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Abstract

Community-directed treatment with ivermectin (CDTi) is the primary strategy employed to

control and eliminate human onchocerciasis in Ethiopia. After long-term mass distribution

for onchocerciasis, ivermectin is expected to have additional benefits beyond the envisioned

targets by reducing the burden of other co-endemic parasitic infections as to STHs. To date,

studies focused on the collateral impact of CDTi on STH in Ethiopia are scanty. Two com-

munity-based cross-sectional surveys (baseline in 1997 and post-CDTi in 2017) were con-

ducted to evaluate the impact of long-term CDTi employed to control and eliminate

onchocerciasis on the burden of STH infections in Yeki district of southwest Ethiopia. Stool

samples were collected and examined using Ritchie‘s concentration and Kato-Katz tech-

niques in the baseline and current study, respectively. Overall, 188(38.3%, 95% Confidence

interval (CI) 34.1–42.7%) individuals were positive at least for any of the STH species from

491 study participants in the post-CDTi. The prevalence of A. lumbricoides, hookworms,

and T. trichiura was 11.2% (95% CI 8.7–14.3%), 16.3% (95% CI 13.3–19.8%), and 29.9%

(95% CI 26.1–34.1%), respectively. Individuals aged 5–9 years had a significantly higher

prevalence of A. lumbricoides (Adjusted odds ratio (AOR) 6.5, 95% CI 1.7–25.4), T. trichuria

(AOR 8, 95% CI 2.6–25.1), and any STH infection (AOR 5, 95% CI 1.7–14.7) than those of

� 51 years. Also, significantly higher prevalences of T. trichuria infection were observed in

individuals aged 10–14 years (AOR 4.1, 95% CI 1.7–9.9), 15–20 years (AOR 3.1, 95% CI

1.2–8.1), 21–30 years (AOR 2.4, 95% CI 1.1–5.5), and 31–40 years (AOR 3.2, 95% CI 1.3–

7.5) compared with those of� 51 years. The prevalence of A. lumbricoides was significantly

higher in males (AOR 0.5, 95% CI 0.3–0.9). Of the 491 study participants, only data from

400 individuals who had not been involved in a mass drug administration (MDA) with other

STH anthelmintics were considered in the comparative analysis. Before CDTi, the preva-

lence of A. lumbricoides, T. trichiura, hookworm, and any STH infection was 47.1% (95% CI
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41.6–52.7%), 3.3% (95% CI 1.8–5.9%), 37.9% (95% CI 32.7–43.5%), and 58.8% (95% CI

53.2–64.1%), respectively. Long-term CDTi considerably reduced the prevalences of A.

lumbricoides and hookworm by 76.2% and 56.9%, respectively (p < 0.001). Nonetheless,

CDTi did not affect the prevalence of T. trichiura infection and, in contrast, it was significantly

higher in the current study (P < 0.001). Overall post-CDTi prevalence of any STH infection

was considerably lower than reported in the baseline (p < 0.001). It is evidenced that long-

term CDTi for onchocerciasis control and elimination had additional benefits by reducing the

prevalence of STH infections specifically of A. lumbricoides and hookworm, but had no

impact on infections with T. trichuria. Our finding of additional health benefits of large-scale

ivermectin administration taking it will aid to increase positive engagement and sustain par-

ticipation of communities during MDA campaigns, and strengthen governmental and non-

governmental organizations (NGOs) support for the undergoing national onchocerciasis

elimination program.

Introduction

Soil-transmitted helminth (STH) infections, caused by a group of parasitic nematode worms

commonly known as roundworms (Ascaris lumbricoides), whipworms (Trichuris trichiura),

and hookworms (Ancylostoma duodenale and Necator americanus), is the most common type

of infection worldwide [1]. An estimated 5.3 billion people are at risk, while 1.5 billion are

infected with at least one of the STH species [2]. The most significant number of infection

cases occur in tropical and sub-tropical regions of the developing world where adequate supply

of water and sanitation is lacking, mainly in rural areas of sub-Sahara Africa, the Americas,

Southeast Asia, and China [3]. The morbidity of STH is directly linked to the number of

worms harboured by infected individuals [4]. The higher the number of worms in an infected

person, the more it causes severe morbidity [5], including abdominal pain, diarrhea, blood

and protein loss, rectal prolapse, and physical and cognitive growth retardation particularly in

school-aged children (SAC) [6]. In 2017, the global burden of infections with STH was esti-

mated to be 1.9 million disability-adjusted life years (DALYs) [7].

Ethiopia is one of the countries in sub-Sahara Africa where the enormous burden of STH

infections is found [8]. STH infections are distributed widely throughout the country [9] with

varied prevalence rates between geographical areas [10]. The nationwide mapping of STH and

schistosomiasis conducted in 2014 and 2015 demonstrated that out of 833 country’s districts

741 are endemic for STHs [9, 11]. It is estimated that 79 million people live in STH endemic

areas, which comprised 9.1 million pre-school-aged children, 25.3 million SAC, and 44.6 mil-

lion adults [9, 11]. STHs are responsible for significant morbidity, for example, STHs caused

an estimated loss of 82.7 thousand DALYs in 2015, representing 14.3% of the total DALYs lost

because of all Neglected tropical diseases (NTDs) [12].

