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I EPIDEMIOIOGICAL NOTES ON HUMAN INFECTIONS WITH PARASITES OF ANIMALS

A large majority of the animal parasites are host specific and
are not interchangeable between animals and man. A few are, however,
not so rigid in their physiological requirements and can parasitize more
than one host species including man. Thrs small group includes such
important causes of human disease as Leishmamia, blood flukes, intestinal
flukes, tapeworms, trichinae, strongyloides and others, Some parasites
of animals spend their larval period in human tissues and cause such
serious diseases as hydatidosis and nmylasis. In other cases, the larvae
that enter human tissues fail to develop normally and perform erratic
migrations causing serious damage as in creeping eruption, visceral larva
migrans, etc. The ectoparasites acguired from animals not only cause
annoyance and painful skin lesions but in many cases transmit pathogenic
microdrganisms, Many of the zoonoses caused by animal parasites are of
Uoﬁéiderable local importance in public health. Others are of relatively

minor importance.

The bio-ecological and eveolutionary aspects of the relationships
involved have been reviewed by Garnham (195%) Kozar (1959), Cameron (1958),
Heisch {1956) and Wright (1947a). Beaver (1961) and Faust (1955) briefly
surveyed the infections resulting from invasion by parasites of animals,
and Shikhobalova (1955) published a popular account of the helminthuc
zoonoses of the Soviet Union, In the present article, the principal
parasitic infections interchangeable between man and vertebrate animals
have been listed emi brief notes on important epidemiclogical features
added. Emphasis is lald on recent work and on infections with pathogenlc

parasites reported from warm areas of the world,

It PROTOZOA

Most of the protozoan parasites of man, and of the animals in his
environment, are s0 strictly host specifaic that interchanges of infection
are 1infrequent even where close morphological similarity between the
parasites of man and animals suggests such a possibility. It is mainly
among the haemoflagellates that host specificity is not so ragid and animals

assume the role of reservoirs of human infection.
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leishmaniasis All the three established species of leishmania

»
pathogenic for man (L. tropice L. donovani and L. braziliensis-complex)

have animal hosts in nature. Leishmania tropica, the cause of oriental

sore, 1s widely but focally distributed in the dry zones of the tropies
and sub-tropics. Endemic¢ areas exist in Africa, the countries around
the Mediteranean, Middle East, Indo-Pakistan, Central Asia and China,
Dogs have been found naturally infected in many of the endemic areas but
their exact role in the endemiology of the disease is not clear, Recent
work in Central Asia (Hoare, 1955; Petrishcheva et al., 1963) has
revealed the existence of two types of the disease, A "moist™
ulcerating type occurs in the people of rural areas on the fringe of
deserts and is contracted from gerbils (Rhombomys opimus, Pallasiomys
erythrourus, P. meridianus and others) through the agency of sandflies.

The other 1s a chronic "dry" type, characterized by late ulceration.

It occurs in urban areas and represents man 4o man infection, through
sandflies, of the lLelshmania which 1s better adapted to the human subject.
The two types are reported to be immunologically distinct. The "moist"
variety has also been found in Iran in association with Rhombomys opimus
(Ansari and Faghih, 1953). It is likely that natural enzootic foei in
gerbils and other desert rodents exist in the other infected areas.

This might also explain the endemicity of the disease in dry areas.

Visceral leishmaniesis (kala azar) is widely distributed in northern
and western China, central Asia, Indo-Pakistan, the Middle East,
countries around the Mediteranean, East Africa and in a few localities
in West Africa and South America. Dogs have long been considered to be
an important reservoir of the infection in China, the Middle East and the
Mediteranean area, where the disease occurs more commonly in childgen,
In India and Kenya, dogs have not been found to be infected though the
epldemiological picture suggests the existence of an animal reservoir
(Heisch, 1954) which may be a rodent. In recent attempts to clarify the
position, Heisch et al. (1959) isolated a strain of Leishmania from gerbils

Garnham (1962) has pointed out that there are at least four forms of
cutaneous leishmaniasis in the new world (espundia, uta, plan-bois and
chicklerosular). ©FEach has a different spidemiology and is due to a
different species of Leishmania.
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(Tatera nigricauda) in Kerio Valley, Kenya, where human cases had

occurred in fair numbers. Thas strain produces heavy infections in
hamsters but only transient local skin nodules in man, Voluntee;s
challenged with L.donovani after their nodules had faded were found to
be immune. The gerbil strain may be L, donovani or a related species,
In China, recent studies (Li, 1957) indicate the possibility of the
simultaneous existence of the Indian type disease in which adults

are attacked more frequently and dogs do not appear to be implicated,
Latyshev et al. (1951) reported the oeccurrence of Kala azar among
reclamation workers in the previously uninhabited areas of the

Vakhsh valley in Tajikistan. A search for local reservoirs revealed

that jackals, Canis (Thos) aureus, were naturally infected. These

authors suggest that i1n densely populated towns of central Asia, the
dog has taken over the role of a reservoir from the jJackal, and-Hoare
(1955, has postulated a similar transfer from the féx to the dog, in

ancient times, in the Mediteranean area.,

Muco-cutaneous leishmaniasis (espundia) caused by L. brazililensis

is confined to central and south America, Dogs have been found naturally
infected and have been considered to be reservoirs. No wild animal
reservoir has been identified but the prevalence of the disease in

forest workers suggests such a possibility (Davey and Lightbody, 1956).

African trypancsomiases (reviewed recently by Nash, 1960). The

less acute Gambian trypancsomiasis (T. gambiense) is restricted to
West Africa between latitudes 15° N. and 15° 8. of the equator, the

eastern limits being Lakes Victoria and Tanganyika., The more serious
Rhodesian type (T. rhodesiense) is restricted to eastern Uganda, Tanganyika,

Portuguese East Africa, the Rhodesias and the north-eastern portion of
Mozambique. Until recently, there was no direct evidence that a
reservoir of either of these trypanosomes existed in wild animals,
although there was strong indirect and circumstantial evidence that
such reservoirs did occur particularly for T. rhodesiense (Davey, 1958),

The latter occurs invthinly populated bush country abounding in wild
ruminants and 1s transmitted chiefly by the game tsetse fly, Glossina
morsitans. Infection is contracted when the uninhabited areas abounding
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in game are visited for hunting, fishing, gathering beeswax or travelling,
Experimentally, it had been shown that T, rhodeslense, serially
transmitted in sheep, with secondary lines in antelope and monkeys, had
maintained its infectivity and virulence for man over 23 years (Willet
and Fairbeirn, 1955; Ashereft, 1959). Heisch et al. (1958), however,
proved directly that game acted as a reservoir for this trypancsome,

They were successful in infecting a human volunteer with a strain isolated

from a bush-buck (Tragelaphus scriptus) shot in an endemic area in Kenya.

The Gembian trypanosomiasis is less acute and has a greater tendency
to invade the nervous system. It occurs in relatively well populated
localities with few wild animals., The benignity of the early stages
of the disease means that man himself can infect tsetse flies (G. palpalis
and G. tachinoides) when going along shaded paths by the streams and
across the fords, This man-to-man transmission through the fly may be

the reason for the greater adaptation and consegquent mildness of- this
infection, It has also been shown that T. gambiense is esasily transmitted

to thre domestic pig, producing a sub-clinical infection which may persist
for a year or more (Van Hoof, Henrard and Peel, 1942). Other domestic
animals, such as cattle, sheep and goats may also carry this infection
without apparent symptoms for long periods of time and probably act as
reservoir hosts ((raig and Faust, 1955).

American trypanocsomiases Chagas' disease, caused by Schizotrypanum
aruzi is the better known of the two American infections of this group.

