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Preliminary studies on the histochemical
differentiation of strains of Onchocerca volvulus
microfilariae in Togo
R. A. BRAUN-MUNZINGER 1 & B. A. SOUTHGATE2

Skin snips were taken from 75 people living in four villages of northern Togo. The 7824
microfilariae that emerged were examined by staining for the presence ofacidphosphatase.
Four distinct patterns of enzyme staining were observed, and descriptions of the stained
microfilariae are given. The study confirms the view that a number of biological strains or
variants of Onchocerca volvulus coexist in West Africa, and suggestions are made for
further research that could result in the practical application of these observations in
onchocerciasis control programmes.

It has been known for many years that Onchocerca
volvulus is not a uniform species, and that a number
of distinct strains or biological variants of the para-
site occur (1). Duke (2) lists six major strains, three
of them being present in West Africa, and also points
out that within the major parasite-vector complexes,
there are probably a number of minor complexes,
not as yet clearly recognized (3). These strains differ
markedly in their relationships with their associated
Simulium vectors, in their infectivity to chimpanzees,
in their general epidemiology, and in the clinical
manifestations they produce (3-10). Of particular
importance are the differences in pathogenicity of
various strains for the human eye in nature and for
the rabbit eye in laboratory experiments (11-16). It
has been shown recently (17, 18) that adult 0. vol-
vulus from forest and savanna in Cameroon are
antigenically distinct, savanna worms possessing an
antigen that is lacking in forest worms. Although it is
known that there are " small " and " large " forms of
0. volvulus microfilariae (19, 20), these forms can
coexist in the same patient, and their differentiation
is of no prognostic value in predicting eye damage.
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Similarly, conventional staining techniques do not
distinguish between strains of microfilariae. During
the last two years, our studies in Togo have shown
that there is no difference in the speed of emergence
of microfilariae from skin snips taken from patients
living in rain-forest and savanna.

It would be of great public health importance if a
method could be developed to distinguish strains of
this parasite of varying pathogenicity for the human
population. Two major reasons are:

(a) If Simulium control in a particular area is
impossible, or is tried and fails, drug administration
is the only alternative control method available at
present. Because of the dangers and difficulties asso-
ciated with chemotherapy of onchocerciasis, this
would only be done in populations exposed to
"blinding " strains of 0. volvulus.

(b) During a successful long-term Simulium control
programme, many heavily infected people will con-
tinue to develop blindness for many years, even after
complete Simulium eradication, as in the Kodera
Valley, Kenya (21, 22) and at Sikasso, Mali.a It
would in this case be very helpful to select those
patients at serious risk of future blindness for indi-
vidual chemotherapy under medical supervision. Per-
haps this selection of patients could be made by a
combination of strain-differentiation, head-nodule

a THYLEFORS, B. & ROLLAND, A. Aspects oculaires d'un
village onchocerquien de savane africaine apres treize ans de
lutte antisimulidienne. Unpublished document WHO/
ONCHO/76.129.

3640 569



R. A. BRAUN-MUNZINGER & B. A. SOUTHGATE

counting, density of microfilariae at the outer can-
thus of the eye, and ophthalmologic examination.

It was therefore decided to try and develop a
technique for differentiation of microfilarial strains
by enzyme staining. This method has been of great
value in differentiating Dirofilaria immitis and Dipe-
talonema reconditum microfilariae in dogs (23), vari-
ous blood-circulating microfilariae in New World
monkeys (24), and Brugia malayi and B. pahangi in
monkeys and gerbils (25). All of these species of
microfilariae are difficult to identify by ordinary
staining methods and morphological observations.

MATERIALS AND METHODS

Skin snips were taken in four villages in the north
of Togo; these villages were Far6 (0°23'E, 1008'N);
Landa Pozenda (1°13'E, 9°31'N); Kpesside (0056'E,
1002'N); and Leon (0°57'E, 9042'N). No attempt at
random selection of patients was made; snips were
taken only from heavily infected subjects.

