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Experiments on the Chemoprophylaxis
of Onchocerca volvulus Infection

B. 0. L. DUKE I

Previous work on monkeys and on human volunteers led to the development ofa schedule
of diethylcarbamazine dosage suitable for the chemoprophylaxis of loiasis. In several
parts of Africa where this chemoprophylaxis is practised against Loa loa, infections with
Onchocerca volvulus are also common. Attempts were therefore made to determine
whether diethylcarbamazine has any prophylactic action against the latter parasite by
making use of chimpanzees exposed to experimental infections, and also by using biopsy
techniques to study the fate of infective larvae inoculated into volunteers.

Both experimental methods proved more difficult to apply in 0. volvulus infections
than had been the case with L. loa, but evidence was obtained that diethylcarbamazine
is not an effective chemoprophylactic for 0. volvulus.

Further experiments were then carried out with suramin and with melarsonylpotassium
(Mel W). Although both gave some evidence of partial prophylactic activity, their use
for this purpose is at present neither practical nor safe.

In previous paper s(Duke, 1961; 1963), the action
of diethylcarbamazine as a chemoprophylactic for
Loa loa in monkeys (Mandrillus leucophaeus) has
been described and, since the death of the relatively
large infective larvae of L. boa is associated with the
development of visible papules in the skin, it was
also possible to demonstrate the prophylactic action
of this drug in man. On the basis of this work,
a routine schedule for the prophylaxis of loiasis was
put forward, consisting of200 mg diethylcarbamazine
citrate taken morning and evening for 3 consecutive
days once a month.
As the transmission of Onchocerca volvulus also

occurs in many places where diethylcarbamazine
prophylaxis might be practised against loiasis, it is
desirable to know whether the schedule described
above is likely to be effective against onchocerciasis.
Consequently, when it was discovered that the chim-
panzee could be infected with 0. volvulus (Duke,
1962), it was decided to investigate the prophylactic
action of diethylcarbamazine in two of these animals
that were available for experimental purposes. Later,
when a third chimpanzee became available, the pro-
phylactic action of the arsenical melarsonyl potas-
sium (Mel W) was tested similarly.
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Attempts were also made to investigate the chemo-
prophylaxis of 0. volvulus infections in human
volunteers, using the methods that had been success-
ful with L. loa. Unfortunately, the technique proved
to be less satisfactory when applied to 0. volvulus,
for the dead infective larvae of this parasite did not
produce the telltale papular reaction in the skin that
had greatly facilitated the location of L. boa larvae.
With 0. volvulus, therefore, there was no alternative
but to search for infective larvae in sectioned biopsy
material taken from the actual inoculation sites.
This procedure severely limited the scope of the
search but, despite this handicap, a certain amount
of information on the chemoprophylactic potentials
of diethylcarbamazine, suramin, and Mel W was
obtained, and the results of the experiments are
given in this paper.

MATERIALS AND METHODS

Experiments on chimpanzees
Young chimpanzees, which had been caught in the

wild, were kept in quarantine in screened cages for
6-12 months before being used in the experiments.
Throughout this period, skin snips taken from them
remained free from 0. volvulus microfilariae.
To test the chemoprophylactic properties of

diethylcarbamazine, 2 animals were dosed with
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Banocide at about the time when they were inocu-
lated with infective larvae of 0. volvulus. The drug
was given morning and evening by mouth, either
inside a banana or with water, making certain that
it was swallowed. One chimpanzee (Vero) received
5 mg/kg Banocide daily for 18 days, and the second
(Cherry) received 23 mg/kg daily for 24 days.
In both animals, dosage was started on the day
preceding the first inoculation of infective larvae
and continued until 8 days (Vero) or 14 days (Cherry)
after the last infective inoculation. In a third chim-
panzee (Lewis) the prophylactic action of Mel W
was tested. A single intramuscular injection at
10mg/kg was given 30 minutes before the inoculation
of infective larvae of 0. volvulus.
The infective larvae of 0. volvulus were obtained

