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Abstract 

Background: Deworming programs aimed at reducing morbidity and mortality from geohelminth infections are 
common in many countries where these infections are endemic, but data demonstrating increasing levels of resist‑
ance to albendazole and mebendazole are causes for concern. Studies to evaluate the clinical efficacy of deworming 
programs are critical to maintain high infection control goals.

Methods: We propose to assess the clinical efficacy of Peruvian national guidelines for deworming programs in a 
prospective observational study conducted in the Amazon River basin area near Iquitos, Peru. Major outcomes to be 
evaluated include (1) albendazole resistance of intestinal helminths (trichuriasis, ascariasis, hookworm), and (2) fre‑
quency of reinfection with intestinal helminths 4 months after treatment with albendazole. Children ages 2–11 years 
from the Belén District of Iquitos will be identified based on a community census. Following parental informed con‑
sent, demographic data, weight, and height will be recorded and a stool specimen for parasitological exam by direct 
observation and Kato‑Katz concentration method, and helminthic egg counts will be collected prior to administration 
of albendazole, following Peruvian national guidelines. Follow‑up stool specimens examined in the same manner will 
be collected at 20 days, 90 days, and 100 days following initial administration of albendazole, and based on parasites 
found repeat treatment will be administered in accordance with national guidelines. Real‑time multiplex qPCR will be 
performed on helminth positive samples collected prior to initial deworming and on helminth‑positive specimens 
detected on day 15–20. A total sample size of 380 participants was calculated based on total population in the target 
group and prevalence estimates of helminth infections and clinical resistance based on recent data.

Discussion: Data from observational clinical efficacy studies are important to guide geohelminth infection control 
programs.

© The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/. The Creative Commons Public Domain Dedication waiver (http:// creat iveco 
mmons. org/ publi cdoma in/ zero/1. 0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Open Access

*Correspondence:  oberhel@tulane.edu

5 Department of Tropical Medicine, Tulane School of Public Health 
and Tropical Medicine, 1440 Canal Street, Suite 2310, New Orleans, LA 70112, 
USA
Full list of author information is available at the end of the article

http://orcid.org/0000-0003-4166-8050
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12879-022-07494-0&domain=pdf


Page 2 of 8Curico et al. BMC Infectious Diseases          (2022) 22:528 

Background
Worldwide, approximately 1.5  billion people or about 
24% of the world’s population, are infected with soil-
transmitted helminths (STH) [1]. Soil-transmitted hel-
minth infections are widely distributed in tropical and 
subtropical areas, especially in sub-Saharan Africa, 
America, China and East Asia. More than 267  mil-
lion preschool-age children and more than 568  million 
school-age children live in areas with intense transmis-
sion and are able to benefit from treatment and preven-
tion strategies [2]. In low- and middle-income countries, 
risk factors for STH infections include poverty and 
malnutrition, and STH infections have been associated 
with delays in cognitive, motor, and social development 
in children under 5  years of age [3, 4]. The presence of 
helminths also may cause intestinal blood loss with iron 
deficiency that manifests as anemia, especially in chil-
dren with hookworm infection [5].

The World Health Organization and the Pan American 
Health Organization (WHO/PAHO) set standards for the 
control of soil-transmitted helminthiasis in Latin Amer-
ica and the Caribbean. These organizations recommend 
deworming strategies such as preventive chemotherapy 
(PC), which is an important part of a comprehensive 
package to eliminate morbidity due to soil-transmitted 
helminths in populations at risk. This strategy is applied 
according to the prevalence of soil-transmitted helminths 
in high-risk areas for preschool-age children (1 to 4 years) 
and school-age children (5 to 14  years) [6]. In high-risk 
areas with a prevalence of > 50%, the recommendation is 
for treatment twice a year (every 6 months), while in low-
risk areas with a prevalence > 20 to < 50%, once a year 
(every 12 months) treatment with albendazole (400 mg) 
or mebendazole (500  mg) is recommended. In Peru, a 
universal dose is administered to children between 2 and 
11 years of age twice a year in primary care health centers 
[7].

