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INCIDENCE OF HUMAN INFECTION WITH ONCHOCERCIASIS IN DIFFERENT COMMUNITIES IN RELATION
TO THE INCIDENCE AND TYPE OF THE OCULAR
LESIONS*
BY

F. H. BUDDEN
Colonial Medical Service, Nigeria

OPHTHALMIC surveys carried out between November, 1951, and May, 1954,
revealed widespread ocular onchocerciasis in Northern Nigeria. Differences
were found to occur in the proportion of persons infected with onchocerciasis
in different communities, and it soon became apparent that these differences
were associated with differences in the type of ocular lesion predominating
and in the incidence of blindness due to onchocerciasis. This paper aims at
defining these differences, attempting to explain their aetiology, and drawing
attention to their bearing on prophylaxis.
Method of Investigation
Fifteen villages were visited and arrangements were made for all the inhabitants,
or in some villages all the inhabitants of a limited number of compounds, to
attend for examination. Attendances were checked against the tax roll and
absentees followed up. The people of Northern Nigeria are prepared to cooperate in medical surveys and it is believed that although there were a few unavoidable discrepancies through sickness, absence from the village, reluctance of
some adult women to attend, or minor inaccuracies in the tax list, a high proportion
of each community was examined.
Age was estimated from the general appearance of the patient. Onchocercal
eye lesions are uncommon in Nigeria in subjects under the age of 10 years,
and assessment of visual acuity is not always possible in children in this age group.
The present analysis was therefore limited to persons of 10 years of age and over.
Determining the Incidence of Infection.-Infection is most readily proved by
identifying the microfilariae of Onchocerca volvulus which have emerged from a
skin snip. For the purpose of the present investigation a method had to be
adopted which, whilst reasonably accurate, could be carried out by African junior
staff, working under supervision, and thus allowing us to examine sufficiently
large communities.
Routine skin snips were taken from the left iliac crest by the technique described
by Kershaw and others (1954). These were then mounted, cut surface uppermost,
in two drops of normal saline on a microscope slide and examined after an interval
of about one minute with the 2/3 objective. If motile microfilariae were seen,
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the slide was regarded as positive. If no microfilariae were seen, the slide was
re-examined a few minutes later before being recorded as negative or positive.
Every tenth positive slide was left for the microfilariae to emerge fully. The
skin snip was then removed, the saline allowed to dry, the slide stained with
Giemsa, and the microfilariae identified.
Preliminary investigation showed the following facts:
(a) When the snip over the iliac crest was negative, repeated skin snips from
other sites only occasionally revealed microfilariae.
(b) A snip that was negative before teasing only occasionally revealed microfilariae after teasing.
(c) Microfilariae other than those of Onchocerca volvulus were rarely found in
skin snips collected in this way.
Apart from the microfilaria of Onchocerca volvulus, only one microfilaria, that
of Agamofilaria streptocerca, is known to occur in the skin of man. As far as the
author is aware, this second microfilaria has not been reported in a Northern
Nigerian, and no case of this infection was found in the slides stained in the course
of the present investigation. Blood-borne microfilariae are common, but only
once were they found in a skin snip.
Admittedly this technique, in which only one snip is taken, the snip is not
teased, and only every tenth slide is stained, may sometimes be inaccurate in the
individual case. It does however allow about one hundred persons to be examined
daily by two dressers, and permits a comparison to be made of the incidence of
onchocercal infection in different communities, without subjecting patients to
multiple skin snips.
Determining the Intensity of Infection.-The intensity of infection in an individual is perhaps best assessed by determining the concentration of microfilariae
in the skin. Previous workers, e.g. Hughes and Daly (1951), have counted the
number of microfilariae collected from skin scarifications or the number of
microfilariae emerging from skin snips. Kershaw and others (1954) counted the
number of microfilariae which emerged from a weighed and teased snip, and
calculated for each patient the mean number of microfilariae per mg. of skin.
In the present investigation, when a slide was found positive, the number of
microfilariae per microscope field was recorded. It is not claimed that these
records give an accurate measure of the intensity of infection in the individual,
but large numbers may provide a guide to the intensity of infection in a community.
In addition, the technique described by Kershaw and others (1954) was employed
in three places. This technique is more accurate, but because it is time consuming
and cannot be delegated to junior staff it was only used for a small sample of
patients in these three villages.
Ophthalmological Examination.-Visual acuity was tested using an illiterate
E test, and ability to count fingers at distances up to 6 m. A dark room was
prepared wherever ocular examinations were made. Focal illumination, loupe,
slit lamp, and electric ophthalmoscope were employed. Only onchocercal eye
lesions are recorded in this paper; reduced vision due to causes other than
onchocerciasis has been omitted. The onchocercal lesions will be described
elsewhere, but were similar to those recorded by Hissette (1931, 1938), Ridley
(1945), and Toulant and Boithias (1950a, b). Ocular onchocerciasis was only
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(a)
(b)
(c)
(d)

