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Abstract

Onchocerciasis is a leading cause of blindness in the world. It may be seen in temperate

climates of the United States and Europe in immigrants and travelers from endemic

regions, often linked to poverty and war. One should be aware of an incubation period that

can be up to 15 months. In its early stage and throughout its course, onchocerciasis has

noteworthy skin findings, facilitating diagnosis, as onchodermatitis resembles common

eczema with variable degrees of papular, lichenoid, atrophic, and pigmentary alterations,

features not suggestive if one is unaware of an individual’s immigration and travel history.

The same concept applies for the encysted worms (onchocercomas), as they tend to

appear as common skin cysts and benign neoplasms. New methods can be employed to

increase diagnostic sensitivity and specificity. Ivermectin is the gold standard of therapy,

the use of which has almost miraculously eliminated this disease from large areas of the

earth. However, its effect remains isolated to microfilariae and can be devastating in those

coinfected with Loa loa. Recently, the symbiotic relationship between adult worms and

Wolbachia bacteria has been discovered and, with it, the possibility of adding doxycycline

as a treatment option. We also discuss coinfection with HIV and other diseases.

Introduction

Onchocerciasis, also known as African river blindness or blind-

ing filariasis, is a leading cause of blindness worldwide. This

neglected tropical disease affects millions of people, mainly in

sub-Saharan Africa. There are smaller foci in Latin America and

only one country in Asia, which is Yemen. There is spillover into

the United States and Europe,1–5 often as a result of poverty

and war. Yet, it is often first and persistently evident in the skin

as a dermatitis, a finding first described in present-day Ghana

in 1895 by British surgeon John O’Neill.1 Because of the

increased prevalence of black flies, the intermediate hosts of

Onchocerca volvulus in freely flowing waterways, this infestation

favors individuals who reside within a few kilometers of them.

The estimated prevalence of O. volvulus ranges from 20 to

40 million cases worldwide.

Blackflies are capable of transmitting infective larvae to indi-

viduals by biting their host, who subsequently will demonstrate

signs of infection after 3–15 months.1 This lengthy incubation

period should be considered in evaluating patients. The female

blackflies with infective larvae in Yemen bite throughout the

day, mainly around sunrise and dusk. Severity of complications

may correlate with chronicity of infection, as well as persistent

exposure to the parasite and geographic location. The blackfly

species, Simulium rasyani, breeds in shallow, rapidly flowing,

well-oxygenated river water (Fig. 1). Onchocerciasis occurs in

travelers to endemic regions and in immigrants from affected to

nonendemic areas. Thanks to the Nobel Prize winning discov-

ery and use of ivermectin,6–10 mass onchocerciasis control and

eradication programs have been a success in some tropical

countries.9–14

Pathogenesis

Onchocerciasis is a vector-borne illness caused by O. volvu-

lus1–5 (Fig. 2). It has a five-life stage cycle in humans. The

Simulium fly bite transmits larvae, which are deposited into the

skin where they reside for at least 6–12 months through a ser-

ies of molts into mature adult worms capable of producing

microfilariae. Adult females sit in fibrous subcutaneous or deep

nodules, while the adult males circulate from nodule to nodule

to inseminate the females. Microfilariae congregate in skin, eye,
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lymphatics, and lymph nodes and have an average lifespan of

10–14 years. They may also be seen in bodily fluids such as

the urine, sputum, and peripheral blood. This life cycle is

repeated upon ingestion by the blackfly of a blood meal contain-

ing microfilariae. These microfilariae migrate from the blackfly’s

midgut through the hemocoel to the thoracic muscles where

they develop into first-stage larvae and later into third-stage

infective larvae before migrating to the blackfly’s proboscis to

infect another human when the fly takes a blood meal.

Clinical Presentation

Onchocerciasis is associated with a range of clinical manifesta-

tions ranging from the absence of symptoms to both acute and

chronic cutaneous changes.1–5,10,12 Immunologic response to

microfilariae is causative. Ocular pathology is largely attributed

to an eosinophilic and granulomatous reaction to dead microfi-

lariae, manifesting as uveitis, punctate keratitis, snowflake opac-

ities, sclerosing keratitis, optic atrophy, onchochorioretinitis, and

glaucoma. Specifically, this immunologic response leading to

uveitis may progress to glaucoma; punctate keratitis may pro-

gress to sclerosing keratitis.8,9 Onchocerciasis often varies in

presentation with geography, West African savanna cases

favoring ocular findings and African forest ones having more

skin involvement, perhaps related to different strains of

O. volvulus. HIV may enhance cutaneous and ocular manifesta-

tions of onchocerciasis. Not surprisingly, HIV-positive patients

were found to have a higher onchocercal skin score when com-

pared to HIV-negative ones.15 Onchocerciasis and other filarial

infections may enhance susceptibility to HIV-1 infection.16

The most common dermatologic manifestation of onchocerci-

asis is diffuse papular dermatitis, which is accompanied by

intense pruritus, the latter in some the earliest sign.1–5,12,17,18

The cutaneous findings may be delineated into overlapping cat-

egories as acute papular onchodermatitis, chronic papular

onchodermatitis, lichenoid papular onchodermatitis, atrophic

papular onchodermatitis, and pigmentary dyscrasia sometimes

so marked as to be referred to as “leopard spots” (Figs. 3–5).

