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Abstract

Background

Recommendations for soil-transmitted helminth (STH) control give a key role to deworming
of school and pre-school age children with albendazole or mebendazole; which might be
insufficient to achieve adequate control, particularly against Strongyloides stercoralis.

The impact of preventive chemotherapy (PC) against STH morbidity is still incompletely
understood. The aim of this study was to assess the effectiveness of a community-based
program with albendazole and ivermectin in a high transmission setting for S. stercoralis
and hookworm.

Methodology

Community-based pragmatic trial conducted in Tartagal, Argentina; from 2012 to 2015. Six
communities (5070 people) were enrolled for community-based PC with albendazole and
ivermectin. Two communities (2721 people) were re-treated for second and third rounds.
STH prevalence, anemia and malnutrition were explored through consecutive surveys.
Anthropometric assessment of children, stool analysis, complete blood count and NIE-
ELISA serology for S. stercoralis were performed.

Principal findings
STH infection was associated with anemia and stunting in the baseline survey that included
all communities and showed a STH prevalence of 47.6% (almost exclusively hookworm and
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S. stercoralis). Among communities with multiple interventions, STH prevalence decreased
from 62% to 23% (p<0.001) after the first PC; anemia also diminished from 52% to 12%
(p<0.001). After two interventions S. stercoralis seroprevalence declined, from 51% to 14%
(p<0.001) and stunting prevalence decreased, from 19% to 12% (p = 0.009).

Conclusions

Hookworm’ infections are associated with anemia in the general population and nutritional
impairment in children. S. stercoralis is also associated with anemia. Community-based
deworming with albendazole and ivermectin is effective for the reduction of STH prevalence
and morbidity in communities with high prevalence of hookworm and S. stercoralis.

Author summary

Soil-transmitted helminth (STH) infections are a relevant public health problem in
resource restricted settings due to their potential to perpetuate poverty, since chronic
infections are associated with learning and grow impairment in children and reduced pro-
ductivity in adults. The current strategy for STH control gives a key role to preventive che-
motherapy of risk groups (preschool and school age children and women of childbearing
age) with anthelmintic drugs. The drugs recommended for regular deworming are alben-
dazole or mebendazole. This strategy does not target Strongyloides stercoralis, an STH
resistant to the recommended drugs in single doses. The efficacy of ivermectin, alone or
in combination, for the treatment of Strongyloides stercoralis infection has been reported
in controlled trials. We conducted a pragmatic study aiming to assess the effectiveness of
community based preventive chemotherapy with albendazole plus ivermectin for the con-
trol of STH prevalence and morbidity, in endemic communities of Northwestern Argen-
tina. We found high baseline prevalence of hookworm and Strongyloides stercoralis and
significant nutritional and hematological morbidity associated with these infections. After
three rounds of preventive chemotherapy with albendazole and ivermectin we observed a
significant decline in the prevalence of infection and in the prevalence and severity of
morbidity.

Introduction

Soil-transmitted helminth (STH) infections are the most prevalent Neglected Tropical Dis-
eases (NTD) worldwide affecting over 2 billion people. Four nematode species (Ascaris lumbri-
coides, Trichuris trichiura, Necator americanus and Ancylostoma duodenale) are the most
common STH infections of humans [1,2]. Due to their common biological characteristics and
risk factors, geographic overlap and anthelmintic treatment of choice, the recommendations
from the World Health Organization (WHO) for STH control target the four species together
[3]. Strongyloides stercoralis is an STH with similar distribution but with some distinctive char-
acteristics regarding its diagnosis and therapy that have prevented its inclusion in the current
guidelines for STH control; however, it could be targeted with updated comprehensive control
strategies [4,5].

STH morbidity is of public health concern because of the population affected, the high
prevalence in low income countries and the long lasting consequences of the infection, all
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contribute to the economic impact of the disease and perpetuation of poverty [6]. Chronic
STH infection has been associated with cognitive impairment in school age children (SAC)
and negative impact on motor and language development of preschool age children (PSAC)
[7-9]. Negative effects of STH infection on nutritional status of children have also been
described such as stunting, reduced weight gain and specific micronutrient deficiencies (i.e.
iron and vitamin A) [10]. A major consequence of STH infection is iron-deficiency anemia, of
significant relevance in infants and pregnancy outcomes. STH infections and other tropical
infectious diseases, such as schistosomiasis and malaria, are implicated in the etiology of iron-
deficiency anemia in lesser-developed countries [11,12]. Among them, hookworm infection
has been strongly associated with the development of iron-deficiency anemia, due to chronic
intestinal blood loss [13].

Comprehensive STH control strategies include health education, improvements in water,
sanitation and hygiene, and Preventive chemotherapy (PC) through mass drug administration
(MDA) of albendazole or mebendazole [14,15]. Implementation of PC for school age children
(SAC), the group targeted by the current recommendations, has shown to be effective in
reducing worm burden and STH prevalence as much as in improving nutritional status and
anemia [16,17]. However, critical groups of the population like PSAC and women of reproduc-
tive age are not directly reached by this approach and would benefit if another strategy for
deworming such as community-based PC were applied [9,18]. The use of a drug active against
S. stercoralis (ivermectin) along with albendazole or mebendazole would enhance the PC effec-
tiveness in the control of S. stercoralis and T. trichiura and would carry additional benefits
such as the reduction in the prevalence of scabies and impetigo [5,19-21].