The efficacy of albendazole is variable against Trichuris 
trichiura compared to other anthelmintics; the cure rate 
ranges between 2.6 and 64.5% [8] and the egg reduction 
rate ranges between 7 and 83.1%. However, high cure 
rates of Trichuris trichiura are observed in some contexts 
[9–11]. In a study conducted in the Peruvian Amazon, an 
open-pair randomized trial was conducted in fifth-grade 
children from 18 primary schools (9 intervention and 9 
control). Intensity of Ascaris lumbricoides infection at 

follow-up was 58% lower in children from intervention 
schools, a significant reduction as compared to children 
from control schools (RR = 0.42; 95% CI 0.21 to 0.85), 
but no significant changes were observed in the inten-
sity of hookworm or Trichuris trichiura [12]. In another 
study from Peru, a total of 1193 school-age children were 
dewormed with a single dose of Albendazole (400  mg). 
Of the 909 children who tested positive for at least one 
STH infection, a random sample of 385 were followed 
up 2  weeks later with a second stool sample. The effi-
cacy of albendazole was variable, with an egg reduction 
rate of 99.8% for Ascaris lumbricoides (95% CI 99.3–100); 
93.6% for hookworm (95% CI 88.2–96.6), and 72.7% for 
Trichuris trichiura (95% CI 58.5–79, 1) [13]. In many 
cases treatment with albendazole alone appeared inad-
equate, especially for Trichuris trichiura. Other interven-
tions such as combined therapy have been evaluated in 
other contexts. Ivermectin results in higher cure rates 
than albendazole and is well tolerated. The benefits of 
ivermectin for helminth infections would depend on the 
amount of resistance present [14–16].

Large-scale interventions to control soil-transmitted 
helminth infections at the community level with anthel-
mintic drugs such as albendazole have the potential to 
exert selective pressures which may favor the develop-
ment of drug resistance, which could significantly reduce 
the benefits provided by deworming programs. Drug 
resistance in parasitic nematodes is caused by a single 
nucleotide polymorphism (SNP) in the β-tubulin gene 
at codon positions 200 (T → A), 167 (T → A) or 198 
(A → C) [17].

Herein we describe the protocol for our observational 
study of a prospectively enrolled cohort to assess clini-
cal resistance to albendazole and reinfection by intestinal 
helminths in children from the Peruvian Amazon receiv-
ing treatment according to Peruvian Ministry of Health 
treatment guidelines [7], to measure preventive treat-
ment effectiveness for 6 months.

Study design (see Fig. 1)
Prospective cohort study of children aged 2 to 11 years, 
with an individual time of participation of 4 and a half 
months.

Participants will be boys and girls ages 2 to 11  years 
who live in the catchment area of the Centro de Salud 6 

Trial registration https:// www. resea rchre gistry. com/. Identification number: researchregistry7736; Registered retrospec‑
tively March 13, 2022; https:// www. resea rchre gistry. com/ browse‑ the‑ regis try# home/ regis trati ondet ails/ 622e0 24cf0 
61320 01e33 27bf/
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de Octubre, located in the district of Belén, city of Iqui-
tos, and department of Loreto in Peru.

Inclusion criteria:

a. Parental written informed consent, in addition to 
the verbal and written assent for children ages 6 to 
11 years.

b. No antiparasitic treatment in the prior 3 months [18].
c. Permanent residence in the study community, with 

no plans to move in the next 6 months.

Major outcomes:

1. Albendazole resistance of intestinal helminths (Tri-
churiasis, Ascariasis, Hookworm, Strongyloides).

2. Reinfection with intestinal helminths 4 months after 
treatment with Albendazole.

Sample size
Sampling will be carried out throughout the jurisdiction 
of the 6 de Octubre Health Center, which includes rural, 
peri-urban and urban areas, with a total potential study 
population of 3379 children ages 2 to 11  years based 
on health center databases. Based on this study popu-
lation of 3379 children aged 2 to 11  years, to measure 
clinical resistance to albendazole a sample of 380 chil-
dren was needed. This calculation was made in Epi Info 
Version 7.2 applying a type I error of 5% and assuming 
50% prevalence of helminths in children, 25% frequency 
of Trichuris trichiura in children with helminths, 50% 
resistance to albendazole based on detection of any hel-
minth in a follow-up sample and adjusting for 10% loss to 
follow-up for study participants.