However, these patterns are often mixed. Pruritus of the lower

trunk, buttocks, and thighs may be first evident, sometimes the

only symptom. Evolving secondary cutaneous findings can

include scaling, ulceration, "peau d’orange" features due to

intradermal edema followed by epidermal atrophy and presby-

dermia, epidermal hypertrophy with lichenification producing

reptilian features, and depigmented macules over the skin. One

typically sees an asymmetrical, localized plaque, often on only

one leg, arm, or shoulder. The skin may become atrophic. In

light-skinned individuals, such as those in Yemen, this cuta-

neous postinflammatory hyperpigmentation may appear black,

in Arabic sowda. Onchodermatitis histologically is often non-

specific, with microfilariae inconsistently evident in the basal

layer, the specimen itself correlating with the dermatitis clinical

pattern with hyperkeratosis, parakeratosis, and acanthosis over-

lying a perivascular upper dermal chronic inflammatory infiltrate

containing eosinophils, lymphocytes, and occasional giant

cells.1 Yemen is an example focusing on the dermatologic find-

ings of onchocerciasis, highlighting onchodermatitis with little

evidence of ocular damage and few encysted worms

Figure 1 Onchocerciasis, river in Yemen with shallow, fast running,

well-oxygenated water conducive to blackfly species, Simulium

rasyani, breeding (courtesy of coauthor Yasin Al-Qubati MD)

Figure 2 Blackfly Simulium rasyani on leg of man in Yemen

(courtesy of coauthor Yasin Al-Qubati MD)
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(onchocercomas) (Fig. 6), unlike the situation in most endemic

regions.1,12 It should be stressed that frequent eye lesions of

onchocerciasis, as seen in Africa, are not evident in Yemeni

patients.12

Over a period of time, the host immunologic response

encases the adult female worms within tissue in the subcuta-

neous layer to form an onchocercoma. This nodule may appear

smooth, nontender, slippery, and nonfixed, and range in diame-

ter from 5 mm to 3 cm, but may aggregate to form masses up

to 10 cm in diameter and/or become affixed to underlying fas-

cia. Onchocercomas are essentially granulomas that develop in

response to the foreign proteins which are produced by the

adult worms. Typically, the nodules are found in the dermis over

bony prominences, the anatomic location varying with

Figure 3 Onchocerciasis leg, typical papular onchodermatitis

(courtesy of coauthor Yasin Al-Qubati MD)

Figure 4 Onchocerciasis, legs, typical hyperpigmentation of

onchodermatitis (courtesy of coauthor Yasin Al-Qubati MD)

Figure 5 Onchocerciasis, legs, typical neurodermatitis-like

onchodermatitis (courtesy of coauthor Yasin Al-Qubati MD)

Figure 6 Onchocercoma, a subcutaneous nodule of encasted adult

worms, hip of Yemeni man (courtesy of coauthor Yasin Al-Qubati

MD)
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geographic region. Whereas involvement around the anterior-

superior iliac spine, femoral trochanter, iliac crest, sacrum, and

coccyx is more common in Africa, nodules appear more fre-

quently on the head and upper body in patients from Central

America. Cutaneous manifestations may reflect the intensity of

the immune response as determined by both the parasite bur-

den as well as inherited factors. A lower burden may correlate

with localized onchodermatitis.

Usually, the femoral lymph nodes are considerably enlarged

when there is onchodermatitis of the lower limbs, with the skin

of the thigh below the site of femoral lymph nodes being nor-

mal. These lymph nodes may be 2–5 cm in diameter, neither

painful nor tender, mobile, and of rubber consistency. The

natives will call these lymph nodes “Al-Umm”, “The Mother”

believing that it is the source of the disease.19–21 They tend to

go to a surgeon for excision. Some surgeons will, in error,

remove these lymph nodes believing that they are subcuta-

neous nodules despite the subcutaneous nodules not being

common in Yemeni patients, who usually have localized

onchocerciasis. Fawdry19 found that only 5 of 50 Yemeni

onchocerciasis patients had subcutaneous nodules. Buttner and

associates20 also observed that prevalence of subcutaneous

nodules is very low in Yemeni patients.

