haematobium

was not found in any children in this study.

We also found that HIV-1 infected children tend to have higher prevalence of Giardia infection compared to HIV-1 uninfected children.
Though these differences were not statistically significant nor related to the degree of inmunossupression they rise a concern because
of parasitic infections effects on nutritional status of the children and their cognitivite development [27,33]. There are several studies
documenting that AIDS status predisposes to increased intensity and persistence of G. intestinals infection, due to humoral immune defect

observed in these patients [34,35].

The prevalence data from adult participants according to their HIV-1 serostatus are summarized in table 4. In total, we identified 9
diferent parasitic species. The most frequently detected parasites were S. mansoni 12.1% (23/190), E. coli 8.9% (17/190), A. duode-
nale 7.9% (15/190), S. haematobium 5.8% (11/190) and E. histolytica 5.2% (10/190). We found that HIV-1 infected study participants
were more likely to be infected with S. mansoni 10.0% (19/95) and Ancylostoma duodenale, 6.8%(13/95) than HIV-1 adult participants
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(p=0.001 and p=0.005 respectively). E. histolytica was found more frequently in HIV-1 uninfected study participants 4.8% (9/95) than in
the HIV-1 infected adult population 1.0% (1/95) (p=0.018).

ADULTS
Parasites HIV-linfected ~ HIV-1uninfected ;g:)a:% ) p value
n =95 (%) n=95 (%)

S. mansoni Yes 19 (10.0) 4(2.1)) 23 (12.1) 0.001
No 76 (40.0) 91 (47.9) 167 (87.9)

S. haematobium Yes 3(1.6) 8(4.2) 11 (5.8) 0.212
No 92 (48.4) 87 (45.8) 179 (94.2)

T trichiura Yes 4(2.1) 1(0.5) 5(2.6) 0.368
No 91 (47.9) 94 (49.5) 185 (97.4)

S. stercoralis Yes 5(2.6) 1(0.5) 6 (3.2) 0.211
No 90 (47.4) 94 (49.5) 184 (96.8)

A. duodenale Yes 13 (6.8) 2(1.1) 15(7.9) 0.005
No 82 (43.2) 93 (48.9) 175 (92.1)

Taenia spp. Yes 1(0.5) 1(0.5) 2(1.1) 1.000
No 94 (49.5) 94 (49.5) 188 (98.9)

E. coli Yes 6(3.2) 11 (5.8) 17 (8.9) 0.309
No 89 (46.8) 84 (44.2) 173 (91.1)

E. histolytica* Yes 1(0.5) 9 (4.8) 10 (5.2) 0.018
No 94 (49.5) 86 (45.3) 180 (94.7)

G. intestinalis Yes 7 (3.7) 1(0.5) 8(4.2) 0.064
No 88 (46.3) 94 (49.5) 182 (95.8)

Table 4: Prevalence of each parasite in adult patients according to HIV-1 serostatus.

In addition to that, infection by one parasite specie in the study participants only was present in 84% (110/131) of study participants.
Mixed infection by two parasitic species was present in 21 study participants and the most common combinations were E. coli and T
trichiuria (19%) and E. coli and G. intestinalis (14.3%).

These findings either in children participants or in adults should be viewed in context of similar studies done in Mozambique and in
other countries including Tanzania, Zambia, Zimbabwe and Ethiopia, Nigeria, Uganda, Brasil, where the prevalence varied according to
the geographical region, to each parasite species and age groups [1,4,6,8,9,20,25,27,28,36-40]. They also reflect differences in the level of
exposure and susceptibility to infection by age. Young children do not go to rivers or lakes for recreational activities as frequently as the

older children and adults. In fact, the only child infected by S. mansoni was a 13 year old HIV-1 infected girl.

On the other hand, in our study we found a higher prevalence of infection with E. coli (14.3%) and E. histolytica (7.9%) in the HIV-1
uninfected patients than in HIV-1 infected persons. This could be because, HIV-1 infected patients are more exposed to health care where
anti-parasitic drugs such as albendazole, metronidazole and prazinquantel are routinely used as prophylaxis or to treat parasitic diseases
and in case of metronidazole also for gastroenteritis, sexually transmited diseases or related conditions such as pelvic inflammatory dis-

ease.
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Bivariate analyses of each parasite identified, either in stools or in urine according to gender and HIV-1 serostatus from adult
patients

Bivariate analyses of each parasite identified, either in stools or in urine according to gender and HIV-1 serostatus from adult patients

are shown in table 5.