Argentina has a heterogeneous prevalence of STH infection, with areas of high prevalence
in the north. Previous studies in Salta province, in the Northwest, showed a cumulative preva-
lence of STH near 50%, with preponderance of S. stercoralis (20-48%) and hookworm (20—
45%) [22,23]. Anemia is a public health problem that affects 18% of the Argentinian popula-
tion, particularly in the northwest, where 38% of the PSAC and 19% of women between 10
and 49 years old are anemic [24,25].

The aim of the present study was to assess the effectiveness of a community based PC pro-
gram against STH, using a combination of albendazole and ivermectin. For that purpose, we
compared the results of fecal, blood and anthropometric surveys carried out before each PC
intervention through a longitudinal community based operational research. The effectiveness
of the intervention was monitored through the evaluation of STH cumulative prevalence of
the participant communities and variation in morbidity indicators such as anemia and nutri-
tional status of children. The study was part of a larger project with the objective to incorporate
a program of PC for STH control into the regular activities of the public primary health care
system in high prevalence regions of Salta province, Argentina.

Methods
Study design

Community-based pragmatic non-randomized trial conducted in Tartagal, Salta province,
Argentina between August 2012 and May 2015.

Ethics statement

All participants selected for surveillance provided written informed consent prior to the study
and parents/guardians provided informed consent on behalf of minor participants. The
research protocol and the informed consent forms were approved by the Bioethics Committee
of the Colegio de Médicos de la Provincia de Salta and by the Bioethics Committee of the
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Faculty of Health Sciences at the Universidad Nacional de Salta (FWA registered committee).
The anthelmintic drugs were used according to currently approved and recommended
regimens.

Study population

All members of six communities from Tartagal were invited to participate in the study. A com-
munity is defined as the group of people with a common ethnic origin that lives in neighboring
households and shares a unique community leader; generally including a group of around 100
households. Four of the communities enrolled in the study were peri-urban: Lapacho Alto,
Kilometro 6, Las Moras and Lapacho I; and two communities were urban: Pablo Secretario
and Tapiete, These communities are served by the Provincial primary health care system;
therefore, trained public health personnel (“sanitary agents™) visited each household every
three months. The communities were selected by the local public health authorities based on
the sanitary risk indicators collected in the census the year before the study started. Communi-
ties with report of malnutrition in PSAC, child or maternal mortality of preventable causes or
known STH prevalence above 50% were enrolled. All these communities also share similar
water and sanitation conditions [23] and are homogeneous in their economic status, most of
the families have a low monthly income that comes from informal and transitory jobs of a sin-
gle breadwinner and from small economic benefits from the government. A sample was
recruited for stool and blood surveillance, using stratified random selection with community
as the stratification factor and household as the unit for choice. Inhabitants of the selected
households, of any age and gender, were asked to provide a stool and blood samples prior to
deworming. Since this is a population-based trial, the subjects recruited for surveillance were
not necessarily the same individuals at baseline and follow-up. Nevertheless, the random selec-
tion strategy and sample size of the survey group were similar throughout the study. The num-
ber of stool samples collected within the survey group was 397 at baseline; 130 at first follow
up and 181 at second follow up. Blood samples were 409 at baseline; 156 at first follow up and
165 at second follow up.

Intervention

All the participants were offered anthelmintic therapy, independent of their age (age ranging
from 1 to 91 years old) or recruitment to the survey group. Two anthelmintic drugs in single
doses were used simultaneously, albendazole 400mg tablets, dosed at 1 tablet (half the dose in
children 12 to 24 months of age) and ivermectin 6mg tablets dosed at 200 micrograms/kg; pro-
duced by GlaxoSmithKline and ELEA Argentina respectively. The drugs were administered
according to the following inclusion and exclusion criteria. Inclusion criteria: 1) Permanent
resident of the enrolled community; 2) Willing to take anthelminthic drugs. Exclusion criteria:
1) Age < 12 months (albendazole); 2) Body weight < 15 kg (ivermectin); 3) Confirmed or sus-
pected pregnancy, contraindication for albendazole in the first trimester and for ivermectin in
any trimester; 4) Women breast-feeding new born babies, contraindication for ivermectin in
the first week of puerperium; 5) Rejection to take anthelminthic drugs; 6) Known allergy to
albendazole or ivermectin; 7) Taking an alternative anthelminthic therapy at the moment of
the intervention.

PC was carried out by health personnel and members of the research team who distributed
the drugs through intensive deworming campaigns in the communities (house by house) and
local schools. Each campaign lasted 4 days per community and was carried out sequentially,
due to operative limitations. During the deworming campaigns, all the participants who
met all the inclusion and none of the exclusion criteria received the anthelmintic therapy.
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Passive pharmaco-vigilance activities were carried at the local tertiary hospital (Hospital Juan
D. Peron) and the respective sanitary posts of ambulatory and emergency services were aware
of the interventions. The first intervention took place in August 2012 and the last one in May
2015; during that period, some communities were treated once and others received three
rounds of PC with an interval of 9 to 16 months between rounds. Stool and blood surveillance
were performed at baseline and follow-up (before each round of PC). The results of the inter-
ventions were entered in the data base for each participant as: treated (if the subject was
administered one or two drugs); excluded (if both drugs were contraindicated); absent (if the
subject was not found at home during the deworming round or the household could not be
found); death; migration (if the subject moved from the community before the intervention)
and rejection (if the subject did not want to take the anthelminthic drugs when offered). Cov-
erage was calculated through the formula: n people treated/n people eligible for treatment and
eligibility was calculated as: total population—(excluded + death + migrants).

