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Abstract

Soil-transmitted helminthiases (STH) represent the most prevalent helminth infections
worldwide and are closely associated with inadequate sanitation and poverty. During
2020 and 2021, a significant information gap emerged as a consequence of the SARS-CoV-2
pandemic. Therefore, the objective of this study was to provide an updated post-pandemic
overview by estimating the prevalence of STH, identifying the etiological agents involved,
and analyzing the risk factors associated with these infections. The study was conducted
in Ilal6, Pichincha, Ecuador, where a total of 320 individuals were examined using three
diagnostic methods: Kato-Katz, McMaster, and Mini-FLOTAC. Of these, 73 participants
tested positive (22.81%, 95% CI: 22.3-23.4). The most frequently identified parasite was
Ascaris lumbricoides (74.73%, 95% Cl: 73.7-75.8). The main risk factors identified were
pig farming (OR: 4.16; 95% CI: 2.34-7.42) and vegetable and fruit cultivation (OR: 11.66;
95% CI: 4.32-41.08). These findings provide relevant epidemiological data on STH in the
region, demonstrating a reduction in infection prevalence likely associated with improved
prevention and control measures implemented during the COVID-19 pandemic.

Keywords: soil-transmitted helminth; indigenous communities; Mini-FLOTAC; Kato-Katz;
risk factors

1. Introduction

Soil-transmitted helminths (STH) are among the most prevalent parasitic infections
worldwide, strongly associated with poor sanitation, inadequate hygiene, and poverty.
The principal etiological agents include the nematodes Ascaris lumbricoides Linnaeus, 1758,
Trichuris trichiura Linnaeus, 1771, Strongyloides stercoralis Babay, 1876 and hookworms
(Necator americanus Stiles, 1903 and Ancylostoma duodenale Dubini 1843) [1,2]. Transmission
occurs either by ingestion of infective eggs present in soil, food, or water contaminated
with human feces (A. lumbricoides and T. trichiura), or through skin penetration by infective
larvae present in contaminated soil, as in the case of hookworm disease [3,4].

Lack of economic development and less access to sanitary infrastructure and treated
water, garbage collection, and hygiene services have contributed to the increased burden
of STH in rural populations [5]. In children, heavy infections can compromise physical
growth and cognitive development, leading to iron-deficiency anemia, poor academic
performance, and school absenteeism [6,7]. In adults and the elderly, STH infections are
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frequently associated with gastrointestinal disorders, increased susceptibility to secondary
infections, and comorbid digestive pathologies, contributing to reduced work productivity
and chronic absenteeism [8].

In Latin America, the prevalence of intestinal parasites has remained relatively stable
over the last six decades, despite technological and scientific advances. Extremely high
prevalence rates have been documented in countries such as Brazil (89.5%), Pert (65%),
and Venezuela (79%), with A. lumbricoides consistently identified as the most widespread
parasite across both tropical and temperate regions [8,9]. In Ecuador, STH prevalence varies
by geographic region, with average estimates around 40%. However, in remote populations
and specific ethnic groups, prevalence can exceed 50% [10].

Given this epidemiological context, the planning and evaluation of control interven-
tions for STH require valid, accurate, and up-to-date information. The omission of existing
soil-transmitted helminth (STH) control programs, such as mass drug administration
(MDA), is a relevant limitation that should be acknowledged, as these interventions are
central to understanding infection dynamics in endemic regions. Over the past two decades,
large-scale deworming programs—often school-based and implemented with albendazole
or mebendazole—have been shown to substantially reduce prevalence and intensity of
STH infections [8,11].

Unfortunately, catastrophic events can disrupt surveillance systems, as evidenced
by the SARS-CoV-2 pandemic beginning in 2020, which generated profound social and
health-related impacts worldwide. This viral disease, characterized by high transmissi-
bility and multisystem involvement (pulmonary, renal, and cardiovascular), exhibited
elevated morbidity and mortality rates [11,12]. Mandatory quarantines limited access to
processed foods and safe drinking water, forcing rural households to rely on artisanal
livestock farming, small-scale horticulture, and untreated well water—conditions that
significantly increased exposure risk to STH. Additionally, the reallocation of healthcare
resources toward pandemic control diminished government capacity for STH surveillance,
prevention, and treatment, leading to insufficient epidemiological data and weakened in-
tervention strategies. In many mestizo and Indigenous communities, this vacuum fostered
self-medication practices, including widespread prophylactic use of ivermectin, which in
some cases worsened health outcomes [11,12].