Parasite HIV-1 Female Male OR D Total ( 9(:__’13 y value
infected n=154 n=36 (95%-CI) value N=190 cn 0 p
18 19
Yes 127 67018- 5.6 (1.8
: (11.7) 7 (1. (10.0) 6 (L
S. mansoni 22.8) 0.001 _15.8) 0.001
No 3(1.9) 1(27) 4(2.1)
Yes 2(1.3) 1(27) _ 0086  3(1.6) 0.3
S. haematobium 0.2 (0.04 (0.09 - 0.212
No 7(45) 1(27) L1) 8(42) 12
Yes 4(26) 0(0.0) _ 4(21)
T trichiura 3705 4379 106 56g
No 1(0.6) 0 (0.0) 46) 1(05) ~SU
Yes 4(26) 1(2.7) _ 5(2.6)
S. stercolaris 3.7(0:5 0.370 52(06 0.211
No 1(0.6) 0(0.0) 46) 1(05) ~62)
4 44(1.1-
Yes 9 (5.8) 13 (6.8)
4. duodenale (L) 209 059 7'_33(31)'8 0.005
No 2(1.3) 0(0.0) 2 (1.1)
Yes 1(0.6) 0(0.0) _ 1(0.5) 1.0
Taenia spp. 09 (0.04 1.000 (0.05 1.000
No 1(0.6) 0 (0.0) 17) 1(05) 19
Yes 6(3.9) 0(0.0) 6 (3.2)
E. coli 5 0810-2= oo 05001 9309
No 639 130 3.0) 11(5.8) ~14)
E. histolitica 0.018
No 7(45) 2 (5.6) 0.7) 94.7) ~06)
Yes 4(26) 3(83 7(05 - 7 (3.7 4(12
G. intestinalis (26) (83) 37005 0.370 37 74( 0.064
No 1(1.1) 0(0.0) 46) 1(05)  ~89)

Table 5: Results of bivariate analyses of parasitism according to gender and HIV-1 serostatus in adult patients.

Overall, HIV-1 infected adult participants were more likely to be infected by S. mansoni (10.0%) and A. duodenale (6.8%) (OR 5.6,95%
CI1.8-15.8) and (OR 7.3 95% CI 1.8-33) respectively (p < 0.005), but less likely to be infected by E. histolytica (0.5%) (OR 0.1 95% CI 0.0-
0.6). In addition, S. mansoni infection was more likely associated with HIV-1 infection in adult women (OR 6.7 95% CI 1.8-22.8) compared

with HIV-1 uninfected women. No other differences were found regarding HIV-1 serostatus and gender.

Previous studies in Zimbabwe and Tanzania demonstrated a three or six-fold increased risk of HIV-1 infection in women infected with
S. mansoni, concluding that S. mansoni infection was a risk factor for HIV-1 infection in women [18,37,38,41]. Although there are studies
demonstrating S. haematobium infection to be a risk factor for acquisition of HIV-1 in women, we did not demonstrate this association in

our study [12,13]. Our sample size and the relatively low prevalence of S. haematobium in this region may have contributed to this dif-
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ference between our study and several others in the literature [12,18,19]. Going forward, research on regional variation regarding the
prevalence of S. mansoni and S. haematobium are required in order to clarify the role of the infection by these parasites and its association

or not with HIV-1 infection.

Furthermore, analysis between selected parasites and the presence of blood in the stools revealed that HIV-1 infected patients were
more likely to have visible blood in their stools when parasized by S. mansoni (OR 2.9 CI 95% 1.1 - 7.3), A. duodenalis (OR 13.8 CI 95%
2.2 -148),and E. coli (OR 6.9 C1 95% 2.5 - 18) and E. histolytica (OR12.7 C1 95% 1.9 - 136) when compared to HIV-1 uninfected patients
(p>0.005). Intestinal parasites cause high morbidity and mortality of individuals, particularly sub-Saharan countries, and they have been
associated with low educational performance, stunting, and physical weakness. This and other factors may explain why schistosomiasis

and intestinal parasites may contribute to progression of HIV-1 infection [33,42].
Relationships among CD4 cell count, HAART and parasitic burden

CD4 T cell count information was available in 89.3% (125/140) of HIV-1 infected patients. The average CD4 cell count was 608 (52-
1675; SD 315) cells/ul. Table 6 shows a bivariate analysis of CD4 cell count stratification and HAART intake in relation to parasitic infec-
tion in general, and infection by S. mansoni. We did not find any differences in parasitism according to the CD4 cell count stratification.
However, HIV-1 infected patients with CD4 cell count lower or equal to 200 cells/ul were more likely to be infected by S. mansoni (OR 7.0
CI95% 1.5 - 31.2) compared to patients with CD4 cell count > 200 - 500 (< 0.031).

Total Parasitism S. mansoni

Variables Yes No Yes No OR (95%CI) pvalue
<200 7 (5.6) 6 (4.8) 1(08)  4(32) 3 (2.4)
7
201-500 44 (352)  24(19.2) 20 (16.0) 37 (29.6)
CD4 (5.6) 7.0 (15-312)  0.031

>501 74(59.2) 39(322) 35(28.0) 8(64)  66(52.8)
Total  125(100) 69 (55.2) 56 (44.8) 19 (15.2) 106 (84.8)

Yes 127 (64.8) 69(49.2) 58(41.4) 19(13.6) 108(77.1)

HAART intake  No 13 (35.2) 9 (6.4) 4(2.8) 1(0.7) 12(8.6) 2.1(03-23-7)  0.693

Total 140 (100.0) 78(55.7) 62 (44.3) 20 (14.3) 120 (85.7)

Table 6: Analysis of CD4 cell counts, HAART intake and association with parasitism and S. mansoni infection.