Ivermectin also known as Mectizan1, a product of Merck & Co, Inc., is a drug of choice to

control human onchocerciasis [13], a skin disfiguring and blinding disease caused by infection

with the filarial worm Onchocerca volvulus that affected millions of people in tropical areas

[14]. Since registered for human use against onchocerciasis in 1987 the manufacturer Merck &

Co Inc., donated free of charge [15] to any government or non-governmental organization

(NGO) involved in onchocerciasis control. Accordingly, it has been extensively used in mass

drug administration (MDA) to control the disease across Africa, where over 99% of all the
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onchocerciasis cases in the world were historically documented [16, 17]. Yet, it is the only drug

being in use in the current World Health Organization (WHO) AFRO Region Expanded Spe-

cial Project for the Elimination of Neglected Tropical Diseases (ESPEN) program for oncho-

cerciasis elimination [18]. The primary effects of ivermectin are against skin microfilariae [19,

20]. It is a potent microfilaricidal and partially embryostatic agent after frequent application

[21–23]. In fact, it is a broad-spectrum anti-helminthic drug that also impacts other co-

endemic parasitic infections [14, 24]. Several authors in different parts of the world reported

the impact of ivermectin against STHs [5, 25–32].

Community-wide mass ivermectin treatment (also referred to as Community-directed

treatment with ivermectin: CDTi) is the primary strategy for controlling and eliminating

onchocerciasis in Ethiopia. The program was launched in 2001 in 16 highly endemic districts

of Kaffa-Sheka zone in South Nations Nationalities Peoples Region (SNNPR) [9, 33], later

expanded to other areas and continued to the present day as part of the national efforts to

interrupt transmission of O. volvulus infection [34].

An epidemiological survey carried out before the launch of CDTi in communities of Yeki

revealed that STHs were highly endemic and found co-morbid with onchocerciasis [35]. We

hypothesized that the ongoing mass ivermectin treatment for onchocerciasis could have an

additional benefit/collateral impact to the communities taking the drug by preventing or

reducing part of the burden related to STH infections. These additional benefits of ivermectin

are being used to sensitize communities to participate in CDTi campaigns. To date, studies

focused on the collateral impact of CDTi on STH in Ethiopia are scanty, except Taticheff and

his colleagues [36] that attempted to investigate the effect of repeated ivermectin treatment in

Bebeka coffee plantation in southwest Ethiopia during the early period of CDTi. The ancillary

health impact of long-term mass ivermectin treatment has not been quantitatively measured

till now, and its impact remains unknown. It is of interest to know whether the population liv-

ing in communities of onchocerciasis endemic areas are being benefited from the ongoing

long-term CDTi program by reducing the prevalence of STH infections. Therefore, this study

was conducted to estimate the burden of STH and assess the impact of the long-term CDTi

program in reducing the prevalence of STH in communities of Yeki district of SNNPR of

southwest Ethiopia compared to STH prevalence data collected before the launch of the

program.

Materials and methods

Study setting

Two community-based cross-sectional surveys were carried out in communities of Yeki dis-

trict of SNNPR of southwest Ethiopia. The baseline survey before the launch of ivermectin dis-

tribution for onchocerciasis control and the second after more than 15 years of CDTi in

similar communities of the study district. Yeki is located at 7˚14’60’’ latitude, 35˚24’60’’ longi-

tude, and an altitude of 1200 meters above sea level representing a low altitude. Characterized

by hot and humid climate, Yeki district has an average annual rainfall of 1700 millimeters and

a monthly temperature ranging from a minimum of 14.7–17.7˚C to a maximum of 26.2–

31.4˚C. A detailed geographic description of the study area is available elsewhere [37]. The

CDTi program launched in Yeki district in 2001 and was administered annually until 2012. In

2013, the program shifted to biannual MDA as part of the efforts to achieve the elimination of

onchocerciasis. Yeki district was selected for this study because STH prevalence data were col-

lected before the launch of CDTi for control of onchocerciasis to be used as baseline data.

Moreover, STH control program is at its early stage of implementation in Yeki district of

SNNPR. The program was launched in February 2016 as a biannual MDA campaign targeting
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SAC. Before this study, only three rounds of MDA were conducted (two rounds in 2016 and

one in 2017). It is delivered through school and community-based deworming program. Adis-

berhan kebele based on the presence of pre-CDTi STH prevalence data and seven other nearby

kebeles with similar ecology, and socio-economic activities (Bechi, Fide, Kubito, Michi, Shosha,

Selamber, and Zinki) were purposively selected for this study (Fig 1).