After emerging from the skin snips, living micro-
filariae were smeared on glass microscope slides,
air-dried, and fixed in acetone at 4°C. The slides
were transported on wet ice to the National Institute
of Hygiene in Lom6 and were stored in a deep-freeze
at -14C for 6-7 weeks. The microfflariae were
tested by enzyme staining for the presence of acid
phosphatase, using the naphthol AS-TR-phosphate
method, exactly as described by Chalifoux & Hunt
(23). Slides were stained individually, to prevent
possible transfer of microfilariae between slides.
After staining, the preparations were mounted under
coverslips in Depex and examined with a binocular
compound microscope at magnifications of x 100,
x400, and x 1000.
All slides were independently coded, and the

authors had no information as to the village of origin
until classification and counting of the microfilariae
was completed. Photomicrographs were made using
a x 25 objective.

RESULTS

Preparations from 75 persons were examined; they
contained a total of 7824 microfilariae as shown in
Table 1. It appears that 4 distinct patterns of enzyme
staining were present in this study area. We have
provisionally designated them Types A, B, C, and D,
and they are briefly described below.

Type A
1. Very heavy phosphatase activity at the anal pore;

Table 1. Distribution by village of persons and micro-
filariae examined

No. of No. ofVillage prosexamined microfilariaepersons ~~examined
Landa Pozenda 30 1669

FarM 8 728

Kpesside 18 3357

L6on 19 2070

Total 75 7824

2. Fairly heavy, diffuse activity along the whole
length of the microfilaria;
3. Localized deeper enzyme staining, not so intense
as at the anus, in two regions:

(a) around the genital cell;
(b) roughly midway between the genital cell and
the nerve ring, posterior to the excretory pore;

4. Sometimes but not always, intense enzyme activity
in the cephalic space anterior to the anterior nuclei;
5. Rarely, intense staining of the excretory pore.

Type B
1. Posterior 213 of the microfilaria exactly the same as
in Type A;
2. Anterior 11/ of the microfilaria shows only light
diffuse enzyme staining, without any localization of
staining.

Type C
1. Medium-heavy punctate enzyme staining of the
anal pore;
2. Very light diffuse staining of the whole microfila-
ria;
3. Medium-heavy punctate staining of the genital
cell region;
4. Occasionally, staining of the excretory pore.

Type D
Varies from complete absence of enzyme staining to
very, very light diffuse pink staining of the whole
microfilaria. Never any localization of staining.

Unclassifiable
Fifty-nine microfilariae (0.8% of the total examined)
were unclassifiable owing to unsatisfactory staining
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Fig. 1. Type A microtilaria.

rig. 2. Type b microtiaria.



Fig. 3. Type C microtilaria.

Fig. 4. Type D microfilaria.
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Table 2. Percentage distribution of microfilarial types
in the four villages studied

Village Type Type Type Type Unclas- TotalA B C D sifiable

Landa Pozenda 96.0 0.7 1.7 0.5 1.0 99.9

Far6 6.2 62.8 12.1 18.0 1.0 100.1

Kpesside 0.7 7.1 13.0 78.9 0.3 100.0

L6on 0.0 0.3 3.7 94.7 1.2 99.9

reactions, or to microfilarial damage during the
preparation of slides causing partial loss of enzyme
from the parasites.
The characteristic features of the four types of

microfilariae are illustrated in Fig. 1-4. Table 2
shows the percentage distribution of the microfilarial
types in each village studied.

DISCUSSION

It is impossible to believe that the observed differ-
ences between Type A and Type D can be due to
factors such as duration of storage with loss of
enzyme activity, age of microfilariae, and age of
parent adult worms, or to minor variations in sites of
skin biopsy, etc. These are two distinct strains, and in
some specimens from Far6 and Kpesside both types
are seen together in one microscope field at x400
magnification.