The subsequent development of vaccines against SARS-CoV-2 and the adoption of
enhanced sanitary practices—such as frequent handwashing, disinfection of footwear and
clothing, and improved domestic hygiene—proved effective in mitigating viral transmis-
sion. Notably, these practices also contributed to reducing STH transmission, underscoring
the interconnection between COVID-19 control strategies and parasitic disease manage-
ment [11-13]. This convergence of preventive measures highlights the complexity of global
health responses and emphasizes the importance of integrated, cross-sectoral approaches
to address interconnected public health challenges [14,15].

The potential association between the COVID-19 pandemic and an increased risk of
soil-transmitted helminth (STH) infections is biologically and epidemiologically plausi-
ble; however, empirical evidence directly supporting this link remains limited. Emerg-
ing studies indicate that the pandemic exacerbated structural vulnerabilities in low- and
middle-income countries by restricting access to healthcare services, interrupting preven-
tive chemotherapy programs, and worsening socioeconomic conditions that favor STH
transmission. The World Health Organization, for instance, reported substantial disruptions
in mass drug administration (MDA) campaigns for neglected tropical diseases, including
STH, raising concerns about a possible resurgence of infections [11].
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Therefore, the objective of this study was to characterize the epidemiology and risk
factors associated with major soil-transmitted helminthiases in the post-SARS-CoV-2 pan-
demic context among rural inter-Andean communities of the Ilalé Strip, Ecuador.

2. Materials and Methods
2.1. Study Population

The study was conducted between June 2021 and May 2022 in the area known as
the Ilal6 Strip, located in Pichincha Province, Ecuador, between the Tumbaco and Los
Chillos valleys, in proximity to Quito. Ilal6 is an inactive volcanic formation surrounded by
rural communities and agricultural zones. The region is characterized by a dry temperate
climate with microclimatic variations influenced by altitude and vegetation. The mean
annual temperature ranges between 14 °C and 22 °C. The area combines natural landscapes,
ecotourism activities, and progressive urban development.

For this investigation, the total population of the surrounding communities (1 = 2432)
was established based on data from the 2022 population census and the registration records
of the Los Chillos Zonal Administration. The sample size was estimated using the sta-
tistical software R version 4.0, assuming an expected prevalence of 30%, a 95% confi-
dence level, and a 5% margin of error, yielding a required sample of 322 individuals.
The communities included in the survey were La Merced (0°36'66.67” S, 78°45'00” W),
La Toglla (0°22'31.14" S, 78°49'78.1" W), Sorialoma (0°15'17.6"” S, 78°26'50.4” W), Ru-
miloma (0°19'55.2" S, 78°29'11.9” W), and Ubiyus (0°25'0" S, 78°22'60"” W), as depicted
in Figure 1.

0°16'0"S, 78°24'0" W

Legend
’ Communities

m— River

Figure 1. Location of the communities of the Ilalé Strip, Pichincha Province, Ecuador.

A descriptive cross-sectional survey was conducted in adults, elder adults and children,
with and without STH symptomatology. Each participant completed a standardized
questionnaire; for minors, participation was assisted and authorized by their parents or
legal guardians. Inclusion criteria required the provision of signed informed consent and
voluntary agreement to participate in the study. Exclusion criteria included a history of
antiparasitic treatment within the six months preceding sample collection.
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2.2. Selection of Samples and Parasitological Methods

Three consecutive stool samples (minimum 15 g each) were collected from every par-
ticipant and processed within 24 h at the Parasitology Laboratory of the Central University
of Ecuador. All samples were analyzed in parallel using three standardized coproparasito-
logical techniques: Mini-FLOTAC, McMaster, and Kato-Katz. The Kato—Katz technique
was performed using the 41.7 mg template, according to WHO recommendations [16]. The
McMaster method was conducted according to the standard protocol: 2 g of stool were ho-
mogenized and filtered in 30 mL of Sheather’s sugar solution with a specific gravity of 1.20
(Flotation Solution 1, FS1). Two McMaster counting chambers (1 mL each) were filled per
sample, and eggs were allowed to float for three minutes. Counts were multiplied by 50 to
obtain the number of eggs per gram of feces (EPG) [17]. The Mini-FLOTAC method was ap-
plied according to FLOTAC protocols [18]. Two grams of stool were homogenized in 2 mL
of 5% formalin, filtered, and subsequently diluted in 36 mL of saturated sodium chloride
solution with a specific gravity of 1.20 (Flotation Solution 2, FS2). After a flotation period
of 10 min, the reading disc was translated, and intestinal helminth eggs were detected
and quantified within the counting grid. The intensity of infection with soil-transmitted
helminths (STH) was classified according to the thresholds established by the World Health
Organization (WHO) using the Kato-Katz technique. For Ascaris lumbricoides, infection
intensity was defined as mild (<5000 eggs per gram [EPG]), moderate (5000-49,999 EPG),
and heavy (>50,000 EPG). For Trichuris trichiura, thresholds were mild (1-999 EPG), mod-
erate (1000-9999 EPG), and heavy (>10,000 EPG). For hookworms (Necator americanus and
Ancylostoma duodenale), infection intensity was categorized as mild (1-1999 EPG), moderate
(2000-3999 EPG), and heavy (>4000 EPG) [16]. The variable type of infection was defined
as either monoparasitic infection, corresponding to infection with a single STH species,
or polyparasitic infection, corresponding to concurrent infection with two or more STH
species. Within polyparasitic cases, types of mixed infection were further specified based on
the particular combinations of species detected.