keratitis involving the pupil area,

iridocyclitis,
optic atrophy without choroidoretinal lesions,
choroidoretinal lesions.

Survey Findings
(1) Differences in Incidence of Onchocercal Infection in Different Communities.-The incidence of onchocercal infection, ocular lesions, and
blindness increases with increasing age and is somewhat higher in men than
in women. Since the age and sex distribution of the persons examined at
the different villages was different, it is necessary to calculate standardized
rates when comparing the incidence of onchocerciasis. For each village the
number of persons examined and the number with positive skin snips were
recorded in 10-year age groups for men and women separately. From
these figures, standardized rates for the incidence of onchocerciasis were
calculated by the direct method, using the total population of the Northern
Region of Nigeria (Government Statistician, 1953) as the standard population. The results are recorded in Table I, which shows wide differences in
the proportion of infected persons in the different communities surveyed.
TABLE I
INCIDENCE OF INFECTION WITH ONCHOCERCIASIS IN
DIFFERENT COMMUNITIES

Group
A.
Standardized
Infection Rate
0-333
per 1,000

Village
Igbak
Ohit
Takare
Binango
Total
Patassan

B.

Standardized
Infection Rate
334-666
per 1,000

C.
Standardized
Infection Rate
667-1,000
per 1,000

Kudaru
Bambur
Baban
Binigi
Imbop
Jeb Jeb
Total
Izom

Rikofe
Bulki
Hng
Total

*No. of Persons Examined tStandardized Infection Rate
1,143
987
35
172

114
166
236
247

2,337

146

200
74
27
580
141
210
26

336
395
469
476
481
541
622

1,258

453

69
76
85
65

759
823
826
972

295

889

*Only persons of 10 years of age or over were included in the analysis.

tInfected persons were taken to be those found to have a positive skin snip by technique described.
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(2) Differences in Intensity of Onchocercal Infection in Different Communities.-The differences in the infection rate in the different communities
shown in Table I were found to be associated with differences in the density
of microfilariae in the skin of infected persons, and in the incidence and
severity of the clinical signs. Where the infection rate is highest, infection
occurs at an early age; all adults have positive skin snips; the density of
microfilariae in the skin is high; nodules are common; skin changes are
advanced. On the other hand, where the infection rate is lowest, infection
tends to occur later in life; the positive skin snip rate does not rise to 300 per
thousand in any age group; the density of microfilariae in the skin is low;
nodules are less common, skin changes rarely progress beyond the stage of
lichenification. Between these two extremes there is a gradual shift.
To compare the number of microfilariae seen emerging from the skin snips
taken from all infected persons, the villages were grouped according to the
infection rate as in Table I. It was found that amongst infected persons the
mean number of microfilariae per microscope field was:
...
...
1s45 (S.D. 0.78)
Group I
...
...
3.12 (S.D. 3 65)
Group II
6-7 (S.D. 7.1)
...
...
Group III
in
of
infected
each
the
As
persons
group of villages rose there
proportion
was a progressive rise in the average density of microfilariae in skin snips;
moreover the density of microfilariae found in the most heavily infected
members of each group rose even more markedly.
Table II compares the detailed findings in three communities with different
TABLE II
COMPARISON OF ONCHOCERCAL INFECTION IN THREE COMMUNITIES
WITH DIFFERENT INFECTION RATES