Diagnosis

There are several options available for the diagnosis of

onchocerciasis, principally the diethylcarbamazine (DEC) patch

test, skin snip histopathology, DNA detection by polymerase

chain reaction (PCR), and antibody assays.22–26 As emphasis

shifts from prevention to surveillance and elimination in endemic

areas and for detection of occasional patients in Europe and

North America, a reliable, inexpensive noninvasive method to

diagnosis active infections despite a history of prior ivermectin

use is pivotal. Currently, there are a number of tests for

onchocerciasis with varied utility, sensitivity, and specificity.

Clinical evaluation of patients includes assessing individuals for

the presence of onchocercomas, dermatitis, and ocular disease.

The diagnosis of O. volvulus has been typically done through

the use of skin snips, in which superficial biopsy specimens are

taken to examine the epidermis and the superficial layers of the

dermis for the presence of filarial worms. Superficial biopsy

samples are incubated in saline and assessed for microfilariae.

Although this method has excellent sensitivity, specificity is

reduced after ivermectin treatment. In addition, a skin biopsy

may be inconvenient in endemic areas because of the need for

surgical tools. The presence of microfilariae on a hematoxylin-

eosin stained wet mount is diagnostic of infestation. Slit lamp

examinations can be utilized to visualize the anterior chamber

of the eye for the presence of microfilariae. These findings may

validate an initial consideration of filariasis.

Molecular tools such as real-time PCR have high diagnos-

tic sensitivity and specificity, as well as high cost. A

promising noninvasive urine biomarker immunoassay for diag-

nosing active onchocerciasis, representing the least invasive

technology, has been developed.23 The use of rapid-format

antibody card test has also demonstrated promise as an

alternative to skin snips for use in diagnostic confirmation of

onchocerciasis. This test detects the presence of IgG4 anti-

bodies that develop in response to O. volvulus antigen Ov16

in patient blood samples.24–26 The use of antigen-based test-

ing is not widely commercialized because of the reduced

specificity of these tests.

An old approach is the use of the DEC patch test, which uti-

lizes the phenomenon of the Mazzotti reaction as an aid in diag-

nosis of onchocerciasis.2,26 Topical DEC causes localized

microfilarial worm death, which induces a local reaction in the

area where patches are applied, evident by the presence of

localized pruritus, urticaria, swollen lymph nodes, as well as

systemic symptoms such as arthralgias, hypotension, tachycar-

dia, and abdominal pain. The intensity of the reaction is corre-

lated to the infection burden present in the patient. It is read at

24–48 hours, has medium sensitivity, unknown specificity, and

is insensitive after ivermectin.

Differential Diagnosis

Onchocerciasis varies greatly in its presentation. One needs an

index of suspicion, as dermatitis is common, as are pruritus and

cutaneous pigmentary alterations, especially of the lower trunk,

buttocks, thighs, and legs. The most common consideration is

atopic dermatitis. Other possibilities include contact dermatitis,

tinea corporis, dermatitis medicamentosa, and leprosy. Dermati-

tis with scaling, ulceration, and edema with pigmentary changes

on the legs suggests a chronic stasis dermatitis. We recom-

mend that anyone from an endemic region with a cutaneous

eruption resembling insect bites, scabies, dermatitis, lichenifica-

tion, senile atrophy, and postinflammatory hypopigmentation or

hyperpigmentation be considered as possibly having onchoder-

matitis. Similarly, onchocercomas may be confused with subcu-

taneous nodules such as epidermal cysts, benign cutaneous

neoplasms including angiolipomas, neuromas, glomus tumors,

eccrine spiradenomas, and leiomyomas, sarcoidosis, and deep

fungal infections.

Differentiating onchocerciasis from other filarial infections is

essential too. Filarial worm infections, such as with Bancroftian

filariasis, Malayan filariasis, and Loa loa filariasis, may become

first evident with pruritus, urticarial dermatitis, subcutaneous

swellings, and the presence of worms under the conjunctivae.

The distribution of subcutaneous nodules of Loa loa filariasis is

noteworthy; Calabar swellings are most often noted on the

hands, forearms, and near the orbits, quite distinct from

onchocercomas. Wuchereria bancrofti and W. malayi tend to be

found in the peripheral blood and lymph tissue and result in

lymphangitis, cutaneous streaking, and/or lymph varices and

elephantiasis.

