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The World Health Organization (WHO) is a specialized agency of the United 
Nations and represents the culmination of efforts to establish a single inter
governmental health agency. As such, it inherits the functions of antecedent 
organizations such as the Office International d'Hygiene Publique, the Health 
Organization of the League of Nations, and the Health Division of UNRRA. 

WHO had its origin in the proposal made at the United Nations Conference 
held in San Francisco in 1945 that a specialized agency be created to deal with 
all matters relating to health. In 1946, representatives of 61 governments met 
at the International Health Conference, New York, drafted and signed the WHO 
Constitution, and established an Interim Commission to serve until the Con
stitution could be ratified by 26 Member States of the United Nations. The 
Constitution came into force on 7 April 1948, the first World Health Assembly 
met in Geneva in June 1948, and on 1 September 1948 the permanent Organiza
tion was established. 

The work of the Organization is carried out by three organs : the World 
Health Assembly, the supreme authority, to which all Member States send 
delegates ; the Executive Board, the executive organ of the Health Assembly, 
consisting of 18 persons designated by as many Member States; and a Secretariat 
under the Director-General. 

The scope of WHO's interests and activities exceeds that of any previous 
international health organization and includes programmes relating to a wide 
variety of public-health questions: malaria, tuberculosis, venereal diseases, other 
communicable diseases, maternal and child health, mental health, social and 
occupational health, nutrition, nursing, environmental sanitation, public-health 
administration, professional education and training, and health education of the 
public. In addition, WHO undertakes or participates in certain technical work 
of international significance, such as the compilation of an international phar
macopoeia, the setting-up of biological standards and of standards for insec
ticides and insecticide-spraying equipment, the control of addiction-producing 
drugs, the exchange of scientific information, the drawing-up of international 
sanitary regulations, the revision of the international list of diseases and causes 
of death, the collection and dissemination of epidemiological information, and 
statistical studies on morbidity and mortality. · 

Expert advisory panels and committees are an essential part of the machinery 
of WHO . Their purposes and functions are to provide the Organization with 
technical advice on particular subjects . The Director-General has authority to 
establish expert advisory panels and to select and appoint their members, who 
undertake to contribute by correspondence and wi thout remuneration technical 
information or reports on developments within their own specialities. They 
serve in their personal capacity .and not as representatives of governments, institu
tions, organizations, or other bodies. Expert committees are convened to discuss 
particular subjects ; their members are selected by the Director-General from the 
advisory panels, the choice being governed by the agenda of each session. The 
selection of members of both expert advisory panels and comnnittees is based 
primarily upon their ability and technical experience, with due regard to adequate 
geographical distribution . 

Reports of expert committees are of basic importance to WHO . While not 
necessarily expressing the views of the Organization, they are taken into considera
tion in developing policies and programmes. The publication of reports of 
expert committees is authorized by the Executive Board. 
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EXPERT COMMITTEE ON 

ONCHOCERCIASIS 

First Report* 

The Expert Committee on Onchocerciasis met for its first session in 
Mexico City from 23 to 26 November 1953, moved to the onchocerciasis 
area of Tapachula district on 27 November, and returned on 29 November 
to Mexico City, where sessions continued until 1 December 1953. 

Dr. Ignacio Morones Prieto, Minister of Public Health of Mexico, 
welcomed the members of the committee. 

Dr. W. M. Bonne, Director, Division of Communicable Disease Services, 
as representative ofthe Director-General of the World Health Organization, 
thanked the Mexican authorities for their invitation to hold the first session 
of the Expert Committee on Onchocerciasis in Mexico City, and opened 
the meeting in the name of the Director-General. 

The committee elected Professor M. Wanson as Chairman, Professor 
L. Mazzotti as Vice-Chairman, and Professor P. C. C. Garnham as 
Rapporteur. 

The agenda presented by the Director-General of WHO was approved 
and adopted. 

1. SYMPTOMATOLOGY AND PATHOLOGY 

The symptoms of the disease differ to a greater or lesser extent in the 
various regions ; the committee noted the differences between African and 
American conditions. 

* The Executive Board, at its fourteenth session, adopted the following resolution : 
The Executive Board 

1 . NOTES the first report of the Expert Committee on Onchocerciasis ; 
2. THANKS the members of the committee for their work ; and 
3. AUTHORIZES publication of the report. 
(Resolution EB14.R2, Off. Rec. Wid Hlth Org. 57, 1) 

-3-
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1.1 Definitions of Various Alterations 

Commonly Attributed to the Disease and Possibly due to a Different Aetiology 

1 . 1 . 1 Elephantiasis 

In some places in Africa where Wuchereria bancrofti is rare or absent, 
onchocerciasis is unaccompanied by elephantiasis. Moreover, elephantiasis 
is not seen in onchocerciasis areas in America and for this reason it is 
reasonable to suppose that it is unlikely to be a symptom of the latter 
disease. 

On the other hand, microfilariae have been demonstrated in as high a 
percentage as 67 in lymphatic glands, in the course of some investigations 
carried out in Africa. Some authors believe that involvement of the glands, 
either alone or complicated by some other affection, might give rise to 
the elephantiasis syndrome. 

1 . 1 . 2 Adenolymphocele 

Adenolymphocele of onchocercal origin is never found in America ; 
when present in African patients it is probably an extension of a lymphatic 
involvement. 

I . I . 3 " Craw-craw " 

The so-called " craw-craw " or "gale filarienne " characterized by 
lichenification of the skin and pruritus is probably due to causes other 
than onchocerciasis. 

1. 2 Differences between Mrican and American Onchocerciasis 

Important differences between onchocerciasis in Africa and that m 
America are as follows : 

- Present evidence indicates that the nodules are more frequent on 
the head and trunk in Guatemala and Mexico, while they are more com
monly located on the pelvic girdle and on the lower limbs in Africa. 

- Pruritus is found very. exceptionally in America ; in Africa it is 
probably the commonest symptom of the disease. 

- The number of microfilariae found in lymphatic glands in African 
patients seems to be greater than that found in American patients. 

- The skin lesion described as "erisipela de la costa" (coast erysi
pelas) in American patients seems to be absent in Africa. 
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These differences do not appear to be due to varying intensities of 
infection. There is, however, some evidence that the severity of the symp
toms may be due to intensity of infection. For instance, in Liberia 
symptoms are comparatively slight, possibly because the infection is of a 
relatively low order. 

- Choroidoretinitis and primary optic atrophy have recently been 
described in Africa, but have not been seen in America by many ophthal
mologists with experience in onchocerciasis, although some have diagnosed 
a few cases of such lesions. 

None of these differences have been explained and they require further 
investigation. 

1. 3 Ocular Symptomatology : its Evolution and Frequency 

Onchocerciasis inay attack all portions of the eye, with the exception 
of the lens. Principal lesions are: · 

- Conjunctivitis and limbitis (frequent). 

- Superficial subepithelial punctate keratitis, which is the lesion most 

frequently encountered ; it is very slow in its evolution. Interstitial keratitis 
is less common and important. 

- A characteristic iridocyclitis, which is often seen and is the chief 
cause of blindness. 

- Choroidoretinitis and optic atrophy; these seem, at present, .much 
more frequent in Africa than in America, and are among the most serious 
onchocercal affections of the eye. 

Lesions tend to progress slowly, and the sight of untreated patients 
gradually deteriorates in the course of years. 

1. 4 Causation of Symptoms : Allergic and Nutritional Factors 

The causation of the symptoms depends essentially on repeated heavy 
infections with the worm : thus, symptoms will be commonest and most 
severe in places where infection is heaviest. It was thought that allergy 
was one of the principal causes of certain symptoms of the disease, e.g., 
pruritus and eosinophilia. These allergic symptoms occur in untreated 
cases and to an even greater extent after drug treatment when the micro
filariae are killed in large numbers and allergens are set free. Severe 
allergic symptoms include oedema, pruritus, and fever. 
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2. EPIDEMIOLOGY 

2.1 General Review of Present Knowledge on Epidemiology 

The committee, after a general discussion on present knowledge on 
epidemiology, examined with special attention the following points : 

2. 1 . 1 Social importance of the disease 

A review of epidemiological surveys carried out in different countries 
of Africa and America showed that Onchocerca infections are present in 
high percentages of the populations of these regions. Infection rates up 
to 80%-100% have been recorded in both continents. 