Rukuba*

District or Village

Number of persons examined

Standardized infection rate per 1,000 (for
population over 10 years of age)
Incidence of reduced vision in both eyes

(standardized rate)

Mean no. of microfilariae per
mg. of skin at iliac crest in a
sample of infected persons
with

Persons with microfilariae in
anterior chamber in a
sample of infected persons
with

Izom

Bulki

3,082

69

85

222

759

826

10

77

199

Normal
vision

6'1 (S.D. 6-3) 16-4 (S.D. 22'1) 32'5 (S.D. 312)

Reduced
vision

3-6 (S.D. 3 8) 38-4 (S.D. 15'8) 81-7 (S.D. 42 6)
in 10 persons in 5 persons in 14 persons

Normal
vision

0
in 14 persons

0
in 2 persons

12
in 22 persons

Reduced
vision

0
in 20 persons

2
in 5 persons

11
in 12 persons

in 14 persons

*Rukuba Ditrict comprses the villages of Igbak, Ohit, Binango,

in 48 persons

and Baban

in 14 persons

(Table 1).
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infection rates, where Kershaw's technique was employed. The concentration of microfilariae in the skin determined by this method again reflects the
infection rate in the community.
(3) Presence of Microfilariae in Anterior Chamber Related to Intensity of
Human Infection.-Microfilariae are commonly found in the anterior chamber of the eye where the proportion of persons infected is high, but were not
seen where the proportion was low (Table II). This difference is associated,
as is recorded elsewhere (Kershaw and others, 1954), with the concentration
and distribution of microfilariae in the skin of the body as a whole.
(4) Ocular Lesions and Visual Acuity.-In studying the relationship between
the incidence of the different ocular lesions, it is necessary to remember that
when anterior segment lesions are advanced they prevent examination of the
structures behind them, and that therefore any lesions of these posterior
structures would not be recorded. One might assume that wherever such a
lesion of the anterior segment occurred the structures lying behind it were
also diseased, but this would almost certainly be an over-correction. In the
present survey the fundus could be examined in all eyes with visual acuity
of 6/24 or better, but in some patients with visual acuity of 6/36 the fundus
details were obscured. Eyes with reduced vision were divided into three
groups according to visual acuity:
(a) Blind Eyes (unable to count fingers at 4 m.).-In this group of 88 eyes the
lesion considered to be the cause of blindness was recorded. Examination of the
fundus was impossible in the majority of patients.
(b) Eyes with Severely Reduced Vision (visual acuity from 6/36 to counting
fingers at 4 m.).-There were 44 eyes in this group. All onchocercal lesions seen
were recorded, but in 6 eyes examination of the fundus was impossible.
(c) Eyes with Moderately Reduced Vision (visual acuity between 6/12 and 6/24).
-In the 49 eyes in this group all the lesions present could be seen and recorded.
Comparison of the incidence of the different ocular lesions is therefore most
satisfactory in this group.
(5) Relationship between Incidence of Onchocercal Infection and Type of
Ocular Lesion.-In lightly infected communities the lesions most commonly
found in persons with reduced vision were choroidoretinal, but in heavily
infected communities other lesions, particularly iridocyclitis, were more
frequent. This difference was well marked in the extreme areas, with a
gradual change between these extremes.
To analyse these differences the villages were divided into three groups
according to the standardized infection rate:
...
0-333 per 1,000
Group A ...
...
334-666 per 1,000
Group B ...
...
Group C ...
667-1,000per 1,000
For each group of villages the' actual number of persons examined, the
number infected, and the number with each type of ocular lesion was recorded
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TABLE III
INCIDENCE OF ONCHOCERCAL LESIONS ASSOCIATED WITH REDUCED VISION
AND CAUSING BLINDNESS, IN COMMUNITIES GROUPED ACCORDING TO
STANDARDIZED INFECTION RATE

Standardized Infection Rate per 1,000
Total No. of Persons Infected
Keratitis

Iridocyclitis

0-

333-

294
Standardized Rate 0
0
Observed

580

Expected

Standardized Rate 3
Observed
2
Expected

Lesions

causing

Blindness

..

