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Abstract

the focus has changed from control to elimination.

Background: The control of onchocerciasis in Ghana started in 1974 under the auspices of the Onchocerciasis
Control Programme (OCP). Between 1974 and 2002, a combination of approaches including vector control, mobile
community ivermectin treatment, and community-directed treatment with ivermectin (CDTI) were employed. From
1997, CDTI became the main control strategy employed by the Ghana OCP (GOCP). This review was undertaken to
assess the impact of the control interventions on onchocerciasis in Ghana between 1974 and 2016, since which time

Methods: In this paper, we review programme data from 1974 to 2016 to assess the impact of control activities on
prevalence indicators of onchocerciasis. This review includes an evaluation of CDTl implementation, microfilaria (Mf)
prevalence assessments and rapid epidemiological mapping of onchocerciasis results.

Results: This review indicates that the control of onchocerciasis in Ghana has been very successful, with a signifi-
cant decrease in the prevalence of infection from 69.13% [95% confidence interval) Cl 60.24-78.01]in 1975 to 0.72%
(95% C1 0.19-1.26) in 2015. Similarly, the mean community Mf load decreased from 14.48 MF/skin snip in 1975 to 0.07
MF/skin snip (95% CI 0.00-0.19) in 2015. Between 1997 and 2016, the therapeutic coverage increased from 58.50 to
83.80%, with nearly 100 million ivermectin tablets distributed.

Conclusions: Despite the significant reduction in the prevalence of onchocerciasis in Ghana, there are still communi-
ties with MF prevalence above 1%. As the focus of the GOCP has changed from the control of onchocerciasis to its
elimination, both guidance and financial support are required to ensure that the latter goal is met.
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Background

Onchocerciasis is a neglected tropical disease (NTD)
caused by the nematode Onchocerca volvulus, which is
transmitted by the black fly [1]. The disease is endemic
in 28 sub-Saharan countries in Africa including Ghana,
in Yemen, and in small foci in six Latin American coun-
tries [2]. Onchocerciasis is highly debilitating, giving rise
to severe visual loss and blindness and severe itching
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with dermal changes [3]. The disease is often referred
to as ‘river blindness’ because the populations that are
worst affected live close to fast-flowing rivers where the
vectors breed. In these highly endemic communities,
the disease has a serious socio-economic impact [4]. The
WHO’s implementation of the Onchocerciasis Control
Programme (OCP) in West Africa from 1974 to 2002,
followed by the African Programme for Onchocerciasis
Control (APOC) from 1995 to 2015, has led to a substan-
tial reduction of the disease burden [5].

Ghana is one of the West African countries endemic
for onchocerciasis, and has been involved in the control
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of onchocerciasis since the inception of the OCP. Dur-
ing the OCP (1974-2002), vector control, through aerial
larviciding, was implemented in the northern and central
parts of the country [6]. Following the licensing of iver-
mectin for human use [7, 8], Ghana became one of the
first countries to implement mass drug administration,
with trials undertaken in some highly endemic foci [9].
From 1992 to 1997, ivermectin was distributed in Ghana
by mobile teams. The goal of the Ghana OCP (GOCP)
then was to reduce the prevalence of onchocerciasis to
such a low level that it would cease to be of concern for
public health. Thus, in 1997, Ghana piloted community-
directed treatment with ivermectin (CDTI) as its main
strategy for the control of onchocerciasis, which was then
upscaled in 1998 [10]. However, the recent change in the
global strategy for onchocerciasis from control to elimi-
nation [11] means that the operations of the Ghana pro-
gramme need to be adapted to meet this aim. This review
was undertaken to assess the progress made in Ghana
during the control phase and to identify the challenges
and requirements for future activities of the GOCP.