It is prevalent in Mexico, Argentina and the Brazilian highlands, but
smaller focl of inflection are widespread in the rest of central America
and nothemparts of South America. In the United States, the infection
has been detected in wild hosts as far north as Maryland (Walton.gg_gi.,
1958) but human cases are rare or absent. Trypanoscmes closely related
to 8., cruzi have been found in monkeys exported from Malaya and Indonesia
but human infection has not been recorded in these countries. The
domestic reservoirs in Amerlica are dogs, cats and children., The wild
reservolr hosts include monkeys, rodents, bats, armadillos and oppossums.
The vectors are triatomid bugs in which the trypanosomes multiply,

making them additional reservoirs.
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In Venezuela, Colombia and Guatemala, there occurs another
trypanosome (T. rangeli) in the blood of man, dog and opossum, It
is apparently non-pathogenic or only mildly virulent for man,

Triatomid bugs (Hhodnlus prollxus) are natural vectors. Experinentally,

the infection is transmissible to Cebus monkeys and mice (Pifano, 1954).

Piroplesmosis A few isolated reports of the finding of piroplasms

in human beings have appeared in the literature but were generally
regarded as misidentifications or findings of artefacts or Jolly bodies.
Skrabalo and Deanovic (1957) reported a carefully investigated case rf

Babesia bovis infection in a splenectomized individual who had lived

and tended cattle in an infected arez, The illness in this 33-year-cld
patient was characterized by fever, anaemia, haemoglobinuria and
chocolate discoloration of the skin, It ended fatally in eight days.
Following this report, Garnham and Bray (1959) transmitted thas
piroplasm by intravenous inoculation of infected calf blood into

splenectomized chimpanzees (Pan troglodytes verus) and the rhesus mornkey,

and produced a fulminating infection accompanied by blackwater as
repcrted iIn the human patient, They suggest that latent piroplasmosis
may exist cn a large scale in rural populations in infected areas and

should be considered when the operation of splenectomy is contemplated.

Malaria Bruce-Chwatt (1960) has summarized the present position
of the relationship between the malaria of man and anthropold apes as
follows: ™he malarial parasites of anthropoid apes are morphologically
indistinguishable from ‘the three species parasitic in man, In order to
determine the mutual relationships between the human and anthropoid
parasites, c¢ross-infection experiments have been carried out. In the

cagse of the falciparum-reichenovi parasite, attempts to infect

chimpanzee from man have been more successful if the animal was

splenectomized. In the case of the vivax-schwetzi parasite, the human

strain produced in the chimpanzee a subclinical infection which could
only be demonstrated by the subsequent inoculatlion of man from the ape;
on the other hand, man appears to be more tolerant of the chimpanzee
strain, which produces in him only a mild and transient infection.

Man proved to be most susceptible to the infection with the malariae-
rodhaini parasite of the chimpanzee, which produced in the human host
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febrile symptoms with quartan periodicity and was carried through

several human passages; the infection of chimpanzees with the human

strain was' symptomless with scanty parasites. The situation with

regard to the human ovale malaria is similar to that of the vivax-schwetzi."™
Malaria of anthropoid apes is, however, limited to a relatively small

part of west Africa and the Congo even though the distribution of these
animals 15 more extensive in Africa (Garnham, 1954). Further, the
anthropoid-apes are rare animals and live at a distance from human

habitations., They are therefore a relatively unimportant reservoir
of human malaria,

The malarial parasites of monkeys were generally regarded as
specific to these animals and not transmissible through mosquitos to
man, Recéntly, however, a strain of Plasmodium cynomolgi isolated from
Macaca irus in Malaya (Hawking et al., 1957) and considered to be a new
subspecies, P. cynomolgi bastianellii, by Garnham (1959b) has been
found to be readily tranpsmissible to man through the agency of anopheline
mosquitoes (Eyles et al,, 1960), This parasite causes typical malarial
paroxysms with tertiary periodicity and appears in the blood as
vivax-type forms with enlarged erythracytes and Schliffner's dots.

The monkeys exist in relatively large numbers, often in close proximity

to man, in many malarial localities, It is therefore important to
asgess the exaot role of this malarial parasite in the epldemiology of
the human disease by intensive parasitological and ecological studies.

Intestinal protozoa Entamceba histolytica is the prinecipal

parasite of this group with a cosmopolitan distribution. Its pathogenic
effects are commonly observed in the tropical and sub-tropical countries
and are generally associated with the large race of the parasite.

Amoebae identical with or morphologically resembling E.histolytica

have been observed 1n a varlety of mammals including dogs, cats, cattle,
pigs, rats and monkeys (Hoare, 1959). In the latter, it is usually
non-pathogenic and saprozoic but in South American monkeys, it causes
severe morbidity. It is generally believed that the animal hosts do

not play an important part in the epidemiology of this infection in man,
wlith-the possible exception of monkeys in South-East Asia. These animals
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live near human habiltations ¢nd proonably constitute an important reservoir
of human infection (Cameron, 1958), It has been shown that the human
and simian strains are readily interchangeable between monkeys and man
(Dobell, 1931; Knowles and Das Gupta, 1934),

Walkiers (193%0) has repo-ted an unusual outbreak of dysentry in

cattle in Isangi, Congo, in which nunerous E, histolytica were seen in

the faeces of some of the affected animals. Since this outbreak was
preceded by an epidemic of aroeblasis in human beings in the same
locality, 1t was thought that the cattle got infected when grezing on
pastures polluted with hunan faeces. In Dakar, E, histolytica was

found in the lungs of zebu cattle suffering from brochopneumonia and
streptothricosis (Thiery and Morel, 1956). How infective bovine amoebiasis

can be for man, is still problemat-c.

The ciliate parasite Ealantidium is also a univeral and common
parasite of pigs. In man and monkeys it produces prominent ulceration
of the large bowel, Human infection is generally believed to have been
derived from pigs as most nrtients give a history of association with
these animals. The relativelr lo7 incidence of human infection
compared with the amount of exposlre suggests that man is quite resistant,
(Paust, 1933). Highly resistant cystic forms, which are produced in the
bowel of the pig, are not always for~ed in the human host. Man is
obviously an abnorral host for thils parasite (Camercn, 1956). Even so,
large epidemics are not unknown, e.g. one occurred not long age in
Georgla (Kozar, 1959).

Toxoplasmosis Toxoplarsna gondili infects a large nuwber of species

of mammals and birds besicdes man, It has a very wide geographical
distribution and occurs equally frequently in tropical and temperate
countries, Serological surveys indicate that one quarterto three
quarters of the adult population of various countries have been infected
(Beattie, 1960). Because of the high prevalence of infection in domestic
animals, particularly focd animals, 1t 1s believed that human infection
is derived from animals, Infected meat, brain, faeces, urine, saliva
and nasal secretions have been suggested as possible vehicles of spread,

Infection by mouth and nasal instillation can be produced in Jlaboratory
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animals and it has been suggested that in man the main portal of entry
may be through the tonsillopharyngeal region.

Transplacental infection from the mother to the foetus and
accldental infection through wounds is known. The mode of infeetion in
animals, except through the placenta, 1s not known. Arthropeds do not
appear to play any role in 1ts spread. Avirulent strains can be

rendered virulent by passage In the miltimammate mouse, Rattus coucha
(Lainson, 1955).