from wild S. damnosum that had fed on human
carriers of the Cameroon forest strain of the parasite
and then been maintained for 6 days in the laboratory
(Duke, Lewis & Moore, 1966). As the infective flies
could not be induced to bite, they were killed with
chloroform vapour and the infective larvae were
dissected from their heads in sterile normal saline.
Live, active larvae from many heavily infected flies
were transferred as rapidly as possible, using a
Pasteur pipette and a fine needle, into a small drop
of saline on a slide, or into a drop of human serum
drawn from an uninfected person. As soon as a
batch of 30-80 larvae was available, the larvae
were counted. A 1-ml syringe, containing 0.1 ml-
0.2 ml normal saline, was then fitted with a No. 0, 1
or 2 SWG needle about 1.5 in (3.8 cm) long and
with this the larvae were sucked up very gently so
that most of them came to lie in the bore of the
needle. The contents of the syringe were then
inoculated subcutaneously or intradermally into the
legs or arms of a chimpanzee, which had been tran-
quillized by the injection of phencyclidine hydro-
chloride. By this method the larvae were washed
out of the needle and into the tissues by the fluid
from the barrel of the syringe and, to make doubly
sure of this, a further 0.2 ml of saline was then
sucked into the syringe and inoculated into the
chimpanzee so that, in effect, the first washing of the
syringe went into the animal. Finally, the syringe
was again washed out on to a slide, and remaining
larvae that had not reached the animal were counted.
The number presumed to have entered the chim-
panzee was obtained by difference.

After inoculation, the animals were observed for
periods of up to 2 years, and every 3 months skin
snips were examined for 0. volvulus microfilariae.

One animal (Vero) was autopsied after about 2 years
and a search was made for adult worms. The second
animal (Cherry), which became heavily positive, and
demonstrated the failure of the prophylactic regime,
was not sacrificed, but was kept for use in other
experiments. The third animal (Lewis), which began
to show 0. volvulus microfilariae 17 months after
inoculation, was also kept alive for other experi-
ments.

Experiments on men
There being no indication, at the onset of the

experiments on men, that any of the drugs tested
would have a prophylactic action, it was considered
preferable to work with volunteers who were already
infected. It was thought that such persons would be
more resistant to the inoculation of infective larvae
and thus be more likely to provide visible evidence
of the destruction of larvae in the skin by prophylactic
drugs. This method also avoided the risk of infect-
ing people who would otherwise not have been
exposed to 0. volvulus infections.
The volunteers who took part in the experiments

all lived in an area where onchocerciasis was endemic
and were continually exposed to the risk of natural
transmission. Four of them (B, C, D and E) were
harbouring infections with 0. volvulus at the time
of the experiments, and one (A) had been cured of
his infection a few months previously by treatment
with suramin and diethylcarbamazine.

Intradermal inoculation of infective larvae into
the volunteers was carried out according to the tech-
niques for chimpanzees described above, except that
smaller numbers of larvae were inserted. Over the
days following the infective inoculation, a careful
watch was kept for the development of papular or
other reactions in the skin, which might have indi-
cated the death of infective larvae. Unfortunately,
no papular skin reactions of the type seen with L. loa
were observed. Soon after the inoculation a slight
weal usually developed. This persisted for 2-3 hours
and was usually accompanied by itching. However,
as similar reactions were seen after injections that
contained traces of the head fluid of S. damnosum,
without infective larvae, it was considered that the
proteins of the insect, rather than the infective
larvae of 0. volvulus, were the agents responsible.
In those volunteers who received Mel W, a slight
induration developed at the injection over the ensu-
ing 4 days, and this was accompanied by continued
itching. In the control volunteers, and in those
receiving diethylcarbamazine or suramin, there were
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no subsequent changes in the skin to suggest that
the inoculated parasites had died.