Methods

Onchocerciasis data were obtained from the Ghana NTD
programme, which is responsible for all the activities in
relation to onchocerciasis control in Ghana. The data
were compiled for various activities from the inception
of the OCP in 1974 until 2016. This review includes an
evaluation of CDTI implementation, microfilaria (Mf)
prevalence assessments, rapid epidemiological mapping
of onchocerciasis (REMO) results, and entomological
assessments, where available. Activities from 2017 to
date, which include a major impact assessment, are con-
sidered in a different publication since these form part of
the elimination activities of the programme.

Data analysis

The programme data were compiled in Microsoft Excel
and the graphs generated in GraphPad Prism (version
6.05). Other statistical analyses were undertaken using
MedCalc Software (version 18.6). Statistical significance
was determined at p-values < 0.05. The prevalence of
infection is presented as the percentage of surveyed par-
ticipants with nodules or Mf in skin snips, together with
the 95% confidence intervals (CIs). Due to the fact that
the Mf prevalence data were not systematically collected
in all endemic communities and in the same years, com-
munity- and district-level analyses were not always pos-
sible. The mean intensity of infection or community Mf
load (CMFL) was estimated where possible. Entomologi-
cal surveillance data are only presented for those sites for
which there were complete datasets.

During the programme, the GPS coordinates of sur-
veyed communities were recorded for each village using a
hand-held Garmin Global Positioning System (GPS) unit.
Where the coordinates were not available, the locations
of the communities were geo-referenced using the lati-
tude and longitude coordinates obtained by cross-check-
ing their names with data from the Directory of Cities
and Towns in the World [12] database. The data were
imported into the geographical information system (GIS)
software ArcGIS 10.2 (ESRI, Redlands, CA) for map-
ping. Due to the small number of communities assessed
in some years, the data were grouped into year periods.
For each of these periods, the mean prevalence was esti-
mated. Based on the data points, the distribution of the
disease in Ghana was modelled through kriging analysis
in ArcGIS.

Results

Vector control and surveillance

Onchocerciasis vector control in Ghana was under-
taken as part of the OCP between 1974 and 2002. Vector
control activities were mainly focused on the northern
and central savannah areas of the country [6]. Thus,
the southern forest foci were not included in the OCP
activities. In these areas, several entomological investiga-
tions were conducted between 2009 and 2011 [13-15].
Despite repeated ivermectin treatment, transmission was
detected in all the communities assessed, and in two of
these communities the thresholds were above the WHO
recommendations of one infective stage-three (L3) larva
per 1000 parous flies [14, 16]. The GOCP also conducted
entomological surveillance in different years of the pro-
gramme stages, albeit with incomplete data since most
of the analyses were done outside the country. Avail-
able and complete data for 2009 and 2010 are presented.
Through the support of the APOC, fly collection was
undertaken in: (i) the initial OCP area where control
activity was exclusively based on vector control; (ii) in the
OCP southern extension (central savannah) area where
both vector control and ivermectin treatment were used;
and (iii) in the forest areas where control activities were
based exclusively on ivermectin treatment. Collected flies
were processed using the pool-screening O. volvulus-
specific O-150 polymerase chain reaction method. The
outcomes of these evaluations are presented in Table 1,
and reveal that, in some sites where the minimum 6000
flies were tested, the infectivity rate was above the 1/2000
flies threshold level, which is used as an indicator for the
interruption of disease transmission [16].

CDTI implementation in Ghana
Nine out of ten regions in Ghana are onchocerciasis
endemic; the CDTI strategy was implemented in all
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Table 1 Infectivity rates of vectors collected in Ghana (2009, 2010)

Location Year No. expected No. tested Infectivity rate (1 073 Interval (1079)