3 07

260

1,134

x2= 123

3

12

4

7

11

5 50

2-42

10-99

17

58

14

23

10*05 20*21

Optic Atrophy Standardized Rate 0
without
Choroidoretinal Observed
0
Lesions
.___
Expected
058
Standardized Rate 4
Choroidoretinal
Lesions
Observed
3
Expected
10*34
Total Eyes
Standardized Rate 7
(AR causes)
Observed
5

Total
All
6661,000 Areas

_
39

8*75

n=

2

P=< 0-01
x2= 308

n=< 2

39*01

._._._.

0

5

0

3

3

111

1'32

3-01

x2=

n=

P=<

25
23

24
13

39

20-88
45

7*55
99

38*97
-

41

46

92

3.8
2
020)

9-3
n= 2
P=< 0-01

x 2=

(contd.)-
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in 10-year age groups for males and females separately. The ipcidence of
infected persons, and of each type of ocular lesion which would occur at the
same rates in the standard population were calculated for each age and sex.
The standardized incidence of each eye lesion per 1,000 infected persons was
calculated for each group of villages. The results are given in Table III.
It is apparent that the proportion of infected persons who suffer from each
eye lesion, excepting possibly choroidoretinal lesions, increases as the
incidence of infection in the community increases. The statistical significance of these differences can be more easily assessed from the actual numbers
of eye lesions recorded, by comparing them with the numbers which would
have been expected to occur in each group of villages had the incidence of
each eye lesion been a constant proportion of the number of persons infected. The number of persons expected to suffer from each eye lesion in
each 10-year age group was calculated separately for males and females on
this assumption. For each group of villages the total number of persons
expected to suffer from each eye lesion was found by adding the numbers
for the separate age and sex groups.

327

TABLE III-continued
Total
666All
1,000 Areas

Standardized Infection Rate per 1,000

0-

333-

Total No. of Persons Infected

294

580

260

Standardized Rate 0

3

17

Observed

4

9

13

2-95

13 00

Keratitis

Expected

0
3-26

6-79

I__

1,134
-

17-0
x2=
n=

2
P=< 0*01

Lesions

associated
with
Visual
Acuity
6/36Counting
Fingers
at 4 m.

Standardized Rate 0
Iridocyclitis

9

30

10

16

Observed

0

Expected

6-27 12X50

Optic Atrophy Standardized Rate 0
without
Choroidoretinal Observed
0
Lesions
Expected
2-83

Standardized Rate 4
Choroidoretinal
Lesions
Observed
3
Expected
Total Eyes*

2-31

Lesions
associated

2

8

10

4-74

2A44

10-01

2

8

3

4

10

5 02

2-67

10-00

49

Observed

14

27

Observed

0

Expected

1-03

0
l
0
2-11

Standardized Rate 3

Iridocyclitis

14

12

3

Observed

2

4

0-86

4 00

43

11

15

Visual
Optic Atrophy
without
Acuity
6/12-6/24 Choroidoretinal Observed
Lesions

Expected

0

1

1 35

2 53

Standardized Rate 13
Choroidoretinal
Lesions
Observed
10

Expected
Total Eyes*

19
19

8'81

18-28

Standardized Rate 13

22

Observed

22

10

Standardized rates were calculated per 1,000 eyes in infected persons.

