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1. OPENmJ OF THE SEMINAR 

The. First Regional Seminar on Helminthic 'InfectiOns, 'sponsored by 
the WHO Reg~onal Office for the western pacifi~was convened in Manila 
from 6 to 16 December 1965, with eighteen participants from thirteen countries 
anditen official observers attending. Dr. Byong S. Seo was elected 
Chairman, Dr. Alfredo T. Santos Vice-Chairman, and Dr. V. Zaman Rapporteur 
(Annex 1). 

In opening the Seminar, Dr. F.J. Dy, Acting Regional Director, 
referred to previous WHO meetings which had led up to the seminar and 
noted that while programmes had been launched against bilharziasis and 
filariasis, the other major helminthic diseases had until now received 
scant attention. Dr. Dy expressed the hope that the Seminar might initiate 
greater efforts to utilize existing knowledge in the control of helminthic 
disease3 and seek solutions to related problems which remain unsolved. 

2. ORGANIZATION OF THE SEMlNAR 

In eight full days and two half days, all of the Region's major 
helminthic infections, exclusive of filariasis, were discussed (Annex 2). 
In addition to the diagnosis, epidemiology and control of specific diseases, 
attention was given to such related matters as survey and sampling methods, 
nutritional relations, health education, environmental health and public 
health programmes. Plenary sessions were held daily. On the second 
through the fifth days, these were followed by divided sessions in which 
twelve to fifteen participants and observers along with conSUltants 
examined in greater detail the subjects presented in agenda items 4, 5 and 6. 
Summary reports by ·uae discussion groups were then presented and discussed 
in plenary ses~ions at the end of the day. 

3. COUNTRY REPORTS 

Information reported by participants indicates that Ascariasis is 
~ighly prevalent in essentially all countries and territories of the 
western Pacific Region. Rates for the general population are notably high 
in Korea, China (Taiwan). the Philippines, western Samoa, and the Trust 
Territories. Trichuriasis follows much the same distribution pattern. 
Ancylostomiasis rates in most countries vary from low to. high in different 
localities. In Korea, Malaysia, papua and. New Guinea, the pre'Jslence rates 
are rather general, but only in the last two are they especially high. 
Hookworm infection is probably a significant cause of morbidity among rural 
and village people everywhere in the Region, except in Micronesia and the 
dry areas of A1:.stralia. Enterobiasis in most countries is common but not 
a major problem. 

Other helminthiases are important in a few countries only. Clonor
chiasis is of public health concern in Korea, Japan, China (Taiwan), and 
possibly Viet-Name paragonimiasiS causes significant morbidity in limited 
areas of Korea, Japan, China (Taiwan) and the Philippines. Bilharziasis 
is endemic in certain localities in Jape.n and the Philippines. 
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Fasciolopsiasis 1s both endemic and enzootic in certain communities of 
China (Taiwan) and Viet-Nam, but as a cause of disease it 8'):parently has 
onJ.:y minor public health importance. Echinococcosis is a serious prabl.em 
only in Australia and New Zealand. Taeniasis is a minor prabl.em in Korea 
and in the aborigine communities of China (Taiwan). strongyloidiasis 
occurs 1n nearly all countries and territories of the Region but the rates 
are relatively low. Trichostrongyl.us apparently is endemic in certain 
parts of Japan and occurs elsewhere as a zoonosis. In the GUbert and 
Ellice Islands, none of the common he1.m1nths has been reported. 

4. EPIDEMIOLOOY AND CON'IROL OF HELMnlTHIC INFECTIONS 

4.1 General p'I'inciples 

As applied to helminthio infections, the term epidemiology refers 
to the conditions which determine the level of endemicity and intensity 
of existing infections. Helminthic infections are classified as light, 
moderate, and heavy, not in the number of worms present, but rather in the 
number usually required to produce disease. 

The exte~ and degree of helminth endemicity are determined by 
physical., biological and community factors. Al.ong with climate, the sl.ope 
of the land and the quality of the parent rock, along with temperature, 
rainfall .. sunlight and air-currents, determine the basic nature of the 
soil, and this in turn provides adequately, or not, the parasites I 
requirements. 

For survival and development of free-living stages, there are 
optimum, upper and lower limits of temperature and light, and usual.ly of 
moisture and air. Favourabl.e conditions need not prevail. at all times, 
but to maintain endemiCity, transmission must be made possible during at 
l.east one period within the normal. l.ife span of the worm which in different 
species varies from a few weeks to many years. In general, the developing 
and infective transfer stages of human helminths are intolerant of direct 
sunlight. Shade and cllludiness, therefore, favour transmission. Air
currents affect the transfer stages mainly through drying. 

The transmission of helminthic infections invol.ves a series of 
distinct developmental stages, including frequently an exogenous reproduc
tive cycle. Based on the pattern of man-to-man transfer, there are five 
general types of helminthic infections: contagious, soil-transmitted, 
food-animal transmitted, arthropod-transmitted and snaU-transmitted. 

At each stage in its life-cycl.e, the parasite is subjected to 
severe hazards, and its success in attaining the succeeding stage often 
depends uponc~nce occurrence in which the probability or success is 
extremel.y l.ow. '!hus an outstanding characteristic of helminths is the 
capacity to produce eggs and l.arvae in enormous numbers. 

, 
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The greater or lesser availability of essential intermediate hosts 
often depends on agricultural and other activities which alter the environ
ment favourably or otherwise. As regards man himself as a host, the factors 
which influence endemicity are sex, age and race, as well as customs and, 
habits. Animals influence endemicity by predation and coprophagy as well 
as serving as reservoir hosts of certain helminths. The free-living stages 
are preyed upon by fungi and small animals which destroy a high proportion 
of the helminth larvae and eggs in soil or water. Owing to the avid 
coprophagy of vultures, dogs, beetles and other animals, promiscucus 
defecation often is not made evident by the presence of human stools. This 
factor assists transmission of some helminths, hinders that of others. 

The demographic and social characteristics of a population contri
bute favourably or otherwise to the transmission of infections. Improve
ments in health can be expected with the introduction of safe water supplies, 
electric power, modern communication systems, mechanization of farming, 
facilities for the rapid transport of people and products, and the availa
bility of cheap, varied and ample foodstuffs. Control of helminthic 
diseases can have a favourable influence on economic development but this 
does not itself necessarily accelerate economic development; helminthic 
infections may remain highly prevalent in spite of a relatively high level 
of economic prosperity. The ac~ion of government, like economic factors, 
cannot be assessed accurately in relation to disease prevalence. still, 
specific legislation, .regulation of coneuct. and ~ncouragement of attitudes 
towards health and disease have a strong influence on circumstances which 
favour or hinder disease transmiSSion. 

4.2 Soil--transmitted 1Selminthiases 

Endemicity of soil-transmitted helminths is influenced by population 
density, by longevity and egg-le.ying rate of the wormS and by faecal con- . 
tamination of the soil. Highly important among the environmental factors 
is the character of the soil. particle-size of the surface s01l 1s 
particularly important because this factor, together with the sorting action 
of rain, determines largely the location of helminth eggs in the soil. 
After the rains have churned up the soil and the eggs together, fine clay 
will be deposited above the coarse and heavier particles. Heavier rains 
cause splashing of infective eggs on to leaves and other objects above the 
surface. Prevalence of ancylostomiasis is lowest in the heavier sc.ils. 
and it is gel"'.'3rally believed that this may be related to the rate of 
vertical movement of water by percolation and capillary flow. In periods 
of rain, clay soils tend to be wetter and less well aerated and in periods 
of excessive dryness the surface layers of sandy soils dry quickly, whereas 
clay soils retain moisture. For this reason, eggs can best survive in 
clay soils, larvae in sandy soils. Particle and pore size (crumb structure) 
are important in determining the degree of movement which larvae can undergo 
in soil. The effect of air temperature depends on soil moisture: a wet 
soil shows a smaller rise in temperature from the same amount of heat than 
does a dry soil. Vegetation reduces direct heat from the sun, tending to 
cut down diurnal fluctuations in hot climates, as well as the amount of heat 
lost from the soil. thus offering protection of eggs and larvae from 
extremes of temperature. 
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4.2.l. Ascariasis 

Distribution and "eval.ence. In many parts of the 'Region, the report
ed rates exceed 90' per cen~ but rates between 20 and 60 per cent are more 
USU8l.. Data on morbidity and mortality are essential.l.y lacking and more de
tail.ed information is needed on the intensity of infection. Ma1nutrition, 
COliC, and other forms of illness caused by the adul.t 'WQl'm are reported to 
be caumon among infected persons, and pneumonitis caused by migrating l.ar-
vae may be more CClllDOIl than is realized. 

Life cycle and I6thogenesis. The adul.t worms live in the small in
testine for about one year, and produce an estimated average of 200 000 eggs 
per female per day. The fertilized egg, about 60 microns in diameter, is hea
vier than water. For optimal developnent to the infective stage, eggs require 
two to three weeks in a mOist, shaded environment at a temperature of 22 -
"oe. Direct sunlight, heat and dryness are detr1m£ntal to developing in
fective eggs but they are highl.y resistant to most chemicals. The infective 
larvae when swallowed hatch in the intestine, penetrate the intestLnal vall 
and eventually reach the lungs, u.suall.y via the 11 ver. In the lungs, the 
larvae grow, moul.t and migrate from the lungs via the trachea to the intes
tine at about ten days and becaae adult in about two months. 

Clinical evidences of ascariasis first appear during the pulmonary 
migration of the larvae. However, this may not be evident, since the a~ 
pearance ofsymptans depends on the number of invading larvae and other fac
tors. Migration into and from the lungs produces small haemorrhages, and 
these and the larvae cause focal inflamDation. It has been shown in human 
volunteers that pulmonary symptoms may occur with l.ess than forty-five l.ar
we. In heavy infections the focal. haemorrhages may coalesce and fl.ood por
tions of the lung. The pulmonary infil.tration is predominantly eosinopulic 
and there is at the same time a rise in circulating eosinophils (Loeffler's 
syndrane). In the migration stage, there may be considerabl.e irritation of 
the tracheal and laryngeal mucosa, and productive cough with Charcot-Leyden 
crystals as well as eosinopuls and other elements in the sputum. Symptans 
range from mild cough to severe dyspnoea, cyanOSis, wheezing and haemoptysis. 
pulmonary symptoms generally l.ast about one week. 

A l.arge n1.lllber of varma in the intestine increase the abdominal. 
content and thus, possibl.y, enlargement of the abdomen. The role of in
testinal ascariasiS in the aggravation of malnutrition has been widel.y dis
cussed but inadequately studied. When a malnourished child has a heavy 
'WOrIIl burden, the drain on nutrition must be appreciable. Surgical. compli
cations are princ1pilly a consequence of migration of adult worms disturbed 
by fever, or other abnormal. conditions. The outstanding exception is the 
case of massive ascariasis in which the number of developing 'Worms is too 
great to be accanmodated by the intestine. Worms may occl.ude the CCIIIDon 
bile duct or migrate deepl.y into the liver pirenchyma where they die and 
produce hepitic abscess. 

f' , 
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Epidemiology. As already noted Ascaris eggs tend to survive in clay
ey petter than in sandy soils. Hawever l endemicity can be me.lntained despite 
unfavourable s011 when other cond1 tions. are especially favourable. Eggs in 
soil may survive more than two years. Like other small particles 1 the eggs 
are adhesive, and consequently, after faeces have been 'Washed by rain and 
incorporated into the soil, they are llkely to be widely dissem1nated. 

Marked differences exist in the prevalence among different age grOup3, 
but there is no evident relationship to race or sex. Infections iv child
ren are acquired by dirt eating (in toddlers) or random ingestion of soil 
near dwelllngsl as well as soil-contaminated foodl particularly vegetables 
grow infaeces-fertillzed soil. 

DiagnOSiS. Infection may be discovered when worms are Passed in the 
faeces or seen In1grating from the mouth or nose. Routinely diagnosis is made 
by finding eggs in the faeces. Although ini'ection is not likely to be found 
by any other method if not detected by ordinary direct smear, the recently 
introduced cellophane thick smear technique may be more sui table for routine· 
diagnosis. When there is more interest in relative worm burden than in the 
mere presence of ini'ection, egg cO\m.ting is essential as a routine procedure. 
While prec1se teCbn1~es are required for research purposes 1 egg-co\m.ts in 
terms of eggs per smear often are satisfactory. 

Treatment. Piperazine is the drug most widely used for either indi
vidual or mass treatment, but in Japan a mixture o~ santonin and Ka1nic acid 
is also used. Mass tres"blent as a control measure l usually is repeated every 
one to three months. 

4.2.2 Trichuriasis 

Prevalence. The whipworm, TrichuriS, is cosmopolitan but J.ess so 
than AscariS, possibly because its requirements for develop!lent andsurvi
val in soil, though similar, are more critical. 

The adult worms, normally attached in the caecum, live also in the 
lower colon when crowded. ~e average egg output normally is l~ss than 
10 000 per day per female and ini'ections persist for several years. Eggs 
measure approximately 25 x 50 microns; they require 'Warmth and moisture for· 
developnent to the ·1nfective stage, which under optimal conditions is 
reached in about three weeks. Infections are acquired by ingestion of 
eggs containing. larvae which hatch in the intestine and mature 1n ab(lut 
twelve weeks wi. thout migration to the l\m.gs. 

Light infections cause no symptoms, but with heavy infections, 
the clinical picture is much the same as that of amoebic coll tis: chronic 
diarrhoea, bloody stools, marked tenesmus, loss of weight. Persistent 
and massive infection may lead to rectal prolapse. The stools contain 
abundant eggs and, usually, Charcot-Leyden crystals. Heavy infections· 
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usually are acquired by ingest1ng soil (dirt-eating) in areas that are 
heavily contaminated 'With faeces of young children, i.e. near the houses. 
Egg .. counts are useful. in the assessment of disease-producing potential of 
infections. ,Dith1azanine iodide, an anthelminthic formerly recommended, 
is now kn~ to be dangerously toxic. Stilbazium iodide is reccmmended 
by SaDe workers. 

Ancylostaniasis 

Prevalence. HookwoTm infection, 'Widespread throughout the Region, 
is highly endemic in most countries. Though, in general, it is more Call110n 
in rural areas, rates may be significantly high among urban populations. 
Infection rates are highest in the fifteen to twenty-five year age group, 
lowest in children under three. Of' the two call110n species, Ancylostana 
duodenale is mare prevalent in Korea, China (Tehan), Viet-Nam, and JalBn, 
and in northwest Australia, 'Wbile in other lBrts Necator americanus is 
predaninent. A third species( Ancylostana ceylanicum, bas been reported 
in Malaysia and Chine (Tehan). 

Life cycle stages. Hookworms live attached to the mucosa of' the 
small intestine; in heavy infections, they may extend. to all levels. The 
life span is estimated to be four to five years for A. duodenale and ten 
to fifteen years for N. americanus. In average infections, the egg-laying 
capacity of hookworms-is 10 000 or more eggs per female per day. In light 
infections, the egg-laying rate is markedly higher than it is wen the 'Worms 
are croWed. 

The eggs, 60-70 microns in length, are indistinguishable in the 
t1ro camnon species. There is a marked difference, howver, in their toler
ance of high and :Low temperatures, and it aPlBrently is this range of optimum 
temperatures 'Wbich accounts for differences in geograpnc distribution. A. 
duodenale eggs can stand lo'W temperatures approaching oDc, wereas those -
of Necator americanus are killed by brief periods of chilling at temperatures 
'Well above freezing. On the other hand, Necator eggs can develop at tem~ 
eratures above the range of' tolerance for those of Ancylostana. 

In mo:Lst, wrm weather, the eggs hatch in one or two days and the 
larvae become infective in about one week. Both hookworms, but particu
larly N. americanus, gain access to the body by penetration of the skin. 
!. duodenale larvae usually infect by the oral route and develop in the 
intestine 'Without a lung migration. Larvae penetrat1ng the skin reach the 
lungs were after seven to ten days of growth and further develoIJIISnt (in 
Necator but not Ancylostoma) ascend the trachea and reach the intestine. 
Eggs begin to appear in the faeces during the sixth (AncylostaDa) or seventh 
(Necator) 'Week of infection. 

~thogenesis. The larvae of both species cause skin reactions that 
are more or less severe depending on the intensity and frequency of exposure. 
Pulmonary reactions to Necator appear to be mild as canpared vith those 
caused by Ascaris. In both Ancylostana and Necator infections there are, 
in the late prepatent and early lBtent Iilases, symptoms of enteritis asso
ciated 'With the appearance of Charcot-Leyden crystals in the faeces and 
eosino~lia of the blood. 
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Hookworm anaemia varies with the intensity~'and duration of infec
tion. It is difficult to determine with certainty the number of worms 
necessary-to produce anaemia. since this depends also on the hostls age. 
physical condition and n~rition8l status. Allergic skin reactions. 
diarrhoea, or abdominal pain simulating gastroduodenal ulcer or cholecys
titis may occur. These conditions are primarily associated with heavy 
infections but they also occur in lighter infections during the late pre
patent and early patent stages. 

Epidemiology. The chief factors influencing transmission are 
suitability of the soil and other environmental conditions, faecal contami
nation of soil, the mode and extent of contact with soil. and the 
possibility of ingesting infective larvae of Ancylostoma. Thus. infection 
rates are higher in miners and agricultural workers than in town workers. 
higher in men than in women, higher in adults than in children, and higher 
in comrmmities without sanitary ill.sposal of faeces than in those with such 
provision. In areas where A. duodenale occurs. it is possible to acquire 
infection by ingestion of raw vegetables grown on contaminated soil. or . 
otherwise contaminated. 

Diagnosis~ Diagnosis is based on finding eggs in the faeces. 
The Kato thick smear technique can be used effectively as it will detect 
even light infections. Great emphasis must be placed on the value of 
determining the relative worm burden. ani this in turn places emphasis on 
the value of quantitative methods of diagnosis (egg-counts). Two methods 
of rnakingegg counts are acceptable: the direct smear and the dilution. 
Either method. properly used, will give data of sufficient reliability to 
classify infections as heavy. moderate, or light. It is always desirable 
to report egg-count findings in terms of eggs per unit of faeces, i.e. 
eggs/slide for direct smear, or eggs/milligram for dilution counts. The 
threshold between light (tolerable) infection and a Significant worm burden 
{anaemia-producing} level must be determined for each region or population 
group, but usually it is placed at approximately five eggs per milligram. 

For species identification of hookworm infeftion, a useful technique 
is that now referred to as the Harada-Mori culture> Species diagnosis 
is desirable because of differences in pathogenicity and in susceptibility 
of chemotherapy. 

Treament.For individual treatment, tetrachloroethylene .is the 
most widely used for Necator infection. the dose being 4-6 ml for adults. 
For Ancylostoma duodenale bephenium hydroxynaphthoate is better. Good 
results have teen obtained with I-bromo-2-naphthol given at a dpsage of 
4-10 ~ in one or two doses. Thi~ compound is more active than bephenium 
hydroxynaphthoate against Necator. 

\ild Hlth Drg. techno Rep. Ser., 1962, 255. Annex 3 



- 8-

~.2.~ Strongyloidiasis 

P.:-evalence. Strongyloidiasis in the Western Pacif':l.c Region, as 
elseWez'e, appears to bave a distinctly patchy distribution. It tends 
not to follow the distribution of the hookworms, but the factors 
'Which ll.m1t its distribution are not well tmderstood. A:part fran auto
infection resul.ting in severe disease and even death, there ap:pear to 
be few references to its harmful. effects on human populations. 

Life cycle and epidemiolog;t. The life cycle of ~. stercoralis 
differs fran other human nematodes in the occurrence of a free-living 
generation in the external. environment. The paraSitic females live in 
the up:per small intestine, 'Where the eggs are laid in the mucosal. 
epi.thelium, develop to the larval stage and batch in~. It is, 
therefore, microscopi.c larvae instead of eggs that are voided in the 
faeces and tmdergo developnent in the outside 'WOl'ld. Under sane 
circumstances, as yet tmdeterm1ned, the larvae transform into filari
fom larvae in the colon, migrate to the lungs, and return to mature in 
the intestine. Th1s constitutes internal auto-infection. The larvae 
voided in the faeces develop rapidly, reaching the infective stage in 
one or tva days. This often occurs in the stool before it becanes 
scattered into the soil or 'Water. OWing to this rapid developnent in 
faeces, the infection frequently becanes disseminated among :persons in 
institutions 'Where faecal disposal is es:pec1ally bapzard or lacldng. 
In lIarm moist regions, there may be a free-living generation f'ram 'Which 
infective larvae are produced. The infective larvae penetrate the skin 
and pass through the lungs in the same 'Way as do hookworm larvae. 

Pathogenesis. The penetrating larvae may cause skin reactions 
similar to those produced by hookworm larvae. Migration through the 
lungs may cause focal haemorrhages and inflaIrmation. In cases of 
internal. auto-infection, the larvae cause focal l.esions in the wall of 
the colon, in the abdaninal l.yJD.Ih nodes, liver, lungs and other organs. 
Farad tic adults may cause erosion of the intestinal mucosa and symptans 
referable to the infected area. As there is often an inverse relation 
between the number of larvae expelled in the faeces and the severity of 
the infection, symptoms may occur 'When few, if any, larvae can be demon
strated by faecal examination. 

Diagnosis. larvae in faeces can scmetimes be detected by the 
direct smear technique, and, although they are usually distorted in 
brine, they nevel'theless are often recognizable 'When isolated by 
fl.otation. Sc:me 1n:I."ections can more easily be detected by the Harada
Mori cuJ.ture technique. 

Treatment. Thiabendazole probably is now the drug of choice. 
Dithiazanine iodide, formerly preferred, is now used 'With caution. 

f' 
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4.3 Contagious and faecal-borne helminthiases 

Among the common helminths of man direct person-to-person trans. 
mission is unusual, occurring normally in only one - the pinworm, Enterobius 
vermicularis. In three others - Hymenolepis nana, Cysticercus cellulosae 
(Taenia solium) and strongyloides stercoralis-:-transmission usually is 
less direct, but person-to-person transfer of infective stages sometimes 
does occur. 

4.3.1 Enterobiasis 

Distribution and prevalence. Enterobius is cosmopolitan in 
distribution and probably is the most common helminth of man. It is 
said to be J"elatively uncommon in the tropics. It is the only helminth 
that has remained endemic in urban situations where sanitation and 
housing are good. 

Lit.:. cycle. As egg-laying occurs mostly at night and on the out
side of the body at the anus (not in the intestine), a large proportion 
of the infective eggs are shed into the home environment. However 1 as they 
are put down in ~lbuminoid secretions of the worm and are then mixed into 
the sticky secretions of the anal glands, the eggs tend to adhere to 
fingers and clothing, and thus become scattered variously throughout the 
day. The eggs are readily washed from the body, and they remain infective 
for several days in water. Attached to minute fibers, the infective eggs 
become air-borne and reach the intestine via the nasopharynx. Transmission 
is accomplished in so many different waya that ad.tlts as well as children 
repeatedly become infected. The worms live in the caecum until they 
become graVid, then migrate to the anus, deposit all of their eggs at 
once and die. However, in heavy infections it is usual for the worms 
to become gravid at different times and for this reason eggs may be 
deposited more or less daily. The eggs become infective within a few 
hours and when swallowed the larvae hatch and develop to maturity in 
the caecum in two to four weeks. Thus the prepatent period is one month 
or less. 

pathogenesis. While infection rates may be extremely high and the 
numbers of worms may be "enormous, the resulting disturbances u03ually are 
mild. However, pruritus ani caused by the gravid worms may be severely 
disturbing. Occasionally, the worms migrate via the perineum and vagina 
to the uterus, tubes or peritoneal cavity. When present in exceptional 
numbers the developing worms apparently cause irritation of the appendix 
and caecum. 

Diagnosis. Troublesome infections usually are discovered when 
worms are observed at the anus or in the faeces. In most cases, the 
infection will be detected by a special diagnostic procedure, the most 
proficient of which is microscopical examination of material removed 
from the perianal folds on a strip of transparent adhesive tape that has 
been pressed firmly against the intermediate zone between the moist 
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anal canal and the dry perianal skin at early morning. This !;lust be 
repeated daily for a week or more if a high percentage of the infections 
ire to be detected. 

Treatment. Piperazine preparations and pyrvinium pamoate are 
effect! ve against enterobiasis and both drugs are more or less non-toxic 
in recommended doses. Owing to the short prepatent period and high 
probability of re-infection, the recurrence of eggs at the anus can be 
e~ected within a few weeks after successful treatment. 

Control methods. The high prevalence of infection, the short 
prepatent period, the high probability of re-infection, and the benign 
nature of the usual infection, considered together with the fact that, 
if troublesome, the infections are easily eradicated from individuals, 
families or institutiOns, argue against any effort to eradicate entero
biasis from the general population. There are no reservoir hosts. 
Thus, by mass treatment and improvements in community hygiene effective 
control is theoretically possible. However, unless the infection is 
found to be more detrimental to health than is now apparent, public 
health efforts can more reasonably be directed towards other problems. 

4.3.2 gymenolepiasis 

Distribution, prevalence, sources of infection. The dwarf tape
worm, Hymenolepis ~, occurs in most parts of the world and is found 
commonly in rodents as well as in humans. It occurs especially in arid 
regions where other intestinal helminths are uncommon. The epidemiology 
of this infection has not been studied, and the frequency with which the 
infection is spread from rodents to humans is not known, but it is likely 
that much of the infection found in man is faecal-borne and transmitted 
directly from person-to-person in the same manner as is enterobiasis. 
While hymenolepiasis may be a Significant public health problem in sane 
areas, evidences that it is, have not been recorded. Moreover, since the 
epidemiology of the infection can only be inferred from limited studies 
on the worm I s biology, control measures likewise would have to be based 
on inferences. It may be noted that infections are at times extremely 
heavy and may cause gastro-intestinal or systemic disturbances. Atabrine 
is satisfactory for individual but not for mass treatment. 

4.3.3 Cysticercosis 

The larval stage of Taenia solium, cysticercus, develops in man 
essentially in the same manner as it does in its natural host, the pig. 
In either host, the infection _ cysticercosis - is acquired by ingesting 
eggs in, or liberated from, proglottids shed from the adult tapeworm 
which develops exclusively in man. The transfer of eggs from infected 
individuals to themselves or others is presumed to be accomplished 
primarily in two ways - anus-to-mouth or by faecal contamination of 

• 
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substances eaten or drunk. Cysticercosis may cause little or no 
disturbance even when the infections are heavy, but at times it is 
serious and may be fatal. While complete control is to be accomplished 
by efforts directed towards barring transmission from ~to_pig-to-man 
anthelminthic treatment of carriers, and personal and community hygiene 
are also indicated. 

4.3.4 strongylOidiasis 

Infection with strongyl.oides usual.l.y is not regarded as being 
either contagious or faecal-borne. Its claim for listing among the 
faecal-borne infections derives from the fact that larvae passed in the 
faeces develop so rapidly that under circumstances prevailing in 
institutional. environments, they often become infective before material 
is disposed of. 

4.4 Zoonotic and food-animal transmitted helminthiases 

4.4.1 Role of animals in transmission 

Animals, particularly domestic animals, often play an essential 
role in the transmission of helminth infections in man. Dogs, pigs, 
and other animals eat human faeces and thus act as disseminators of 
infection when eggs in fresh stools pass unchanged through their 
alimentary tract, or they may become infected with helminths which 
also occur in man, and thus serve as reservoir hosts. Tlio large 
tapeworms, henia ~olium IUld!. saginata, are acquired,respectively, 
by inge.,ting larval. stages in uncooked pork and beef. In echinococ
cosis, human infection is acquired by direct contact with infected 
dogs. 

4.4.2 Echinococcosis 

In the Western Pacific Region, echinococcosis is of public health 
significance in only Australia and New Zealand and the helminth involved 
is Echinococcus granulosus. Eggs passed in the faeces of dogE occur in . 
dust beneath and around kennels, in soil, on vegetables, or on the 
infected dogs. When ingested the eggs develop into large cysts, most 
often found in the liver, less often in the lungs. They may grow for 
many years without causing any s,ymptom until pressure produces mechanical 
effects on the other organs. Occasionally, the cyst may burst causing 
anaphylaxis. Most damaging are the cysts located in the brain, eye, 
heart, or bone. Diagnosis is difficult, particularly when the cysts 
are in the liver. The skin test (Casoni test) has a sensitivity of 
about 90 per cent., but with the crude antigens commonly employed, 
there are many false positives. The indirect haemagglutination test 
is approximately as sensitive as the skin test (except for cysts of 
the lungs) and it is more specific. The control of hydatid disease 
depends largely on local situations. In New Zealand and Australia 
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control measures are based on (8) heal.th education (b) anthe1lll1nthic 
treatment of dogs, and (c) legislation to prevent the feeding of sheep 
viscera. to dogs. 

4.4.3 Taeniasis 

The pork tapewOnl1, Taenia solium, occurs in Ryukyu. Islands, Viet
Nam, Rlilippines, Korea, and China (Taiwan). Infection occurs from eating 
the cysticercus in pork and the worm reaches maturity in two to three 
months. Human infection with the cysticercus stage occurs by reversed 
:peristalsis whereby eggs shed by the tapeworm are carried back towards the 
stomach where they may hatch, penetrate and migrate to tissues throughout 
the body, or by transfer of eggs fran faeces to mouth. Pigs become infected 
by eating human faeces or contaminated soil in which the eggs may remain 
viable for many weeks. 

Taenia saginata occurs in Australia, Korea, Japan,China (Taiwan), 
Viet-Ham and the Philippines. Infection takes place by ingestion of 
cysticerci in beef. Cattle become infected by ingestion of eggs in food 
or water contaminated with infective human faeces. In pastures irrigated 
with sewage, the eggs can remain viable for several weeks. 

4.4.4 Miscellaneous helminthiases 

There are numerous examples of helminths which nonnally live in 
various domestic and wild animal s but occasional.ly are found in man. In 
areas where the usual helminths of man are highly prevalent the unusual 
ones tend to be overlooked or regarded as unimportant fran the public 
health point of view. There are, however, a number of species which 
probably should not be ignored. The pig AscariS, for example, may occa.. 
sional.ly develop to maturity in man and there is no reason to doubt that 
pneumonitis can be caused by the larvae when infective eggs are swallowed 
by man. The pig also harbours a Trichuris which is morpholOgically 
indistinguishable from the one found in man. Human infection with the 
Trichuris of dogs has been reported. Other helminths of dogs likewise 
infect man either as adults or larvae, a notable example being Toxocara 
which is an important cause of disease (visceral larva migrans) in 
children in other regions and is known to occur in Japan and AustraJ.ia. 

~.5 Snail-transmitted helminthiases 

4.5.1 Bilharziasis (schistosomiasis) 

Among the species of Schistosoma which cause disease in man, only 
.§. japonicum is endemic in the Orient - China (Mainland), the Philippines, 
Japan, Thailand and Indonesia. In China (Taiwan) authentic indigenous 
human cases have never been found, although the infection has been reported 
in domestic animaJ.s as well as in the. intermediate host, Oncomelania 
formosans. 

i 
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The molluscan hosts of @.. japonicum are SlXall operculate snails of' 
the genus Oo.ccmel.ania. In Jap!.n the host is O. nosoPlora, a smooth shel.J.ed 
form, in China (Mainl.and) it is a rib-shel.l.ed-2,. hupensis, in the Ehilip.. 
pines, it is 2,. quadrasi v.i.th a smooth, pointed shel.l, and in China (Taban) 
it is 2,. formosana. Reservoir hosts of §.. japonicum incl.ude more than 
thirty species of v.i.l.d and dcmestic animal.s but Olll.y cattl.e and dogs play 
a major role in the transmission. In man, the highest incidence usual.l.y 
is in the age group ten to twenty years. 

Diagnosis depends on the recovery of the eggs in faeces or bioPsy. 
The intradermal test is easiest to perform and therefore is used wi~ely 
for mass surveys. It sho"WS a group reaction w.l.th non-human Schistosames, 
and the positive reaction persists long after cure. Both the cercarial 
hUllen (CHR) and circumoval precipitation (COP) reactions are valuable for 
early diagnosis •. Canpl.ement fi:xation test can be used as a criterion of 
cure. Various centrifugation techniques are used for stool e:xam:lnation. 
Hatching methods also are commonl.y used. Examination of rectal snips and 
liver biopsies increase the rate of positive findings. 

The trivalent antimony campo1m.ds have good schistoscmicidal effect 
but must be given intravenousl.y over a period of about four weeks or more 
and they are quite toxic. Recent trials indicate that a ni trothiazole 
derivative and pararosalinine have a strong schistosamicida.l effect. 
Ultimate control seems to depend upon elimination of the vector snaila. 
Sodium ptmtachl::lrophenate is effective but it is toxic to organisms 
other than Oncamel.ania. Addi tional control methods, local.ly applicable, 
consist in paving or clearing vegetation fram ditcnes and mass treatment 
of infected ~rsons. 

4.5.2 Clonorehiasis and Opisthorchiasis 

Clonorchis sinensis and Opisthorchis viverrini are cammon in cats 
and dogs throughout the areas investigated, but human infection is limited 
to localities w.ere raw fish is esteemed as food. Human infections with 
C. sinensis are enco1m.tered chiefly in South Korea, Jap!.n, China (Taiwan) 
and North Viet-Nam. Opisthorchis viverrini is w.l.dely distributed in 
Thail.and, Viet-Nam, and Laos. 

The snail vectors are operculate snails (Buliminae), the most 
important species being Parafossarulus manchuricus for Clonorchis. Bulimus 
(Br..b.inia) species for Opisthorchis. Numerous species of fresh-wter 
fishes serve as second intermediate hosts. The natural hosts other than 
man, dogs, and cats, are pigs, rats, and badgers. Infection in man may 
persist for fHteen to twenty years. The s~ptamatology depends upon the 
number of worms, the duration of infection and the degree of liver damage 
fram other caUE.es (alcohol, malnutrition, etc.). A rel.ationship between 
pr!Jna.ry carcincma of the liver and Clonorchis infection has been suspected 
but not proved. 

DiagnosiS of cloU'.Jrchiaais is mainly by stool eJ!l!lJllination using 
centrifugation techniques, \Ib.1ch often fail to detect light infections. 
In such cases, the eggs can be detected by eJ!l!lJllination of centrifuged 
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bile obtained by duodenal drainage. Until recently, there has been no 
satisfactory anthelminthic, but clonorchiasis is now being treated 'With a 
new drug, 1.1i-bistrichl.oraoetbylt:enz:>1(Hetol) and results have been e!l
courag:Lng. 

The prevention of clonorchiasis theoretically is simple. All 
that is required is relinquishing the habit of eating raw fresh-water 
fish. However, it is never easy to suppresswelL-established food pref
erences and besides, the cost of fuel for cooking is in some places a 
real econanic factor. 

4.5.3 Faragonim1asis 

Faragonimus westermani lives in the lungs of a wide variety of 
maJllllals which feed on fresQ.water crabs or cray-fish, and occurs in Korea, 
Jap!.n, China (Tcl'Wan) and the 1h1lipp:Lnes. The first intermediate hosts 
are operculate snails (ibairidae) including many species which live in 
fresh or brackish water. Seudsulcospira bensoni probably is the most 
important vector. Several species of crayfish and fresh-water crabs 
serve as the second intermediate hosts. The common reservoir hosts are 
wild and danestic cats, pigs, and dogs. Human infection in all endemic 
areas is acquired by eating raw, salted or imperfectly cooked crabs or 
by accidental transfer of the encysted meta cercariae to the mouth when 
preparing crabs for cooking. 

Lung lesions may be suggestive of pulmonary tuberculOSis. Often 
reported are injuries produced by worms in extra-pulmonary Sites, espe
cially the brain and spinal cord. In endemic areas, the infection can 
be diagnosed clinically by occasional light cough and yellaw1sh brow 
sputum in which blood spots or lines can sanetimes be seen. The eggs 
of Faragonimus can be f'ol.md in blood-stained sputum of patients by the 
direct smear method or centrifuge sedimentation technique after chemical 
digestion of the sputum. In a light infection, eggs can be fOl.md by 
exam:ination of the stool by a concentration technique or by examiMtion 
of gastric washings. The intradermal test and complement fUation test. 
are now 'Widely used in screening surveys in endemic areas. The intra
dermal test is also useful in differentiating paragonimiasis fram 
pulmonary tuberculosis and sane other chest diseases, or cerebral 
paragonimiasis fram brain tumor or cerebral haemorrhage. !bIetine hydro
chloride combined with sulfonamide and chloroquine is saoet1mes used 
against p!.ragonimiasis but the cure rate is low. Recently, it has been 
fOl.md that bith1onol (2.2-th1obis-4.6 dichl.oroIilenol) gives good results 
at well tolerated dosages. Where bithionol (Bitin) was given in a daily 
dose of 30-50 mgJkg on alternate days for a total of ten to fifteen doses, 
very few relapses were observed (cure rate more than 90%). Diarrhoea, 
loose stools, abdaninal· pain, nausea, vomiting and urticarial eruption 
occurred but in no case was the discontinuation of the drug necessary. 
Treatment as a control measure can be effective where most of the snail 
infections are from human sources. In Jap!.n, recent observations indicate 
that the disease 'Will gradually die out in areas where mass treatment 
with bith10n0l and health education have been carried out intensively. 

• 

• 
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Heteropnyidiases 

The flukes of the family Hetero];ilyi.diae are extreme1y small, 
sanet1mes only 0.15 I!ID1 - 1.0 I!ID1 in length and they nOl'lllally are paraSitic 
in the intestine of fish-eating animals. Metagonimus lokogawai is a carmon 
parasite of dogs and cats in JaJalli ChiDa (Taiwan) and the Ihil1p¢.nes. 
The first intermediate hosts are S~sul.cospira bensoni and possibly related 
species. The second intermediate hosts are PleCOgl08SUB altivelis CAyu) , 
Salongichthys microdon, Leusciscus hakonensis and other fresh."water fishes. 
Fating these fishes 'lmcooked provides the means of human infect!onr 

Hetero}ilyes hetero}ilyes also may be regarded as a normal paras! te 
of man and other animals in the Orient. Owing to the dif1'1cul.ty of diff
erentia i;ing the eggs of this species fran those of many other related 
species lIbich man acquires fran eating raw fish, there are no accurate 
data on the distribution of this parasite. The first intermediate hosts 
are marine and brackish water operculated snails (~thidia c_ta 
in Japan) and the second intermediate hosts are brackish wat.,r shes 
(Mugil sp., Acanthogobius sp.) 

In the lbilippines, it has been reported that the eggs of a number 
of different 'WOrmS of this group (Haplorchis and Diorchitrema) cause 
embolism in the heart, producing symptans similar to cardiac beri-ber! and 
occasionally death. As the eggs in faeces are differentiated nth great 
diff1cul.ty fran those of related 'WOrmS, specific diagnosis can be made only 
after recovery of evacuated flukes follo'l<"ing speci:':ic anthelminthic treat
ment. Tetrachloroethylene and Kamala are usually used for the treatment. 
Recentl.y high rates of cure for metagonimiasis 'Were obtained with bi+..h1ono1 
'When given in R daily dose of ~ to 50 mg/kl!, every other day for five doses •. 

4.5.5 FasciolOpsiasis 

Fasciolopsis busld. is "Widely distributed in pigs in south-east 
Asia and in many of the Fast Indian Islands. The first intermediate hosts 
are small planorbid snails (Segmentioa, Heppeutis, Gyraul.us, etc). The 
cercariae erupt fran the snail, crawl. onto aquatic vegetation and becane 
encysted. In Chioa (Taiwn), human infection has been traced Ulb.1nly to 
the eating of the nuts or other :parts of water plants. Fasciolopsis ~ 
usually lives in the small intestine and a fe.f worms cause no serious 
symptans. In heavy infections, chronic diarrhoea with bloody mucus and 
intestioal edema lead to severe prostration and sometimes death. Cheno
podium oil, beta-oaIhtbo;t, thymol, etc. are used for the treatment, b~t 
sane of these ~s are toxic. HexyJ.resorcinol and tetrachloroethylene 
are also effectively used. 

4.5.6 A~ostrongyliasis 

Angiostrongylus cantonensis develops in rats and matures in the 
pulmonary arteries after migrating through the brain. It occurs in rats 
throughout soutlJ".eastAsia and many islands of the :E9.cific. Several 
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hundred cases of eosinophilic meningitis in man have been attributed to 
this parasite in China (Taiwan), Hawaii, New Caledonia, Ponape, Tahiti, 
Saipan and Thailand. The worm has also been 1'ound to cause eye-lesions in 
man in Thailand and China (Taiwan). The intermediate hosts are slugs and 
land snails. HUman infection apparently results !'rom the accidental 
ingestion of infective larvae either in the intermediate hosts,t'ree in 
contaminated water or on vegetables or other food. The disease is cha
racterized by headache, malaise, low-grade fever, generalized pains, loc
alized areas of parethesia or hyperesthesia and facial paralysis. The 
majority of patients exhibit a cerebrospinal fluid pleocytosis 01' ~uich 
at least 25<1> are eosinoph1ls. Prognosis generally is not bad. 

5. DIAGNOOTIC TECHNIQUES 

5.1 Routine faecal examination 

Althougn there are numerous considerations to be taken into account 
before a particular choice is made, fuere are certain techniques which, at 
the momeQt appear to be most useful for routine diagnOSis in helndnth 
control prograrmnes, viz. ordinary direct smear J Kato cellophane thick 
smear, brine flotation and 1'0rn-:-lin-ether-sedimentation. As the others 
have been described elsewhere J onJ.:y the cellophane thick smear is outlined 
in detail here. 

Cellophane thick smear. The Kato cellophane thick smear technique, 
introdu~ed by Kato and Miura in 1954, is suitable 1'or the detection and 
identification of all common types of helminth eggs. When used for mass 
examinations, it is time-saving, simple and economical. It is unsuitable 
for diagnOSis of protozoa or minute helminth eggs, and it is relatively 
unreliable when the specimen is very fibrous or contains fermentation gas. 

1 

M9.terials 

(a) Ordinary glass microscope slide 

(b) Cellophane: wettable (not moisture resistant), medium thickness 
(40-50 microns), cut in strips about 22 x 30 mm. 

(c) Glycerine-malachite green solution: 100 ml pure glycerine, 
100 ml water, and 1 ml 3% aqueous malachite green. Note: 
cellophane strips are soaked in the glycerine mixture 1'or 
at least twenty_1'our hours be1'ore use. 

WId Hlth arg. techno Rep. Ser •• 1964. 277. 50 

• 

• 
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(d) Applicator, toothpick, or something similar. 

Procedure 

(a) 

(b) 

(c) 

With applicator, transfer 50-60 mg faeces to clean slide. 
~: a 4 mm cube off'aeces weighs about 60 mg and is roughly 
the size of a small soy bean. 