The disease may cover wide areas, as in large parts of West and Central 
Africa, or, in other cases, may be comparatively localized, as in parts of 
East Africa and America. 

Detailed surveys carried out in limited areas have also proved that 
the disease is of great social importance, in view of the high rate of ocular 
complications which may reach total or "economic" blindness,1 or 
produce such a loss of visual acuity as to affect the working capacity of 
patients. In very limited endemic areas ocular complications may affect 
50% of the population in America and 75% in Africa. 

In America it has been demonstrated that, in some places, blindness 
may reach proportions varying between 0.45% and 3.3% of the total 
population, and, exceptionally, even 15.6% in heavily affected areas. 
Even higher proportions have been reported for some African districts. 

For many regions where the infection is known to exist, however, data 
are not yet sufficient to evaluate the real social importance of the disease, 
and more detailed surveys are necessary. 

Damaged eyesight may thus be a heavy burden on the economy of the 
affected areas. 

Rural areas are the more frequently affected, because few towns are 
located near breeding-places. Highly fertile zones valuable for agriculture 
are among the worst affected places. 

1 " Economic " blindness is defined as reduction in visual acuity of such a degree 
as to incapacitate the individual from any work, industrial or otherwise, for which 
eyesight may be essential. In general, visual acuity of less than 1/10 of standard vision 
(i.e., 6/6 Snellen) has been classified as economic blindness. This means that, in so 
far as distant vision is concerned, objects are only identifiable when brought to a distance 
one-tenth of what normal vision would require. Such a reduced vision in the better 
eye, when it has been corrected with the best lens possible, would be registered as "less 
than 1/10 or 6/60 or 20/200 ". In such cases, it follows that near vision will be corre
spondingly reduced. Gross defects in the visual field may cause equally serious disability. 
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Desertion of land and villages has been reported in different areas of 
Africa (Mayo-Kebbi, in Chad, and Busoga district, in Uganda). Exploi
tation of some forest areas has been prevented or made difficult by the 
existence of the disease, or by the abundance of the Simulium vectors. 

Onchocerciasis may affect plans for economic development, such as 
the construction of power stations or dams, irrigation schemes, and coffee
growing or other cultivation. Coffee plantations in certain districts of 
Guatemala and Mexico have been obliged to give special attention and 
often to allocate considerable funds to combatting the disease. 

2. 1 . 2 Economic and social factors 

All activities carried on outdoors, exposing man to the bites of vectors, 
especially near breeding-places, are factors influencing both diffusion and 
intensity of parasitism and consequently of the disease. Such activities 
include cultivation of land, especially if it involves long exposure of workers 
in endemic areas, fishing, hunting, etc. 

Movement of population through endemic areas may be an important 
factor in the epidemiology of the disease. 

Low social and economic conditions are usually associated with high 
infection rates. 

2. 1. 3 Vectors in different areas and their bionomics 

2. 1. 3 .1 American vectors. In Mexico and Guatemala the principal vector 
is believed to be Simulium ochraceum. · Other species that may have a 
secondary role in the transmission are S. metallicum, S. callidum, S. exi
guum, S. haematopotum, and S. veracruzanum. The vector species in Vene
zuela is unknown. 

The above-mentioned species are more abundant during the dry season, 
the number of flies increasing after the last rains and decreasing consider
ably at the beginning of the rainy season. 

The origins of the smallest streams, cool places well covered by vegeta
tion, are the preferential habitat of S. ochraceum; other species breed at 
lower reaches, but never in the geologically old sections of the rivers. 

The time that elapses from the egg-laying to the hatching of the larvae 
may be up to five days. The larval stage is more variable and may extend 
to 30 days, the pupal stage to six days. This means an aquatic stage of 
about 41 days. Some data recorded for S. ochraceum in Guatemala point 
to a more rapid development that can be completed in from 12 to 
31 days. Estimations of the length of life of the adults are not very precise, 
but can be calculated to be around two months and in some cases up to 
85 days or longer. If the transmission period is considered to be about 
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six months, it will not cover more than three or four generations of simuliids 
each season. 

Several observations have been made on flight ranges, but the data 
refer more to maximum distances than to the more important factor of the 
density of the vector necessary to maintain transmission in relation to dis
tances from the breeding-places. In two experiments, marked S. ochraceum 
and S. metallicum were recovered at distances varying between 1.6 and 
15.5 km (1-10 miles) from the release point. 

The night-time resting-places of the adults are usually found close to 
the breeding-places, either on the lower vegetation or on the ground. 
Daytime resting-places have been found in trees at various heights from 
the ground. 

S. ochraceum is more predominantly anthropophilic in its alimentary 
preferences than the other species, so it has more chance of becoming 
infected with Onchocerca volvulus and of transmitting the disease than 
other only partially anthropophilic species. The former species seems to 
require an average of a little over five minutes in order to become fully 
engorged and is not so easily disturbed. 

As S. ochraceum feeds mostly on human beings, fewer fallacies of 
interpretation of infectivity rates occur if a large number of specimens are 
studied. With the other species, that commonly bite animals, confusion 
may exist, but these species do not, in most cases, have much importance 
as vectors. No vectors other than species of simuliids have been demon
strated. Experimental work rules out certain species of Culicoides. 

2 .1. 3. 2 Simulium damnosum. This species is an important vector over 
large areas of Africa. Its seasonal incidence varies from one area to 
another according to the time when the rivers flow and to the amount of silt 
they carry. In some of the drier parts of Africa, S. damnosum is more 
numerous and spreads farther from rivers during the rainy season than 
in the dry season, and there is some evidence that it has a higher infection 
rate, possibly owing to the effect of humidity on the longevity of the fly. 

S. damnosum breeds largely in the rapids of rivers of considerable size, 
but its larvae are also found in many small waterfalls and sometimes in 
unbroken water flowing as slowly as 2 km (approximately 1 mile) per hour. 
At Leopoldville water flowing at more than 4.5 km (approximately 3 miles) 
per hour is not favoured. , 

The egg usually hatches soon after deposition, but it has been suggested 
that, in areas where rivers cease to flow, the egg can survive the dry season. 
The larval stage lasts five days at Leopoldville and the period doubtless 
varies elsewhere according to temperature. The pupal stage lasts about 
four days. In Uganda an adult population of S. damnosum dropped 
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dramatically ten days after its aquatic stages had been attacked. This 
species is not believed to live very long as an adult, particularly in dry 
climates or dry seasons. More information is required, however, par
ticularly with regard to the method by which this species survives the dry 
season in arid countries. 

S. damnosum can fly as far as 40 km (25 miles) and probably much 
farther, particularly with a favourable wind. The effective range, with 
reference to the transmission of onchocerciasis, depends on local condi
tions, but large numbers of the flies can sometimes travel as far as 5 or 
10 km (3-6 miles) from their breeding-place. 

In many areas this species feeds mainly on man, but it will also bite 
various animals. Anthropophilic races exist. However, as S. damno sum 
does not bite man in many parts of Africa, it can be assumed that zoophilic 
races must exist too. 

The species is not known to have any phoretic host, but there are 
localities where adults are abundant yet few immature stages are found. 
They are believed, however, to cling to inaccessible submerged rocks. 

2.1. 3. 3 Simulium neavei. This in'lect may be a complex of several species, 
but pending the results of taxonomic studies now in progress it is here 
treated as one species. It is much less widely distributed than is S. dam
nosum, and is a vector of human onchocerciasis in parts of East Africa 
and the Belgian Congo. 

No important seasonal changes in numbers have been reported. 

S. neavei breeds in fast-running streams or some rivers. The length 
of the early stages is unknown. The females will live ten days in the 
laboratory and much longer in nature. They appear to be almost entirely 
anthropophilic. 

The larvae have only been found living in apparently phoretic asso
ciation with crabs (three species of the genus Potamonautes). One of these 
species, P. niloticus, lives in cascades, but little is yet known of the biology 
of these crabs. 

2. 1 . 3 . 4 0 ther species of Simulium. Among the many simuliids of Africa 
several other species bite man, but none is known to transmit human 
onchocerciasis. 