Measurements

The following data were gathered for the study: a) baseline socio-demographic information; b)
baseline and follow-up anthropometric data; c) baseline and follow-up stool results; d) baseline
and follow-up hematologic results, and e) baseline and follow-up serologic results for S. ster-
coralis. The methods used for data collection are detailed below:

a) Socio-demographic assessment: public health census forms include data about each
household of the community, collected through direct observation by the sanitary agent, along
with individual demographic information for each inhabitant of the household. Demographic
information was entered in the study database using the sanitation and drinking-water ladders
designed by WHO/UNICEF for sanitary census [26].

b) Nutritional survey: during the deworming visits, members of the research team registered
weight and height of children from one to fifteen years-old. Weight was measured using a stan-
dard electronic scale in kilograms and grams. Height was measured with a steel tape while the
child was standing near to a wall and registered in centimeters. In order to make the results
comparable, population based sampling was used; the number of baseline height and weight
observations was above the minimum sample of 400 suggested by WHO for nutritional surveys.
Results were compared to the NCHS/WHO reference population and the expected ranges of
standard deviations of the anthropometric indicators were considered to control the accuracy
of the measurements. Anthropometric data was analyzed through WHO Anthro and WHO
Anthro Plus softwares (Department of Nutrition, WHO) to calculate relevant Z-scores. Weight,
height, Weight-for-Age z-score (WAZ), Height-for-Age z-score (HAZ) and Weight-for-Height
z-score (WHZ) of each participant child at baseline (before the first PC round) and follow-up
(before second and third PC rounds) were registered. Children were classified as stunting (HAZ
<-2 SD from the international reference median value); underweight (WAZ <-2 SD from the
international reference median value) or wasting (WHZ <-2 SD from the international refer-
ence median value) according to the WHO recommendations on z-scores interpretation [27].

c) Parasitological surveillance: a single fresh stool sample without preservatives was col-
lected from each participant of the survey group. Sterile stool containers and instructions were
distributed house by house, collected the following morning and analyzed within 24 hours of
collection in a reference laboratory. Five parasitological techniques were used: sedimentation/
concentration; agar plate culture; Harada-Mori filter-paper culture; Baermann concentration
of charcoal-cultured fresh stool, and McMaster egg counting method as described elsewhere
(28,29). If the sample volume was insufficient to perform all methods, concentration technique
was prioritized due to its overall higher sensitivity in preliminary studies [28]. A high level of
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certainty in the distinction between hookworm and S. stercoralis larvae in the culture tech-
niques was assured by the different incubation time of the methods (24 hours for Baermann
and 7 days for Harada-Mori), adapted to each specie life cycle, and by the long experience of
the technicians who observed and supervised the microscopic exams. The findings of the dif-
ferent methods were grouped and entered in the database as positive if at least one method was
positive or negative if all the methods were negative, for each STH species. McMaster ’s results
were recorded as egg per gram (EPG). The stool survey was performed at baseline and before
each PC campaign.

d) Hematological surveillance: participants of survey group had 5 mL blood drawn through
venipuncture. A complete blood count was performed using a SYSMEX automated hematol-
ogy analyzer KX 21N. The results of Hemoglobin value (Hgb), white blood cell count (WBC)
and eosinophil relative count were registered. Subjects were classified as anemic or not anemic
using the Hgb thresholds to define anemia according to sex and age set by WHO/UNICEF
[12]. Absolute eosinophil count was calculated and eosinophilia was defined as absolute eosin-
ophil values >500 cells/mm? [29].

e) Blood samples were centrifuged and an aliquot of serum was preserved frozen at -20°C
and analyzed with the in-house enzyme-linked immunosorbent assay (NIE-ELISA) method
for the diagnosis of S. stercoralis. NIE-ELISA detects IgG antibodies against recombinant NIE
antigen of S. stercoralis L3 larvae, as has been described previously [30,31]. Patient’s sera were
tested in duplicate and compared to a standard positive IgG curve run on each plate. The aver-
ages of duplicate results were calculated and corrected for background reactivity (no serum
added).

Outcomes

The primary outcome was STH prevalence. The cumulative and species specific STH preva-
lence before and after deworming was compared to monitor the effectiveness of community-
based PC. Secondary outcomes were indicators of morbidity potentially due to STH infection
such as anemia, eosinophilia and nutritional impairment.

The study was analyzed in two phases: i) baseline assessment that included a description of
the study population targeted with PC and an exploration of the survey group at the individual
level, searching for associations of STH infection with nutritional and hematological findings;
and ii) longitudinal assessment to evaluate the impact of PC on population-related parameters
in the communities where repeated PC was carried out.

Statistical analysis

Sample size was estimated considering a predicted prevalence of 50%, a confidence level of
95%, and a design effect of 2. Sample size calculation was based on observing a specific reduc-
tion of 10% or more in STH prevalence; the estimated sample size was n = 190.