In the absence of any definite skin reactions to give
a guide to the location of the parasites inoculated,
a single skin biopsy, about 1.0 cm long, 0.4 cm wide
and 0.4 cm deep, was taken from each inoculation
site under local anaesthesia. The length of time
after inoculation of infective larvae at which the
biopsy was taken varied from one experiment to
another. The tissues removed were fixed in formol-
saline and embedded in paraffin wax. Consecutive
serial sections were prepared and stained with
Azureosin. In some of the sections, infective larvae
were seen. Those that were well stained, having
definite nuclei visible, and with no surrounding
tissue reaction, were classified as having beeen alive
at the time when the biopsy was taken. Those that
were pink, necrotic, devoid of stained nuclei, and
surrounded by an intense tissue reaction were con-
sidered to have been dead. The numbers of live
and dead larvae found in each biopsy were recorded.

In all, 11 experiments were performed on 5 volun-
teers. Three control biopsies were removed 11/2 hours,
24 hours and 5 days after the inoculation of infective
larvae into Volunteer A, who was receiving no
prophylactic medication at the time.
Three experiments, also on Volunteer A, were

designed to'test the prophylactic action of diethyl-
carbamazine at 10 mg/kg daily, given from 1 day
before the infective inoculation until the time when

the biopsies were taken, i.e., 2, 5 and 16 days
after the injection of larvae.
Two experiments were made to test the action of

suramin on Volunteers B and C. The infective
inoculation was given just before the volunteers
received their fifth and seventh weekly 1.0-g dose
of suramin, respectively, and at a time when the
levels of suramin in their sera were 14 mg/100 ml in
Volunteer B and 15 mg/100 ml in Volunteer C.
The biopsies were taken 5 days and 4 days after
inoculation.

Finally, in 3 experiments the prophylactic action
of Mel W was tested. Volunteers D and E had
received 4 consecutive daily doses of 200 mg Mel W
2 weeks before inoculation. The day before the
infective larvae were inserted, they received a further
injection of 200 mg Mel W (3.5 mg/kg), and similar
doses were given on the day of inoculation and on
the 2 following days. In the third experiment,
Volunteer A was treated in the same way except
that the first course of 4 injections of 200 mg Mel W
was omitted.

RESULTS

Experiments on chimpanzees
Table 1 gives the results obtained from chim-

panzees inoculated with infective larvae of 0. vol-
vulus while under dosage with diethylcarbamazine
(Vero and Cherry) or with Mel W (Lewis). For
each animal, Table 1 gives the length of its quaran-

TABLE I
RESULTS OF EXPERIMENTS ON CHIMPANZEES

Chimpanzee
Property measured

Vero Cherry Lewis

Quarantine period (months) 8 8 14
Age at inoculation (years) 2 2 3
Weight at inoculation (kg) 4 4.4 8
Drug tested Diethylcarbamazine Diethylcarbamazine Mel W

Daily dose (mg/kg) 5 23 10
Duration of dosage in days
before (-) and after (+)
infective inoculations 18(-1 to +8) 24(-1 to +14) Single dose 30 min

before inoculafion
Total dosage (mg/kg) 90 552
Total no. of infective larvae

inoculated ca 200 ca 250 ca 100
Prepatent interval (months) 21 10 17
Maximum concentration of

microfilariae (mf/mg) 13.5 68 24
Autopsy results
Months after inoculation 25 Kept alive Kept alive
No. of worms found 2dS 4?

Assumed degree of prophyl-
axis None None None

4
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tine period, its approximate age at the time of the
infective inoculations, its weight, the amount of
drug given and the duration of the prophylactic
schedule, and the total number of 0. volvulus larvae
inoculated. The duration of the prepatent interval
before microfilariae appeared in the skin is then
given, together with the maximum density of micro-
filariae recorded in a single snip; where appropriate,
the time of autopsy and the number of adult worms
found are also shown.

Experiments on men

Table 2 gives the results of the examinations of
skin biopsies taken from the volunteers at various
times after the inoculation of infective larvae of
0. volvulus. The age of each volunteer is shown,
together with the drug tested for prophylactic action
and the schedule of dosage used. The site of the
infective inoculation, the vehicle in which the infec-
tive larvae were suspended, and the approximate
number of larvae inoculated are given, together
with the time after inoculation at which the biopsy
was taken, and the numbers of live and dead
parasites found in consecutive serial sections.