Pneumccystis carinil which, like Toxoplasma, is a protozoan of

undetermined relationships, is associated with cases of interstitial
non-syphlatic pneumonia espécially in children in Europe, Asia (China),
North and South America and is probably cosmopolltan., Seweral species
of domestic and wild animals are known to carry the parasites in their
lungs as a latent infectlon and are believed to be sources of the human
infection, In dogs pneumonia associated with this parasite has been

recorded, Man to man transmission is known to occur (Jirovec, 1959).
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III TREMATODA

Trematode infections of man are quite important in warm climates especially
in the Oriental region. This is because of the vast areas suitable for the
propagation of mollusc intermediate hosts and the existence of certain socio-
cultural factors (food habits and occupations) which expose man to infection.
Because of certaln specific requirements of the snail intermediate hosts, the
trematode infections remain endemic in well defined areas, often with recognizable
topographic characters. Some trematodes use a second intermediate host, which may
be a food animal (fish, crustacean, ete.) or the infective cercaria may encyst on
a food plant (water chestnut, water-cress, water caltrops). Such infections are
limited to populations eating these animals or plants raw or undercooked. The

following infections may be mentioned:

Gastrodiscoides hominis is a2 common parasite of man in Assam and also occurs

in Indo-China. It causes mild colitis and diarrhoea. In Assam and other parts
of eastern India, it 1s common in domestic pigs and has been recorded from the
Napu mouse-deer in Malaya (Khalil, 1923). It does not appear to be an important

parasite of man except in eastern India.

Schistomomiasis. The blood-flukes are among the mest important parasites
of man which infect nearly one-fifth of the whole human race (Cameron, 1958),

In the western Pacific region, Schistosoma japonicum is easily the most important

parasitic disease and is considered to attack over-46 million people (Stoll, 1947).
(Wright, 1990, estimated the number of infected persons to be over 33 million).
The infection is widely distributed in China, Japan, Taiwan, Philippines and the
Celebes. The infected localities have been listed by Wright (194%and 1950)

and more are being added by recent workers (Pesigan et al., 19583 Okoshi, 1958,
and others) Four or more species of the amphibious—;;;;i genus Oncomelania act
as intermedlate hosts, It has been known for a long time that a number of
domestic and wild mammals in the endemic areas are infected with S. japonicum and

are capable of passing viable eggs which can infect clean snails. These

animals include cattle, buffaloes, goats, horses, dogs, rats, moles and weasels.
Although the true relative importance of the various hosts in maintaining
infection 1s not fully known, it is clear that it varies from one locality to the
other. It has been suggested (McMullen and Harry, 1958) that in Japan and China,
cattle are more important than man in maintaining the infection, while in Taiwan
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a strain of purely zoophilic type shows an incidence in snaills comparable to
that found in other aress. It has been shown experimentally by Hsl and Hsi!
(1956) that, this strain has become so specialized for animals that in man it
develops in the viscera for a time but does not attain maturity. In the
Philippines, recent studies on egg production, hatchability of eggs produced

in different hosts, and the population densities of the various hosts indicate
that, in lLeyete, man is probably the greatest contributor to the infection in
snails. As the Oncomelania snails which are amphibious discharge cercariae only
when in water, it 1s the vertebrate hosts which go into water that are more
commonly infected. Thus, cattle which work in rice fields and dogs which roam
about unleashed are frequently infected (Okoshi, 1958). -Adult water buffaloes
are resistant, though the young ones are easily infected, 'In general, it may
be stated that vertebrate reservoir hosts other than man appear to phy an
impartant role in the epidemiology of S. Japonicum iInfec¢tion, though the relative
importance of different species in maintaining the infection remains to be

studied in many localities.

There are occasional reports of the occurrence of S. japonicum infection

in man in various parts of Africa, (Causton, 1930; Maclean ¢t al., 1958).
Walkiers (1928) described an allied form 8. faradjei from five Congolese. It
has been suggested that all these were_spurious or real infections with S.
margrebowel which is common 1n antelopes in Southern“ﬁhoaﬁﬁ1é“fﬁeison, 1960).

Schistosoma mansoni infeection’is widely distributed over Africa and South
America. Until recently, the infectioh was considered to be largely confined

to man, the only recorded animal hosts belng two African monkeys, Cercopithecus

sabaeus and C., aethiops,. In recent years, a number of wild mammals of the

order Rodentla and some of Insectivora and Marsupialia have been fo.nd to be
infected in Africa and South America (Kuntz, 1955§' Martins, 1958; Pitchford,
1959). More recently, Miller (1959; 1960), Nelson (1960) and Strong et al.,
(1961) have demonstrated natural infections in a large percentage of baboons
(Papio doguera) in endemic areas in Kenya. Nelson believes that these animals

derived their infections from man and may, uhder certain conditions, act as a
source of increased transmission to man. Tt appears that many animal hosts
might play an important part as reservoirs of 8., mansoni infection, but further
work 1is needed to elucidate their precise epidemiological signiflcance.
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Schistosoma haematobium of Africa and the Middle East, with isolated small

foei in Portugal and western India, appears to be rather highly specialized for
parasitism in man. An early record of a wild mammal being naturally infected is
that of Cercocebus torguatus atys by Cobbold in 1869. As pointed out by
Martins (1958), the identification of the parasite in this record is doubtful as,

at that sarly date, no gther species of the hﬁ&ﬂ&thiﬁE =- complex were known, and
80 a mis-identification was possible. A few specles of this complex are
deseribed from animels in Africa and Asia (S, bovis, 5, mattheel and S, indicum)
and are common among domestic ruminants. In Africa, human infections with all

these species, except S. Indicum, have been recorded on the basis of eggs
detected In the faeces., Of these 8. mattheei is fairly common in man in parts

of South Africa (Nelson, 1960). 8. rodhaini which is a common parasite of wild
rodents in Africa and 1s now known to ocour in men in the Congg (Report, 1960).

Le Roux (1949) and Varma (1955) have both suspected that the autochthongus cases
of human schistosomiasis in Indo-Pakistan may be due to S. indicumr which is widely
prevalent among _ruminants and equines in this sub-continent. Further studies

are needed to elucidate the role of these species in human infection and their
piclogical relationship to the morphologically similar S. haematobium,

Schistosome dermatitis. The blgod flukes of several vertebrates such as

birds, rodents, monkeys and other mammals {Trichobilharzia, Pseudobilharzia,

Schistosomatium, Schistosoma, etc.) are capable of penetrating the human $skin as
cercaéiae'but fail to attain maturity in thds Host. After first exposure to such
cercariae, there is little observable read¢tion a#nd'Olivier (1953), on the basis
of expériments in monkeys, believes that they reach the lungs and produce small
haemorrhages but are killed within five days. After repeated exposures, however,
the huthafi "8kt shows an allergic response and the cercariae are killed and
retained in the epidermis. They cause severe itching, oedema and haemorrhages.
Schistosome dermatitis (swimmers' itch, cercaria dermatitis, etc.) has been
observed in several countries including South Africa (de Meillon and Staffberg,
1954). In Maleya, Buckley (1938) found that the cercariae of S. spindale,

a blood fluke of domestic ruminants, produces an itching dermatitis on the feet
and hands of rice field workers. A similar condition exists in Indla
(Anantaraman, 1958) and Burma. It is probable that schistosome dermatitis is
cosmopolitan in distribution. In any case, 1t is much more widely distributed
than the blopd flukes which attain maturity in man.
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Clonorchiasis. The Chinese liverfluke Clonorchis sinensis, like other

members of the tamily Oplsthorchidae and the clo¥ely allied Heterophidae, uses
fish as the second intermediate host. The Infective metacercariae are encysted
in the flesh, gills and the skin of the fish. The adult fluke therefore occurs
in the fish eating mammals, such as deg, éat, "pig;-wildTut; martin, badger and
mink, Human beings get infected through eating raw or undercooked fish. The
infection is endemic In Japasi; China (except the north-west), Korea, 'I‘a:l.Wa'n and
Indo.China. It has also been detected in Chinese immigrants to other countries
(UsSA, Cuba, India) and in natiVve Hawaiians who are believed to have been infected
through eating fish imported from C'hina or Japan. However, the infection does
not appear to have gained a foothold in thestvountries. The fish intermediate
hosts consist of U0 or more f¥esh-wste* species of the family Cyprinidae, In
South China, the ide (Ctenopharyngodon idellus) is the most common sSoutce of
infection.