2. 1 . 4 Possible animal reservoir of onchocerciasis and possible fallacies in 
interpretations of infectivity rates in Simulium 

Evidence of an animal reservoir either in America or in Africa is lacking. 
The morphology of many of the species found in animals, particularly in 
antelopes, closely resembles that of the human parasite, and it has been 
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suspected that such animals may constitute a reservoir of the human 
disease in Africa. 

Simulium infected in nature with Onchocerca of animals may lead to 
fallacies in the interpretation of infection rates. 

2.2 Proposed Standardization of Epidemiological Surveys 

2. 2. 1 Terminology 

The committee recognizes the convenience of standardizing terminology 
and recommends that a glossary, similar to that recently published by 
WHO for malaria,2 be prepared for onchocerciasis. 

2.2.2 Methods 

2. 2. 2. 1 Detection of nodules. This is considered to be an investigation 
of great importance and should be carried out in all epidemiological 
surveys. Careful palpation should systematically be done over all the body. 

2. 2. 2. 2 Biopsy and scarification tests. Biopsy and scarification of skin 
are both recognized as satisfactory diagnostic procedures for detection of 
micro filariae. 

In some of the endemic regions of Africa where infection with other 
filariae exists, the scarification method offers the advantage that additional 
species of microfilariae may often be diagnosed. 

Scarification also allows the examination of the preparation to be 
deferred to a later date. 

The committee recommends that it is desirable to intensify research on 
distribution of micro filariae in the skin over different parts of the body, 
both by biopsies and by scarification tests. This may not only reveal the 
best place for taking samples, but may also supply additional information 
on the subject. The results may be studied in relation to data on preferred 
points of attack of different species of Simulium biting man. 

The best technique for biopsy is that of Macfie & Carson, as modified 
by Strong,3 and the best for scarification tests is that of Wanson.4 

2. 2. 2. 3 Serological tests. The committee considered that serological 
tests, at their present stages, are not a convenient method for use in epi
demiological surveys. 

2 See Covell, G., Russell, P. F. & Swellengrebel, N.H. (1953) Malaria terminology: 
report of a drafting committee appointed by the World Health Organization, Geneva 
(World Health Organization: Monograph Series, No. 13). 

3 Strong, R. P. (1944) Stitt's diagnosis, prevention and treatment of tropical diseases, 
7th ed., Philadelphia, Vol. 2, p. 1350 

4 Wanson, M. (1950) Ann. Soc. belge Med. trop. 30, 667 



FIRST REPORT 11 

2.2.2.4 Diagnosis and evaluation of ocular symptoms. The diagnosis and 
evaluation of ocular symptoms present a difficult problem during epi
demiological surveys. 

The committee considers that for epidemiological purposes suitably 
trained non-specialized personnel may be charged with carrying out pre
liminary work, such as determination of visual acuity, examination of the 
anterior segment of the bulb with hand lens, etc. A specially trained 
medical officer would use an ophthalmoscope to complete the examination. 

For scientific purposes, however, the patient must be examined with 
special instruments (biomicroscopes, perimeters). This would best be done 
in properly staffed and equipped centres, where non-specialized staff also 
could be trained for an adequate period. 

For diagnosis, the following are the most important points : 
- Conjunctivitis and limbitis of filarial origin should not be confused 

with trachomatous pannus or with vernal conjunctivitis. 
- Keratitis should be distinguished from keratoconjunctivitis. 
- Iridocyclitis can easily be recognized in some cases by the deforma-

tion of the pupil and its downward displacement, synechia and occlusion 
of the pupil, atrophy of the iris, etc. 

- Choroidoretinitis can be recognized by the extension and the great 
variety of its lesions (atrophic and pigmented lesions, exudative lesions, 
oedema of the retina, etc.). 

- Optic atrophy in Africa is characterized in the majority of cases by 
perivascular sheaths which are often very marked and which transform 
the nerve into a cord of fibrous aspect. 

2. 2. 2. 5 Detection of micro.filariae in the eye. The discovery that micro
filariae may be present in the ocular bulb and in the conjunctiva is of 
considerable importance for diagnosis and for following up treatment. 

Micro filariae may be found in the cornea, the anterior chamber, and 
even in the vitreous body. Examination by biomicroscope is the best method 
of discovering them. The electric ophthalmoscope, with its 20 to 30 
dioptres, gives sufficient magnification to see microfilariae. 

Activ~ microfilariae are rarely seen in the cornea. They are frequent 
and sometimes numerous in the anterior chamber and in the vitreous 
body, where they are actively motile. 

Microscopic examination of the aqueus humour and of fragments of, 
the conjunctiva may be of assistance to the diagnosis. 

2. 2. 2. 6 Allergic reactions as diagnostic procedure. Cutaneous reactions 
using filarial antigens are not recommended for epidemiological surveys, 
because of the non-specificity of the tests. 
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Systemic allergic reactions as diagnostic procedures (Mazzotti's test) 
on the other hand are very useful. The technique is to administer by mouth 
a single dose of 50 mg of diethylcarbamazine. The reaction is considered 
positive when the patient, a short time after ingestion of the drug, 
suffers pruritus or shows allergic reactions of the skin, conjunctiva, or 
lymphatic glands. 

2. 2. 3 Collection and evaluation of epidemiological data 

2.2.3.1 Data to be collected in man. Surveys should supply the following 
data: 

(a) index of carriers of nodules ; 
(b) index of carriers of microfilaria; 
(c) measurements of visual acuity (in both onchocercal and non

onchocercal cases); 

(d) index of patients affected by eye symptoms referable to onchocer
ciasis; 

(e) index of persons showing skin lesions. 

Epidemiological surveys of small villages should include all the inhabi
tants; in larger populations, statistically valid samples of age-groups 
must be obtained. 

In addition, surveys should supply information on health and social 
conditions of the locality as related to onchocerciasis. 

2. 2. 3. 2 Data to be collected on vectors. Investigation of prevalence and 
seasonal incidence is required. A useful indication of the prevalence of 
simuliids is the biting rate. This is obtained by observing the time of day 
at which the flies are most aggressive, catching them during a period of 
15 minutes, or during any other convenient period, and estimating the num
ber of bites per hour. The biting time varies greatly from day to day, so 
simuliids should, if possible, be caught over a period of several days. 
The biting rate is affected by meteorological and other factors such as 
personal attractiveness, and is not a measure of the population. 

2.2.3.3 Evaluation of epidemiological data. The committee considers 
that, for better evaluation, the data obtained from epidemiological 
surveys in man should be classified according to the following age
groups: 

1 - 2 years 
3- 4 
5- 9 

10- 15 
16-30 
31- 50 

over 50 
" 
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Such a classification is valuable both for immediate use and for provid
ing a base-line for the detection of changes brought about by control 
measures or natural conditions. 

3. CONTROL 

3.1 Review of Methods of Control of Parasite 

3 . 1 . 1 Therapeutic 

3. 1 . 1 . 1 " Denodulization " is now the most practical measure for the 
treatment of individuals and should be employed wherever possible. It is 
aimed at suppressing the source of microfilariae and the metabolic products 
of the adult worm. It is therefore useful for preventing ocular lesions. 
Although denodulization has not reduced the incidence of the disease, 
when systematically applied it has greatly reduced blindness and other 
eye lesions. 

3 .1.1.2 1-Diethylcarbamyl-4-methylpiperazine dihydrogen citrate-com
monly named diethylcarbamazine or Hetrazan in the USA, Banocide in 
England, Notezine in France, and also known as Caricide, 84 L and 
RP 3799-is a product possessing a high degree of microfilaricidal power. 
It can be administered by mouth and has a low toxicity. These are important 
advantages. It is generally accepted by the majority of authors that it is 
not active against adult Onchocerca. 

Recommended dosage for diethylcarbamazine was 2 mg per kg of 
body-weight, three times a day, for a period of two or three weeks. In 
order to facilitate the use of the drug in rural areas, this dosage has since 
been modified to 10 mg per kg of body-weight, in a single daily dose, for 
one week. 

Disappearance of microfilariae from the skin is rapid, but they reappear 
in the majority of patients, after one to three months. The majority of 
patients show an improvement. 

Allergic reactions follow the administration of this drug ; they include 
pruritus, oedema, fever, slightly decreased blood pressure, generalized 
pains, etc. These reactions disappear within four or five days and are 
not a contra-indication to treatment. 

Repetition of treatment every six months gives increasingly favourable 
results, and allergic reactions steadily decrease. 