Continuous quantitative measures evaluated at different time points were described using
proportions with 95% confidence intervals (95% CI); means with standard deviations (SD)
and medians with interquartile ranges (IQR). Comparisons between infected and uninfected
people at baseline and between pre and post intervention parameters were carried out using T
test and Mann-Withney U test. Significant associations between STH infection and morbidity
indicators were explored through stratified bivariate analysis and, afterwards, adjusted through
multivariate logistic regression models; statistical significance was assessed by Chi-square test
with 95% significance. Correlation between continuous quantitative measures was explored
through linear regression tests of Pearson s or Spearman s (according to the underlying
distribution).
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All data was entered in Microsoft Access 11.5 (Microsoft, Redmond, WA) with an Epi Info
3.5.4 (CDC, Atlanta, GA) view. Duplicate data entry was performed by trained collaborators.
The analysis was performed with EPIDAT 3.1 (PAHO, Washington, DC) and R 3.1.1 (The R
Foundation for Statistical Computing, GNU General Public License).

Results

A total of 5070 inhabitants of six communities were enrolled in the study, 400 of them were
recruited in the survey group at baseline. Two communities: Kilometro 6 and Lapacho Alto
received three deworming interventions, therefore a baseline and two follow up surveillances
were carried out. Two other communities: Las Moras and Lapacho I, were studied and treated
with anthelminthic only once due to operational issues (geographic isolation, long distance
between households and lack of collaboration from public health personnel responsible for the
area) that caused a poor coverage in the first intervention and prevented subsequent interven-
tions. In two communities: Tapiete and Pablo Secretario, a first school intervention was made
and no successive deworming was applied because the baseline prevalence was considered too
low (< 20%) to require regular PC. Baseline assessment was performed taking into consider-
ation the results of the six communities, while for the longitudinal analysis only the two com-
munities (n = 2685) where baseline and follow up surveillance were performed were included.
Fig 1 shows the flow diagram of the enrollment of participants in the study.

Baseline assessment

We found a heterogeneous distribution of STH prevalence between communities varying
from 11% to 72%, urban communities (Pablo Secretario and Tapiete) had a significantly lower
prevalence than peri-urban communities (Lapacho Alto, Kilometro 6, Lapacho I and Las
Moras), p<0.001. Table 1 details the baseline prevalence of STH infections and the coverage
reached with the first intervention in each one of the studied communities.

Among the 6 communities, hookworm (34%) and Strongyloides stercoralis (26%) were the
most frequent parasitological findings. Regarding hookworm, species identification was done
through Harada-Mori in 73 of the 135 positive cases: 63 were A. duodenale; 9 were N. ameri-
canus and 1 was a co-infection of both species. The other 62 cases were negative in Harada-
Mori. Therefore, A. duodenale accounted for 86% of the hookworm cases identified by species.
A total of 104 S. stercoralis cases were diagnosed, 53 of them were detected by parasitological
exam, 53 were detected by NIE-ELISA serology and 18 were positive by both methods. Table 2
summarizes a baseline description of the study population and the findings in the survey
group.

We found significant differences in mean hemoglobin level, median eosinophil count and
mean HAZ according to STH infection status at the individual level (uninfected versus
infected subjects). No significant differences were found in mean WAZ for children aged 1 to
15 years old and WHZ of children aged 1 to 4 years old. Table 3 displays the comparison of
hematological and nutritional results between infected and uninfected groups.

Hookworm infection was significantly associated with anemia (odds ratio [OR] = 5.5; 95%
CI: 2.7-11.4); eosinophilia (OR = 7.48; 95% CI: 3.0-20.8) and stunting (OR = 1.7; 95% CI: 0.8-
3.8). S. stercoralis infection was also significantly associated with anemia (OR = 3.5; 95% CI:
1.7-7.1) and eosinophilia (OR = 2.3; 95% CI: 1.2-4.9) but not with stunting (OR = 1.01; 95%
CI: 0.4-2.3). Fig 2 displays the adjusted odds ratios after controlling for potential confounders
through multivariate logistic regression models.

We found a linear negative correlation between hookworm intensity, calculated as EPG
and hemoglobin level. Non-parametric Spearman s coefficient of correlation (r,) = -0.46; p<
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Communities enrolled for participation: Lapacho alto; Kilometro
6; Lapacho 1; Las Moras; Pablo Secretario and Tapiete (N= 5155)

Assessed for baseline socio-demographic description (N=5070)

Randomly selected for stool surveillance (N= 397)
Baseline diagnosis |-

Randomly selected for blood surveillance (N=409)

Children assessed for nutritional status (N= 898)

First round preventive chemotherapy intervention (coverage 77%)

Completed study (N= 2685) Discontinued intervention (N= 2322)
- Kilometro 6 (N=1748)* - Lapacho 1/Las Moras [Operative impairments (N= 1399)]
- Lapacho alto (N=937)ce - Pablo Secretario/Tapiete [Prevalence <20% (N=923)]

Children assessed for nutritional status (N= 428)

First follow up |4 Randomly selected for stool sampling (N= 130)

 Randomly selected for blood sampling (N= 156)

Second round of preventive chemotherapy intervention (coverage 58%)

Children assessed for nutritional status (N= 368)

|

Second follow up Selected at random for stool sampling (N=181)

Selected at random for blood sampling (N= 165)

Third round of preventive chemotherapy intervention (coverage 66%)

Fig 1. Flow diagram of the participants and size of surveillance samples enrolled along the study. *In Lapacho Alto community 9 months went
by between the first and the second intervention and 14 months between second and third intervention. coln Kilometro 6 the period between first and
second intervention was 9 months and between second and third intervention was 20 months.

https://doi.org/10.1371/journal.pntd.0006003.9001
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Table 1. Description of the baseline STH prevalence and coverage of the first Preventive Chemotherapy (PC) campaign by community.

