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Abstract 

Background: Onchocerciasis is endemic in most local government areas (LGAs) in Enugu and Ogun states. Most 
meso- and hyper-endemic LGAs have received many rounds of ivermectin mass drug administration (MDA). This 
study aimed to determine the current prevalence of onchocerciasis in villages in Enugu and Ogun states that were 
formerly highly endemic and to assess progress toward elimination of the infection in areas believed to be at high risk 
for persistence.

Methods: Cross-sectional community surveys were conducted 8 to 12 months after the last round of MDA in 16 
villages (6 in Enugu state and 10 in Ogun state) in individuals aged ≥ 18 years. Study participants were examined for 
the presence of palpable subcutaneous nodules. Skin snips from the posterior iliac crests were used to assess microfi-
ladermia (Mf ) prevalence and density.

Results: 643 subjects were palpated for nodules and 627 individuals (225 in Enugu state; 402 in Ogun state) provided 
skin snips. Nodule prevalence in the study villages ranged from 42 to 66.7% in Enugu state and from 0 to 25.0% in 
Ogun state. Mf prevalence in the Enugu and Ogun study villages ranged from 32 to 51.1% and 0 to 28.6%, respec-
tively. Geometric mean skin Mf density in surveyed Enugu state villages ranged between 1 and 3.1 Mf/mg; these 
values were < 1 Mf/mg in all but one community in Ogun state villages.

Conclusion: Results from this study show that onchocerciasis persists in adults in many villages in Enugu and Ogun 
states despite many prior rounds of ivermectin MDA. Prevalence was higher in villages surveyed in Enugu than in 
Ogun. Low Mf densities suggest the MDA program is working well to reduce disease, but more time will be required 
to reach the elimination goal.
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Background
Onchocerciasis (also known as river blindness) is one 
of the neglected tropical diseases (NTDs) targeted by 
the World Health Organization (WHO) for elimination 
as a public health problem by 2030 [1]. The disease is 
caused by the filarial nematode Onchocerca volvulus, and 
it is transmitted by Simulium black flies. Female worms 
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which live in subcutaneous nodules release microfilariae 
(Mf) that migrate through the skin and are picked up by 
the vector. Microfilariae are not only crucial for trans-
mission; host inflammatory reactions to Mf cause severe 
morbidity including visual impairment, blindness, and 
severe dermatitis which can be disabling and stigmatiz-
ing [2]. Infected persons often experience negative social 
consequences and economic loss [3].

Rapid epidemiological mapping of onchocerciasis was 
carried out in Nigeria between 1994 and 1996 [4]. This 
mapping provided estimates of the populations living in 
high-risk areas and identified villages to be prioritized 
for ivermectin MDA. Subsequently, MDA commenced 
in 1997 utilizing local volunteers, known as community 
drug distributors (CDDs), for the distribution of ivermec-
tin. This strategy has been an effective strategy for drug 
delivery [5]. Although ivermectin is effective for clearing 
Mf from the skin and for interrupting embryogenesis in 
the female worm, these effects are only temporary, and 
the treatment has little effect on adult worm viability [6, 
7]. For this reason, repeated treatments are needed to 
suppress Mf to levels that do not support transmission 
for the reproductive life span of adult worms (> 10 years).

Nigeria has the largest at-risk population for onchocer-
ciasis of any country in Africa. Historical mapping data 
showed that all 17 Local Government Areas (LGAs) in 
Enugu state and eight in Ogun state were endemic for 
onchocerciasis [8]. Some endemic foci in these states 
have received 14 to 26 rounds of ivermectin MDA for 
onchocerciasis, respectively. Also, since these states are 
co-endemic for lymphatic filariasis (LF) [9, 10], ivermec-
tin plus albendazole MDA has been delivered annually 
in many LGAs since 2000. No data have been published 
in recent years on the current status of onchocerciasis 
or progress toward elimination in these states. The data 
reported here were collected during pilot surveys that 
were conducted to identify potential sites for clinical 
trials of new treatments for onchocerciasis, i.e., triple-
drug therapy with ivermectin, diethylcarbamazine, and 
albendazole (IDA) [11] (see: https:// dolfp roject. wustl. 
edu/ about/ ida- for- oncho cerci asis- studi es/). They pro-
vide important information on the persistence of oncho-
cerciasis in some areas of Nigeria that had high baseline 
endemicity despite the clear beneficial effects of extensive 
MDA with ivermectin.