4

1P13
8
4
5-92
45
17

x2= 17-3
n= 2
P= < 0.01

|x2= 1-6
n= 2
P=< 0-50

44

4

9

x2= 17-9
n= 2
P= < 0.01

-

7

Expected
7T58 14-26 6 18
l_l_l
Standardized Rate 0
1
6

with

25X99

2

Standardized Rate 4

Standardized Rate 0
Keratitis

7X22

26

28

14-6
~~~~~x2=
n= 2

P==< 0.01

x2=17= 1

n= 2
P= < 0.01

28 02

5

x2= 9X6
n= 2
P= < 0*01

5-01

33
33 01

x2= 0*8
n= 2
P=< 0'70

49

*The sum of the number of lesions is greater than the total number of eyes with reduced vision because some eyes

had multiple lesions.
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Fig. 1 shows that, for iridocyclitis, whether causing blindness or associated
with severely or moderately reduced vision, there is a continuous increase
in the ratio of observed to expected incidence, as the proportion of infected
persons in the community rises. Moreover the differences between the
observed incidence and the expected incidence are statistically significant
(Table III). Although the number of cases is smaller, onchocercal keratitis
and optic atrophy without choroidoretinal lesions follow a similar trend.
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FIG. 1.-Incidence of certain eye lesions in relation to standardized infection rate
in the community.
NOTE: Figures for observed and expected incidence are given in Table III.

On the other hand the incidence of choroidoretinal lesions represents a
more constant proportion of the number of persons infected. Considering
persons with reduced vision, it can be seen that there is no regular upward
trend in the ratio of observed to expected incidence of such lesions from
lightly to heavily infected areas, and that such differences as are found are
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not statistically significant. If, however, only blind persons are considered,
the upward trend is again obvious and the differences are significant. These
differences may in fact be greater than recorded because anterior segment
lesions occur more commonly in heavily than in lightly infected communities,
and when they are sufficiently advanced to cause blindness prevent any view
of choroidoretinal lesions which may be present.
The proportion of infected persons with keratitis, iridocyclitis, or optic
atrophy not associated with choroidoretinal lesions increases markedly with
the intensity of infection in the community. In the present survey, the
standardized incidence per 1,000 infected persons of eyes with iridocyclitis
was six in lightly infected areas, 35 in moderately infected areas, and 131 in
heavily infected areas.
The incidence of choroidoretinal lesions is difficult to assess because the
fundus is sometimes obscured by lesions of the anterior segment, but the
figures suggest that the number of eyes with choroidoretinal lesions is fairly
closely related to the number of infected persons. In the present survey, the
standardized incidence per 1,000 infected persons of eyes with choroidoretinal
lesions was 21 in lightly infected areas, 46 in moderately infected areas, and
40 in heavily infected areas. The incidence of choroidoretinal lesions,
compared with that of other ocular lesions, is more closely related to the
number of persons infected, and less closely related to the intensity of
infection in the community.
During the past 3 years the author has seen seven patients with active
papillitis. All these patients lived in heavily infected villages; all had
intense infections at the time of examination, and all but two had microfilariae in the anterior chamber. Although the series is small, it suggests
that onchocercal papillitis, unlike choroidoretinal lesions, is always associated
with a high intensity of infection and possibly with invasion of the optic
nerve by microfilariae. In the present investigation, optic atrophy occurring
without choroidoretinal lesions was almost limited to heavily infected areas,
and these lesions may have beer due to previous papillitis.
(6) Differences in Incidence of Blindness related to Incidence of Onchocerciasis.-Fig. 2 (overleaf) shows that the proportion of infected persons who
become blind increases with the incidence of onchocerciasis in the community,
and that the high figures in heavily infected areas are largely due to a rise in
the incidence of iridocyclitis, keratitis, and optic atrophy in these areas.
Moreover, whereas, in heavily infected communities, onchocercal blindness
occurs in some young adults, in lightly infected areas it is limited to persons
over 50 years of age.
Discussion
Relationship between Incidence and Intensity of Infection.
The figures for density of skin infection are not entirely satisfactory
because those collected from all persons examined were not an accurate
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measure, and those accurately measured were only collected from smallsamples. However, considering the nature of the disease and the fact that
the life of Africans in different village communities is similar, one would
anticipate that the mean density of infection amongst infected persons in a
community would increase with increases in the infection rate in the community. The figures for density of microfilariae in the skin, although not
absolutely conclusive, support this suggestion.
Aetiology of Differences in Incidence of VaYicus Ocular Lesions.
In the villages surveyed the incidence of anterior segment lesions expressed
as a proportion of infected persons was very much higher in heavily infected
than in lightly infected communities. The incidence of choroidoretinal
lesions showed less variation, and although they predominate in lightly