Community Soil-transmitted helminth prevalence First Preventive Chemotherapy coverage

N % 95% IC N % 95% Cl
Kilometro 6 75/130 57.7% 49-66 1153/1435 80.3% 78-82
Lapacho | 21/34 61.8% 44-79 370/572 64.6% 6068
Lapacho Alto 48/67 71.6% 60-83 505/547 92.3% 89-94
Las Moras 23/38 60.5% 44-77 351/873 40.2% 36-43
Pablo Secretario 17/81 21.0% 11-30 621/672 92.4% 90-94
Tapiete 5/47 10.6% 4-23 778/792 98.2% 97-99
Total 189/397 47.6% 43-53 3778/4891 77% 76-78

https://doi.org/10.1371/journal.pntd.0006003.t001

0.001. Fig 3 shows the scatter plot of this correlation. It should be noted that the frequency of
heavy and moderate intensity infections was low with most cases having light infections. How-
ever, even light egg burden was significantly associated with anemia since 65% (95% CI: 48—
81) of the subjects with light hookworm infection were anemic compared to 12% (95% CI:
5-19) of uninfected subjects.

Longitudinal assessment

Lapacho Alto and Kilometro 6 inhabitants (n = 2685) received three community deworming
interventions. We found significant improvements in the prevalence of STH infection, anemia,
eosinophilia and children ‘s chronic malnutrition (stunting) after community-based PC with
albendazole and ivermectin. Table 4 summarizes the indicators measured at baseline (before
first PC) and at follow-up (before second and third interventions).

We found a significant decrease in the cumulative prevalence of STH infection and in the
species-specific prevalence of hookworm and S. stercoralis after the first intervention. Hook-
worm infection intensity decreased with deworming, showing fewer moderate and no heavy
intensity infections at follow-up. We were not able to calculate hookworm’s Eggs Reduction
Rate (ERR) after deworming for several reasons that attempted against the validity of this indi-
cator. The number of stool samples collected at baseline and follow up was below the recom-
mended sample size of 200 for this type of calculation[32]. Follow up infection intensity was
assessed much later than the recommended two weeks after PC; therefore, reinfection could
have occurred between baseline and follow-up assessments. Not all the samples that tested pos-
itive for hookworm through other techniques showed eggs to be counted through McMaster
method, suggesting that those cases correspond to low-intensity infections. [32]. S. stercoralis’s
seroprevalence showed non-significant changes after the first intervention but diminished sig-
nificantly after the second intervention. Fig 4 shows the evolution of relative IgG titers across
the study.

Anemia and eosinophilia prevalence and severity showed a significant response to the first
intervention. When comparing hemoglobin levels between baseline and follow up surveys we
found that mean hemoglobin level increased with deworming but also the curve shifted to the
right showing higher minimum and maximum levels and eliminating the most extreme cases
of anemia. Age and gender distribution of anemia also showed a modification following
deworming. At baseline the most affected groups were PSAC and adult women but SAC and
adult men were affected as well. In follow-up surveys the prevalence in PSAC, SAC and adult
men declined to low levels, while adult women remained anemic; although with lower preva-
lence (Fig 5).

We found an impact of deworming on stunting prevalence after two deworming campaigns
but no changes in underweight and wasting, which were infrequent already at baseline. The
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Table 2. Baseline characteristics of the study population.

Characteristic N % 95% CI
Median age * IQR 19-2+£22

Age group * 540/5070 14% 13-15
- Preschool age children (PSAC) (0 to 4 years-old) 1603/5070 41.4% 40-43
- School age children (SAC) (5 to 14 years-old) 1726/5070 44.6% 43-46
- Adolescents and adults (>15 years-old) 1201/5070

- Without data

Female sex 2504/5070 49.4% 48-51
Community*

Kilometro 6 1784/5070 35.2% 34-36
Lapacho | 648/5070 12.8% 12-14
Lapacho Alto 937/5070 18.5% 17-19
Las Moras 751/5070 14.8% 14-16
Pablo Secretario 125/5070 2.5% 2-3
Tapiete 707/5070 13.9% 13-15
Without data 118/5070

Drinking water source

Improved 4860/5070 98.9% 98-99
Unimproved 55/5070 1.1% 0.8-1.4
Sanitation

Improved 898/5070 18.3% 17-19
Unimproved 4003/5070 81.7% 80-83
Without data 169/5070

STH infection prevalence

Any STH # 189/397 47.6% 42-53
Hookworm 135/397 34% 29-39
S. stercoralis # 104/397 26.2% 22-31
A. lumbricoides 15/397 3.7% 2-6

T. trichiura 3/397 0.8% 0.1-2
Children’s nutritional status*

Stunting§ 157/898 17.5% 15-20
Underweight¥ 26/625 4.2% 2-6
Wastingl 4/244 1.6% 0.4-4
Mean z-scores * SD -0.86 £ 1.-2 (898)

Mean height for age z-score (HAZ) + SD (n) -0.21 £1..08 (625)

Mean weight for age z-score (WAZ) + SD (n) 0.80+ 1.-08 (244)

Mean weight for height z-score (WHZ) £+ SD (n)

Anemia 127/409 31.1% 26-36
Mean hemoglobin * SD by age (reference value) 9.9+1.6 (11.-5gr/dl)

- Preschool age children (PSAC) 12..5+ 1.4 (12 gr/dl)

- School age children (SAC) 11..2+1.-4 (12 gr/dl)

- Female adolescents and adults 13.1£1.5(13 gr/dl)

- Male adolescents and adults

# Prevalence estimated including patients with positive results in the stool exam and/or positive NIE-ELISA test for S. stercoralis.