Cover with cellophane and press with soft rubber stopper 
(No.5) to spread in even layer. Note: to judge th, proper 
amount and proper thickness of' the layer of faeces requires 
experience. It is not desirable to spread the faeces to all 
areas of the cellophane cover; it is merely spread to about 
the circumference of an area equal to the width of the cell
ophane. 

Allow smear to stand for one hour at room temperature, or 
20-30 minutes in a dry incubator at about 4o°c. This dries 
and clears the faeces, whereas the eggs retain the normal 
appearance. Note: if the film is over-dried, gas bubbles 
form, the eggs become distorted (especially hookworm eggs), 
and a dark aircell may form around the eggs making them 
difficult to see. . 

(d) Examine entire film under low magnification; experienced 
microscopists can readily eetect an~ identify eggs under 
scanning lens (50x) magn1:f'ication. Higher magnification can 
be used when needed. 

ordinary direct smear. Tba ordinary direct faecal smear offers the 
important advantage of allowing all elements of the stool to be seen 
immediately and in essentially unaltered condition. In addition to helminth 
eggs, the trophozoites and cysts of protozoa can be found and examined. 
Alsocertain diagnostically important objects, such as Chcrcot-Leyden 
crystals and exudative cells can be identified. 

Concentration techniques. There are three special circumstances 
which call for examination of faecal concentrates: (1) as a check on the 
cellophane thick smear techniques, (2) as a means of detecting infections 
for which the cellophane thick smear is unsuitable (protozoan and helminths 
producing minute eggs such as Clonorchis and Heterophyes, and (3) as a 
routine in the examination of faecal specimens preserved in formalin. 
For the first, i.e., as a check on the thick smear (or the technician 
using it), brine flotation usually is employed; for the other uses, for
maline-ether sedimentation is a good choice. 

Quantitative techniques. Rough estimates of the relative worm 
burden in ancylostomiasis, ascariasis, trichuriasis and some other infec
tions can be made by counting the eggs in a direct smear. A widely 
accepted dilution egg-counting technique is described and discussed in 
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Annex 2 of ~e Report on the Af'rican Conference on Ancylostcm1asis'~-l Any 
modification tbat is based on the same principles should give equa~ 
reliable data. Egg cOWlts should be recorded as eggs per smear or eggs 
per cllli.3l"8o. 

F01'!IBlin preserved faecal specimen. Whilef'resh specimens are 
alw.ys preferred, reliable diagnosis can be made on specimens preserved in 
lCJ1, formalin for days or 'Weeks. When egg counts are to be made, it is 
necessary to preserve a measured quantity of the stool. 

Culture technigues. The culturing of hookworm, Strongyloides and 
Trichostrongylus larvae may be useful for the detection of very li.,.!lt 
infections and for the identif1catim of species whose eggs are indisting
uishable f'ram each other. The value of faecal cultures is discussed in 
the Be~t of a \mO Expert Committee on HelJn1nthiasi~ 2 and the technique 
tbat is widely used, Harada-Mori, is described in Annex 3 of the Report 
on the Af'rican ~onference mentioned above. 

Soil exam1 nstim for eggs 3nd larvae 

The examination of soil for the presence of eggs and larvae of' 
human paraSites requires special training and extensive experience. !]he 

techniques used bave been discussed in World Health Organization Technical 
Report Series 277. 

'.3 Sputum examinati<J..l 

Direct smear for eggs, larvae and exudateb. For the detection of' 
Paragm~ eggs, migrating nematode larvae, or for the examination of 
bronchial exudates, a small amount of the sputum is transferred to a slide 
'With an applicator and examined microscopically under a coverglass. When 
sputum is very thick, 'With blood, pus or heavy mucus, it may be mixed 
'With an equal amo1.mt of J.,.~ sodium hydroxide; the mixture should be 
centrifuged after stirring and standing, and the sediment examined micros
copically for eggs. 

Gastric 'Washings {sw.llowed sputum}. Eggs of Paragaxtmus and 
migrating larvae of Strongyloides, Ascaris and hC>OkwrmS may be more 
easily found in stanach w.shings conta1n1ngnight-swallowed sputum tbs.n 
in f'resh sputum or faeces. 

,.4 Duodenal aspirates 

Eggs "f Clonorchis or those of other parasites living in the bile 
ducts are usually found in duodenal fluid containing bile. At times, the 

1wu Hlth 9Fg. tecbrl.Rep. Ser., 1962, 255 

2wld Hlth Org. techno Rep. Ser., 1964, 277 
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eggs of hookworm end Ascaris are also foWld in this manner, and the larvae 
and eggs of StrOllg'Lloides frequantly may be found in duodenal aspirates 
when they have not been found in tha faeces. 

5.5. Feri1:.'.M.J. deposits 

For the diagnosis of pin .... Tor.n infection, the adhesive "Scotch" tape 
swab or a modification of it is the method of choice. A strip of trans
parent adhesive tape is pressed firmly against the intermediate zone 
between the moist anal caI!8.l and the dry psrianal skin in early mOTuing 
and then mounted on a slide for microscopical Gxamination. This technique 
may be useful also for ficding the eggs of Taer.ia spp., HymenOlepis nana 
and same other helminths. 

5.6 Immuno-diasrost~c tests 

Various serodiagnostic tests have been employed for the diagnosis 
of the helminthic infections. Hovever, these tes~s are all considered to 
be supplemental, although same of them can be effectively used according 
to the purpose. 

Intradermal test. Intradermal tests for paragonimiasis, schistoso
miasis and same other helminthic infections are quite specific and easily 
carried out, so the test is useful as a screening method for the detection 
of infection among the poI-ulation in endemic areas. But, as the intra
dermal test continues to show positive re::lctions f')r a long period after 
death of the worm, it is not useful in differentiating p3.st frem present 
infections. 

Serological test. The compl.cment fixation test for . Fnragon:1m.U13 
infection is less sensitive and less specific than is the ini:.radermal 
test, but it has a closer relation to the life and death of the worm. 
The test becanes negative within a year after death of the worm and thus 
it may provide a criterion of cure after treatment. Some of the specific 
serological tests used in schistosooiasis, for example, the circumoval 
precipi tin raaction (COp) and cercarial envelope reacti.on (ClIR), may be 
useful for detecting the early infect.ion or for assessment of c-.noe after 
treatment. 

6. TnAINING OF TECHNOLOO ISTS 

When considering applicants for trainee posi tiona in the diagn:>tSt:tc 
parasi tological laborat.~y, two aree.s of educa-:'ion background are espe
cially important, viz., b:i.ology and mathematics. Of prime importance are 
the personal qualities of reliability and responsibiJ-ity. A responsible 
technician ful1.y ap;J!'eciates that records made tn the· di.agnostic labo
ratory affect the l:tves of the people. Schools or centres for the 
training of medical technologists in some countries can supply the 
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teChnical help needed in control programmes. However, it usually is 
necessary to provide at least some specialized training at the laboratory 
on an apprenticeship basis. Irrespective of educational background and 
experience, reliability of technicians and techniques cannot be taken 
for granted. A routine (expected) check on job proficiency and the 
possibility of advancement are essential elements of diagnostic laboratory 
organization. 

7· SURVEY AND SAMPLING MElrHODB 

Survey methods involve the use of samples whiCh must be represen
tative of a universe, e.g., a population. Sample surveys are subject 
to error whiCh must be measured, and the error's effect on subsequent 
judgment must be assessed. ihe methods may include systematic, stage or 
multiphase sampling. A well-selected sample must be of the minimum size 
that will provide the required degree of accuracy and therefore the 
sampling design must provide an estimate of the sampling error. ihe 
design must be practical and be accomplished according to plan. Non
response should be of negligible proportion. 

The applications of proper sampling techniques to investigation 
of helminthiases relate particularly to investigations on the prevalence 
of infection and the influence of environmental conditions on transmission. 
Similarly, these methods must apply to diagnostic procedures, such as 
examination of stools for helminth eggs and the number of eggs in a 
sample in relation to the worm burden. Data analySis is necessary in 
assessing the effects of helminth infection in relation to nutrition, 
growth, etc. and in determining the efficacy of treatment and control 
programmes 

8. NUrRlTIONAL RELATIONSHIPS 

Chronic undernutrition or malnutrition is a deterrent to health 
and development. Protein-calorie malnutrition especially is common in 
developing countries, affecting perhaps half of the children aged 0-5 
years. It commonly deve lops after one year of age, as kwashiorkor or 
marasmus. Iron-deficiency anaemia also affects large sections of the 
world's population, with high incidence among the nutritionally vulnerable 
groups. All these noxious components of malnutrition occur together 
and there is evidence of synergistic effects, resulting in a high mortal
ity rate among one to four year Old ehlldl>en, twenty to fifty t1mes higher 
in developing than in developed countries. 

Factors predisposing to undernutrition in relation to helmin
thiases include geograph1cal features such as soil and climate and 
dietary components such as amino acids, vitamins, minerals, etc. The 
public health implications of undernutrition are low resistance to 
disease, retardation of growth and mental development, and the effects 
on economic and cultural development' of the community. ResearCh is 
needed on the relation of helminthiases to undernutrit10n, including 
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nutritional requirements of host and :parasite, the effects of helmintb 
on host nutrition, and inf'luence of' .host \mdernutrition on helmintb 
in:f'ection. 

9. RlBLIC HEALTH PROGRAMMES 

The elements of' a control progr8lllDe are assessment of' the problem, 
plan and design of' attack, and evaluation of' results. Control prograJlllles 
'Will take various forms depending upon circumstances of' persormel, 
f'inance, aDd prograumes already undertaken or tmder conSideration, as 
'Well as the magnitude or urgency of' the programme i tseU • 

The laboratory methods to be used in· support of' surveys and 
control prograJ!":DeS, can best be selected and developed by the supporting 
laboratory. Ow.l.ng to the dif'f'ering circumstances in dif'f'erent ccmnu.
nities, this is also true of' helminth control programmes. Mf'f'erent 
camn\m1 ties have different helminthic diseases. Moreover, helminthic 
diseases require dif'f'erent approaches to control, deperu11ng upon the 
dif'f'erent modes of' transmission. In general, the attack agaiDst helminths 
is made in three or four directions: (a) sanitation, including waste 
disposal, daDestic 'Water supply and housing improvement; (b) !!!!! 
diagnOSiS and mass treatment, aimed at reducing the prevelence of' inf'ec
tlon; {cf ;pubJ.IC"'Eiducatio:l, aimed at prevention through an tmderstanding 
of' the 'WOl'ID and its transmission; ·and (d) vector control, it the helminth 
is vector-transmitted. The success of' a prograume can be measured roughly 
in terms of' prevelence rates either in relation to trends or di1'f'erences, 
both baded or.. base-line statistics obtained in an earli.er survey. Since 
a satis:f'y1ng low level of' prevalence may require a long-sustained ef'f'ort, 
usually it is desirable to make f'requent eJlElDlination of the population 
as a record of' accanplj.shment. 

An important aspect of evaluation, f'requentlyoverl.oaked, is the 
assessment of' benefits that. cannot be measured in terms of' progress 
towards the expressed goals of the project, namely, the improvements in 
health, standards of' living and social structure of' the camnmdty. 

9.1 Health education 

The chief' aim of' health education is to induce people to take 
part in health-improvement program.es on a wll-inf'ormed basis. To 
ensure that this is done in helminth control prograumes, it is important 
that an educational approach be included as an integral :part of' these 
ef'f'orts, taking into acco\mt the educational statUs, cultural :patterns and 
econanic circunstances of' the peopl.e. Persuading the people to help 
tl:Jemselves may be achieved by inviting :partici:pation at all levels, 
calling upon all available resources such as vol\mtary health agencies, 
Ibysicians, schools and other organizations. Health education personnel 
can assist the progr8lllDe planners in developing the educational approach. 
Health education activities should be geared directly to the planning and 
implementation of' control prograumes and not saneth1ng se:parate f'ran 
them. Public and government support is easier to ccme by if' the ben8fi ts 
of public :participation can be readily· demonstrated. 
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Timing is important. People are more likely to co-operate and take 
action when they are concerned about a problem and seek assistance. Competi
tion in the promotion of local health improvements sometimes can be used 
to advantage. Audio-visual aids should be geared to local needs, languages 
and conditions in order to be intelligently understood and accepted by the 
people. Provision for the evaluation of the health education aspects of a 
programme should be made from the start, specifying clearly the objectives 
and criteria of evaluation procedures and establishing base-line data on 
which subsequent improvements can be judged. 

Environmental health 

Environmental sanitation plays an important part in the control of 
parasitic infections, providing as it does for the construction of sanitary 
latrines, safe wells, proper food processing, garbage disposal, drainage 
and adequate housing and landscaping. 

Several types of latrines are used in the western Pacific RegiOn,. 
e.g., bucket, pit, bore-hole, water_seal, aqua-privy and compost privy. 
One of the most satisfactory t~es is the water-seal latrine, descriptions 
of which are readily available. 

The acceptable sanitary well must be easy to construct, simple to 
maintain and convenient to use. Also necessary in the control of helmin
thiases, is the inspection of food products for quality, processing and 
marketing. Improvement of rural housing and low cost urban housing schemes 
wUl assif;t in curbing transmission of helminths. Related also are the 
increasing problems of slums and squatterstareas. 

Surface drainage is important in connection with the control of 
soil pollution, particularly in tropical areas where vegetation and abundant 
rainfall create sites of mosquito breeding. Special note must be taken of 
the role of puddles in helminth transmission. Drainage is important also 
for the control of bilharziasis. Provision of sanitary facilities is essen_ 
tial at all schools and is required for teaching children sanitary habits. 
The general improvements of surroundings in villages and communities has a 
strong influence in maintaining good sanitary practices. 

9.3 General programmes and special campaigns 

The first decision that faces the planner is whether there should 
be any specific control programme at all. This requires an assessment of 
the problem in the widest sense.2 The size of the problem must be known 
as fully as possible before any sensible programme can be drawn up. But 
if the problem is known and the need is there in the light of health prio
rities, then the next essential which cannot be stressed too strongly is to 
examine the resources at the disposal of the programme executors. Not only 
does the size of the problem have to be known; after it is known, it still 
has to be alloted a priority in the overall health plan. Here the parasit
ologist must give the technical advice on problem size and programme feas
ibility. The overall public health administrators must make the final 
decisions. 

1 WId Hl.\b Org Monograph Series No • .:39., 195,0, 
2 'dId Hlth Org techno Rep. Ser •• 1964, 2T( 

• 
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The organizational pattern of the campaign must be established, 
i.e., who will run it technically and how the helminth programme will 
fit into the country's heal.th services at central., intermediate and 
peripheral levels. Another aspect of great importance in "pre_planning" 
is the examination of existing legislation to see whether it will 
adequately serve the programme I s needs. 

It is difficult for a helminth control campaign to succeed through 
public heal.th measures al.one, without the availability of a good dru~ and 
adequate facilities for treatment. It is particularly in treatment {but 
also in case-finding) that the organizational. infrastructure is so important. 
The medical profession and all supporting health workers need orientation 
in the aims of the campaign and need a ser..se of participation. While 
schools are strategic points in many parasite control programmes, it is 
essential not to lose sight of the pre_school child as a common reservoir 
of many helminthic infections. Not only llIUSt there be partiCipation of 
workers in school health services but also of those in maternal and child 
health work. 

9.4 WHO role in co-operative public programmes 

The organization and functioning of WHO were briefly summarized. 
With reference to the helminthic infectiOns, it was indicated tha:t llHO at 
headquarters level, through its stimulation and support of research by 
or in co-operation with national workers and institutes, sought to develop 
further knowledge regarding the meny outstanding helminthic problems and 
through its expert canmittees, study groups, training courses, conferences 
and the reports and other documents on these, makes available recent know
ledge. At the regi~nal level,WlD assisted in the training of personnel 
through fello;.,.3hips and group meetings, such as seminars, as well as in 
assessing the problem by attempting to tackle it. The need for planning 
two years ahead to conform with the planning pattern of WlD was stressed. 

9.5 Helminth control programmes 

Ever since the introduction of piperazine, the possibilities have 
been considered of introducing mass treatment against aSCariasis, not with 
the expectation of eradicating the worms but of reducing the prevalence 
of infection in the population and the wormloads of infected individuals. 

Arguments against such procedures are that people might get the 
false impression that improvement of environmental sanitation is unne
cessary and that it might be difficult to reach all the children in a 
certain area. It should be emphasized therefore that when such programmes 
are being undertaken, they should be combined with appropriate health 
education, stressing that drugs give only temporary relief. Administratively 
the chances of success are greatest with schoolchildren and pre-school
children in areas where such children are regularly brought to maternal 
and child health clinics, or where extensive home-visiting is undertaken. 
Present information and experience clearly indicate thl:lt ascariasis control 
with piperazine is feasible and in some circumstances definitely is worth 
trying. The dosage now recommended is up to 100 mg/kg given once every 
two to three months. 
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In Japan, all indi.viduals whose stools are found 1.0 contain Ascaris 
eggs have been treated once or twice a year as part of a mass treatment 
progra.nme. As the anthelmintic, a combination of santonin and kainic 
acid or a piperazine compound is used. 'lhe Ministry of Health and Welfare 
and the Ministry of Education are responsible for caIT¥ing out the prog-
ramme for the adult population and schoolchildren, respectively. Stool 
examination and mass-treatment are mostly carried out by the Japan Asso
ciation of Parasite control, partly by local health centres. In 1964, 
stool examinations by Kato I s tb1.cl\: smear technique were performed on about 
20 million persons and most of the individuals who showed Ascaris eggs in 
faeces were treated. Probably as a result of mass-treatment, the prevalence 
of ascariasis decreased from 43% in 1953 to 5;' in 1964. As for the control 
of hookworm infection, the procedures are almost the same as those of asca
riasi:> . 'lhe anthelmintl.c . used for hookworm infection are l-bromo-2 naphthol 
for Necator and bephenium hydroxynaphthoate for Ancylostoma. The prevalence 
of hookworm infection has declined from 5% in 1953 to ~ ir. 1964. The 
remarkable declines in prevalence have been accelerated by improvements in 
the mode of living, a rise in socio-economic condit:l.-:>ns, health education, 
and related factors. 

In Korea, a private organization, the Korean Association of Parasite 
Eradication (KAPE), was established in 1958 and was officially supported 
and recognized by the Government in 1965. Compulsory examination of faeces 
of six million schoolchildren was then undertaken and treatment applied 
where n~cessary. To deal with such a large number of st:x.l specimens for 
examination, the use of small plastic envelopes into which fresh small 
specimens of faeces can be put and sealed by tlcat has been introduced. 
These envelopes containing faeces can be transported easily and can be 
examined over a wetted glass slide under the microscope directly for detec
tion of certaln helminth eggs, especially those of Ascaris and the contents 
can then be taken out for other kinds of examinations when eggs are not 
seen through the envelope. The Korean Red Cross has also established a 
five-year control programme directed especially to such endemic diseases 
as liver fluke and lung fluke. A joint programme on night soil treatment 
and hookworm eradication with mass-treatment is underway. 

In China (Taiwan), a pilot ascariasis control project has been 
carried out since 1962 to facilitate future planning on a larger scale. 
Treatment of schoolchildren with piperazine at monthly, bi-monthly and 
quarterly intervals proved efficacious in reducing the rate as well as 
the intensity of infection. Monthly treatments apparently resulted in a 
greater reduction of intensity within a six-month period than did treat
ments at longer intervals. A dose equivalent to 75-100 mg of piperazine 
hexahydrate per kilogram body weight was found to be satisfactory. 

In th~ Philippines, an applied nutrition programme is in progress. 
Base-line surveys showed that schoolchildren with ascariasis had slightly 
lower serum albumin levels than did those without it. There was no appa
rent correlation with other parameters. It was found that three-monthly 
deworming without environmental sanitation over a one-year period did not 
markedly lower the prevalence of paraSitism, but monthly deworming over 
a period of three months did. 

f. 
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CONCLt5ION 

From the standpoint of prevalence and the probable morbidity attri
butable to them l ascariasis 'and ancylostomiasis are major public health 
problems in the Western Pacific Region. With the drugs available for mass
treatment and the techniques known to be effective in mass diagnosis, 
environmental sanitation and health education programmes, progress can be 
made towards control of these infections, especially ascariasis and more 
especially ascariasis in scllool and pre-school children. Thus, in u'3ual 
circumstances, control is well worth trying at least on a pilot project 
basis. 

SUMMARY 

In plenary, group dlscussioc and demonstration sessions l the hel
minthic infections of public health importance in the Western Pacific Region, 
exclusive of filariasis, were studied with emphasis on epitiemiology and 
control. 

The infections more or less prevalent throughout the Reg;ion are 
ascari.3.sis, ancylostomiasis, trichuriasis, and enterobiasis. Those ,found 
commonly in certain areas o:lly, or uncommonly 1n wide' areas, are strongy
loidiasis, hymenolepiasis, taeniasis and cysticercosis, ecb:tnccoccosis I 
bilharziasis, clonorchiasis and opisthorchiasis, paragonimiasis I heterophyi
diasie, fasciolops'iasis, and anglostrongyliasis. 

Information is inadequate on the actual morbidity attributable to 
them individually but from experience gained elsewhere, it can be inferred 
that four of the infections I viz. I ascariasis, ancylostomiasis, ecllinoc~
cosis and bi"lharziasis, can be regarded as being o'fhigh public health 
importance and at the same time susceptible to control with means that are 
presently known and available. The latter two infections are. restricted 
in distribution and are already under attack in the areas where they occur. 
The other two, ascariasis and ancylostomiasis, have not until recentlYI 
received serious attention, except in Japan where mass-treatment along with 
supplementary means have reduced the prevalence rates remarkably over the· 
past ten years. 

In the Region as a whole, 'ascariaSis is unquestionably the hel
minthic infection of highest importance. Prevalence rates f'or the general· 
population commonly exceed 50 per cent, I:tld in a number of. places the rates 
exceed 90 per cent. Rates are highest among schoolchlldren,but the '. 
heaYiest, most d!l.Dlaging infectionS usually are found· in the pre-school 
gro\'.p. Ancylostomiasis rates generally are somewhat lower but :frequently 
exceed 50 per cent. in areas where1he character of' the soils and habits of 
the people are f'avourable for transmission. Infection rates are highest 
among adolescents and young adults • 



- 26 -

IIoth of these infections are soil-transmitted, i.e., eggs are passed 
1n the faeces of infected persons and the larval stages which transmit the 
infection undergo essential development in soil. l\J3 the infective larvae 
of l\J3caris remain in the egg until taken into the body by ingestion, whereas 
hookWOiiii"'i'arvae are free in the soil, each requires a special type of soil 
for optimum development and transmission. Heavy, colloidal (clayey) soils 
enhance transmission of ascariasis and the lighter, more porous, sandy or 
sandy-loam soils are more favourable for ancylostomiasis. In either case, 
however, the prime factor in transmission is faecal contamination of the 
SOil, particularly in the vicinity of habitations. The use of nightsoil 
for fertilization of vegetables, generally regarded as largely responsible 
for high endemicity, ,needs further evaluation. FOr ascariasis, the most 
common site of transmission probably is at or near the home and the age
group most responsible for soil contamination at the home, and thus trans
mission, is that of the pre-school child. In general, endemicity of ancy
lostomiasis probably is maintained through promiscuous defecation by older 
members of the family, although it is to be noted that the two hookworms, 
Ancylostoma duodenale and Necator americanus, differ in two important 
respects: Ancyloetoma infection is acquired both orally and through the 
skin, whereas Necator larvae can infect only by skin penetration, and 
Necator larvae are adapted to tropical conditions whereas Ancylostoma 
succeeds best in cooler areas. Thus, the geographic distribution and trans-
mission patterns differ in the two species. . 

Disease characteristics of ascariasis are poorly defined, mal
nutrition, colic, pneumonitis, and a number of complications caused by 
adult worms obstructing the intestine or migrating into ectopic sites 
(chiefly the liver), being most often attributed to it. Hookworm disease 
is a well-defined entity, being a microcytiC hypochromiC anemia resulting 
from blood loss caused by the worms when present in large numbers. 

Diagnosis is based on faecal examination for eggs, and since worm 
damage is generally proportional with worm burden, egg-counts are essential 
for assessment of the worm problem. For mass faecal examination, a rel
atively new technique referred t.o as the cellophane thick smear probably 
is most ideal in usual circumstances. 

control of ascariasis and ancylostomiasis consists essentially in 
periodic mass-treatment combined with environmental sanitation and education 
of the people regarding the transmission and disease characteristics of the 
infections. For ascariasis treatment, 1h~ drug commonly used is piperazine 
given in a dosage of 15-100 mg/ks once every one to three months. The drug 
of choice for hookworm infection depends on the species - tetrachloroethylene 
for Necator and bephenium hydroxynaphthoate for Ancylostoma. Also used is 
l-bromo..2..naphtho1. In recommended doses, these drugs are reasonably effec
tive and well tolerated. Control of ascariaSis and ancylostomiasis, espe_ 
cially the former, appears to be feasible in usual circumstances and well 
worth attempting. 

• 
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Annex 1 

A. LISl! OF PAmICIPAmS 

epunt!X Name, Title~and Address of Participant 

1. CHINA 

2. FIJI 

3. GILBERT AND ELLICE 
ISLANDS 

4. JAPAN 

6. MALAYSIA 

Dr. Eng-rin Chen 
Lecturer 
Department of Parasitology 
Kaoshiung 11edical College 
Kaoshiung. Taiwan 

, 
Dr. P.C. Fane 
Assistant Professor of Parasitology 
National Defence Medical Center 
Taipei, Taiwan 

Dr. T. Guy Hawley 
The Lecturer in Social and Preventive l1edic1ne 
Fiji Sctool of Medicine 
Suva 

Dr. Faanoa H. Pine 
TB/Leprosy/Filariasis Control Officer 
Medical Department 
Tarawa 

Dr. Yukio Hosalta 
Staff, 4th Division 
Department of Parasitology 
National Institute of Health 
Ministry of HeaUh and \-1elfare 
Tokyo 

Dr. Chin-Tback Soh 
Professor of Parasitology 
College of Medicine 
Yonsei University 
Seou1 

Dr. Byong S. Seo 
Professor of Parasitology 
College of Medicine 
Seou1 National University 
Seou1 

Dr. Rosman bin Kass 
Acting Senior Medical Officer of Health 
Office of the Chief Medical and Health Officer 
Ipoh, Perak 

Dr. Donald Heyneman 
Resident Co-ordinator 
International center for Medical Research 

and Training 
Institute tor b~ical Research 
Kuala Lumpur 



7. PHILIPPINES 

8. RYUKnJ ISLANDS 

9. SINGAFORE 

10. TERRn'ORY OF PAPUA 
AND UEW GUINEA 

11. ~ TERRITORY OF 
THE PACIFIC ISIANDS 

13. WEsrERN SAMIlA 
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Dr. Alf"redo T. santos 
Deputy Director 
Schistosomiasis Control Pilot Project 
P§lo. Leyte 

Dr. Benjamin D. Cabrera 
Professor of Parasitology 
Institute of Hygiene 
university of the Philippines 
Manila. 

Dr. Tirso Banzon 
Medical Specialist I 
Bureau of Research and Laboratories 
Department of Health 
Manila 

Dr. Chokei Yoshida 
Public Health Doctor 
Naha Health Center 
Okinawa 

Dr. V. Zaman 
Department of Parasitology 
University of Sinsapore 
Singapore 

Dr. A. Peter Vines 
Epidemiologist 
Department of Public Health 
Konedobu, Port furesby 

Dr. Barunanga Sonis 
Truk Hospital 
TruItt Caroline Islands 

Dr. Vu-Thi Thoa 
Pediatrician 
Faculty of Medicine and Children's Hospital 
Ministry of Healtfl 
Saigon 

Dr. Iakopo ,Esera 
Medical Officer 
Health Department 
Apia 

,-' I 
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B. LIBJ! OF OBSERVERS 

Organization 

1. Bockefeller 
Foundation 

2. UNICEF 

3. South Pacific 
Commission 

4. Fifth Epidemiological 
Flight (Philippines) 

5. Far Eastern 
University 

6. San lazarll Hosl'ital 

7. Bureau of Health 
Services 

8. Manila Health 
De:partment 

':trame, t1t;;l.e-~.~ ~ ~be .... v"" 

Dr. Lucien Gregg 
Associate Director 
Rockefeller Foundation 
Quezon City 

Mr. I. Markuson 
Resident Rel'resentative 
UNICEF Country Office 
Manila 

Dr. A. Peter Vines 
Observer for South Pacific Commission 
Noumea 

Colonel M. Kremers 
Fifth Epidemiological Flight 
Clark A:trforce :Pase 
Angeles C1 ty 

Dr. A. Arcllla-latonio 
Assistant Professor and Head 
Parasitology Section,Institute of Medicine 
Far Eastern University 
Manila 

Dr. Vicente 14. Reyes 
Medical S:pecialist I (Patholog;l.st) 
San Iazaro Hos:pital. 
Manila 

Dr. G. Just:i.niano 
Medical. Spec1al.ist IT (Epidemiology} 
Bureau of Health Services 
De:par-tment of Hea1th 
Manila 

Dr. A. Acosta 
Chief, Parasitology Department 
Public Health Iaboratories 
~~ 

Dr. P.C. Sta. Ana 
Senior l-iedical Officer (Parasitologist) 
Public Health laboratories 
Manila 

Mrs. A. Alzona 
Medica1 Technologist 
Public Health laboratories 
Manila 
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c.. LIST OF WHO CONSUIlrANTS AND 'l!EMPORARY ADVISERS 

Cona.1l.tantc. 

TcOfDl'gry Advisers 

Dr. Paul C. 1lcuvcr (Sco:1nor Director) 
Professor of Tropical Discases and Hygiene 
School of Medicine, Tulane University 
New Orleans. Louisiana., U.S.A. 

Dr. J.F .A. Sprent 
Professor of Purasitology 
University of Queensland 
st. wcitt, Brisbane, Australia 

Dr. Muneo Yokogo:wo. 
Professor of' Parasitology 
Chiba University 
Chibu l Japan 

Dr. T. Pesigo.n 
Director 
Bureau of Research and Lo.borotories 
Departoent of Health 
Manila, Philippines 

Dr. M. Yogore, Jr. 
Professor of Parasi-,,01ogy QD1. Cha1rcnn of 
the Departoent 

Institute of Hygiene 
Univcrsi~y of the Philippines 
Manila. Philippines 

Dr. Pedro V. Reyes 
Senior Research Veterinarian 
Anionl Disease ani Parasite Research 
Bureau of AnioaJ. Industry 
Departoent of .Agriculture and Natural Resources 
Nnn:!)o. Philippines 

D. WHO SECRETARIAT 

Dr. C.H. Yen (Operationul Off1cer) 
Cooounicable Diseases Officer 
Western Pacific Regionnl Office 
Manila 

Dr. D.R. Huggins 
Regionnl Adviser on CoDDUnicable Diseases 
Western Pacific Regionul Office 
MD.nila 

Professor C.Y. Chow 
Regionnl Entooologist 
western Pneific Regional Office 
Manila 

, ' 
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--~ E. BESOURCE GROUPS 

Re6!0nal Office tor Mr. A. Aldama 
Western Pac1:f'ic Regional Statistician and 

ProgL"allllIle Evaluator 

Dr. A.A. Angara 
Regional Adviser on Public Health 
Administration 

Mr. J. Arbuthnot 
Regional Adviser on Environmental 

Health 

Dr. J. Hirshman 
Public Health Administration Otticer 

Mr. D. Johnson 
Regional Adviser on Health Education 

Dr. P4 Muii.oz 
Regional Adviser on Nutrition 

Dr. H.M.C. Poortman 
Regional Adviser on Maternal and 

Child Health 

Mr. R. Valdes-Pinilla 
Regional Sanitary Engineer 

WHO Headguarters Dr. Calvin W. Schwabe 
Parasitic Diseases 
World Health Organization 

.J< Geneva., S.d:\:.zerl.a.nd. 

, 
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AGENDA 

1. Opening of the Seminar 

2. Orientation on conduct of the Seminar 

;. Country reports 
~ 

3.1 Review of helminthiases in countrY of participants 

;.2 Summa.ry of information on helminthiasis problems 

4. Epidemiology and control of helminthic infections 

4.1 General principles 
"--

4.2 Soil-transmitted helminthiases 

4.2.1 Ascariasis 

4.2.2 Trichuriasis 

4.2.; Ancylostomiasis 

I 
4.2.4 StrongylOidiasis , h.; contagious helminthiases 

~ 

4.;.1 Enterobiasis 

4.;.2 H;ymenolepiasis .. 4.;.; CystlcerCiasis 

4.;.4 StrongylOidiasis 

4.4 Zoonotic and food-animal transmitted helminthiases 

4.4.1 Role of Animals in transmission 
t -->: 

4.4.2 Echinococcosis 

4.4.; Taeniasis 

4.4.4 Miscellaneous helminthiases 

4.5 Snail-transmitted helminthiases 

• 4.5.1 Bilharziasis 
• 
4.5·2 Clonorchiasis 

• 
1_ 
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4.5.3 Paragonimiasis , 
4.5.4 Heterophy1diases 

4.5.5 Fasciolopsiasis 

4.5.6 Angiostrongyl1asis 

5. Diagnostic techniques 
)w 

5.1 Routine faecal examination 

5.2 So11 examination for eggs and larvae 

5.3 Sputum examination 

5.4 Duodenal aspirates -0' 

" 
5.5 Perianal depOSits 

5.6 ~stic tests 

6. ~n1ng of technologists 

7. Survey aDd sampling methode ... 

8. NUtritional relationships 

9. Public health programmes 

9.1 Health Education 

,.2 Environmental Health 

-' 9.3 General programmes aDd special campaigns 

9.4 1-THO role in co-operative public health prograumes 

9.5 Hellll1nth control programmes 

10. Closing of the seminar 
~"..J 
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DIAGNOSTIC TECHNIQUES FOR FAECAL EXAMINATION 

The materials used and the procedures to be followed in five useful 

techniques of faecal examination are here described in detail. Tnese 

techniques have been used "Widely, each for a particular purpose, and 

certain modifications in the original procedures have been made according 

to the requirements of a large-scale helminth surveyor control programme. 

The special applications of each are given in the text. 

1. Cellophane Thick Smear 

Materials 

(a) 

(b) 

(c) 

(d) 

Ordinary glass microscope slide. 

Cellophane: wettable (not moisture resistant), medium thickness 
(40-50 microns), cut in stripe about 22 x 30 mn. 

Glycerine-malachite green solution: 100 ml pure glycerine, 
100 ml water, and 1 ILl 3'1> aqueous malachite green. Note: 
CelloIilane strips are· soaked in the glycerine mixture for 
at least 24 hours before use. 

Applicatur, toothpick, or something similar. 

Procedure 

(a) Wi th applicator 1 transfer 50-60 DIg faeces to clean slide. Note : 
a 4 mm cube of faeces weighs about 60 mg and is roughly the siY.e 
of a small soy bean. 

(b) Cover "With cellophane and press "With soft J:'ubber stopper (No.5) 
to spread in even layer. Note: to judge the proper amount and 
proper thickness of the layer of faeces requires experience. It 
is not desirable to spread the faeces to all areas of the 
cellophane coverj it is merely spread to about the circumference 
of an area equal to the "Width of the cellophane. 

(c) Allow smear to stand for one hour at room temperature, or !0-30 
minutes in a dry incubator at about 40oc. This dries and clears 
the faece&, -whereat! the eggs retain the normal appearance. Note: 
If the film is over-dried, gas bubles form, the eggs become -
distorted (especially hookworm eggs), and a dark aircell may form 
around the eggs making them difficult to see. 

(d) Exandne entire film under low magnification; experienced 
microscopists can readily detect and identify eggs under scanning 
lens (50 x) magnification. Higher magnification can be used -when 
needed. 



2. Ordinary Direct Smear 

Materials 

(a) Ordinary glass microscope slide. 

(b) Coverglass, 22 x 22 rom. no. 2 thickness. 

(c) NOl'!llB.l saline (0.8~ NaCl). Note: 
he1l!1inth eggs and larvae, 'Waterer 
can be used instead of saline. 

When interest is limited to 
5i aqueous solution of glycerine 

(d) Applicator, toothpick, or something similar 

Procedure 

(a) Place one drop of saline on clean slide at the centre. Note: 
Water or ~ glycerine is as good or better for diagnosis-or-
he1l!1inths, the glycerine being useful when examination is 
delayed after smear is prepared. 

(b ) With applica·tor select a 2-3 mg sample of pure colloidal faeces 
and make an even suspension of it in the drop of fluid already 
placed on the slide. Note: This can best be done by a stirring 
action in the unspread drop, not by "smearing" over a larger 
area. Large fibers, seeds, sandgra~.ns, etc. must be removed. 

(c) Add coverglass and level it. If' the preparation is not a 
uniform f'uspension of suitable density for examination, discard 
it and make another. 

(d) Examine systematically the entire preparation, counting or 
e-stimating the number of' each kind of egg observed. Note: 
Egg-counts made on direct smears made in this manner are-not 
comparable with those made by more precise techniques, but 
they do proviae a reliable basis for estimating roughly the 
relative worm burden (see Public Health Paper Ho. 10, 39-;;2; 
WHO Techn. Re~. Sere !77: 51). 

,. Brine Flotation 

Matelials 

(a) Test tube about 1.5 x l! centimeters. 

(b) Small beaker or cup with capacity some"Wbat greater 
than test tube. 

(c) 

(d) 

Ordinary micro-slide. 

Wire loop freshly flamed (Note: the loop must be a near perfect 
circle of about 6 mm diameter, and the wire should be of about 
27 guage, i.e. as fine as possible and still not easily bent in 
ordinary handling. 
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(e) 

(f) 

3'7 -

Brine: A 1:1 mixture of saturated aqueous solution of sodium 
chloride (sp. gr. l.~) a"nd magnesium suJ.:f'ate solution (sp.gr. 1.20). 
The specific gravity of the mixture must be not less than 1.20. 
Note: The NaCl need not be Chemically PUre but it must not contain 
StibStances added to prevent absorptinn of ~uter. 

Applicator or a sUbstitute. 

Procedure 

(a) With applicator transfer 0.3 to 0.5 ml faeces to a beaker, paper 
cup (or substitute), add l-2 ml brine, and camninute thoroughly. 

(b) Fill test tUbe wi til brine, empty it onto faecal suspension, and mix. 

(c) Pour back into test tube, filling it to just below lip. 

(d) Allow to stand undisturbed by strong air currents or vibration 
for 30-40 minutes. 

(e) Using freshly flamed wire loop, transfer material frem centre 
of surface t.o clean slide and spread into line not much -wider 
than loop. "Repeat once or twice, putting looped material along 
same line. Note: The loop must not be used like a dipper, Le., 
it is brought""to the surface from above aDd renoved without 
going below the surface. "Dipping" gives relatively poor results. 

(f) Examine immediately, scanning the uppt!.l' surface under low 
magnification (50 x is sufficient). 

4. Formalin-ether Sedimentation 

Materials 

(a) Formalin, la;, solution. 

(b) Ether, any standard grade. 

(c) Centrifuge tube, conical, 15"ml. 
(d) Gauze, 4-ply {or eguivaler.tl 
(e) Small beaker or equivalent (paper cup is ideal) 

(f) Applicatcr, or equivalent. 

(g) Pipette", 15 em or longer, with rubber bulb • 

(h) Sllde and coverglass (22 x 22 or 

(1) Centrifuge • 

22 x 30 tlIl1.) 



Procedure 

(a) With applicator, transfer 0.5 ml faeces to beaker (or cup), 
add 1-2 ml water, and comminute throughly, then add 10-12 ml 
wa ter, and mix. 

(b) Pour into centrifuge tube, rinse beaker, cover w.l.th gauze, pour 
suspension through gauze to beaker, discard gauze, and return 
suspension to tube. 

(c) Add water to fill tube and centrifuge at about 1000 rpm (about 
half speed) for one minute. Discard supernatant f'luie.. 

(d) Add about 1 ml formalin, "flick" tube to resuspend sediment 
(i.e., strike bottom of tube w.l. th the thumb of one hand .mile 
holding the top tightly v.!. th thumb and finger of the other), 
then add formalin to bring total volume to 8 ml and allow 
suspension to stand 10 minutes or longer. 

(e) Add 3 ml ether, stopper tube and shake vigorously for 15-20 
seconds. 

(f) Centrifuge immediately for 1-2 minutes at 2000 rpm. Note: 
At this time the suspension should have become sharplY--
se:pa.rated into four layers: ether at the top, fluffy sediment 
just below it, formalin next, and heavy sediment at the bottcm. 
If these layers are not distinctly evident the procedure has failed. 

(g) With a~ applicator loosen the fluffy layer and decant by turning 
the tube upside down. Reverse tube immediately and allow 
remaining small amount of fluid to flow to bottom. 

(h) With pipette, or by first mixing with applicator then pouring, 
transfer sediment to clean slide, add coverglass and examin~ under 
low (lOD x) magnification. Note: When the amount of sedJ.ment is too 
great for one pre:pa.ration, water can be added to dilute the suspensidn 
'Which may then be examined in two or more preparations. 

5. Formalin-Preserved Faecal Specimen 

Materials 

(a) Formalin, lcY% aqueous solution. 

(b) Vial, or small bottle, 8-10 ml, v.!.th screw cap. 

(c) Label for vial, adhesive, markable, water-resistant. 

{d) Applicator. 

(e) Pipette, 10 mi, analytical. 

, , 
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39 .ANNEX :; 

Pro~edure 

(a) Calibrate vial and attach label for identifi('.a.tion mark and for 
mea.surement of s];'ecimen by displacement. This is done as 1'ollow: 
With pipette put 4 ml of water in vial and mark bottom of meniscus. 
Add a further 1 ml of 'Water and mark bottom of meniscus. Measure 
distance between marks and cut label to have 'Width equal to that 
dimension and length eClual to 2/3 circumference of vial. Attach 
label to area between marks on vial. Prepare sUIlPly of vials in 
same manner, if unifo...""'lIl in dimension labels can be placed by 
height measurement only. 

(b) Fill labeled vial to bottom 01' label with lfi1, 1'ormalin. Note: 
T..is can be done 'With large supply of vials. 

(c) With appl:l~ator or other suitable implement add faeces to bring 
1'luid level to top 01' label. 

(d) Cap vial and shake vigorously to make even suspension of faec~s. 

(e) Add formalin to fill v.i.al and mark label to identify specimen. 

(1') At the laboratory, shake vial to get even suspension of specimen, 
transfer one drop to clean slide, add coverglass, and examine 
with microscope in nvrmal manner. 

Note: 1 - As one drop is about 1/20 ml and the specimen 
suspension is approximately a 1/10 dilution of 
faeces, the amount of faeces examined in one 
pre:pe.ration is approximately 1/200 ml. or 5 mg 
equivalent. 

For 1'ormed stools this suspension usually is 
too heavy for aecurate examination and therefore, 
must be further diluted either on the slide or in 
a separate vial. 

Note: 2 - 'When egg-counts are to be made, the proportions in 
the dilution should be exactly known, and all pro
cedures should be carried out .... i.th a knO'WIl (standard) 
degree of precision. 