2.3. Statistical Analysis

All data were entered into an Excel file (Microsoft 2010) and subsequently analyzed us-
ing EPIDAT version 3.1. Demographic and sanitary variables of the participants—including
age, sex, source of water consumption, excreta disposal, handwashing practices, disin-
fection habits, footwear use, waste management, animal husbandry, vegetable and fruit
cultivation, as well as washing and disinfection of produce—were treated as categorical
variables and described using absolute frequencies and percentages.

The prevalence, agent, type of infection, types of mixed infection and its 95% confi-
dence interval were calculated per community. For each community, prevalence estimates,
etiological agents, type of infection, and patterns of mixed infections were calculated along
with their corresponding 95% confidence intervals (CI). Prevalence was defined as the
proportion of positive samples among the total number of samples analyzed. A case was
classified as positive if at least one of the diagnostic techniques (Kato—Katz, Mini-FLOTAC,
or McMaster) yielded a positive result, and as negative if all three techniques produced
negative findings. The intensity of infection was determined exclusively by the Kato—Katz
method and expressed as eggs per gram of feces (EPG), categorized into mild, moderate,
and heavy infections according to WHO guidelines.

Risk factor analysis for soil-transmitted helminth (STH) infections was conducted
through both bivariate and multivariate approaches. In the bivariate analysis, associations
between STH infection and demographic or sanitary variables were assessed using Pear-
son’s x? test, and crude Odds ratio (OR) with 95% CI were calculated. Variables showing
statistical significance in the bivariate analysis were subsequently included in a multiple
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logistic regression model to estimate adjusted ORs and their 95% CI. Statistical significance
was defined at p < 0.05, high significance at p < 0.01, and very high significance at p < 0.001.

3. Results
3.1. Characteristics of Study Population

A total of 320 participants out of 2432 inhabitants from the five studied communities
met the eligibility criteria and consented to participate (Scheme 1). The distribution of
enrolled individuals was as follows: La Merced, 87/635; La Toglla, 68/438; Sorialoma, 59/356;
Rumiloma, 40/412; and Ubiyus, 66/591. The demographic and sanitary characteristics of
the study population are summarized in Table 1. The mean age was 36.5 years (range:
17-65 years), and the proportion of women was higher than that of men (62.19% vs. 40.94%).
Regarding water consumption, the majority reported access to drinking water (75.31%). In
terms of waste management, the predominant method was municipal garbage collection
(69.69%). With respect to animal husbandry, 98.44% of respondents reported raising animals,
among which pig farming represented 22.5% of cases.

Population of the llalé area, Pichincha, Ecuador (2432 people)

Population included in the study (2432 people) Population not included in the inclusion criteria (1952 people)

Population that meets the inclusion criteria (480 people) Population that did not submit stool samples (160 people)

Population that participated (320 people)

Scheme 1. Selection of the study population from the Ilalé Strip, Pichincha Province, Ecuador.

Table 1. Characteristics of the Ilal6 Strip population, Pichincha Province, Ecuador.

. . Total = 320

Variables Categories » % CI (95%)
La Toglla 68 2125 16.77 25.73
Sorialoma 59 18.44 1419 22.69
Community Rumiloma 40 12.5 8.88 16.12
Ubiyus 66 20.63 16.19 25.06
La Merced 87 2719 2231 32.06
3 to 16 years old 89 2781 229 3272
Age 17 to 65 years old 157  49.06 4359 5454
>65 years old 74 2313 1851 27.74
Gend Male 131  37.81 3555 46.33
ender Female 199 6219 5687 675
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Table 1. Cont.
. . Total = 320
Variables Categories » % CI (95%)