* WHZ is a parameter calculated only for children below 5 years old. §Stunting (HAZ <-2 SD from the international reference median value)
¥Underweight (WAZ <-2 SD from the international reference median value) or

9 Wasting (WHZ <-2 SD from the international reference median value)

https://doi.org/10.1371/journal.pntd.0006003.t002

severity of the deficit in height showed improvement after one PC intervention: baseline mean
HAZ =-0.93 (SD = 1.2) was statistically different than the measurement at first follow up
which had a mean HAZ = -0.72 (SD = 1.3) (p = 0.009); although it should be noted that mean
HAZ remained negative after PC. When discriminating the evolution of HAZ in PSAC from
SAC, we found a significant difference in PSAC between baseline and first follow up and
between first and second follow up. While SAC, showed no difference in HAZ after deworm-
ing. However, the number of HAZ observations within each group was below the minimum of
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Table 3. Comparison of baseline measurements between subjects of the surveillance group infected and uninfected with hookworm and S. ster-

coralis (n = 397).

Measurement

Hemoglobin (mean +SD)
Eosinophil count (median + IQR)
Height for age z-score (mean +SD)
Weight for age z-score(mean +SD)

Weight for height z-score(mean +SD)

https://doi.org/10.1371/journal.pntd.0006003.t003

Hookworm infection P value S. stercoralis infection P value
Uninfected Infected Uninfected Infected

12.5+1.7 11.2+1.8 <0.001 12.3+1.7 11.6+1.8 0.008
(n=117) (n=66) (n=109) (n=74)

80711061 188211194 <0.001 985+1060 1503+1192 0.003
(n=117) (n=66) (n=109) (n=74)

-0.68+1.2 -1.12+1.2 0.014 -0,79+1.2 -1.03+1.2 0.205
(n=110) (n=78) (n=129) (n=59)

-0.22+1.1 -0.42+1.1 0.29 -0.39+1.1 -0.14+1.1 0.229
(n=75) (n=59) (n=93) (n=41)

0.86+1.1 0.49+1.1 0.28 0.47+1.1 1.27£1.1 0.032
(n=28) (n=17) (n=231) (n=14)

400 recommended to perform comparisons. Fig 6 shows the evolution of HAZ values in PSAC
and SAC.

Discussion

The current WHO strategy for the control of STH as a public health problem relies on the use
of PC with albendazole or mebendazole for those groups and countries that carry the heaviest
burden of disease. The long term and sustainable solution for the STH problem probably
remains more closely linked to the provision of water and sanitation. Such an approach will
impact several NTDs while addressing broader goals of shared prosperity and equity [33].
While aiming for coverage indicators to achieve public health and morbidity goals, evidence
supporting the relationship between coverage and morbidity in STH is still incomplete. With
the understanding that WHO recommendations are a minimum set of goals for resource lim-
ited settings, this report describes a strategy for STH control in resource-limited communities
with significant deficits in sanitation, where a primary care public health system is in place and
Strongyloides stercoralis has been described at high prevalence [23,28], through a comprehen-
sive baseline survey and a community based intervention with albendazole-ivermectin, achiev-
ing significant impact on morbidity indicators.

The significance of STH as a public health problem in the study region was confirmed in
this study both in terms of prevalence and morbidity indicators [22,28], with a baseline

(A) Anemia (B) Eosinophilia © Stunting
Infected vs. Uninfected Infected vs. Uninfected Infected vs. Uninfected
Stunting —e— Age r Age - o
Age *
Female sex 4 Ho— Female sex —
Female sex —e—
S. stercoralis —e—i S. stercoralis - ——
S. stercoralis - ——
Hookworm —— Hookworm —— Hookworm ———
T T 1 T T 1 T T 1
0.01 0.1 1 10 100 0.01 0.1 1 10 100 0.01 0.1 1 10 100
Odds Ratio Odds Ratio Odds Ratio

Fig 2. Adjusted ODDS Ratios and 95% Confidence Intervals of the associations of hookworm infection and S. stercoralis infection with a) anemia; b)

eosinophilia, and c) stunting.

https://doi.org/10.1371/journal.pntd.0006003.9002
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Correlation Between Hookworm’s Infection Intensity and Hemoglobin

N=135
20+
re=-0.45
< 0.001
154, | P
j L]
T
)
2 .
=2 . °®
I
5+
0 T T 1
0 1000 2000 3000

Hookworm EPG
Fig 3. Correlation between hookworm'’s infection intensity and hemoglobin level.

https://doi.org/10.1371/journal.pntd.0006003.g003

prevalence of 48% (IC95% 42-53%). Most of the prevalence was due to hookworm and S. ster-
coralis. We believe that the scarcity of A. lumbricoides and T. trichiura infections in our study
population might be due to the wide distribution of piped water in the households, which
might have a protecting effect against orally acquired infections. Similarly, the high prevalence
of hookworm and S. stercoralis found might be related to the lack of sanitation facilities in
most households, since this could increase the risk of infection by skin-penetrating species.
This selectiveness of the risk factors (unimproved sanitation and unimproved water access) to
the route of transmission of each STH species has been explored in a previous study of our
group [23]. An alternative explanation for the low frequency of A. lumbricoides and T. trichiura
infection could be the issue that we used only two methods for the detection of these species,
compared to the three or five methods used for the diagnosis of hookworm and S.stercoralis
respectively. However, the sensitivity of the two methods that detected eggs (sedimentation/
concentration and McMaster) is appropriate (around 90%) as reported in other studies
[34,35]. As a matter of fact, the use of Harada-Mori did not add new diagnosis of hookworm
to the findings of concentration, this method only contributed with the specie identification;
while additional cases of S. stercoralis, that went unnoticed with concentration, were detected
through Baermann or agar plate cultures, suggesting an adequate sensitivity of sedimentation/
concentration for the detection of eggs but a limited capacity to find larvae.