Surveys and sample processing

In May 1997, the first survey was carried out in a population aged 10 years old and above

(n = 308), who lived in communities of Yeki district at least for five years [35]. Community

members aged ten years and above were informed through community leaders and health

workers to come to a village clinic. The purpose of the study was explained and asked to volun-

tarily participate in the study. After obtaining a verbal consent from each study participant

(parents or guardians in case of children), slightly more than one gram of freshly excreted

stool sample was collected and preserved in 10% formalin in screw-capped vials. The samples

were processed by Ritchie’s concentration technique, and the concentrate was examined

under a microscope for the presence of parasite eggs [35]. The detailed laboratory procedure is

available elsewhere [39].

From the third week of October to the end of November 2017, another cross-sectional sur-

vey was carried out in the area where the previous survey was performed. Stool samples were

collected during a CDTi coverage verification survey in the district, which included the kebeles
in this study. This study used the same household sampling technique as the CDTi coverage

survey. Briefly, a systematic sampling of households was carried out, with the sampling interval

Fig 1. Study map showing study kebeles (the smallest administrative unit) in Yeki district of SNNPR, southwest Ethiopia. QGIS version 3.10, a free and

open source GIS software, was used to generate the map of the study area [38]. The spatial data referring to the study sites are acquired using a handheld GPS

device (Garmin’s GPSMAP 60CSx, Garmin International Inc., Olathe, Kansas, USA) during sample collection. The administrative spatial data (Open Street

Map shapefile) used to prepare this study map was downloaded from GADM (https://gadm.org/download_country_v3.html), which is free and open source

database of global administrative areas.

https://doi.org/10.1371/journal.pone.0263625.g001
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determined by dividing the total number of households in each kebele by the sample size

assigned to each kebele. After the purpose of the study was explained to them, household mem-

bers who volunteered to participate in the study gave their voluntary consent and a face-to-

face interview was done to obtain socio-demographic data (sex, age, religion, and ethnicity)

and their ivermectin treatment status in the last round of the CDTi campaign in 2017. Next, a

clean plastic screw-cup container pre-labeled with the individual’s code was provided to all

voluntary participants. The participant was instructed to scoop a thumb-sized stool sample

using a provided scoop into the container. Parents and guardians were instructed to guide

their children during the sample collection to ensure that children placed their stool samples

into the container. The next morning, the containers with stool samples were collected and

placed into a zip-locked plastic bag. Stool samples were examined with the Kato-Katz tech-

nique [40], a WHO-recommended diagnostic method for identifying and quantifying STH

eggs in stools [41], which consist of a single thick smear technique with a 41.7mg template that

allows a standardized amount of stool to be examined and eggs to be counted [42]. The sam-

ples were examined by a qualified laboratory technician within one hour after slides’ prepara-

tion to ensure that all STH species potentially present in the preparation should be identified.

All eggs found in the preparations were identified and counted and the results were expressed

as eggs per gram (EPG) of stool to express the intensity of the infection.

Ethical consideration

The study obtained ethical approval from the Institutional Review Board of the Institute of

Health Jimma University (RPGC/170/06). The aim of the study was explained to the study par-

ticipants, and they were informed that they are free to participate. Informed written consent

was obtained for those age 18 and above, or from parents or guardians for participants less

than 18 years. Permission was obtained from the Zonal Health Bureau, District Health Bureau,

and Kebele Authorities. The collected information was kept confidential in compliance with

established Human Subject Protection guidelines.

Statistical analysis

All data were checked, cleared, and entered in Microsoft Excel Sheet (2013 Microsoft Corpora-

tion). Statistical analyses were performed using RStudio version 3.2.3 software. Descriptive sta-

tistics were used to summarize the socio-demographic characteristics of study participants.

Prevalence of STH infection was expressed as the mean proportion of individuals testing posi-

tive out of total examined with a 95% confidence interval (CI). The quantity of STH eggs was

counted and calculated following WHO [43], and the infection intensity of each species was

stratified into three categories (light, moderate, and heavy) [43]. The prevalence of STH infec-

tions was determined following disaggregated by sex and age group. Multivariate logistic

regression analysis was used to calculate the odds ratio and the 95% CI to observe the risk asso-

ciations between STH infections and the variables used. The difference in the prevalence of

STH infections between baseline and post-CDTi studies was calculated, means were compared

using the Chi-Square test and p-value� 0.05 was considered significant during the analysis.

Results

Socio-demographic characteristics of study participants

Of 512 study participants who agreed to participate, 495 (96.7%) provided stool samples. The

samples from four participants were not adequate and were not processed. Stool samples from

491individuals were processed. Of these, 55.4% (272/491) were females. The study participants’
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age ranged from 5–80 years. It was shown that 30.5% (150/491) of the study participants were

in the age range of 21–40 years. As per interviewees’ declarations, 90.6% (445/491) of the study

participants reported they took ivermectin in the last rounds of the CDTi campaign in 2017.

Table 1 shows the socio-demographic characteristics of the study participants.