3. 1 . 1. 3 Sodium salt of symmetric bis-(m-aminobenzoyl-m-amino-p
methyl-benzoyl-1-naphthylamino-4,6,8-trisulfonic acid) carbamide, or his-
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(m-aminobenzoyl-m-amino-p-methyl-benzoyl-1-naphthylamino-4,6,8-trisul
fonate of sodium) carbamide-commonly named suramin or Antrypol in 
England, Germanin or Bayer 205 in Germany, Moranyl, 309 Fourneau, 
or Poulenc 309 in France, Belganyl in Belgium, and Naphuride Sodium in 
the USA-is administered intravenously. Dosages employed in the treat
ment of sleeping sickness (10 gin 14 days) have been abandoned because 
of their dangerous results. Marasmus, accompanied by exfoliative der
matitis and severe loss of weight, may occur, and death may follow within 
a period of from three weeks to three months. Only in high dosages is 
the drug both a macrofilaricide and microfilaricide, and in a small number 
of patients who have tolerated the treatment microfilariae have not 
reappeared in four years. 

For treatment of onchocerciasis, a lower dosage has now been adopted. 
It consists of an injection of 1 g of suramin every week for five weeks. 

In spite of decreased dosage, the high toxicity of the drug requires 
the taking of precautions : hospitalization is useful, and constant and 
careful medical supervision is necessary. 

3 .1.1. 4 In the hands of some authors, the association of diethylcarba
mazine with suramin has given more favourable results. This association 
of drugs should be more thoroughly investigated in an extended range of 
cases. When diethylcarbamazine was administered first, at a dosage of 
6 mg per day for eight days, later administration of 5 g of suramin appeared 
to have been better tolerated. 

3 . 1 . 1 . 5 General and local reactions of allergic nature seem not to be 
completely controlled by antihistaminic products administered simul
taneously with the microfilaricide. Some investigators, however, have 
found that it was useful to administer these substances in order to decrease 
the intensity of allergic reactions. 

3. 1. 1 . 6 The effect of treatments on the eye is not yet sufficiently known, 
mainly because patients have not been followed up for enough time. Further 
studies are recommended. We know, however, three groups of facts: 

(1) The administration of carbamazine often produces a strong 
reaction in the eye as well as cutaneous and other general reactions. 
The eye changes include injection of the conjunctiva and sometimes 
pericorneal injection with blepharospasm, lacrimation, and photo
phobia. In rare cases, a mild iridocyclitis has been reported. Nearly 
always, however, these effects are temporary. Rare cases of permanent 
aggravation of eye symptoms after treatment have nevertheless been 
reported. 

(2) After treatment patients often report marked improvement of 
subjective ocular symptoms. Remarkable recuperation of visual acuity 
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has been noted in some cases in Africa, and recent punctate keratitis 
has improved, showing disappearance of infiltration. 

(3) Microfilariae disappear quickly from the anterior chamber 
after treatment, but they reappear after a period of some months. 

3. I . 2 Recommendations on use of therapeutic and prophylactic methods 
for individual and mass treatment 

3. I . 2. I Individual treatment. The committee recommends the employ
ment of diethylcarbamazine. It expresses its reserve on the use of suramin, 
which should only be employed under careful and constant medical super
vision. 

3. I. 2. 2 Mass treatment. The committee recommends that systematic 
denodulization should be employed in the control of the parasite. 

The committee considers that suramin is too dangerous to be recom
mended for mass treatment, nor should diethylcarbamazine be used for 
this purpose, in view of the allergic reactions produced and because it 
does not prevent reappearance of microfilariae. This latter product 
should, however, be tested in some limited regions during the period 
of greater seasonal density of Simulium corresponding to a more intense 
transmission of the disease. 

The committee recommends that, when diethylcarbamazine is used, 
the population should be instructed about the properties of the drug. 

3.2 Review of Methods for Vector Control 

Simuliids may be controlled by chemical, biological, and mechanical 
methods. Protection against the fly may be achieved by the use of repellents 
or other methods. No method of vector control is universally applicable; 
the choice of the method depends on local conditions. 

A detailed entomological survey must be made before control is started ; 
this must be accompanied by mapping the watercourses of the area. A 
study of the aquatic environment in relation to breeding of the vector is 
desirable. 

Antisimulium measures may be directed to one of three ends: 

(1) complete eradication; 

(2) reduction to the point where transmission ceases, but where control 
must be continuously maintained ; 

(3) measures of alleviation where the previous methods are inapplicable. 
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Certain dangers are inherent in any of these methods : the application 
of a larvicide may disturb the ecological balance of the river in such a way 
that the fly returns before its natural predators come back ; the risk of 
poisoning fish must also be considered. 

In order to assess existence or development of resistance to insecticides 
in the course of a campaign, the following observations should be made : 

(a) Quantitative base lines of susceptibility, i.e., the median lethal dose, 
on as many different types of insecticides as possible (including the organo
phosphorus group) before field operations begin. 

(b) Regular quantitative tests throughout the whole period of the 
programme.5 

Tests for Simulium resistance are given in Annex 1 (page 21). 

In many regions control measures will overlap territorial boundaries ; 
some forms of international action will therefore probably be required. 

3 . 2. 1 Insecticides 

3 . 2. 1 . I Larvicides. DDT and other insecticides have been used success
fully in the control of Simulium breeding. Insecticides in the form of 
emulsions, wettable powders, or impregnated bricks or sawdust, etc., 
have been employed. The choice of formulation depends on local con
ditions, e.g., in a fast-flowing river the insecticide may become attached 
to silt and be transported for distances up to 150 km (approximately 
90 miles), the actual distance depending upon many factors including 
volume of water, turbulence, and the existence of stagnant stretches. 

Dosages are expressed according to concentration of insecticide in the 
water and the period of application. Sometimes high dosages have been 
applied for a short period, while in other cases lower doses have been 
applied for longer periods, the exact combination depending upon local 
conditions and on the nature and formulation of insecticide. A usual 
procedure is the application of one part of DDT to a million parts of 
water for 30 minutes. 

The effect of larvicides should be evaluated by the presence or absence 
of aquatic and mature stages of the vector species over a suitable period. 
The technique of application and type of equipment will largely depend 
upon the nature of the terrain and the accessibility of the areas to be 
treated. In practically all instances transportation of materials presents a 
major problem. 

5 See Chron. Wid Hlth Org. 1954, 8, 131. 
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It is essential that an accurate idea of the river flow should be obtained 
before the larvicide is applied. Methods of evaluation of river flow include 
the use of floats, weirs, and current metres. Details of these methods are 
given in Annex 2, page 24. 

For total eradication, it is necessary that all streams and rivers of the 
area should be treated within a period of about ten days in order to prevent 
re-infestation from outside. The process has to be repeated until the 
maximum lifetime of a female fly has expired. 

The cost of control will depend upon the total volume and length of 
streams, and upon the amount of insecticide, equipment, labour, and 
transport required. Eradication has proved feasible in certain areas at 
relatively low cost. 

3 . 2. 1 . 2 lmagocides. The good results of the use of imagocides dispensed 
from aircraft have been demonstrated in certain localized areas in Africa. 
Such results can probably be duplicated and the method should be con
sidered if and when local epidemiological, meteorological, and geogra
phical conditions are favourable. In the successful attempts, a solution 
of DDT was applied to provide a deposit of 20 mg of DDT per m2 on 
the marginal vegetation of the river and contained islands, with the idea 
that the adults, after emergence and during the drying-out period, would, 
on contact with vegetation and soil, be subjected to the action of the 
chemical. 

3. 2. 2 Other methods 

3 . 2. 2. 1 Biological. The aquatic stages of simuliids are attacked and 
large numbers are destroyed by many predators and parasites. Natural 
enemies include fungi, algae, Protozoa (Microsporidia), Turbellaria, 
Nematoda (Mermis spp.), Trichoptera, Hymenoptera, Tendipedidae, Chiro
nomidae, mites and fish. Microsporidia, and probably fish, are particularly 
important. 

· Algae sometimes grow thickly on rocks naturally or after larviciding, 
and this prevents simuliids from breeding. 

Chironomid larvae can feed on the mucus that surrounds the eggs and 
so cause them to be washed away. It is not known if the natural partial 
control can be increased by artificial means; on the other hand, predators 
may be destroyed by the use of insecticides. An attack on the phoretic 
(crab) host of S. neavei is a possible form of control as yet little explored. 