Fig. 1 (x 75) shows a live infective larva in the
subepidermis at the inoculation site 11/2 hours after
injection into Volunteer A, who was receiving no
medication. Fig. 2 ( x 285) shows a live larva from
the inoculation site 16 days after injection into
Volunteer A, who was then taking 10 mg/kg diethyl-
carbamazine citrate daily. The tissues are infiltrated
with eosinophils, but there is no reaction around
the larva. Fig. 3 (x 250) shows a dead larva sur-
rounded by eosinophilic debris in a biopsy taken
from the indurated area around the inoculation site
4 days after the inoculation in Volunteer D, who
received Mel W.

DISCUSSION

Control experiments

The experiments described here are far from con-
clusive, for they were handicapped by the limita-
tions of the methods available to test drugs for
chemoprophylactic action against 0. volvulus.
The assessment of prophylactic drug action in

experimental animals depends on the readiness with
which infections can be established in controls.
In control chimpanzees inoculated with the Came-
roon forest strain of 0. volvulus by the methods
described here, infections developed in all of 10 ani-

mals tested. By no means all the parasites inoculated
came to maturity, but against this background the
failure of an infection to develop in a chimpanzee
inoculated while under prophylactic medication
might reasonably have been taken as presumptive
evidence for chemoprophylactic action on the part
of the drug concerned, and as justification for
further experiments.

In the experiments on volunteers, the fate of
infective larvae inoculated into controls who were
receiving no medication had also to be investigated.
In the biopsies taken from Volunteer A when he
was receiving no medication, 5 live larvae out of 30
inoculated were found 11/2 hours later (Fig. 1), but
0 out of 50 was seen at 24 hours, and only 1 out
of 50 was found at 5 days. This suggests that under
normal circumstances most of the larvae move
away relatively rapidly from their site of entry,
leaving no trace of their passage through the tissues
other than an infiltration of eosinophil cells.

Diethylcarbamazine
Diethylcarbamazine at 5 mg/kg and at 23 mg/kg

daily did not achieve prophylaxis in the 2 chim-
panzees tested. A rather scanty infection (maximum
of 13.5 mf/mg in skin snips, and 6 adult worms)
developed in chimpanzee Vero, which received
5 mg/kg. A partial degree of chemoprophylactic
action might have been suspected in this animal
were it not rendered unlikely by the results from
chimpanzee Cherry, which received a much higher
dosage schedule but yet developed such a heavy
microfilarial infection (maximum of 68 mf/mg in
skin snips) that it was decided to keep the animal
alive for other experimental purposes.

In the biopsies taken from Volunteer A when he
was receiving Banocide, 5 out of 35 and 2 out of
50 parasites were found alive at the injection sites
5 days after the inoculation, and 2 out of 40 were
located alive as long as 16 days after entry (Fig. 2).
It is possible that the diethylcarbamazine may have
had an action in immobilizing or limiting the move-
ments of the larvae after inoculation, but although
the tissues were heavily infiltrated with eosinophils
there was no direct evidence that any larvae had
been killed. So far as could be ascertained, diethyl-
carbamazine showed no chemoprophylactic action
against 0. volvulus and it seems unlikely that the
prophylactic Banocide schedule of approximately
5 mg/kg daily, which has been recommended else-
where for L. loa (Duke, 1963), can be expected to
prove effective against onchocerciasis.
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FIG. I
LIVE INFECTIVE LARVA OF 0. VOLVULUS 1$2 HOURS
AFTER INOCULATION INTO SKIN OF VOLUNTEER A:

NO PROPHYLACTIC MEDICATION
(x 75)

FIG. 2
LIVE INFECTIVE LARVA OF 0. VOLVULUS 16 DAYS AFTER
INOCULATION INTO SKIN OF VOLUNTEER A, WHO
RECEIVED 10 mg/kg DIETHYLCARBAMAZINE CITRATE