Note: 3 - The formalin preserved specimen can be examined by 
the forzrelin-ether techniq.ue. To do this, transfer 
2-4 ml of the suspension (after shaking) to a 15 ml 
conical centrifuge tube, add formalin to bring the 
;volume to 8 ml, and pick up the procedure at s:tep 
'e" of section 4 • 
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1.1 Echinococcosis or hydatid disease is a zoonotic infection of 
worldwide importance. It is caused by the olosely related cestode 
parasites, Echinococcus granulosus and lh multllooularis. 'ItIe 
adaptablli ty of these parasites to an unusually wide variety of host 
species has made possible the broad geographioal distribution of the 
infection from north of the Arctic Circle to as far south Tierra del 
Fuego and stewart Island of New Zealand. Today hydatid disease is a 
medical and, to a lesser extent, an economic problem on all of the 
inhabited continents. 

The epidemiologioal study of hydatid disease has as its object 
the elucidation of those facts about the disease which are essential 
to its oommol. A multiplicity of host factors, environmental faotors 

~ and agent factors account for the observable patterns of distribution 
of the hydatid parasite and its transmission in any given area. 
Knowledge about all of these faotors is necessary in order to identity 
vulnerable points for practical attacks on the infection and to provide 
the baseline data essential to an evaluation of the control effort as 
it proceeds. 

1.2 Prevalence of Infection in Man 

In considering the local necessity for hydatid disease control, 
it is essential to determine, first of all, whether or not a public 
health problem exists. Comparatively speaking, the prevalence of 
symptomatic hydatid infection in man is not very high in most parts 
of the world. In fact, present evidence suggests that man is relatively 
resistant to infection. It is not generally its prevalence alone, 
therefore, that makes hydatid disease a publio health problem anywhere, 
but is prevalence in relation to the prognosis. 'ItIe present absence 
of chemotherapy and the seriousness and expense of surgical treatment 
heighten its importance as a disease. 

Statistics even approximatillg the true prevalence of hydatid 
infection in man are not presently available for any country. Publ!ished 
statistics usually are based upon the incidence o~ surgical cases only, 
and frequently only those for government hospitals. Reoperations are 
often inoluded with new cases. 

While mass miniature ohest radiography is a potentially useful 
tool for disclosing additional cases, it's value is limited by the fact 
that only approximately one third of hydatid cysts in man oocur in the 
lungs. Even so, extrapolations of prevalence figures can be obtained 
in this way. Mass radiologioal examination of a large segment of the 
population of one department of Uruguay, for example, suggests a to'Cal 
infection rate there of about 125 per 100 000. 
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The skin test of Casoni is presently of limited value for 
epidemiological surveys. Although its sensitivity is of the order 
of 90 per cent, the crude antigens cOlllllonly employed and variable 
technique yield many false positive results. However, recent work 
suggests that these difficulties may be overcome, at least in part, 
by use of partially purified antigens and rigid attention to tech
nique and to the recording and interpretation of test results. 
The indirect hemagglutination test is approximately as sensitive 
as the skin test (except for cysts of the lungs) and. in man, it 
is more specific. However. no epidemiological use has yet been 
made of the blbed-drop modifioation of this test, nor have dried 
filter paper methods or other newer sero.~ide~~og~cal techniques 
been evaluated in hydatid disease field studies. 

Suoh qualifications aside, inoidence rates for surgical cases 
are still of considerable value on a comparative basis in the 
eValuation of control efforts if they have been properly compiled. 
That is, new cases must be differentiated from re-operated cases, 
all hospitals Which perform major surgery must be included, and the 
p~per data must be collected. Information must include, for each 
patient, age, sex, oocupation, a residence history (as detailed as 
possible), operative history and, in some areas, religion or ethnic 
group, and history of dog ownership or other close contact. Where 
control measures are intended, echinococcosis should be made a 
reportable disease. 

Because of the variable asymptomatic period in Echinococcus 
infeotions. II age at operation II is a statistic of limited value. 
Attention to the younger age groups, however, suggests more olearly 
than any other measurable rate the risk of infeotion in a population 
in the comp~atively recent past. For example, age speoific surgical 
incidence rates from New Zealand (Table 1) indicate a progressive 

~1 

AGE SPECIFIC SURGICAL INCIDENCE RATES (per 100 000 population) 
for HYDATID DISEASE IN NEW ZEALAND 

Period I . Under 10 years 10 to 19 years 

1946-1949 3.6 I 4.8 

1958-1961 2.0 3.0 

1961-1963* i 
1.0 2.1 

* provisional figures 
I 

! 

decrease in human infections. It is a cOlIIDonly held belief that 
human hydatid infection is usually aoquired in childhood, but there 
is as yet no direct evidence that tbis is so. Some indirect support 
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for this contention is found. however. in the fact that approximately 
64 per cent of operations for hydatid cysts of the brain are on 
children 15 y.eam of age or less. '!be incubation period for hydatid 
disease of the brain is. presumably. of relatively short duration. 
In addition. it is known that mice below the age of sexual maturity 
are appreciably more susceptible to intra-peritoneal hydatid infection. 
than are mature mice. It is likely. too. that "the habits 1'bt oBUlken 
are such as to expose them more readily to the risk of infection. 

Occupational associations may be of particular importance in 
planning control efforts. An unexpectedly high level of infection in 
shoemakers in Lebanon. for example. led to a disclosure of the formerly 
comnon practice of bateing hides in a mixture of dog faeces and wntcr. 
a method of preparing leather which was once h use in many parts of the 
world. 

Residential history Is of considerable value except in instances 
of extremely mobile populations (1.e. because of the variable but often 
prolonged incubation period in the disease). It is sometimes possible 
to correlate geographical areas of high risk in man with areas of 
similarly high infection rates in dogs and possibly also with sign1ficant 
factors in the environment. 

Awareness of particular religious or ethnic group assoelations 
with infection. where they exist. may lead to useful approaches to 
control. In New Zealand, for example. a higher rate of infection among 
Maoris than "Europeans" is associated with the generally less satisfactory 
cond! tions for maintaining and feeding sheep dogs in most Maori areas 
and less satisfactory standards of general sanitation. On the other 
hand. a sign1ficantly higher rate of infection in Lebanese Christians 
as compared to Lebanese MOSlems is probably related dd:rectly to 
Moslem beliefs about the uncleanliness of the dog. beliefs that could 
be expected to aid in control efforts. Thus cultural practices of 
different segments of a population may be of considerable sign1ficance. 

History of dog ownership, or other ol~se contact is particularly 
useful for educational pu~poses· A study of former hydatid disease 
patients in Beirut has shown. tor example, that persons in that city 
who own or have owned dogs are at twenty-one times greater risk of 
acquiring hydatid disease than are non-dog owners. 

1.3 SpeCies of Host Involved 

If control is Justified by the extent of human infection. it is 
next essential to know for any given area what host: ether''tban omen 
are found infected in nature and. for each. whether they represent 
incidental infections only. and are therefore of 11 ttle epidemiological 
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significanoe, or whether they represent the active reservoi~of infection 
upon which the par.asi te locally depends for survival. Unilocular 
echinococcosis, as it exists in many parts of the world, involves 
principally a dog-sheep cyole. Other domestic species, such as cattle, 
swine and horses, can also serve as intermediate hosts and mayor may 
not play an important role in the maintaining cycle depending upon local 
circumstances of livestook husbandry and animal slaughter. The local 
significance of infections in population of wild ungulates, such as in 
Canada, Alaska, Siberia and parts of Africa. depends upon the densities 
of these populations, the prevalence of infection among them, the 
extent of intercourse between domestic animal and wild animal populations 
and the alternative domestic animal pathways available for perpetuation 
of the oyc1e. 

In addition to the variety of possible intermediate hosts, 
other carnivores than the domestic dog are known to harbour the adult 
stage of the parasite in some areas of the world. nats, in parts of 
Australia a dingo-wallaby cycle occurs, in Africa the hyena. jackal and 
Cape hunting dog all serve as definite hosts, and in much of the northern 
hemisphere the alveolar form of the disease is maintained Chiefly by 
foxes and microtine rodents. 

One important step in contemplating control, therefore, is a local 
faunal survey involving representative sampling of each possible host 
species. 

1.4 Prevalence of Infection in the Dog 

For most parts of the world the prevalence of echinococcal 
infection in dogs is the most readily obtainable index of the extent 
of infection in a local area and of the relative degree of risk of 
infection to man. Such prevalence rates may be obtained either by 
examining all available dogs or by drawing samples of dogs for 
examination. Preferably, both procedUres should be carried out but 
for quite different reasons. Because of the identical morphology of 
most taeniidova, finding of ova in dogs! stools is of no value in 
determining the prevalence of echinococcosis. 

Representative samples of dogs from cities, towns and farms 
within the control area shC\lld be available for autopsy examination. 
'!'h1s is the only certain way to make a diagnosis. The dogs should. 
if possible. be held for several days on a low residual diet and 
starved for twenty-four hours before examination. Adult, and parti
cularly immature, Echinococcus are difficult to detect. therefore, 
this examination must be undertaken by a competent individual. 

If serious control efforts are contempla ted, a complete 
survey of all dogs will also be required. '!his will be dependent 
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upon effective dog registration. The only available diagnostic 
procedure on a living dog is the administration of arecoline hYdro
bromide, restraint of the dog until it purges, and careful examina
tion of the complete purged specimen for mature and 1nmature 
Echinococcus. Bones and bulky foods should be withheld from the dog 
for several days before this examination is carried out. Because 
some dogs will not purge, a repeat examination may be necessary. 
Even so, the relative inefficiency of arecoline in removing Echino
coccus is such that many infections, particularly light cn8S, will 
be overlooked. An estimate of the efficiency of detection should 
usually be possible by comparison of the arecoline rates for local 
populations of dogs with the autopsy rates obtained from properly 
selected samples of these same populations. Because of this un
certainty, arecoline test results should best be reviewed as a 
"premises screening proC'edure", that is, an indicator ot premises 
(tarms, homesteads, etc.) on which conditions tor infection ot dogs 
exist. A continuous recording of infected premises by repeated 
arecolIne-testing of all dogs enables control authorities to pin
point problem areas and. ultimately. problem do{/: owners. 

1.5 Prevalence of Cystic Infections in Domestic Animals 

Measurement of the prevUence of cystic infectleDS in 
young, market sheep (or, occassionally, of cattle, or swine) is the 
most reliable indicator of the extent of recent environmental 
contamination with Echinococcus eggs in a given geographical area 
Infections in old enimllls give little indication of recent conditions. 
However, at least two difficultIes arise in the proper collection 
of much statistics. The first concerns diagnosis. The proper 
examination of sheep requires a thorough post-mortem 1nsp~ctlon of 
at least the livers and lungs. '!his cannot be done as part of 
routine meat inspection because of the thoroughness of examination 
which is required to detect all cysts and the diffieul ties in 
differentiating young liver cysts of ~ granulosus from those of 
Taenia hydatigena. A second difficulty is related to the marketing 
and slc.ughtering routines themselves. The killing lines in large 
slaughtering establishments move so rapidly that, even with several 
examiners present, only every fifth or tenth animal can be selected 
for proper insreetion. It is necessary too, that the livers and 
lungs examined be related to the carcasses from which they came and 
the carcasses identified as to their sources. In some establishments, 
this is difficult or even impossible under the routines followed. 
For many countries, too, market lambs and sheep pass through several 
hands betweenthe farm and the slaughterhouse and to trace infected 
animals back to their sources is nearly impossible. 

For these reasons, available statistics on livestock 
infection rates for different countries are useful or useless depending 
upon the tborougbneas and the reliability of the procedures by which they 
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were obtained. For example, in Lebanon most of the sheep slaughtered 
in the larger abattoirs have been imported alive from a. number of 
neighbouring countries. 'lhe source of any one group of animals cannot 
be identified on the killing floor. Even though infection statistics 
have been carefully determined for such animals on several occasions 
and recorded in the literature they give no indication of the extent 
of exposure wi thin the country. In Lebanon, swines are the only 
slaughter anLbals produced solely within the country and therefore, 
the only possible indicator of the local extent of livestock infection. 

1.6 Environmental Factors 

Factors such as topography, climate, soils, vegetation, system 
fo agriculture and animal msbandry, and the like may influence both 
the host and the parasite in epidemiologically significant ways .. 
For example, topography may determine the degree of isolation of infected 
and non-infected premises, hence the practicality of local quarantines. 
Climate and soils will influence not only the system of agriculture and 
husbandry followed by the ability of Ech1nococcus eggs to survive during 
their free-living existence. The type and extent of vegetation will 
determine the importance of animal husbandry as an industry, the types 
of animals maintained, the livestock-carrying capacity of the land and, 
hence, the relative concentrations of animals, the closeness of contact 
of grazing en1mals with contaminated soil and the extent to which soil 
is contaminated by work dogs. 

Very little is known about the survival and availability of 
!. granulosus ova under different environmental conditions. Recent 
work has shown that eggs of the relative parasite, Taenia ovis, are 
resistant to 30 hours~ exposure to ultra-violet radiation i~ey are 
maintained in a moist state. The resistance to dryness of the eggs 
of different species of taeniid tapeworms varies considerably. Those 
of 1:. hydatigena, for example survive humidity for seven days while 
those of !. pisiformis are killed in fifteen minutes. Present evidence 
suggests that the resistance to drying of !. granulosus eggs resembles 
that of !. pisisformis, that is, they are quite susceptible to drying. 
Within the range of non-lethal temperatures, longevity will almost 
certainly always be greater at lower temperature, at least in the 
temperature range above f'reezi:lg. In the low temperature,range, 
of E. multilocularis have survived fifty..four days at 260 Centigrade. 

One field study has shown that, at the end of the four-month 
winter period in a quasi-continental climatic region of New Zealand, 
some eggs of !. granulosus seeded on a pc.sture were still available 
and infective to grazing sheep. These eggs were on a pasture composed 
of 10 to ~ bare ground and were expOSed to conditions of dryness 
(three inches of rain) and repeated freeztng and thawing. After 
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eggs were still infective when fed to sheep, they no longer were 
available to grazing animals on the experimental pasture. It is 
likely, too, that high winds typical of the region carried off many 
of the eggs under these field conditions. 

In another region of oceanic climate in New Zealand, a twenty
seven inch rainfall on a dense pasture sward spread over four months 
of rain over a period of a year carried the eggs sufficiently far 
into the soil with the gravitational water that they were not availa
ble to grazing animals. '!hese results suggested in excessively wet 
areas, where grass growth is only a few inches a year and the carrying 
capacity is low, however, rotational grazing periods of about a year 
might be of some use. These observations in New Zealand suggest a 
fairly broad zone of tolerance for.E. granulosyS. eggs but they give 
little indication of the factors which cause the eggs to die. 

In any control effort it would be worthwhile to seed fenced 
uncontaminated pasture plots with known densities of viable !. granuloSUS 
eggs and to determine the periods of their survival and availabUity 
to grazing sheep under the range of local climatic condi tiona. 

While it is presently impossible to d1fferent~te morpbolos1cally 
between the eggs of Echinococous and other taen1id tapeWormS, ·stud1es 
on the extent of natural fecal cont8lllination of soU and vegetables by 
taen1id ova are also valuable. Educational use can be made of such 
statistics in that they indicate the degree of fecal contamination by 
dogs (or by man in areas in which :E. sol1um or :g. saginata also occur). 
In some sections of Beirut, Lebanon. for ex8lllple, systematio examination 
of street dirt have revealed taen1id ova in up to ~ of samples. UP 
to 34~ of the s8lllples of salad greens bought at local IJI8l'kets where 
similarly cont8lllinated. 

1.7 Agent Factors 

In ad.d1 tion to determining the host range for Echinococcus 
in any given control region, it is necessary to determine, too. 
whether or not strain d1£f'erences exist in the parasite itself which 
limits its infectivity to certain speCies of hosts. It is now known 
that E. multllocularis, the parasite responsible for alveolarbydatid 
disease, can be distinguished morphologically from !:. granulosus in 
the adult stage. Its definitive hosts are the fox and dog and its 
nor-mal intermediate hosts are various species of miorotine rodents. 
;'omewhat less clear than this are the existence of strains (or 
subspecies ) within the species respons1bl.e :for un1.l.ocular infections. 
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The most clearcut example concerns ~ granulosus of horses in Great 
Britain and possibly elsewhere. This parasite matures in foxes as 
well as in dogs and infects sheep with some difficulty. On the other 
hand • .!:. granulosus from sheep will not mature in foxes and. at least 
in New Zealand. will not infect horses. Similar differences in in
fectivity to hosts may possibly be evidenced by the strain of ~ 
granulosus responsible for the wolf-moose cycle in North America 
or for mature infections in the hyaena. jackal. and Cape hunting 
dog (Lycaon piotus) in Africa. Differenoes between parasite strains 
may also occur in South America and Asia. In consequenoe. in areas 
where sylvatic cyoles exist. some or all species of domestic animals 
may be resistent to infection and the susceptiblli ty of man may also 
vary to different strains of the parasite. Suoh information. of vital. 
importance to the proper direction of control efforts. can only be 
obtained by experimental. cross-Uf'ections carried out with material 
from different local. host species and subsequent morphological studies 
of any parasite variants which are disclosed. 

2. HYDATID DISEASE CONl'ROL 

2_1 Ectnca.~ion and, remuatioh Mrltlvation 

Theoretically it is a simple matter to eradicate hydatid 
disease from most countries. '!'he disease would disappear if dogs 
were prevented from eating the raw viscera of sheep and other infected 
livestock. However. the practical difficulties in accomplishing this 
indicate that hydatid disease control is a problem of people rather 
than merely of dogs and sheep. As hydatid control is s problem of 
people rather than merely of dogs and sheep. As hydatid control is 
largely a question of people's determination. it is reasonable to 
ask to what extent it is possible to educate people to the dangers 
of the disease and to motivate them to do something about it. This 
question 1s answerable in part by the experiences or control authori
ties in Iceland and New Zealand. 

In the mid-19th century an estimated one in every six persons 
in the population of Iceland harboured hydatid cysts; one autopsy 
series in 1905 of 86 individuals dying of other causes disclosed 
hydatid cysts in 26%. Approximately. 28% of dogs were infected. 
Records of comp1d.sory human autopsies between 1932 and 1950 indicate 
the downward prevalence trend shown in Table 2. A single fatal. 
case of hydatid disease in a twenty-three year old woman was seen 
in 1960. This was the last recorded case in man. Examination of 
25 000 sheep between 1948-53 revealed only two infections, both from 
the same farm. and no infections were detected in 200 dogs examined 
post-mortem between 1950-57. For all practical purposes the 
disease disappeared. 

-. 
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PERCENTAGE OF 2'Zl2 AU'roPSIES REVEALING IM>ATlD 
CYST IN REYKJAVIK. ICELAND. 19'_2-1950. 

Year of Birth I Persons with 
of Deceased I Hydatid Cysts I 

1841-60 15% 
1861-70 22% 
1871-80 15% 
1881-90 .3% 
1891-1900 rfI, 
1901-10 rfI, 
1911-20 1% 

Most Icelandic authorities credit an intensive educational 
campaj,aD with the greater share of this ~able accomplishment~ 
1b1s effort began in 1863. when. Professor Harald Krabbe of the 
Royal Veterinary College in Copenhagen was appointed chief adViser 
on hydatid disease prevention to the Icelandic administration. A 
popular p8JllPhlet on the nature and cause of the disease~ the lU'e 
cycle of the parasite. and the means of prevention was prepared 
by Krabbe and distributed free of charge to every family in Iceland. 
An educational campaign was also begun in the schools. Essential 
:l.nfOI'll1\ tion about the disease and the parasite was introduced into 
all natural science text-books. Special lessons on the prevention 
of infection in dogs and sheep were given to students throughout 
their school years. By the time Krabbe ended his serVice to the 
Icelandic government in 1890, Icelanders had becane cOmpletely 
familiar with the disease and its prevention. Except for the igno
rant, the callous and the lazy among them. they had voluntarily 
taken measures necessary to eliminate the disease. '!he data in 
Table 2 suggest that by the time compulsory measures were enacted 
in 1890. the prevalence of human infections had already undergone 
a dramatic decline. 

'!be New Zealand control programme. st:1ll in progress. provides 
a ruz.ther example of the use of education in hydatid. control. Like 
Iceland. New Zealand is a pastoral country, perhaps the most highly 
productive and advanced pastoral society yet known ... With a total 
human population of 621 150 in 1891. the known rate' of hydatid 
infection in New Zealand (surgioal oases in public bOsI>1'talsonly) 
was 6.9 per 100 000 persons per year. For 1944 to 1953. this rate 
was 7.5. but undoubtedly these figures represented only a small 
traction of the actual prevalence of human infection. '!he pre
valence of infection in old sheep in 1958 was 42 ... 4% and. in dogs, 
from 5.6 to 37.3 % in l'IlI'al areas. '1he populations of sheep and 
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dogs were then 40 255 488 and apprex1matelY 200 000 respectively 
(of which 178 267 dogs were registered). 

Sporadic educational efforts to acquaint New Zealanders with 
the danger of hydatid disease cormnenced in 1914. In 1939 an act 
was passed to provide for free distribution of arecoline hydro
bromide tablets to owners of all registered dogs (enough for treat
ment of every dog every three months). 'Ibis educational campaign 
was partially discontinued durtng World War II. 

Further legislation enacted in 1940~ made it illegal to feed 
raw sheep viscera to dogs. but for some time it'was apparent that 
farmer compliance Was very far from complete. ,1be reason for this 
lack of compliance was that in New Zealand a farmer and his son 
and perhaps one sheperd may run 3000 sheeps with "the help of ten 
to fifteen dogs. 1bese dogs are fed on sheep butchered on the farm 
for that purpose as well as on the viscera and trimmings from animalS 
killed for the table. It was impractical. or so it seemed to the 
farmers, to abandon this supposedly economical practice and, as a 
result, many farmers failed to comply with the law. 1be New Zealand 
farmer is an individualist and not given to the following directions 
unless he is convinced of their merit and practicality. Another 
difficul ty in control was that dogs were even used to work the sheep 
inside the large, sheep-slaughtering abattoirs and refrigerator 
export plants. 

After the war it became obvious to those c~ed with the 
hydatid disease control programme that a far more concerted effort 
would be required if any sort of success were to be registered. At 
that time considerable impetus came from an unexpected source. '!he 
Medical Director of the New Zealand SOCiety tor Health of Women and 
Children gave a series of public lectures to farm wiveS in different 
parts of the country which stressed the dangers of hydatid infection 
to children. In addition, a renewed educational campaign was ~:egun 
in 1956 by the governmental veterinary authorities. '!he realization 
by ~armersl organizations of the importance of the hydatid disease 
problem was achieved through this propaganda plus a governmental 
restriction which was placed upon the export Of'Sheep and cattle livers 
(following the detection of hydatid cysts in livers exported to 
England) • 1be estimated economic loss to the farmers from these 
condemned organs alone was estimated at over 4 million dollars. Faced 
with this economic loss and a conside-rable health risk to their 
families .. the New Zealand f~rs themselves took the initiative in 
setting up, unde:o the eJTe of the government, a system of voluntary 
hydatid disease eradication c0lllD1ttees throughout the country. A't 
the time this farmer-initiated development took place, the gove~ 
ment established a National HYdatid Committee in an advisory capa-
ci ty to the M:1nister of Agriculture and later a Hydatids Eradica-
tion Council, with responsibility for control. 

-, , 

T 
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The local farmer hydatid comm1 t~es selected, hired, paid, and 
equipped a Hydatid Control Officer for each local district of 
approximately 3000 dogs. Training oourses for these officers were 
set up by the National HYdatids Council and training was oarried 
out by the Departments of Agriculture and Health and the Jtrdatid 
Research Unit of the New Zealand Medical Research Council. One 
hundred and nine Hydatid Control Offioers were working by 1961 and 
others were in training. In addition to this activity. the tarmers' 
hydatid committees distributed educational materials, met regularly 
to plan their local campaigns against the disease, and pAliced their 
own delinquent members fOr compliance. 

'lhe principal features of the New Zealand hydatid disease 
eradication programme are as follows: 

1. All registered and registrable dogs (all over six months 
of age) are recorded. 

2. As a diagnostic procadnre, all dogs are given areooline 
hydro bromide at central dosing sites three times a year 
by HYdatid Control Officers. Dogs are retained until 
they defecate. 

3. These stools are colleoted in individnal plastic containers, 
preserved with formalin and shipped in special metal boxes 
(often by air) to a National Hydatids Testing Station. 

4. In the Station the stools are individually washed in a fully 
automatic maohine to remove fecal material from the worms, 
and the tapeworms in all stools are identified as to species. 

5. A report of findings is forwarded by the Testing Station 
to the local Control Officer. 'lhese local authorities keep 
card files on all dogs. 

6. Positive dogs are given an individual repeat test with arecoline. 
Authorities accept repeated infections as evidence of feeding 
of raw entrails and are empowered to seize the dog or take 
any other appropriate action. 

From July 1959 until M~ 1961, the New Zealand National Hydat:1ds 
Testing Station examined 677 739 purged dog stools. The over-all 
prevalence of infection with taeniid tapeworms was: E: granulOSUS, 
2.45)%; Taenia~datigena, 5.99%; Taenia ovis, 0.54%; Taenia 
pisiformis, 1.; Multiceps spp., O.l~;-a.nd unidentified taeniids, 
2.28%. 

The technical key to the New Zealand hydatid disease eradication 
effort is the educational use of arecoline hydrobromide as first, 
a diagnostic aid, and second, as a therapeutic agent. In this w~. 
the farmer who feeds raw offal becomes known to his fellow farmers 
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as a threat to their families and their uninfected animals. '!he 
pressure upon him to guarantee that his dogs are fed only carcass 
meat or prepared foods and that all viscera are effectively burned, 
boiled, or buried is brought to bear simultaneously by his peers 
and by the authorities. Farmer initiative is thus the social key 
to the New Zealand effort. And last and undoubtedly important from 
the standpoint of final success, a skillful educational effort has 
succeeded in making Taenia hydatigena eradication the real goal 
of the campaign. T. hydatigena, well known to the New Ze&l.and 
population as the "false hydatid", while not i tsel! a parasite of 
man, is perpetuated by the same sheep-dog cycle as 1s Echinococcus. 
In addition, 1.:.. hydatigena is more easily transmitted to dogs by 
careless handling of sheep viscera than is ~ sranulosus, and it 
reaches the infective stage in sheep muoh earlier than does the 
latter. By directing public attention to eradication of this closely 
related, more prevalent, more easily transmitted, but less important 
cestode, the rationale is that hydatid disease will have completely 
disappeared from New Zealand quite some time before eradication of 
L. hydatlgena is approached. The fact that every New Zealand 
fanner can recite the principal features of hydatid disease epidemio
logy and control is proof of an unusually effective health education 
effort. 

A similar effort is now in progress in the Australian state of 
Tasmania. That programme is the result, in large measure, of an 
initial one-man educational campai8n by a general medical practitioner 
from the village of Campbell Town. 'Ibrough his efforts, a sixteen 
l118111ber voluntary organization, the Tasmanian Hydatids Eradication 
Council, has been set up as the parent organization for a networil: of 
local voluntary hydatid committees. '.!he funotions of the Council 
and the voluntary committees are to conduct an educational campaign 
among dog owners, to urge fanner co-operation with the control 
programme, to act in an advisory oapac! t7 to the Department of 
Agricul ture! s veterinary service (which is responsible for the tech
nical conduct of the progranJlle) and in other ways to serve a liaison 
function between the Department and the population. 

It might be instructive to give a few details about a typical 
Voluntary COlllllittee in Tasmania. '!hat in the rural cOlllJlUIl1ty of Bothvell 
consists of t1relve ;neLlbers imd has been accorded offic1al status 
as a subcommittee of its local town council. '!heir cumulative 
experience with hydatid disease suggests their interest in the 
problem. Of the twelve members, one had a son who had been operated 
on for hydatid cysts, another a sister and a third a sister-in-law. 
'!he Bothwell committee serves an area containing abeut l~ persons 
living on sixty to eighty fanns and owning approximately 600 dogs 
(:}82 of which are offioially registered). Six cases of lnunan hydatid 
disease have occurred recently in the Bothwell district and l~ of 
local dogs were found infected with Echinococcus sr8ll1llosus in a single 
examination conducted in August 1965. 

p' 
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The Tasmanian control programme consists of a continuing 
educational campaign by the voluntary council and the Department 
of Agriculture w!th emphasis upon: 

(a) the importance and the mode of transmission of hydatid 
disease in Tasmania, with the chief aim of getting dog
owning sheep farmers to feed dogs on other food than the 
viscera of farm-killed sheep; 

(b) the building of proper slaughter sheds, offal disposal 
pits and kennels on farms in order to reduce the risk 
of accidental infection of dogs; 

(c) the elimination of surplus dogs and proper control of 
all necessary dogs; 

(d) prompt burial or disposal of dead sheep. 

'!he technical aspect of the progranllle 1s ooOducted by the 
Department of Agriculture and consists of: 

(a) basic epidemiological research, 
(b) periodic mass examination of all Tasmanian dogs for 

echinococcal infection. These examinations are conducted 
by two-man hydatid control officer teams, of which there 
Will ultimately be ten such. Each team has a mobile 
trailer (caravan) laboratory well fitted ~ ~c8m7 0Irl; 

diagnostic examinations in the field. 

The diagnostic procedure is a slight modification of the field 
method for use of arecoline as developed in New Zealand. Farmers 
in each area bring their dogs at an appointed time to one of a number 
of fenced and marked "dosing strips" maintained by the Department 
throughout all inhabited parts of the island. After dogs and owners 
are identified, the dogs are staked out and administered arecol!ne 
hydrobromide. The purged stools are collected in individual stain
less steel containers. 

In the mobile laboratory, water and kerosene (to reduce frothing 
and odour) are added to each specimen which then is boiled to kill 
taen1id eggs and to break up the feces. The specimen is strained 
and decanted, ultimately through a 100 mesh sieve. Examination is 
carried out in a shallow black pan in good light and results recorded 
for E. granulosus. large taen1id tapewonns, and Dipylidium. A 
report is given to the owner before he 1s allowed to remove his dogs 
from the "strip". The 8.!"'cas in which infected dogs have defecated 
is then burned over with a flame thrower. 

2~2 Legislation and Administrative Organization for Control 

From the experience of many countries it is safe to conclude 
that it is impossible to legislate a disease out of existence. As 
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obtious as this might seem, it is unfortunate to note that the efforts 
of some countries against hydatid disease consist entirely of legis
lation and often legislation of an unrealistic and ~enforcable 
nature. 

An eradication or control programme against hydatid disease 
~t be designed with well-defined sta;es of progress. The first 
stage should be largely voluntary and educational but facets of it 
should" "became compulsory after they are fully understood and appre
ciated by the population and, in particular , when the fullest extent 
of voluntary complIance has been achieved. 

Each successive stage in the programme should be defined by a 
decrease in the rates of infection in dogs ~or sheep to levels 
which have been set provl~sly. Recognition of progress by designa
tions such as "accredited pre-eradication district" or the like are 
of both practical and psychological importance. In such a step-
wise programme, each control district progresses independently of 
the others at its own speed and the results of this progress are 
we1l publicized. At different stages of progress certain measures 
must become ~ intensive; practices formerly condoned are hence
forth absolutely prohibited and, finally, as the problem in any one 
control district centees down to a few problem farms, a "clean-up 
squad". made up of the most experienced among the control workers, 
enters thO district to undertake whatever intensive measures are 
required to stamp out the disease on these particular farms. In 
many respects the percentage of infected farms, not the percentage 
of infected dogs, is the important statistic. As an individual 
dSetrict becomes hydatid-free, 1 t should be protected by quarantine 
in so far as possible against the import both of sheep and dogs from 
the remaining infected areas. Should farmers in a few distriots tend 
to linger in the programme, the legislative pressure by their farmer 
peers from hydatid-free distriots should be such as to suggest inoreas
ingly costlier fines or other deterrent measures so as to penalize 
laggards who are obviously faiting to~ep paoe with the programme 
as a whole. Hydatid-free distriots could perhaps be given the advan
tage of alleviation of their tax responsibilities for the overall 
programme. In every way possible attempts should be made to link 
progress or laok of progress to the pocket book of the individual 
dog-owner. 

It has been true of every disease control or eradication effort 
anywhere that a programme whioh drags on slOWly year after year 
without making stepwise progress rapidly forfeits pUblic support 
and interest. 

Experience in lGeland and New Zealand has shown not enly the 
considerable 1n1 tial value ot a voluntary eduoational prograDllle. but 
also the fact that not all members of the oommuni ty oan be expeoted 

-. 
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to comply in an entirely voluntary effort. It is essential, there
fore, that the necessary legislation be enacted. 

In Iceland, most voluntary features of the hydatid control 
campaign became compulsory in 1890 through enactment of a hydatid 
disease eradication law. That law imposed a tax on every dog, 
forbade the feeding of sheep or cattle offal to dogs, and required 
that all dogs be treated with an approved vermifuge once a year. 
Subsequent revisions of the hydatid disease eradication law banned 
all dogs from cities (except for those owned by diplomats!) and gave 
rural communities the option of limiting or prohibiting dogs. ~ 
tax for dogs owned by sheepmen and cattlemen was im reased to about 
$2.50 per dog. For all other dog owners the tax was $25.00, an 
amount large enough to be a burdensome figure for most people. The 
fines for not burning or burying sheep or cattle entrails containing 
cysts and for feeding entrails to dogs were set at the high figure 
of $70 to $140, with tre informer receiving half of the fine. By 
1918, when slaughterhouses had been built throughout Iceland, dogs 
were refused access to them by law, cysts disclosed in butchered 
animals were burned, and the killing of sheep outside of the slaugh
terhouse was prohibited. 

In New Zealand, the Jtrdatids Eradication Act passed in 1959 
established a National Hydatids Council with representation by the 
following groups: the governmental Departments of Agriculture and 
Heal th, the Federated Farmers of New Zealand, the New Zcaland 
Counties Association, the Municipal Association of New Zealand, the 
New Zealand Kennel Club, the New Zealand Federation of Young Farmers' 
Clubs, the Medical Research Council, and the New Zealand Veterinary 
Association. The National }trdatids Council was given all powers in 
measures for hydatid disease eradication. The Council levied fines 
of up to $560 for the feeding of raw entrails to dogs and up to $140 
for failure to comply with or obstruction of any of the regulations 
established by the Council. 

The New Zealand experience in establishment of a representative 
extra-ministerial }trdatids Eradication Council to direct its ca~pa1gn 
has pointed out both advantages JU1d disadvantages of a broadly based 
representative-type organization which, of necessity, consists in 
part of persons technically unqualified. This type of organization 
would appe~ to function better in an educational and advisory capacity 
than in a directing or administering capacity. Weaknesses of complete 
dependence upon such a Council and voluntary committees in New Zealand 
are several. For one thing, the quality of HYdatid Control Officers 
hired by different local committees has varied in the ext::,'eme and, 
in effect, the best qualified men among them have been asked to work 
themselves out of a job as quickly as possible. Educational progress 
has also varied from area to area and even the technical approach to 
dog testing has shown considerable latitude. 
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~h() Tasmanian con_trol prograw::ac, as outlined ai:.ove,attemp'J;.s to avoid 
these liabilities by empowering a voluntary, broadly representative 
Hydatids Eradication Council with educational, motivational and advisory 
functions, while assigning to the veterinary division of the governmental 
nepartment of Agriculture the technical and administrative responsib1l1ties 
for the campaign. Hydatid Control Officers of a more uniform quality 
can thereby be offered career appointments in the Department irrespective 
of the rapidity of progress of the hydatid campaign. In addition, the 
campaign itself benefits from the service of supervisory and laboratory 
personnel already experienced in disease control efforts. 

2.3 Dog Control 

A measure against hydatid disease of obvious effect under most 
circumstances would be the complete elimination of dogs. ~s is generally 
impractical, not only because in many important hydatid areas working 
dogs are of considerable economic value, but also because to many people 
dogs are of sufficient sentimental value as to prevent their el1m1natio~ 
Even in Moslem countries, where the dog is regarded as an unclean animal, 
appreoiable numbers are kept for working sheeP7 for guard purposes and 
fOr hunting. Complete dog elimination has been the principal feature 
of control only in the focus of alveol3r infection on Rebun Island in 
Japan, although during the later stages of the Icelandic campaign dogs 
were completely banned from cities. 

stray dog elimination, however, is always possible and sholld be 
rigorously carried out as one of the first steps in any hydatid control 
programme. '.Ibis requires that all owned dogs be registered by law at 
an early age and that they be kept under strict control (i.e. proper 
housing for sheep dogs to prevent theirescape, leashing or kennelling 
of city and town dogs, etc.). Dog elimination and control are essential 
features of rabies control programmes in areas wbere both diseases occur. 
The dog registration fees which are collected should be used in support 
of the control programme. 

In addition, deterrent legal penalties should be imposed for 
deliberately fe~ dogs on the raw viscera of sheep (or other host 
species) or for carelessness in allowing dead sheep or their viscera to 
remain unburied or undestroyed. Penal ties should also be imposed for 
matnta1n1ng dogs under inadequate control. 

1 '!he following are from the Had! th or Sayings of the Prophet: 

If dog drinks from your vessel, you must wash it seven times. 
Angels do not enter a house where there is a dog. 
The ene who owns a dog which he is not 2ble to replace by planting 
or by cattle, his production decreases everyday by one hirat. 
'!he Prophet has ordered the killing of dogs, except for a hunting 
dog or a sheep or cattle dog. 

I' , 

\, 
II , 
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Hydatid disease has never been eliminated or effectively 
controlled through a programme based solely or largely upon voluntary 
or mass treatment of dogs. A 2O-year effort to accomplish this in a 
small area (the Styx) of New Zealand culminated unsucoessfully in 1963. 
There are probably several reasons for the ineffectiveness of this 
approach. First, is the absence of a satisfactory drug. Arecoline 
hydrobromide, the drug most used against Echinococcus, is a taeniafuge 
of erratic perfomance even in the same dog. Seldom does it remove 
all parasites with a single dose; up to 6 repeat doses being required 
to clear many dogs. Second, even if arecoline were effective and con
sc1entioaaly used, the probability under many conditions of almost 
inrned1ate re-exposure obviates most of the advantage gained. Third, 
the reproductive capacity of Echinococcus is so great that very few 
infected dogs are required to heavily seed the environment. This has 
been borne out clearly in New Zealand Styx experiment referred to 
above, where in apparent virtual absence of infection in dogs, some 
sheep in that area still bccrune infected. 

Dog treatment may, however, be an important adjunct to a control 
progr8llllle which is based chiefly upon farmer education. Mass diagnostic 
testing with arecoline, as carried out in New Zealand and Tasmania, no 
doubt has some effect on t he prevalence and inteosi ty of infections in 
dogs. Period1c conscientious treatment with arecoline of pet dogs which 
are fed on prepared foods also make good sense in proteoting an indiVi
dual family from the possibliity of accidental infection of their pet. 

With the possible development of better drugs than arecoline 
against Echinococcus, as now appears hopeful, more efficient chemothera
peutic tools may become available to control authorities. These 
may be of particular value in heavily infected areas where an intensive 
educational campaign has failed to produce expected results (e.g. some 
of the Maori areas of New Zealand) or, possibly, in the tenninal stages 
of an eradication campaign in an effort to direct all available weapons 
simul taneously • 

2.5 Miscellaneous Adjuncts to Control 

The mass treatment of sheep might present a feasible approach to 
hydatid disease control under certain conditions of animal husbandry. 
Research on this problem is in early stages and, to date, no such drug 
exists. Present ability to serially passage fertile unilocular oysts 
1n rodents, however, has provided for the first time the experimental 
situation for mass drug screening. 

The possibility of immunizing sheep is also intriguing and 
encouraging, laboratory progress has been made in this direction. 



)TR/Helzn1nth/2 
page 18 

As in chemotherapy. however. the time is probably quite distant 
When such measures would have practical field application. 

A very useful adjunct to control would be the development of 
an effective ovicide. a chemical which. during relatively short 
exposure at practical concentrations, would kill Echinococcus eggs. 
Such a substance is not yet known; in fact, the eggs of Echinococcus 
(and related taeniids) are remarkably resistant to all common 
germicides (e.g. formalin. "lysol", alcohols. sodium hypoohlori te. 
iodine, compounds, etc.). 

Changes in sheep husbandry practices may. in local circumstances, 
play an important role in hydatid control. In Iceland, for example, 
the widespread practice of keeping milking ewes was discontinued in 
1920. During progress of the Icelandic campaign the slaughter age 
for market sheep was reduced from four to five years to four to 
five months. The shorter period is insufficient for hydatid cysts 
to reach the infective stage for dogs. Needless to say. the 
possibilities afforded by changes ~ch as these should not be over
looked. 

3. SUMMARY 

'!he necessary epidemiological. studies preparatory to control 
efforts against hydatid disease include investigatio~ of the 
multiplicity of host, environmental and agent factors responsible 
for local. patterns of transmission. Neglect of this important pre
requisite to control can only lead to a variable amount 
of misdirected effort and to the absence of base line statistics 
against which progress in the control effort can be assessed. 

HYdatid disease control programmes based principally upon 
anthelmintic treatment of dogs and unenforced or unenforceable 
legislation have universally failed and are a waste of public funds. 
Present experience indicates that successful control requires a 
lengthy period, probably ten to twenty years, of intensive health 
education and motivation at the local level plus a well directed 
and co-ordinated teohnioal programme directed at stray dog 
elimination. dog control. dog feeding and slaughtering control. 
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1.1 ~idemiology 

1.1.1 Distribution 

1. BILHARZIASIS ( SCHIsrOSOMIASIS) 
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Among the species of Schistosoma which cause disease in man, only 
S. ~aponicum is endemic in the Orient -- China, the Philippines, Japan, 
Thailand, Indonesia and China(Taiwan). 

In Mainland China, endemic foci exist in eleven provinces and it has 
been estimated that among approxi'.1ately 100 million persons living in the 
areas, 10 million are infected. 

In the Philippines, there are endemic areas on six islands: Luzon, 
Leyte, Samar, Mindoro, Mindanao and Bohol. It has been estimated that 
apprQXimately a million persons inhabit the endemic areas am some 
250000 are infected (Pesigan ~ al. 1958). 

In Japan, there are five endemic areas: the Kofu basin (Yamanashi 
Prefecture), Tone river valley (Chiba, Baitama and Ibaraki Prefectures), 
Nmnazu district (Shizuoka Prefecture), Katayama distr:j.ct (Hiroshima 
Prefecture) and Chikugo river valley (Saga and Fukuoka Prefectures). 
It is now estimated that approximat~y 340 000 persons inhabit the 
endemic areas, 100 000 of whom have bilharzia infection. This is about 
one-tenth of the number of cases of fifteen years ago (Okabe, 1961). 