Trend of reported CDTi coverage

Community drug distributors (health extension workers) report CDTi coverage rates to the

district health office following every ivermectin distribution campaign. Consecutive registers

of community drug distributors show high CDTi coverage rates (above 80%, which is the min-

imum threshold for the elimination of onchocerciasis) were achieved in most of the MDA

rounds in Yeki district of SNNPR. Fig 2 depicts the trend of reported CDTi coverage rate in

Yeki District since the launch of the program in 2001.

Prevalence and intensity of STH infections

Overall, 188(38.3%, 95% CI: 34.1–42.7%) individuals were at least positive for any of STH spe-

cies (Table 2). The presence of three species of STH: A. lumbricoides, hookworm and T. tri-
chiura was 55(11.2%, 95% CI: 8.7–14.3%), 80(16.3%, 95% CI: 13.3–19.8%), and 147 (29.9%,

95% CI: 26.1–34.1%), respectively. Moreover, 112 (22.8%, 95% CI: 19.3–26.7%) and 76 (15.5%,

95% CI: 12.6–18.9%) of the infected individuals had single and mixed infections, respectively.

Among the study participants with mixed infections, double and triple STH infections were

Table 1. Socio-demographic characteristics of the study participants from Yeki district of southwest Ethiopia (2017).

Variable Frequency Percent

Sex Female 272 55.4

Male 219 44.6

Age (years) 5–9 21 4.3

10–14 67 13.6

15–20 47 9.6

21–30 150 30.5

31–40 90 18.3

41–50 60 12.2

� 51 56 11.4

Religion Protestant Christian 246 50.1

Orthodox Christian 146 29.7

Muslim 99 20.2

Ethnicity Amhara 178 36.3

Kafficho 64 13

Majang 86 17.5

Manja 70 14.3

Sheko 36 7.3

Bench 26 5.3

Oromo 21 4.3

Shakicho 10 2

Ivermectin treatment in May 2017 CDTi No 46 9.4

Yes 445 90.6

CDTi: Community-directed Treatment with Ivermectin.

https://doi.org/10.1371/journal.pone.0263625.t001
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detected in 58(3.4%; 95% CI: 2.3–5.7%) and 18(3.7%; 95% CI: 2.3–5.7%), respectively

(Table 2).

Results of multivariate logistic regression analysis showed that study participants aged 5–9

years had a significantly higher prevalence of A. lumbricoides (Adjusted odds ratio (AOR) 6.5,

95% CI 1.7–25.4, p = 0.007), T. trichuria (AOR 8, 95% CI 2.6–25.1, p<0.001), and any STH

infection (AOR 5, 95% CI 1.7–14.7, p = 0.003) than the older counterparts (� 51 years). Simi-

larly, a significantly higher prevalence of T. trichuria infection was observed in individuals in

the age ranges of 10–14 years (AOR 4.1, 95% CI 1.7–9.9, p = 0.002), 15–20 years (AOR 3.1,

95% CI 1.2–8.1, p = 0.021), 21–30 years (AOR 2.4, 95% CI 1.1–5.5, p = 0.037), and 31–40 years

(AOR 3.2, 95% CI 1.3–7.5, p = 0.009) compared with� 51 years old. There was no significant

association between sex and infection rates of either specific species of STH or any STH infec-

tion, except A. lumbricoides, where the prevalence of infection was significantly lower in

females than in males (AOR 0.5, 95% CI 0.3–0.9, p = 0.022) (Table 3).

Fig 2. Trend of CDTi coverage rate in Yeki district of SNNPR, southwest Ethiopia (2001–2017). (Source: Yeki

district health office).

https://doi.org/10.1371/journal.pone.0263625.g002

Table 2. STH infection in Yeki district of southwest Ethiopia (2017).

Infection status Type of parasite Frequency Percent (95% CI)

Single infection A. lumbricoides 9 1.8(1, 3.5)

T. trichiura 78 16(12.9, 19.4)

Hookworm 25 5.1(3.8, 7.4)

Double infection A. lumbricoides and T. trichiura 21 4.3(2.8, 6.5)

A. lumbricoides and hookworm 7 1.4(0.7, 2.9)

T. trichiura and hookworm 30 6.1(4.3, 8.6)

Triple infection A. lumbricoides, T. trichiura and hookworm 18 3.7(2.3, 5.7)

Overall STH infection 188 38.3 (34.1, 42.7)

CI: Confidence Interval; STH; Soil-transmitted helminths; A. lumbricoides: Ascaris lumbricoides; T. trichiura: Trichuris trichiura.

https://doi.org/10.1371/journal.pone.0263625.t002
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Most of the study participants (79.8%, 95%CI 73.5–84.9%) had light STH infection, while

the remaining 38(20.2%, 95%CI 15.7–27.5%) had a moderate infection. Light intensity of

infection was detected in 50(90.9%, 95%CI 80.4–96.1%), 120(81.6%, 95%CI 74.6–87.1%), and

68(85%, 95%CI 75.6–91.2%) for A. lumbricoides, T. trichuria, and hookworms, respectively,

while moderate infection intensity for A. lumbricoides, T. trichuria, and hookworm was

observed in 5(9.1%,95%CI 3.9–19.6%), 27(18.4%, 95%CI 12.9–25.4%) and 12(15%, 95%CI

8.8–24.4%), respectively. None was infected with heavy infection.