(x 285)

FIG. 3
DEAD INFECTIVE LARVAE OF 0. VOLVULUS 4 DAYS
AFTER INOCULATION INTO SKIN OF VOLUNTEER D,
--WHO RECEIVED MEL W (x M )
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Suramin

In the biopsies from Volunteer B, who was
receiving suramin, 2 live and 1 dead larvae out
of 35 injected were found 4 days after inoculation;
in Volunteer C no larvae out of 50 injected were
seen on the fifth day. Most of the parasites had
moved away from the injection sites soon after
inoculation, and although some of them may have
died subsequently, all that can be said is that expo-
sure to high concentrations of suramin, almost
certainly in excess of 14 mg-I5 mg per 100 ml for
a period of 4-5 days, had little detectable effect on
the viability of infective larvae.

Mel W

In the one chimpanzee tested, a single dose of
Mel W at 10 mg/kg failed to achieve prophylaxis,
but in the volunteers, who received multiple doses
of the drug, some evidence of a lethal action on
infective larvae was obtained.

In Volunteers A, D and E, indurated areas of

skin developed at the inoculation sites, and prolonged
local itching ensued. These mild signs and symp-
toms were the only clinical manifestations of chemo-
prophylactic action against 0. volvulus, and no dis-
crete papular lesions were seen, as they were with
L. loa. All the parasites found in Volunteer D (9 out
of 50 inoculated) and in Volunteer A (1 out of
30 inoculated) were dead. In Volunteer E, 8 para-
sites were found out of 60 inoculated and 5 of them
were dead. The dead parasites were surrounded
by a necrotic debris of eosinophils and macrophage
cells (Fig. 3), and the tissues were heavily infiltrated
with eosinophil cells.

There can be little doubt that Mel W has at least
a partial chemoprophylactic action against 0. vol-
vulus. However, work done subsequently to the
experiments reported here has shown that, in addi-
tion to Mel W being a rapidly excreted drug, its
use is associated with a definite risk of arsenical
encephalopathy (Duke, 1966). In these circum-
stances, it is difficult to see how its chemoprophylactic
potential can be exploited.
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RESUME

Une experimentation a ete menee sur l'homme et sur
l'animal afin d'evaluer l'efficacite prophylactique de la
diethylcarbamazine, de la suramine et du Mel W dans
l'onchocercose.
On a inocule des larves infectantes d'Onchocerca

volvulus a trois chimpanzes traites preventivement
par la diethylcarbamazine (5 mg/kg et 23 mg/kg
quotidiennement) ou par le Mel W (10 mg/kg en une
seule dose). Dans tous les cas, l'infection est apparue
chez les animaux.

Les essais ont ensuite porte sur des volontaires deja
atteints d'onchocercose. On leur a inocule a la seringue
des larves infectantes d'O. volvulus, puis on a pratiqu6
des biopsies a l'endroit de l'injection. Des coupes en
s6ries de ces prelevements ont ete examinees pour
rechercher la presence des larves vivantes ou mortes.
Chez les volonaires temoins non traites, ces examens

ont montre que les larves se deplacaient normalement
et abandonnaient le lieu de l'injection tres rapidement.
La diethylcarbamazine administree preventivement a la
dose quotidienne de 10 mg/kg a eu pour effet de limiter
les mouvements des larves, sans les tuer. 11 apparait
que ce medicament - actif en cas de menace d'infection
par Loa loa - n'est d'aucun appoint en ce qui conceme
la prophylaxie de l'onchocercose. La suramine, a des
concentrations seriques de 14-15 mg par 100 millilitres,
n'a eu qu'une action limitee sur la viabilite des larves.
L'examen des biopsies a montre que le Mel W tuait
la plupart des larves presentes, leur mort provoquant
une legere induration et du prurit a l'endroit de l'inocu-
lation. Malgre cette action prophylactique certaine,
l'emploi de ce medicament ne peut cependant etre
actuellement envisage pour des raisons de commodit6
et de securite.
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