Methods
Study areas
Enugu and Ogun states are located in the southeastern 
and southwestern geopolitical zones of Nigeria respec-
tively (Fig. 1). These states have a combined population of 
about 7 million in 37 local government areas (LGAs, 17 in 
Enugu and 20 in Ogun). LGAs serve as implementation 

units (IU) for MDA programmes. The sites selected for 
this study lie within the rainforest belt of Nigeria, where 
villages are often located close to fast-flowing rivers that 
have suitable breeding sites for Simulium black flies [12]. 
The major rainy season is between April and July and the 
minor rainy season occurs between October to Novem-
ber. The mean annual temperatures in southern Nigeria 
range from 24 to 32 °C.

Study design
The surveys were performed to identify potential sites for 
clinical trials of new treatments for onchocerciasis. The 
surveys also allowed the assessment of current nodule 
and Mf prevalence in villages following extensive MDA 
with ivermectin. Villages were selected based on guid-
ance from health officials in Enugu and Ogun states to 
include areas that were previously classified as either 
meso- or hyperendemic for onchocerciasis.

Recruitment of study participants
Cross-sectional surveys were conducted in 16 villages (6 
in Enugu and 10 in Ogun state) in selected LGAs between 
September 2020 and May 2021. A convenience sample of 
consenting individuals ≥ 18  years who were residents of 
the villages were eligible to participate. Before recruit-
ment, the study objectives were discussed with partici-
pants and a signed informed consent to participate was 
obtained from all participants. An interpreter, for Igbo 
(in Enugu) and Yoruba (in Ogun) languages, was used if 
the participant did not speak or understand the English 
language. These surveys were conducted with help from 
community drug distributors (CDDs), local health offi-
cials and/or village heads, with supervision by the study 
coordinators. The surveys aimed to enrol 40 participants 
(both genders) per study site.

Nodule palpation
Individuals were palpated to check for the presence of 
nodules harbouring adult worms of O. volvulus. Subcuta-
neous nodules were firm, often flattened or bean-shaped, 
usually movable, non-tender palpable masses that were 
usually 0.5 to 10  cm centimetres in diameter [2]. They 
were distant from the usual locations of lymph nodes, 
(neck, axillae, and inguinal regions); palpation was per-
formed over bony prominences (ribs, iliac crests, sacrum, 
and upper leg). Nodule presence was a binary finding 
(i.e., positive, or negative) for each participant. The num-
ber of nodules palpated per person was also noted and 
recorded. Demographic information for participants was 
also recorded.

https://dolfproject.wustl.edu/about/ida-for-onchocerciasis-studies/
https://dolfproject.wustl.edu/about/ida-for-onchocerciasis-studies/
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Detection of O. volvulus microfilariae
Skin snips were obtained from participants with or with-
out palpable nodules. The skin was cleaned with iso-
propyl alcohol wipes. Skin snips were taken from each 
posterior iliac crest using a sterile 2 mm Holth-type cor-
neoscleral punch (Everhards GmbH, Meckenheim, Ger-
many). Each skin snip was weighed with a digital balance. 
Snips were incubated in 100 μl phosphate-buffered saline 
for 24 h in flat-bottomed microtiter plates at room tem-
perature. Emerging microfilariae were counted by bright-
field microscopy (40x).

Data management and statistical analysis
Data were entered into Microsoft Excel 365 (Microsoft 
Corporation) spreadsheets and imported into IBM SPSS 
statistical software© (v 20.0, IBM Corporation, Armonk, 
NY) for analyses. Mf prevalence was expressed as a per-
centage (number of persons positive for Mf in either 
snip divided by number examined × 100). Mf intensity 
was expressed as the number of Mf per mg of skin snip. 
Chi-square was used to test the statistical significance of 
differences in Mf and nodule prevalence between study 

villages. A two-tailed p-value < 0.05 was considered sta-
tistically significant. The mean Mf/mg from the 2 skin 
snips were calculated per person to provide a single value 
of Mf intensity for each participant. Geometric mean Mf 
prevalence were calculated for each village. Geometric 
mean infection intensity was calculated with data from 
persons with Mf values > 0.

Results
Demographic and mass drug administration data of study 
villages
A total of 643 participants were enrolled in 16 study vil-
lages (Table  1) (Fig.  1). The study population included 
170 (75.6%) and 193 (46.2%) females in Enugu and Ogun 
state study villages, respectively. The median age was 51 
(range: 18–80) in Enugu and 45 (range: 18–92) in Ogun 
state. All villages in Enugu state had received 26 rounds 
of ivermectin MDA. Seven of 10 villages surveyed in 
Ogun state had received between 11 and 14 rounds of 
ivermectin prior to our study, and two surveyed villages 
in Ogun were ivermectin-naïve at the time of our study. 

Fig. 1 Map showing the location of study local government areas (LGAs) in Enugu and Ogun states, Nigeria
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All surveys were conducted 8 to 12 months after the last 
round of ivermectin MDA.