Ahamasu 2009 6000 8401 0.24 0.02 0.86
Tintinso 2009 6000 4203 253 1 523
Pibila 2009 6000 3016 6.9 232 18.15
Bielikpong 2009 6000 11098 0.28 0.05 0.84
Nsawora 2009 6000 4141 024 0.007 13
Kamba 2009 6000 5741 0 0 0.33
Kumdi 2009 6000 4816 0 0 039
Chache 2009 6000 1082 0 0 1.59
Nakong 2009 6000 2409 0 0 0.79
Abua 2009 6000 4198 0 0 045
Ekundipe 2010 6000 3137 1.7 0427 4446
Ahamasu 2010 6000 10582 053 0.159 1.25
Kamba 2010 6000 2294 0 0 0.79
Tainso 2010 6000 6850 0357 0.0357 1.06
Nsawora 2010 6000 2602 0.445 0.013 229
Bielikpong 2010 6000 3263 0317 0.009 1.36
Pibila 2010 6000 3196 035 0.01 1.81
Abua 2010 6000 4981 045 0.0524 1.56
Nakong 2010 6000 2575 3.655 0.892 10.17
Chache 2010 6000 778 0 0 2.131

of them [10], with all endemic communities receiving
treatment annually after 1998. Following the cessation
of OCP operations in 2002, several communities were
classified as Special Intervention Zones (SIZ; areas of
hyperendemicity) between 2002 and 2007 [17], in which
partial CDTI activities were undertaken. Ivermectin
treatment for the elimination of lymphatic filariasis was
started in 2001 and was implemented in districts co-
endemic with onchocerciasis, and gradually scaled up to
cover all endemic districts by 2006 [18]. The programme
saw a gradual increase in the number of people treated
and epidemiological coverage. In 2016, over 4 million
individuals in endemic communities were treated. The
therapeutic coverage increased from 58.50% in 1997
to 83.8% in 2016 (Fig 1). The coverage was consistently
above 65% after 2006. Nearly 100 million ivermectin tab-
lets were distributed within this period (Additional file 1:
Fig. S1) through the onchocerciasis and lymphatic fila-
riasis programmes.

Remapping of onchocerciasis in Ghana

Despite the implementation of CDTI from the late 1990s,
inadequate financial support coupled with management
challenges led to the erratic distribution of ivermec-
tin with poor therapeutic and geographic coverage for
most of the treatment areas. The inception of the lym-
phatic filariasis elimination programme in 2000 led to the

distribution of ivermectin and albendazole to many com-
munities in Ghana [19]. From 2004, drug distribution as
part of the lymphatic filariasis elimination programme
was combined with the onchocerciasis programme,
resulting in significant improvements in geographic and
therapeutic coverage. However, up-to-date mapping data
were not available for the country, so the onchocercia-
sis programme relied on historical data compiled from
regional and districts health teams, as well as community
surveys, to guide the treatment for onchocerciasis.

In 2008, REMO [20] was undertaken in Ghana, through
the support of APOC, to accurately and rapidly re-map
and identify communities suffering from onchocerciasis.
Endemicity maps were developed for the preparation of
a national plan for onchocerciasis control, and for a re-
launch of the mass treatment of identified onchocerciasis
communities with ivermectin. The selection of commu-
nities was optimally biased towards high-risk ones (those
most likely to have the worst disease profile, and com-
munities in the immediate vicinity of major potential
vector breeding sites) in each endemic zone [10]. At least
one high-risk community was selected in each district
per stretch of the river, and along every 30- to 50-km
stretch along the main river, and in the valley of each
major tributary. For each of the high-risk villages, a sec-
ondary village, which was located at least 10 km further
away from the breeding sites of the vectors, was chosen
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Fig. 1 Therapeutic coverage of community-directed treatment with ivermectin in Ghana (1997-2016)

to help obtain some indication of the distribution and
overall severity of the disease over a wider geographical
area. A survey of a secondary village was only under-
taken if at least some of the high-risk communities were
proven to be meso- or hyperendemic for onchocerciasis.
A measure of the level of endemicity of onchocerciasis
in the selected communities was undertaken using the
rapid epidemiological assessment (REA) method based
on nodule prevalence after nodule search in a sample of
adults [20].