infected areas are overshadowed by anterior segment lesions in heavily
infected areas. The difference suggests a difference in pathogenesis between
anterior segment lesions and choroidoretinal lesionsS
It has been shown that the presence of microfflariae in the anterior chamber
of the eye is very much more common in heavily infected than in lightly
infected areas. The present survey lends support to the widely held belief
that the anterior segment lesions are due to the local death of microfilariae
and the liberation of their toxins. It suggests that optic atrophy occurring
in the absence of choroidoretinal lesions may be the late result of papillitis
produced by invasion of the optic nerve by microfilariae.
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In the villages surveyed, choroidoretinal lesions do not seem to follow
the same trend as anterior segment lesions and optic atrophy. It would
appear that in contrast to anterior segment lesions, their incidence depends
rather more directly on the number of persons infected, and rather less on
the density of infection of those persons. For this there are two possible
explanations:
(a) Choroidoretinal lesions are not due to the local death of microfilariae.
They may result from a sensitivity reaction to an antigen, or possibly from a direct
reaction to a circulating toxin, the antigen or toxin being produced by microfilariae or adult worms elsewhere in the body.
(b) Microfilariae reach the posterior segment of the eye by a route which allows
them to invade this part of the eye whether the intensity of infection is light
or heavy.
The first suggestion is perhaps more acceptable, and is supported by the
evidence of Bryant (1935) who, finding no microfilariae or histological
evidence of inflammatory reaction in two eyes with choroidoretinal changes,
concluded that the lesions were due to a circulating toxin secreted by adult

worms. The evidence of Semadini (1943) is also of interest: he reported
the histological findings of Prof. Vogt in the eye of a Swiss geologist, in
which choroidal changes had been noted during life. Microfilariae were
found in the cornea, subconjunctiva, iris, ciliary body, sclera, and episclera,
but not in the choroid or retina. A lymphocytic inflammatory reaction was
present in the choroid. However, both Hissette (1931, 1938) and Ridley
(1945) stated that all onchocercal eye lesions were due to the local presence
of microfilariae, and although the present findings in Nigeria do not confirm
this view it seems reasonable to expect that when infection is so intense that
microfilariae find their way into the iris and ciliary body they may also
migrate to the choroid.
The choroidoretinal lesions commonly seen in infections of moderate or
low intensity may be due to an antigen or toxin produced elsewhere in the
body, but this does not rule out the possibility, in patients with intense
infection, of an invasion of the choroid by microfilariae producing choroidoretinal lesions (possibly of the exudative type not seen in the present surveys).
Some previous workers have suggested that nutritional factors may play
an important part in determining regional and tribal differences in lesions.
Hughes and Daly (1951) considered it probable that vitamin A deficiency
might account for the high incidence of corneal opacity in the series reported
by Ridley (1945), and that vitamin B deficiency might account for the predominance of choroidoretinal lesions and particularly optic atrophy in their
own series and that of Bryant (1935). It is conceivable that this is so, but
to prove the theory it would be necessary to show that the differences in
incidence of the various ocular lesions are in fact associated with differences
in severity of the vitamin deficiencies blamed, and that the association
between ocular lesions and intensity of infection which has been demonstrated
in this paper is a local coincidence not found elsewhere.
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F. H. BUDDEN
Prophylaxis of Ocular Onchocerciasis.
The dramatic fall in the incidence of onchocercal blindness, and its limitation to elderly people, which occurs with reduction in the infection rate in a
community, suggests a possible new approach to the problem of prophylaxis.
Control measures may be evolved which will reduce the intensity of human
infection in certain heavily or moderately infected areas to a level similar to
that which already exists in lightly infected areas. Although ocular lesions
would not be completely eradicated, blindness would be limited to a small
proportion of elderly people.
Summary
(1) Wide differences in the incidence of onchocerciasis in different communities in Northern Nigeria are recorded.
(2) Attention is drawn to the association of these differences with
differences in the intensity of human infection, and with differences in the
clinical signs.
(3) It is demonstrated that the incidence of onchocercal iridocyclitis,
keratitis, and optic atrophy is related to the intensity of human infection,
whereas the incidence of onchocercal choroidoretinal lesions appears to be
more closely related to the presence of infection than to its intensity.
(4) The hypothesis is presented that, although anterior segment lesions
and possibly papillitis result from an invasion of the eye by microfilariae,
choroidoretinal lesions may be due to a circulating toxin.
(5) The possibility of limiting the incidence of onchocercal blindness by
methods short of complete eradication of the disease is suggested.
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