3 .2.2.2 Mechanical. Dams, siphons, concrete channels, or other engi
neering works may be used to control the flow of water in order to kill 
the early stages, or to modify breeding conditions. Water control can 
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be used for four purposes, namely, decreasing speed, increasing speed, 
drying to kill, and drying to dislodge simuliids. Pupae are often killed 
by a natural fall in river level, but it should be remembered that they can 
survive for a considerable time in damp air. 

Dams built for other purposes are sometimes likely to be effective for 
Simulium control. 

Aquatic vegetation has occasionally been removed to control breeding. 

S. neavei has been controlled by discriminative bush clearing, but this 
method is usually more costly than the use of insecticides and is not appli
cable to most species. 

3.2.2.3 Repellents and other methods of personal protection. In recent 
years dimethyl phthalate and some other substances were found to be 
extremely effective repellents against mosquitos and simuliids, in some 
instances lasting up to seven hours or more against the latter. Individual 
conditions may necessitate re-application several times during the day. 

Protective clothing and head-nets are useful in some areas. 

In Africa, and to some extent in America, simuliids do not usually 
bite indoors. Certain occupational activities can be restricted to the season 
when transmission is negligible or absent. 

3 . 2. 3 Recommendations on the use of methods of vector control 

Sufficient confirmation is now available to warrant more extensive trials 
in the use of larvicides for control of the disease. However, it is emphasized 
that accurate knowledge must be available concerning the distribution, 
life-cycle, and ecology of the vectors in any area in which control measures 
are to be attempted. 

Initial pilot projects will be needed to determine the most efficient 
insecticide formulations, dosage rates, techniques of application, as well 
as cost figures. Actual eradication may be feasible in certain localities 
where conditions are unusually favourable. 

In certain endemic areas, the employment of imagocides may be par
ticularly advantageous, although in general such a method of control does 
not seem to hold the same promise as an attack on the aquatic stages. 

Present knowledge of biological control procedures is not sufficient to 
offer promise of their use in the control of vectors. Undoubtedly, more 
research will be needed before dependence can be placed on such methods. 
In general, nature tends to strike a balance over a period of time, and 
biological methods of control are susceptible to changing conditions which 
may be difficult to evaluate. 
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3. 3 Comparison of Relative Merits of Methods of Parasite 
or Vector Control and Recommendations 

The Expert Committee on Onchocerciasis 
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1. CONSIDERS that with pre8ent knowledge it is not possible to 
arrive at an accurate estimation of the relative merits of parasite or 
vector control, because neither method has been used on a sufficiently 
wide scale or for a sufficient length of time to provide enough data ; 

2. TAKES NOTE, however, that good results have been obtained 
locally in the control of the disease by the use of one or other method. 
For instance, some reduction in the incidence of blindness has been 
obtained in certain areas of Mexico and Guatemala through the sys
tematic excision of nodules, and control and even eradication of the 
vector has been obtained with DDT against adults in Leopoldville and 
against larvae in parts of Kenya and Uganda ; 

3. CONSIDERS, therefore, that efficient and practical methods to 
control onchocerciasis are already available; 

4. RECOMMENDS, therefore, that these methods should be applied 
in accordance with the general principles governing the control of 
other insect-borne diseases, namely, that the control of the vector 
appears to be the aim, whenever this is feasible ; 

5. RECOMMENDS, in addition, that systematic excision of nodules be 
practised in all areas of high endemicity. However, local conditions will 
govern to a large extent the choice of method to be adopted. In some 
cases it may be better to combine the different methods available in 
which event more prompt and more lasting results can reasonably be 
expected. 

4. RESEARCH 

4.1 Suggestions for Further Research 

The committee recommends that the following problems should be 
studied. 

(1) In reference to the human host: 
(a) The relative efficacy of scarification and biopsy for diagnosis. 
(b) Life-history of Onchocerca in the human host, including the 
incidence and distribution of non-palpable nodules. 
(c) The discovery of more effective and less toxic treatments. 
(d) Pathology and pathogenesis of ocular lesions. 
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(2) In reference to the vector : 

(a) Rearing Simulium in captivity. 

(b) Life-cycle of Onchocerca volvulus in various species of Simulium. 

(c) Resting habits of vectors. 

(d) Precipitin tests of gut contents of Simulium. 

(e) Anthropophilic and zoophilic races of S. damnosum and other 
vector species. 

(3) In reference to Onchocerca : 

(a) Differentiation of larvae of 0. volvulus from species found in 
animals. 

(b) Possibility of animal reservoirs in Africa. 

In addition, the committee considers it necessary that detailed surveys 
to determine the different percentages of ocular lesions present in the various 
endemic areas, and the epidemiological factors involved in producing 
those differences, should be carried out in all infected or possibly infected 
countries, in order to gain a better knowledge of the geographical distribu
tion of the disease in Africa and in America. 
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Annex 1 

METHOD FOR TESTING SUSCEPTIBILITY AND/OR 
RESISTANCE OF LARVAE OF SIMULIIDS TO INSECTICIDES* 

Many different techniques have been tried to prolong larval survival 
in the laboratory. However, the best method was found to be a glass 
tube with a continuous flow of water passing through it, the larvae being 
confined by gauze over each end which allowed the water to run out 
freely and prevented flooding of the tube. The maximum length of time 
the larvae could be held thus was 48 hours, and natural mortality was 
too high to be discounted in the screening tests ; however, a great many 
larvae lived to pupate and emerge as adults if left undisturbed. Excessive 
handling of the larvae had to be avoided because of their fragility, so that 
one glass tube served as testing-chamber as well as holding-container, and 
when it was disconnected for recording mortality the larvae were dis
carded rather than returned to the tube. Therefore, for each concentration 
of a particular chemical being tested, three tubes of larvae, 25 per 
tube, were exposed to the test material. One tube was examined after 
12 hours, the second after 24 hours, and the third after 36 hours. The 
criterion for survival was movement of the larvae, observed through a 
lens, when touched with a camel's-hair brush. Preliminary tests with DDT 
and several other insecticides indicated that dilutions of 10 p.p.m. and 
I p.p.m. (parts per million) would be practical for screening chemicals. 
Test solutions were prepared by making 1% stock solution in acetone, 
alcohol, or water, and then making 10-p.p.m. and 1-p.p.m. dilutions 
with water. 

Test larvae were collected in the field and taken individually from the 
leaves to which they were attached and placed in a pan of shallow water. 
From this 25 larvae were counted into each tube. The tubes of larvae 
were iiet in a small jar containing the chemical, three tubes being exposed 
to the 10-p.p.m. and three to the 1-p.p.m. dilutions of each chemical 
for 30 minutes. After the 30-minute exposure period each tube was rinsed 
under a jet of water for 10-15 minutes so that the excess material would 
be washed off the larvae and glass tube. The tubes were then prepared 
for the holding period by replacing the contaminated gauze covering one 
end of the tube and fitting a cork, with a short piece of glass tubing through 

* Taken from unpublished working document WHO/Onchocerciasis/20. 
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it, into the opposite end. The larval container was then connected to a 
water outlet by means of rubber tubing attached to the glass tubing in 
the cork. The tubes of larvae were held at an angle of about 45° over a 
drain canal, so that a thin film of water ran down the inside of the glass 
container and out through the gauze-covered end into the drainage canal. 
(See fig. 1.) To supply the quantity of water needed for these tests several 
additional lines were brought to the laboratory ; since all water came 
unfiltered from a nearby stream, a certain amount of food material was 
present. The water was subdivided in the laboratory by means of copper 
tubing into about 150 outlets for attaching tubes of larvae. Between 
20 and 25 chemicals could be tested each day if larvae were sufficiently 
abundant in the nearby streams. 

One room was set aside for decontaminating and washing glassware. 
All glassware was dipped in an acid cleaning solution and thoroughly 
rinsed in fresh water for 30-60 minutes. In all, there were 25 pieces of 
glassware to be decontaminated for each chemical tested, and considerable 
time was required each day to prepare them for re-use the following day. 

About 820 chemicals were screened during the period from January 
1952 to January 1953, and over 150,000 larvae were used in the tests. 