Onchocerciasis infection parameters
Table  2 shows nodule and skin Mf prevalence and geo-
metric mean skin Mf counts in the study villages in 
Enugu and Ogun states. Nodule and skin Mf prevalence 
in Enugu villages surveyed ranged from 42 to 67%, and 
from 32 to 51%, respectively. However, skin Mf densities 
were quite low; geometric mean Mf/mg values ranged 
from 1.0 to 3.1. Onchocerciasis infection parameters 
were lower in surveyed villages in Ogun state where nod-
ule and skin Mf prevalence ranged from 0 to 25% and 
from 0 to 28.6%, respectively. Geometric mean Mf/mg 

were less than 1 Mf/mg in all villages surveyed in Ogun 
(with the exception of one community, Ibaro, where the 
geometric mean Mf/mg value was 3.4).

Gender distribution of nodules and Mf in the study villages
Table 3 shows onchocerciasis infection parameters (nod-
ule and skin Mf prevalence), stratified by gender. In 
Enugu state, there were no significant differences in nod-
ule or skin Mf prevalence by gender (p = 0.056 and 0.161 
for nodule and skin Mf, respectively). Also, there were 
statistically significant differences in nodule prevalence 
by gender in study villages in Ogun state (p = 0.021), but 

Table 1 Demographic and intervention data of study villages

Variable Enugu state Ogun state

Total number of participants 225 418

Gender

 Male 55 (24.4%) 225 (53.8%)

 Female 170 (75.6%) 193 (46.2%)

Gender ratio

 Male: Female 1:3 1.2:1

Median age (range) 51 (18–80) 45 (18–92)

Table 2 O. volvulus nodule, skin Mf prevalence, and density after several rounds of ivermectin mass drug administration

a Baseline surveys (REMO) for Enugu state study villages were conducted in 1994
b Baseline surveys (REMO) for Ogun state study villages were conducted between 1995 and 2000

State Study village Baseline nodule 
 prevalencea,b

Number of 
ivermectin MDA 
rounds

Number of 
participants

Nodule 
prevalence (95% 
CI)

Skin microfilaria 
prevalence (95% CI)

Geometric 
mean Mf/mg

Enugu

Amokwe 42.0 26 45 55.6 (44.2, 60.5) 51.1 (37.0, 65.0) 2.2

Eziobodo 54.0 26 45 51.1 (37.0, 65.0) 33.3 (21.4, 48.0) 3.1

Obinagu/Eziama 58.0 26 50 42.0 ( 29.4, 55.8) 32.0 (20.8, 45.9) 3.0

Ugwuorie 42.0 26 30 46.7 (30.3, 63.8) 36.7 (21.9, 54.6) 1.0

Umuezemanna 44.0 26 15 66.7, 41.5, 84.8) 46.7 (24.9, 69.8) 1.6

Umunnakwe 44.0 26 40 62.5 (46.9, 75.6) 50.0 (35.2, 64.8) 2.2

Ogun

Abule Aje 4.8 14 41 0 (0.0, 10.5) 4.9 (0.6, 17.2) 0.3

Abule Peter 4.8 14 43 0 (0.0, 10.0) 2.3 (0.0, 13.4) 0.2

Adeaga 16.0 11 32 3.1 (0.0, 17.4 28.1 (15.5, 45.6) 0.4

Ibara Afon 30.0 14 48 4.2 (0.4, 14.9) 6.3 (1.6, 17.6) 0.3

Ibaro 12.0 14 42 9.5 (0.3, 22.8) 28.6 (17.1, 43.7) 3.4

Idode 6.0 0 50 4.0 (0.4, 14.4) 20.0 (11.1, 33.1) 0.3

Imomo 6.0 0 40 25.0 (13.1, 42.4) 15.0 (6.8, 29.6) 0.3

Isara 22.0 3 32 10.7 (3.0, 28.2) 9.4 (2.6, 25.2) 0.3

Olokemeji 16.0 11 28 10.9 (4.4, 23.6) 21.4 (9.9, 40.0) 0.4

Olowo 16.0 11 46 3.7 (2.2, 6.1) 0.0 (0.0, 9.4) 0.0

Table 3 Gender distribution of nodules and skin microfilaria 
prevalence in the study villages

State Gender Number of 
participants

Nodule 
prevalence 
(95% CI)

Skin microfilaria 
prevalence (95% 
CI)

Enugu

Female 170 48.8 (41.4, 56.3) 37.7 (30.7, 45.1)

Male 55 63.6 (50.4, 75.1) 50.9 (38.1, 63.6)

Ogun

Female 215 3.7 (1.8, 7.3) 14.0 (9.9, 19.3)

Male 187 10.2 (0.7, 15.4) 12.8 (8.7, 18.5)
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not for skin Mf (p = 0.817). Descriptive statistics of the 
number of individuals with nodules and skin Mf, and 
with either nodules or skin Mf are presented as Addi-
tional file 1.