Dpisthgrehigsis. Three specles of Oplsthorchis (0. fqlir_leus, 0. viverrini
ardt Q., noverca) ocour in the bile ducts of man, and, like Clonorchis, use:fishes
e P S

gssecorl Intermediate hosts., . 0. felineus is highly endemic in certain-areas of
East Prussia, Poland and . the USSR. It has also been reported from Japsarn, Indo-
China, Philippines and Indo-Pakistan, but is not endemic in localitles where
clonorchiasis is prevalent. Stoll (1947) has estimated- that.l/i million persons
are infected, mainly Ih ¢asterh Europe and the USSR, 0. vivertini, first
described from the civet cat (Pelis viverrini] ie-em-important.paragite of man in
north-east Thailand (Sadun, 1957) and western Viet Minh (Bedier and Chesneau, 1924).
Sedun has estimated that at least one-~fourth of the total population of north-east
Thailand (1,500,000 people) are infected, thus creating a serious publiciHealth
problem, Dogs and cats are the reservoir hosts. Opisthorchis novercs "is a

rare parasite of man in India, though it 1s fairly common in dogs and plgs
(Bhalerao, 1931).

Other opisthorehid flukes, which are rare parasites of man and are likewise
a&f&i&:&dﬁﬁar&a&h eating raw fish are as follows: .Pseydamphistomun truncatum
Sécurs in Siberia, the reservoir hosts being the seal, cat, dog, fox and wolverine
(Gulv boreelis). . Metorghis orientalis is contracted from eating the fish
Poeudorasbors parva in- Japan. Metorchis con:junctgs infection is contracted in

‘the north-eastern part of North America from eating the common sucker

(Catostomus commersonii). An allied species, Metorchis fslii occurs in China but

does not appear to have been recorded from man.
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Heterophyiasis. The heterophyids are small flukes inhabiting the

Antestine of men, fish-eating mammals and birds. Their life-tycle involves
snails and fresh-water fishes as intermediate hosts. They are particularly
prevalent in the Nile delta and the humid regions of the Far East. Practically
all species are potential parasites of man, but fourteen have so far been found

in this host. Two of these, Heterophyes heterophyes and Metagonimus yokogawai,

are the most, important. Heterophyes heterophyes is fairly common in Egypt,

Palestine, Japan, Korea, central and southern (hina, Taiwan and the Philippines.
The fish hosts are the mullet (Mugil japonicus) and Acanthogoblus in Japan and

*
M. cephalus as well as Tilapia nilotica in Egypt. The snails involved live in

brackish waters. Cats, dogs, foxes and other fish-eating mammals are reservoir

hosts.

Metagonimus yokogawal is common in Japan, Korea, Taiwan, China, Siberia, and

Indonesia, It has also been encountered in Palestine, Russia, Rumania and Spain.
The reservoir hosts are dog, cat, pig, the pelican and other piseivorous birds.
The fish hosts are the salmonoid, Plectoglossus altivelis, and the cyprinoids,

Richardsonium hakuensis and Odontobutis obscurus.

Other heterophylds of man, having a limited distribution in the Far East,
are as follows: Heterophyes katsuradal ocecurs in Japan and uses the mullet as its
fish host. H. brevicaeca has been found in man in the Fhilippines., Heplorchis
taichui and H. pumilo cccur in Taiwan and the Philippines. Thelir fish hosts are

Cyprinidae, Siluridae and Colitidae. Centrocestus formosanus occurs in Talwan,

the Philippines and Hawali. There are a few other rapre species described mainly

from Taiwan.

In their intestinal habitat, the heterophyid flukes hardly cause any
symptoms unless present in large numbers. In the Philippines, however, a
general secondary invasion of the heart, spinal cord, brain and other organs has
been reported in patients harbouring adult heterophyids. Apparently the ova
gain access to the general circulation and invade the capillaries of various
organs particularly the heart and brain. In these locations they set up serious
c;rdiac and cerebral lesions, chiefly haemorrhages and oédema. :Watson (1960)
mentions the finding of a cyst containing adult Heterophyes removed from the brain
of a man with epileptic symptoms. He had apparently acquired the infection

while serving in the Far East,

*
Salted mullet (fessikh) is often eaten raw in the Near East. Metacercariae
remain infective in it for ten days but not for two weeks.
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Echinostomatid infections. These flukes are small and of low pathogenicity for

men. Twelve specles belonging to the genera Echinostoma, Himastha, Paryphostomum

ard Echinochasmus have been recorded €rom mapn, mostly in the Far East. Some of

them may be mentioned here. Echinostoma ilocanum occurs in the Philippines,
Celebes, Java and China, in man, dog and rat. The first intermediate host is
the small snail Gyraulus' copvexiusculus. The second intermediate-host may be

any fresh-water snail but human infection 4s derived chiefly from Pyla, This
shail is eaten reaw by the inhabitants of Lugzon, either directly from the shell in
the field or with salt or vinegar in the home. Echinostoma revolutum is a

cosmopolitan parasite of ducks and geese but human infeetion has. been recorded in
Taiwan (2.8 to 6.5 per thousand) and Indonesia. Snalls are the second
intermediate hosts also. Echinost~ 2 ralayanum infects man in Malaysia,

Indonesia and China and uses Indoplanorbis exustus and other freshwater snails
as intermediate hosts (Joe and Virik, 1963).

Paryphostomum sufrartyfex is a parasite of pigs in eastern India (Bhalersao,
1931) and is knewn to occur in association with dropsy and anasemia in children in

Assam,

Pascioliasis. The ruminant liverflukes Fasciola hepatica and-F. gigantica
are capable of infecting man acecidentally., The former-is generally prevalent

in Europe, Americ¢a and the temperate parts of A ia. ~ F, gigantica is widespread

in the warmer parts of Asia, Africa, the Pecific Islands and possibly €Central
America. Spails belonging to the family Lymmaeidae are.the most important
intermediate hosts. Domestic herbivora and wild rabbits are important reservoir
hosts. Human infection takes place through ingestion of infected water plants,
e.g. water-cress (Alicata and Bonnet, 1955; Coudret and Triozon, 1957), lotus
stems and flowers. Rarely, children are infected through eating windfall fruits
picked up from snail infested ground. Only sporadic cases occur in man but in
a few areas (France, USSR, Cuba) substantial local foci have been detected.

Since ova of these flukes may bevpassed in the faeces of uninfected persons
after eating infected sheep livers, care is necessary in interpreting results of
faecal examination. In Africa, human fascioliasis 1s known from Congo,

Mogembique and South Africa (Louw & Wilkie, 1956).
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In some Eastern Mediterranean countries, sheep and goat livers are
habitually consumed raw. It is believed that if livers contain immature
Fasciola they get lodged in folds and crypts of the buccal and pharyngeal mucous
membrénes, tonsils, and sometimes in the Eustachian tubes. They cause
inflammation of these organs which may be severe and may rarely end in death.

The syndrome 1s well known to the people of these erees and is locally called
halzoun (Watson and Kerim, 1956). It is not caused by the adult flukes (Azar,
1964), An intestinal fluke, Clinostomum complematum, normelly paresitic im fish-

eating birds has been found in the pharynx of man in Israel and Japan but it does

not cause halzoun. Linguatula larvae have been considered to cause this

condition.

Dicrocoeliasis. The small liverfluke of sheep and other herbivora,

Dicrocoelium dendriticum is almost cosmopolitan in its distribution. Sporadic

infections of human beings have been reported from several countries “including
North Africa, Congo. and Nigeria. Curran and Feng {1930) demonstrated eggs of
this fluke in the faeces of many persons in Shensi Province, China, but believed
that most of them were cases of spurious parasitism. The life history of this
fluke has been worked out by Krull and Mepes (1951, et seq,) in the New York area.
They found the first intermediate host to be a land snail, Cionella lubr;ca, and

the second host to be an ant, Formiea fuscs, Animals are infected by swallowing

ants carrying the metacercariae. The mode of infection of human beings is not

known but it i$ likely to be similar to that for animals.