In each community, a random sample of 50 adult males
and females aged more than 20 years, and resident in the
community for at least 10 years, was taken. These indi-
viduals were examined for the presence of onchocer-
cal nodules. Two skin snip biopsies were taken from the
iliac crest of each participant, and after a drop of normal
saline had been added the strips were examined under a
microscope after 30 min of incubation [21]. Validation
of the results was undertaken within 2 months of the
completion of the surveys by a team which included a
group of independent experts, which surveyed a sample
of villages where the original rapid assessments had been
conducted. The validation of the results of these villages
involved the selection of a stratified random sample that
took into account the different ecological zones and lev-
els of reported onchocercal endemicity. The demographic
characteristics of the villages and the contact details of
village heads were also recorded.

Out of 753 villages selected, only 705 were examined
using REA (Table 2) due to accessibility. The survey also

combined nodule examination with skin snip assess-
ments in 85 villages. A total of 27,635 people were sur-
veyed by REMO, of whom 1091 (4.0%) were positive
for nodules. This proportion varied from 0.3% in the
Greater Accra Region to 8.0% in the Central Region. Of
the 3966 inhabitants of the 85 villages for whom skin
snips were examined, 365 (9.2%) were found to be posi-
tive for Mf, with prevalence varying from 0.0% in the
Greater Accra Region to 16.3% in the Ashanti Region. A
case search for blindness revealed a total of 1,229 blind
individuals. The Northern and Upper East Regions had
the highest number of cases of blindness, 356 and 364
respectively, which comprised 58.2% of all the cases.
Greater Accra had the fewest, with three cases of blind-
ness. Community nodule prevalence rates varied from
0.0% in many regions to 59.4% in one community in
the Ashanti Region, while community Mf prevalence
also varied from 0.0% in many communities across the
country to 53.1%, also in one community in the Ashanti
Region.

The total number of cases of blindness identified in the
Northern and Upper East regions (58.6%) gives a possi-
ble indication of the severity of onchocerciasis and other
blinding diseases in the northern parts of the country.
These data support earlier observations which led the
former OCP to focus on onchocerciasis in the northern
parts of the country, which were well known for cases of
blinding onchocerciasis [6]. While onchocerciasis could
have been a contributory factor to old cases of blindness,
trachoma might have been the main contributory factor
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Table 2 Summary of onchocerciasis mapping survey results by region (2008)

Region Nodule examination Skin snips Blindness

cases
REMO No. examined No. positive  Nodule REMO No. examined No. Mf Mf Number
villages prevalence villages (%) positive prevalence

(%)

Ashanti 83 3005 140 4.66 (3.93- 11(13) 679 m 16.35 (13.64- 55
5.47%) 19.35%)

Brong Ahafo 86 3268 115 352 (291- 6 (7) 244 2 0.82 (0.10- 87
4.21%) 2.93%)

Central 26 1020 82 8.04 (6.44- 14 (54) 501 95 18.96 (15.62- 47
9.88%) 22.67%)

Eastern 118 4772 163 342 (2.92- 6 (5) 464 51 10.99 (8.29- 89
3.97%) 14.20%)

Greater Accra 12 341 1 0.29 (0.01- 2017) 106 0 0.00 (0.00- 3
1.62%) 342%

Northern 120 4741 249 525 (4.63- 10 (8) 394 53 13.45(10.24- 356
5.93%) 17.22%)

Upper East 22 718 16 2.23(1.28- 6(27) 233 0 0.00(0.00- 364
3.59%) 1.57%)

Upper West 46 1869 47 2.51(1.85- 7(16) 307 14 446 (2.52- 64
3.33%) 7.53%)

Volta 68 2882 134 4.65(391- 9(13) 450 18 4.00 (2.39- 106
5.48%) 6.25%)

Western 124 4987 144 2.89 (2.44- 1401 588 21 357 (2.22- 58
3.39%) 541%)

Total 705 27603 1091 3.95(3.73- 85(12) 3966 365 920(832- 1229
4.19%) 10.15%)

REMO Rapid epidemiological mapping of onchocerciasis, Mf microfilaria

to new cases of preventable blindness in the northern
parts of Ghana [22, 23].