Discussion
This study has provided new data on the current status 
of onchocerciasis in selected LGAs in endemic states in 
southeast and southwest Nigeria. Although all surveyed 
villages in Enugu state had received many rounds of iver-
mectin MDA (26 rounds over more than two decades), 
our results showed that nodule and skin Mf prevalences 
were still at meso-endemic levels. In contrast, onchocer-
ciasis infection prevalences in villages surveyed in Ogun 
state were considerably lower than those in Enugu even 
though fewer rounds of ivermectin had been distributed 
in Ogun. This difference may be due to higher baseline 
infection prevalences and biting rates in Enugu.

Rapid epidemiological mapping of onchocerciasis 
(REMO) was conducted in 1994 in Enugu state. Some 
27  years later, nodule prevalence remained largely 
unchanged in this setting. This may be because adult O. 
volvulus worms can live in subcutaneous nodules for 
about 15 years, and ivermectin does not kill adult worms 
[13, 14], [15]. The persistence of onchocerciasis in these 
study areas could be due to suboptimal compliance with 
MDA or to extremely high Simulium biting rates.

O. volvulus skin Mf densities are correlated with dis-
ease risk [2]. We do not have access to ivermectin MDA 
coverage and compliance data for villages in this study, 
and that is a limitation of our study. However, low skin 
Mf counts documented in this study are encouraging, 
because they suggest that MDA coverage and compliance 
have been high in the recent past in the surveyed vil-
lages which were considered by state health officials to be 
at high risk for persistence of onchocerciasis. They also 
suggest that ivermectin MDA is working well for disease 
control in these areas. On the other hand, these results 
also mean that the surveyed areas did not have enough 
heavily infected patients to populate our planned clinical 
trials of new treatments for onchocerciasis. That is good 
news for Ogun and Enugu states.

We found a statistically significant difference in nodule 
prevalence rates between males and females in our study 
population. This is consistent with results from other 
studies where males had higher nodule prevalences [16, 
17]. These studies suggest that higher infection preva-
lences in males were due to their higher exposure to bites 
from the Simulium vector during outdoor activities such 
as farming and fishing [17, 18]. There were no significant 
differences in Mf prevalence by gender in our study. Dif-
ferences that may have been present at baseline may have 
been obscured over time by ivermectin MDA.

The small number of adults sampled per village is a 
limitation of our study because this results in wide con-
fidence intervals for estimates of infection prevalence 
by village. Also, the sampling population in this study 
differed from previous REMO surveys; REMO meth-
odology restricted surveys to a random population of 
adult males whereas our study did not have any gen-
der restrictions. This difference in sampling popula-
tion makes it tricky to directly compare our results with 
results obtained at baseline surveys. Despite these limi-
tations, our results clearly show that these study areas 
need to continue ivermectin MDA despite the long his-
tory of ivermectin distribution in the Enugu study vil-
lages and mostly low baseline nodule prevalences in the 
Ogun study villages. The 2016 WHO onchocerciasis 
elimination targets require the demonstration of very 
low infection prevalences in children [19]. Although 
we did not include children in our study, the infection 
rates recorded in adults in our study suggest that these 
study areas would not meet recommended MDA stop-
ping criteria. Furthermore, mathematical modelling 
predictions suggest that for an evaluation unit to be 
considered to have interrupted transmission, skin Mf 
prevalence should be < 5.0% in 100% of the villages in 
an implementation unit or < 1.0% in at least 90% of vil-
lages [20].

In conclusion, this study has shown that onchocercia-
sis persists in the areas surveyed in two states in Nige-
ria despite many rounds of ivermectin MDA. Although 
O. volvulus transmission has been interrupted in some 
endemic foci in Africa with ivermectin MDA, this inter-
vention is more effective for disease prevention than for 
elimination. Our results suggest that annual ivermectin 
alone may not be sufficient to eliminate transmission 
by 2030 in areas similar to those of our study villages in 
Enugu. Options to consider include more frequent MDA 
with ivermectin (with high treatment coverage and com-
pliance), use of a more effective microfilaricide such as 
moxidectin [6, 21], distribution of an effective macrofila-
ricide (not yet available), or addition of vector control to 
complement mass drug administration.

Supplementary Information
The online version contains supplementary material available at https:// doi. 
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Additional file 1: Table S1. The presence of nodules and skin microfilaria 
(mf ) at individual level in study population.
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