The prevalence of anemia of 31% puts these communities in the category of “Severe public
health significance” according to WHO definitions [12]. Anemia was significantly associated
with hookworm and §. stercoralis infection in the baseline cross-sectional analysis. Even
though the design of the study is not proper to demonstrate causality, the existence of previous
evidence linking STH infections (especially hookworm) with anemia, explained by already
well known pathogenic mechanisms [13,36-38]; added to the fact that hematologic parameters
improved in the population after the intervention with anthelminthic (and nothing else) make
us infer a probably causal relationship between infection and anemia. Guidelines for anemia
and STH both recommend deworming as a significant although not sufficient measure to
improve the public health situation of communities with high prevalence of anemia[11,12,39].
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Table 4. Comparison of prevalence before and after PC in Lapacho Alto and Kilometro 6 communities.

Measure Baseline (B) 1st Follow up (1FU) 2nd Follow up (2FU) p1 (B-1FU)
Proportion; % Proportion; % Proportion; % p2 (1FU-2FU)
(95% Cl) (95% Cl) (95% Cl) p3 (B-2FU)
STH prevalence (Stool exam +NIE-ELISA) 123/197; 62-4% 30/130; 23-1% 29/181; 16% p1<0-001
(55-69) (15-31) (10-22) p2=0-156
p3 <0-001
S. stercoralis prevalence 33/197; 16-8% 10/130; 7-7% 6/181; 3-3% p1=0-027
(Stool exam) (11-22) (3-12) (0.4-6) p2=0-143
p3 <0-001
S. stercoralis prevalence 76/149; 51% 86/153; 56-2% 16/117;13:7% p1=0-428
(NIE-ELISA) (42-59) (48-64) (7-20) p2<0-001
p3<0-001
Hookworm prevalence 93/197; 47-2% 15/130; 11-5% 20/181; 11% p1<0-001
(40-54) (6-17) (6-16) p2 =0-962
p3<0-001
Anemia 84/151; 55-6% 17/156;10-9% 24/165; 14-5% p1<0-001
(47-64) (6-16) (9-20) p2=0-417
p3<0-001
Eosinophilia 110/150; 73-3% 67/156; 42-9% 50/152; 32:9% p1<0-001
(66-81) (35-51) (25-41) p2 =0-089
p3<0-001
Stunting§ 118/613; 19-2% 68/428; 15:9% 46/368; 12-5% p1=0-189
(16-22) (12-19) (9-16) p2 =0-208
p3 =0-009
Underweight¥ 16/456; 3-5% 6/340; 1-8% 12/297; 4% p1=0-205
(2-5) (0.2-3) (2-6) p2=0-136
p3=0-857
Wastingf| 4/198; 2% 5/131; 3-8% 4/113; 3:-5% p1=0-526
(0.5-5) (1-9) (1-9) p2=0-810
p3 =0-649

§Stunting (HAZ <-2 SD from the international reference median value)
¥Underweight (WAZ <-2 SD from the international reference median value) or
9 Wasting (WHZ <-2 SD from the international reference median value)

https://doi.org/10.1371/journal.pntd.0006003.t004

Impact indicators following PC demonstrated significant reductions in terms of prevalence
and morbidity. Statistically significant changes in STH and anemia prevalence were both
achieved after a single intervention. Interestingly, the residual anemia in the post intervention
assessment was concentrated in adult females, the group that has a significant complementary
cause of anemia and depleted iron stores due to menstrual blood loses; still, this group also
benefited from the intervention lowering the prevalence of anemia. These results highlight the
vulnerability of this group and the need for STH control measures that target women of child-
bearing age [40,41]. In accordance with other studies showing intervals of up to a year, S. ster-
coralis prevalence measured through NIE-ELISA only showed significant decreases in
prevalence after 2 rounds of MDA [42].

The use of a comprehensive diagnostic panel allowed the identification of S. stercoralis as a
significant pathogen and its morbidity, justifying the choice of the selected drug regimen.
Should the diagnostic approach have been limited to a quantitative egg detection method, like
Kato-Katz, McMaster‘s or Mini-FLOTAG, this species would have gone completely unnoticed.
Another significant observation from this diagnostic approach is the recognition that low bur-
den hookworm infections carry a significant burden of anemia (Fig 3), which is different than
in previous reports [43]. If confirmed, these results should stimulate a reassessment of the
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(A) Comparison of the Distribution of Hemoglobin Level
Before and After MDA
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Fig 4. Comparison of relative IgG titers against S. stercoralis, between baseline and first and second
follow-up*. * Relative IgG titers (measured IgG units/selected cutoff) reported.

https://doi.org/10.1371/journal.pntd.0006003.g004

current approach that links morbidity solely to moderate and high burden infections. This
finding is possibly related to co-existing conditions present in these communities, such as
inadequate iron dietary intake and depleted iron stores of the subjects, which increases the
likelihood that even relatively small chronic blood losses cause anemia; therefore, our results
might not be generalizable.