Reorganization of onchocerciasis treatment areas

The results of the REMO survey, together with those of
previous epidemiological and entomological surveys,
were used to help delineate areas of onchocerciasis ende-
micity in Ghana (Additional file 2: Fig. S2). The main
infected river basins were found to be the Pra, Pru, Offin,
Afram, Bia, Bui-Black Volta, Daka and Majimaji. Black
flies are known to be have a normal flight range of 20 km
within their breeding sites, though with the aid of cer-
tain climatic and physical conditions they are able to fly
a distance of 400 km or more [24, 25]. Communities were
therefore selected for treatment along the infected rivers
but within the normal flight range (20 km) of the black
fly. Within these identified infected river basins, all the
communities within a 20-km radius were then identified
by the programme and listed as communities endemic
for onchocerciasis, for which biannual treatment with
ivermectin was instituted in 2009. The number of com-
munities treated was gradually scaled up from 2009
(Additional file 3: Fig. S3).

This re-mapping of onchocerciasis also resulted in the
discovery of ivermectin-naive treatment areas, which had
not been previously identified as onchocerciasis endemic
in Ghana. These areas were the Afram Plains District of
the Eastern region, the Ho Municipal District in the Volta
Region and the Amansie Central District in the Ashanti
Region.

Introduction of twice-yearly treatment

Following the REMO survey in 2008, twice-a-year treat-
ment with ivermectin was implemented from 2009 in
all the identified hyperendemic (prevalence > 40%) and
mesoendemic (prevalence between 20 and 39%) com-
munities. Various categories of personnel at the commu-
nity level, as well as health workers, were trained for drug
distribution. Additional file 4: Fig. S4 shows the number
of people at the community level that were trained annu-
ally for health intervention from 2009. Health workers
were also trained every year (Additional file 5: Fig S5).
Implementation units were re-demarcated from villages
to entire sub-districts, as long as a village in that sub-
district was endemic for onchocerciasis. Thus, there was
an increase in the number of communities treated, from
1509 in 1998 to 7043 in 2016 (Additional file 3: Fig S3),
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which reflects the commitment of the programme to
reach all endemic communities in the country.

Impact of interventions on Mf prevalence

The prevalence data revealed a downward and signifi-
cant reduction in the mean Mf prevalence from 1975 to
2015 (Figs. 2, 3). In 1975, the mean Mf prevalence was
69.13% (95% CI 60.24-78.01), with a range of 54.90—
83.40% in eight surveyed communities. By 1998, when
CDTI became the main control strategy, the Mf preva-
lence was 9.76% (95% CI 2.22-17.30), with a range of
0.00-62%. By 2015, the mean Mf prevalence decreased
to 0.72% (95% CI 0.19-1.26), with a range of 0.00—4.10%,
in 26 surveyed communities. The mean CMFL decreased
from 14.48 MF/snip in one community in 1975 to 1.60
ME/snip (95% CI 0.00-3.93), with a range of 0.0-21.9
ME/snip in 20 communities by 1998. By 2015, the mean
CMFL fell to 0.07 MF/snip (95% CI 0.00-0.19), with a
range of 0.0-0.15 MF/snip in 26 surveyed communities.
As a result of the CDTT activities of the programme, the
status of many endemic areas changed from being hyper-
endemic to hypoendemic. Figure 4 shows the change in
endemicity from the pre-control intervention in 1975 up
until 2015. Based on the Mf results, seven transmission
zones were identified. These included the Black Volta,
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Dayi-Asukwakwa, Oti-Daka, Pra-Offin, Pru-Afram,
Tano-Ankobra and the White Volta-Kulpawn trans-
mission zones. These transmission zones were further
demarcated to identify districts that require one or two
rounds of treatment per year.