Impact of CDTi on prevalences of STH infections

Table 4 compares the baseline and post-CDTi STH prevalence data based on the age of the

study participants. SAC are involved in the recently launched MDA program against STH in

Yeki. For comparison of the current prevalence rates of any helminth infection with the base-

line prevalence, study participants younger than 15 years were excluded and only data from

400 individuals were considered for analysis. Before the launch of CDTi, the overall prevalence

of any STHs was 58.8% (95% CI 53.2–64.1%) (181/308) [35]. Overall, a decline in the preva-

lence of any STH infection was observed in the current study compared to the baseline within

all age groups, however, the decline in the prevalence of any STH infection was significant

only in the age group of 21–30 years (p = 0.03).

Table 3. Prevalence of species-specific STH infection by sex and age in Yeki district of southwest Ethiopia (2017).

Parasite Sex Age (years)

Female (n = 272) Male (n = 219) 5–9 10–14 15–20 21–30 31–40 41–50 � 51

A. lumbricoides % positive 22(40) 33(60) 7(33.3) 5(7.5) 2(4.3) 19(12.7) 15(16.7) 3(5) 4(7.1)

AOR (95% CI) 0.5(0.3–0.9) 1 6.5(1.7–25.4) 1.1 (0.3–4.1) 0.6(0.1–3.3) 1.9(0.6–5.8) 2.6(0.8–8.3) 0.7(0.2–3.2) 1

P-value 0.022† 0.007† 0.946 0.537 0.269 0.106 0.630

T. trichiura % positive 84(57.1) 63(42.9) 12(57.1) 27(40.3) 16(34) 43(28.7) 31(34.4) 10(16.7) 8(14.3)

AOR (95% CI) 1.1 (0.7–1.7) 1 8(2.6–25.1) 4.1(1.7–9.9) 3.1(1.2–8.1) 2.4(1.1–5.5) 3.2(1.3–7.5) 1.2(0.4–3.3) 1

P-value 0.593 <0.001† 0.002† 0.021† 0.037† 0.009† 0.724

Hookworm % positive 42(52.5) 38(47.7) 5(23.8) 13(19.4) 8(17) 25(16.7) 17(18.9) 4(6.7) 8(14.3)

AOR (95% CI) 0.9 (0.5–1.4) 1 1.9(0.6–6.6) 1.4(0.6–3.8) 1.2(0.4–3.6) 1.2(0.5–2.8) 1.4(0.6–3.5) 0.4(0.1–1.5) 1

P-value 0.596 0.325 0.454 0.703 0.679 0.474 0.188

Any STH % positive 105(38.6) 83(37.9) 14(66.7) 29(43.3) 20(42.6) 57(38) 39(43.3) 13(21.7) 16(28.6)

AOR (95% CI) 1.1(0.7–1.6) 1 5(1.7–14.7) 1.9(0.9–4.1) 1.9(0.8–4.2) 1.5(0.8–2.9) 1.9(0.9–3.9) 0.7(0.3–1.6) 1

P-value 0.745 0.003† 0.093 0.14 0.21 0.075 0.392

AOR: Adjusted odds ratio; CI: Confidence Interval; STH: Soil-transmitted helminth; †: Significant at p< 0.05.

https://doi.org/10.1371/journal.pone.0263625.t003

Table 4. Baseline and post-CDTi prevalence of any STH infection disaggregated by age in Yeki district of southwest Ethiopia.

Variable Baseline Post-CDTi % Change χ2 (p-value)

N examined n positive (%) N examined n positive (%)

Age (years) 11–20± 55 38(69.1) 44 20(45.5) 34.2# 1.12(0.29)

21–30 146 88(60.3) 150 57(38) 37# 4.6(0.03†)

31–40 51 29(56.8) 90 39(43.3) 23.8# 0.56(0.45)

41–50 24 8(33.3) 60 13(21.7) 34.8# 0.34(0.56)

� 51 32 18(56.3) 56 16(28.6) 49.2# 2.14(0.14)

STHs; Soil-transmitted helminths; #:% reduction in the prevalence of infection; †:statistically significant; ±: only study participants aged 16–20 years were included for

the post-CDTi study for comparison with the 11–20 years old from the baseline study.

https://doi.org/10.1371/journal.pone.0263625.t004
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Before CDTi, 145(47.1%, 95% CI 41.6–52.7%), 10(3.3%, 95% CI 1.8–5.9%), and 117(37.9%,

95% CI 32.7–43.5%) individuals had A. lumbricoides, T. trichiura, and hookworms, respec-

tively [35]. Long-term CDTi considerably reduced the prevalences of A. lumbricoides and

hookworm infections by 76.2% and 56.9%, respectively (p< 0.001). However, one most inter-

esting observation was the CDTi did not appear to reduce the prevalence of T. trichiura infec-

tion and, in contrast, it was significantly higher in the current study (p< 0.001). Overall, the

prevalence of any STH infection was considerably lower than reported in the baseline

(p< 0.001). Fig 3 shows the baseline and post-CDTi prevalences of STHs in the study district.