Drinking water 241 75.31 7059 80.04

. Pipe water 62 19.38 15.04 23.71

Water Consumption Well 17 531 286 777

River 0 0 0 0

Sewage 208 65 59.77 70.23

Excrement handlin Septic tank 76 23.75 19.09 2841

& Latrine 35 1094 752 1436

Open field 1 0.31 0 0.92

. Yes 318 99.38 98.51 100

Handwashing No 2 0.62 0 1.49

After using bathroom 64 20.00 15.62 24.38

Frequency of handwashing Once a day 211 6594 60.74 71.13
Several times a day 43 13.43 9.7 17.17

Disinfecti Yes 199 62.18 56.87 675
1sintection No 121  37.81 325 4313

Yes 318 99.38 98.51 100

Sh No 2 0.62 0 1.49
oe use Indoors 289  90.88 87.07 93.55

Outdoors 318 100 98.51 100
Garbage collector 223 69.69 64.65 74.72

Garbage and waste Burial 36 1125 779 1471

management Burning 57 17.81 13.62 22

Open field 4 1.25 0.03 247

Yes 315 98.44 97.08 99.8
Animal farming Pigs 72 225 1792 27.08

No 5 1.56 0.2 2.92
. . Yes 52 1625 1221 20.29
Vegetable and fruit growing No 268 8375 7971 8779
Washing and disinfection of Yes 289 9625 87.07 93.55
vegetables and fruits No 31 375 645 1293

3.2. Prevalence of STH

A total of 73 stool samples tested positive for soil-transmitted helminths (STH) among
the 320 individuals examined, corresponding to an overall prevalence of 22.81% (95% CI:
22.3-23.4). Diagnostic performance across the parasitological methods was comparable,
with 71 infections detected using Mini-FLOTAC, 69 with the McMaster technique, and 68
with the Kato—Katz method (p > 0.05). At the community level, prevalence was as follows:
La Toglla, 13/68 (19.12%; 95% CI: 17.9-20.3); Sorialoma, 15/59 (25.42%; 95% CI: 24.1-26.7);
Rumiloma, 11/40 (27.50%; 95% CI: 25.9-29.1); Ubiyus, 13/66 (19.70%; 95% CI: 18.1-21.3);
and La Merced, 21/87 (24.14%; 95% CI: 23.1-25.2) (Figure 2). No statistically significant
variation in STH prevalence was observed between communities (p > 0.05).

No statistically significant differences were observed in STH prevalence by sex
(p > 0.05). Of the positive cases, 36 (49.31%; 95% CI: 48.2-50.5) were males and 37 (50.69%;
95% CI: 49.5-51.8) were females. When stratified by age group, statistically significant
differences were identified (p < 0.05), with the highest number of cases occurring among
individuals aged 17-65 years (41/73; 56.16%; 95% CI: 55-57.3), followed by children aged
3-16 years (24/73; 32.88%; 95% CI: 32.7-35.0) and adults over 65 years (8/73; 10.96%;
95% CI: 9.81-12.1).
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Figure 2. Positive and negative cases by location in the Ilal6 Strip, Pichincha Province, Ecuador.

The most frequently reported parasite was A. lumbricoides (74.73%), followed by
T. trichiura (13.19%) and hookworm species (12.09%), as detailed in Table 2. Overall, single-
species infections were the most frequent presentation (57 cases), whereas polyparasitism
was observed in 17 individuals with dual infections and in 2 individuals harboring three

species simultaneously. The most prevalent co-infection pattern involved A. lumbricoides

and hookworms, detected in 9 cases (64.29% of all mixed infections).

Table 2. Analysis of the different parasitic agents and types of infection.

Total
Helminthiasis
n o/o CI (950/0)
Ascaris lumbricoides 68 7473  73.7 75.8
Agent Trichuris trichiura 12 1319 122 14.2
Hookworms ! 1 12,09 111 131
One parasite 57 78.08 769 79.2
Type of infection Two parasites 14 19.18 18 20.3
Three parasites 2 274 159 398
T ¢ mixed A. lumbricoides + T. trichiura 5 35.71 33.1 38.3
ypesfo tmlxe A. lumbricoides + Hookworms 1 9 6429 61.7 66.9
tntection T. trichiura + Hookworms ! 0 0 -

1 Necator americanus or Ancylostoma duodenale.

3.3. Intensity of STH Infection

The overall prevalence of STH infections was predominantly mild intensity (Table 3).
Ascaris lumbricoides accounted for the highest proportion of mild infections (54/68, 73.97%),
followed by T. trichiura (10/12,71.43%) and hookworms (9/11, 81.82%). Moderate infections
were mainly observed in A. lumbricoides (12/68, 16.44%), T. trichiura (2/12, 28.57%), and
hookworms (2/11, 18.18%). Severe infections were rare, detected only in La Toglla with