Burytrema pancreaticum, a dicrocoeliid parasite of the pencreatic and blle
ducts of, swi;e, cattle and buffaloes in the Orient, has been reported once from
men in 6pina. The life history of this fluke and the mode of infection are
similar to those of D. dendriticum, In Mauritius, the land snail Madrochlamys

1ngica and the ant Technomyrmex deterquens are probably employed as intermediate
hosts {Le Roux and Darnes, 1955).

Fasciolopsiasis. Fasciolopsis buski, the large intestinal fluke occurs in
pigs in China, Taiﬁan, Indo-China, Thailand, Ihdonesia, Burma and India. It has
also been found in wild boars (Sus criEtatus) in West Pakistan‘(Abdussalam~3nd
Amin, 1955). Human infection has been reported from all these countrles except
West Pakistan, but the incidence i1s particularly heavy in Chekiang and ﬁiangsi

Provinces of China (Hsil and Li, 1953) and in certain districts of Assam.
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Stoll (1947).estimated 10 million infections in the Far East, half ¢f which are
in Chekiang area only. 1% 1is highly probable that undetected foeci of human
infectlon exist in other countries where the infection is known from pigs, apnd
water plants growing in the habitat of snail intermediate hosts are peeled with
teeth or eaten raw. Such a focus was recenily found in central Thalland,
Where epldemiologital investigations were carried out following.the death of a
15-year-old girl who carried over 500 adult F, buski in her bowels (Sadun, 1957).
Thirteen per cent. of 1563 persons examined ip areas where water. caltrop. (Trapa
and Eichhornia sp.) was common were found infected. The prevalence rate was
highest among children 5 to 14 years old. The infected children admitted that
they often picked up and ate fresh water caltrops on their way to and from
school, In heavily infected endemic areas, fasciolopsiasis is an important
canyse of disease and death. Animals other than pigs and wild-—boars are not
important as reservoirs of the parasite, though dogs‘a;e-occasiona}lﬁmiaiecied.

Paragonimiasis. The lung:fluke Paragonimus westermani is widely but

focally distributed in several countries. In the western Pacific and S.E. Asla,
it occurs in Siberia, Japan, Korea, Manchuria, China, Tailwan, Indo-~China, the
Philippines, Tha:(l@,gdL Malaya, Indonesia, India, New Guinea, Samos and the
Solomon-Islands, It is also known from a few areas in Africa (Congo, Nigeria,
Cameroons) and Central and South America, but it 1s not known if the infection
is endemically established here except in the Cameroons where 4 per cent. of the
population are said to be infected. Records based on the recovery of eges
alone without identification of the worms may be misleading. Yarwood and

Elmes (1943) reported the finding of Paragonimus eggs tm = sub=eutenceus cyst
behind the ear of a.patient in Nigeria. Fain and Vandepitte (1957) found
_ﬂg@_g;a_{'_fy_sts with eggs in people in Kasi, Congo. Omne of the cysts contained
also an adult fluke which they described as repreSefiting a new genus and species,
Poikilorehis congolensis. Apart from a snail, thé Tung fluke uses a second
intermediate host which may be a2 crab or a cfayfish. In the westerm Pacific
region, crabs of the genera Eliocheir,. Potaméim.and Sesarmd ard the crayfish

A. similis are infected. Human infection results from eating infected grabs

or crayfishes particularly after soeking them raw in vinegar, brine or wine.

While the crabs are killed by this treatment, the metacercaralae survive for
several hours and may be viable when ingested. Certain aborigines in Asia eat

the infected crustacea raw. Stoll (1947) has estimated about 3 million cases
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of lung fluke Infection in Asia. The animal hosts of the lung fluke include dog, cat
cat, wild cat, tiger, fox, marten, badger, mnk, rat, muskrat, weasel, opossum,

wolf, goat, pig, crab-eating mongoose (Herpestes urva) and the Indian mongoose

{H. edwardsi). In men, the fluke generally lives in cystic cavities in the lungs
but, at times, 1t has a more generalized distribution in various organs of the
bady. Serious symptoms are preduced by the parasites located in the brain,
particularly in children. For a comprehensive review of paragonimiasis, see

Yokogawa, Cort and Yokogawa (1960).

IV CESTODA

Cestodes or tapeworms are highly specialized parasites and use two or more
hosts for their development. Species which develop as adults in man spend their
larval stages in food animals (and some tapeworms of carnivora infect man during
their larval stages). They are, therefore, important as meat-borne infections
and their prevalence in any population is connected with their food habits. A
few others generally occur in monkeys, rodents, dogs and other animals and
accidentally infect man. With the exception of a species of Hymenolepis they

cause sporadic infections. The following infections may be mentioned.

Taeniasis. The pork tapeworm, Taenia solium, is cosmopeclitan in distribution

and is particularly prevalent where insufficiently cooked or processed pork 1s
eaten by man, It does not usually occur in Muslim and Jewish communities who do
not eat pork. Stoll (1947) has estimated the number of infected persons in the
world to be less than three million, half of them being in Asia. Faust (1949),
however, considers this estimate to be "ultraconservative®. The larval worm eéaten
with pork develops into an adult in about three months and may live in the
intestine for as long as 25 years. Human beings can also be infected with
cysticercus if they swallow eggs of the worm harboured by themselves or by someone
else, The cysticerci occur most frequently under the skin and in the brain.
They may also occur in the muscles, the heart, the liver, lungs, orbit or the
abdomen. When in the brain, the cysts cause symptoms of epilepay and other
nervous disorders (Bickerstaff, 1955).

The beef tapeworm, Taenia saginata, is considerably more prevalent than the
pork tapeworm, Stoll's (1947) estimate of its incidence being 39 million persons,
mostly in Africa* and the USSR. The Muslim populations of Asia are also fairly

*See Merle (1959), Biche and Thienport (1959), Marsboom et al. (1960),
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heevaly infected and i1n the Far East 1t 1s much commoner than T. soliun.
The Yhcidence 1t sarkedly high where pednle eat Leef cooked 1n lumps ‘on

PO =

open fires and pollution ©f WeEtUre with huran excreta 1s frequent (e.g. 1in
Tibet aad Auyssinia) Cattle acquire the 2n.ection from grazin, on ground
nolluted by huuen fas'ces 'containins eggs ofthe'tapeworm.  Eggs nay femain
viable on grass for eight weeks or nore. Infectwion in water buffalces 1s
said to be much less than in cattle. Adult cattle and even calves 1 1/2

to 3 nonths of age have been found to be highly resistant to exmerimental

anfection ain EBest ~fraca (Urquhart, 1959; Troyd and Round, 195().

Eydataidosis. The dog tapewerm, Tchinococcus granulosus, use s sheep

and other herbivorous animcls i1n which the larvae (hydatzd cysis) develon
from eggs aralloved with grass and forage wmolluted with infected dog faeces.
lilan can get infected with hydat. d cysts by swallowing eggs of this tapeworn.
The high re mistance of eggs to environuaental i1nfluences 1s an important
factor in the epidemiology of the discase. eonle who repgard the dog as

an unclean animal and do not fond'e 1t are less comuonly affected than
others in the same area who have no such inhibition (Schwsbe et al., 186C).
Infection penerally talte s place during childbood but sy.mwtoms caused by the
hydat d apnear several yerrs aftervards in edult laife. The 1nfection is
cos.roolitan but nore frequent in some ere.s than in the others, e.g. 1in
South Aneraica, Australia 'and New Zealand,K the [ editerranean region wnd parts
of Africa. Stoll (1947} hes estimcted 100,000 inTections wainly in South
America. Recent studies in Wales and South Eastern Unaited States have
revealed imnortant foci ol hydatidosis. In the teuperate parts of Euresia,
Japsn (Rausch and Yamashita, 1957) and an St.lawrence Island, 'alaska, ‘enother

closely allied tareworm (E, multilocularis) of dogs and Toxes iE vrevalent.