In China(Taiwan), authentic indigenous human cases have never been found, 
although Schistosoma japonicum infection has been reported in domestic 
animals as well as in the intermediate host, Oncomelania formosana, 
in Changhua, Kaoshiung, and Ilan Hsiens. 

In Thailand, the first human case of bilharziaSiS was reported in 
1959 (Chaiyaporn et al. 1959). The patient was a farmer who had lived 
all his life in a-viIIage in Rakornsrithamaraj Province in the southern 
peninsula and had never been out of Thailand. In the same area, fifty
three cases 'fere found among 2667 people who were exim;Lned by intradermal 
test, rectal biopsy and stool examination. In all cases eggs were passed 
in the rectal tissues; eggs were found in the faeces of only three. 
Although the ~ggs were relatively small, because of the shape and micros
copic appearance, they were believed to be §.. japonicum. The vector 
snail was not found. 



In Indonesia a focus of infection was found in the Pal.oe district. 
near L1nd.oe Lake, Celebes in 1937 (Brug and 'lesch, 1937). More reoent 
informat1on: 1s not available and the snail vector 1s not known. 

In Laos. an autochthonous case of ~. Japonicum in the 1nC1.genous 
population living along the Mekong river on the border of 'lha1land was 
reported by Ga1llard (1957). However, recent surveys failed to reveal. 
bllharziasis in man. or snails in the areas along the Mekong river in 
Laos (Ito. 1961). (Yokogawa. 1962) or Caillbod1a (Ito, 1961). 

1.1.2 Intermediate hosts 

1he molluscan host of E!.. J aponicum are small operculate snails of 
the genus Oncomelania. In Japan the host 1s Q. no'!ophora, a smooth
shelled form; i'l ~~iillc.rld C.·LUl., it is e iib-s'.1ell€:d O. ~lLneasis; in the 
Phll1pp1nes it is Q. quadrasi with a smooth» POlnted Shell ana in Chi.::w 
(Tai"l-mn) i 'c is O. f:mJosana. 

Recent studies on the morphology of Ot~c:r.:elell:!:e :mve S:10WLl that 
the shell characters vary in general. with environmental. cond1 tions and that 
the radular denticles show no fixed formula. Furthermore. it 1s quite 
interesting for the taxonomy ·OEcoL1elann;, 'GilA'" e:::perimental crosS
fertll1zation tests among all fOUl' species were successt'Ul. (Komiya ~ al.., 
1958, Wagner, 1959). 

It has been suggested that the vector snails are subspecies cf 
Otlcanelania., hupensis and therefore, sheul.d be named Q. hupensis blpens1s of Ma1n
l.a!x!'lCbNle o. hupensis nosophora of .Japan, O. huPE;nsis l{Uadrasi of the 
Ph:ll1pp1nTs and o. hUpens1s formosana of Clliila(Tai1ian), ·(D~e'ris,1965) 

'!he young snalls live in water but when mature they become amphi
bious and live in damp places near the water. In Ma1n1e.nd thins:! the highest 
al. t1 tude at which the snalls have been found 1s approx1me.tely 3 000 meters 
above sea l,evel. 

t'Triposition takes place mainly during the warm season from April 
1:«'1 July. '!he number of eggs laid is 18 to 20 per snail over periods ~ 
fourty to fifty days. It has been reported in Japan that the longevity 
of Oncomelania 1s about two years but some of the snails will survive 
up to four years (Sugiura. 1933 J McMullen, 1951). 

1.1.3 Reservoir hosts 

1he reservoir host of~. japonicum include more than thirty sreo1es 
o~ anima] S (cattle, water buf'faloes, goats. sheep, p1gs, dogs, cats, 
monkeys, donkeys, homIes rats, mice, hares, wUd cats and badgers) but 
only cattle and dogs play a major role 1r. the transm1ss.1on of infection. 

--
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In the Philippines and Mainland China the infection rate by stool 
examination is reported to be higher among cattle than water buffaloes. 

In Japan, the farmers were encouraged to use horses for farm work 
when it was found that the horse apparently is immune to bilharziasis. 

In Thailand, no reservoir hosts have been found whereas, in China 
(Taiwan) the infection is apparently is limited to animals. 

1.2 Symptomatology 

It has been reported that in Mainland China bilharziasis is becoming 
a serious problem in children of five to seven years old although the greatest 
incidence is in the age group ten to tWOllty-;· years· old. 

In the past ten years in Japan, acute cases have become reee even 
in children. In the Philippines it has been:'reported that a growing 
tolerance to the infection appeared to suppress the clinical manifestations, 
and acute attacks become infrequent once the individuals passed the most 
vulnerable age (ten to fourteen years). Infection among adults in the 
endemic areas, therefore is not synonymous with the disease. This may be 
explained on the basis of immunity developing as a result of constant 
exposures to infection from early years of life up to the point where a 
further infection is prevented. ~he true nature of this phenomenon, 
however, needs precise definition in terms of immunology. 

Dwarfism is frequently encountered in Mainland China and its incidence 
among bilharziasis patients was found to be about 4.5i constituting 12.4i of 
the schistosomiasis seen in the age group of sixteen to twenty years. 
The life expectancy of these dwarfs is considered to be less than thirty 
and repeated schistosomal infections throughout early childhood was 
regarded as the most important cause of the dwarfism. 

~ The actual incidence of cerebral bilharziasis is still lacking. 
The general impression gained from large scale field work is that cerebral 
involvement is rare. 

1.3 Diagnosis 

It is, of course, true that an unequivocal diagnosis of this 
infection depends on the recovery of the eggs of ~, japonicum and the 
following tests described here are all supplementary diagnostiC methods. 

Various antigens for the intradermal test have been prepared from 
adult worms, cercariae and eggs. The intradermal test is easieirt to 
perform and therefore is used widely for mass surveys, It shows a grou)_ 
reaction in "schistosome dermatitis" cases caused by non-human schistosomes 
such as Schistosma spindale (Yokogawa, 1962). The positive reaction 
persists long after the cure. It is therefore, of l1tt~e value as a 
criterion of cure, 
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Both the cercarial cnve10pe raactio!l and cirCUlilQVal. prccipitati:)u 
reactions are valuable for early diagnosis of human schistosomiasis. 

Complement fixations (test) and flourescent antibody tests are 
useful for diagnosis of schistosomiasis and either test can be used as 
a criterion of cure after treatment. 

Various centrifugation techniques such as AMS III. (technique) 
MIFC. etc. are used for stool examinations. 

The nernber of stool examinations by sedimentation affects greatly 
the positiveness for eggs. Three to six examinations are generally 
requ1red. Hatching methods also 8...T'El c"Xlll11only used. Exam1nati"n of rectal 
sn1ps. mucus smears and liver biopsies will increase the rate of po$1tive 
findings. 

1.4 Treatment 

The trivalent antimony compounds have good schistosom1cidal effect. 
but these must be given intravenously over a period of about f.ur weeks 
or more and they are quite tooeic. Attempts have been made to intensify 
and shorten the treatment -'0 courses of only two to ten days. with some 
risk of severe toxic1ty. 

None ~f the orally administered drugs which are effective against 
S. manson1 "r !!. haematobium are effective against!!_ japon1cum. Recently, 
it has been reported that a n1trothiazol derivative has a strong schistose
micidal effect with less toxicity than antimonial preparations (Lambert, 
1964). A markedly good effect was noted in mice given daily doses of 
100 mg/kg of nitrothia.zo1 for ten days (Yokogawa ~~. 1965. MQose. 
1965 . Sadun. 1965)_ 

1.5 Control 

ill timate control of schistos~miasis seems to depend upon elimiila
tion of the vect&r snails by chemical .,r biological methods. Sodium 
~nta~hloronhenate is effective but it is too toxic to organisms other 
than vncomeLania. Additional control methods. locally applicable. consist 
in paving or clearing vegetation from ditches. use of natural enemies of 
snails. and mass treatment of infected persons. In Japan. the decline 
in rates in recent ten years is attributed to: 

(a) cement-lining of irrigation ditches. 
(b) mass faecal examination followed by treatment of positives. 
(c) application of mol1uscicides and 
(d) education of the people regarding the disease and its 

transmission. 
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2.1 Epidemiology 

2.1.1 Districution 

2. CIllOORCHIASIS 

Clonorchis sinensis, OpisthorchiS viverrini and O. felineus are 
common in cats and dogs throughout the areas investigated, but human 
infection is limited to localities where ra1-7 fish is esteemed as food. 
Human infections with.Q. sinensis are ~ncountered chiefly in the South of 
Mainland China, South Korea, Japan, China (Taiwan) and North Vietnam at the 
mouth of the Song Kai River. It is estimated that a million people have 
clonorchiasis in South Korea. In the north of Mainland China the dog and 
cat are naturally infected but autochthonous human infection is rare. 

In Japan, C. Sinensis is widely distributed but the frequency of 
infection ranges from 0.1% to 66% even among the communities of fairly 
limited areas. Some cases of clonorchiasis are observed regularly in 
non-epidemic areas where such fresh water fish as carp or the crusian 
carp are served in the form of slices of raw fish as"SasJil1tl:l" or "Arai" 
dishes in restaurants. 

In China(~aiw.an), Clonorchis infection was lightly spread over the 
island rates ranging up to 50% before the war. At present the infection 
rates are less than 1% in the north, 2.4% in the middle and 22 to 24% in the 
south of the island. 

The presence of the disease in the Hawaiian: population has been 
attributed to importation of infected fish from China or Japan (Binford, 
1934) • 

Opisthorchis viverrini differing from Clonorchis sinensis,in having 
simply-lobed testes is widely distributed in north and northeast Thailand 
and Laos and occurs in the dog, cat and man. In northeast Thailand, 30 
to ~% of people are infected with this paraSite. In Pakse, Laos, along 
the Mekong River, 10 to 20% of the people by the direct smear technique 
were found to be infected with O. viverrini (Ito, 1961). It also has been 
reported that 12 out of 169 ~s were infected with Opisthorchis ~ which 
seemed to be O. viverrini in Kuala Lumpur, Kepon and Iptlh in Malaya, MalaySia 
(Rohde, 1964): 

The distribution of the several species of liver flukes in these 
areas needs further study. 

2.1.2 Intermediate hosts 

The snail vectors of Clonorchis sinensis are operculate snails of 
the sub-family Buliminae (forrrerly Bythiniinae). Several species of the 
family Tb1ar1dae have been reported also as hosts, but ruther confirmation 
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. is necessary. The most important species is Parafossarulus manchuricus 
in Japan, Mainland China, China(Taiwan) and Korea are quite low, as compared 
vith those of the second intermediate hosts, being 0.09 - 4.15~, 0.7-1.4%, 
0.5-1.9% and 0.3-1.3%, respectively. 

The snail vectors of Opisthorchis viverrin1 are Bulimus (Bythinia) 
species. 

The second intermediate hosts of C&Pnorchis sinensis are some 
97 species of fresh-water fishes belonging to ten families, mostly the 

rin1dae. However, in Japan, Cyprinus carpio, Carrassius auratus 
C. carasius) and Hemibarbus barbus are mainly responsible for the human 

infection, while Pseudorasbora parva, Acheilognathus lanceolata and 
Sarcocheilchythus variegatus are more heavily infected. 

In the South of Mainland China,cteno:e!l8!Ypzodon idellus, Milopharyngodon 
a~tbttpa Hemiculter leusisculus are often used in raw fish dishes. 

In China(Taiwan), ctenopharyngodon idellus, Cultericulus kneri,T1lapia 
mossabica and Cyprinus carpio, and in Korea, SJprinus carpio, Carassius 
auratus and Gnathopogon coreanus are the hosts which are usually eaten 
raw. Recently, cray fish Caridina nilotica gracilipes, Macrobrachium 
superbum and Palaemonetes sinensis have been reported as the second 
intermediate hosts of ClonorchiS sinensis (Tang et ~ 1963), but fUrther 
confirmation is necessary. The fish hosts of O. viverrini are also species 
of Cyprinidae. -

2.1.3 Reservoir hosts 

The natural hosts other than man are dogs and cats, occasionally 
pigs, rats and cadgers. In China(Taiwan), infection rates of 14% in dogs, 
7~ in cats and 24~ in rats have been reported. In Japan, infection rates in 
these animals are quite variable ranging from 2% to 67% in dogs and cats and 
up to 2.6% in rats. 

Rats, rabbits and guinea pigs are equally susceptible to 
experimental infection, about one-third of the metacercariae developing 
to maturity. 

2.2 §.:yri1?tocat01ogy ._ 

Clonorchis infection in man may persist for 15 to 20 years. 
In Japan, infection is now ~found mostly in the 30 to 50 year old age 
groups and rarely in children. Lightly infected persons usually show 
no symptoms. The symptomatology depends upon the number of worms the 
duration of infection and the degree of liver damage from worms, , 
alcohol, malnutrition, etc. 

A relationship between primary carcinoma of tJ:2 liver and 
Clonorchis infection has been suspected but not proved. 

~\ . 
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Diagnosis of cl.onorchiasis is mainl.y by stool. examination using 
centrifugation techniques 'I.hich often fail. to detect light infections. 
In such cases, the eggs eas1l.y can be detected by examination of 
centrifuged bile obtained by duodenal. drain,age. 

2.4 Treatment 

It has been reported that therapeutic effects of chLoro~ne 
surpass those of emetine hydrochl.oride, antimony compound and gentian 
viol.et. However, a l.arge dosage over a long period must be given,and 
even then one third of the cases rel.apse. 

Clonorchiasis is now being successful.l.y treated 'With Hetol. 
(1.4-bis-trichl.oromethybenzol), a n~v drug produced by a German :f'1rm 
(Hoechst). Eight infected patients were hospitalized and treated at 
dosages of about 100 mg/kg in three divided doses after meals on 
al.ternate days for ten days (:f'1ve treatment days). Al.l ceased to pass 
eggs in three to -five weeks after treatment and all. but one remained 
negative during follow-up periods fro::1 six to nine months. 

Further trials on thirty-six patients at lower dosages of 50, 
40 or 30 mg/kg dail.y for :f'1ve consecutive days have given promising 
though rel.atively poor resul.ts (Yokogs;wa ~ a1., 1965). 

2.5 Control 

The prevention of clonorchiasis is theoretics.:uy simple. All 
that is required is relinquishing the habit of eating raw or insuf':f'1c1ently 
cooked fresh-'Ii8.ter fish. However, it is never easy to suppress we1l
established food preferences and besides, the cost of fuel for cooking 

'-- is in some places a real economic factor. 

"...., 3. PJL'AAGONll.aASIS 

3.1 EPidemiol.0gy 

3.l.l DistribU+'ion 

Paragonimus ini'ection is found in a ,r.l.de variety of mammals which 
feed on fresh--water crabs or craY-fish. However, in man it is limited 
to places where food habits make infection possible; Korea, Japan,Cllijm:(lI'F-iwan) ..." , 
~illl.ui.1d Cbina, the Philippines, 'l'hnilnnc'c, Hc:>el and ~Test Africa. 

Re~ently, a. ne-w species, ~. 6zechuanensis (~. skr jabini) causing 
subcutaneous nodules has been found in !;fui:qila{~-,:-cJ:Jiina (~ Cl!:r.J:; tilitl:~ ~;i962) and 
a new species, Paragonimus africana has been found in man in West Africa 
(Vogel, 1963). P. kellocotti appears to be almost entirely limited to the 
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western hemisphere. Perhaps the autochthonous human ini'ections in this 
region, especia..lly in Peru and Ecuador, may be attributed to this species. 

3.1.2 Intermediate hosts 

The first intermediate hosts o~ P. westerman! are rather large 
operculate snails belonging to the TM.1rtdae. The 1'amily contains many 
genera and several hundred species which live in fiesh and bracldsh ~J8.ter. 
Until recently, members of this :fa.mily that serve as intermediate hosts 
f'or trematodes have all. been assigned to the genus Sem1sul.cospira {JFJ-ania~. 
Semisul.cospira bensoni (§.. libertina) is probably the most im;portant vector 
of P. westerman!. 

More than eleven species o~ crayfish and fiesh--water crabs 
(Eriocheir jarn!cus, ~. sinensis, Potamon debaani, t. rathbuni, Proca.mbarus 
clark11, etc. have been reported as the second intermediate hosts of 
P. westeI'Jlani. 

3.1.3 Reservoir hosts 

The common wild animal hosts of' P. westermani are cats, (including 
tigers, lions, leopards, panthers, wi1d-and domestic cats), pigs and dogs. 
In Japan, early records showed. that the weasel, the badger and the marten 
are ihe definitive hosts of !:. westerman1. but later reports indicate that 
the "WOrms recovered fiom these animals are: P. ohira.i, P. iloktsuensis 
or !:. miyazakii. Badgers 1 weasels and mink appear to be refiactory to 
infection with !:. westermani (Yokogawa, et al. 1957). Re-eJCBmination of 
the worms from wild animals in various countries is necessary. 

3.1.4 Method 01' human infection 

The most important method of human in1'ection 1l1th !:. westerman1 
throughout all the endemic areas is undoubtedly the eating of raw, 
salted or imperfectly cooked crabs. However, another po ssi ble method 
of human infection is an accidental transfer of the encysted metacercariae 
to the mouth tbrough the handling of crabs when preparing them for cooking. 
In Japan the crabs (Eriocheir ja}?Onicus) are sometimes boiled, :fried, or 
baked, but are mostly eaten in soup. In the Philippines, the crabs are 
usually used f'or special f'ood called "sinigang". The metacercariae 
might be eaily transferred to the mouth directly or indirectly during 
the preparation of these dishes (Yokogawa, 1952 and Yogore, 1956). 

In certain areas in the Orient the juice of the crabs (Potamon 
dehaani) is us.ed occasionally as an anti-febrile medicine or as an oIntment 
for certain types of urticaria. In China the crab is often eaten after 
immersion in wine for twelve hours or less (drunken crabs) which klll neither 
the crab: nor the metacerce.riae. 

3.2 SYlD.]?tomatolojt,y 

Owing to its pathogenicity in the lungs, J?8X88Onimiasi s may be 
suggestive of pulmonary tuberculosis. 

-
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A great number of reports have been published on injuries 
produced by E. westermani in extra pulmonary sites, especially the 
brain and spinal cord. Cerebral paragonim:l.alds accounts for about 
30 to &Ji, of extrapulmonary cases which occur more frequently in men 
than in 'WOmen, and more freC!Ucntly in children than in adults. The 
clinical symptoms of cerebral paragonim:l.asis are sim:l.lar to those of 
Jacksonian epilepsy, cerebral tumor or embolism and the most (Y;)nspicuous 
symptom is paralysis. 

3.3 DiagnOSis 

Paragonim:l.asis in endemic areas can be diagnosed clinically by 
an occasional light cough and yellowish brown pus-like sputum in which 
blood spots or lines can sometimes be /ieen. The eggs of Paragonimus 
can be found in blOOd-stained sputum of patients by the direct smear 
method, but when eggs are few the centr1~e sedimentation technique 
with l-2i sodium hydochloride should be used. In a slight infection, 
however, sputum is not always produced, and in these cases eggs can be 

,...... found only by examination of the stool. In the stool examinations the 
AMS III centri:t'uging technique or other centr1:f'ugation methodr:: should 
be used. The eggs can also be found in the sediment of gastric washings. 

The intradermal test and complement fixation tests are now widely 
used in screening surveys in endemic areas. The intradermal test is also 
usef'uJ. in differentiating paragon1m:l.alds from pulmonary tuberculosis 
and some other chest diseases, or cerebral paragon1m:l.asis from brain 
tumor, cerebral haelllOl'rhage or other extrapulmonary paragonim:l.asis. In 
such cases, if the intradermal test gives negative results, Paragonimus 
infection can almost certainly be ruled out. 

The complement fixation test has c1.ose relations with the life 
and death of the 'WOrms. Consequently, when the presence of Paragonimus 
eggs cannot be proved although the intradermal test gives a positive result, 
the complement fixation test may be used as an important clue for diagnosis. 

The complement fixation tests become negative within three to nine 
months after complete recovery and this serves as a criterion of cure after 
treatment. For epidemiological surveys the intradermal test should be 
used first and the complement fixation tests should be performed on 
individuals who show positive or doubtf'uJ. dermal reactions. It is not 
easy to diagnose paragonim:l.asis solely by chest X-ray examination, and 
particularly to differentiate this disease from pulmonary tuberculosis. 

3.4 Treatment 

Emetine hydrochloride combined with sulfonam:l.de and chloroquine 
is sometimes effective against paragonimiasis but the cure rate is low. 
Recently, it has been reported that bithionol (2.2-thiob1s (4.6-dichloro
phenol», gives good results at well-tolerated dosages (Yokogawa et al., 
1961) • Where bi thionol (Bi tin) was given in a daily dose of 30-50 mgjkg 
on alternate days for a total of ten to fifteen doses very few relapses 
were observed (cure rate; more than 9~). Diarrhoea, loose stools, 
abdom:l.nal pain, nausea, vom:l.t1ng and urticarial eruption occurred but in no 
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case was the discontinuation of the drug necessary. It has also been 
reported that bithionol is effective in subcutaneO.ua:;(E,. skrjabiniY and 
cerebral paragonimiasis in China (Chung.£j;~. ,1962). 

3.5 Control 

Successful clinical treatment would be of value as a control 
measure only in situation where most of the snail infections are from 
human sources, as in Japan. Results of recent trials, suggest that 
mass treatment 'With bi thionol may be an effective control meaSlll'e . 
Further evidence is needed to determine whether or not tranmtLas1Qn 
of the infection can be interrupted permanently by the mass-treatment 
with bithionol. 

The control of trematode disease by the elimination of the vector 
snail by means of chemicals or habitat alteration has been suggested but 
it seems that this method has limited application in the control of 
paragonimiasis. In Japan o'Wing to the lack of food and the evacuation 
of people to the rural districts during and after World War II the 
incidence of infection 'Was much increased. However, recent observations 
indicate that the disease 'Will gradually die out in areas where mass
treatment 'With bithionol and health education have been carried out 
intensively. 

4. IDJ:rEROPHYIDIASES 

The fi\1,kes Qf. tlJe family Heterophyidae are extremely small, 
SOmetimes only 0.5 mm.-l.0 mm. in length and they normally are parasitic 
in the intestine of fish-eating animals and man. 

Metagonimus yokoga'Wai is a common parasite of dogs and cats in Japan 
:tlh1b-a-(~ ~f.;Koreai1.f6!I.nliatid;'Chii1a;Ma.ncliur:la-;~;~ ~l.eat:i.ne and' the 
'Balkans. In .Jtl.j?aLl, prevalence rates may exceed 0fJ1,. among tM peopl.e 
of certain communit.ies along the shores of Lake Bi_ and I.e.ke Kasnm1gaura. 
The first intermediate hosts are Sem1sulco;;¢.ra bensoni and. possi.bly 
related species. 

As the secorXl, intermediate hosts; Plecoglossus altivel1s (A~), 
Salongichthys m1crodon, Leusciscus hakonensis and other :fresh-~ 
fishes have been incriminated. Eating these fishes uncooked provides 
the means of human infection. 

Heterophyes heteropbyes or Heteroph~sheteroph.yes nocens may 
also be regarded as a norrr.nl, :pe.re.site of man and other animals in Japan, Korea, 
Ch1na.CTai'Wan) ,1&UnloJad Chitll1~' the Philippines, Egypt. ond others. OWing to the 
difficulty of differentiating the eggs of this species from those of 
many other related species which man acquires from eating raw fish, 
there are no accurate data on the distribution and of this parasite. 

-

II 
II 
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!I. heterophyes has been found as a natural infection in the 
cat, dog, fox and other fish-eating animals. The first intermediate hosts 
are marine and brackish water operculated snails, Pirenella conica in 
Egypt and Cerithidia cingulata (Typm,panotonus microptera) in Japan. The 
second intermediate hosts are brackish water fishes including MugU cephalus. 
Mugil auroctus, Acanthogobius !!p.. etc. 

In the Philippines, it has been reported that the eggs of a 
number of different worms of this group (Haplorchis and Diorcbitrema) cause 
embolism in the heart-producing symptoms similar to cardiac beri-beri and 
occasionally death (Africa et a1. 1940). The eggs of these parasites were 
also found in the brains and spinal cord where they are associated with 
nervous symptoms. 

!he most efficient technique of detecting the eggs in ~eces 
is by centrifugation techniques using ether. However, these are differen
tiated with great difficulty from other heterophid eggs. 

Specific diagnosis can be made only after recovery of evacuated 
flukes following specific anthelminthic treatment. 

Tetrachloroethylene and Kamala are usually used for the treatment 
Recently, high rates of cure for metagonimiasis were obtained 1-lith bithioml 
when given in a dally dose of 30 to 50 mgfkg every other day for five days. 
(Yokogawa ~ ~~ ,1964) • 

5. FASCIOLOPSIASIS 

Fasciolopsis buski. a member of the family Fasciolidae, is a 
large (2-7 cm), flat f'luke, creamy pink in color, Wich is found widely 
distributed in pigs in southeast Asia from c.entral China to Bengal and 
in IIII.ny of the East Indian Islands but not in Japan. It was estimated that 
ten m1.1Jion people in China, India and other countries were infected. 

In (Taiwan),the disease is important only in limited 
locsll ties in the central and southern parts. It was l1eported that in 
Liu-ying, Tainan shien, 2fjf. of school children and 55% of plgs were infected. 

The first intermediate hosts are small planorbid snaiJ.s 
(Sep;mentina. HElPpeutis, GyraUlus,etc.). the cercariae erupt from the vector 
snaU host crawl into aquatic vegetation and become encysted. In China, . 
human infection has been traced mainly to the eating of the nuts of a 
~ter plant known as the red ctUtrop or red ling, on the pods of Wich 
the cercariae encyst. The nuts are eaten both fresh and dried. When 
fresh they are kept moist and are peeled with the teeth, during 'l>lhich 
~rocess the cysts gain access to the mouth and are swallowed. 

Fasciolopsis buski usually lives in the small intestine and 
a few worms cause no serious symptoms. In heavy infections chronic 
diarrhoea w.Lth bloody mucus and intestinal edema lead to severe prostration 

~ and sometimes death. 
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Chenopodium oil, beta-naptbol, thymol, etc. are used for the 
treatment, but some of these drugs are toxic. Hexylresorcinol, tetrach-
10I"')ethylene and dithiazanine are also effectively used. 

6. ANGIOS'I'RONGYLIASIS 

Angiostrongylus cantonensis develops in rats and matures in the 
pulmonary arteries after migrating through the brain. An increased 
interest in this parasite has developed recently, since outbreaks of 
angiostrongyliasis causing eosinophilic meningitis in man have been 
reported in Tahiti and Hawaii. The parasite has been found in rats in 
Australia, Hainlo.ndCh1nB., ::'China(Taiw3n), GUllet, RD:waii, "N~ 'Caledonia, 
t>ouape;' Tahiti;,' 'rruk Iellincf, 'TheHD.l:d and Malaya, Malaysia. 

Several hundred cases of eosiniphilic meningitis in man have 
been reported in Taiwan, the first case (Nomura, 1944), Hawaii, New 
Caledonia, Ponape, Tahiti, and Saipan. The "WOrm has also been found 
to cause eye-lesions in man in Thailand and Taiwan. 

The intermediate hosts are slugs and land snails. Recently, 
it has been reported that third stage larvae were found in the stomachs 
of fresh-water prawns in Tahiti (Alicata et a1.). Although the life 
cycle of Angiostrong.ylus cantonensis in the natural host (rats) and 
intermediate hosts has been demonstrated (Mackerras, et al.,1955; 
Ash, 1962, Rosen et a1. 1962 and Alicata and lIrown, l~r; the methods 
by which man is exposed to the infection are by no means clear. Ruman 
infection apparently results from the accidental ingestion of infective 
larvae in intermediate or transport hosts, or free larvae in contaminated 
water, vegetables or other food. 

The disease is characterized by headache, malaise, low-grade 
fever, generalized pains, localized areas of paresthesia or hyperesthesia 
and facial paralysis. The majority of patients exhib1 t a cerebrospinal. 
fluid pleocytosis of which at least 25'1> are eosinophils Prognosis 
generally is not bad. 

;1"'. 



Key to Species of Paragon1lllllS 

1) 
{

'" Spines single 

Ovary simple 
4-6 lobes Spines grouped 

Metacercaria with 
outer and inner wall 

" 

2) Ovary 
profusely 
branched 

... Spines single ~ 

." Metacercaria with 
, thick inner wall. 

and outer waJ.l 

Metacercaria with 
inner and outer 

'waJ.l 

Metacercariae with 
Spines grouped no inner waJ.l 

Metacercaria with 
inner and outer 

, waJ.l 
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ANNEX I 

· .. P. westerman1 
Or1entaJ. Far-East 

P. compactus 
India, Ceylon 

• •• P. miyazak11 
Far East 

.... 

· .. 

(P. skrjab1n1) 

P. ke1l1cotti 
N. America 

P. iloktsuenensis 
Far East 

P. ohirai 

Far East 
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ANNEX II 

Species 

Paragonimus 
westermani 

Clonorchis 
sinensis 

Metagonimus 
loko~wai 

Schistosoma 
jallOnicum 

------~ 

~ 

~--

~ 

Prepatent period, egg production and life-span of trematodes in experimental hosts. 

Prepatent period Egg production Life-span 

host days host EPD/worm host years 

dog 66 + 10 (days) human 3.000-12.000 human 10-30 
i 

dog 10.000-20.000 dOA 6-7 , 

I 

rabbit 22 human 3.000-6.000 human 8-30 
cat 16-18 rabbit 4.000 dog 3-4 ! , 
dog 23-26 rat 600-1.500 rat 1-2 
rat 19-23 

mouse 7-10 human 200-300 human 1-.4 
dog 10-12 

mouse 26-30 monkey 3-137 human 2-10 
monkey 33-37 cattle 1-2 
cattle 35 horse 1 
horse 52 
sheep 36-44 
goat 35 

-_._-- - ~ -- - -_. ---------- L._ 

"I ( J ( .~ 
. .,. 
~~!, 
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1. IMMUN1TY IN RELATION TO PRaI'EeJrION AND CON'l'RQL 

1.1 Reinfection ~~8istance 

It has been established that in many kinds o~ helminth i~ection,. 
i.e. with nematodes, trematodes and the larval stages of cestodes, parti
cularly those which have a tissue ~hase in the host, that one infection 
co~ers a resistance to reinfection. Moreover, as indicated previously, 
the serum o~ reinfected animals shows reactivity with various developmental 
stages, of the parasites, or with their excreted or secreted products. 
Tie re is,ho~rever, no real indication that this interaction explains the 
mechanism whereby reinfection resistance operates. It has, however, been 
shmm that serum from reinfected animals will, in some instances, protect 
previously uni~ected animals, so that although the precise mechanism is 
still obscure, it is knolm that the protective capacity is reSident, at least 
to some extent, and in some kinds of infections, in the serum. 

1.1.1 Nematode infections 

""" __ . Experimental infections in animals have sho"lm that infection with 
hookwol'!jlS, Ascaris, '.!lOxocara and strongyloides. confer a resistance whereby 
subsequent infections are considerably reduced. Immunity is nnnifested at 
strategic locations within the body, ellpecially the liver and lungs, where 
l£rvae are impeded on their progress and enc:;.?sulnt(:c ,-Tithin clUsters of. cells. 
The result is that as acquirel1mmunity increases, the progression of the ~ 
along its normal migratory route becomes less and less extensive. The growth 
of the larvae is retarded and in those which succeed in reaching the site of 
maturation, development may be delayed, retarded or stunted. 

1.1.2 Trematode infections 

It ,~uld appear that in mice and IIIOnkeys one infection with ~.J.a:pon1cum 
produces a significant immunity to reinfection. Silllilar effects have been 
sham to be true of ~. manson! infection, but there have been many more con
flicting results. Experiments with §.:. hae!!latobium have been too few for con
clusions to be drawn. Investigations have also been carried out with some 
of the non-human schistosomes, such as Schistosoma.tium douthitti (Kagan, 1958). 

Reinfection reSistance is manifested by a reduction in DUmber of 
adult worms derived from the challenge infection, by the size and maturity 
of the adult schistosomes, by the absence of increased egg output, and by 
the absence of pathogeniC effects ot t~ challenge infection. It would appear 
that all these species produce some kind of stimuJ.us which results in an enhanced 
reSistance to subsequent infection. Similar resistance can be produced in some 
cases by cercarial infection of one sex, particularly females which in some 
IIpp. are probably able to produce eggs without males. Infections with male 
cercariae have, in the hands of some investigators, produced reinfection re
sistance, but oihers have found tQsJ:1 to be ine:f1'ective. Vogel (1962) showed 
that reinfection resistance was still present in monkeys after treatment to 
remove !. mansonf and ,2. j!pon1cum. from the first infection. 
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Attempts have been made to determine the mechanism whereby schisto
somulae are af'fected as a result of previous exposure. It would appear that 
the sk1n~ the lungs, and the liver are important sites for the destruction 
of schistosomes in immune animals (Newsome, 1956), Lin and Sadun (1959) com
pared the cellular reaction in the skin, lungs, and liver of immune and 
normal monkeys, rabbits, and mice; in the previously infected animals there was 
a more intense reaction in the skin, in which schistosomulae were slowed 
and retained, others reached the lungs where they became encapsulated in 
nodules. These that attained the liver were stunted and 1m.matllre; some of 
them were dead an'! eucapsulated.n. thin a maSS of in1'lammatory cells. 
Cellular activity is more marIted and occurs earlier in reinfected animals. 
It should be emphasized that this cellular activity and the possibility of 
hypersensitivity in the lungs may cause lesions in immune animals which 
are mor4 severe- than those in normal animals. 

1.1.3 Cestode infections 

The mechanism of immunity in cestode infections must be considered 
in two ae:pects, i.e. larval. am adult phases, because of t~ dif':1'erences in 
host-parasite association involved. larval tape-worms, such as hydatid cysts, 
cysticerci~ cysticercoids, etc, invade the tissues, migrate, and derive their 
nourishment from t~ tissues and fluj,ds of t~ host. Hence it is to be ex
pected that antigenic stimulation and antigen-antibody reaction will occur, 
resulting in acquj,red immunity. In contrast, adult tapellOrms, consequent 
upon their location and mode of feeding, are likely to involve a different 
immunological situation; indeed, the antigenic effects and the infiuence of 
antibody on tapeworms is as yet quj,te obscure. 

Adult cestodes. gymenolep~8 nana manifests reinfection resistance 
prObably because of the cysticercoid phase being in t~ same host (:Roman~ 
1958; Weinmann, 1958), Thus Heyneman (1962) showed that folloWing egg 
infection of mice with H. nana, an immunity was established against subsequent 
infection with cysticercoids from beetles. Evidently the iDmune factors 
induced as tre result of the first wave of cysticercoids in t~ villi were 
able to traverse the intestinal lining and influence the second wave in the 
lumen of the intestine, 

Larval cestodes. Reinfection resistance to larval cestodes in 
ruminants, rodents, etc. has teen demonstrated for Taenia taeniaformis 
T~·' i .., . T I 

c.\;ll (1 p,J.s;;.rorllls,_. BarE-nato. 8.::(1 2::, hydnti(;"c:n. 

Investigations indicate that there are two locations in the animal 
at which immunity to larval cestodes is operated; one is in the intestinal 
'W8).l. at the time of penetration a.tl'd is active against the Qncospheres, the 
other is active against the cysticerci at their site of development in the 
t!~es. Cattle which are immune to infection with oncospheres of !.saginata 
by oral dosage, can be infected by subcutaneous and int~cular 1njections 
of artit1cally hatched am act! vated embryos. This suggests that the intes
tinal phase can be by-passed. It would appear that reinfection resistance 
with !, granulosus is less evident than with other larval cestodes. There 
are practica1 impllcations of this finding because with other l.arval cestodes 
artif':Lc1al immunization by means of X-irradiated larvae have an immuni~ing 
effect. Whereas with!. sranulosus in sheep, where resistance is evidently 
only partially developed with viable oncospheres, it would seem unlikely that 
any form of mod.ificat:ton ot tIE larvae vould be likely to produce a useful 
level ot immunity. 

-

r , 
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As indicated atovei reinfection resistance is a prominent feature 
of many helminth infections. It is gere rally held that the -mechanism of 
this acquireiform of i!lllllUll1ty has an antigen-antibody basis. Nevertheless, 
with our present knowledge, it is only possible to state that antibodies are 
produced and that various direct forms of interaction between helminths and 
serum from infected animals can be observed. It is not possible to state 

J "Iith any degree ofmnfidence how immunity works or hO'f antibodies are in
volved in resistance. 

1.2.1 Passive transfer of immunity by serum 

It has been found poss1ble by some investigators to transfer i~ty 
passively in experimental infections with hookworms, strongyloides and ascaris 
by transfer of serum from reinfected to normal animals. But the immunity is 
sUght and is by no means easy to demonstrate, requiring large doses of serum. 

Passive transfer of immunity has been successfully produced in experi
mental .§..japonicum infections in dogs, mice and rabbits but not in monkeys. 
With @.:.. mansoni no protective effect was observed in mice, or in monkeys. 

In larval cestode infections, protection by serum has been observed 
in !. taeniaeformis infection in rats; in!. pisiformis infection in rabbits, 
but not in!. saginata in cattle. In some helminth infections, there is 
evidence to indicate that maternal antibodies can protect newbOrn animals, 
but noev1dence for this was observed in cysticercosis of calves or in 

.@..uo.nsoni infection in nice. 

1.2.2 Antisen-antibody effects in vitro 

The formation of precipitates at:lthe mouth, excretory pore and 
anus, vhen larvae are placed in the serum of infected animals has been demons
trated in many nematode infections including Trichostrongylus orientalls and 
Gnathostoma spinigerum in infected human serum; Ancylostoma 'can1num in dogs 
Stro~loides ratti in rats, and Ascaris .!1:!!:!!!! in rodents and pigs, giving strong 
indica ions that circulating antibody attects nematode larvae in vitro. -

In schistosome infections a~ changes occur in the serum, so that 
when cercariae, or other stages in development, are placed in illlllune serum, 
various via1ble effects occur. For example I there is the formation of a 
membrane around cercariae in infected ser~,' i.',j., the sQ.,;.called CHlLrenction. 
(Cercarien-hUllen-reaktion); this membrane occurs around the tail and body 
of living cercariae when they are placed in infected serum. Cercarial 
agglutinins have been reported in monkeys affected with S.mansoni and in 
infected human sera, particularly in late chronic cases.When living schisto
some eggs are incubated in serum of infected animals or patients, there occurs 
a precipitate around the shell of the e~, biU1eved to be :lbrmed between 
secretions or excretions of the miracidiam within the eg~and the antibodies 
in the:1IerUIIl. The circumoval reaction is species-specific so that 'When 
mixtures of eggs of different schistcecaes are placed in antisera, precipitate 
o~ occurs around a homologous egg. I'mmobillzation of miracidia occurs in 
serum of infected animals; the immcbillzation antibodies appear 39-48 days 
a:f'ter infection with.§.. mansoni. 
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II few oeserva\; ions relating to in vitro serological ef'f'ects have 
been made in other trematode infections;~or example sheep serum, whether 
infection is present or not, contains a factor lethal to miracidia of 
E. hepatica. Ito (1961) found precipitation on ,K. -westermani when placed 
in infected human serum.· So (1959) found precipitation occurred on K.oh1rai 
in infected rabbit serum. 

Interaction bet1reen cestodes, and their developmental stages ,and 
the serum of infected animals has also been observed. Thus Silverman (1955), 
working with hexacanth embryos of 1:. saginata and !. pisiformis in infected 
bovine and rabbit serum, observed precipitation near the lJenetrating glands, 
as -well as a membrane forming around the embryo. Schults anI Ismagilova 
(1962) have found that scolices from hydatid cysts, when placed in the serum 
of infected rabbits and guinea-pigs, taken from can and sheep, naturally 
infected with hydatid, manifest the formation of precipitates at the posterior 
end of the scolices, on the rostellum, and on the cuticle. Heyneman and 
Welsh (1959) observed c~laIlges in the eggs of H. nana when they were placed 
in serum of rabbits which .",ere immunized with - whCiI'e" worm; they conSisted 
of clum:ping, granular deposition, and retraction of the egg membrane,as well 
as a decrease in the infectivity of the eggs. 

1.2.3 In vivo manifestations 

In spite of these extensive and widely accepted observations on 
the effects of serum. on helminths .!E. vitro, surprisingly little evidence 
is available to indicate that simile. r effects occur in vivo. Taliaferro 
and Sarles (1939) sho-wed evidence of immune precipitate-rn-sections of rat 
tissues infected with NipPOstrongylus braziliensis, and Taffs and Voller 
(1962) observed precipitate on the orifices of larvae of A. Suum removed 
from a monkey. Evidence that antibody is effective in viVO is given by 
Arean ad. Crandall (1962), who immunized rabbits with~hil1zed ~. suum 
larvae ani infected the nc1ma1s intravenously with living larvae hatched 
from eggs. The larvae were immobilized in the septal capillaries of the 
lungs and degenerated within ibur days. 

Eggs, adult worms, and necrotic areas around eggs, in sections 
of liver of mice infected with S. mansoni sho-wed a strong fluorescence when 
treated with fiuorescein-coupled gammaglol::ul1n of infected human patients 
(Andrade, Paronetto and Poppe, 1961). This finding also indicates antigen
antibody union !!!~. Hoeppli (1932) found projections around eggs of 
.2:.. ,1aponic.t;!:l in human tissues and it might be thought that here again was 
a demonstration of the union of antibodies in vivo. --

These findings indicate that antigen-antibody reactions do occur 
i!l vivo, but they do not indicate that the antibodies involved are the same 
as those effective in vitro. Indeed the evidence seems to indicate that 
antibodies observed in vitro are not effective in vivo and hence are of no 
significance in acqUired immunity. --

Perhaps hypersensitivity in its various manifestations may be an 
important factor in acquired resistance to sane helminth infections in 
sone hosts. Themmcous membranes of the lungs and gastro-intestinal tract, 
the skin surface, the calibre of blood vessels, the glycoprotein barriers, 
hormone balance, etc. j any or all of these might be altered as a result of 
allergic stimulation and cause ~s in susceptibility. 

-
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The cells involved in defence against helminths comprise predominantly 
the reticula-endothelial system, the ~hoid-macrophage system, the plasma 
cells, and the granular leucocytes. Any or all of these cells may be included 
in the characteristic cell clusters which accompany migrating larvae, and in 
the cellular in:tUtrations llhich are associated with attached adult nematodes, 
such as hookworms, in the intestinal tract. 

Some authorities consider that cells are not themselves able to 
inhibit the ~)rogress of larvae, unless the latter have gained access to 
an abnormal host and are impeded in their progress by their mro inability 
to survive the prevailing physiological conditions. 

Primary infections are usually characterized by cellular infiltration, 
which appears to be unable to cope with migratory larvae. Reinfections, on 
the other hand, are characterized by more effective cellular infiltration 
which is considered to be stimulated and facilitated as a result of duect 
paraSitological effect of s]?ecific anti. bodies. 