A. lumbricoides (2/68, 2.74%).
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Table 3. Classification of helminthiases by intensity of infection.
Intensity of Infection !
Agent R — — K —
Mild % CI 95% X EPG 2 Moderated % CI 95% X EPG High % CI 95% X EPG
A. lumbricoides 54 7397  69.8-89.02 2762.64 12 16.44 8.59-26.71 24,263 2 2.74 0-6.96 58,200
T. trichiura 10 7143 62.25-85.31 568.75 2 28.57 19.15-37.9 3750 0 0 - -
Hookworms 3 9 81.82 72.03-91.61 1158.33 2 18.18 9.72-29.3 2950 0 0 - -
1 The intensity of infection was calculated by Kato-Katz method in Eggs per Gram of Faeces (EPG). 2 The average
EPG is obtained by summing the calculated EPG values for each sample and dividing by the total number of
samples analyzed. 3 Necator americanus or Ancylostoma duodenale.
3.4. Factors Associated with STH
Bivariate logistic regression analysis (Table 4) identified multiple epidemiological
factors significantly associated with soil-transmitted helminth (STH) infection. Pearson’s
chi-square (x?) test was first applied to explore crude associations between categorical
variables, revealing statistically significant differences that were subsequently examined
through logistic regression modeling. Age group showed a significant association (x? = 7.90,
df =2, p < 0.05), with individuals aged 3-18 years exhibiting the highest prevalence and
increased odds of infection (OR = 1.85; 95% CI: 1.02-3.36). Environmental exposures were
also relevant determinants: animal husbandry (x? = 14.05, df = 2, p < 0.001), particularly pig
rearing (OR = 4.16; 95% CI: 2.34-7.42), and fruit/vegetable cultivation (x> = 165.62, df = 1,
p < 0.001; OR = 11.66; 95% CI: 4.32-41.08) were strongly associated with infection risk.
Similarly, waste disposal practices were significantly linked to STH prevalence (x> = 17.74,
df =3, p <0.001).
Table 4. Bivariate analysis of the association between STH and variables.
. ) . Bivariate Analysis
Variables Categories Total Positives
p Value  OR CI 95%
La Toglla 68 13 Ref - - -
Sorialoma 59 15 0.4 144 062 335
Community Rumiloma 40 11 0.34 1.6 0.64  4.03
Ubiyus 66 13 1 1.04 044 244
La Merced 87 21 0.56 135 062 293
3 to 16 years 89 24 0.04 1 1.85 1.02  3.36
Age 17 to 65 years 157 41 Ref - - -
>65 years 74 8 0.83 093 045 184
Gend Female 199 37 Ref - - -
ender Male 131 36 057 117 069 197
Drinking water 241 49 Ref - - -
Water consumption Pipe water 62 20 0.19 1.52 0.80 2.83
P Well 17 4 0.81 115 031 340
River 0 0 - - - -
Sewage 208 40 0.98 0.011  0.000  1.50
Excrement handlin Septic tank 76 21 0.98 0.185 0.012 235
& Latrine 35 11 0.98 0216 0.023 270
Open field 1 1 Ref - - -
Handwashin Yes 318 72 0.98 0.136 0.014 4.86
& No 2 1 Ref - - -
After using bathroom 64 1 Ref - - -
Frequency of handwashing Once a day 211 72 0.98 0.159 0.022 0.322
Several times a day 43 0 1 0.100 0.018 0.89
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Table 4. Cont.
. Bivariate Analysis
Variables Categories Total Positives
p Value OR CI 95%
Disinfecti Yes 199 24 0.000 2 020 011 0.34
1sinfection No 121 49 Ref _ _ _
Yes 318 72 0.98 013 0.025 048
Sh No 2 1 Ref - - -
oeuse Indoors 289 60 0.59 012 0062 024
Outdoors 318 71 0.98 013 0.062 0.48
Garbage collector 223 41 0.519 045 004 983
Garbage and waste Burial 36 18 0.614 1.89 017  42.88
management Burning 57 13 0.677 059 005 1331
Open field 3 1 Ref - - -
Yes 315 72 0.88 1.18 017 2338
Animal farming Pigs 72 32 0.000 2 416 234 742
No 5 1 Ref - - -
Vegetable and fruit Yes 52 48 0.0002 11.66 432 41.08
cultivation No 268 25 Ref - - -
Washing and disinfection of Yes 289 43 0.0002  0.005 0.0003 0.028
vegetables and fruit No 31 30 Ref - - -

! Significance (p < 0.05); 2 very high significance (p < 0.001).