The impact on growth indicators in children, which are probably multifactorial, showed
that height-for-age z-scores (HAZ) were significantly lower in STH infected children at base-
line; moreover, as indicated by WHO nutritional guidelines [27], the fact that the mean HAZ

(B) Comparison of the Distribution of Anemia by Age Group and Sex
Before and After MDA
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Fig 5. Hematological indicators along the study in Lapacho Alto and Kilometro 6 communities; A) evolution of hemoglobin level after first and second
deworming and B) changes in prevalence of anemia by age and gender.

https://doi.org/10.1371/journal.pntd.0006003.9005
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Fig 6. Comparison of mean height for age z-score (HAZ) between baseline and follow up by age group (A) pre-school age children (PSAC and (B) school

age children.

https://doi.org/10.1371/journal.pntd.0006003.9006

is below zero suggests that the whole population is affected or at risk. Stunting, as the nutri-
tional parameter indicating more severe compromise of HAZ, was significantly associated
with hookworm infection and underwent significant improvement after the second (but not
the first) drug intervention, possibly indicating the interval of time free of STH needed to
observe changes in this growth parameter. Even though the mean HAZ significantly increased
after two PC interventions it remained negative suggesting that a chronic nutritional
impairment persisted despite deworming; these might be related to the relative short time of
follow up or to concomitant causes of malnutrition such as deficient dietary intake. We were
not able to demonstrate any association of hookworm or S. stercoralis infection with weight for
age z-score (WAZ) and weight for height z-score (WHZ), or impact of deworming on these
parameters.

The association of STH infection with anemia and nutritional impairment needs to be con-
sidered in the context of possible confounding factors such as family income. Poverty is a well-
known risk factor for STH infection but may also be a cause or contributing cause of anemia
and malnutrition, since poor families tend to have diets insufficient in quantity and quality
with low iron content. We did not include poverty in the multivariate analysis to confirm or
discard a confounding effect in the association found between hookworm or S. stercoralis
infection and anemia or malnutrition because data of family income was unavailable. How-
ever, the homogeneity of the socio-economic status of the study population makes us infer that
the low family income was similarly distributed in the infected and uninfected groups.

Our study has limitations to be considered: first, the surveillance samples at baseline and
follow-up are not matched samples; therefore, we compared the results before and after PC by
community and not individually. In a recently published article, we demonstrated in a smaller
group in a community project close to the study area, with paired samples, that after a year of
follow-up, decreases in NIE-ELISA antibody titers were similar to those observed in this study
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[44]. Second, some communities that were studied at baseline and treated for the first time
were not surveyed at follow up and did not received successive deworming; we included these
communities in a cross sectional baseline assessment looking for associations of STH infection
but for the prospective analysis only the communities where follow up surveillance was per-
formed were compared. Third, false negative results could occur due to suboptimal sensitivity
of the diagnostic methods, which can overestimate the impact of deworming since a reduction
in burden might be read and interpreted as a negative result. To deal with this limitation, vari-
ous diagnostic methods were used. More sensitive methods such as PCR for the detection of
STH might overcome this limitation [45]. Fourth, some self-selection bias might have hap-
pened related to the fact that some individuals selected for surveillance refused to participate
and those among the selected that provided samples for the study might be at higher risk of
infection. Fifth, the coverage reached with the interventions was not optimal, which could
underestimate the real effectiveness of the drug regimen. Finally, we do not report the impact
of deworming on infection intensity; due to the limitations of our study for the estimation of
ERR, even at group level. Most of our limitations are typical of population-based trials in a
resource-restricted setting. Despite these limitations, the analysis performed, including multi-
variate analysis, and the strength of the associations and effects, in the context of no other
changes in conditions than the PC, provide the foundations for our interpretations regarding
the benefits of PC with albendazole and ivermectin.

As previously mentioned, we found difficulty in conducting PC in some communities
where the collaboration of the sanitary agents responsible for the areas was meager and were
geographically isolated which resulted in low coverage rates and the discontinuation of the
study in those communities. For those situations, a school based intervention, as recom-
mended by WHO [46], is a more feasible option, even though with more limited results in
terms of morbidity reduction since women and preschool age children are not targeted.

The drug regimen used in these interventions has been used in a few clinical trials for the
treatment of STH, mostly aiming at improving efficacy for T. trichiura [20,47], however most
of the data regarding its use, safety and even impact on STH, comes from lymphatic filariasis
(LF) programmes in areas with onchocerciasis, where millions of individuals have been
treated, highlighting the safety of this regimen [48,49]. Since currently most PC programs are
dependent on drug donations, the addition of IVM needs to be considered in the context of
the critical issue of drug availability.

This is, to our knowledge, the first report of an intervention of PC with albendazole-iver-
mectin for pure STH control; its positive short-term effects on morbidity are echoed by recent
reports proposing this drug combination as a feasible strategy for delaying the emergence of
resistance and offering improved efficacy against T. trichiura and S. stercoralis in clinical trials
and mathematical models [20,50-52]. In summary, albendazole/ivermectin applied as com-
munity based PC in communities with high prevalence of hookworm and S. stercoralis resulted
in significant reduction of STH prevalence and improvements in anemia in the general popu-
lation and nutritional status in children. These results should be further explored in random-
ized-controlled trials with cost-effectiveness evaluation to overcome the limitations of our
study.
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