Discussion

Since its inception in 1974, the GOCP has undergone
several phases of implementation with the technical and
financial support of the former OCP, SIZ, APOC of the
WHO, and now the WHO’s Elimination of Neglected
Tropical Diseases, with strategies including vector con-
trol through aerial larviciding, mobile team distribution
of ivermectin, and CDTI, together with the campaign
strategy of the lymphatic filariasis programme, mainly
undertaken in onchocerciasis and lymphatic filariasis
co-endemic areas in Ghana. These strategies have been
implemented with the technical and financial support
of the United States Agency for International Develop-
ment, various non-governmental development coopera-
tion organisations and Sightsavers. This review reveals
significant reductions in the prevalence and distribu-
tion of onchocerciasis in Ghana following the inter-
ventions implemented within the review period. Many
areas previously hyperendemic are now considered to be
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Fig. 3 Mf prevalence estimates for the periods 1975-1980, 1990
1997 and 2007-2015. Error bars represent SEM

hypoendemic. However, given the change of the GOCP’s
focus from control to elimination, as these areas are still
endemic, they will need to be dealt with accordingly in
the future.

Despite the successes of the GOCP, there are still many
inherent challenges associated with onchocerciasis con-
trol in Ghana. Principally, challenges in funding, tech-
nical guidance, human resources, tools and inadequate
guidelines have hampered the implementation of the
GOCP. The programme has also faced competition for
resources from other health programmes, and the buy-in
of the government into onchocerciasis control activities
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has been limited. Though xenomonitoring is recom-
mended to determine when to stop mass drug admin-
istration for onchocerciasis, there is limited technical
and financial support for this. The government labora-
tory and research institutions do not have the required
capacity for this, or they are too expensive, which means
that these activities are not operationally feasible. Fur-
thermore, many of the laboratory technicians with the
necessary expertise for onchocerciasis surveys are at
retirement age, and younger laboratory technicians show
little or no interest in onchocerciasis field surveys. A
recrudescence of onchocerciasis in certain endemic areas
as a result of sub-optimal responses to ivermectin treat-
ment [26, 27] has also been observed. In these areas, the
strategy of twice-yearly treatment has reduced the Mf
intensity and prevalence [28]. However, Mf still remains a
challenge in a number of communities.

Despite a significant reduction in the prevalence of Mf,
in many communities it is still above 1%. In communities
where Mf prevalence is < 1%, entomological evaluations
will need to be conducted to ensure that the parasite lev-
els within the vector remain below the threshold of one
L3 larva per 1,000 parous flies [29, 30]. Furthermore, the
change in strategy since 2017 from control to elimination
requires re-definement of the treatment areas, determi-
nation of the impact of previous treatment, the intro-
duction of new tools for the assessment of transmission
and the elucidation of transmission zones guided by an
onchocerciasis expert committee on when to stop mass
drug administration. As part of this change in approach,
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there is a need for longitudinal onchocerciasis surveil-
lance data, confirmed by cross-sectional survey data to
elucidate the impact of past programmes and to pro-
vide further direction for programmes with the aim of
elimination. The results of an onchocerciasis impact
assessment survey undertaken in 2017 will be published
elsewhere. However, the successful elimination of oncho-
cerciasis requires expert technical advice, buy-in and
significant funding from programme partners, a strong
technical team to undertake the field surveys and an
monitoring and evaluation team to manage the data and
analyse and report the results to an expert committee to
determine future directions towards the elimination of
onchocerciasis. It is anticipated that the guidelines of the
WHO Onchocerciasis Technical Advisory Subgroup [31]
will help workers address some of these challenges.

Conclusion

The significant reduction in the prevalence of onchocer-
ciasis in many communities indicates that the control
of this disease has been a success in Ghana. The success
of the re-mapping of onchocerciasis to develop ende-
micity maps to guide the treatment of endemic com-
munities, and the relaunched control programmes, was
confirmed by a reduction in onchocerciasis endemicity.
As the country moves towards the elimination of oncho-
cerciasis, there is a need to address the following chal-
lenges: funding; human resources and technical capacity;
government buy-in; possible ivermectin non-response,
which has been reported in certain parts of the country
[26, 32]; the financial sustainability of programme activi-
ties to achieve elimination targets; and the technical
guidance of the WHO and its partners.
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