Recruitment of participants
To identify eligible children for the study, a community 
census is being conducted in the catchment area of the 
Centro de Salud 6 de Octubre, which includes rural, peri-
urban and urban areas. Rural areas are defined as streets 
located on the opposite side of the Itaya river from the 
city of Iquitos, which is a flood prone area without basic 
services, electricity and drinking water. Peri-urban areas 
are located on the Iquitos side of the river and extend 
into the river, with houses on stilts or raft houses that 
float on the surface of the river. Many of these houses 
already have electricity and drinking water, and they are 
usually located around the health center. Another part 
of the study community is located in the urban area of 

Iquitos, with concrete houses that all basic services and 
access to food markets, etc.

For enrollment in rural areas, a sweep strategy will be 
applied, meaning that we will look for children who meet 
the inclusion criteria throughout the community. For the 
peri-urban area homes without an address (located on 
rafts) we will also apply the same strategy. In the peri-
urban and urban area where there are well-defined maps 
with streets and addresses, we will recruit candidates 
with numerical codes from the community census based 
on a random number generator, starting from the first 
block and then moving forward clockwise to the next 
block.

Once the first randomly selected child of any age 
between 2 and 11  years has been recruited, enroll-
ment will continue in the same way until the estab-
lished strata are completed: age 2  years = 36 children; 
3 years = 36 children; 4 years = 36; 5 years = 32 children; 
6 years = 33 children; 7 years = 34 children; 8 years = 35 
children; 9  years = 36 children; 10  years = 33 children; 
11  years = 34 children. Once all the blocks of the study 
community have been sampled, if the target number of 
participants for each stratum were not completed, the 
process will be repeated from the beginning and thus 
complete the corresponding sample for each age group.

Data and specimen collection (see Fig. 1 
for overview of study visits and procedures)
Following informed consent, demographic data will be 
collected, including housing characteristics, general 
caregiver information, and information on hygiene and 
childcare. Weight and height measurements will be per-
formed by a member of the on-site investigation team, 
and a stool collection container will be provided to the 
caregiver [19]. Fresh feces (10–20  g) will be collected 
from each participant and the date and time of specimen 
collection will be recorded upon retrieval. At the end of 
the day specimens will be transported to the laboratory 
in a biological sample transport box with ice at the end 
of the day, for analyses that will be carried out within the 
next 24 h.

Albendazole treatment and clinical follow‑up
Following enrollment and initial stool specimen collec-
tion, albendazole 400  mg will be administered orally in 
accordance with Peruvian Ministry of Health guidelines 
(RM No. 479-2017-MINSA) as part of the universal treat-
ment policy in Peru. Stool samples for the study will be 
collected three times after the first stool sample is taken. 
This means that the same procedures will be repeated 
at 15 to 25 days, 90 to 100 days and at 130 to 140 days 
(in order to measure resistance and reinfection at 11%, 
50% and 75% of the 6-month interval recommended for 
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repeating preventive treatment). If parasites are found 
in samples after treatment with albendazole, individual-
ized treatment will be administered according to World 
Health Organization standard of care treatment guide-
lines [2]. For Ascaris and hookworm, albendazole 400 mg 
will be administered as a single oral dose. For Trichuris 
trichiura, ivermectin 600 µg/kg/day will be administered 
with albendazole 400  mg, both as single oral doses [20, 
21]. For Strongyloides stercolaris, Ivermectin 200  µg/kg/
day for 2 days will be administered [22–24].

Laboratory analysis
Fecal samples will be analyzed by direct observation of 
eggs and/or larvae by microscopy and egg counting by 
the Kato-Katz technique. Direct microscopy is the diag-
nostic standard in areas with limited resources. The 
Kato-Katz method is used to estimate the intensity of 
infection by Ascaris lumbricoides, hookworms and Tri-
churis trichiura. Although this method is more sensitive 
than direct microscopy, it requires more time and labor 
to detect geohelminth eggs [25, 26]. Once the proce-
dures have been carried out and the results obtained, the 
remaining stool samples will be aliquoted and stored at 
− 80 °C.

In the second sample, molecular detection of helminths 
by polymerase chain reaction (qPCR) will be performed 
on specimens with helminths detected (i.e., clinical 
resistance) in order to determine the presence of resist-
ance markers at the genetic level.