The general concept of the cellular basis of immunity in helminth 
infectiom ,fllS laid down mainly by the work and ideas of Taliaferro and his 

Go-workers, and has remained more or less unchanged for the past twenty-five 
years. Most paraSitologists have ascribed the effectiveness of acquired 
immunity to extra-cellular agencies, such as free antibodies, and regarded 
cells merely as scavengers, so that the role of the individual cell-types 
in tie response to nematode infections is stlll largely undetermined. 

It may -eventuate that the study of ind:ltidual cells of the infected -
animal will provide some of the essential information which is required 
before the process of immunity can be understoOd, and before adequate diagnostic 
and immunization techniques can be elaborated. 

1.4 Artificial immunization 

Knowledge of the mall.1festat1on of reinfection reSistance has, for 
a long time, posed the problem of artificial immunization. It one infection 
can confer resistance to another, might it not be possi1::le to ane.Jsze and 
obt:e1n the factor which is responsibile for the production of the immunity 
and to inject it into the animal? 

In the early days, forty years ago, attempts had been made using 
til! most readily available materials, such as homogenates of larval or 
adult worms, or fluids, such as hydatid fiuid and body fiuid of Ascaris 
suum. Except for a fe..,r 1:wtwces" these attenpts failed and in spite of 
~ repeated attempts, no real success has been achieved in promoting 
resistance by tissues or fiuids. Investigators then turned to chemical 
extraction processes with no more success in obtaining the so-cal.led 
IfUnctiona1 antigens' Over the past ten to fifteen years attention has 
been focussed away from the ,varms themsil.ves, towards their excretions and 
secretions, but stil1 without conclusive results. Two important advances 
during this time suggest that tte re is hope of eventual. success. One is 
the progress in vitro cultivation of helminths, wh~cy the 'fUnctiona1 
antigens' maybe eventually discovered. The- other is the discovery of means 
whereby infective stages can be modified by X-irradiationj in such a way that 
they provide an antigen:1c stimulation, but fail to mature. 
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1.4.1 Nematodes 

ConAideracle success has been achieved with the method: or X-ray 
attenuation of larvae of the lungv10rm (Dictyocaulus viviparus) for use in 
the prevention of I husl~ 1 in cattle. A recent report on the use of this 
vaccine is given by Cornwell (1962) 1.ho states that the vaccine is quite 
sate for calves, although the first dose may cause a transient rise in 
respiratory rate. Irradiated larvae did not produce reproducing adults. 
Vaccinated calves later exposed to natural infection on pasture showed -.:-. 
mild respiratory symptoms and ligJ:t ~'atent infections. 

Similar 'vaccines' have been attempted in hookworm and ascaris 
infection, but have not progressed further than the experimental stage. 
Dow et al (1958) reported that they had successfully immunized dogs by 
~ving rno route re-oorted) irradiated larvae of!. c!Ulinum.. Villella ~ ~ 
(1960) infected mice 1vith eggs of A. suum vTbich had been irradiated. Mice 
previously infected wit:- these larVae harboured, after a challenge infection, -~ 
about the same number or larvae as a group given a previous infection 
with non-irradiated eggs, but considerably fewer than the group given 
no prior infection. ~ 

Ewert ani Olsen (1961) reported success in immunizing mice with 
larvae of T. spiraUs grown in artificial media. Silverman, Poynter, and 
Podger (19b2) reported successful immunization of guinea pigs with matEr ials 
elaborated in vitro by lungworms and trichostroD8Yloides of ruminants, vThen 
grown in artifical media. They considered that these substances are 
released during moulting (Silverman am Podger, 1962) Soul8by (1963) reported 
that antigens obtained from culturing third stage A. suum larvae produced 
resistance in guinea pigs to a challenge infection: ----

1.4.2 Cestodes 

There have been several attempts to produce immunization against 
adult tapeworms, particularly Ech1npcoccus granulosue in ~8, USing hydatid 
fiuid, hydatid membranes, SCOlices, or adult tape'WOrms in various extracted 
or homogenated torms (Turner, et al, 1933; Matoft and Vasilev, 1955, Forsek and 
Rukivena, 1959; Gemmell, 1962):- All these investigators found some reduction 
in the 'WOrm burden resulting from the challenge infections of dogs previously 
vaccinated. Miller (193:Q : found that it 'Was possible to iQllllUllize rats to 
Taenia taeniaetormis larvae by extracts of adult 'WOl'DlS. D:>11 et al (1962) 
were able to produce almost complete immunity to infection 'With"the larvae 
ot Taenia taeniaformis in mice by means of oral administration of X-irradiated 
oncospheres. 

1.4.3 Trematodes 

Attempts have been made to produce immunity by the injection of 
extracts from cercariae 1 adult 110rms, eggs, and metabolic products of 
schistosomes. None of these procedures is conclusively e:t'1'ective in promoting 
resistance to infection, but the efficacy of vaccination procedures is al'Ways 
difficult to assess, because the antigens used, routes of admillistratl. on, 
challeng;l.ng infectiOns, etc. vary 'With each investigator. 
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It would appear that immunization against.2. ja]?Onicum by this means 
is easier than against §.. mansoni. also that adult antigen is relatively 
more effective than cercaria 1 antigen. 

Attempts to immunize mice with male cercariae has also met with 
conflicting results, but more encouraging results have been obtained using 
heterologous strains of schistosomes, particularly the Formosan strain of 
S. ,1aponicum. This Itrain has been found not to mature or produce eggs in man and monkey, yet monkeys previously infected with this ftra1n were found 
to be protected from challenging infections with the Japanese strain, as 
estimated by the number and size of worms and the number of eggs passed 
in their faeces. 

The IIIOst promiSing appEOach to artificial i.mmun1zation in 
schistosomiasis appears to be the use of 1rrad1ated cercariae. In 
summarizing the results of' work on immunization on schistosomiasis, Sadun 
(1963) concludes that 1mmu.n1zation is, indeed possible. The least signi
ficant degree of immunity is induced by vaccination with 1vorm tomogenates, 
products, etc. and with the transf'er of serum from infected to normal 
an:Jmals. The inability may be due to lack of' exposure of' the host to 
:hnlD1mi zing antigens over a long period or to lack of suff1cent amounts of 
the necessary antigens. At present there is lack of knowledge about which 
stage 1n the life cycle of the paras1te is responsible for producing reSistance. 

Possibly improved methods of in vitro culture of schistosomes may 
be help:f'ul in this regard; Newsome anciRobinson (1954) have reported some 
success in this direction. fadun considers that the most serious handicap 
in the instigation of success:f'ul methods of immunization in schistosomiasis 
is the lack of methods by which the degree of host resistance can be measured, 
without having to challenge and kill the animal. There are many serological 
tests for the presence of schistosomiasis, but there is no evidence that the 
antibodies detectable by these methods are related to resistance. 

In assessing the need. for methods of' 1mIIlunization in SChistoSOmiasiS, 
Sadun (1963) points out that various other methods of' control such as vector 
control, may reduce the incidence of infection, but if the disease is endemic 
in the area, a population which is devoid of immunity would be in danger of' 
overwhelming infection, if the control measures should break down. He consi
ders that a continued and extensive investigation along paths leading to 
immunization against schistosomiaSis should. be vigomusly -pursued. :But he 
introduces a note of warning that the suCcess of' irradiated larvae on other 
fields, such as has been suggested. by vaccination with irradiated larvae 
against lungworm infection of cattle, which is being pursued with success in 
Great Britain, cannot be interpreted as necessarily encouraging in relation 
to schistoSOmiasiS, because each host-parasite relationShip has its special 
features. So far, only partial protection in schistoSOmiasiS has been obtained, 
am this only in certain hosts and only be means of a procedure, which involves 
considerable damage to organs by disintegrating schistosomulae. However, he 
does point out that though we may be a long '*8Y from success in this parti
cular problem, at least the period of doubt as to whether resistance can be 
acquired at all is over. The :f'uture holds the problem of fiming the 
mechanism of' imrmmity • 
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2. JJ.1MJJlll'l'Y m RELATION TO DIAGNOSIS 

2.1 General principles and app~cat1on 

Diagnostic methods employing allergic and serological methods 
have been in use in relation to helminth parasites of man for almost 
fifty years, Sadun (1963) has outlined the1pros1and'eonsl of immuno
diagnosis compared with diagnosis by other technical means, such as 
examination of faeces, blood, sputum, urine, etc. The latter methods 
have the disadvantage of being time-consuming, uncertain in relation to 
the identity of tie patient and specimen, !!lOre difficult to undertake in 
outlying districts, and more subject to objection by the patient because 
sometimes customs and reUg:l.ons make it difficult to obtain specimens. 
On the other hand, immunological methods have til;! disadvantage of being 
less direct, and consequently more likely to give false negatives or false 
positiv6a, although of course examination for eggs, etc. is by no means 
free from the danger of false negatives, ~eulting !'rom the presence of 
immature parasites. Furthermore, there are various helminth infections 
which cannot be diagnosed in this ,my, for example, cysticercosis, hydatid 
infection, trichinosis, larva migrans, etc. 

In the early days, methods of immune-diagnosis employed the most 
easily available material as antigen, such as h;ydatid flu1d, ground-up adult 
schistosomes, extrae'ts from snails in schistosomiasis. It was realized that 
an enormous multiplicity of antigenic components was involved, and that some 
of these were probably common to all helminths and certainly very few of them 
were specific for the partiCular helminth under investigation. Nevertheless, 
such tests, allergic and serological have been in clinical use I particularly 
in schistosOmiasis, hydatid infection, and trichinosis. 

Attempts to subdivide the helminth-parasites into various antigenic 
fractions have been made, There have been four approaches: (1) division into 
anatomical fractions, (2) division into physiological fractions, such as the 
so-called somatic and metabolic antigenic fraction i (3) division 
into developmental fractions, such as differentiation of eggs, larvae, adults, 
etc.; (4) differentiation into ~hemical fractions such as proteins, poly
saccharides, etc. 

It may be said that each of these approaches has led, and will 
lead to new knowledge about the antigenic structure of helminth parasites 

and the nature of the antibodies produced in helminth infections. Each 
approach has, moreover, provided particular antigens lThich have been used 
for the diagnosis ot helminth infections in man. 

2.2 ~gmuno.d1agnostic methods 

In a previous section, when artificial immunization was being dis
cussed, it was emphaSized that the important antigens are those which are 
functional in the promotion of resistance. In the approach to immuno-diagnosis 
what-is required is antigenic specifiCity, i.e. an antigen which has as far 
as pOSSible, a single antigenic determinant which can detect only those anti
bodies produced by the correspt>nding parasite. It "TOuld seem likely that in 
any helminth infection a very wide variety of antibodies is produced, the 
vast majority of these are pro~ably shared by other helminths, but there 
may be some which are specific and unique to one particular parasite, and 
in the diagnosis of this parasitic infection, these are the antibodies which 
have to be singled out. 
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Immuno-diagnostic tests fall into two main categories, i.e. allergic 
and serologic •. 

2.2.1 Allergic tests 

Allergic tests may be divided into two groups, i.e. those which are 
employed on the patient directly, and those in which the patient's serum is 
used in an indirect, allergic test. 

The direct methods are the simplest to use and involve a Simple 
scratch or intradermal injection. Almost all investigations in relation 
~ allergic tests for helminth infections in humans have been devoted to 
the so-called immediate-type response. The delayed-type response, which is 
manifested in certain bacterial diseases, such as tuberculosis, has not 
been use to any extent in helminth infections. 

Indirect allergic tests include those in which the serum from the 
patient is injected into another subject; this may be another person or an 
animal, such as a rabbit or guinea pig. In the Prausnitz-Kllstner reaction, 
which is utilized for the diagnosis of atopic conditions in man, a small 
quantity of the serum of the patient is injected intraderma1ly into the 
skin of a non-sensitive person. Passive. sensitization of the reCipient's 
skin occurs, so that the wheal and flare reaction results from the injection 
of antigen. This reaction may have some sIgnificance in the diagnosis of 
helm:Lnthic infections, because reaginic antibodIes may be involved in these 
infections. 

The two other indirect allergic tests involve the injection of the 
patient's serum into a guinea pig or rabbitj the effect is elicited by anti
bodies of the precipitating type. These tests are known as the passive/cutaneous/ 
anaphylactic reaction (PCA reaction) and the reversed passive Arthus reaction 
(BFA reaction or Arthus-type reaction). 

2.2.2 Serological tests 

SerolOgical reactions used in the immune-diagnosis of helminth 
infection may be divided into two types, i.e. (a) those employing soluble 
antigens and (b) those employins livinG or preserved stages in the life 
cycle of a parasite j these will be considered in greater detail below. 

The former can conveniently be divided into three types of reactio~ 

(a) those wich depend upon preCipitation between antigen aDd 
antibodYj 

(b) those which depend upon adsorption of the antigen on particles 
such as cholesterol, bentonite, latex, etc. or on to erythrocytes; 

(c) those which depend upon the absorption of complement or conglu
tinin as a result of antibody-antigen interaction. 

From these three basic types of serologic reaction have developed the modern 
techniques for imm.tl1lO-diagnosis of helminth infection. Gel di1'fusion, imm.tl1lO
electrophoresis and il1111lWlo-fluoresceneo are refinements of the precipitation 
method; the flocculation tests are elaborations of the adsorption method. 
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2.3 Preparation of antigens 

vl1 th regard to the preparation of antigens for immuno-diagnost1c 
tests it bas been emphasized that progress in this direction depends upon 
improved methods for the production of characterized antigens. Speaking 
broadly, it 'WOuld seem that development in this field has proceeded along 
three main lines, (a) chemical fractionation; (b) physico-chemical separations; 
and (c) gel diffusion and immuno-electrophoresis. 

2.4 

2.4.1 

Immuno-diagnosis in helminth infections 

Nematodes 

AscariS ~ has been subjected, probably more than any other 
parasitic helminth, to antigenic analysis. Consequently more is knoll1l 
about its antigem.c structure than any other species. As might be 
expected, a variety of immunologically'distinct antibodies appear 10 the 
serum. of infected animals and patients. 

One of the most interesting antigenic fractions prepared trom 
adul.t Ascaris suum is a polysaccharide frac tionl Wich was sho'WO by 
Oliver-Gonzale2:lrl946) to have the property of inhibiting the agglutina
tion of group A erythrocytes by absorbing the alpha agglutinins of human 
blood. He,later shoved (Oliver-Gonzalez, 1946) that infection of rabbits 
resulted in a marked increase in theil' .1 and· ~ iso-agglutinins. 'rhe 
iso-agglutinins could be absorved from the serum of these rabbits with the 
cuticle of the worms, but not with the other tissues. 

'rhis work has been extended and :reviewed by Rbppisch and Oliver
Gonzalez (1959). Not only do these substances absorb iso~agglut1nins from. 
human serum, but when injected intravenously into animals which contain "2 
iM .. aggl.utinins in their plasmal they cause!!!. !!Y2. agglutination of erythrocytes. 
This occurs because the substances with the iso~agglutinogen-like property 
adhere to erythrocytes; agglutination is effected by union of agglutinins 
with the coated erythrocytes. 

Among children suspected of larva migrans, a proportion of sera 
showed positive agglutination r~ctions against erythrocytes coated with 
iso-agglutinogen-like substance, whereaS with other children, including 
SODe with intestinal Ascaris inf'ect1ons, but with no suspicion of larva 
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migrans, there 'WaS only a low incidence of positives. -. 

Soulsby (1958) demonstrated that the Forssman antibody lsrels were 
increased in pig serum follovdng infection with Ascaris ~ and considered 
that the natural occurrence of Ii -,heterophile antibody in pig serum can 10 r 
part be ottriCated to natural infection, 

A third kind of antibody which occurs as a result of infection with J 
Ascaris end"hich can be utilized in diagnosis~ is that causing precipitat:Lon 
at the orifices of larvae when they are placed in the serum of the inf'ected 
animal. 'rhis antibody effect was first described by Oliver-Gonzalez (1943) using 
tt4rd stage larvae, as a result of placiog.them in the serum of rabbits a:t'ter 
intection ldth ege;s. He concluded, as a result of antigen absorption tests, 
that the antigens reDponsible for these ant;Lt:odies are in the egg. Leikina ..... I 
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(1953) observed precipitation around larvae in infected guinea pig serum and 
used this technique for diagnostiC P'Jl"pOses. later (Leikina ;1965) she used 
the precipitation effect for mass surveys. 

Gefter and Zorik1-nha.(1959) reported that the larval precipitation 
test was positive in 43 out of 11 children in the Soviet Union, only about 
five per cent of whom showed Ascaris eggs in the faeces. Richards, Olson 
and Box (1962) used the larval precipitation technique in a survey of 
children in Galveston, Texas, for detection of antibody to T. canis· the 
results were inconclusive. - I 

TaUs and Voller (1962) have extended the precipitation reaction 
with living larvae by coupling the serum of rabbits which had been infected 
several times 'With ~'!!!E:!!! eggs, 'With fluorescein iso.thiocyanate. PreCipitates 
appeared at the mouth, excretory pClt'e, anus, and on the cuticle. When observed 
in ultra-violet light they showed that fluorescent antibody had been incorporated 
into the preCipitates. 

In the writer's laboratory fluorescent antibody tests have been 
conducted on a number of sera !:rom fl1lBllected cases of larva misrans. Positive 
reactions were obtained when!. can:I.~ (second stage) larvae when placed in 
fluorescein-coupled serum of infected rabbits. Similar results were obtained 
in a person in whom positive diagnosis of larva m1grans 'Was obtained by 
finding a !. canis larva in a retinal granuloma • 

• Sadun ~!! (1957) obtained an acid soluble protein traction 
trom adult!. canis and, USing tbis adaorbed on bentoaite, found that infected 
rabbits and immunized rabbits gave positive flocculation reactions. There were 
CDOss-reactions 'With rabbits infected 'With A. lumbricoides _ but out of 21 
sera from cbildren suspected of larva migr.e.iis. five gave' a positive reSult, 
whereas all of 174 sera from normal people were negative. The antigen 1I9.S 
tested on many animals of different kinds and 'With serum of pel'sons infected 
'With, or immunized against, a 'Wide variety ot diseases, 'Without obvious 
cross-reactions being evident. Leikina and Polyakova (1956) and Leikina ~.!! 
(1951) adsorbed ASCariS antigens onto carmine particles. vlhen tested against 
infected guinea-pig serum the adsorbed protein traction gave a high percentage 
ot positive agglutination reactions. This technique was latelt used for diagnosis 
and survey -work (Leikina, 1965). 

Kagan et al (1959) obtained serum from patients with symptoms ot 
larva migrans. as well as from rabbits infected with!. canis and injected 
with whole worm extracts. These sera were tested against several diUerent 
antigen preparations, using the haemagglutination test, the slide haemagglut1na
tion test and the bentonite flocculation test. ll'o speCificity 'Was detected 
by the antigens employed in relation to the different sera tested. 

Kent (1960) separated the proteins ot an aqueous' extract ot Ascar1s 
by paper and agar-gel-electrophoresis into five fractions. The fractions 'We2'e 
separated by column chromatography, hydrolyzed and analyzed for their amino
acid content. Using agar-diffasion it was shown that each fraction probably 
represeuted a Single antigen, because it produced a single band 'With homologous 
serum. Two ot the tractions gave gpod precipitin reactions with serum ot 
infected rabbits and human patients with Ascaris 1nfection,only two out ot 
sixteen cases of suapected. 'ri.8OQ8.l larva migrans gave positive bands. No 
cross reactiooa 'Wel'e given with sera f'ro!Il other paraaitic infections. 
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Jung and Pacheco (1959) found. that intradermal tests, using 
aqueous extracts of!. canis and A. lumbricoides were of no value for 
the diagnosis of intestinal infection in man, and there was no difference 
between the antigens from!. canis and!. suum. In contrast, they found 
that the haemagglutination reaction, wherein erythrocytes are tanned and 
coated with antigen, showed some promise as a test for detection of 
visceral larva migrans. 

Other nematodes. Anderson et al (1962) have used the complement
fixation reaction to detect antibodies In patients suspected of Angto
strongylUS cantonensis infection. Metabolic am somatic antigens of 
A. cantonensis were used, but the writers consider that too little is 
"known as yet to determine the reliability of such tests. Alicata and 
Brown (1962) utilized an intradermal test for the diagnosis of 
!. cantonensis infection. 

A few attempts have been made to diagnose hookworm infection by 
intradermal tests, using all antigen prepared from extracts of adult 
A. caninum. Sawada et al (1961) and Chu et al (1959) used extracts from 
fresh, adult hookwoiiiia for intradermal test'S; they rep01'ted a higher 
percentage of positives in endemic areas and found that no cross
reaction occurred with other helminth infections. 

A few studies on the diagnosis of gnathostomiasis have been 
undertaken in Japan, using allergiC and serological reactions. Furuno 
(1959) found precipitation reactions oocurring 2-3 weeks after infection 
in rabbits. Patients' serum showed precipitin reactions with larval extract 
and with living larvae. Yamanaka (1958) found that sera of patients with 
gnathostomiasis produced positive skin reactions with an extract made from 
whole third stage larvae; the Prausnitz-lrustnerreaction was al.sa positive. 

2.4.2. Cestodes 

2.4.2.1 QYsticercosis 

Cysticercosis,particularly the cerebral form, presents a distinct 
problem in relation to diagnOSiS, so that immuno-diagnostic methods have 
considerable application. It would appear that the most reliable test is 
a complement-fixation test, using an antigen prepared as an al.cobolic extract 
of tie eysticerci which have previously been extracted with acetone. This 
test 'WaS used by Nieto (1956) with success, but he pointed out that it was 
important to use the cerebra-spinal f1uid rather than the serum. The serum 
was otten negative when the C.S.F. was pOSitive, and frequently yielded 
non-specific reactions, particularly with syphilitic serum. 

Magalhaes (1951) prepared an antigen from cysticerci from pigs; the 
cysts were extracted with benzine, dried, ground and extracted with methyl 
al.cohol. He concluied that this antigen, used in the complement-fixation 
reaction with serum, is a valuable aid to diagnoSis; he also used cerebro
spinal fluid. 
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Biag;I. and Tay (1958) used an antigen prepared from cysticerci 
extracted with acetone, dried, po'wdered, and sUSpended in saline. Iet~r 
Biagi ~ & (1962) compared this antigen used with a preCipitin reaction 
with complement-fixation and with haemagglutination. Uni'ortunately, rea~tions 
were not as favourable as they had at first appeared; they considered that 
l'laemagglutination should be used for the examination of serum and the com
plement-fixation reaction for examination of C.S.F. 

2.4.2.2. ijydatid infection 

Immunological diagnosis for hydatid infection in man has been 
performed for the past Sixty years. These tests have ceen carried out in 
many parts of the "WOrld, usually employing an antigen prepared f'rom the 
hydatid fluid, but sometimes USing the scolices or germinal layer. The 
conglutinating complement absorption test has been llsed, and more recently 
the 1nd1reethaemagglutination reaction has been reported as more sensitive 
and specific than either the intradermal or complement-fixation tests. The 
more recent aethods of adsol'I-~ion of antigen on to particles of bentOnite, 
latex, etc. have obviated this difficulty. 

Kent (1963) and Kagan (1963) have summarized recent advances 
in the immuno-diagnosis of hydatid infection. In spite of the large 
amount of experience and wide usuage of these reactions in the detection 
at hydatid disease in man, the impression is obtained from reading these 
reports that they are by no means a certain method of diagnosis. Methods 
of preplration" the source of the antigen:ic material, and all the other 
aspects of the technique, seem too variable for comparisons to be made 
between the different tests and between the different antigenic preparations. 

Immune-diagnosis in patients with lung hydatids is not as sensitive 
as with liver infection, ];Gssibly owing to the dense fibrous tissue around 
lung cysts resuJ.ting in lack of antigenic stimulation. Another complicating 
factor in the diagnosis of hydatid infection is that the usual material used 
as an antigen, i.e. cyst fluid, has been found to contain, not only jintigenic 
components from the parasite, but also a number of host components. In certain 
diseases, such as collagen diseases, liver cirrhosis, and various auto-immune 
diseases,ant1bodies appear which give false positives in the haemagglutination 
reaction. This is the reason why Kagan does not accept a titre of below 1-400 
in this test as an indication of infection. 

M to the best antigen to use in serological tests, i.e. hydatid flufll, 
scolices, or membrane antigens, Kagan and his co-workers came to the conclusion 
that hydatid fluid was the most sensitive antigen, in both the haemagglutination 
and flocculation tests. ~tid fluid of E. multilocul.al'is is not as satisfactory 
as that of ~. granuJ.osus, and various attempts have been made to improve this 
material. 

2.4.3 Trematodes 

2.4.3.1 Fascioliasis 

Immune-diagnostic tests for fascioliasis have been employed for 
many years for the detection of human infection. The antigen is usual.ly 
prepared from ground flukes, as either a saline or alcoholic extraction. 
lbth allergic and serological. tests have been used; of t12 latter a com
plement-fixation reaction is the most commonly employed. 

II 



WPR/Helminth/4 
page 14 

2.4.3.2 Clonorchiasis 

• 

Saline extracts of aduJ.t worms have been used both in intradermal 
tests and the complement-fixation reaction; but this material appeared to 
give a high proportion of' false negatives and false positives and cross
reactions were reported between clonorchiasis, paragonimiasis and fascioliasis. 

2.4.3.3 Paragonimiasis 

Immuno-diagnostic techniques have been applied to the diagnosis 
of paragonimiasis on a very wide scale. The first antigens used were 
saline extracts of aduJ.t P. westerman1; when the intradermal reaction 
was usedn considerable cross-reactivity occun"ed between Pa;agonimus, 
Clonorchis and Fasciola, and to a less extent with Schiatosoma {Chung!! 81. 
1955J. 

Chung ~!l! (1956) prepared a dried, powered antigen from 
young P. westermani and, using a complement-fixation reaction, they showed 
that ti2 sera of fifty out of fifty-one infected persons "I~re poSitive, 
bUt cross-reactions were observed with other trematode;"in:l'ections. Ka"l-lahara 
(1960) used a precipitin reaction to detect antigen in urine; he regarded 
tie urine precipitin reaction as usetuJ. in early diagnosis. 

Ishii and MJrisawa (1961) used an antigen prepared by dilute acid 
extraction used as an intradermeJ. test acd f'ound that of 71 patients, aU 
~sitive f'or waeonimus eggs, aU gave a positive reaction. Sadun ~ al 
(1959) used an acid-soluble protein traction of'1!. westargsn1 and carried 
out intradermal tests on 2679 persons; stool eX8lll1nations were also carried 
out. It was found that all proved P. westerman1 in:l'ections had a positive 
intradermal reaction; wheals of' less than 150 sq. mm. were considered 
negative, those of 250 sq. mm. or more were positive. 

2.4.3.4. Schistosomiasis 

As the comprehensive review of immuno-diagnostic methods in 
SChistosomiasis by Kagan and Pellegrino (1961) is available, tie re woUld 
be no point in referrr1ng to papers prior to this revi~l. 

These authorities deal firstly with the intradermal test. They 
advise against the use of antigens of' trematodes other than Seh1stosomes, 
and consider that ane made from aduJ.t schistosomes 1s the best. They 
stress the importance of' standardization, once the best method of' preparation 
is established. 

In aduJ.ts the intradermal. test will usually reveal a higher 
proportion of' positive~cases than stool examination alone. It is most 
useful as a screening test for treatment; positive cases should be con-
1'1rmed by stool examination. In children the intradermal test is not l!Jo 
usei'ul., being more subject to f'alse negatives; it shouJ.d be Carried out on the 
back anI a wheal. of 1 sq. em. is regarded as positive. Pellegrino et al 
(1962) consider that it is important to use antigen of' the individual sped.es 
to t:e detected if' possible. 

The complement-f'1xation reaction 1s regarded as bighl,y sensitive 
and specific when suitable antigen is used. Extracts of' aduJ.t schistosomes 
are recoumended over larval extracts, the method involving defatting at 
low temperature and extraotion with verona! buf'f'er. 

-, 
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The CF test becomes positive early in the course of the disease~ 
usually before eggs appear in the stool. It remains positive in a high 
percentage of cases during the acute period and also in the chronic stage. 
A positive CF test in a Clinically suspect case Justifies rectal biopsy~ 
but does not in itself comprise a diagnosis. After treatment the CF test 
often becomes negative and this may provide an indication of successful. 
treatment. 

The precipitin reaction has not been so widely utilized as the CF test. 

The circumoval precipitation test has the advantage of being 
species-specific. Cross-reaction occurs between the different strains of 
~ ja:gon1cum. but it does detect some strain differences (Hsu ~!k 1961). 
Also it is of value in dmiicating cure, as it becomes negative in almost 
all cured individuals~ sLx months after successful. treatment. 

In contrast to the precipitin reaction~ the COP test is more intense 
in chronic infections. Occasionally in uninf'ected serum tb!re is the 
formation of globular precipitates aroWld the egg, but not the typical chain
Uke precipitates. Evidently the source of the eggs for this test is important 
and less speCific results occur with eggs from rats and hamsters ~ eggs from 
monkeys are more satisfactory. 

The cercarial envelope reaction (CHR) is useful. in detecting 
early infection. It is very specific am no cross-reaction occurs with
other helminth infections, but it is not species-spee1f1c lik~ the cop. 
It may be -valuable for assessing therapy as it tends to disappear after 
treatment. It is used as a routine diagnostic test in Venezuela, as well 
as in China. cercariae 01"- other non-human trematodes also show the CHR 
reaction in the serum. of S. mansoni infected patients (Douges, 1962). 
Cercariae of S. mansoni are more reactive than those of S. haematoUum 
(Jordan and GOatly, 1963). -

The cercarial agglutination test is complicated by the fact that 
agglutinins occur in normal serum. For this test, serum has to be inacti
vated at 56°c for 30 minutes; It appears that in recent infections, 
agglutinat1ng antibodies are readily detectable in high titre~ but in 
chronic 1nfections the titre decreases and disappears. 

I The miracidal immobilization test (t-m) also requires inactivation 
at 56DC for 30 minutes, as fresh serum of many-animals has immobilizing effect. 
It is likely to be a dif':f'erent antibody from the agglutinating, circumoval 
and CHR antibody as these have been found only in the gamma globulin fraction, 
wbEDeas.the MIT antibodies are in all fractions separated by starch electro
phoreslf..s. MIT antibodies appear early in infection, they cross-react with 
other h~th infectiOns; it is not regarded as an important diagnostic test. 

The haemagglutination reaction, using f'ormal1ni zed tanned cells 
coated with cercarial antigen~ has been used with some success, but requires 
f'urtte r evaluation. It seems to have no species or generic specificity. This 
test has subsequently been used by Sato ~ !!!. (1962, 1963). 'rbe same may be 
said of the cholesterol-lecithin i'l.occulation test, using an extract of lyo
philized cercariae. 
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Andrade et al (1961) have described eMther diagnOstic technique 
employing interaction between granulomata in the liver of infected mice 
and fluorescein-coupled human serum from patients infected with £. mansoni. 
In a positive reaction the adult worms and their eggs showed fluorescence. 

Brumpt et al (1963) concluded that a strong positive reaction to 
either tre COP orciiR tests justified treatment. A positive CHR ali negative 
COP indicates early infection, whereas the reverse indicates a chronic 
infection. If both are negative, it is evidence of cure. 

Pellegrino and Andrade~(1962) consider that the COP test involves 
false negatives, but that the combination of the intradermal test and 
complement-f1xation test detects these. Jachowski and Anderson( 1961) have 
also compared the available immuno-diagnostic tests. FOr field use they 
recommended the flocculation test; when laboratory facilities are available, 
they recommend too complement-fixation test, using adult or cercarial antigen. 
The cercarial agglutination test waS variable, the circumoval precipitation 
test was not sufficiently sensitive, intradermal tests were regarded as 
unsatisfactory. 

3. CONCWSIONS 

Over the past thirty years there has ~crued. a considerable body 
of evidence that helminth parasites can be recognized immunologically in 
experimental hosts and that, by virtue of certain antigenic substances, 
they inCite the formation of antibodies. These antibodies can be detected 
in the serum of the infeated animal by various means. It has also been 
observed that animals infected v1hh a particular helminth for the first time 
are rendered thereby more resistant to a subsequent infection. This type 
of immunity (reinfection reSistance or acquixed immunity) is firmly held to 

lave-an antibody baSiS, i.e., the immunity is caused by tm antibodies produced. 
as a result of the first infection. In a few instances, it has been possible 
to show that serum from animals manifesting this type of :hmnllnity will protect 
a previously uninfected am otherw.l.se susceptible animal (passive illlllUll1zation). 
Eut there are many confliating resUlts in this aspect of acquired immunity. 

The manifestatiens of acquired immunity are val~ed am depend upon 
the spe£ies of parasite involved. It has been shown in some cases that lal-vae 
are impeded in their progress through tissues, that they may travel via unusual 
routes, that they may be encapsulated by various cellular components, that they 
may fail to arrive at their destination, or that if they do, they produce fewer 
eggs or fail to grow as quickly, or as large, as those in non-immune hosts. 

There is, however, an important factor to b~ taken into conSideration 
before relating this knowledge to human infection. Mest 01' the work upon 
which the foundations of our knowledge of immunolo~in parasitic infections 
is based, comes from experimental infections, Many ef the paraSites are 
laboratory-reared atrains, having been maintained 1'8r decades in particulsr 
hosts, which are, in most cases, not their natural host.. Indeed, laboratory 
animals, such as the rabbit I the rat and the guinea pig, have provided a 
large part of our present knowledge of the mechanism of immunity. It dOes 
not, therefore, fBllow that manifestations of immunity observed in experi
mental infections will necess~~ operate in the same way with paraSites 
in their natural hosts. 

.-

, 
-r<--J 

"'" 
11 

..... II 
" 
II 

, I 

" 

II 
11 
i I 

11 
JI 

i 
, 

,1 



-

WPR/Helminth/4 
page 17 

Indeed, there is the possibility that in a long-standing host
parasite association, during which the parasite has been progressively 
adapting itself more and more closely tOvlards a particular host, there 
would be adaptation, not only to the natural defence mechanisms, and 
the natural barriers and structural modifications for lr1thstanding 
invasion, but also the mechanism of acquired immunity. 

In other words, it would appear unlikely that parasites which have 
survived a long history of association with their hosts would betray them
selves to the extent of providing an antigenic stimulation, which is likely 
to result in their removal from the host. A process amounting to immuno
logi cal unresponsiveness ("adaptation tolerance ") may supervene as a result 
of long host-parasite association. 

Fbr these reasons, it should not be assumed that laboratory findings 
necessarily apply to human infections, and one should amphasize that although 
reinfection reSistance, and even artificial immunization against parasitic 
infections, has beeo demonstrated in experimental animals, these processess 
have not been successfully carried out in the human subject. Furtl.ermore, 
the possibility must be envisaged that 1dth some of the human helminth 
infections, such processes could never be successfully operated. 

Epidemiological evidence does not indicate that reinfection 
resistance is markedly effective in human helminthic infections. Although 
there appears to be no doul::t that, as a result of intect:ton, antibodies 
appear in the serum of infected persons and that these antibodies react 
with paraSites or their products in various ways, there seems to be little 
indication that the possession of these antibodies confers immunity on the 
population as a whole. 

In anyone population in an endemic area of helminth_ infection there 
is usually a high proportion of infection among children;as life proceeds, 
infection is probal::1y acquired over and over again, and for many infections 
at the age of 40-50, people are stili, though perhaps not so heavily,i.nfected. 
Yet, as Stirewalt (1963) has pointed out, in relation to schistosomiasiS, the 
fact that man survives at all under conditions of constant re-exposure, is 
ev1dencethat some kind of immunity 1s aqquired • 

• 
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1. nmKlDUCTION· 

Infection acquired by contact, i. e., direct person-to-person 
transmission, is said to be contagious. Transmission of this kim 
can be accompJ.ished oDly by organisms 'Whose transfer stages are·alree.dy 
infective, or nearly So, wben shed from the body of infected persons. 
Among the colllll¥:ln helminths of man tins is unusual, it being the normal 
mode of transmission in only one--the pinwo:t1n, Enterobius vennicularis. 
In three others--l!ymenolepis nana, Cysticercus cellulosae and Stropg,yloides 
stercoralis--transmission usual.l.y is less direct, but as it may, and 
sometimes does, occur by person-to-person· transfer in f'aeces or in the 
waxy mixture of 1'aeca1 and mucous materials shed from the anus, the 
infections can be regarded as being contagious, or at least potenti 81 1 Y so. 
Befddes pinworm eggs, many di:f:ferent kinds of infective organisms are 
found regularly incorporated in the ~ dessication-resistant secretion 
of the anal glands. Even when faecal elements are grossly inapparent 
microscopic examination of perianal scrapings or vashings often reveal 
the presence of protozoan cysts and helminth eggs that are normally 
carried from the intes~e in the faeces. 

2. ENTEROBIASIS 

2.1 Distribution and. Prevalence 

Enterobius is cosmopolitan in distribution, and in the temperate 
and arctic regions it is the IOOst colllllOn helminth of man. It is said to . 
be relatively much less common in the tropics. It is the only helminth 
that is well adapted to highly developed societies 1 succeeding best in 

, urban situations where the people are comfortably housed and well-clothed 
at all seasons of the year, and frequently come in close contact with each 
other for commercial, social, recreational, educat1.onal and religious 
activities. . 

2.2 Transmission 

Eggs are deposited IOOStly at night and become infeet1.ve within 
a few boursj as egg-laying occurs, on theoutfdde of the body at the 

. anus, . a large proportion of the infective eggs are shed into the home 
environment. However, as they are put dOwn in. albuminoid secret1.ons 
of the vorm and are then mixed into the st1.cky secretions of the anal. 
glands, the eggs tend to adhere to fingers and clothing, and' thus become 
scattered variously throughout the day. The eggs are readily vashed 
from the body, and they rems.1n infect1.ve for several days in vater 
(as in children's wading pools) • Attached to minute fibers the infective 
eggs become air-borne and reach the intestine via the nasopharynx. 
Transmiss:Lon is accollIpl1shed in so many di:f:ferent ways that adults as 
well as children repeatedly become infected. 
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2.3 Infection in Relation to Disease 

While infection rates may be extremely high and the numbers of 
worms in the caecum and colon may be enormous7 the disturbances caused 
by them usually are mild7 often imperceptible. This is advantageous to 
host and parasite alike. If the worm were JOOre damaging, greater effort 
would be made to combat it. However, the infection is not always 
innocuous. The pruritus ani caused by it ma.y be severely disturbing 
to children, or to adults, and to the latter the mere awareness of having 
worms in themselves or their children is a source of embarrassment and 
anguish. Occasionally, the inf'ection may lead to serious incidents 
when, for example, the worms migrate via the perineum and vagina to the 
uterus, tubes and peritoneal cavity. When present in exceptionally large 
numbers the developing worms apparently cause irritation of' the appendix 
and. caecum. These disturbances have not been suf'ficiently severe, nor 
suf'ficiently frequent, to call for organized action agJidnst transmission 
except at the level of individual families and institutions. 

2.4 Diagnosis 

Troublesome infections usually are discovered when worms are 
observed at the anus or in the faeces. In most cases, the infection will 
be detected by a special diagnostic procedure, the most proficient of 
which is microscopical emmination of material removed from the perianal 
folds on a strip of transparent adhesive tape that has been pressed firmly 
against the intermediate zone between the moist anal canal and the dry 
perianal. skin at early morning. This must be repeated daily for a week 
or more if a high percentage of the infections are to be detected. -, 

2.5 Treatment 

Piperazine preparations and p~nium pamoate are effective against 
enterobiasis and both drugs are JOOre or less non-toxic in recomm.ended 
dosages. The prepatent period is not JOOre than four weeks and may be 
as short as two weeks. Thus, owing to the high probability of re-infection, 
the recurrence of' eggs at the anus can be expected within a f'ew weeks after 
successful treatment. 

2.6 Control Methods 

The high prevalence of infection, the short prepatent period, the 
hip:h probability of' re-inf'ection, and the benign nature of the usual infection, 
cons1.dered together with the fact that, if troublesome, the infections are 
easily eradicated from individuals, f'amilles or institutions, argue against 
any effort to eradicate enterobiasis from the general populatl.on. There 
are no reservoir basts. Thus, by mass treatment and improvements in 
community h;ygiene effective control is theoretically possible and might 
not be costly. However, unless by some new discovery this infection is 
found to be more detrimental to health than is now apparent, public health 
efforts and resources can more reasonably be directed towards other problems. 
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The. dwarf tapeworm, Hymenolepiasis nana,occurs in most parts of 
the 'WOrld and is found commonly in rodents as well as in humans. There 
is no firm evidence that the rodent strain differs from the human strain. 
H. oana is common in arid regions where other1ntestioal helminths are 
especially uncommon, possibly owing to water storage in open containers 
and· the association of rodents with stored grain. However, the 
epid.emiolo"gy of this infection has not been studied, either in arid or 
any other regions, and the :frequency with which the infection is spread . 
from rodents to humans is not known. It is well established that rodents 
can be infected with eggs from human faeces and vice versa, but it is 
also clear that much of the infection found in man is faecal-borne and 
probably is transmitted directly from person-to-person in the same manner 
as is enterobiasis. . 

Nature of Infection and Control 

Whlle hJ'menolepias1s may be a significant public health problem 
in some areas, evidences that it is have not been recorded. Moreover, 
since the epidemiology of the infection can only be inferred from limited 
studies on the 'WOrm's biology, contrOl measures l11tew1se 'WOul.d have to 
be based on inferences. It may be noted that infections are at times 
extremely heavy and may cause gastro-intestinal or systemic disturbances. 
Atabrine is satisfactory for individual· but not for mass treatment. The 
relAtive indifference to H. oana infection is probably due to a lack of· 
any knowledge of its public b.'e8Ith importance in those regions where it 
is prevalent. 

4-. CYSTICERCOSIS 

4.1 Transmission 

Cysticercus cellulosae, the l.arvaJ. stage of Taenia solium, deve1o"ps 
in man essentially in the same manner as it doe.s in its natural.. bOat, " 
the pig. In either host, the infection - cysticercosis - is acquired by 
ingesting eggs in, or liberated from, progl.ottidsshed from the adul.t 
tapeworm which develops exclusively in man •. The transfer of eggs from 
infected individuals to themselves or others is presumed to be accomplished 
primarily in two ways--anus-to-mouth or anus-to-fomi te-to-mouth as in 
enterobiasis," or by faecal contamination of substances eaten or drunk. 
That both types of transfer are possible can be inferred from the 
observation that eggs may be found abundantly in material removed from 
perianal folds or in faeces. 
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4.2 Contro~ 

Cysticercosis may cause ~ittle or no distubbance even when the 
infections are heavy, but in a certain percentage of cases the infection 
is serious and may be fatal. Thus, in any area where Taenia solium. 
infection is highly prevalent, cysticercosis is a significant public 
health problem. While complete control is to be accomplished by efforts 
directed to-wards barring transmission from man-to-pig-to-man, interrupting 
the man-to-man transmission must be given attention too. As in the 
control of Enterobius and !!.. ~ infections, anthelminthic treatment of 
carriers, combined with whatever impl'Ovements may be possible in personal 
and community hygiene, is the most effective control measure available. 
The fact that carriers are usually asymptomatic and may for some time 
be unaware of the infection adds to the difficulties of controlling 
transmission. 