It is obvious that there are certain limitations inherent in this method 
of testing which would make it difficult to obtain consistent results from 
day to day, so that the results would indicate only relatively the toxicity 
of the different products tested. However, the 10-p.p.m. dilution was 
high enough to point out all good materials, while 1 p.p.m. was low 
enough to indicate the relative toxicity of the materials, using DDT as a 
standard for comparison. Any compound showing promise was retested 
along with DDT at concentrations intermediate between 10 p.p.m. and 
1 p.p.m. and lower than 1 p.p.m. as well as for exposure periods shorter 
than 30 minutes. 

In addition to the test materials obtained regularly by the National 
Institutes of Health through the co-operation of the Chemical-Biological 
Coordination Center of the National Research Council, samples of a 
number of insecticides and test materials were supplied by their manu
facturers to be included in the screening tests just described. Subsequently, 
these latter materials were retested in the same manner except that all 
tubes of larvae for each dilution were held for 36 hours after exposure to 
the test compound, at the end of which time they were counted. 

In the laboratory the various compounds containing phosphorus 
(i.e., methyl parathion, EPN, parathion, Sulfo-TEPP, and metacide) 
were found to be approximately equal in toxicity, with the exception of 
malathion. TEPP has been found less toxic than the other phosphorus 
compounds. Heptachlor, chlordane, dieldrin, DDT, and aldrin were also 
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FIG. 1. STAGES IN LABORATORY SCREENING TESTS 
PERFORMED ON LARVAE OF SIMULIIDS 

A Glass tubing 3 inches long and 1 Inch in diameter, with gauze over one end. 

B Larvae being counted into tube from syringe. 
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C Insecticide being poured in and larvae exposed thus to 10 p.p.m. and 1 p.p.m. for 30 minutes. 

D Rinsing of larvae and tube under continuous jet of water to wash off excess of chemical after 
exposure period. 

E Introduction of piece of leaf for larval attachment during holding period. 

F Clean gauze over open end of tube. 

G Tube inverted and larvae forced down onto clean gauze. 

H Original contaminated gauze discarded. 

Clean gauze loosely fitted into open end and cork with glass tube also placed in upper end. 

J Attachment to water outlet for holding period of 12, 24, or 36 hours. Larvae attached themselves 
to leaf which had thin film of water running down its surface. The upper gauze filtered out 
large particles of dirt; the lower one confined the larvae but permitted the free exit of water 
so that the tube would not flood. 

Reproduced, by kind permission, from J. econ. Ent. 1954, 47, 137. 
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found to be toxic, although less than the phosphorus compounds under 
laboratory conditions. In general this ranking was upheld under field-test 
conditions, except that all the above materials proved to be better than 
DDT to a varying degree. Lindane, toxaphene, methoxychlor, TDE, 
Schradan, CS-674A, and CS-708 were less toxic than the others in the 
laboratory. 

In addition to these known chemicals, several of the test materials 
which were screened were found to be toxic. They were: 

8-phenylmercurioxy-quinoline, 
1,1, 1-trichloro-2,2-bis(p-flurophenyl)-ethane, 
copper pentachlorophenate, 
5,8-dihydro-1 ,4-naphthoquinone, 
6-tert-butyl-2,4-dinitro-m-cresol. 

However, none of these materials is as effective as EPN, methyl para
thion, or metacide. 

Annex 2 

METHODS FOR ESTIMATION OF RIVER DISCHARGE 
FOR CONTROL OF SIMULIIDS BY DDT * 

Hydrologists employ a variety of methods in order to estimate the 
discharge of water in rivers and streams. Where frequent observations 
are necessary weirs are used, but current meters and the " float method " 
are employed for estimations in places where infrequent observations are 
made. Permanent weirs are usually constructed of stone, cement, and 
metal fitments and are therefore expensive to build ; temporary weirs 
made of wood are sometimes used, but are unsatisfactory as sooner or 
later they are washed away when the river is in spate. 

Weirs 

Various types of weirs are used (see fig. 2). The most common is the 
rectangular weir. The Cipoletti weir is also in use and is similar to the 
rectangular one except that the sides slope at an angle of 45°. In very 
small streams the V-notch method is employed and this, as its name implies, 

* Taken from unpublished working document WHO/Onchocerciasis/21. 
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FIG. 2. TYPES OF WEIRS 
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is merely a large notch cut out of a wooden wall (set at right angles to 
the flow of the stream) ; the sides slope at an angle of 45° on each side 
of the vertical line and, therefore, the discharge area is equal to a V-shaped 
segment of 90°. This type of weir is capable of measuring flows as small 
as one-tenth of a " cusec ". The term " cusec " is used to express the 
number of cubic feet of water passing through a given point in a second 
(1 cusec = 0.028 m3/second). 

In all weirs the basic principle involved is that the depth of water passing 
through a weir is constant for any given discharge, irrespective of the size 
of the river or rate of flow, provided that the base of the weir is similar 
in width and design. The greater the volume the deeper the water be
comes, and the depth is read on a gauge, marked in feet and inches, set 
in the wall on the upstream side of the weir. Reference to a table for that 
particular weir will give the appropriate discharge in cusecs. 

Current Meters 

There are two main types of current meters in use : (a) acoustic and 
(b) mechanical. Both depend on the speed at which the current turns 
either a propeller or a series of horizontal cups connected to each other. 
In the mechanical type, the propeller is geared to two cog-wheels which 
record the number of revolutions per minute (timed with a stop-watch). 
It is sufficiently accurate, but the number of minor adjustments which 
are necessary before use render it a slow and cumbersome procedure. 

The acoustic type of meter has given great satisfaction. It is of simple 
design, being merely a series of six cups set in a horizontal plane and 
revolving round a perpendicular axis ; they are kept square to the current 
by tins (see fig. 3). At each complete revolution electrical contact is made, 
which is reflected by a " click " in the ear-phones worn by the operator. 
The instrument can be adjusted to record every fifth revolution for use 
in fast-flowing rivers where a rapid series of clicks would be confusing. 

It is necessary to bear in mind not only that a river varies in character 
throughout its length, where in places it can be either swift and shallow 
or deep and sluggish, but that, at any given point, through a cross-section, 
the speed of the current is bound to vary owing to friction or drag caused 
by the submerged banks and the bed of the river. It is necessary therefore 
to estimate the speed of the current at regular intervals from bank to 
bank and at optimum depths. In streams and small rivers recordings are 
made at 2-foot (60-cm) intervals and at 0.6 of the depth in the vertical 
section. For instance at a depth of 5 feet (1.5 m) the meter would be 
clamped on the rod at a point 3 feet (0.9 m) above the bed. In large rivers 
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FIG. 3. WATTS ACOUSTIC CURRENT METER 

A = Metal pole (graduated in feet 11nd inches) 
B = Revolving cups 
C = Fins 
D =Wire 
E = Dry battery 
F = Ear-phones 
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two vertical readings are made, the first at 0.2, and the second at 0.8, 
of the total depth. Thus, if a river is 10 feet (3m) deep, readings are made 
at 2 feet (0.6 m) and 8 feet (2.4 m) and the mean is recorded ; the width 
of the section between readings is also increased to 4 feet (1.2 m) or 
more. 

The gauging point should be chosen with care as obstacles above and 
below this point may affect the speed of the flow. The site selected should 
be in a straight section of the river, at least 100 feet (30 m) long, and the 
gauging operations should be made in the middle of the straight run. All 
obstacles such as tree trunks and loose boulders should be removed, and 
vegetation likely to retard the flow should be cut out. 

Having selected and prepared the site, a tape-measure is stretched 
across the river at right angles to the current, and is firmly fixed to each 
bank by tent pegs. The tape-measure should be taut in order that accurate 
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measurements can be made ; it quite often tends to twist into a spiral, 
and a simple way to prevent this is to tie the brass ring at the zero end 
separately to two pegs which have been driven into the ground 18 inches 
(45 em) apart. Quite often the banks are soft and marshy and it is therefore 
necessary to drive the pegs into firm ground 2-3 feet from the water's 
edge. Then, facing downstream, read the tape-measure at water's edge 
left bank and record the depth. Repeat this operation at 2-foot intervals 
until the right bank is reached. Make a special point of recording, in the 
remarks column (see table I), the exact reading for both banks, as this 
will enable a check to be made on all intermediate observations as well 
as establishing the width of the river. (See fig. 4.) 