Discussion

STH infection is the most common and persistent parasitic infection worldwide mainly in

tropical and sub-tropical areas of the developing world where adequate water supply and sani-

tation are lacking [3]. Ethiopia is among the countries in sub-Sahara Africa having the highest

burden of STH [44] and have enormous consequences on the health and educational perfor-

mance of SAC [9]. The WHO‘s STH control strategy emphasizes controlling STH morbidity

through periodic MDA with a single dose of albendazole or mebendazole to the population at

risk of infection [45]. The frequency of MDA is based on the overall prevalence of STH, annual

when the prevalence is 20–50%, and biannual when the prevalence is above 50% [46].

The success of the onchocerciasis control and elimination program is evaluated by its

impact on O. volvulus prevalence and intensity. In Yeki district of SNNPR, where CDTi has

been running from 2001–2017, the program has noticeably reduced O. volvulus prevalence to

zero [37]. Data collected before the launch of CDTi from this area showed that STH were

highly endemic and many individuals were detected concomitantly infected with both STH

and onchocerciasis [35]. After the long-term mass ivermectin distribution for onchocerciasis,

Fig 3. Comparison of baseline and post-CDTi data of prevalence of STH in Yeki district of SNNPR, southwest Ethiopia.

https://doi.org/10.1371/journal.pone.0263625.g003
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the health benefits of CDTi beyond the envisioned targets for example to STH can be con-

firmed. Thus, evaluating the collateral public benefits of CDTi in reducing the prevalence of

co-endemic STH infections is crucial for implementing further interventions and investments

from donor organizations and strengthening governmental and community support for the

undergoing national onchocerciasis elimination program.

The present study revealed the prevalence of A. lumbricoides, T. trichiura, and hookworm

infections were 11.2%, 29.9%, and 16.3%, respectively. The overall prevalence of any STH

infection was 38.3%, indicating that STH infection is still a public health problem in the study

area. This was considerably lower than findings reported from nearby areas where annual/

biannual CDTi is also being implemented [47, 48]. We observed a significantly higher preva-

lence of A. lumbricoides, T. trichiura, and any STH infection among individuals of age range

5–9 years compared with infection in study participants aged 51 years and above. Commonly,

children (especially SAC) are at high risk of STH infections [43]. Moreover, a significantly

higher proportion of adults in the study district harbour T. trichiura infection, therefore,

might be contributing to ongoing transmission of infection in the area. In agreement with pre-

vious findings [32, 49], we did not observe a significant difference in any STH infection

between males and females. This could be because both males and females might have similar

exposure to STH [32, 49].

Our study documented that long-term CDTi is significantly associated with a decreased

prevalence of A. lumbricoides and hookworm infections. An earlier study that evaluated the

long-term impact of annual CDTi for onchocerciasis on the prevalence of STH infections in

pre-school-aged children and SAC in Imo state of eastern Nigeria also reported the same find-

ings indicating that the prevalence of A. lumbricoides was significantly lower in children living

in areas treated with 13 years of annual ivermectin treatment than children living in untreated

areas [31]. In another similar study that assessed the prevalences of STH in three communities

in northern Nigeria with contrasting treatment history (ivermectin only, ivermectin plus

albendazole, and no MDA history) showed the lowest prevalence of each species of STH in the

communities treated only with ivermectin for the control and elimination of onchocerciasis in

northern Nigeria [32]. The most unusual finding of their study was the lowest prevalences of

STH species in communities treated with ivermectin only even compared to the areas treated

with a combination of ivermectin and albendazole [32]. Moreover, our results are consistent

with previous follow-up studies that investigated the effect of repeated treatments with iver-

mectin against STH and shown the reduced prevalence of A. lumbricoides infection [27–29,

36, 50]. This finding also supports evidence from observations of previous field-based studies

and community trials [25, 26, 51–53] that reported a reduction in the prevalence of A. lumbri-
coides after single-dose ivermectin treatment. Meanwhile, this finding is contrary to a previous

study which has shown no important effect of up to 17 years of biannual mass ivermectin treat-

ments on the prevalence of A. lumbricoides [30]. For hookworm infection, similar effects to

our finding have been observed from a previous study that compared prevalence rates of STH

before and after mass treatments with ivermectin in northeast Brazil [28]. In contrast, long-

term periodic mass ivermectin treatment had little impact on the prevalence of hookworm

infection [30, 31].