It is more difficult to assess the significance of
Types B and C. From the numbers of microfilariae of
these two types seen, and from the numbers of people
carrying them in four widely-separated villages, it
would appear that they constitute distinct strains; on
the other hand, the four types of microfilariae can be
arranged in order of progressive loss of enzyme
activity, from A to B to C to D. A and D represent
the extremes, while B and C could be intermediate
forms, B being closest to A, and C to D. In addition,
only two villages are predominantly infected with a

single type of microfilaria, Landa Pozenda with
96.0% Type A and Leon with 94.7% Type D. It is
just possible, on morphological grounds, that
Types B and C result from hybridization of Types A
and D adult worms, since Types B and C exhibit
some features of both A and D. Types B and C may
only be found in " fringe " areas, where the main
Types A and D become intermingled in human
populations.
We have also studied the recent work of Omar &

Schulz-Key,a and are struck by the similarity be-
tween their Liberian forest strain and our Type A,
and between their Upper Volta-Sudan savanna
strain and our Type D. Their Guatemala strain is
very similar to our Type C.

Supporting evidence for the validity of all 4 types
is supplied by the fact that we have frequently seen
all of them in one microscope field containing
microfilariae that emerged from a single skin snip,
and that were fixed, transported, stored, and stain-
ed with no possibility of enzyme loss due to heating
or storage, of staining difference due to minor
variations in technique, or of microfilarial transfer
from slide to slide.

This study confirms the previous view that there
are a number of strains of 0. volvulus in West Africa,
and rather surprisingly, that at least four of them are
sympatric in one relatively small area within a single
bioclimatic zone of Togo. These experiments should
be repeated, correlating the enzyme staining types
with such factors as blindness rates and cytotypes of
the local Simulium vectors. The ntfethod may also
prove useful if applied to infective larvae dissected
from Simulium.

If a correlation between microfilarial strain and
risk of blindness could be demonstrated, a more
accurate selection of " at risk" patients requiring
therapy would be possible (26-28).

a OMAR, M. S. & SCHULZ-KEY, H. Acid phosphatase
activity of Onchocerca volvulus microfilariae from West
Africa and Guatemala. Unpublished document WHO/
ONCHO/76.130.
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RESUME

ETUDE PR#LIMINAIRE SUR LA DIFFERENCIATION HISTOCHIMIQUE DES SOUCHES DE MICROFILAIRES

D'ONCHOCERCA VOLVULUS AU TOGO

On sait depuis bien des annees qu'il existe un certain
nombre de souches d'Onchocerca volvulus differant par
leur relation a l'6gard du vecteur Simulium, par leurs
manifestations epid6miologiques et cliniques, par leur
composition antig6nique et leur pathogenicite pour l'ceil
de l'homme et du lapin. Une technique simple permettant
de diff6rencier de telles souches devrait 8tre d'une grande
importance en sant6 publique, particulierement parce
qu'on pourrait mieux choisir pour les soumettre a la
chimioth6rapie, les malades risquant une cecit6 imminente.
On a donc examin6 un total de 7824 microfilaires qui

avaient emerge de. biopsies cutan6es exemptes de sang
prelevees, sur 75 personnes vivant, dans quatre villages
du nord du Togo, afin d'y rechercher la pr6sence de
phosphatase acide par la technique aux phosphates de
naphtols AS-TR. Quatre types distincts de coloration
enzymatique ont e observ6s et designes par les lettres A,

B, C et D; ils sont illustres par des photomicrographies.
Les types A et D semblent etre des souches distinctes
d'O. volvulus; les types B et C peuvent etre des souches
distinctes ou bien le r6sultat d'une hybridation entre des
vers adultes de types A et D dans des zones ((marginales s

ou ces deux types sont sympatriques.
On trouvera indiquee la distribution en pourcentage

des quatre types de microfilaires dans chacun des quatre
villages etudies: dans de'ux villages il y avait des popula-
tions mixtes des quatre types, alors que dans un village
le type A predominait et que dans le quatrieme c'etait
le type D.

I1 conviendrait, semble-t-il, d'etablir une correlation
entre la presence de ces types de microfilaires et des fac-
teurs tels que les taux de cecite et les cytotypes du vecteur
Simulium.
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