In contrast, hygiene-related practices exhibited strong inverse associations. Disin-
fection habits (X2 =32.96, df =1, p < 0.001; OR = 0.15; 95% CI: 0.04-0.53) and proper
washing /disinfection of fruits and vegetables (x> = 102.04, df = 1, p < 0.001; OR = 0.004;
95% CI: 0.0002-0.033) were independently associated with substantially reduced odds of
infection, underscoring their role as critical protective behaviors. No significant associations
were observed for community of residence, gender, type of water source, excreta disposal
system, handwashing frequency, or shoe use (p > 0.05).

Multivariate logistic regression analysis (Table 5) corroborated the associations identi-
fied in the bivariate models, providing robust evidence of the epidemiological determinants
of STH infection. Age was a significant factor, with individuals aged 3-18 years exhibiting
markedly increased odds of infection (OR = 4.87; 95% CI: 1.17-25.81), underscoring the
heightened vulnerability of school-aged populations. Likewise, specific environmental
exposures—particularly pig farming (OR = 3.11; 95% CI: 1.80-12.05) and fruit/vegetable
cultivation (OR = 7.40; 95% CI: 3.25-22.06)—were strongly associated with infection risk,
reflecting their importance as context-specific drivers of transmission.

In contrast, hygiene-related practices demonstrated statistically significant inverse
associations with STH prevalence. Regular body and hand disinfection (OR = 0.15; 95% CI:
0.03-0.53) and proper washing/disinfection of fruits and vegetables (OR = 0.004; 95% CI:
0.0002-0.033) were associated with substantially reduced odds of infection. While these
findings do not establish causality, they highlight the relevance of behavioral and sanitary
measures as potential mitigating factors in transmission dynamics. Collectively, these
results emphasize the dual role of environmental exposures and preventive practices in
shaping the epidemiological profile of STH within the study population.
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Table 5. Multivariate analysis of the association between STH and variables.

Multivariate Analysis

Variables Categories Total Positives
p Value OR CI 95%
3 to 16 years 89 24 0.038 1 487 117 2581
Age 17 to 65 years 157 41 - - - -
>65 years 74 8 0.13 388 0.66 26.03
Disinfecti Yes 199 24 0.004 2 015 003 053
1sintection No 121 49 _ _ _ _
Yes 315 72 - - - -
Animal farming Pigs 72 32 0.009 2 3.11 1.80  12.05
No 5 1 - - - -
. N Yes 52 48 0.0003 740 325 2206
Vegetable and fruit cultivation No 268 25 . . ) )
Washing and disinfection of Yes 289 43 0.0003  0.004 0.0002 0.033
vegetables and fruit No 31 30 - - - -

1 Significance (p < 0.05); 2 high significance (p < 0.01); 3 very high significance (p < 0.001).

4. Discussion

In this study, the prevalence of A. lumbricoides, T. trichiura, and hookworms was
22.81%, which is lower than the national and regional averages that generally exceed 30%.
Nevertheless, A. lumbricoides remained the predominant species. Previous surveys in Quito,
Ecuador, reported prevalences of 35.5% for A. lumbricoides and 0.5% for T. trichiura [19],
whereas in remote Amazonian communities of Paquisha, prevalences reached 44.3% for
A. lumbricoides, 23.3% for T. trichiura, and 1.8% for hookworms [20]. Previous studies
have reported considerable variation in the prevalence of soil-transmitted helminth (STH)
infections across Latin America. Earlier surveys documented an overall prevalence of 27.9%,
with species-specific rates of 18.5% for Ascaris lumbricoides, 19.3% for Trichuris trichiura, and
5.0% for hookworms [21]. More recent investigations indicated prevalence values as high
as 45.31% among children, with A. lumbricoides remaining the predominant species [22]. At
the regional level, prevalence estimates of 23.3% have been described, again dominated
by A. lumbricoides (33.9%). In contrast, markedly higher levels have been reported in other
areas (72%) [23], although in these cases A. lumbricoides accounted for only 12.2% and
hookworms for 1.11%. Additional surveys have documented prevalences of 25.2% for
A. lumbricoides, 14.8% for T. trichiura, and 4.4% for hookworms [24].

Compared with historical data, our findings indicate a decline in prevalence, which
may be partially explained by behavioral and sanitary practices adopted during the
SARS-CoV-2 pandemic, such as improved hand hygiene, increased use of disinfectants,
and restrictions on mobility that reduced environmental exposure. Similar post-pandemic
epidemiological shifts have been described in other parasitic and infectious diseases, sug-
gesting that public health crises can indirectly modify patterns of transmission of en-
demic pathogens [25].