It utilizes microtinc rédents as its intermediate hosts'in addstion to
herbhivora and man It has been sug-e sted that be sides the wramary sylvatac

CyClE invelvins foxes and voles a domicilicsted cycle cat-~mouse cat aay
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develop (Vogel, 196C). In addition to the two ty»ical specles nentioned
above speclal races or subspecles adavted to dog~equine cycle have been

found in Eurone and the Ja stern lediterranean region.

Other larvzl ceéestodes occasionally parasitic in nan include Cognurus
cerebralis whoch has been found in the crznial cavity and bladcer-worms of
.ultzcens which occur in thc mb-cutaneous tis mze or nruscles. M. glomer-
atus and I:. brauni infeclions are not uncom 'on in some parts of Afraca

(Faan, 1956).

Divhyllobothriasis., The broad fish tapeworm Dishyllobothraum latum

and related specires are prevalent a2n the human pepulations of the northern
temperate zones of Merica, Eurose and Asia, there fiskes from fresh-weter
laxes for:i an interral part of the daet. In the western Pacific, the
infection occurs in Siberia, ncerthern Manchuria anc Japan. In the warmer
countries of this region, 1t 1s ex.remely rare. Several fish-eatang
mamr.als including doss, cats, bears, =sals, foxes, etc., are reservolir
hosts. The ciliated erbryoshore, which hatches from the egg in water,
develops 1n crustaceans to form a vrocercoid larva. In fishes, which feed
on infected crustacea, the larva develops to form a sparganum or
~lerncercoid larve '. This 15 ingested by maa.and other mammaliarn hosts
in the flesh of raw or undercoaked fish. The fishe s 1nvolved are the
pike s, eels, salmons, Etrout, savber and burbot. In Japan, the rainbow
trout and several other Salmonidae act as second i1ntermedizte hosts.
Pollution of leke s with untreated sewage and faeces of figh-ezting mammals
are important factors in maintaining infectibn 1n an endemic area. Sporada

cases outside endemic arecs :ay be cerused hy the importation of inflected

fish.

Sparganosil s. The pleroceccoird larvae (snarpgana) of several specles

of daphyllobothriid tapeworms have been found in man. The adults sre

paresites ol nanwmals o¢ are un-noun. llost ceses of human sparpanosis have
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been recorded in the FPar East, but 1t is known to osccur in other varts of

the world ancluding USA, Lustralia, ..frica, Fratish Cuimna and Italy (Evang

& Kark, 1962). The adults of Spirometra erinacei and rclated species are
found in dogs, cat . and wild carnivora. Only the larva occurs in man.

Other animals, naresitized by Lhe larva are aoniieys, »igs, weasels,
hedgehors, rats, chickens, snakes and frogs. lan and these animalsg
comonly become infected through ingestion o. Cyclops countaining the
procercoxrd in raw woter, Humern infection also rcsults from eatinpg raw
flesh of the mcond inter edzate hosts (Iro s, snakes etc.) which, accordins
to Weinstein et al. (195%), 1s not uncomuon in Korea. Infection may also
be acquired by apvlying infected meci from the second antermediate hosts

es poultice s on i1nflamed skin or mucous nembranc particularly the

conjuactiva (Foudewer, 1920; Dotero and Gomez, 1958),

Hymenoleplasis. The dwerf taneworm, Lyuenoleplis nana, 1s

cosmopolitan an its distribulion but zppnewrs to be comuoner in warm
climates. Heavily infected foci have been found in parts of USSR
-(8amarkend) end Indo-Pakistan.  Stoll (1947) estimates 20 million infected
persons, two-~third of tihem in .sia. Children between the ages of four and
nine years arc nore commonly infected than other apge grouwuns. Rats and
mice are commonly infected with the samc species or a closely allied variety
(H. nana vor. fraterna) but opinions daffer as to the extent to which
rodents act as sources of human infectaon. Exmerimentally, children can
be infected with the murine species and vice versa but certain differences
in the facility of develonment 1n the reciproecl host have bheen observed.
It appears that man s the chief source of his own infectaon, thoush there

1s epideniologicel evidence thet ainfection of muraine origan also takes place.

An allied tapeworm, H. disanuta occurs in rats, mice and other rodents

but accidentally anfects man and dog. This tapeworm uses several svecles



E i/ M. VPH/1h

pa_e 21
of arthropods as ats intermediate hosta These include rat fleas,
cockroaches and the meal-wor:s beetle which are liable Lo contaminate human
food. Human cases hive been observed in Japan, the Philaprnines, Indo-

‘akigtan, USSR and several othor countries.

Daivylidiasis and other tapevorm infections. The dog tapeworn

Dapylidium caninum 15 a cosmopolitan parasite of dogs, cats ocnd wild

carnivora. Human beings, particularly children, are accidentally

infected through contact with dopgs e¢nd cats. It 18 generally assumed that
1f an infected dorm licks the face of a child shortly after crushing an
infected flea, the cysticercoid may be devosited on the face or hand

re sultang i1n the ingestron of this infective stage by the child (Ifoore,

1962).

Bertiella studeri 1s a parasite of primate s but has been found in

man in Africa, South Amerxca, India, Indconesia and the PhxIip ines. Euman
infection is accidental z2ad results frowo swallowang in’ected oribatid mites

which act as intermediate hosts. Raillisting mada ascarienst s, & parasite

of rats, has been oceosionally found as &n accidental parasite of man in
the Philippines, Thailand and l.auritius. It 18 common in rats in northern
Taiwan. Cockroaches are believed to serve-.as-intermediate hosts.

Inermicaps-.fer cubensis, another parasiteé of rats, hasg beén found in man

in Kenya and is endemic 1n Cuba. The majority eof human infections are in

children eone to three yeor s of age.

V  NEMATODA

Most of the larse number of nematode species parasitic in man and
animals are so host s»wecific that they are not interchanged in spite of

frequent opnportunities of doing so. Only a few (Trichinella, Dracunculus,

Strongyloides, etc.), occur in many host soecles includins man. Some
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specie s produce disease 1n man as erratic larvae though they are 1ncapable

of attainins maturity an this host.

Strongyleidiasss, Strongyloides stercoralis i1s a cosmonolitan

parcsite of wmen, particularly in warm and wolst cre«s with poor hygiene.
its dastramution geneialiy parallcls that of hockworms but 1t 1s rare in
certain areas in China vherc hookworms .re highly prevalent. Stoll (19k7)
estinmates abtout 35 million hunan inflections an the world, ol which 21
million are 1n Asia. lian 18 belzeved Lo be the chief source of his own
infection. Whre conditions ol moisture and warmth are suitable, the worm
can miltaply in the so1l, thus producing cnormous numbers of larvae

canakle of penetrating the human skain. One oF the cxtraordinary features

of skin zn ection with 3trongyloides larvae 1s the saazingly rapid speed

with which the burrows advancc. another interesting feature is the so-
callcd auto-inTec¢tion vproduced by larvac which apparently wature in the
mucus-facces medium at the anus and penetrate directly anto the skin of
that area »roducing urticaraial swellangs which often take the advancing
linear characcer of 'creeping eruntion (Weiner, 196C). Cecrtain primates
and dogs owe found i1nfected 1n the endemic areas but they are considercd
to have acquired 1nfection from human reservoirs, 2¢lated species of

Strongyloides cccur in domestic animals but they are not capeble of

¢stablishing themselves permanently in the human intestine.