Direct observation: In a properly labeled slide, 0.5 g 
of feces will be applied with a wooden applicator and 
20 µL of saline solution will be added. The first obser-
vation will be made from left to right, then the proce-
dure will be repeated with 20 µL of Lugol’s solution 
added. Both observations will be made with the 10× 
and 40× objectives in order to qualitatively identify 
the absence or presence of helminths (Ascaris lum-
bricoides, Trichuris trichiura, hookworms, and Stron-
gyloides stercoralis).
Kato-Katz method: Two grams of feces will be 
placed on a smooth and sterile surface, covered with 
a piece of nylon and pressed with a flat-edge plas-
tic applicator. The filtered feces will then be placed 
in the center of a 41.7 mg template on a slide until 
the hole is filled, after which the template will be 
removed and the sample will be covered with a cel-
lophane sheet previously imbued in a glycerol-blue 
solution of methylene, and pressure will be applied 
until the sample is distributed homogeneously. After 
a 30-min incubation, eggs counts will be carried out 
using the 10× objective and a cell counter, the total 
number of eggs counts per species will be reported 

in eggs per gram (epg) and will be multiplied by 
24 (41.7  mg template) [27], and the results of each 
parasite found will be recorded and reported quan-
titatively. This procedure will be performed on the 4 
samples per subject collected throughout the study 
[28].
STH infection by qPCR: To measure the inten-
sity of the infection, quantitative polymerase chain 
reaction (qPCR) will be used in such a way that the 
Kato-Katz variability between users is reduced and 
the sensitivity of the detection of low-grade parasitic 
infections is increased [29, 30]. Real-time multiplex 
qPCR will be performed on positive samples (Day 0) 
for helminths that were identified by direct observa-
tion and Kato-Katz for the simultaneous detection 
of Ascaris lumbricoides, Trichuris trichiura, Neca-
tor americanus, Ancylostoma duodenale, and Stron-
gyloides stercoralis [31]. If the sample from Day 0 is 
negative, the sample from Day 15 will be analyzed 
if it is positive for helminths. Amplification will be 
performed in a Quant Studio 7 Flex thermocycler 
(Applied biosystems) in a total volume of 25  µL 
using GoTaq® qPCR Probe Master Mix (Promega, 
USA) and 5 µL of fecal DNA. There will be two mul-
tiplex qPCR assays (STH1 and STH2); STH1 will be 
used to detect Ascaris lumbricoides, Trichuris trichi-
ura and Strongyloides stercoralis, while STH2 will be 
used for the 3 species of hookworms. The cycling 
conditions for both cases will be the following: 1 
cycle at 95 °C for 5 min, 40 cycles at 95 °C for 10 s 
and 1 cycle at 60 °C for 60 s. The primers will be the 
same ones used by Azzopardi et al. [32] which can 
be seen in Table 1.
DNA extraction from STH: Nucleic acid extraction 
will be performed using the purification method 
by column centrifugation and cell disruption by 
bead beater, which consists of lysing the sample by 
mechanical disruption. The guidelines of the modi-
fied protocol of the QIAmp Fast DNA Stool mini kit 
(CAT 51604) will be followed, which consists of 4 
phases (lysis, filtering, washing and elution), with an 
approximate time of 60 min for 8 samples. To evalu-
ate the quality of the extraction and the efficiency of 
the amplification, extrinsic controls (MS2 and PhHV) 
will be added to each sample during the lysis phase. 
Subsequently, the DNA obtained will be stored at 
− 20 °C for the following processes or at − 80 °C for 
prolonged storage.

Statistical analysis
Data will be analyzed in Access using Stata, using chi 
square, Fisher’s exact, and Wilcoxon tests to compare 
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frequencies between groups. To analyze the data from 
direct observation and quantification by the Kato-Katz 
method, descriptive statistics will be used, to report the 
prevalence found in percentages. For the sociodemo-
graphic and clinical data of the study population, meas-
ures of central tendency and dispersion will be used for the 
quantitative variables and measures of relative frequency 
for the qualitative variables. Comparisons will also be made 
between sample 1, sample 2, sample 3 and sample 4 to 
determine the positivity of each species of parasite found 
using the Yates chi-square test, setting a significance level 
of p < 0.05.