The observed reduction, however, should be interpreted with caution. Temporary
behavioral changes induced by the pandemic may not persist once sanitary vigilance
diminishes, which could lead to a rebound in transmission, as reported in other regions
where STH control was interrupted by COVID-19-related disruptions. These findings
highlight the critical importance of maintaining sustainable preventive strategies rather
than relying on circumstantial factors associated with global health emergencies [26].

The consumption of untreated water and inadequately washed food has been shown to
increase the risk of infection by up to 90%, underscoring the persistent role of behavioral risk
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factors in sustaining transmission, particularly for Trichuris trichiura [25,26]. However, these
practices cannot be examined in isolation, as environmental determinants exert a synergistic
influence. The ecological characteristics of the Ilalé area—altitudes ranging from 1800 to
2500 m and moderate temperatures between 10 and 22 °C—create favorable conditions
for the survival and development of infective stages of soil-transmitted helminths (STH).
This aligns with evidence indicating that microclimatic stability enhances the persistence of
helminth eggs and larvae in the environment [14,27].

Of particular concern is the predominance of A. lumbricoides, a pattern repeatedly
observed in both national and regional surveys. This predominance may be attributed to
the exceptional resilience of its eggs, which remain viable under fluctuating environmental
conditions such as high humidity or prolonged desiccation, thus extending the window of
transmission for weeks or even months [28,29].

In this study, the presence of sewage systems emerged as a key protective factor
against STH infections. Previous evidence from China demonstrated that the availability
of household toilets and sewage infrastructure was strongly associated with a reduced
risk of parasitic infections [26], underscoring the pivotal role of sanitation in mitigating
geohelminth transmission. One of the most effective interventions to control A. lumbricoides
and T. trichiura is the implementation of sanitary facilities such as private toilets, latrines,
or communal restrooms [30,31]. However, despite their initial acceptance, these facilities
often deteriorate over time in the absence of sustained oversight by health authorities and
community engagement. Poor construction quality, inadequate maintenance, and lack of
routine cleaning contribute to their progressive abandonment, ultimately limiting their
long-term impact on reducing transmission [32].

Access to safe drinking water emerged as a critical protective factor, with more than
75% of participants (75.31%) reporting availability of potable sources. In contrast, com-
munities dependent on untreated water exhibited significantly higher prevalence rates of
soil-transmitted helminth (STH) infections [33]. Meta-analytical evidence has consistently
shown that access to treated water reduces the odds of parasitic infection by nearly 50%,
reinforcing the central role of water quality in shaping STH epidemiology [34].

Behavioral practices, particularly those reinforced during the COVID-19 pandemic,
also contributed to mitigating infection risk. Frequent handwashing and the use of alcohol-
based disinfectants acted as protective factors against STH, reflecting widespread behav-
ioral adaptations to pandemic-related preventive measures [35,36]. During this period,
routine disinfection of hands, clothing, and surfaces became mandatory in many public
and commercial spaces. Hand hygiene—defined as the mechanical or chemical cleansing of
hands to reduce microbial load—has long been recognized as a cornerstone of infectious dis-
ease prevention, including helminth transmission [37,38]. Evidence indicates that frequent
handwashing with soap or the use of alcohol-based sanitizers substantially lowers infection
risk, while specific practices such as handwashing before meals and after defecation are
associated with markedly reduced odds of STH infection [39,40]. Specifically for STH,
handwashing before meals (OR 0.80) and after defecation (OR 0.37) were associated with
markedly reduced infection risk [41,42].

Nevertheless, the protective effects of hygiene interventions are not universally con-
sistent. Some studies report no significant added benefit [43], when combining multi-
ple practices, possibly because these behaviors were implemented selectively in schools
but not consistently reinforced at the household level. Moreover, reductions in preva-
lence and intensity appear to be species-specific, with stronger associations observed for
Ascaris lumbricoides compared to Trichuris trichiura or hookworm species [44,45].

Another effective protective measure identified was the consistent use of footwear,
both inside and outside the household, as well as the practice of foot disinfection through
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footbaths when entering homes during the COVID-19 pandemic. Floors were recognized
as highly contaminated surfaces, and the application of disinfectants through cleaning or
footbaths significantly reduced the risk of viral transmission. Although primarily intended
to mitigate COVID-19, these practices may have indirectly contributed to a reduction in
soil-transmitted helminth (STH) infections by limiting contact with contaminated sub-
strates [46]. Previous studies highlighted that farmers exhibited a significantly higher risk
of STH infection (OR 1.7), attributable to prolonged exposure to agricultural environments
while working barefoot under unhygienic conditions [41]. Direct skin contact with contam-
inated soil facilitates larval penetration and ingestion of infective stages, reinforcing the
importance of footwear as a critical barrier against infection.