With regard to HAART intake, we found that 64.8% (127/140) of HIV-1 infected patients were on HAART and 35.2% (13/140) were
not on HAART. Patients on HAART were more likely to be infected by S. mansoni (OR 2.1 C1 95%, 0.3-23.7), however these differences were
not statistically significant for p>0.05. This could be due to the fact that the two populations likely share the same environmental risk
factors, the average CD4 cell count in the HIV-1 infected study participants was 607.95 cells/ul, indicating that our HIV-1 infected popula-

tion was relatively immunocompetent.

We also analysed the effect of prazinquantel on the rates of parasitism in our study population and found that 62.9% (176/280) had
previously taken prazinquantel. The prevalence of parasitism was higher in participants who were not previously treated 32.5% (91/280)
compared to those treated with praziquantel 14.3% (40/280) (p < 0.0001). This difference was found in both the HIV-1 infected and un-
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infected populations (p < 0.005), suggesting that prazinquantel intake has a protective effect on decreasing the rates of parasitic infection.
A study done in Ugandan adult women infected by S. mansoni found that treatment of their infection with prazinquantel, substancially
reduced HIV acquisition for at least two months. This is attributed to the improvement of local genital tract and global immunological ef-
fects, suggesting that treatment of neglected parasitic infection can potentuially reduce the risk of female HIV [37]. This is even true taking
into account the growing evidences sugesting the existence of considerable interaction between parasitic infections and HIV transmission
[2,3,5,7-12,14].

Despite Mozambique’s efforts to control schistosomiasis and intestinal parasites according to the WHO recommendation since 2010
directed to school-age children, the prevalence of these infections is still very high in Mozambique and in South East African countries in
general [4,8,25,27,28]. Meta- analysis studies of HIV-1 infected individuals indicated substantial changes in HIV viral load after treatment
of co-infections. Thus, the control strategies for these parasites, needs to be extended to adults deserves to be revisited with inclusion of
adults, especially those on high risk of infection with NTDs. This is especially true in the context of climate change where we expect to see

significant impacts of heat and drought on the parasitic lifecycles and that will also affect the biology of their hosts [8,39].
Multivariate logistic regression

Results from multivariate logistic regression shown in table 7, revealed that HIV-1 infected patients were more likely to be infected by
any parasite (OR = 1.813575) than HIV-1 uninfected patients. In addition, those using river or lake as water sources either for drinking
(OR = 7.289245) or domestic chores (OR =9.16205) were more likely to be infected by any parasite, than those whose water source was
from pipes. A lower level of education was also identified as a significant risk factor for parasitic infection, as noted in many other studies
[27,33,42]. Participants with secondary/higher education were found to be less likely to have a parasite infection that those with primary
or no education (OR = 0.379).

Variables Estimate OR (95% CI) p value
(Intercept) -2.90766 <0.0000
Sex (Ref=Female)
Male 0.07879 1.081977 0.8232
HIV-1 status (Ref=Negative)
Positive 0.5953 1.813575 0.0468
Time of residence in Boane (Ref= less than 5 years)
More than 5 years 0.28913 1.335265 0.3937
Age (Ref=>14)
5-14 years 0.38264 1.46615 0.3207
Education (Ref=illiterate)

Primary -0.57594 0.562176 0.09

Secondary -0.96931 0.379345 0.0399
Occupation (Ref=unemployed)

Farmer -0.02686 0.973498 0.9471

Trading/others -0.52604 0.59094 0.224

Water source (Ref=piped)
River/Lake 1.9864 7.289245 <0.0000
Well 2.28807 9.855897 <0.0000
Garments, bed linen (Ref=home)

River/Lake 2.21507 9.16205 <0.0000

Table 7: Multivariate logistic regression in relation to some selected risk factors.
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Our study had several limitations that deserve to be highlighted. First, our study population represented a convenience sample among
those seeking health care in Boane Health Center, so the results obtained cannot be extrapolated to the general population of the country.
Secondly, we only collected one stool and urine sample for each patient, and it is possible that the results obtained underestimate parasite
prevalence in the stools, mainly due to intermittent excretion of parasite eggs or cysts, or to the limitations regarding sensitivity of the

microscopic techniques used [43].

Conclusions

In women HIV-1 status was associated with higher rates of infection by S. mansoni, suggesting that chronic infection with schistosomia-
sis is a risk factor for HIV-1 acquisition in our study population. Further we were able to demonstrate that in our group the infestation by

S. mansoni was associated with degree of inmunosupresion.

Given the negative effect of these parasitic infections and the high rates of HIV/AIDS in Mozambique and in South East Africa, the
control strategy for these infections should be extended to this high risk group and adults in general, as an additional tool to control HIV
transmition. Moreever, these strategy should also take into account that climate changes may further influence rates of infection by these

parasites.

Future studies in the region should be targeted on defining the role of each parasite identified in relation to HIV-1 infection, as well
as in identification of human immunogenetic determinants of schistosomiasis susceptibility and severity, thus open insigths for rational

development of novel therapeutic and vaccine targets for schistosomiasis.
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