5. STRONGYLOIDIASIS 

Strongyloidiasis usually is not regarded as being either contagious 
or faecal-borne. It is without question transmitted through soil or 
water in most instances. Its claim for consideration among the faecal-borne 
helminthiases derives from the fact that, while the larvae passed in 
i"l!esh faeces are with rare exceptions in the non-infective first-stage of 
development, the period of time required for reaching the infective third 
stage is so short (less than twenty-fo-..u- hours) that under circumstances 
such as prevail in institutional and congested urban environments faecal 
material often is not disposed of before it becomes "infective." It is 
probable that a high proportion of infections is acquired by contact with 
remaining portions of stools deposited some hours earlier, or during the 
previous day. 

6. SUMMARY 

The helminthic infections whose andemici ty is maintained by direct 
person-to-person transfer of infective stages are those caused by Enterobius 
vermicularis and Hymenolepis~. Cysticercosis is acquired by ingestion 
of eggs of Taenia solium. either in perianal materials or in faeces and, 
therefore, is essentially a contagious or faecal-borne infection. Under 
certain circumstances strongyloidiasis is acquired by contact with faeces 
bearing infective larvae which penetrate the skin. These infections 
usually are either well-tolerated or are uncommon except in limited areas 
and therefore, are regarded as being of relatively minor public health 
importance. Control rests primarily upon mass or selective anthelminthic 
treatment and the promotion of personal and community hygiene. Measures 
directed towards the contro~ of faecal-borne diseases in general would 
markedly reduce transmission of these helminthic infections, except 
enterobiasis which is strictly contagious. 
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Animals I particularly domestic animals, may otten play a significant, 
sometimes an essential~partl in the transmission, dissemination, and pro
pagation of helminth infections in man. Indeed, the old concept that man 
has a unique collection of helminths for -which he mostly acts as a definitive 
host, is fast giring place to ne-w concepts in loThich parasites, man and -
animals, are involved in an intricate net-work of associations, 1n -which each 
may playa variety of biological roles. 

It must be emphaSized that man not only acts as a definitive host 
for helminth parasites I but he am may act (1) as an intermediate host, -whim 
indicates that his tissues are suitable for a certain degree of growth and 
development of the larvae, (2) as a paratenic host, which indicates that 
his tissues are suitable as a place of sojourn, -where the larva may rest 
until it is transferred to a more suitable host, or (3) as an accidental 
host, -which indicates that his tissues have been accidentally penetrated, 
so that the larva may be capable of surviving for only a very short time. 

It should also be emphasized. that man probably did not acquire all 
'" his helminth paras1 tes at the same time in bis evolutionary history. Some 

of lthem he probaely acquired in relatively recent times, particularly as 
a result of his close association nth those animals -we nov call 'domestic '_ 

It -would seem reasonable to suppose that at least two different 
kinds of parasite occur in man. Firstly, there are the type of parasite 
-which he possesses by virtue of his phylogenetic position, and which be is 
likely to share -with his close relatives, and hence may be referred to as 
'heirloom' parasites. Secondly, there are the paraSites -which he has acquired 
more recently, as a result of the brealtdovn of ecological barriers, behavioural 
or geographic, particularly his adoption of domestic animals; these may appro
priately be termed 'souvenir' parasites. 

The close resemblance of Ascaris lumt:r1co1des and Trichuris trichtar.a 
to similar species occurring in the pig, and similarly, the resemblance of 
Strongyloides stercoralis and Ancylostoma duodenale to similar species occurring 
in the dog, -would lead one to speculate whether man originally may have acquired 
these paraSites from pigs and dogs. Infection nth ~ichostroDBYlus species 
is another instance where man's association -with ruminants would appear to be the 
source of his infection. It should, of course, also be borne in mind that 
some paras! tes of domestic animals may have originated from their association 
with man. 

2. ROLE OF ])Ol.1E&rIC ANlMAU3 IN TRANSMISSION 

211 Coprophagous haeits 

Dogs and pigs eat human faeces, so that they may act as disseminators 
of infection, because infective stages may pass unchanged through their ali
mentary tract) or" it there is development to a mature stage) may be passed 
out in excess of those ingested. On the other band, coprophagous animals may 
act as a parasiticidal influence, if developmental stages are killed by 
ingestion. 
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1Jl1ich of the two ro~es COI'rophagous anima's are likely to play 
,dllresi; on several factors, including the age of the faeces, the kind of 
8Dirnal eating it, and the particular paraSite concerned. Several possibi~ties 
may be envisaged: (1) the eggs pass through unchanged; (Z) they are destro~~; 
(3) they hatch., migrate ,etc, but fail to survive to maturity,. (4) they 
remain alive, but quiescent, for a.l i~te-t1m$. i1: ,cJ.le 12 ssues, 

2.2 Alternative hosts 

There are many heL~nth paraSites which can mature either in man 
or in certain of the domestic animals. Different speCies vary as to which 
partic~ host provides optima~ conditions. Some 'prefer' a domestic 
animal, but will develop in man. In s1.1.ch instances, domestic animals are 
not e8sent1a~ for transmission, they aat as reservoirs and carriers of 
infection. 

2.3 Intermediate hosts· 

Some of the helminths 1-lhich mature 
of domestic animals as intermediate hosts. 
species are essential for transmission. 

in man, require certain species 
In such instances, these host 

2.4 Definitive 40a'~s 

A particular', species of domestic animal may act as definitive host 
of a parasite and man may acquire its larval stages. Helmintmwhich normally 
mature in wild animals, ll187 be acquired by related domestic animals and 
hence man becomes involved in the life history. 

3.1 

3. ASSOCIATImTS nlVOLVING MAN AND ~C ANIMALS 

Han and domestic animals har~ur what awear, on mOrphological grounds" 
• to \fe "identic;;al helminth&!. :But o~er. evidence igdicate9 thAt they ana not 
identica~. 

Example: Ascaris lumbricoides occurs in man and is transmitted 
£'rom person to person in the Sail. Pigs harbour a nematode 
which so closely resembles A. lumbricoidee that no satis
factory means of differentIation has been discovered. 
Yet ep1dem101~gical . evidence does not indicate that the 
two forms are in fact identical or that the ¢.~ plays an 
important part in the epidemiology of human ascariasis. 
Some helminthol~gists regard these as ho distinct sl'ec1es. 

It should be noted that this does not preclude the occurrence of 
cross-1rlteot1~n. Indeed, as wil~ be pointed out belo"T, it is possible for 
larvae of!. suum to migrate in man, but whether development may pr::>ceed to 
an advanced stage in man is not yet known for certain. There is also evidence 
to indicate that !. lumbricoides will mature in pigs. 

What has been stated above about Ascaries sup., applies also to 
~1cburi8!12l:.. Pigs and man harbour Trichuris ~.which are morphologically 
1ndist1ngu1shable, but further work is required to establish their cross-ini'ectivit" h-

• 
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Man is the usual def1Dit:!.ve host, but domestic animals may sometimes 
be found in endemic areas to harbour a morphologically identical 
parasite. Epidemiological evidence does not indicate that a 
different suecies is involved. 

Exat;Iple: dogs, cats, and ,igs may 
human hook;l1orm species. 
may teco me infected with 

occaSionally be found to harbour 
It may also occur that dogs 
StrongylOides stercoralis. 

3.3 A domestic animal is the usual definitive host .. but man is found to 
harbour mature forms of a morphologically identical paraSite. No 
evidence being available to indicate that a distinct human species 
1s involved, it is assumed that man does in fact become infected 
from animals. Infection may OCGUl' in two ways: 

(a) directly from an infective stage derived from a domestic animal 

Examples: Trichuris vulEi; from dogs (See Tech. Rep. Ser. No 
277, 1964, p. 7 
Anc~lostoma ceylanicum from cats, less of'ten from 
dogs (human cases occur in South East Asia). 
Ancylostoma caninum from dogs (one case from Philippines) 
Syngenus. - U!ryngeus from cattle, goats,~ter buffalo 
(one case from Philippines) . 
TriChOstro~lUS ~.and Haemonchus contortus from 
ruminants. cases in Japan, Taiwan, Fiji, China) 
Thelazia callipaeda from dog (cases in Korea and China) 
'!'oxocara cati from cat (13 cases reported, but see also 
(el). ' -

(1::) ind1Tectl.y through ingestion of an intermediate host. 

EJa:eples: DiWpdium caninum from dogs and cats l::y swallowing nea 
or louse (human infection has l::een reported from the 
Western Pacific Region; most in children) 
Gengylonema pulchrum from ruminants and pigs (cases in 
North China) 
Mesocestoides ~.from dogs and cats, by ingestion of 
a reptile (human infection in Japan) 

( c) swallowing the mature worm. This may occur by accident or by design 

Examples: Ingestion of contents of the abomasum of ruminants occurs 
in some localities so that occurrence of trichostrongylid 
helminths, such as Haemonchus contortus, GBtertagia and 
TriChostrongylus !E2. in human vomit or faeces may result. 
It is not likely that worms gained in this way would 
survive for long. Children may insert worms, particularly 
ascaridoids of animals into the mouth, vagina, etc. 

3.4 A domestic animal is the usual definitive host, but man may harbour 
a larval stage, or in some instances an immature adult. Infection 
may result in two ways: 
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3.5 

(a) Fr~m the same s~urces as the domestic animal 

ExampleSt Gna-ch:lsto~ spinigerum fr;)lll dogs and cats,cy ingesti:ln 
of fish, frogs, or snakes. Human cases have ceen 
rep~rted fr;)lll the Asian regi~n:'from Israel to the 
Philippines, particularly in Thailand and Japan. In 
man, the larvae occur in the succutaneous tissues or eye, 
where they produce access formation and tunnels af 
cellular infiltration; 
Q. hispidu~ is a similar species in pigs,occurring in 
Asia and the Pacific area. 

S12i:r:..0.E1etF~. ~02.. from cats, less often dogs, cy ingestion 
of flesh containing pler;)ccrc~ids ;)r water containing 
pl'ocorcoids, ;)r cy application of fles:. to a part of 
the cody, sllch as skin, vagina, etc. ~rometra !!PJ?.!. 
occur in dOGS alla cats and other carnivorous animals 
in many parts of the world. £. mansonoides in the 
United States, £.mansoni and ~. ranarum in Asia and 
S. erinacei in Australia. The plerocercoid larvae 
Zause<~narganosis , arr oedematous, painful, inflamatory 
B1velling c:mtaining living or dead 'TOrms. 

(c) Directly from infective stage derived from domestic animals. 

Examples: ~lticpvs ~. from dog. The coenurus of !1. ~l!..lticcps 
occurs in the brain of sheep, cut a few human cases 
(some of them in Japan) have ceen reported. The coenurus 
of M. serialis occurs in the skin of rabbits; t1vO cases 
have c<een reported in man. 
Echinococcus ~anulosus from dog (See vPR/Helminth/2) 
AscariS suum freel. pig (liHO Tech. Rep. Ser. 27", p. 7-15) 
Toxocara-canIs from dog (WHO Tech. Rep. Ser. 277, p. 33, 39-~2: 
Anc~lostoma craziliense from cat and less often from dog. ~ , 
(WHO Tech. Rep. Ser. 277, p.32) 

~~n and domestic animal share the same helminths for which they are 
eque.ll:x: suitable as ?efinitive h:Jsts. Infection may occur in ti';O ways: 

(a) From a common source of fcr.'d 

Example: Diphyll-:>cothrium ~ occurs in man, cbg, cat, and pig; 
the common S:JLU'Ce of f:>od is fish, (cases, reported in 
N:Jrth China and Japan, lllore rarely in Taivanj,the 
Philippines, and Australia) 

(b) From eating food animals which have eaten other animals. 

Examp-le.;- Trichinella spiralis :Jccurs in man, dog, cat and pig. 
Domestic animals are infected ey cannicalism or from 
eating rats (no reported and pr:Jven cases in Asian and 
Pacific regions). 



WPR/Helm1nth/6 
page 5 

3.6 Man and a domestic animal share the same helminth, but they are 
not the usual hosts. Both may become infected from the same source l 

a ,dld allimal host is the usual host. 

Examples: Dioctoph~ renale occurs in man, dog and cat, but more 
often in ;dld carnivores. Infection occurs from eating 
fish (cases reported in Japan). 
Capillaria hepatica occurs in man and dog, but more often 
in rodents. Possibly infection soil-transmitted (no cases 
reported in Western Pacific Zone). 

<Bertiella. studeri occurs in man and dog, but more often 
in monkeys. Possibly infection occurs from eatingmdtes 
(cases reported from Singapore, Taiwan, Philippines, 
Indonesia). 

3.7 Man is the usual definitive host. but domestic ~nimals become infected 
1dth larval stage,serviug as a true intermedia~e hosts. Infection 
occurs by ingestion of food animal. 

Examples: Taenia solium. from pork. Taenia solium. is most common in 
Central Europe, MexicO and South America. It occurs frequently 
in Africa, North China, Korea, Thailand, India and Palistan. 
It is rare in the Australaa1an and South Pacific areas. Man 
is the only known· host for the adult stage. Infection occurs 
from eating the cysticercus in pork. Human infection ,dth 
the cysticercus stage may also occur and is the most important 
aspect of this infection. CysticerCOSis may occur: (1) by . 
reversed peristalSis vb.eret:y eggs are carried tack to the 

·;stomach where they may hatch, penetrate and migrate to tissues 
tbr?ugbout the body, or (2) by transference of eggs from 
faeces." to mouth. Pigs become infected by eating human 
fe.ecca, in which the eggs may remain viable for many weeks. 

Taenia saginata is widely distributed throughout the world, 
but particularly in areas of intensive cattle rearing, such 
as Africa and South America. As ;dth T. solium, human in
fection with the tapeworm is much rarer than the cysticercus 
stage in cattle. It is not common in the Western Pacific 
Region, but occurs occasionally in Australia, Japan and 
~thc Philippines. Infection takes place by ingestion of 
cysticerCi in beef. It is very doubtful whether any 
valid instance of human cysticerco£1s have ever been 
discovered. Cattle become infected by ingestion of eggs, 
but ;dll seldom graze near faecal deposita., More likely, 
infection occurs by: licking of c~ntam1nated walls, posts, 
etc., from drinking water, from use of fingers to teach 
calves to drink from the bucket, from pastures irrigated 
with sewage, egg8 can remain viable on pastures for several 
weeks. 
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t, e. CONTROL 

Principles to be adopted for the prevention of infection of the 
helminth infections listed above include the follo~'ing preventive measures. 

4.1 Precautions relatin6 to household pets 

(a) Handling 

Ibgs and cats have become so estabUshed .,ithin the household 
that there is often more intimate contact with them, than with other 
members of the family. It should be emphasized that eggs of Toxocara 
!l2l2., Echinococcus&Eanulosus 1 Multiceps multicei>s 1 and cysti~1ds 
of Dipylidium caninllD! can be acquired from the fondling of dogs and 
cats in the h::lUsehold. Eggs adherent to the fur can be transferred 
by fingers to the mouth of children, who Should be taught not to 
handle strange dogs, and always to .;ash th~ hands before eating. 

(b) Disposal of faeces 

The faeces of 11ousehold pets harbours the larvae or eggs of hook
worms causing creeping eruption, ss well as the above-mentioned eggs. 
Cat faeces is '.usually buried, but dog faeces may accumulate, dessicate 
into dust or be washed by rain into the soil or water supply. It 
should be regularly collected from around the b?mestead and buried 
or tLlrned. In relation to !. caniS, the faeces of puppies 
and lactating bitches are particularly liable to harb~ eggs. 

(c) Antbe~nth1c treatment 

The anthelminthic treatment of dogs for removal of tapeworms is 
discussed in the prevention of hydatid infection (HPR/Helminth/2). 

For removal of T. canis in dogs, the most effective drug is 
0iperazine citrate or adipate, at the rate of 206 mgm. per 1 kg. 
body weight. Two dosess.hould be given to puppies between the 
ages of ,j - 21 days after birth. 

4.2 Precautions relating to human faeces 

(a) Faces disposal in soiI 

It is not su.fficient to bury human f'aeeesin the top layer of soil, 
if there are dogs and pigs in the vicinity. It is necessary for 
proper disposal in deep pits or to add suitable repellants, such as 
quicklime. Otherwise, these animals may unearth the faeces am ingest 
it. Eggs. of !. so:ium can withstand man~r weeks in a mixture of 
soil and faeces. 

(t:l Faeces disp:Jsal in .later 

Pollution of lakes and river water with human faeces is a potent 
source for Gnathostoma and Diphyllobotrium infection. Crustacea ingest 
the eggs and infection is transferred to fish. 
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Cattle are :J:rten grazed :In land irrigated by sewage. It is 
highly likely that cattle grazing on such land will become infected 
with cysticerci :Jf !. saginata. They should be subjected t:J parti
cularly strict supervision when slaughtered t:J detect and remove 
infected meat. 

(d) Washing hands after defaecation 

Eggs of T. solium and T. saginata may adhere to fingers. The 
f:Jrmer may be transferred t:J the mouth and cysticercosis result. 
The latter may be ingested by suckling calves from milker's hands. 

4.3 PrecautiotS relating to cooking and handling meat or nesh 

(a) Handlins 

Sparganosis, arising from ingestion of plerocercoids :Jf 
Spir:Jmetra ~. is likely to occur from contact with the flesh 
of certain animals which may be handled for food or other purposes, 
such as poulticing, etc. The flesh :Jf pigs, reptiles, and 
amphibia is especially likely to harbour plerocercoids. 

(b) Cooking 

Adequate cooking is one of the most important of all precautions 
f~ the preventi:Jn of these forms of helm1nthiasis. Ingestion of 
raw or inadequately cooked meat or fish may result in infection 
with!. solium, ~. saginata, Oilplllari'B. hepatica, Trichinella spiralis, 
Diphyllobothrium latum, Dioctophyma renale or Gnathostoma ~. 

There are various recommendations with regard to temperatures 
that larval stages ~n withstand, but an effective cooking rule is 
that the pink colour should be uniformly changed to grey. If 
cooking is impossible, it is safest to eat the flesh of birds. 

F~' control of hydatid disease, a key procedure is the boiling 
of all sheep's 'offal l (liver and lungs) before it is fed to sheep
dogs. Fish viscera sh:Juld also be cooked before fe€~ing to dogs and 
cats. 

(c) Inspection after slaughter 

Meat inspection, involving a regular form of examination of carcas
ses to be used for human consumption, is mandatory in mostcountries. 
C::re should be taken that only licensed and trained inspectors be 
used and that no illegal slaughterlng occurs. 

i, 
II 

11 
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'5.1 Diagil~sis ~f larv~stag~ 

(a) Sparganosis 

:DIAGNOSIS 

In endeoic foci of infecti~n, diagnosis can be made on the 
associated Sympt::JUlS, Cut these vary acc'Jrding to locality e.g. 
::Jcul~r spargan::Jsis occurs particularly in Vietnam, othervase no 
particular diagnostic pr~cedure haS been rec::Jmmended. 

(I::) 9ysticerc~sis 

As cysticerc::Jsis ::JCCLlIS in a 1~ide variety of tissues, symptoms 
may not be pathogn~ttic7 unless lodgement in the eye or I::rain has 
occurred. Occur¥ence of epileptiform seizures in patients in 
endemic areas sh::Juld lead to stool examinations for infecti::Jn 
with adult taj?e~l::Jrm. 

If the cysticerci have undergone calcification, X-ray dia@10sis 
ma~r reveal their presence. Immunological methods are discussed in 
HPR{Helminthj4, pp. 12-13; so far they do not appear to offer a 
specific form ::Jf diagnosis. 

( c) Le.rva migra~~ 

The occurrence of nematode larvae in the skin, 
such as those Of:look'70:t':,:s.I, ,Gnathostoma and .S,tr('Jn[,yloides ,lUayresult in 
d~rmstitis, S::J trat diagnosis is usually made fr::J1ll local symptoms. 
On the other hand, there are ::Jther larvae, such as th'Jse of Toxocara 
spp. and Angi:>strong;x:lus .!lJl!. "hose preser.ce is more difficult to 
detcct. Immuno-diagnosis has teen expl::Jred as a means of diagnosis 
in such infections, thcse are discussed in WPR/Helminth/4 (pp. 11-12). 
Symptamatic diagnosis of "larval toxocariasis" is discussed in lIHO 
Tech. Rep. Ser. 277, pp. 39-lf2; that of Angi'Jstrongylus infection 
in WPR/Helminth/3, p. 12. 

'5.2 piagnasis of adul~ stages 

(a) Nematodes 

DioctophyU8 ~ELle produces characteristic eggs which appear 
in the urine. .9api~ hepatica prQduces characteristic eggs, but 
they d::J not leave the cody. Hence, diagnosis must I::e made I::y liver 
ciapsy. Thelazi~ _~~llipaeda is G1~gn'Jsed I::y the removal of adult 
llorms from the c::Jnjunctival sac. 

(b) Cestodes 

Di12hyll'Jcotl1I'ium J-atum eggs are best detected by exalt11nat:1pn 
af tee faeces. EggS::Jf Taen,ta sasinata arc frequently detectable 
by anal swatl::ing or adhesive tape methods. Other tapeworms eggs, 
1.e. ~ia s::Jli~ and Diphylidium eaninum are passed in ripe 
r~glottides which emerge fr'JID the anus. Specific identification 
can test I::e made from the moist proglottis; eggs of T. solium and 
~. eaginata cannot be distinguished from each other.-
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Treatment ~f these forms ~f helminthiases in~lve t~ separate 
aspects: larval stages ~ccurring in tissues, such as larvae of ascaridoids, 
h~~kworms, gnathostomes, etc., and adult stages occurring in the alimentary 
tract . 

. 1 ~val stages 

At tbe.present time, n~ chem~therapeutic agents are available for 
the treatment ~f larval Demnt~es or cestodes. Some success is reported f~r 
treatment of "c!'eeping erupti~n" I:;y the use ::>f thiabene."zole. 

~ The large tap~rms, such as Q. latum, ~. (aninum, ~. saginata, and 
~ solium are susceptible t::> the same anthelminthics. The small tapeworms, 
.!i:..~. and!!, ~nuta> are more refractory . 

. ~ After diagnosis has been confirmed, the patient should partake of a 

}.. 
: 

light, easily digested, n::>n··residue evening meal, av~iding fat. Some 
recommend a saline purge cefore bed, snd an enema in the m~rning; others 
regard this as unnecessary, and even inadVisable. The foll:YWing anthelmintic 
drugs are recommended: 

Bithionol per os, 50 mg. per kg, followed by sodium sulphate purgation 
t~ hours later l'Yobgawa at a1, 19'·2); Quinacrine per. os, o. '5 - 1.0 gm for adults, 
lesser amounts f~r children, f~llowed ty s~ium sulphate purgation two hours later; 

Yomesan (Bayer 2 3 ') 2) per os, 1 gm well chewed with water, followed 
by a repeat dose one hour later, a sodium sulphate p~ge is given two hours 
after the second dose. 

After purgati::m has been effected, a sort breakfast can be given. The 
patient sh::mld te informed if the scolex has teen found. If Il~t, he should be 
advised that if treatment ~ms unsuccessful, se~ents will re-appear in six to 
t~elve weeks, and treatment sh~uld ce repeated. To search for the scolex, the 
sto~l sh~uld he strained through muslin and the residue examined with a lens 
or binocular low··power microsc~pe. 
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1. INTRODUCTION 

1.1 tefinitiorl.s 
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Methods involve approaches and pUl']?oses, whereas techniques involve 
procedures, reagents and tools, e.g. ~ethods of diagnosis include faecal 
examination for eggs and larvae, blood exaoination for ~crofilariae, and 
skin tests or serological tests for antibodies, while examples of diagnostic 
techniques are 1:1illis t I::rine flotation and Stoll t s dilution egg-count procedures. 

1.2 Considerations in choice of method or technique 

The method most commonly employed in the diagnosis of helminth infections 
is faecal (stOOl) exa&lination I::ecause the eggs of wor!'!lB living in the intestine, 
liver, lungs, and intestinal blood vessels(schistoso!:les) are voided in the faeces. 
But, for diagnOSing enterobiasis it is perianal depoSits that are examined, and 
for paragonimiaSiS it cay be either sputum or faeces, or coth. Other diagnostic· 
oethods involve examination of biopsy or autopsy materials or urine, and in 
epidemiological studies the examination of soil and vectors is often required. 

As stated elsewhere ('-/PR/Helminth/l), "the choice of diagnostic tech
nique(s) to be used in a survey (or control programme) is a major consideration 
cut two other matters are of greater i!ilportance. The first is that a chosen 
technique need not be the most accurate ~ne available, cut whatever its level 
of reliability, this should be known, and it should be determined in relation 
to the persons USing it. The second is that the choice of techrdque can best 
ce made ty the personnel of the laboratory where it is to be used ••• that is, 
the lat:oratory that is called upon to support a surveyor control programme 
should first itself evaluate the techniques to be employed. II 

Countless techniques for the diagnosis of helminthic infections have 
been described, and many modifications of the more useful ones have been proposed. 
The proposed modificatiOns sometimes give better results than do the original 
techniques, but frequently they merely reflect personal preferences. It is, 
therefore, essential that the purposes and Vr1nciples involved 1n all steps of 
a procedure be understood fully. 

1.3 Sco#e of discussion 

Although, as stated above, there are numerous considerations and choices 
to be taken into account !:efore a particular~tbod or technique is adopted, 
there are certain techniques llhich at the moment, appear to ce most . useful 
in helminth control progr~es. Only those are dealt with here. 

2. FAECAL EXAMINATION 

2.1 CelloT-lhane thick smear 

2.~.1 Values 

The Kato cellophane thick smear technique, introduced by Kato and 
Miura in 1954, is suitable for the detection and identification of all common 
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typesof' helminth eggs. When used far mass exaLlinations, it is time-saving, 
simple and economical. It is unsuitable for diagnosis of protozoa or minute 
helminth eggs, and it is relatively unreliable when the specimen is very 
fibrous or contains fermentation gas. 

2.1.2 Materials 

( c) 

(d) 

Ordinary Slass microscope slide. 

Cellophane: wettable (not m.:>isture resistant), medium 
thickness (40-50 microns), cut in strips about 22 x 30 rom. 

Glycerine-malachite green solution: 100 ml pure glycerine, 
100 ml water, and 1 m1 3~ aqueous malachite ~n. ~: 
Cellophane strips are soaked in the glycerine mixture for 
at least 24 hours before use. 

Applicator, toothpick, or something similar. 

Procedure 

(a) With applicator, transfer 50-60 mg faeces to clean sUde. 
Note: a 4 rom cube of faeces weighs about 60 mg and is roughly 
~size of a small soy bean. 

(b) Cover with cellophane and press with soft rubber stopper (lb. 5) 
to spread in even layer. Note: To judge the proper amount 
and ~roper thickness of' the layer of faeces requires experience. 
It is not deSirable to spread the faeces to all areas of the 
ce~thane cover; it is merely spread to about the circum.:f'erence 
of an area equal to the width of the cellophane. 

.. ' 

(c) Allow smear to stand for one hour at room temperature, or 20-30 
minutes in a dry incubator at about 4rP C. This dries and clears 
the f'aeces, whereas the eggs retain the normal appearance. 

2.1.4 

2.2.1 

Note: If' the film is over-dried, gas bubbles f'orm, the eggs 
beCOme d1storted (e~~cially hookworm eggs), and a dark air-
cell may form around the eggs making them dif'f'icult to see. 

(d) Examine entire film under low magnif'ication;experienced 
microscopists can readily detect and identify eggs under 
scanning lens ( 50 x) magnification. Higher magnification 
can be used when needed. 

References: (In Japanese) Kato: Jap. J. Parasitol.. l: 35(19'54), 
7:239 (1958), Komiya: 9: 61(1960) • In English, Komiya, Y. in 
WHO/Helm1nth/12, 15 July 1963, Expert Committee on Helminthiases, 
Rio de Janlero, 26-31 August 1963. 

OrdiI¥U1' direct smear 

Values 

As the ordinary direct faecal. smear consists of a small sample 
of the fresh specimen stirred into a drop of normal saUne (or water) and 
is e:xamined under a coverglass, it offers the important advantage of allowiog 
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all elements of the stool to be seen immediately and in essentiaUy unaltered 
condition. In addition to helminth eGgs, the trophozoites and cysts of 
ryrotozoa can be found and examined. Also certain diagnosticaUy important 
;bjects such as Charcot-Leyden crystals and exudative cells can be identified. 

2.2.2 

2.2.3 

Materials 

(a) Ordinary glass microscope slide. 

(b) Coverglass, 22 x 22 mm. DO. 2 thickness. 

(c) 

(d) 

Normal sal!Jle (0.32',(. NaCl). Note: when interest is limited 
to helminth eggs and larvae, water or 5% aqueous solut1on of 
glycerine can be used instead of saline. 

Applicator, toothpick, or something similar. 

Procedure' 

(a) Place one drop of saline on clean slide at the centre. 
~: Water or 5~,. g~c.erin .. is~:::s-..goodr .. or.;;l;:etter for ditlga~sis 
of helminths, the glycerine teing useful when examination 
is delayed after smear is prepared. 

(b) With applicator select a 2-3 mg sample of pure colloidal 
faeces and make an even sUS"pension of it in the drop of nuia 
already placed on the slide. Note: ThiS can best 'be done by a 
stirring action in the unspread drop, not by "smearing" over 
a larger area. Ierge fiters, seeds, sandgrains, etc, must be 
re!llOved. 

(0) Add coverglass and level it. If the preparation is not a 
uniform suspension of suitable density for examination, 
discard it and make another. 

(d) EJcmn1ne systematically the entire preparation, counting or 
estimating the number of each kind of egg observed. ~: 
Egg-counts made on direct smears made in this manner are not 
comparable with those made by more precise techniques, but 
they do provide a rel4able basis for estimating roughly the 
relative ~rm burden (see FUblic Health Paper No. 10: 39-42; 
Tech. Rep. Ser. 277: 51). 

2.3 Concentration techniques 

Where the Kato thick smear 1s properly made am skillfully examined 
there is no·~ for further examination of the faecal specimen by a concentration 
technique, unless unusual types of helminthic infections are being looked for. 
There are, however, three spec1al circumstances which call for examination of 
faecal concentrates; (1) as a check on the thick soear, (2) as a means of detect1ng 
1nfections for which the thick smear is unsuitable (protozoan and helminths pro
duc1ng minute eggs such as Clonorch1s, Heterophye~), and, (3) as a routine 1n 
the examination of faecal specimens preserved in formalin. For the first, i.e., 
as a check on the thick smear ( or the technician using it), brine-flotation 
usually 18 enployedj for the other uses, formalin-ether sedimentation is a good 
.:::hoice. 
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2.3.1 Brine flotation 

2.3.1.1 Materials 

(a) Test tube about 1.5 x 12 centimeters. 

(b) Small beaker or cup 'With capacity somewhat greater 
than test tube. 

( c) 

(d) 

(e) 

Ordinary micro-slide. 

Hire loop freshly flamed (Note: the loop must be a near 
perfect circle of about 6 ~d1aIneter, and the 'Wire 
Should be af-about 27 gaage, i.e., as fine as possible and 
still not easily bent in ordinary handling. 

Brine: A 1: 1 mixture of saturated aqueous solution of 
sodium. chloride (sp. gr. 1.20 ) and magnesium. sulfate 
solution (sp. gr. 1.20). The specific gravity of the 
mixture must be not less than 1.20. Note: !he NaCl need 
not be Che~tcally Pure but it must n~ntain substances 
added to pre,~nt adsorption of water. 

(f) Applicator or a SUbstitute. 

2.3.1.2 Procedure 

(a) Hith applicator transfer 0.3 to 0.5 ml faeces to a beaker, 
paper cup (or substitute), add 1-2 ml brine, and comminute 
thoroughly • 

(b) Fill test tube 'With brine, empty it onto faecal suspension, 
and mix. 

(c) Pour back into test tUbe, filling it to just below lip. 

(d) Allow to stand undist~ted by strong air currents or 
vibration for 30-40 minutes. 

(e) Using freshly flamed wire loop, transfer material from 
centre of surface to clean sl1~e and spread into line not 
much wider than loop. Repeat once or twice, putting looped 
material along same line. Note! The loop must not be used 
like a dipper, i.e., it is brought to the surface from above 
and removed without going below the surface. "Dipping" 
gives relatively poor results. 

(f) Examine immediately, scanning the upper surface under low 
magnification (50 x is sufficient). 

• , 

" 

I' 
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2.3.2 Formalin-ether sedimentation 

2.3.2.1 Materials 

(a) Formalin, 10% solution. 

( c) Ether, any standard grade. 

\U'R/Hel.minth/7 
-page 5 

(c) Centrifuge tube, conical, 15 ml. 

(d) CJe.uze, 4-~.l~r (or equivalent). 

(e) Small beaker or equivalent (paper cup is ideal) 

(f) Applicator, or equivalent. 

(g) Pipette, 15 cm or longer, with rubber bulb. 

(h) Slide and coverglass (22 x 22 or 22 x 30 mm) • 

(i) Centrifuge • 

2.3.2.2 Procedure 

(a) \'lith applicator, transfer 0.5 ml faeces to beaker (or cup), 
add 1-2 ml water, and colllIilinute thoroughly, then add 10-12 t;l. 
vater;.and mix. 

(b) Pour into centrifuge tube, rinse teaker, cover with gauze, 
pour suspension through gauze to beaker, discard gauze, and 
return suspension to tube. 

(c) Add water to fill tube and centrifuge at about 1000 rpm 
(about halt' speed) for one QlIxute. Discard supernatant 
fluid. 

(d) Add about 1 ml formalinl "flick" tube to resUSJ?end sediment 
(i.e. strike bottom of tube with the thumb of one hand while 
holding the top tightly with thumt and finger of the other), 
then add formalin to bring total volume to S ml and allow 
suspension to stand 10 minutes or longer. 

(e) Add 3 ml ether, stopper tuce and shake vigorously for 1$-20 
seconds. 

(f) Centrifuge immediately for 1-2 minutes at 2000 rpm. Note: 
At this time the suspension should have become sharply 
separated into four layeret ether at the top, fluffy sediment 
just celow it, formalin next, and heavy sediment at the bottom. 
If' tl1ese layers are not distinctly evident the procedure has failed. 

(g) Hi th an applicator loosen the fluffy layer and decant by turning 
the tube upside down. Reverse tuce immediately anc"! allow 
rema1n1 ng small amount of fluid to flow to bottom. 
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2.3.3 

(h) With pipette, or by first mi.x:i.ng w.l.th applicator then 
pouring, transfer sediment to clean slide, add coverglass, 
and examine under low (100 x) magnification. Note: When the 
amount of sediment is too great for one preparation, water 
can be added to dilute the suspension whi ch may then be 
examined in two or more preparations. 

other concentration techniques 

Numerous other concentration techniques have been described, 
nearly all of which have speCial merits and uses. For diagnosing the 
cOIllllnn helminth infections, the techniques described above are adequate, 
but abbel's may be use(l if preferred. Among the more widely used concentration 
technlques there is only one (MIFC) that has been fo1.ttld especially unreliable. 

2.4 Quantitative teChniques 

Rough estimates of the relative 'WOrm burden in ancylostomiasis, 
aSCariaSiS, trichuriasis and some other infections can be made by counting 
or estimating the number of eggs in the direct smear, as already Doted 
(2.2.3.d).Further experience may show that this is also true for the Kato 
thick smear. However, egg-count data generally are more useful :wben they 
are interpretable by comparison w.I. th published data and for this it is 
necessary to follow a standardized pl'04!edure. The most widely used method 
of egg counting involves making a suspension 01' a measured volume 01' faeces 
in a measured volume of diluent, and counting the eggs present in a measured 
II'BUople taken at rtUldom from the suspension. The usual sample contains the 
estimated equivalent of 1/100 or 1/200 gram ( or ml) of the original fecal 
specimen. The most lfidely accepted dilution egg-counting technique" is that 
described by Stoll al"d recently redescribcd end discussed in Tcch.Rep.Ser. 255, 
PI> 21-26. Any ~l:if1c~t1011 thQt is bas~d on" the Srule pricciplCs should give 
equally rel1cble data. 

2.5 Preserved faecal specimen 

While fresh specimens are always preferred, a reliable diagnosis 
can be made on the faecal specimen that has been collected and preserved 
in tormalin some days or weeks earlier. 

When the quantitative estimates of worm burden (egg counts) are 
to be made, it is necessary to rreserve a measured quantity of the stool. 

2.5.1 Materials 

(a) Formalln, 100/0 aqueous solution. 

(b) Vial, or small bottle, 8-10 ml, with screw cap. 

(c) lAbel for vial, e.dhesive, markable, water-resistant. 

(d) Applicator. 

Ce) Pipette, 10 ml, analytical. 

I I 

j 
• • 

I I 

I I 
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(a) Calibrate vial and attach label for identification mark and 
for mea8urement of specimen by displacement. This is done 
as follows: With pipette put 4 ml ':Jf water in vial and mark 
bottom of neniscus. Add a further 1 ml of 'vater and mark 
bottom of meniscus. Measure distance between marks and cut 
label to have width equal to that dimension and length equal 
to 2/3 circumference of vial. Attach label to area between 
marks on vial. Prepare supply of ~als in same manner, if 
uniform in dimension labels can be placed by height measure
ment only. 

(b) Fill labt.l.ed vial. to bottom of label with 10% formalin. ~: 
This can be done \i.th large supply of vials. 

(c) With applicator or ~ther suitable implement add faeces to 
bring fluid level to top of 1abe~ 

(d) Cap vial and shake vigorously to make even suspension of 
faeces. 

(e) Add formalin to fill tial and ~rt label to identify specimen. 

(f) At the laboratory, shake vial to get even suspension of 
specimeL , transfer one drop to clean Slide, add ooverglass, 
and examine with microscope in normal. manner. 

Note: 1. - As one drop is about 1/20 ml and the specimen 
suspension is approximately l 1/10 dilution of 
faeces, the amount of faeces examined in one 
preparation is apprOximately 1/200 ml, or 5 mg 
eC;;uivalent. 

For f':Jrmed stools this suspension usually is 
too heavy for accurate examination and therefore, 
must be further diluted either on the·slide or in 
a separate vial. 

Note: 2 - When egg-counts are to be made, the proportions in 
the dilution should be exactly known,and all pro
cedures should be carried out with a known(standard) 
degree of precision. 

N':Jte: 3. - The formalin-preserved specimen can be examined by 
the formalin-ether techni9,ue. To do thiS, transfer 
2-4 ml of the suspension (after shaking) to a 15 ml 
conical centrifuge tube, add formalin to b~ing the 
volume to 8 ml, and pick up the procedure at step 
"e" ':Jf section 2.3.2.2 !1bove. 

2.6 Culture techniques 

The culturing of hookworm, Btrongyloides and ~chostrongylus 
larvae may be useful for the detection of very light ictections and for 
the 1dcntification of species whose eggs are indistinguisable'from each 
other. The vaJ.ues of faecal cultures is discussed in Tech.Rep~Ser. 277 
(p.53), and the technique that is widely used is described in Tech.Rep. 
Ser. 255 (pP. 27-30). 
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3. SOIL EXPJ.mIATION FOR EGGS AND LARVAE 

S:)il usually contains eggs and larvae of many kinds of organisms 
that either are not parasitic or are parasites of animals and cause n:) 
disease in man. For this reason, the examination of s:)il for the presence 
of eggs and larvae :)1' human parasites requires special training and ex
tensive experience. The techniques used in s:)il examinati:)n have been 
discussed in Tech. Rep. Ser. 277 (p. 52). 

4. SPUTUM EXlOCmATION 

4.1 Direct smear for eggs! larvae and exudates 

For the detection of Paragonimus eggs, migrating nematode larvae, 
or for the examination of bronchial exudates, a small amount of the sputum 
is transferred to a slide with an applicator and examined microscopically 
under a cover glass. The eggs of Paragonimus. are commonly found in this 
manner, and, occasionally, the larvae of Strongyloides and more rarely, 
the larvae of Ascaris or hookworms. Also eosinophilic leucocytes and 
Charcot-Leyden crystals may be identified in wet rounts cf sputum, or 
after staining. 

vfuen sputum is very thick, with blood, pus or heavy mucus, it 
may be mixed ,lith an equal a=unt of 1-2% sodium hydroxide; the mixture 
should be centrifuged after stirring and standing, and the sediment 
examined microscopically for eggs. 

4.2 Gastric washings (swallowed sputum) 

Eggs of Paragonimus and migrating larvae of Strongyloides, Ascaris 
and hookworms may be more easily found in stomach washings containing night
swallowed sputum than in fresh sputum or faeces, because the washings contain 
less detritus. The washing should be carried out in early Qorning before food 
or water has been taken. 

5. roODENAL ASPIRATES 

Eggs of Clonorchis or those :)ther paraSites liYing in the bila~ucts 
of the liver are usually f:)und in duodenal fluid containing bile. At times, 
the eggs of hookworm ani Ascaris are also found in this manner, and the larvae 
and eggs of Strongyloides frequently may be found in duodenal aspirates when 
they have not been found in the faeces. 

6. PERIANAL DEPOSITS 

For the diagnosis of pinworm infection, the adhesive "Scotd!', tape 
awac or a modification of it is the method of ch:)ice. A strip of transparent 
adhesive tape is pressed firmly against the intermediate zone between the , 
moist anal canal and the dry perianal skin in early morning and then mounted 
on a slide f:)r microscopical examination. This technique may be useful also 
for finding the eggs of Taenia ~., Hymenolepis ~ and some other helminths. 
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Various -$crodiagnostic tests have been employed for the diagnosis 
of the helminthic 1rfect10ns. However, these tests are all considered to 
be supplemental, although some of them can be effectively applied according 
to the purpose (WPR/Helminth/4). 

Intradermal test 

Intradermal tests for paragonimiasis, schistosomiasis and some 
other helminthic infections are quite specific and easily carried out, so 
the test is useful as a screening method for the detection of the infection 
among populations in endemic-areas~~ But, as the intradermal test continues 
to show positiye reactions for a long period after death of the worm, it 
is not useful in' .differentiating past from present infections • 

The intradermal test for paragonimiasis is sometimes useful in 
differentiating paragonimiaSis from puloonary tuberculosis and some other 
chest diseases or cerebral paragonimiasis from brain tumor, cerebral 
haemorrhage or other fbrms of extra-pulmonary paragonimiasis. 