The sociodemographic variables will be compared with 
the parasite load and presence/absence of parasites, using 
a multiple logistic regression model (univariate t-test), 
to determine the variables statistically associated with 
infection by Ascaris lumbricoides, Trichuris trichiura and 
hookworms.

The quantification performed with the Kato-Katz 
method will be compared with the Ct value (Ct threshold) 

of the multiplex qPCR, by converting Log10 of the abso-
lute egg count per stool sample, in order to estimate the 
absolute egg counts in eggs per gram (EPG) in the DNA 
extractions, using the following formula [33]:

To determine treatment efficacy, the prevalence will be 
measured before and after receiving treatment and com-
pared using the Yates chi-square test. For calculations of 
cure rate and intensity of infection obtained from qPCR, 
only data from positive results before taking the first dose 
will be included [34].

The cure rate will be measured using the following 
formula:

EPG Ascaris = 10(Ct− 36.97)/− 3.489,

EPG Trichuris = 10(Ct− 36.73)/− 3.288,

EPG N . americanus = 10(Ct− 35.02)/− 3.641,

EPG A. duodenale = 10(Ct− 35.02)/− 3.641.

# positive for helminths (pretreatment)− # negative for helminths (post treatment)

# cases positive for helminths (pretreatment)
×100.

Table 1 Primers used in multiplex qPCR analysis of stool samples by STH1 and STH2

qPCR Target Primer Sequence (5′–3′) Size (bp) Gene detected Final 
conc. 
(nM)

STH1 Strongyloides stercoralis Strongy‑F GAA TTC CAA GTA AAC GTA AGT CAT TAGC 101 18S 100

Strongy‑R TGC CTC TGG ATA TTG CTC AGTTC 100

Strongy‑P FAM‑ACA CAC CGG/ZEN/CCG TCG CTGC‑IBFQ 50

STH1 Trichuris trichiura Tri‑F TTG AAA CGA CTT GCT CAT CAA CTT 76 18S 100

Tri‑R CTG ATT CTC CGT TAA CCG TTGTC 100

Tri‑P CY5‑CGA TGG TAC/TAO/GCT ACG TGC TTA CCA 
TGG ‑IBRQ

50

STH1 Ascaris lumbricoides Asc‑F GTA ATA GCA GTC GGC GGT TTCTT 87 Internal transcribed spacer 1 100

Asc‑R GCC CAA CAT GCC ACC TAT TC 100

Asc‑P HEX‑TTG GCG GAC/ZEN/AAT TGC ATG CGA T‑IBFQ 50

STH2 Ancylostoma spp. Anc‑F CGG GAA GGT TGG GAG TAT C 104 Internal transcribed spacer 1 100

Anc‑R CGA ACT TCG CAC AGC AAT C 100

A. duodenale Aduo‑P HEX‑TCG TTA C + T + GGG TGA CGG‑IBFQ 50

A. ceylanicum Acey‑P FAM‑CCG TTC  + CTG GGT GGC‑IBFQ 50

STH2 Necator americanus Nec‑F CTG TTT GTC GAA CGG TAC TTGC 101 Internal transcribed spacer 2 100

Nec‑R ATA ACA GCG TGC ACA TGT TGC 100

Nec‑P CY5‑CTG+TA+CTA+CG+CAT+TGT ATA C‑IBRQ 50

STH1 Y STH 2 Phocine herpes virus PhHV‑F GGG CGA ATC ACA GAT TGA ATC gB gene 100

PhHV‑R GCG GTT CCA AAC GTA CCA A 100

PhHV‑P Cy5‑TTT TTA TGT GTC CGC CAC CAT CTG GATC‑
BHQ2

50
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Intensity of infection will be measured using the follow-
ing formula:

And the calculation of the rate of reduction of eggs by 
helminth species:

In addition, a comparison of the cycle threshold (Ct) by 
qPCR will be made using the Student’s t-test for paired 
samples.

Discussion
Data from observational clinical efficacy studies such as 
this one are vitally important to assure continued high 
levels of geohelminth infection control, and to permit 
re-evaluation of clinical guidelines when necessary to 
achieve desired program goals.
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