Our findings also showed that 15 years of continuous CDTi did not reduce the prevalence

of T. trichuria infection. On the contrary, the prevalence of T. trichuria infection was high, and

even significantly higher than the baseline prevalence reported in 2002, revealing T. trichuria
is a public health problem in the area. The current evidence that long-term mass ivermectin

treatment had no effect on T. trichiura complements the results of earlier studies [27, 50, 53,

54]. However, it is reported that regular mass biannual ivermectin treatment of communities

for a period up to 17 years had a more significant impact on T. trichuria infection [30].
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As far as we know, no study has investigated the long-term collateral impact of CDTi on

STH epidemiology in Ethiopia. This is the first study that CDTi for onchocerciasis also led to

significant reductions in A. lumbricoides, hookworm, and any STH infection prevalence at the

population level. The strength of our study was the baseline level of STH infection in this area

was obtained before initiating mass ivermectin distribution for onchocerciasis control. Thus,

we were able to estimate the burden of STH and measure the impact of CDTi in the study area.

Limitation of the study

The present study had the following limitations. First, the prevalence and intensity of infection

estimates of STH were based on a single specimen. There is temporal variation in egg excretion

over hours and days so that it is probable that this might affect the accuracy of the egg count

and affect the estimated prevalence and intensity of infection in the area. Second, we have not

measured the decline in the intensity of STH infection because there was no baseline data on

the intensity of infection. Third, there is a large gap between the two studies. Thus, we cannot

rule out a decline in the prevalence of infections due to other interventions like better access to

water, sanitation and hygiene improvements, and health education programs that are thought

to bring behavioural changes [55]. Hence, further investigation of predictive factors of the

observed infections other than those included in this study is needed.

Conclusions

We have assessed the prevalence and intensity of STH and evaluated the impact of long-term

mass ivermectin administration employed to control and eliminate onchocerciasis on the epi-

demiology of STH infections in Yeki district of southwest Ethiopia. Moreover, we determined

the prevalence and intensity of STH infection. Our study evidenced that the long-term CDTi

program for onchocerciasis control and elimination had collateral benefits by reducing the

burden of STH infections, specifically on A. lumbricoides and hookworm, but had no impact

on T. trichuria infections. We believe that the finding of additional health benefits of large-

scale ivermectin administration will aid to increase positive engagement and sustain participa-

tion of communities during MDA campaigns, and strengthen governmental and NGOs sup-

port for the undergoing national onchocerciasis elimination program.
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1. Tchuenté LAT. Control of soil-transmitted helminths in sub-Saharan Africa: Diagnosis, drug efficacy

concerns and challenges. Acta Trop. 2011; 120S: S4–S11.

2. Moser W, Schindler C, Keiser J. Efficacy of recommended drugs against soil-transmitted helminths:

systematic review and network meta-analysis. BMJ. 2017; 358: 1–10. https://doi.org/10.1136/bmj.

j4307 PMID: 28947636

3. Brooker S, Clements ACA, Bundy DAP. Global epidemiology, ecology and control of soil-transmitted

helminth infections. Adv Parasitol. 2006; 62: 221–261. https://doi.org/10.1016/S0065-308X(05)62007-

6 PMID: 16647972

4. BA B, Amazigo U. Onchocerciasis. In: Gyapong J, Boatin B, editors. Neglected Tropical Diseases-sub-

Saharan Africa. Switzerland: Springer International Publishing; 2016. pp. 87–112.

5. Yemeli LD, Djeunga HN, Lenou-Nanga CG, Azafack CD, Domche A, Thotchum FF, et al. Serious limita-

tions of the current strategy to control Soil-Transmitted Helminths and added value of ivermectin mass

administration: a population-based observational study in Cameroon. PLoS Negl Trop Dis. 2020; 14:

1–13.

6. Bethony J, Brooker S, Albonico M, Geiger SM, Loukas A, Diemert D, et al. Soil-transmitted helminth

infections: ascariasis, trichuriasis, and hookworm. Lancet. 2006; 367: 1521–1532. https://doi.org/10.

1016/S0140-6736(06)68653-4 PMID: 16679166

7. GBD 2017 DALYs and HALE Collaborators. Global, regional, and national disability-adjusted life-years

(DALYs) for 359 diseases and injuries and healthy life expectancy (HALE) for 195 countries and territo-

ries, 1990–2017: a systematic analysis for the Global Burden of Disease Study 2017. Lancet. 2018;

392: 1859–18922. https://doi.org/10.1016/S0140-6736(18)32335-3 PMID: 30415748

8. Karagiannis-Voules, Biedermann P, Ekpo UF, Garba A, Langer E, Mathieu E, et al. Spatial and tempo-

ral distribution of soil-transmitted helminth infection in sub-Saharan Africa: a systematic review and

geostatistical meta-analysis. Lancet Infect Dis. 2014; 3099:71004–71007. https://doi.org/10.1016/

S1473-3099(14)71004-7 PMID: 25486852

PLOS ONE Impact of ivermectin mass drug administration on burden of soil-transmitted helminths