7.2 Serological test 

The complement fixation test for 'Baragonimus infection is less 
sensitive and less Bpecific than is the intradermal test, but it has a 
closer relation to the life and death of the worm. The test turns negative 
within a year after death of the worm and thus it may serve as an important 
clue in the diagnosis, or it may provide a criterion of cure after treatment. 

Some of the specific serological tests used in schistosomiasis, for 
example the circumoval precipttin reaction (COP) and cercarial envelope 
reaction (CHR), may be useful for detecting the early infection or for 
assessment of cure after treatment. 

8. TRAINING OF TECHNOLOGISTS 

8.1 Recruitment and selection 

When considering applicants for trainee positions in the diagnostiC 
paraSitological laboratory, two areaS of educational background are especially 
important, viz., biology and mathematics. It has been stated that "unJ.ess 
the technician has sufficient background in biology to give him a clear 
concept of what is meant by the term "species" and has an understanding'of 
celluar organization, he will report false positives based on mistaken 
interpretation of artifacts, and will be strongly inclined towards making 
identifications that are based on superficial resemblance of'reference 
figures ••• ' Secondly, the quantitative aspects of sampling •• cannot be 
overlooked ••• (as) "present" or "absent" interpreations1 will often be made 
without consideration of the adequacy of the sample and the reliability of 
the.:; ·;atatist1c." 



WPR/Helm1nth/7 
page 10 

J\lso of prime importance are the personal qualities of reliability 
and responsibility. A responsible technician fully appreciates that reco~s 
made in the diagn~stic laboratory af'fect the lives of people. 

8.2 Technician training 

Schools. or centres for the training of medical technolOgists in 
some countries can supply the technical help needed in control programmes. 
However, it usually is necessary to provide at least some specialized 
training_ at the laboratory on an apprenticeship basis. This is advantageous, 
or not, depending upon the qualificati~ns of teaching personnel. In recent 
years, training by correspondence c~urses has been tried, and experience 
thus far has been enc~uraging (Communicable Diseus€' Center, United States 
Public Health Service, Atlanta, Georgia, U.S.A.). 

8.3 Professional grading 

Irrespective of educational tnckground and experience, reliability 
of techn1tians and techniques cannot be taken for granted. A routine(expected) 
check on job proficiency and the possibility of advancement are essential 
elements of diagnostic laboratory organization. Technicians and techniques 
usually can be checked simultaneously by submitting split specimens ~r 
"unlrnowns" for routine diagnosis. 
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by 

Professor Paul C. Beaver* 

InforlDs:tion obtained from questionnaires, thirteen countries 

reporting, indicate that helminthic diseases in the Western Pacific 

Region are great in number (14 endemic, 3-4 important zoonotic species) I 

and collectively they rank high alIDng the bealth problems of all but a 

few countries. 

A general assessment of the eleven most important helminthiases 

occurring in the different countries and territories is given in Table I. 

Ascariasis is a major public health problem in the majority of 

countries and territories of the Western Pacific Region, except certain 

island groups in Micronesia and in Australia, and even in Australia the 

infection rates are high in a few local! ties. Outstanding examples of 

countries in which prevalence rates for the general population are notably high 

!U'eKorea,Ch:i:na(OXaiwan),the Philippines, Samoa and the Trust Territories. 

* Professor of Tropical Dfseases & Hygiene, Tulane University 
• School of Medicine., New Or1eanllr Louisiana, U.S.A. 

WHO Short-term Consultant and Sem1nar Director, First Regional 
Seminar on Helm:Lnthic Infections, Manila, Philippines 



WPR/Helminth/8 
page 2 

Trichuriasis rates follow much the same pattern as do those for 

ascariasis except that rates for pre-school children are generally lower 

and those for older children and adults tend to be slightly higher. 

Ancylostomiasis rates in most countries vary from very low to 

very high in diffirent localities. In Korea, Malaya, Pap.ua and NeW' Guinea 

the prevalence rates are rather general, but only in the last two are 

they particularly high (74-881». Where the species have been determined, 

both Ancylostoma and Necator are present but, in general, Necator is the 

predominant species near the equator and Ancylostoma is more common in 

the cooler countries in the region. Hookworm infection probably is a 

significant cause of morbid! ty among rural and village people everywhere 

in the region, except in those parts of Australia where the annual rainfall 

is .ess than 100 centimeters. 

Enterobiasis is poorly assessed as a health probl~m in most countries. 

In Korea, Japan, :::11in8.\ (Taiwan), the P;lilippines, the Trust Terri t:.Jries and 

j\ustralia·:tbe infection is Imovffi to t:e C8fl!.r.l0\1 in c;lildren. Elsewhere it 'is 

assumed to be present cut not a major problem. 

Clonorchiasis is a public health concern in Korea, Japan, Taiwan, 

and possibly Vietnam. ElseWere it is absent or seen only in immigrants 

from endemic areas. 

Paragonimiasis is a cause of significant morbidity in limited areas of 

Korea, Japan, C:lina(Tahlati). and the Philippines. In Malaya. :MalaySia, 

found in animals but not in man. 

Bilharziasis is endemic in certain localities in Japan and the 

Philippines only. In certain regions of China(Taiwan), SChistosoma japonicum 

is present cut apparently the infection is limited to animals. 

• 
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Fasciolopsiasis is both endemic and enzootic in certain communities 

of C,l1na(Taivar.) and Vietno.m, but as a cause of disease it ap;;Jarently has only 

minor public health importance. 

Echinococcosis is an important health problem in Australia and 

New Zealand, and it is a minor problem. in northernmost Japan. Elsewhere 

in the Western Pacific Region it is not an established infection. 

Taeniasis is a very minor problem, or no probl.em at all, in all 

parts of the Region except in Korea and in the aborigines communi ties of China 

~i:wan), and even in these J.ocalit1esit is eclipsed by many more important 

helminthiases. The overall rate for Taenia see1nata and!. solium together 

in Korea is about 4 percent. This rate is high as compared with t-hat of 

most parts of the world. In 'China(Taiwan) , .h~wev&r, .ta~niasis (presumably) 

!. saginata.) among the aborigines is remarkably collllOOn,up to 26 percent 

in certain communities. 

Strongyl.oidiasis occurs 1n all or nearl.y all countries and territories 

of the Region but the rates are rel.atively low: 5-f!J1, for Malaya, Malaysia, and. 

Singapor.e; ".7·:20.% for IvesternSamoa, up"to' S% for .Fiji,and arouna 1% or less for 

some places-.· 

In summary, ascar:l.asis, trichuriasis, ancylostomiasis and enter-

obiasis are prevalent throughout most of the Region, and there are few 

countries or territories where ascariasis and ancyl.ostomiasis are not among 

the more pressing public health problems, at l.east in certain localities. 

All of the other helminthiases are important in certain countries only I 

or are not reall.y pressing for attention. In one group of islands in 

Micronesia (Ellice & Gilbert Islal:lds) 'WOrm. infections apparently do not 

occur. 
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Among the zoonotic helminths that are regarded as important; 

of sheep, goats and cattle in Japan. 

While physical and climatic factors contribute to the high 

prevalence of rates of essentially all of the helminthiases, it is 

recognized that the continuing problem of helminthic disease is 

attributable primarily to social and economic factors--basically, 

poor sanitation, including the use of nightsoil for the fertilization 

of vegetable crops, and general indifference of the people. Untreated 

night soil is used commonly in Korea and China(TD,iws::l), c,''; 'tu·:,. fuirtCir extent 

in Japan. In all of the countries there are certain communities where 

sani tation remains at an unsatisfactory level. 

An organized program of helminthic disease control in Japan 

has reached an advanced stage, and a start in this direction has been made:'in 

K::>ree,rcnCl j'j C)1:Lr'/p (Taiwan)'., Notable progress towards the improvement 

of housing and general environmental hygiene recently has been made in 

Singapore. 

..... 



TABLE 1. DATA ON PREVL.LENCE miTES OBTAINED FRCM QUESTIONNAIRES 

----- --- -

C::>untry Ascaris Trichuris ~b::>k\·r::>rn Clon::>r Parae:! Bilharzia Entero .. Fascia. . Echin:>.· Taenia Strongyl. 

1------- chis . n..i.o:.~ __ bius 0·os1s c::>ccus :lides ----- ------.- - -- . _-_ .. --.- ;:-,~ .. _-- -....----,_ . -...... --
KOREA 47-81* 72-87 23-39 7 1 - 30.55 - - 4 1 

rw.AIA 30-40 40-50 30-40 - - - + - - + 8 

JAPAN <.6'> 5-25 3-25 + + + 23 ) - + + + 

PHILIPPINES 60-95 30-90 5-60 - + ++ + - - + + 

W. SAHOA <60 > <50~ . ,·50 > - - - ? - - ? <. 7-20 > 
SING.APORE 5-60 10-70 5-20 - - -. '? - - ? 5 

PAPlM & N.G. 10-60 17-37 24-88 - - - + - - - + 

VmI'-NAM 20-30 7-12 3-7 1 + - ? + - 1 1~~.1 > 

TRUST TER. 80-100 80-100 8-10 - - - 40-50 - - - ? 

AUSTRALIA 0-60 0-93 0-50 - - - : 
0-73 - ++ + 1 

. 

TAIWAN 20-97 10-90 2-93 0-50 0-45 ? 9-91 0.28 - 0.5-26 0::·1-2 :> 

FIJI 1-27 0-1 11-50 - - - ? - - - < 0-5 )-

G. & E.I.C. - - - - - - - ? - - -

* Figures Represent % of Population Surveyed Positive for Infection 

,.. ~ ( ... { ~ .. 



WORLD HEALTH ORGANISATION MONDIALE 
DE LA SANT~ ORGANIZATION 

REGIONAL OFfiCE fOR THE WESTERN PACifiC 

BUREAU REGIONAL DU PACIFIQUE OCCIDENTAL 

FIRST REGIONAL SEMINAR 
ON HELMINTHIC INFECTIONS 

lJPR/Helm1nth/9 
h November 1965 

Manila, Philippines 
6-16 Decemcer 1965 

ENGLISH ONLY 

1. 

2. 

3. 

* 

EPIDEMIOLOGY AND CONmOL OF HEIMINTHIC INFECTIONS 

INrRODUCTION 

l:y 

* Professor Paul C Beaver 

CONTENTS 

....... ,. ........................................................................ .. 

1.1 Definitions •••••••••••••••••••••••••••••••••••••••• 1 
1.2 Scope of discussion •••••••••••••••••••••••••••••••• 1 

EPIDEMIOLOGY ................................................................................ e- ..... 

2.1 Physical factors 

2.1.1 
2.1.2 

Geography 
Climate 

...................................................................... 

................................................................... 
..................................................................... 

2.2 Biological factors ................................................................ 

2.2.1 
2.2.2. 
2.2.3 

The parasite 
The host 

.............................................................. ...................................... 
Associated animals ................................................. 

2.3 Community factors ............................................ 
2.3.1. 
2.3.2 
2.3.3. 

The people 
The economy 

............................................. 

.................................................... 
The Government .................................................. .. 

CONTROL PRINCIPLES ... -.... -. -.......................... -.......................... .. 

2 

2 

2 
2 

3 

3 
4 
5 

5 

5 
5 
6 

6 

3 .. .1 Assessmel'l+, fJ-P roblem.. .. .. • .. .. .. .. • .. .. .. .. .. .. • . .. .. .. ... ...... .. .. .. .. .. 6 

Professor of Tropical Diseases and Hygiene, Tulane UniverSity, 
School of Medicine, New· Orleans, Louisiana, U.S.A. 
vlliO Short-term Consultant and Seminar Director, First Regional 
Seminar on Helminthic Infections, Manila, Philippines 



COI1TENTS 

3.1.1 Survey methods • • • • • • • • • • . • . • • • • • . • • • • • • • • • • • • • • • • 6 
3.1.2 Demarkation of problem area .........•.......•..••.. 7 
3.1.3 Feasibility of prograrrune ..•.........•...••.• _... 7 

3.2 Methods of control ........................................ 
3.3 Ev'aluation of progra.rmne .......................................................... .. 8 



-
1. 

1.1 Definitions 

INTRODUCTION 

WPR/Helminth/9 
page 1 

As applied to helminthic infections the term epidemiology refe~s 
to the conditions which determine the level of endemicity or enzooticity 
of a given worm infection, usually in relation to a given geographic area 
or community. Respectively, the terms "endemicity" and "enzooticity" refer 
to the frequency of a worm infection in a population of people or a popu
lation of animals. These terms ",hen applied to the helminthiases, must 
also include the degree or intensity of existing infections because, in 
general, the parasitic helminths when present in small numbers cause little 
or no detectable disease, However, helminthic infections are claSSified 
as light, moderate, and heavy, not on the actual number of worms present, 
but rather on the number of worms usually required to produce light, 
moderate or heavy damage to the infected person or anima'l. 

The e:x;pressions "parasites of man" and "parasites of animals" 
imply, correctly, that certain parasites naturally live in man, others 
in animals. However, the natural J::s:c-asites of animals do sometimes 
occur in man, and vice versa. VariouJ terms have been proposed to denote 
these relationships, but only one such term -- zoonosis -- will be useful 
here. Any helminthic infection that is maintained continuously i.n a 
population of domestic or ",ild animals but also occurs in man is referred 
to as a "zoonosis" or a "zoonotic" infection. Such infections are passed 
from animal to animal, and from animal to man, but ordinarily not from 
man to man or from man to animal. Rarely, a helminth may be both endemic 
and enzootic, e.g., Schistosoma .1aponicum. 

It should be mentioned in'passing that helminthiases do not 
ordinarily occur in epidemic form. The term "epidemic" implies markedly 
accelerated transmission among individuals of a population, and, by the nature 
of helminthltransmission this can occur but rarely. There are, however, 
instances of marked increase in the incidence of infection, as for example ' 
when groups of people acquire infection Simultaneously from the same source. 
Such an occurrence is referred to as an "outbreak" instead of an epidemic 
because the high incidence results from transmission in a single episode, 
not at an accelerated rate. 

1.2 Scope of discussion 

The discussion to follow will deal primarily with principles and 
generalities as they apply to the epidemiology and control of helminthic 
diseases. As principles, they may be e:x;pected to apply, more or less, 
to helminthiases generally. However, attention will be directed towards 
those helminthic infections which affect the health of people, particularly 
in the Western Pacific Region. 

2. EPIDEMIOLOGY 

The factors which determine the extent and degree of helminth 
endemiCity in the Western Pacific Region, as e1sewhere, can be considered 
under three general headings -- physical, biological, and community. In 
a general way these refer respectively to the environment, the parasite, 
and the human population. 
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2.1 Physical factors 

The factors which constitute the general physical environment 
are primarily geographic and climatic. To· a certain extent these are 
altered, conditioned or controlled by human inhabitants, but the basic 
nature of the earth's surface in any given location and the climate, 
which itself depends largely on location, determine the size and character 
of human populations as lrell as the number and kinds of helminths that 
succeed in establishing a stable endemicity. 

2.1.1 Geoe;r!!phy 

Along with climate, the topography and physical qual+ty of . the , 
earth's surface determine :the nature of the physicalenviroriment. The 
slope of the land and the quality of the parent rock, along with tem
perature, rainfall, sunlight and air-currents, determine the basic nature 
of the soil and this in turn provides adequately, or not, the requirements 
of people and parasites. This applies especially to the soil-transmitted ~ 
helminths". so-called because an essential stage of development occurs in 
the soil and in this medium the parasites' requirements are met differently 
by different types of soil. In some regions where climatic conditions ~ 
are equally favourable for different types of worms, one will succeed 
where the other does not because the physical nature of the soil favours 
the development and survival of one, and not the other. An example of 
this is seen in southeastern United States where the sandy soils of the 
coastal plains favour Necator and retard Ascaris transmission, and the 
clayey soils of the higher adjoining areas have the opposite effect. 

2.1.2 Climate 

Temperature, sunlight, rainfall and wind together and individually 
affect the prevalence of helminthic infections. All of the helminths that 
are being considered bctre have essential. developmental stages, or at 
least one transfer stage, outside the human host. In terms of either 
tolerance or development, or both, there are upper and lower thresholds 
(limits) of temperature and ligbt, and usually of moisture and air. 
There 1s also an optimum level of each condition in relation to all of 
the other conditions. jFavourable condi~ions need not prevail at all 
times, but to maintain endemiCity, transmission must be made possible 
duri~g at least one period within the normal life span of the worm. 
Ascaris, which lives less than two years, loses endemicity if soil and 
climatic conditions do not permit transmission annually, whereas Necator 
lives much longer and may therefore remain at a high level of preval.ence 
in the absence of frequent transmission. The required frequency of 
transmission varies greatly. Enterobius for example requires almost 
continuous tranSmiSSion, whereas at the other extreme the large tape
worms may remain prevalent in spite of long periods of no transmission. 

Differences in temperature tolerance may be illustrated by the 
two common hookworms, Ancylostoma and Necator, which overlap in geographic 
range but differ enough in their tolerance of bigh and low temperatures 
to allow one, Ancylostoma, to extend into areas of relatively cold climate, 
the other into the hot tropics. As periods of favourable moisture condi
tions must coincide with those of favourable temperature the seasonal 
distribution of rainfall is of greater signiticance than is the total 
rainfall. 

I 
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Direct sunlight has both direct and indirect effects on the 
transfer stages of helminths. There are, of course, the favourable and 
unfavourable temperatures, already mentioned as indirect effects of the 
sun I s rays. There are alB:> direct, unfavourable effects, especially of 
the shorter rays. In general the developing and infective transfer 
stages of human helminths are intolerant of direct sunlight. Shade 
and cloudiness, therefore, favour transmission. 

Air-currents exert an effect on the transfer stages mainly 
through drying of surfaces. It has been suggested that air-currents 
may transport the infective eggs of Ascaris and Enterobius and in this 
~rey enhance transmission but as these stages are vulnerable to desiccation 
the favourable effects of wind can be doubted. 

2.2 Biological factors 

The plants and animals, including people and paraSites, form 
close and complex relationships with each other and with the physical 
environment. It is within this complicated and inter-related ecological 
association that the endemicity of helminthic infections must be viewed. 
In the present dicussion the biological factors of chief interest are 

~ those which relate to the paraSite, man as a host to the paraSite, and 
the associated animals which aid or hinder the transfer of parasitic 
infection from man to man. 

2.2.1 The parasite 

The transmission of helminthic infections usually involves a 
series of distinct developmental stages, including frequently an exogenous 
reproductive cycle. Excepting the contagious and soil-transmitted species 
the life-cycle is further complicated by the requirement of one to several 
intermediate hosts. 

2.2.1.1 Classification of helminthiases 

Based on the manner of man-to-man transfer, there are five 
general types of helminthic infections: 

(a) Contagious he1reinthic infections are passed directly 
from person-to-person, as is the case of enterobiasis 
and one of the small tapeworms (Hymenolepis nana). In 
these infections the eggs depOSited at the anus or in 
the faeces are already infective or require only a 
brief period of development when shed by the infected 
person. Infection, t.herefore, is readily acquired by 
personal contact and accidental ingestion of infective 
eggs. 

(b) Soil-transmitted helminthic infections, such as 
ascariaSiS, trichuriasis and ancylostomiasis, can be 
acquired only from stages which become infective after 
essential development- ',outside the body, in suitable types 
of soil. This group, therefore, is often referred to as 
the geohelminths. 

(c' Food-animal transmitted helminths are adapted to being 
transferred from man to an animal which is eaten uncooked. 
The animal acquires infection by contamination of the 
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environment "llith human faeces and the infective stage 
which develops in the animal '-s flesh becomes a 
reproductive adult when ingested by man. This pattern 
is exemplified by the beefaJ;ld pork tapeworms (Taenia 
saginata and !. solium) and doubtless represents a 
predator-prey relationship. 

(d) ilrthropod-vector transmitted helminths, best exemplified 
by the filariae, are not to be considered here. 

(e) Snail-transmitted helminthS are of two general types. 
The more common group, the trematodes, have a reproductive 
cycle in the snail, producing large numbers of motile 
larvae (cercariae) which either are infectiv~ to man by 
skin penetration (the schistosomes), or encyst on vegetation 
or in an intermediate host which then is eaten by man 
(the liver, lung, and intestinal) flukes. 

The other type of worm is a zoonotic species, 
Angiostrongylus centonensis, which occurs naturaJ.ly 
in the lungs of rats. Land snails serve as the inter
mediate host and when infected snails, or the infective 
larvae derived from them, are ingested by man they 
migrate and become immature adult worms in the brain. 
This infection probably is an important cause of 
morbidity in the Western Pacific Region. 

2.2.1.2 Developmental stageS 

At each stage in its life-cycle the parasite is subjected to 
severe ha!:ards of existence, and its success in attaining the succeeding 
stage often depends upon chance occurrences in which the probability ot 
success is extremely low. Perhaps the most outstanding characteristic 
of helminths as a group is the adaptive reproductive capacity, the eggs 
and larvae which continue the life-cycle by host-to-host transfer being 
produced in enormous numbers in most instances. It is estimated that 
the female Ascaris lays 200 000 eggs daily for periods up to more than 
a year. The probability of an egg's success in reaching the infective 
stage and developing to the adult stage in a new host is extremely low. 

Special adaptations which enhance the chances of survival and 
transmiSSion to tl:e host, therefore, must be highly developed. The 
fact that the paraSite does succeed in continuing itself as a species 
in spite of the multitude of ha':&rds and barriers attests to its 
specialized morphological, physiological and behavioural adaptations. 
Examples are seen in the potential life-span of each stage, the size 
and denSity (specific gravity) of the eggs, protective responses of 
larvae outside the body and their directive responses after entering 
the host, and the highly adaptive mating behaviour • 

2.2.2 The host 

The presence and relative numbers of essential intermediate hosts 
is a critical requirement of many helminthS. The greater or lesser 
availability of snails for the propagation of flukes, and of the inter
mediate hosts ot other vorms often depends on agricultural practices 
and other human activities which alter the environment favourably or 
otherwise. 
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As regards man himself as a host, the factors which influence 
endemicity are sex, age and race, as ~rell as customs and habits. 

2.2.3 Associated animals 

There are at least three ways in which the non-host animals 
influence endemiCity of the helminths of man -- by competition, predation 
and coprophagy. Also to be noted is the important role of animals as 
reservoir hosts of certain helminths, especially the flukes. All of the 
flukes found in people of the Orient also occur in animals and to a 
significant extent they are enzootic. 

The free-living stages of helminths are preyed upon by other 
animals. Small fish, insect larvae, copepods and other forms which 
feed on plankton destro:y a high proportion of the cercariae as they 
emerge from the snail host. This is a part of the natural energy 
cycle and is going on all the time. To a lesser extent, this is true 
of the helminth larvae and eggs that are in the soil. Small animals 
and filamentous fungi kill and devour a significant percentage of 
larvae that otherwise would survive, Soil studies indicate a more 
rapid depletion of helminth eggs than reasonably can be attributed to 
destruction by physical forcec. 

Except in pericds of drought or in areas of very low rainfall, 
human stools when deposited on soil rapidly cisappear. Even in dry areas, 
Owing to the avid coprophagy of vultures, dogs, and other animals, promis
cuous defecation generally is not made evident by the presence of human 
stools. Among the most important coprophagous animals are the duag 
beetles which promptly bury or otherwise dispose of fresh faeces. A 
fresh lOO-gram stool may be buried within one or two hours. The action 
of dung beetles may favour or hinder transmission. This factor has 
not been thoroughly studied, but presumably dung beetles assist in the 
transmission of hookworms and hinder that of ascariasis and trichuriasis. 
To whatever extent the beetles eat the faeces transmission is diminished, 
for it is kno\;n that eggs are destroyed by their chewing mouth parts. 
On the other hand, eggs of helminths pass unharmed through dogs, pigs 
and chickens and the:~efore, presumably, these animals promote transmission 
by dispersion of the eggs. 

2.3 Community factors 

The community factors that accelerate or retard the rate of 
transmission of helminthic infections arc ,~ell-known and, therefore, 
they need only to be mentioned b:L'iefly. 

2.3.1 The people 

Demographic and social characteristics of a population, the sex-age 
distribution of the people ofa community, their manner of living, mores 
and general outlook, food preferences and prejudices, habits of dress, 
patterns of defecation and faecal disposal, all contribute favourably 
or otherwise to the prevalence of endemic helminthic infections. 

2.3.2 ~econo~y 

It probably is true, as often stated, that as a population of people 
prospers economically the prevalence of helminthic and other types of 
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infection diminishes proportionally. Though hard to measure., one does not 
question the improvements in health which attend the introduction of 
safewwater supplies, electric power, modern communication systems, 
mechanization of farming, facilities for rapid transport of people 
and products, and the availability of cheap, varied and ample food
stuffs. Questions arise only when assessment are attempted in 
relation to specific diseases, or when it is noted that in special 
instances efforts towards economic development introduce new health 
problems, as in irrigation schemes and bilharziasis, or aggravate old 
one§l, as in ur~anization and filariasis. It is worth noting that 
while the control of helminthic diseases can have a favourable influence 
on economic development by increasing the work capacity and therefore 
the productivity of a community, disease control does not itself 
necessar1lyacce:ler.ateJ~~pnomic development. In th1.s connection., it 
is 'WOrth noting that certain helminthic infections have remained highly 
prevalent in certain European countries in spite of a relatively high 
level of economic prosperity., and that in certain communities of nearly 
all countries worm infections still are highly prevalent. 

2.3.3 The Government 

The form and action of government, like economic factors., 
cannot be assessed accurately or easily in relation to disease pre
valence. Still it may be noted that specific legislation, regulation 
of conduct, and encouragement of attitudes towards health and disease 
have a strong influence on circumstances which favour or hinder 
disease tranSmission. Control programmes that are not supported by 
government have meagre chances of success. 

3. OONrROL PRINCIPLES 

The elements of a :,control programme are assessment of the 
problem, plan and deSign of attack, and evaluation of results. Control 
programmes will take various forms depending upon circumstances of 
personnel, finance, and programmes already undertaken or under consi
deration, as well as the magnitude or urgency of the programme itself. 

3.1 Assessment of problem 

In determining the magnitude or urgency of helminthic diseases 
problems, it 1s essential to have reliable data on~prevalence of 
infection and at least a rough estimate of the associated morbidity. 

3.1.1 Survey methods 

While hOSPital and clinic records indicate roughly the kinds 
of helmiDths that are present in a population, a reliable estimate of 
the real prevalence and intensity of infection requires surveys that 
are carried out by sound sampling methods and reliable quantitative 
diagnostic techniques. In some circumstances quantitative methods are 
unnecessary as IOOrbidity rates may be evident from other records, but 
it is always desirable to have information on relative worm burden, or 
better the frequency p,f worm burC!.ens that are heavy. 
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The choice of diagnostic technique(s) to be used in a survey 
is a major consideration but two other matters are of greater im
portance. The first is that a chosen technique need not be the most 
accurate one available, but whatever its level of reliability this should 
known, and it should be determined in relation to the persons uSing it. 
The second is that the choice of technique can best be made by personnel 
of the laboratory where it is to be used. The records of experience 
elsewhere, and the recommendations of experts who have had no experience 
in the geographic area concerned, "l7ill be helpful guides, but it is 
essential to recognize that no technique; is suitable for all regions 
or for all circumstances of personnel and facilities. That is, the 
laboratory that is called upon to sup:port a surveyor control programme 
should first itself evaluate the techniques to be employed. 

3.1.2 Demarkation of problem area 

OwinG_to the differing physical and biological requirements 
of different helminths, and the specific requirements peculiar to 
individual species, the various localities of any region will present 
helminth problems which are different in kind and degree. A well
conducted survey will identify certein foci of high endemicity, others 
where, although infections may be present, there is little or no 
transmission. 

Feasibility of programme 

The feasibility of a control programme may be questioned on 
the following considerations: 

(a) Prospect of continuity 

Because in most instances helminth endemicity is maintained 
by reservoirs of infective stages in the soil or in intermediate 
hosts, and even a perfectly administered programme ,dll not give 
perfect results, it can be anticipated that a satisfactory 
accomplishment may require a long-sustained effort. Even 
brief lapses can cause the loss of all that has been gained. 

(b) Personnel 

The availability of personnel in adequate numbers n(eds only 
to be met.;t10Lled, as this is obvious. A requirement to be 
stressed, however, is technical capability. As there are 
numerous aspects and phases of control programmes, and the 
failure to carry out anyone of them can negate all other 
efforts, the qualifications of all members of the programme 
team must be acceptable. 

(c) Facilities 

The space, materials and equipment essential for maintaning 
adequate laboratory services, and the facilities needed for 
communication and transport, all must be available. 
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(d) Community organization 

Unless the people are already accustomed to participation 
in serious community act!vities;L.e. progratmneS requiring 
different levels of directive responsibility not connected 
with festivals and trade, it will be difficult to establish 
and sustain community-wide interest and participation. 

(e) Fiscal support 

The financial support and official sponsorship of 
government bureaus and agencies are essential. Special 
legislative acts or proclamations may be needed. 

3.2 Methods of control 

The laboratory methods to be used in support of surveys and 
control programmes, as already stated, can best be selected and developed 
by the supporting laboratory. Owing to the differing circumstances in 
different communities this is also true of helminth control programmes. 
Different communities have different helminthic diseases. MOreover~ 

helminthic diseases require different approaches to control, depending 
upon the different modes of transmission. In general, the attack 
against helminths is made in three or four directions: (a) sanitation, 
including waste disposal, domestic water supply and hOUSing improvement; 
(b) mass di~OSiS and mess treatment, aimed at pr6d1cat~noof'tRe 
paraSite; (~publiC education, aimed at prevention through an under
standing of the worm and its transmission; and (d) vector control or 
eradication if the helminth is . vector-transmitted. 

3.3 Evaluation of programme 

The success of a programme can be measured roughly in terms 
of prevalence rates ,-either in relation to trends or differences, both 
based on base-line statistics obtained in an earlier survey. Since a 
satisfying low level of prevalence may require a long-sustained effort, 
usually it is deSirable to make frequent examination of the population 
to establish what generally is referred to as hopeful trends. 

An important aspect of evaluation, frequently overlooked, 
is the assessment of benefits that cannot be measure4 in terms of 
progress towards the expressed goals of the project, namely, the 
improvements in health, standards of living and social structure of 
the community. Often cited in this connection are the benefits of the 
earliest large-Bcale attack against hookworm disease. The Rockefeller 
Sanitary Commission, which in 1910 undertook a five-year large-scale 
anti-hookworm campaign in America, and the International Health Division 
of the Rockefeller Foundation, which later extended this effort into 
other parts of the world, including some of the countries in the Western 
Pacific Region, did not markedly reduce the prevalence of an~lostomiasis 
except temporarily in limited areas. In some of the coastal counties 
of south-eastern United States where the old Sanitary Commission examined 
and treated thousands of people, built thousands of latrines I and used 
all available forms of public education concerning the nature and 
prevention of hookworm infection, the prevalence rates among rural school 
chiJ.d!.2:!en are nearly as high teday as they were fifty years ago. In 
urban populations hookworm infection is rate but in rural communities 



· ... 

WPR/Helminth/9 
page 9 

up to 60 percent. of the children infected, and up to 20 percent of the 
infected children have some degree of hookworm disease. Still, no informed 
person doubts that the anti-hookworm campaign that was st~ed in 1910 and 
continued to the present time has been highly beneficial. State and local 
health departments offering all kinds of health services were established as 
a result of this effort. The people have accepted sanitary faecal disposal 
as desirable, and they still believe that wearing shoes will prevent 
hoOkworm infection. 

It is thus evident that anti-parasite campaigns have values that 
j are worth considering even when little and only temporary progress can 

be made towards the original goals. 
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1. IndivLd-,lal phenomena. Humar: intellect is privileged by the direct 

u::lde--:-standL1g of certain simple isolated facts such as age of 8 person, a 

case of a disease, a -cYlle of parasite, etc. Such facts i'l statistical 

methodology are called individual phenomena. 

2. :lass phenOlilena. vlhen ind-~vidual phenomena are increasingly gathered 

together, a moment arrives "lhen the facts bee;in to escape our under~tanding. 

The individual phenomena so gathered are called mass phenomenon. The 

number of inhabitants of a specific age in a cmmnunity, the number of cases 

with helminthic infections, the number of persons found harbouring a specific 

parasite, etc., are examples of mass phenomena. 

3. Survey. This, broadly speaking, is the series of investigations exerted 

to obtain information on some characteristics of a mass phenomenon. 

4. Statistical universe. This is the mass phenomenon which contains the 

totality (100%) of the individual phenomena. A clear definition of the mass 

phe:Jomenon is imperative. 
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5. Representative sample. Sample is a part of the universe. \ifhen the 

relevant characteristics or study arc dis~l'i')"L1tcd in a sample it: ntcut the 

same proportion as they Cll'c' i.e1 the universe, the s8mule is calleu 11 

"representativ,2 sall1p:i.e". 

6. Sampling technique. T:1e study of certa.in char8ctcristics of mass 

phenomena is constantly needed. This can be convenrell'~ly accomplished 

by analyzing them in the "hole universe. Often, hOi;ever, it may be 

impossi.ble or inconvenient to analyze tl:e whole uni'rerse, either because 

not all the iniivid'ual phenor.lena com he kwY"n or controlled; because of 

insufficient staff; insuf'ficient budget or ceca·J.se,2·vC:1 i::: thOSE 

difficulties could oe overcome, the anal:'616 ;!Qulc1 re1uil'e so much time 

that the results D'ight prove unseaso::ab:Le, therefore, '.osing validity. 

On the other hand, in most instances, good studies, e,,-t:ivale~:rc to those 

obtained from the universe, can be accorr:plishc:d b:r s'~,"j::·ing a represen-

tativp. sample, 

6.1 SOUl'ces ,;)f e1'ror. jIll surveys 31'e S'.11):e('t to error (bias, 

erronec'.lS or nissing diagnoses; u.Lf:~erences in uefir.:i. t i.o']s, in intel'-

pretatioas; inacc'.lr8cy of 'lleasurenents; arithmetic e1''''o1':O; cher.ges j,n the 

characteristics of the phenomen8n, and as a pl'oCli:-;ent feRture, non-

response). :!:'1 addition, sam)linG Gu::;,ve:,'s G:oe subje:::t -::,0 it19p~-ropriate 

application of the sampling tGch'1ique and to the fa ct'~tat ':he values 

observed are likely to differ if a different sam-;?:e, eyen of the same 

quality, was to be taken. These expected variations in the results of 

a sample are called "sampling errors". The aCiV8{;t&ge of sampling is that 

the errors co=on to all types of sUl've>, arG us':,ally tc.':'r.1m1zed because 

of the smaller number of units inclt:c1ed. T'1is I'C!sults in better 

possibilities of control, and, whGn the sampling tcchciaue is properly 
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applied, the sampling error is usually neGligible. P, L:.rther advantage 

is that the sampling error can be :.;)easured) thus enBbling judgment or: 

the validity of the survey. 

6.2 Hethods of sampling. Simple random sampling, also called 

"probability sampling" is the oasis of good sampling technique, The most 

important methods are: 

systematic sampling 

sampling by stages 

multiphase sampling. 

Random selection and stratification are wide~r usee. in all 'llethods 

of sampling with great advantages. 

6.3 Criterion. A ,,-ell sele~ted sample muse ratisfy the follmrl.ng 

conditions: 

(1) It should be of the minimu,'li size that ;·ri:l warrant sufficient 

aCC1J.racy of the values analized. 

(2) The sampling design must provic.e an es'Cil.ls+.e of the sampling 

error. 

(3) The design must be 1)ractical anC. accomplished according to plans. 

(4) "Non-response" should be of negL.gible pr::Jportion. 
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1.1 FrOr.l the public health "9oint of vie •• the nutritional status of a 
population depends mainly on tvlO factors, namely: 

(a) the quality and quantity of foods consumed, and 

(e) the nosological pattern prevailing in the population. 

1.2 All teinGs (includinc human teing) need to co~sume the correct amount 
and c:uality of foods accordinG t:J their physiological requil-ements in order 
to grow, develop, and maintain good nutritional status. 

1.3 There is no unanimous criteria in the diagnosis, and classification 
of poor nut1 itiona 1 status in humans and thi s is the reason ,lhy in some 
instances contradictory, endless al1d misleading discussions take place. For 
the purposes of this Seminar, "e ,i:::: uld like to define a feu terms. (See 
Appendix 1). 

1.4 Chronic undernutrition and/or malnutrition as it occurs mostly in 
rural areas Clf rlevel::>ping countries is a detcrrent t:; health, socia-economic 
and political c1evel::rpJlcnt. There are at present in the world an estimated 
667 million children (0-14 years) of "IIhom 70)~ are estimated to ee suffering 
from chronic undernutrition or malnutrition; in 10 years frO!:l nm" there will be 
815 million children. 

1. 5 In rmtlic health nutrition the empllasis should te in preventing 
rather than in curing these nosological entities. 

1.6 The basis of the problems is not only on quantities of foods tut 
still more important is its quality, especially in regards to protein content. 

~----"-------

Regional Adviser on Nutrition, liTHO/'dPRO 
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1. 7 Helminths may c:mpete f::>r f::>od ,dth the host, not merely in regard to 
quantity, but qualitatively, requixine certain indispensible nutrients that 
many times are supplied by the diets in very small limited <.:uantities (diets 
of low: cioloc;ical value). &::>me essential amin':l-acids B12, f':llic acid, etc., 
appears t':l be required for both helminth and host. 

2. Guide of topiCS for discussion 

* 2.1 Syntropism 

Clinical observations shm{ed 10n13 time aGo that the nutritional status 
of the h::>st deteriorates duriq; some path':ll':l13ical process (especially infections). 
More recently, it has been noticed that pO':lr nutritional status of the host pre
disposes to certain diseases. In this ver~ complex physio-biochemical anabolic 
process it ap?ears that there exists a very close relationship amone the 
follOwing components: 

(a) undernutrition and/':lr malnutrition. It is estimated that 2/3 
of the vorld's population is suffering from it; 

(b) soil-transmitted helminths that collectively are estimated to 
affect atout 4/5 of the world's population; 

(c) protein-calorie malnutriti':ln. It is very common in developing 
countries affecting perhaps 50% of the children aGed 0-5 years. 
This syndrome cO~~':lnly develops after 1 year of aGe as kwaShiorkor 
or marasells, in 2% to 15% of those children. But growth retardation 
often develops tetween 6 and 12 months. ft.£refore the underlying 
nutritional deficiencies commonly exist before 6 months of age. 

(d) iron deficiency anaemia also affects great sections of the world 
population vith high incidence among the nutritionally vulnerable 
groups, especially infants, toddlers and pregnant women. 

All these noxious components usually concur in the same community, and 

.. 

there is evidence of some synergism in their behaviour. This results in a r-. 
high toddler mortality rate (1-4 years) from 20 to 50 times higher in developing 
than in developed countries. 

2.2 Epidemiological characteristies 

All these public health problems appear to have some similar epidemio
logical characteristics such as: 

* 

(a) GeOgraphical distritution 

Soil deficiencies, climatic conditions, etc., seem to te important 
concommitant aetiological factors in determining the prevalence of 
these problems. It is interesting to note the almost equal geographical 
distribution that exist among these problems. 

The correlation of several factors, as the relation of certain phySical 
characteristics or diseases to the development cr incidence of other 
diseases. 
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( b) PhysiQlQf,ical status, sex and age GrQUps affected 

Strong evidence indicates that these protlems seem tQ be more 
prevalent among the nutritionally vulneratle groups and that sex 
is not an important factor. 

(c) Prevalence and evolution 

These protlems are endemic, ::>f high prevalence, lQU incidence, 
insidious teeinning, and chrQnic evolution, s::> much so that sometimes 
health authorities do not Give them the priority that they deserve. 

(d) Dietary pattern 

Nutriture is one interesting characteristic of all these 
diseases. The diet of' these popUlations is generally celovT their 
physiological requirements, es~ecial~Y in some 
essential nutrients (aminQ acids, B , folic acid, iodine, etc.) that 
may become limiting factors where I:;Qth, host and paraSite may compete 
for them, or where the parasite interferes with assintiJation or 
increases exertion. Competition or reaction between host and 
parasite could te the decisive !!].echanis!;l rather than quantity 
of nutrients consumed. Unfortunately our knowledge in this 
field is still very limited. 

(e) Other factors 

Other diseases, over population, agricultural practice, socio
cultural pattern, economic standing, etc., are Qther factors that 
play an important role on the syntropism of these public health 
protlems. 

2.3 Public health implications 

(a) Low resistance to diseases, 

(b) Retardation of growth and development, especially and more 
important mental re~ardatiQn; 

(c) Deterrent to health, sQcio-ecQnQmic and political development, 

(d) Liability to the cQmmunity, 

(e) Determine community attitudes (passive, aggl'essive, 
cQ-perative, indifferent, etc.) 

2.4 Public health policy 

(a) Single (speci~l) versus integrated programmes (communicable 
diseases and nutrition) 

(1:::) Proper planning (technically, administratively and financially) 
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2.5 COmplexity of interrelationship between nutrition and helminths 

Other factors such as socio-cultural pattern, agriculture, economics, 
etc., are also interrelated in this complicated process. 

3. Further research 

This being a new field much research need to be done. To mention 
only a f~T oxo.n:ples, ,re could say -

(a) The study of nutritional requirements of both host and parasite 

(b) Field epidemiological and experimental studies to be able to 
understand the mechanism of syntropism, synergism, antagonism, 
etc., among all these factors. 



APPENnIX I 

DEFINITIONS TAKEN FROM DORLAND ILLUSTRATED 
}iEDICAL DICTIONARY 23rd edition. 

(a) Diet is the customary allowance of food and drink taken by any person 

fram day to day, particularly one especially planned to meet specific 

requirements of the individual, and including or excluding certain items 

of food. 

(b) Malnutrition is any disorder of nutrition. 

(c) Nutrient is a substance -which affects the nutritive or metabolic 

processes of the body. 

(d) Nutriment is nutritious material, nourishment. 

(e) Nutrition is the process of assimilating foods. 

(f) Nutriture is the status of the body in relation to nutrition 

generally or in regard to a specific nutrient, such as protein. 

(g) Undernutrition is improper nutrition due to inadequate food supply 

or to failure to ingest, assimilate, or utilize any or all of the 

necessary food elements. 
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DISCUSSION NO.3 

EDUCATIONAL APPROACH IN PROGRAMMES TO CONTROL 
HELMINTHIC INFECTIONS 

by 

D. Johnson* 

A chief aim of health education is to influence people to take 
an active and responsible part in health programmes on a well-informed 
basis. To assure that this is done in programmes to control helminthic 
infections, it is important that an educational approach be included 
as an integral part of these efforts. 

Programme directors and their staffs will need to take into 
account the educational & i.,,;i;u&, the cultural patterns and the economic 
circumstances of the people before they can work out an effective 
educational approach to the problem. Getting people to help themselves 
is particularly important. Local lea<lers need to be encouraged to 
help their own people become more capable in meeting their own health 
problems. Some ways and means by which this might be achieved are: 

1. Ensure that planning by, and participation of, the people is 
carried on all levels, as early as possible and continuously. 