Given the central role of soil in STH transmission, numerous investigations have
focused on the prevalence and concentration of infective eggs in diverse environmental
matrices, including agricultural fields and livestock farms [47]. The persistence of STH eggs
in soil, often lasting several months due to their remarkable resistance to environmental
stressors, sustains the risk of infection over time [48,49]. Consequently, individuals working
in or exposed to agricultural settings remain vulnerable to infection even in the absence of
direct human contamination, as soils used for crop cultivation or animal husbandry may
act as long-term reservoirs of infective eggs and larvae [50].

Cultivation of vegetables and fruits was identified as a high-risk factor for STH
infection in this study, likely attributable to the reuse of wastewater for irrigation, a well-
documented transmission route that directly affects farmers and indirectly exposes con-
sumers. It has been reported that consumption of vegetables irrigated or fertilized with
wastewater significantly increases the risk of STH transmission, the degree of contamina-
tion is strongly influenced by the quality of wastewater, the irrigation technique applied,
and the crop species cultivated [51,52]. Furthermore, post-harvest practices introduce
additional risks; transportation, handling, storage, and distribution of vegetables and fruits
in markets may further enhance the likelihood of STH contamination [53].

Our findings also revealed a significant association between backyard pig rearing and
Ascaris lumbricoides infection, compared with households without pigs. This observation is
consistent with previous studies that demonstrated overlap between A. lumbricoides and
Ascaris suum Goeze, 1782 in humans and pigs, raising the hypothesis that they may con-
stitute a single species [54]. Future research should aim to clarify whether cross-infection
occurs under natural conditions. This evidence highlights the domestic environment as
a critical interface for transmission, underscoring the role of both humans and backyard
pigs as potential reservoirs and vectors of Ascaris spp. [55]. Indeed, ascarid infestations
derived from pig feces have increasingly been recognized as a relevant zoonotic source
of infection for humans [56,57]. Experimental studies by Avery et al. demonstrated that
A. lumbricoides and A. suum are capable of infecting and completing their life cycles in non-
natural hosts [58]. More recently, occupational exposure has been identified as a key risk fac-
tor, with individuals working on pig farms, whether producers or veterinarians—showing
higher infection rates compared to non-exposed populations [56].

Several limitations of this study must be acknowledged. A substantial propor-
tion of the target population (1952 of 2432 individuals) was excluded, primarily due
to the continuous use of ivermectin or chlorine dioxide as prophylactic measures against
COVID-19 [59,60]. In addition, both participants and non-participants frequently lacked ac-
curate knowledge of the specific substances administered within their communities during
quarantine, raising the possibility of exposure misclassification. To mitigate this bias, only
individuals who reported no antiparasitic drug use during the six months prior to sam-
pling were included, which markedly reduced the effective sample size. The widespread
promotion of ivermectin during the pandemic—driven by inconclusive randomized clin-
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ical trials with limited evidence of efficacy [61,62]—fueled its uncontrolled use at both
regional and national levels. Although these studies consistently demonstrated no signifi-
cant benefit in reducing emergency consultations, hospitalizations, or mortality compared
with placebo [61,62], ivermectin consumption nevertheless became generalized and may
have indirectly contributed to the lower prevalence of helminth infections observed in
this study [63]. Importantly, one key limitation in establishing a direct causal relationship
between pandemic-related preventive measures and the observed reduction in STH preva-
lence is the cross-sectional design of this study, which inherently precludes temporal or
causal inferences.

5. Conclusions

This study provides updated evidence on the epidemiological status of soil-transmitted
helminth (STH) infections in the Ilal6 region, identifying key determinants that shape local
transmission dynamics. The observed reduction in prevalence compared with historical
data may reflect the indirect impact of sanitary and behavioral interventions adopted
during the SARS-CoV-2 pandemic, including enhanced hygiene practices and widespread
disinfection protocols. While such measures appear to have conferred collateral benefits in
controlling STH transmission, their sustainability beyond the pandemic context remains un-
certain. The findings reinforce the importance of integrating long-term, community-based
health education strategies that emphasize preventive practices, particularly in vulnera-
ble rural populations. Special attention should be directed toward improving access to
safe water, sanitation, and hygiene infrastructure, as well as strengthening surveillance
systems to detect and respond to changes in infection trends. Moreover, the persistence
of backyard farming and small-scale animal husbandry as potential sources of environ-
mental contamination highlights the need for tailored interventions that address zoonotic
interfaces, including the safe management of livestock waste and promotion of biosecure
farming practices.
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