The current meter is then assembled and recordings made at the pre
selected points and at the optimum depth, i.e., at 0.6 of the total depth 
for streams and at 0.2 and 0.8 for rivers, the mean of the two readings 
being recorded in the latter case. The meter is clamped to the upright 
rod by means of a thumb-screw and is therefore easily adjusted to the 
required depth. Recordings in deep rivers can be made from bridges and 
special cables can be obtained for this purpose. 

As previously stated the instrument records each revolution (or every 
fifth if desired) of the cups (or propeller) by a "click" in the ear-phones; 
the number of revolutions per minute is timed with a stop-watch, and by 
reference to a table supplied with the meter the velocity in feet per second 
can be obtained. The velocity of the water in relation to the depth and 
width of the section will give the discharge in cusecs. 

Explanatory notes to table I 

The first five columns are self-explanatory. 

Velocity (6) is obtained in the first place by reference to a special table supplied with 
each meter, and is expressed in feet per second according to data recorded under 
columns 4 and 5. 

Under 6 (a) the actual reading in the" vertical" is inserted for each particular point; 
under 6 (b) the mean of 6 (a) is recorded where more than one reading is made in the 
vertical, or same, position. Under 6 (c) the mean of the two sides of the section is 
recorded, i.e., the mean of the current record and the record immediately preceding it 
(for instance the figure of 0.30 in the second line of column 6 (c) is the mean of 0 
(first line) and 0.61. (second line) in column 6 (b)). 

Mean depth (7) is the mean of the two sides of that particular section of the river 
and is derived from column 2 (for instance the figure of 2.08 in the fifth line is the mean 
of 2.17 (fourth line) and 2.00 (fifth line) in column 2). 

Width (8) is the horizontal interval between two successive recording points. 

Area (9) is the product of columns 7 and 8. 

Discharge in cusecs (10) is the product of columns 6 (c) and 9. 
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FIG. 4. EVALUATION OF RIVER DISCHARGE BY CURRENT-METER METHOD* 

A = Direction of flow 
8 = Bank 
C = Initial point 

A 

lli~O 4)97 

D = Tape measure (graduated in feet) 
E = Wetted perimeter 

* Cross-section referred to in table I. 

All data are recorded in a special way (see table I). The essential thing 
to remember is that the discharge is merely the product of the square 
of the " face " of the section (width x depth) and the velocity (which 
really equals the length of the cubic area although not static). 

Float Method 

Evaluations of river discharge by the float method cannot be as accurate 
as that done with the aid of a current meter. Nevertheless, it is extremely 
useful in small streams where the depth is less than 6 inches (15 em), which 
is too shallow for the current meter to function. Furthermore, it is a 
valuable alternative method for use in large rivers should the meter be 
out of order, and when used with care 98% accuracy can be ob
tained. 

Once released the float must run through the trial area at surface speed 
without hindrance and, therefore, the choice of the section of the stream 
is most important. The area selected should be straight and at least 50 feet 
(15 m) in length. It is advisable to allow a further 10 feet (3 m) at both 
ends of the section in order that (a) the float can be released up-stream 
so that sufficient momentum is gained before entering the trial run ; and 
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(b) the float can be prevented from slowing down in the lower end of the 
run by back pressure which could be caused by obstacles further down
stream. Having selected the most suitable section all obstacles should 
be removed, including trees, branches, loose boulders, etc. Trailing grass 
and other vegetation should be cut out and banks should be trimmed if 
necessary. Ropes should then be stretched squarely across the stream at 
the start and end points, at right angles to the flow, so that accurate obser
vations can be made. (See fig. 5.) 

FIG. 5. EVALUATION OF RIVER DISCHARGE BY FLOAT METHOD 

G 

10' 

A = Float dropped into current 
F = Direction of flow 
G = Rope 

5{1' 

G 

10' 

A-D = Cleared area 
B-C = Trial run 

The cross-sectional areas and wetted perimeters are measured at points B, E, and C (start, 
middle and end of trial run). 

The float is released 10 feet upstream and when it enters the trial run 
an assistant stationed at this point signals to the observer at the bottom 
of the run who times the speed with the aid of a stop-watch. The operation 
is repeated six times and the speed of the fastest float is noted. It should 
be emphasised that the speed of the fastest is required-not the mean 
speed of the six floats. Small green twigs, approximately 2 inches (5 em) 
in length, with the bark shaved off, are used. 

It is now necessary to measure the river in order to assess the value 
of the water face and the wetted perimeter. The water face is a cross
section through the river and is the width of the river times the average 
depth expressed in square feet ; in other words, it is the area through which 
the river flows. The wetted perimeter is that part of the channel which 
is in actual contact with the water, and for practical purposes it is merely 
necessary to take the width of the stream and add to it a length equivalent 
to twice the average depth so as to accommodate the submerged parts of 
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the banks. It is the usual practice to make three readings of both the 
water face and the wetted perimeter, and three points in the run are selected 
for this purpose, the start, middle, and end, so that the average value for 
each can be worked out. 

As mentioned previously the current of a stream is influenced by friction 
or drag caused by the bed and banks, and this has to be taken into account. 
To that effect, it is necessary to establish the hydraulic mean depth, which 
is obtained by dividing the mean area by the mean wetted perimeter (see 
Appendix, page 35). Then, by reference to table II the appropriate reducing 
factor (/)can be obtained. Supposing the mean area to be established at 
40 square feet and the mean wetted perimeter at 24 feet, then hydraulic 
mean depth equals 1.67, and by reference to the table the reducing factor 
of 0.69 is obtained (for earth channels). · 

Finally, the discharge is estimated in the following manner: 

maximum surface velocity X f X mean area (see Appendix, page 35). 

Supposing the float to take 30 seconds to cover 50 feet, then velocity 
50 

= - = 1.67. If the mean area = 40 square feet and the hydraulic mean 
30 . ' .. 

depth= 1.67, thenj= 0.69 and the equation is: 1.67 x 0.69 x 40 = 46 
cusecs. 

The importance of the choice and preparation of the section in the 
stream cannot be overstressed, especially if it is intended to make regular 
subsequent estimations. For easy reference the progressive steps in the 
operation are : 

(1) selection and preparation of stream section; 
(2) placing of ropes across stream to demarcate trial run ; 
(3) timing of floats ; 
( 4) estimation of square cross-sections and their mean ; 
(5) estimation of wetted perimeter and its mean; 
(6) definition of the hydraulic mean depth; 
(7) calculation of discharge expressed in cusecs. 

Dosing Procedure 

Evaluations of river discharge are always carried out at the outfall, 
i.e., below the infested area, or where a stream joins a river or runs into 
a lake. Dosing is always done above the infested area, usually near the 
source. Where there are several infected rivers in a common drainage 
basin they are usually treated on the same day in order to prevent migra-
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TABLE II. FRICTION FACTOR (f) IN RELATION TO HYDRAULIC MEAN DEPTH, 
FOR DIFFERENT TYPES OF CHANNELS* 

Va.lue of ({) for channels in 

Hydraulic 
mean depth (R) 

brickwork earth smooth rubble 
cement-plaster or rough masonry In ordinary 

Feet Metres concrete conditions 

0.5 (0.15) 0.844 0.784 0.739 0.593 

1.0 (0.30) 0.848 0.806 0.772 0.649 

1.5 (0.46) 0.851 0.817 0.787 0.680 

1.75 (0.53) 0.852 0.819 0.793 0.691 

2.0 (0.61) 0.853 0.821 0.796 0.699 

. 
2.5 (0.76) 0.854 0.824 0.803 0.715 

3.0 (0.91) 0.854 0.828 0.809 0.725 

4.0 (1.22) 0.855 0.833 0.815 0.740 

5.0 (1.52) 0.856 0.836 0.820 0.752 

6.0 (1.83) 0.856 0.838 0.823 0.759 

8.0 (2.44) 0.856 0.841 0.828 0.772 

10.0 (3.05) 0.857 0.843 0.832 0.781 

12.0 (3.66) 0.857 0.844 0.834 0.787 

15.0 (4.57) 0.857 0.846 0.836 0.794 

20.0 (6.10) 0.858 0.849 0.839 0.803 

30.0 (9.14) 0.859 0.851 0.842 0.813 

* From Griffith, W. M. (1941) J. /nstn civ. Engrs, [15], No. 4, p. 290. 
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tion of larvae from one river to another, thus escaping treatment. Every 
infested river in the focus must receive treatment once in every cycle (a 
cycle lasts 10 days); this is done in order to prevent re-infestation by 
adults from adjacent untreated areas. 