Trichostrongyliasis. The small bursate worm Trichostrongylus

orientalis is a coumon paraslte of the rural populations in Iran and the
For Bast and probably renains confined to man. Othcr s ccaes

(T. colubriformis, T. probulucrus, T. virtinus, T. axei, ctec.), have been

found 1n man and herbivorous animals in various narts of the world snd are
being encountered with inercasing frecuency in surveys of helminth parasites
of aan. Stoll (1947) cstimated the world incidence of trichostroapylissis

at 5.5 mi1llion human cases. Watson (1953} hes raiscd this estimate to
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58 millions on the basis of-his-ewn-expérience_and that_of others sinece Stoll's
estimate. He himself found 25.4 per cent of 335 perséns infeeted in Bisrah,
Iraq. In Iran, Biocca et al, (1960) detected trichostrongyliasis- in 79% of the
persors examined—in-seme—areas. Human infectlon is apparently aequired by
ingestion of greenstuffs and water pelluted with infective larvae derived from
the faeces of herbivora which are the natural hosts, Infective-stage darvae
cart-'‘Burvive on greenstuffs for as long as 15 months and withstand severe aridity.
Herbivora are also readily infected with strains of human origin, Infections in
men are generally light and symptomless.

Other trichostrongylid parasites of ruminants which have been rarely
found as accidental parasites of man are Ostertagla ostertagl, 0. circumeincta,

Haemonchus contortus and Mecistocirrus digitatus., 'The last naEmed species is a

fairly common parasite of cattle, buffaloes, sheep and pigs in China, -Japan,
Malaya, Burnma and India, but has-been seen once in human faeces in Hongkong.

Ancylostomiasis. The two principal hookworms of man, Anczlostnma

duodenale and Necator americanus, have both been identified from dors, cats, pigs,

gorillas and other animals. Even if all tHesé idéntifications sre correet,
animals do not appear to play any important part’ in the epidemiol-gy of these

infections in wan. Three species of animal hookwovnis A. brazil liese, A. caninum

and Uncinaria stenocephala are infrequent or rare parasites of the human,

intestine but fregrently cause local cutanedus reactions at the site of larval

penetration. The larvae of A, brazilienSe cause indurated reddish papules at
the poinf of penetration Into human skin. In twd or three days, narrow, linear,
wavy, ;ed tunnels, 1 to 2 mm In diameter, apparently produced by migrations of
the larvae become prominent {"creeping eruption"). The lesions itch, especially
at night, and scratching may lead to secondary infection. The most comwen
location of these lesions ik on the hands and feet, but they may occur on any
part of the body. They persist for weeks., Beaver (1957)-has however opined
that the assumption that A. brazilrense tHuises creeping eruption is to be
regarded as faulty unless further experimental proof is forthicoming. Thesge

larvae do not cause creeping sruption in the skin of dogs, cats, rats, guinea-pigs
or monkeys, although nodular lesions are produced on the 'skin of monkeys.
Creeping eruption has been recorded frequently in the gulf states in USA and
probably occurs in the Far East and South America where A praziliense occurs.
Human infectibnris usually contracted, during contact of exposed parts of the

body with moist earth or sand to which infected dogs and cats have access,
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The larvae of A, caninum and Uncinaria stenocephala generally set up a
transient inflammation of the skin with itching, induration and urticaria in

48 hours. The lesions do not show the linear tunnels of the ereeplng eruption

and .disappear within a few days to two weeks. Ancylostoma malayanum, a

parasite of the Himalayan and Malayan bears has been recorded as occurring in

man.

Ascariasas. Ascarls lumbricoides of man and of the pig are morphologically

identical and similar forms have been recorded from the muskrat- (Tiner and Chin,
1948), squirrels and monkeys. Thede is experimental evidence to show that the
humen and porcine parasites are host specific races and the human parasite does
not, attain maturity an the pig. Cameron (1958), however, considers that in the
tepperate northern regions, where swine infectlons are heavy, the infrequent

human infections are of percine origin.

Toxocarosis. The dog ascarid, Toxocara canis is g cosmopolitan parasite

of dogs and the adult worm has once been recorded from the human intestine in
Egypt. It is, however, more important as a human pathogen in the larval stage
as the so-called "visceral larva migrans". A very large number of eggs are
passed out in the faeces of infected puppies three weeks to six months old.
Counts as high as 15,000 ova per gram of faeces have been recorded (Sprent and
English, 1958). The eggs are highly resistant and may survive in the soil for
years; they are sticky and adhere to any ¢bjects that may come in contact with
them. Thus, in a short time, the surroundings of infected puppies (which may
also be the human environment) become heavily infected. The embryo in the egg
moults and becomes the second-stage larva. At this time, the egg is infective
and may be swallowed by dogs or human beings (children of dirt-eating age).

The larvae hatch in the small intestine of the child and enter the blood stream
thus reaching the liver, lungs, brain and other viscera. In the tissues through
which they migrate, they cause large linear necrotic lesions, Ultimateiy, they
become encapsulated in dense connective tissye but remain alive for many years.
Beaver {1958) has studied in Singapore, a typical case of & syndrome known for

a long time &s "tropical eosinophilia" and considers it to be identical with
visceral larva migrans. This condition is not gonfined to ghildren. Chaudhuri
and Saha (1959) have experimentally set up "tropical egsinophilia" in a volunteer
who .received 100 embryonated eggs of T. canis by mouth. However, tropical
ecosiriophilia appears to be a condition with multiple etiolo;y and some other
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helminthic infections may also be implicated in its causation,

Ancther syndrome ascribable to visceral larva migreans is an eosinophilic
granulima of the eye which has been suspected of being retinoblastoma (Wilder,
1950; Ashton, 1960) and this suspicion has often resulted in unnecessary
anucleation of the eyeball.

Othér species of Toxocara (T. cati and T. leonina) are probably alsc capable

of causing the foregoing lesions in man (Gibsor;- 1966): 'P- canis larvae are
potentially pathogenic for the pig in the same way as for man (Done et al., 1960).

It mey be added that human infections with Toxocara spp. of animals are
not erratic parasitism but "paratenesis". This phenomenon is seen in helminth
parasites of predators which pass tue larval stage in one or more animals
preyed on (Beaver, 1962).

Gnathostomiasls, Gnathostoma spinigerum occurs in the stomach. of cats,

doge and wild felines in Japan, Korea, China, In@o-Ching, Malaya, Thailland,

Burma, Indo~Pakistan and Australia. Several casés 6f humasn infection with
immature worms are known from the western Pacific, Indo-Chins, Indis.and

Australia. In the course of its development, the worm utilizes two intsrmediate
hosts, a Cyclops and a fish, frog or snake. The definitive animal hosts

acquire infection by eating the second intermediate host. Man is probably
infected in the same manner but the worm fails to develop to maturity. Human
infection is also possible through accidental ingestion of iInfected Czclogs.
(Gnathestoma hispidum, a parasite of swine and cattle, has been recofded as a
parasite of the, sub-cutis of man in Japan (Morishita, 1924), and China (Chen, 1949},
For a comprehensive review of gnathostomiasis see Miyazaki (1I960).

Dracunculosis, The guinea-worm Dracunculus medinensis is a widespread

paresite of man in Africa, western Asla and South America. Rare human infection
has been reported from Korea and a case in a dog is known from China. Several
specles of Cyclops act as intermediate hosts and human infection takes place
through ingesting these crustaceans with raw water. Tanks and step wells are
liable to get infected as affected-humans-and animals. canr wade through them or
wash themselves on the banks.