PLOS ONE | https://doi.org/10.1371/journal.pone.0263625 February 10, 2022 12 / 15

https://doi.org/10.1136/bmj.j4307
https://doi.org/10.1136/bmj.j4307
http://www.ncbi.nlm.nih.gov/pubmed/28947636
https://doi.org/10.1016/S0065-308X%2805%2962007-6
https://doi.org/10.1016/S0065-308X%2805%2962007-6
http://www.ncbi.nlm.nih.gov/pubmed/16647972
https://doi.org/10.1016/S0140-6736%2806%2968653-4
https://doi.org/10.1016/S0140-6736%2806%2968653-4
http://www.ncbi.nlm.nih.gov/pubmed/16679166
https://doi.org/10.1016/S0140-6736%2818%2932335-3
http://www.ncbi.nlm.nih.gov/pubmed/30415748
https://doi.org/10.1016/S1473-3099%2814%2971004-7
https://doi.org/10.1016/S1473-3099%2814%2971004-7
http://www.ncbi.nlm.nih.gov/pubmed/25486852
https://doi.org/10.1371/journal.pone.0263625


9. Federal Ministry of Health. Second Edition of Ethiopia National Master Plan For Neglected Tropical Dis-

eases. Addis Ababa, Ethiopia. 2016; pp. 1–78.

10. Federal Ministry of Health. Health Sector Transformation Plan (2015/16–2019/20). Addis Ababa, Ethio-

pia. 2015. pp. 1–182.

11. Negussu N, Mengistu B, Kebede B, Deribe K, Ejigu E, Tadesse G, et al. Ethiopia schistosomiasis and

soil-transmitted helminths control programme: progress and prospects. Ethiop Med J. 2017; 55: 75–80.

PMID: 28878432

12. Deribew A, Kebede B, Tessema GA, Adama YA, Misganaw A, Gebre T, et al. Mortality and Disability-

Adjusted Life-Years (DALYs) for Common Neglected Tropical Diseases in Ethiopia, 1990–2015: Evi-

dence from the Global Burden of Disease Study 2015. Ethiop Med J. 2017; 55(Suppl 1): 3–14. PMID:

28878427

13. Hotez PJ. Mass Drug Administration and Integrated Control for the World’s high Prevalence Neglected

Tropical Diseases. Transl Med. 2009; 1–6. https://doi.org/10.1038/clpt.2009.16 PMID: 19322166

14. Crump A. Ivermectin: enigmatic multifaceted ‘ wonder ‘ drug continues to surprise and exceed expecta-

tions. J Antibiot. 2017; 70: 495–505.

15. Etya’ale D. Vision 2020: Update on Onchocerciasis. Community Eye Heal. 2010; 14: 19–21.

16. Mackenzie CD, Homeida MM, Hopkins AD, Lawrence JC. Elimination of onchocerciasis from Africa:

possible? Trends Parasitol. 2012; 28: 16–22. https://doi.org/10.1016/j.pt.2011.10.003 PMID:

22079526

17. Crump A, Morel CM, Omura S. The onchocerciasis chronicle: from the beginning to the end? Trends

Parasitol. 2012; 28: 280–288. https://doi.org/10.1016/j.pt.2012.04.005 PMID: 22633470

18. World Health Organization. Framework for the establishment of the Expanded Special Project for Elimi-

nation of Neglected Tropical Diseases. World Health Organization Regional Office for Africa. NTD

programme. pp.1–24.

19. Osei-atweneboana MY, Eng J KL, Boakye DA, Gyapong JO, Prichard RK. Prevalence and intensity of

Onchocerca volvulus infection and efficacy of ivermectin in endemic communities in Ghana: a two-

phase epidemiological study. Lancet. 2007; 369: 2021–2029. https://doi.org/10.1016/S0140-6736(07)

60942-8 PMID: 17574093

20. Hopkins A. Onchocerciasis then and now: achievements, priorities, and challenges. Community Eye

Health. 2017; 30:92–95. PMID: 29483756

21. Duke BL, Zea-flores G, Castro J and Cupp EW. Effects of multiple monthly doses of ivermectin on adult

Onchocerca volvulus. Am J Trop Med Hyg. 1990; 43: 657–664. https://doi.org/10.4269/ajtmh.1990.43.

657 PMID: 2267970

22. Pion SDS, Nana-Djeunga HC, Kamgno J, Tendongfor N, Wanji S, Njiokou F, et al. Dynamics of Oncho-

cerca volvulus Microfilarial Densities after Ivermectin Treatment in an Ivermectin-naı¨ve and a Multiply

Treated Population from Cameroon. PLoS Negl Trop Dis. 2013; 7: e2084. https://doi.org/10.1371/

journal.pntd.0002084 PMID: 23469307

23. Awadzi K, Edwards G, Duke BO L, Opoku NO, Attah SK, Addy ET, et al. The co-administration of iver-

mectin and albendazole—safety, pharmacokinetics, and efficacy against Onchocerca volvulus. Ann

Trop Med Parasitol. 2003; 97: 165–178. https://doi.org/10.1179/000349803235001697 PMID:

12803872
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