International Journal of Dermatology 2020, 59, 1065–1070 ª 2019 The International Society of Dermatology

Review Onchocerciasis Schwartz et al.1068



Prevention, Surveillance, Elimination

Annual treatment with ivermectin together with vector control

has eliminated onchocerciasis from many regions.27 Attacking

vector breeding activity using larvicidal agents has been impor-

tant in Africa.1 Permethrin-treated clothing may be employed to

cover upper and lower extremities. Approaches differ depending

upon many factors, including coinfection with other diseases,

such as Loa loa filariasis and HIV. Interestingly, in HIV-endemic

areas such as western Uganda, the usual dose of ivermectin

was found suitable for mass treatment.28

Treatment

The therapeutic gold standard is ivermectin.1,6–10,27 It is the sole

drug used for control programs administered annually or biannu-

ally, principally through community-directed treatment. Iver-

mectin is a modified avermectin, an antiparasitic agent derived

from the mycelia of the actinomycete Streptomyces avermitilis.

Its mechanism of action is thought to be because of its role

either as a gamma-aminobutyric acid (GABA) agonist or as an

inducer of GABA neurotransmitter release. Ivermectin exerts its

effects by causing hyperpolarization of glutamate channels,

which lead to immobilization of microfilariae. As cutaneous and

ocular pathologic changes are caused by microfilarial effects,

patients treated with ivermectin may remain symptom free. Iver-

mectin targets microfilariae, and, although adult filarial worms

are unaffected by this agent, females become sterilized. As a

result, treatment duration of ivermectin should be approximately

10–14 years, the length of an adult worm’s life. The recom-

mended dosage for this medication is 150 lg/kg for patients

who are greater than 15 kg. Treatment with doses greater than

the recommended amount causes increased incidence of

adverse effects without subsequent benefit in drug efficacy.

Adverse effects associated with ivermectin correlate to the

microfilarial load of each patient because of the immune

response elicited by dead microfilariae. Signs and symptoms

can include, but are not limited to, eosinophilia, pruritus, myal-

gia, rash, abdominal pain, postural hypotension, and fevers

within 48 hours of treatment. Patients who are coinfected with

O. volvulus and Loa loa should not be treated with ivermectin,

as there may be an increased risk of encephalitis with some

exhibiting major encephalopathic effects, often extrapyramidal,

including disorders of consciousness.27,29 These serious

adverse events related to mass ivermectin treatment of

onchocerciasis have been clearly delineated. Thus, testing for

Loa loa, particularly in loiasis-endemic areas, is essential; a

new rapid test for Loa loa microfilaremia may become commer-

cially available.27

In addition, adult female O. volvulus worms were docu-

mented as nonresponsive or resistant to ivermectin in some

regions of Ghana.29,30 Thankfully, doxycycline, a tetracycline

antibiotic, is emerging as a treatment option for macrofilariae.

Wolbachia are tetracycline-sensitive gram-negative intracellular

bacteria which have an endosymbiotic relationship with

O. volvulus and are essential for the survival of adult worms.31

Treatment with doxycycline over the course of 6–20 weeks

has been shown to kill more than 60% of the adult worms, while

sterilizing 80–90% of them. A combined therapeutic regimen of

ivermectin and doxycycline may be desirable.

Although the treatment of onchocerciasis was previously

restricted to the use of ivermectin, the US Food and Drug

Administration recently approved the drug moxidectin, which is a

macrocyclic lactone milbemycin antibiotic approved for the treat-

ment of onchocerciasis in patients aged 12 years and older.32,33

Moxidectin also works to inhibit glutamate-gated chloride chan-

nels in microfilariae. Moxidectin also selectively acts on microfi-

lariae due to its mechanism of action and should be used for a

duration which correlates to the lifespan of adult parasites. Stud-

ies have demonstrated that moxidectin therapy has similar effi-

cacy to that of ivermectin in decreasing microfilarial load.25

Similar to ivermectin, the adverse effects of moxidectin are a

result of immunologic response to the increased load of dead

microfilariae within 48 hours of administration. Moxidectin may

be given alone and in coadministration with the benzimidazole

anthelmintic, albendazole.32 Another benzimidazole anthelmintic,

flubendazole, has also been encouraged as a macrofilaricide.34

Onchocerciasis-associated epilepsy (OAE) and the nodding

syndrome, an epileptic condition which affects children living in

areas where onchocerciasis is endemic, are important enti-

ties.35–40] There is a higher prevalence of onchocerciasis

seropositivity among these patients. The incidence of the nod-

ding syndrome and of OAE has been decreased in patients

treated with ivermectin.40 Accordingly, controlling and eliminat-

ing onchocerciasis with enhanced onchocerciasis elimination

plans are highly desirable. Economic evaluations of onchocerci-

asis interventions have been favorable.41
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