2. All available resources should be used, including voluntary 
health agencies, hospitals, professional associations, practicing 
phySicians, schools and other organizations. 

3. Trained health education personnel should be called upon to 
study and analyze social and educational factors connected with the 
problem, work with the programme planners in developing the educational 
approach to be used, prepare the staff for using this educational 
approach in their work, evaluate the effectiveness of educational efforts 
and carry out studios and research on educational methodology for use 
in helminthic disease control activities. 

* Regional Adviser on Health Education, WHOjWPRO 
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4. Health education ._activities should be geared directly to the 
planning and implementation of the helminthic disease control programmes 
and not something separate from them. 

5. Adequate funds and services need to be made available for the 
educational aspects of the programme. 

6. Where possible, there should be an attempt to achieve more 
tangible benefits by the people through their participation. Public 
and government support is easier corne by if such benefits can be readily 
demonstrated. 

7. '!he timing of a programme and of the planning of its health 
education aspects is important. For example, people are more likely 
to co-operate and take action when they are concerned about a problem 
and seek assistance from medical and health authorities. 

8. Competition in the promotion of local health imprl'Nements can 
be used to advantage in some plaoes. 'Ihis can usually be planned for 
and carried out through the active and direct participation of the leaders 
and the people in the area concerned. 

9. '!he planning and production of audio-visual aids for use in 
health education activites with each local group should be geared to 
local needs, languages, and conditions in order to be intelligently 
understood and accepted by the people of the area concerned. 

10. Whenever possible, provision for the evaluation of the health 
education aspects of a programme should be made from the earliest stages 
of programme planning. It is, therefore, essential during the planning 
stages: 

(a) to specify clearly the objectives of the educational aspects 
of the programme; 

(b) to select the criteria for determining subsequently whether 
there has been any progress made towards these objectives; 

(c) to decide and develop the procedures which will be used for 
this evaluation; and 

Cd) to establish base-line data from which it can be gauged 
subsequently whether desired changes or improvements have resulted. 

An effective educational approach evolving from careful study and 
analysis of educational and social factors connected with a problem will 
do much to pave the way for control programmes requiring action on the 
part of the public for their success. 
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Raul -ialdes-:?:L~il.la * 

1. ~he R?lt:... .. ?}~.~tFtironr.rlentcl 82.r!:.tatioi.l in the Contr0~{ Helts.inthic 
Infecti:)l1s ---,---
1.1 Sanitati'Jn~: tl:e e:.~'.rir·Jrliner'~t .i.16S great imp':n .. ta~'l~e in the 

c~y.\trJ ~ 'J~' };8.}."'3.si ti c ill:l't.!C 'ci'~)i1S.? I)Ul'"ticularl:.r 

:;".':': -:;er c!ld 

s::>il saniteti~n. 

1.2 Sanitati::E.:. 3c--ci-',,-l"Cies dirc(;ted t:)->~ard. the pl"eventi:)rl ':)f 
infecti:Jtls in rural areas: 

(a) excrete. d::'sp:)sa2. - cOi.:stru.cti8u :;f sani tar:! latrines 
(t:) :?::"Y'7isi'J'.-,;, 'Ji' safe 'Fate:" - sani tar;; ,~ells 
(ee) f:)od sa~1itati:)t: - f00a handling and pr:)cessing 
((".) ':~l"QpeI" Gar:age cJllr~cti':n: and disl'='l:)sal 
(<3) go':)';, s'..l:"':'f3.('e urainagG ;)l"nc:tic-2S 
(t) school sanit~t~:)c 
(C;) sEi-::.oble Ctr:d healtl~y h:Jusing 
(h) 12~'!.ds,::aping ... ~,,"2stbe~;jJ.:s '.)f' th~'-:GurrJunt1inGs 

2. Excreta uisp0sel 

* 

G..:.!1:'2.e:::'al (;l:2r:F_~i:~~::;risti(;s &~1d C::"::.::;::'2rer .. t t7~!?es 'J:;.. ... latrines 
w.hich are :lseD in ~~:8 Re:gi-:JQ: 

(n) ~)it let:cinc' (e) bucket latrine 
(b) c,)I'c-h-:>lG lstrinc (f) 
(c) we.ter-s(;;3.1 latri·,e 

flush latrine "ith septic 
"'-~,·,k" a"Q'/'~~ "~al'"n", pi+ v ........ _<...... ~... -..J... ....-.J .l...J.. .. .I. o v 

(6) asua 9:riv: r 
•. ove::.'h1-E~,3 le.t,r:L-:e (g) C'JmpD s t ;,ri '-T"';/ 

It is a general "lgreeUl8nt chat a latrine should satisfy the 
f-:J ll:rv!ing rcquirer.lcn ts: 

(a) the surfacp. soil sh,mld rl:)t be contaminated 
(~) the grJUl1d "'ater enterir'G s]:rings or "ells should not 

be c:JLtaninated 
(C) excreta should not be accessible to flies or animals 
(d) the latrine should t'1 free from eJo,:mrs and unsight~y conditions 
(c) the type c)f latrine sh()ulcl be simple, econ:::l!nical and 

most suitacle for tre l'G()plc using it. 

Regional Sanitary Engineer, ·I.JHO/WPRO 

-......,. ....... " ... --.' .:i ... ~:::!~=~I?1i5ii· iii' ••• ' t ... ..;~::_....:-: ':;.t:'"' 
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Experience in the region shous that one of the !llDst suitable and 
economical types is the ,vater-seal latrine. Several programmes of 
rural sanitation are no" :mderlJay in various countries of the Regi::m 
in which this t:lpe is being advocated. (Laos ,Philippines, Papua and 
New Guinea, and Fiji). 

3. Rural "Tater supplies 

4. 

5. 

3.1 The best protection against polluted drinking ,rater is the 
sani tary 'Ie 11. 

Factors to be considered in the development of sanitary 
wells are as foll011S: 

(a) gooc, qualit:r Hater 
(b) well-protected against outside contamination (pnvided 

... ith a handp=p,to? ,cover and ,mlls lined or 1::ith casing) 
(c) sufficient water to meet continuous needs of the users 
(d) easy constructior., simple maintenance and 10,1 initial cost 
(e) convenient to users,particularly women and children 

(easy operation of handpump) 

3.2 The improvement of wells as a part of a sanitation programme. 

This can be done by USing Simple and inexpensive methods of 
construction. It is considered that a good sanitation programme 
should take into consideration both aspeets - excreta disposal and 
;vater supplies. 

Food sanitation 

The sanitary control and inspection of food products to check 
their quality and condition and their handling and processing is 
necessary for a good control of helminthic infection • 

Aspects to be considered: 

(a) water used for irrig~tion of vegetables and fruit grordng farms 
(b) market sanitation - fish, and fow-l products 
(c) meat sanitation - abbatoirs and meat shops 
(d) restaurant sanitation 
Ce) food vendors - street peddlers 
(f) milk and milk pr'.Jducts 

It is considered essential that sanitary inspection and control 
be exerted in all the a~ove aspects. 

Also recessity for health ed~cation measures and food handlers coursesand 
S9.nitary control and inspection arc really required in food establishments 
'l'Ihether public or private, intended for public consumption. This applies 
also to food processing plants. 

HOUSing 

It is generally recognized the tremendous influence of hOUSing 
on health. Improvement of rural housing and low cost housing schemes 
in urban areas is conaidered ;J,ecessary in all countries. 

_,I. '" 

~ . 

-\ 
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In l.::r;~ai.:' a:.lc~ s2~~;.i-·_)!':;22 ::1''.::3.8 tlle G1E.in :?r~blem facing health 
a~·.,c other govG:>:'r'.t:lent 9xthoriti:::s ::'s the groi:th of slums and squatters 

an ess3nti3.1 ~.)a:::"t ·)f 3[-:r-~it3ti~~l 8:':-' ~---'1;:! ::::~.i.\·-i}:~:J:-!.(1(~l.l.t;. 

the ffi:J3 t ~~ ,):~1L.i.-:-"1,;. ',':~':: ~.:.-::>.cLS '''':X'C: 

(n) turnL.c, 
(b) co:'··,<:);';:L::.g 
(c) i::1'1"::' "':> 

In l}r'-::a;-J, 3.rcas: 
(a) ses i·; .. r: ri "'.7'e:r·~dl~L:~li·:lg 

(to ) , \ 

\ c: " 
(c. ) 
( ~\ ~I 

1:]. :1(1 3~':t J .1:L:.- '. ". 
cO:;lpos~i.:,..; 

ir.;,cinera ~i~")n 
c:)~~ltiE8~iQ-;:.l :)f' both 

Ie. !'V.r? J. or-ess, 

T;:e Llcthod selected depends ~>n th0 th:Jr::mgh study of loca 1 factors. 
'fhe::.:'8 are acivantnS2s ar.:.C. (:'isB.d';t::~""'~.~:':;8S in nIl :J:t' them. 

This :i.S i~porta:-:.t- ir~ ~'Jn~'..ecti:Jn 'vi tt the cont!:'ol :Jf sc>il PQllution 
pal~-::i-2~11arl:/ ii.1 t:-t0~ical (U .. "e-:tS, 1.Jhe:-ce vegetutio~: and s.tuEda~~.:.t !'ain:f'.ell 
Cr(!at2 prCJcle:as Qf r:1:::>sS'"lit:J treedi~·lg. Special note !il\.lS'~ te taken ::)f the 
role :)f )uddles "5..n helmiil.th tI':):lsT..issio:l. 

?::'CYi3i::nl ')f S-"3..-:":~.:t':1r~:· fc.c::'-_itiC:s :i:f'. ~s.cho()l .is .. rf:~;~'_:.i:!1.ed for good 
snrJ.ita~ioc:. of tbe sch'J:>l en'vil~ ... :~ . .:.0nt :-lnc1 i".Jr teaching ~.:l~ildren se.n.itary 
hacits. 

T:)ilet f'o.cilitics f"or bc)'tl-.i, S(;:f:·23, drinkiL~6 ~"ratcJ.:' f':)untains, and 
harJ,c'l '·-o.s:c ~ ~.sins s~~):_lld t>; ::,cl..:,:li!.~2C~ ill e"';.Y"er~ Bcho:::>l. cSI)eciall:{ in rtlIal 
ar:::'?.3. (a S2..D.::~tc.l': . .r '<'211 c.n": ~c.triE':::s ~·.rc.: t:-te cunimUcl requirements) • 

It is nQ\"! g2·:"l(:;1"'311~l asre2d th2t the i!11pr.)-\'er:.~':..-!nt of th'= sv.rro:J.ndings 
in villages nne c::>mmuni tics :1aS " vcr~' str-:>ng ir:flucr:cG in rnaintuining 
good sanitary ·,?rac:tices t";:).'" the i::l1abitants, 

Aesthetics :::laJ- 5. great ~~art ir"! in.fl~encj.ng ~sych~logic9.11y the 
cotnr:luni ty i~! 11l9.iutaining stE.::{u:..rcls .~:.:L sani tatiQn ~tn tl1e environcrent. 
Gardens, parl{s, lp,'.'ns, Clc21'ing ::'l';us:::tes and vegei;a ~':"~"" c::': " '. the 
dvellings preve"t the use of soil fe>r tisposnl of 1,mstes, d::'!fecation 
and mosquito aCId rodent breediilg. 
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This working paper attempts to outline the problems that the 
public health administrator faces and that the parasitologist ,"ill have to 
consider if a 11elminth control or eradicati::m programme is put fOr1Vard. 
This outline is intended as a tasis for discussion and is not meant to give 
the technical detail of helminth control. I .~ll try to put fOr1Vard the 
principles involved in any campaign against a specific disease and look at 
some particular problems in the conte}~ of the Seminar. 

I ,"ould like to start l~th some definitions. 

(1) Planning The health plan im~lies a large scale action 
arising from the functions and intention of the national health administration. 
Planning simply means putting an overall plan into effect. Plans are composed 
of programmes. Programmes cover troad ureQs of a specific need such as 
programmes of helminth control. Programmes can te broken d01lU into their 
components and such a component is usually called a pro,ject, for example, in 
this conte~, an ascaris control or eradication project is part of a helminth 
control- programme '1hich in turn may te part of a troad national health plan. 

All these activities must have aims and otjectives. Usually, an aim 
is regarded as a 'vider target of long-range goals, and the objective an 
individual goal closer in time ,"hieh can te general or specific and more or 
less immediate. 

(2) Programming - This term, in its technical sense, is the Bame 
as implementation. Programming means a st~~ ty step campaign lay-out 1Vith 
the specific implication of time schedule. 

(3) Evaluation needs no definition tut it is important to stress that 
in the planning phase it is not just the final appraisal of success or failure 
but a continuous checking procedure. 

For tne purpose of evaluation, it is almost essential to state 
otjectives in quantitative terms, Evaluation should te a built-in continuous 
process 1Vith check points right along the road of the programme. 

* Regional Pu.blic Health Administration Officer, HHOjUPRO, Uanila 
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For greater detail of the planning process, particularly on a 
national health plan scale, the paper by Dr. A.A. Angara, Regional Public 
Health Administration Adviser, WPRO/Manila, is appended. Other references 
which are recommended reading are the WHO Technical Report Series No. 294 
(Integration of Mass Campaigns against Specific Diseases into General 
Heal th Services), and No. 215 GPlanning of Public Health Services). 

Technical contpol discussions are very well presented in Professor 
Beaver's "Control of Soll-Transmi tted Helminths" and in the working paper 
by Professors Beaver and Yokogawa for this seminar. 

The first decision that faces the planner is whether there should 
be any spec~fic control programme at all. It means the assessment of 
the size of the problem in the widest sense. 

In the conclusion of the WHO Technical Report Series No. 277 on 
"Soll-Transmi tted Helminths", the following sentences appear: 

"While striving to improve public health, the responsible 
official, with limited resources, will aspire to devise and 
promote programmes for which the needs are most urgent and the 
chances of success most promising. He will wish to avoid any 
undertaking which, under existing circumstances, will be un
rewarding. It is essential, therefore, that he obtain sound 
basic data on the distribution, prevalence, intensity and public 
health importance of parasitic disease in each area under 
consideration," 

All this means in essence that the size of the problem must be known as 
fully as possible before any sensible progr8llllle can be drawn up. But 
if the problem is known and the need considered to be there in the light 
of health priorities, then the next essential which cannot be stressed 
too strongly is to examine the resources at the disposal of the programme 
executors. Not only does the size of the problem have to be known; after 
it is known, it still have to be alloted its priority in the overall 
health plan. Here the parasitologist must give the technical advice on 
problem size and programme feasibility. The overall public health 
administration must make the final recommended decisions. 

How to assess the magnitude of the problem in helminth disease is 
well outlined in Professor Beaver's paper on "Epidemiology and Control 
of Helminthic Infections" (pages 6 and 7) and need not be given here. 

The feasibility of a programme, that is, can it be successfully 
carried out, has technical and adm1nistrative components. 
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The parasitologist must decide on the applicability of control measures, 
the availability of drug treatment and the prospects of continuity. 
Feasibility, however, also includes the availability of resources and 
this is where collaboration with public health administrators is a sine 
qua non. No matter what the priorities and the obvious needs, it is 
futile to attempt a.y mass campaign while the resources necessary for its 
success are unavailable. This may seem a commonplace statement but it 
is nevertheless the failure point of many programmes. Resources means 
not only time financial backing which must be there but the resources in 
personnel at all levels, their technical capacity and, very importantly, 
the broad public health organization, particularly the health infrastructure. 

The planner can draw up the nicest, most imaginative and detailed 
plans but the work has to be done by someone. And even if the specialist 
workers are available, they must be adequately supported from the general 
heal th services. The co-operation of urban clinics, of rural health centres 
of the whole machinery of the public health services at municipal and rural 
levels and their full co-operation is a vital necessity. 

In na.tional helmint!1 control :Jrogra=es, particular attention must be paid 
to the availui~ili ty of sup;Jorticv; la>-'rato1'c- services and SL'.cll ClLlndane things as 
the collection of s;?ccimcns, tl1e means o? c~llectinG them, sucll as containers 
and the channels of corJmunica.tion. Tbe El110'-'P.t of latClrll.tor~/ .organization required 
in a rJ.njor helmil1th control prograr.l.me is very great. If this cannot be faced at 
the tirae} the '1ational project sl:ould ·be sl1ei-ved until the support is available. 
This does not mean that pilot runs and local helminth projects should not be 
attempted and experience gained. 

If there is one point that should be stressed again and again, it 
is that any mass campaign is most vulnerable if there is a definite doubt 
about supporting services. In general, the project should not be launched 

~ until the health fabric is strengthened and the gaps filled. 

Money is important, but is is by no means the whole story. An awful 
lot of it can be wasted without basic health service availability and 
support. 

Once there is satisfaction that the resources are adequate, there 
is still a lot of spade work to be done before programming proper should 
start. This stage is called "pre-planning" stage by some • 

. The orgcl1iz8:cionnl pattern of t;w co.mpc.iGn o:u.st be -estnJ::li13hed. It is 
commonplace to say that (:me must deciDe ,!bo will run it technically and. how 
the helminthprog;ram.me wiD: fit into the count!",,' s he::.lth GC1'vicesat 
centrai, interw~iate .and periphero.l levels. If there is to be n parasitologist 
centrally, "here will he ce placed? .As an c~:crcise, it would be of interest 
to look at some· organization charts of .countr:l.cs in this Region and to decide 
where a helminth section under a parasitologist for example, .vould best fit. 
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It nnurt be l"C!:leI:1berec. t.'1nt tile l.ic,iJsor.. \l1th the supporting :brD.n"hCD, 
centra11:'J, c1:'/l peri:phe:r::U.l;r, is Q l'roroqui:;ite. These t7;;':Cr.c:o rlll 
include inter alio., the vitnl e:w1roi"::lo::ri;oJ.. hCa.J.t:1 services, health 
educlltion,o Ill8.terl11l1 nnd childo.h~al.th, e...'1d public htlnlth. nurl!ling.. 

Apart from the organization within the ministry itself, it is 
generally quite essential toobta1n wide community support. One of the 
best methods of doing this is to set up a co-ordinating committee or 
society and include in it technical advisers and. community representatives. 
While there should hot be too many people in such a conmittee and while 
technical skill should preponderate, it is very impbrtant to include 
prominent representatives of tlB community and of such bodies as important 
voluntary agencies, medical associations, I:IIld media of" c€mmunications. An 
example of the kind of ~rganization that is envisaged is the Japanese 
Association of Parasite Control. 

Another aspect of great importance in "pre-planning is the examination 
of existing legislation to see whether it will adequately serve the programme's 
needs. Very often, special legislation is necessary and a great deal of 
time should be allowed for this. As an example, it may well be necessary 
to have a law passed so that it will be obligatory to have1"!l6'~J.er st.oo!I. 
examinations for all schoolchildren within certain age groups. (Again at 
the risk of over-emphasis the laboratory implications of this must be fully 
understood, ) 

In zoonotic helminthiasis. the legislation dealing with animals 
concerned, suoh as dogs, has to be carefully reviewed for adequacy. It 
is clear that not only the Ministry of Health but the general climate, 
their opinion and the administration must be behind the programme to enable 
legislation, the release of funds and community support to take place. 
Public relations in the widest sense are wanted. 

Although I am not competent to go into technicalities, it does seem 
that it is very difficult for a helminth control, not to speak of an 
eradication programme, to succeed through public health measures alone and 
without the availability ot a good drug and adequate facilities for treat
ment. It is particularly in treatment (but also in case-finding) that the 
heal th infrastructure is so important. ~ medical profession and all 
supporting health workers need orientation in thea1ms of the campaign and 
nileds°oa setlSe of participation. Depending on the organization of medical 
care of the country, it may be more or less important to actively involve 
the private medical sector. In a country like Australia, with the private 
sectors large. a campaign would be badly hampered without their fullest 
co-operation. 

It is valuable, particularly in helminth control to have a good 
awareness of the social factors involved in a given community. The social 
anthropological attitudes, the habits and the dietary preferences must be 
taken into account. 

i I 

II 
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While the schools are working keys in many parasite control 
programmes, it is quite essential not to lose sight of a common reservoir 
of many helminth infections, the pre-school child. Not only then must 
co-operation be good between whatever school health services exist and 
the executor of the helminth programme but relations must also be first
class with maternal and child health network. It may well be the pre
school child, often at very early age, who is the hardest to control. 

After pointing out some difficulties, let me hasten to state my 
belief in the tremendous value of helminth control programmes in this 
Region and elsewherec and the enc~uragement that should be given to it. 
Prec1l.utior,s.. however., d('l result ita "beiltQroIilrel!litlammes. 

Programming, the actual implementation procedure, is in essence a 
mixture of common sense, co-operation, administrative skill and technical 
know-how. 

Let me only say that flexibility should be built in and that a review 
committee (it could be the same as the eValuation body) should re-study 
the programming at given intervals. 

Pilot runs may have value. but I always remember one cynic who said 
that he who insists on pilot projects does not really want to face the 
music of the full effort. 

Professor Beaver has already referred to the many indirect benefits 
that can occur from a helminth control programme and this need not be 
re-stressed. 

Control programmes rather than eradication attempts would seem 
sensible in helminth control. Some would like to call all control programmes 
pre-eradication programmes to emphasize the fact they can and should, in 
time. lead to this aim. 

Eradication, for some helminths, will undQubtedly come in some areas. 

The time however is still far off. I feel, when parasitologist, 
worried for the survival of their favourite worms. will clamour for 
"wild life protectorates" and will, presumably, offer themselves for 
such sa'lctuaries. 
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PARASITIC CONTROL PROGRAMMES 

Il'.'T8GRA'lED 1tTITH MCH SERVE ES 

by 

* Dr. H.r-1.C. Poortman 

Ever since the introduction of piperazine the possibilities have been 
considered of introducing mass treatment against worms (chiefly Ascaris) among 
children, not with the purpose of controlling the worms completely. but of 
reducing the incidence of infection and the wormloads of infected individuals. 

The fact that piperazine is cheap, 
was the main reason for such thinking. 
children in an endemic area at repeated 
the infections. 

quite effective and almost harmless 
It was thought that treatment of all 
intervals would considerably reduce 

The arguments against such procedures are that it might give the populations 
and perhaps some health administrations, the false impression that this would 
reake improvement of environmental sanitation, waste disposal, etc. superfluous; 
and that administratively it would be rather difficult to reach all the children 
in a certain area. The efficacy of such programmes has often been queried. 

Therefore, it is certain that!r such programmes are being undertaken, they 
should be combined with elaborate health education, emphasizing that the drugs 
would only give a temporary relief, and that eventual elimination of the worms 
could only be achieved through improvement of environmental sanitation. Adminis
tratively the chances for success would be greatest among schoolchildren, and 
among preschool children in areas where such children are regularly brought to 

* MCH clinics, and/or where extensive home-visiting is undertaken. Experience 
has shown that the response of mothers to such programmes is usually quite 

-~ satisfactory. 

It seems, therefore, that such programmes will be most successful in areas 
where basic rural and urban health services already exist. 

In view of the fact that even the reduction of wormloads can be extremely 
important for children, especially those who are malnourished, further exploration 
of the possibilities for mass-treatment against worms seems warranted. 

*: Regional Adviser on Maternal and Child Health, WHO/WPRO 
In this connection the role of Public Health Nurses and Midwives will be 
most important. 
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NUrRITION Ar-c'D ASCARIASIS IN THE BAYAl'03ANG APPLIED NUTRITION PROJECT 

K.ll. Bailey'~ 

1. The pibt project in applied nutrition at Bayambang, 160 kilometres 
north of Manila, aims to improve the nutritional status of commm1ities 
through co-ordinated programmes of food production, nutrition education 
and training, by utilizing and developing local resources, within a frame-
1rork of general community education and development. 

The first phase of project activities, as planned, ,las a survey of 
nutritional status and food consumption in the area. The Plan of Operation 
states, under the heading "Health of the mother, infant and school Child", 
that "it is expected that the survey 1lill indicate that helminthic infection 
plays a major role in the aetiology of malnutrition. It is therefore planned 
to arrange a worm eradication prograrJ.!lle." 

There is apparently no Substantial literature to prove the importance 
of helminthic infection in the aetiology of malnutrition. In the Philippines, 
through the Department of Health, the Bureau of Public Schools, and other 
agencies, deworming ,lith piperazine and environmental hygiene campaigns have 
been carried out more or less intensivel~r in some schools and communities. 
But apparently there is no clear declClUstration of permanent benefit, in 
terms of nutritional state or even of prevalence of paraSitism, from these 
campaigns. So much so that some local authorities consider it useless to 
try to attack the Vlorm protlem directly, tut more profitatle to attempt 
directly to improve the nutritional state ir/ith better school or family 
feeding, believing that this might also reduce the prevalence of parasitism. 

2. Baseline surveys 

These surveys included clinical, tiochemical and dietary phases. 
Four out of forty-two elementary schools ~·rere selected for . survey, and the 
surrounding communities (seven barrios, and some poblacion families in Bayambang 
t01mship). Atout 200 children in Grades I to IV i-rere examined in each school, 
including a direct smear of fresh faeces. The result of this "as graded 
according to the number of eggs seen per smear in a preparation of standard 
size: + for l-5 eggs, ++ for 6-12, +++ for 13-20 and ++++ for over 20 eggs. 

* 1-mo Medical Nutritionist, Bayamcang Applied Nutrition Project, lVHOjvlPRO. 
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The smears showed mainly light infections graded as + (occasionally 
++) for ascariasis in most cases (&9% overall) and light infections of 
anyclostomiasis and trichuriasis as indicated in the following table. 

PARASITE INFEaI'IONS IN ~ SCHOOLS 

No. pupils examined clinically .......... 
No. stools examined ........................ 
Total infecte4 ............................... 
Ascariasis .•••••.••••••••••••••••••••••• 89% 

An~losto~as1s .•.••.••••.••••••••..•••• 3% 
Trichuriasis .......................................... 

Because aGcr':t"~.f'.:':L" ,,';,6 the dominant :problem, attention 'WaS t?cused 
on this parasite. I'1su:::'ficient t:amples were obtained from the communities 
to constitute re:prcE'cnr·atlve scmples, cut the pattern in adults and preschool 
children (1-6 years) .1aS broadly similar. 

The mean parameters of nutritional state available were the weight, 
height, weight/height (W/H) ratio· ; and serum albumin/globulin, serum Vitamin A 
and carotene levels.in schoolchildren and some preschool children (1-6 years). 

The weight and height and W/H ratio; of each school-child was computed 
as a percentage of expected Wand H for his age (by regression analysis). 
The main percentage scores for those with and those without ascariasis were 
not Significantly different. 

For serum vitamin A, carotene and globulin also, no differences were 
found between these two groups. Hmfever, for serum albumin the differences 
were significant at the 2% level: 

'With ascariasis 

'Without ascariasis: 4.77: 0.045 g/lOO ml 

Thi 3 us:!::t that there waS some apparent inverse corelation between 
serum alCUJnin levels and presence of ascariasis. There was no obvious 
difference in socio-economic or other background of the ascaris-negative 
Children, but some such unknown factor could have been a common cause of 
the acsence of l',sca;rj e.c:i_s and better serum albumin level. However 1 this 
finding was consistC;-lt yith the observation of VENKATACHALAM and PATWARDHAN* 
(1953), namely that elim.-;~l~ion of ascaris resulted in a net average reduction 
in nitrogen loss in fac.::_,. ! .- - ';;J.Jlers, the "saving" was estimated at 0.65 g 
nitrogen daily. 

* 

- - . 

P.S. Venkatachalam and V.N. Patwardhan (1953). Trans. roy. Soc. troP. Med. Hyg'l 
.!iL 163-175. 
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The latter study was done on hospitalized toddlers. If this could be 
successfully carried out as a public health procedure and maintained, consi
derable health benefits should accrue: not only directly in improved protein 
status, but also in reduction of morbidity and occasional mortality from 
complications of ascariasis. Accordingly it was considered justifiable to 
institute a pilot deworming programme within the framework of the nutrition 
programme, and to evaluate it accordingly. 

3. Deworming Bhal3,e I (1964-65) 

Beginning in August 1964, 3-monthly deworming with piperazine citrate 
was planned in the four schools and in t"TO pilot villages. 

(a) Schools 

In each school about 100 of the pupils surveyed were given 
piperazine citrate, 50 mg per kg of body weight daily for three 
consecutive days. This ,ms repeated at 3-monthly intervals until 
May 1965. An equal number of pupils was given a placebo on each 
occasion. 

The results were disappointing. Two weeks after the first 
treatment, 631b of the positive cases were negative. Resurvey of 
the treated and control groups after nine months (in May 1965) 
shO~-T6d no apparent difference in ~·reight gains and height gains. 
No biochemical control was available. In one poblacion school 
47% of the treated group were still positive just before being 
dewormed again in ~~y 1965. In the other schools, more than 
60% were still positive. The prevalence rate in control groups also 
decreased Slightly ( to 70-305~). The dry seaSon conditions before 
May 1965 could partly account for this. 

There had been no campaign for latrine installation during 
this period. 

(b) Villages 

Four-monthly de"lOrming was carried out for toddler (1-6 years) 
in two barrios but without adequate faecal smear examinations. Weight 
and height gains were the same in treated and control groups. 

4. Deworming Phase II - (August - November 1965) 

Upon advice from WHO, deworming ;laS continued on a monthly casis with 
a single dose of 100 mg/kg body vreight, in one of the four pilot schools (Tococ). 
These children remained in the same groups (treatment or control) as before 
(now in Grades II - V). 

At the same time a new cohort was taken: the 120 Grade I pupils 
enrolled in July 1965. These als~ were divided into treatment and control 
groups. These children had not had previous piperazt.e treatment whereas the 
preceding groups had. 

Biochemical and faecal samples were taken from both sets in mid
November 19S5 (after three treatments at monthly intervals) one month after 
the last deworming. 
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In brief, there was reasonable control of parasitism in both cohorts, 

- -

but no improvement in serum albumin levels relative to the controls. The 
prevalence of parasitislll was still 42i in the treTl.ted Grade I pup:l.ls .but only 11$ 
in the Grade II - V pupils. ~he latter group'had presumably benefited by 
gradual reduction in WOl'IIl load over the previous twelve months and responded 
more readily to the new monthly regillle. In accordance with observations in 
Japan, it would seelll likely that continuation of the monthly regime would soon 
show lIluch greater reduction in the Grade I pupils also. 

The serum albumin levels re!Ilained the same in the treated and control 
groups. 

5. Di~ussion on deworming 

The best efforts in the pilot barrios of llayambang have sllo1m that 
the local collllllUl1ities can at present raise a maxiD1UD1 of 5-10 grams protein 
daily as suppletnents to the feeding of schoolchildren, preschool children 
and toddlers, on a self-help basiS. This level of ~plementation has 
called for tremendous effort and the per!llanency of this progranune and this 
effort is still questionable. It may be that at least half as lIluch benefit 
to nutritional state may be obtained by adequate WOrlll control as by direct 
appJ.ied nutrition prograJllllles. But is adequate WOrlll control a practicable 
possibility at all? 

6. Enviromnental hygiene and community participation 

In July 1965 the cOllllllUIlity in the pilot area was infor!lled of the 
results of parasitological resurvey. It was explained that, to be successf'ul, 
a deworming project would have to be linked with envirorunental hygiene 
campaigns including the installation and use of simple water-sealed toilets, 
which could be made at relatively modest price (estimated at $0.50 - 1.00). 

In various parts of the Philippines great efforts have been exerted 
to install water-sealed toilets, through various channels: rural health units, 
public schools, and other agencies such as the Philippine Rural Reconstruction 
Movement. Many of these campaigns, and a siInilar caDlPaign in the llayambang 
area,· have achieved 50% or even 100% installations in barrio hOllles in limited 
areas. Such installation alone is not expected to reduce the infection rate, 
but even when cOlllbined wi th deworllling, reinfection is still reported to be 
rapid (PBRM). There seems to be no adequate docUD18ntation on the rate of 
reinfection in an area with complete water-sealed toilet installation, compared 
with one without this. 

The local communities in the pilot areas have made promises to construct 
such toilets, but have postponed the iIIlplelllentation until after the present 
harvesting season. But in any case the initial deworllling operations have 
poverfully stilllulated the interest of these collllllUl1ities in environmental 
health problems. The collection of animal wastes and all compostable material 
for compost piles has also substant:l.all.y improved envirorunental sanitation. 

Shortage of personnel severely l1In1ts the effectiveness of health 
workers at barrio level. It IIlBY be possible to think in terJllS of periodical 
deworllling of parents and children through the extensive network of public 
schools in the barrios, colllbined with adequate envirorunental health measures, 
as part of the nutrition programmes, and general health and collllllUl1ity education 
efforts of ton'1o school teachers. An integrated programme could thus be 
devel.oped~ 1txYol~ both &Ia.lth end Education Departments. 
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It is proposed that after an adequate installation of toilets and 
educational"campaigns, a mass deworming in the whole pilot community be 
carried out. A baseline survey would be done at the moment of initial 
deworming, and periodical checks to determine the inte~al after which 
reinfection reaches a level req~ring a further mass deworming (say 50%). 
It such a programme can be successful in the pilot villages first, and 
later in the whole municipality, there ,~uld be strong justification for 
developing a nation-wide programme, to which international agencies could 
well contribute. 

The keynote of this paper relating to the Bayambang area is that 
resources - international,national and local - could be mustered to attempt 
ascaris control on a pilot scale, and should eventually be mobilized on a 
nation-wide scale. But the necessary preconditions for such campa"gns to 
justify full support, at least within the frame,rork of nutrition programmes, 
seem to be firm evidence that: 

(a) nutritional state or general health really is improved by 
control of worms; 

(b) effective worm control can actually be maintained in the 
existing social conditions, 
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13. WE3TERN SAMOA Dr. Eakopo Esera Medical Officer 
Health Department 
Apia. Western Samoa 

B. LIST OF OmERVERS 

.. Organization Name of Observer Title and 01'f'1cial. Address 

1. Rockefeller Dr. Lucien Gregg Associate Director ,..... Foundation Rockefeller Foundation 
P. O. Box 173 
Quezon Ci ty. Philippines 

2. UNICEF Mr. I. Markuson Resident Representative 
UNICEF Country Office 
Manila 

3. Fifth Ep1dem:tological Colonel M. Kremers Fifth Epidem:l.ological 
Flight, Cl.ark Airforce Flight, Clark Airforce 
Base Base 

Ange1es Ci ty, Pampange. 

4. Manila Heal. th Dr. P. Sta. Ana Senior Medical 01'f'1cer .. Department Public Heal.th Laboratories 
Quir1cada. Manila 

Cr. A. Acosta Chief 1 Parasitology Dept. 
Public Health Laboratories 

r-. Quiricada, Manila 

• Miss A. A1zona Medical Technologist - Public Heal.th Laboratories 
Quir1cada, Manila 

5. Far Eastern Dr. A. Latonio Cbie1', Parasi to10gy Section 
University College of Medicine 

Far Eastern University 
Manila 

6. San Lazaro Dr. V. Reyes Medical SpeciaJ.1st 
Hospital. San Lazaro Hoapi tal. 

Manila 

~ 7. Bureau of Health Dr. G. Justiniano Epidem:tologist 
Services Bureau of Health Services 

Department of Health 
ManiJa 
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WHO Secreta.r1at cont'd 

Mr. A. 4ldama-Contreras Regional Statistician and 
Progra.mDle Evaluator 
Western Pacific Regional Office 
P. O. Box 2932 
Manila, Philippines 

Dr. D. Johnson Regional Adviser on 
Heal. th Education 

Western Pacific Regional Office 
P. o. Box 2932 
Man1lal PhU1ppines 

Dr. A. Itl!oz; Regional Adviser on Nutr:l. tion 
Western Pacific Regional O:f':f'1ce 
P. O. Box 2932 
Man1la l Philippines 

r" Mr. if. Arbu.thnot Regional Adviser on 
Environmental. Heal. th 

Western Pacific Regional Office 
P. O. Box 2932 
Manila, Philipimnes 

Mr. R. Valdez-Pin1lla Environmental Heal. th Officer 
Western Pacific R~onal O:f':f'1ce 
P.O. Box 2932 
ManUal Philippines 

Dr. A.A. Angara Regional Adviser on Public Health 
Administration 

• Western Pacific Regional Office 
P.O. Box 2932 
Manila. Philippines 

Dr. J. Hirshman Public Administration Officer 
r"'\ western Pacific Regional Office 

P.O. Box 2932 

'- Manila, Philippines 
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C. urBT OF t\'HO CONS1'LTAl\'TS &: TEMPORARY ADVISERS 

Consultants 

Professor Paul C. Beaver 

Professor J.F.A Sprent 

Professor Muneo Yokogawa 

Temporary Advisers 

Dr. T. Pesigan 

Dr. M. Yogore 

WHO Secretariat 

Dr. C.H. Yen 

Dr. D. R. Huggins 

Professor C. Y. Chow 

Official Title and Address 

Prc·fessor of Tr-opicat.. Diseases &: llYglene 
'fulane l'"ni verll i ty I School of Hed:tciue 
New Orleans, Louisiana 

Professor of Parasitology 
lm1verslty of Queensland 
St. lucia, Brisbane 
Australia 

Department of Parasitology 
School of Medicine 
Cb:lba Uu;lvers:i:ty 
O:uba, Japan 

Direotor, Bureau of Research and Laboratories 
Department of Health 
Manila, Philippines 

Department of Parasitology 
Institute of HYgiene 
ManUa, Philippines 

Communioable Disease Officer 
Western Paoific Regional Office 
P. O. Box 2932 
Manila, Philippines 

Regional Adviser on Communioable Diseases 
Western Pacific Regional Office 
P.O. Box 2932 
Manila, Philippines 

Regional Entomologist 
Western Pacific Regional Offioe 
P. O. Box 2932 
Manila, Philippines 
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WORLD HEALTH 
ORGANIZATION 

ORGANI$ATION MONDIALE 
DE LA SANT~ 

FIRST P.EGION..1IL SEMINAR 
ON HEUlINrHIC Th'FECI'rONS 

REGIONAL OFFICE FOR THE WESTERN PACIFIC 
Manila, Philippines BUREAU R~GIONAL DU PACIFIQUE OCCIDENTAL 
6-16 December 1965 

1. 

2. 

3. 

4. 

INroRMATION BULLETIN No. 3 

Opening of the Seminar 

Orientation on conduct of the Seminar 

"Cbuntty reports 

3.1 Review of bGlmlnthiases in country of panicipalllS 
3.2 Summary of information on helmin1h1asU problems 

Epidemiology and control of helminthic infectlons 

4.1 General ptinciples 
4.2 Soil-transmitted helminthiases 

4. ~l Asca.tia~is 

4.2.2 Trichuriasis 

4.3 ContagiOUS helminthiases 

4.3.1 Entelobia~is 

4.3.2 Hymenolepiasis 

4.2.3 AncylostOmias!.s 
4.2.4 Strongyloidiasis 

4.3.3 Cysticerciasis 
4.3.4 Strongyloidia:;is 

4.4 Zoonotic and food-animal uallllmitted helminthiases 

4.4.3 Taeniar.1S 

WPR/Helminth/IB/3 
2 December 1965 

ENGLISH ONLY 

4.4.1 Role of animals in transmission 
4.4.2 Echinococco&is 4.4.4 Miscellaneous helminthiases 

4.5 SnaU-transmittad helminthiases 

4.5.1 Bilharziasis 
4.5. 2 Clonorchiasis 
4.5.3 Paragonimial"is 

5. Diagnostic techniques 

6. TItining of tech.'1olcgicts 

7. Survey and sampling meth0d3 

8. Nutritional relationships 

9. Public health pxogrammes 

9.1 Health Education 
9.2 EnviIoumental Health 
9.3 General prtgrammes and !pecial campaigns 

10. Closing of lieminar 

4.5.~ Heterophyidiasts 

4.5.5 Fasciolopsillsis 
4.5.6 Angiostrongylia..'is 

~.4. WHO role in co--operative public health programmes 

9.5 Helminth control programmes 
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WORLD HEALTH 
ORGANIZATION 

ORGANISATION MONDIALE 
DE LA SANT' 

REGIONAL OFFICE FOR THE WESTERN PACIFIC 

BUREAU R~GIONAl DU PACIFIQUE OCCIDENTAL 

FIRST REGIONAL SEMINAR 
ON HEIMINTHIC INFECTJ:ONS 

Manila, Philippines 
6-16 December 1965 

1. Schedule of the seminar 

INFORMATION BULLETIN No.4 

Attached is the schedule of the seminar. 

2. p~untry reports 

"/PR/Helm1nth/IB/4 
2 December 1965 

ENGLISH ONLY 

Brief (5-minutes) verbal country reports have been scheduled 

for tre first day of the seminar. It is believed that the participants 

1-rill be interested chiefly in the following topics: 

(a) General character of the country or territory and its population; 

(b) Principal helminthic diseases; 

(c) General organization of health services. 
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8,30 
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9:30 
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12,00 
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2100 
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S C H E D U L E OF S E MIN A a 
__ ,_ --'~"-'-'--'---r-----'.'--'-. _____ . _______ .,.-____ --: _____ ~-----_r_----__. 

Monday I Tuesday \'Iednelday Thunday FridDY sallllday Monday 'rUelClay W:dnetday Tbunday 
6 Illc.rober., 7 December 8 December 9 December 10 December U December 13 December 14 December 15 December 16 December -- . - - -. -.- --., --

Registration Flenary Plenary Plenary Plenary Labaatory Flenary Plenary Field Trlp Plenary 

to 

Op;lning of Soll-tral18mitte lioOkw«m Contagious Diagnostic Demonstration Nutrldonal Publlc Health Alearlalla Draft 

Seminar by a.l. Helmintla zOOIlodc & techniquo Endemic Roport 
Ascaris Strongyloidea lnaU-lral18mitteri & at the aelaUOIlIblp. Programme 
TrichuriS helminthiases Tralnlng . Area. CloI1ng Seminar 

FUm FUm IIlItitutc 

of 

Travel ~ Group I Group Group Flenuy 
& Hygiene I 

Other Dlleu.ion DlJcualon DIacUlllon D1IcUlllon Health 

Business same topic same top1c same topic same topic I' Educadon 
I above above above above 

~__ i ... '- -
LUNCH RECESS 

.. - , - -.. . .. ---------. ....------r-------;------r------
Plena!), Group Group Group Plenary Plenary Plena!)' Field Trip 

DlIcUlllon DlIC_lon DiJCUaalon Survey & Environmental Helminth 
Country sampling Health concrol CO 
repora cont'd cont'd cont'd methods ~ogrammes Public 

Data anal ysIa 
SUmmary Health 

F R E E Laboraterle. 

Plenary Plena!)' P1eD8!)' Plenary Plenary Plenary Plenary 

General summary Summary Summary Summary of DllCualon above 
EpidemiCliog] abOve abonl abonl manlng'l 

dIacuIIlQll 
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