The choice of the dosing site is of some importance and it should be 
established near trees in order that the delivery vessel can be suspended 
by means of ropes in a central position over the stream. Where trees do 
not exist a platform of stones or planks should be constructed. 

It has been ascertained that the minimum dosage is at the rate of 
0.5 part of para-para' fraction of DDT per million parts of water (p.p.m.), 
delivered continuously over a period of 30 minutes. At this rate, depending 
on the nature of the river, sterilization is achieved for some 40 miles (64 km), 
more or less. Swamps and large pools tend to divert or precipitate the 
insecticide and it is often necessary to re-dose below such obstacles. It is 
impossible to indicate their precise influence as this can be found only by 
trial. 

Factors which have to be considered when calculating the dosage 
include discharge (in cusecs), value of the para-para' fraction, and the 
concentration in parts per million. 

One cusec equals one cubic foot of water passing a given point in a 
second. It contains 6.2 gallons (28 litres) and weighs 62 lb. (28 kg). 

The optimum period of disinfestation is 30 minutes. Therefore, during 
this period, a stream of 1 cusec will discharge 62 x 60 X 30 lb., i.e., 
111,600 lb., and will require 0.1116lb. of para-para' fraction of DDT at 
the rate of 1 p.p.m. A 10% emulsion contains 1 lb. of commercial DDT, 
equivalent to 0.7 lb. of para-para' fraction per gallon, and therefore 
0.1116lb. is contained in 0.16 gallon, or 1.28 pints. This can be adjusted 
for varying concentrations. 

The following formula includes all factors : 

100 
Quantity of 10% emulsion (in pints) = B x - x Q X D X P 

Cpp 

where B basic factor= 0.1116 
CPP = para-para' content (as %) 
Q volume of river discharge in cusecs 
D rate of dosage desired in p.p.m. 
P = factor for conversion into pints = 8. 

Example: If para-para' content = 70%, river discharge = 35 cusecs, and 
rate of dosage required = 0.5 p.p.m., then quantity of 10% 

100 1 
emulsion required= 0.1116 x 70 x 35 x 2 x 8 = 22.32 pints. 
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It is now necessary to work out the degree of dilution in order that 
the delivery is at an even rate. Emulsions, because of their nature, have 
to be partially broken down before being introduced into the river, and 
it is essential to reach the oil-in-water phase before doing so. The prelimi
nary mixture should be calculated to contain not more than one part 
of emulsion to two parts of water. It has been found that a small hole, 
approximately 1 / 6 inch ( 4 mm) in diameter, will discharge 4 gallons in 
10 minutes, or 12 gallons in 30 minutes. In practice, a hole punched in 
the bottom of a 4-gallon petrol tin with a 6-inch nail will deliver this 
amount. Larger quantities can be catered for by increasing the number 
of holes to three per tin and, if necessary, by increasing the number of 
vessels. Thus, 24 gallons (192 pints) of emulsion would have to be 
diluted to a volume of not less than 72 gallons (576 pints), and therefore 
72 

(i.e., 6) holes, or, in other words, 2 tins with three holes each, would 
12 
be required. 

Care should be exercised during the preliminary mixing. Only a little 
water should be added to the emulsion at a time, with thorough stirring 
on each addition. The final dilution in the stream will thus be greatly 
facilitated. 

River dosing is carried out every tenth day for a period of three months 
(i.e., nine dosings). This is based on the length of life of the larva (which 
is thought to be at least 14 days) and on the maximum length of life of 
the female adult (which is probably not longer than two months). 

Appendix 

EQUATIONS FOR THE EVALUATION OF RIVER DISCHARGE 

BY FLOAT METHOD 

Q =fx v,xA 

where: 

Q = discharge (in cusecs) 

R = hydraulic mean depth (in feet) 

A 
R =~ p 

v; 
f = reducing factor for friction = V ~ (see table II) 

V m = mean velocity of flowing section (in feet per second) 

V8 = maximum surface velocity (in feet per second) 

A = average sectional area of flow (in square feet) 

P = average wetted perimeter (in feet) 
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Annex 3 

LIST OF SUPPORTING DOCUMENTS 

WHO /Onchocerciasis/ 1 

WH 0 /Onchocerciasis/2 

WHO /Onchocerciasis/3 

WH 0 /Onchocerciasis/4 

WH 0 /Onchocerciasis/ 5 

WHO /Onchocerciasis/6 

WHO /Onchocerciasis/7 

WHO /Onchocerciasis/8 

WHO /Onchocerciasis/9 
& Corr. 1 

WHO/Onchocerciasis/10 
& Corr. 1 

WH 0 /Onchocerciasis/11 
& Corr. 1 

WH 0 /Onchocerciasis/ 12 

WHO /Onchocerciasis/13 

Unpublished Working Documents 

Provisional agenda 

The problem of the Simulium neavei complex, by P. Freeman 

Notes on simuliidae in relation to onchocerciasis in the 
Anglo-Egyptian Sudan, by D. J. Lewis 

Bionomics of the vectors of onchocerciasis in the Ethiopian 
geographical region, by B. De Meillon 

Final results of an experiment on the control of onchocer
ciasis by eradication of the vector, by P. C. C. Garnham 
& J.P. McMahon 

The pathogenicity of Onchocerca volvulus in relation to 
lymphadenopathy and elephantiasis, by D. L. Augustine 

Treatment and control of onchocerciasis by drugs, by 
F. Hawking 

Observations and reflections on various ocular aspects of 
the onchocerciasis problem resulting from a survey 
carried out in French West Africa, by P. F. Toulant 

Onchocerciasis in Liberia, by T. A. Burch, D. M. Qualls 
& H. J. Greenville 

Pilot project for a medical treatment campaign against 
onchocerciasis based upon the administration of Suramin 
sodium (USP XIII). Part I. Pretreatment survey, by 
T. A. Burch 

Pilot project for a medical treatment campaign against 
onchocerciasis based upon the administration of Suramin 
sodium (USP XIII). Part II. Treatment and follow-up 
examinations, by T. A. Burch, H. G. Aguilar, M. Barrera 
& H. T. Dalmat 

Evaluation of new onchocercidal drugs used in Guatemala, 
by J. R. de Le6n 

Proposals for the standardization of epidemiological surveys, 
by J. R. de Le6n 
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WHO/Onchocerciasis/14 Epidemiology of onchocerciasis in Guatemala, by J. R. 
de Le6n 

WHO/Onchocerciasis/15 Observations on the chemotherapy of onchocerciasis in the 
Bahr El Ghazal Province of the Sudan, by M. H. Satti 
& R. Kirk 

WHO/Onchocerciasis/16 A summary of the results of entomological investigations 
on the onchocerciasis complex carried out in Guatemala 
between August 1944 and July 1945, by H. Elishewitz 

WHO/Onchocerciasis/17 Resistance of Onchocerca volvulus microfilariae to diethyl
carbamazine, by L. Vargas & J. Tovar 

WHO/Onchocerciasis/18 The control of Simulium damnosum (Theobald) on the 
Victoria Nile, Uganda, by G. R. Barnley 

WHO/Onchocerciasis/19 A selected bibliography on onchocerciasis dealing with some 
items of the agenda 

WHO/Onchocerciasis/20 Entomological studies of an onchocerciasis project carried 
out in Guatemala between August 194J and June 1953. 
Final progress report (June 30, 1953), by H. T. Dalmat 

WHO/Onchocerciasis/21 Eradication of Simuliids by the use of DDT, with notes on 
estimation of river discharge, by J. P. McMahon 

Selected references on bibliography on onchocerciasis from July 1945 to June 1951 · 
(contributed by WHO Regional Office for the Americas, Washington) 

Preliminary tests on the effectiveness of insect repellents against Simulium in an oncho
cerciasis zone in Guatemala: a report on work done in 1944 by D. Jobbins, R. Pacherco
Luna & J. R. de Le6n (contributed by WHO Regional Office for the Americas, 
Washington) 
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