Filariases., Filarioid worms have been generally regarded as specific
to one or two closely allied host specles, but recent work has revealed that
certain species (e.g. Brugla malayi) are adapfed to living in several host
specles. This makes filarial infections, actually or potentlally important

Zoonoses.
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Lympatic’ filariasis ceused by B. malayi has a widespread but patchy
distribution in South~east Asia from Korea to New, Guinea and extends westward to
India and Ceylon. The incidence is highest in water-logged rural areas where
the mosquito vectors find suitable breeding places. Recent work in Malaya
(Laing et al., 1960) has shown that the dusky leaf-monkey (Presbytis obscurus),

the long-tailed macaque monkey (Macaca irus), the pangolin (Manis javanica),
the wild cat (Felis bengalensis) and the dome¥tic ¢at are all infected in nature.

Because of the high infection rate in leaf-monkeys they have been regarded as
important reservoir hosts while the infection in the domestic cat is believed to
be incidental to man., -Experimental transmission of the human infection to
several animal species has been affected (Edeson and Wharton, 1958). B. pahangi
a closely allied species of filarial worm occurs in a wide range of animals in
Malaya but human infections have not been encountered in-nature. Experimentally,
this worm can be transmitted to human beings (Edeson & Wilson, 1964). Three
othér species (B..patel, B. buckleyi and B. ceylenensis) are asg yet unreported

from man. A microfilaria of man described from Madagascar under the name
Wuchereria bancrofti var. vaueeli 1s morphelogically allied ta B. malayl
(Galliard, 1959) and may occyr in animals.

Loa loa of man has been reported from African primates and there are other
species of Loa occurring in several African monkeys. Recent work on the
possibilities of cross infections between man and monkeys tends to show that under
metural conditions such cross Infection must be rare. There arc separate host-
vector complexes, the human infection involving man and the vector flies

Cﬁrysops silacea and C. dimidiata. The simian infection involves the various

monkey hosts and the vector flies Chrysops langi and C. centurionis (Watson, 1960).

Acanthochetlonema perstans and A. streptocerca occur._in several areas of

tropical Africa, the former extending also to South America. Chimpanzees in
Africa have been found infected but they 4o not appear to play any important role
in the epidemiology of the human infection.

Trichinosis. Trachinella spiralis is a small nematode parasite of the

miscles and intestine which is able to occur as larva and adult in the same
individual. It has a wide host range and occurs in more than 25 mammalian
species. Human infection is generally contracted from pork. The infection is

cosmopolitan and particularly common in North America, the Arctic Reglons and
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Europe. Stoll (1947) estimated 27 million infected persons. The infection is
relatively unimportant in the tropics and in the orient though small epldemics
have been recorded in Kenya and Tnailand. Recent work in Alaska (Rausch, 1953)
has revealed the presence of Trichinella larvae in the flesh of several species of

boreal carnivorous mammals including bears (Ursus and Thalarctos) which are eaten

by the Eskimos., The larvae were also detected in white whale and seals but these
animals ape 1ot likely to be important as sources of human infection.

Trichuriasis. The whipworm, Trichuris trichiura, is a cosmopolitan

parasite of man which is particularly abundant in warm regions with high rainfall,
Its incidence generally coincides with that of Ascaris, like which 11 flourishes in

areas where untreated nightsoll is used as fertilizer. Trichuris trichiura

has been reported from monkeys, lemurs and swine but there is no evidence that
these animals play any part in the epidemioclogy of the infection in man, On the
ather hand, T, vulpis the whipworm of dogs has occasionally been found 1in children.

Angiostrongylosis. Recently Anglostrongylus cantonensis, a lungworm of
rats has béen found in the cerebrospinal fluid, brain and eyes of persons

sufferingjfrom eosinophilia meningo-encephalitis in Hawaii, Tahiti, Thailand and
other countries in the western Pacific. Human Iinfection takes place from eating
raw carrier hosts 1ike slugs, land planarians and prawns. A dish econsisting of
grated coco-nut and prawn juice {"taioro") is popular in Tahiti and other Pacific
islands. Infection through the skin in persons walking barefoot on infected
ground has also been suspected {Alicata and Brown, 1962).

Other nematode infections. Capillaria (Hepaticola) hepatica, & parasite of

the liver of rats, mice, hares, beavers, muskrats, peccaries and monkeys has been
reported from men in India emd South Africa. Probably, the infectlion is not
uncommonrt 'in rat infected localities but is not eesily detectable except on
postmortem examination.

The kidney worm of dogs and other animals, Dioctophyme rerale, occurs in

China, America and Europe. A few cases of human infection are known but the
infection is necessarily rare. (This worm is the largest nematode known and

may attain a length of one metre). Syphacia obvelata, an oxyurid parasite of the

large bowel of rats and mice is cosmopolitan in distribution and has been recorded

once from a child in the Philippines. Gongylonema pulchrum is a parasite of the

vesophague of ruminants and has been found a few times under the oral mucosa in
men in China, USA (Georgia) and Italy. Dung beetles and cockroaches act as
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intorme ilate hogsts, J:i>13132#pall;taeca, the eye-vorm of dogs, cats and monkeys
has been found in huran oyes in China, lorea end India (Friedmann, 1948). A

related species, E__EgllfOPILenSlS has been recported from man twice in the
United States. lays 7&2?3232_91272§}°“ 1s a parasite ¢f African monkeys and has
been recordsd froy man 15 Afmica, Caucesia, Israel and South America. An acute
abdominal syndrome in pecsons eating insufficiently-cooked herrings has been

described from the Nethe—lands. Iarvae of a fish parasite Eustoma rotundatum

were found piercing the w21l of the small intestine (van Thiel et al., 1960).

VI  ARTHROIODA

Quite a large nurbco~ of parasitic mites, ticks and Insects are intér-
changeable between vertchrate animils erd man. Very often, these parasites
attack man when he enters: endemic arcas or vhen the original-host i1t the hutan
environment is abeent or dead. .In some cases, larval stages only attack man
(chiggers, maggots, etc ). Very olten, the arthropod parasites acquired from
anim2ls not only causz tissue dohrge ard anneyanee but also transmit pathogenice
micro-organisns. Evidently, such a vast field cannot be adequately covered in

the present review. Only the barest outlines are given below:

Harvest mltes or _ckiggers, Of more than 700 or more species of trombiculid

larval rites know1, only 46 attack man or dormcstic animals, Many of the latter
occur in the orient and a for trans-it tsutsugamushi fever or scrub typhus. The

principlal gpecies iL Prombicula ax~mushi and its variant which had been named

T. deliensis. It is widespread from Japan to New CGuinea and westward to Indo-
Pakistan. The rccorded hosts inclule o, cat, cattle, insectivores, marsupials
and birds but the princ:ipil hosts 1n nature are rocents. In the river valleys of

north-western Fonzhu, Jrpan, species of Microtus and Apodemus are important but

further south, rats are the most important hosts. In Japan, the trombiculids

are abundant in July and August and dicappear with the onset of cold in October.

In Taf%én they arg active for a longer period (April to November) and further south,
nearer the ecuator, tney are rctive throughout the year, thelr numbers decreasing
only 1n the dry season. In Indo-Pakistan and other parts of southern Asia, they
are aburdant in grassy .rcas at tune edge of forests and in abandoned cultivable
land where rodents are numerous. Man picks up Infection while passing through

infested grass or when resting on 1tb.
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An allied spcecies, T. scutellaris, is believed to be the wector of Schichito

fever which has been considered to be the mild winter form of scrub typhus on
‘Izu'Islands, Japan. Natural hosts of this mite are rodents and birds. In
northern Japan, tpe larvae appear from September to November but in the Izu Islands

its season extends from September to May {Sasa, 1954).

Other important species which attack man in the oriental region are:
Trombicula wiehmanni, T. hirsti, Schongastia vandersandei, S. schiiffneri, and

Neosch¥ngastlia americana, They cause dermatitis but have not so far been proved

to transmit any disease. Trombicula autminalis and T. alfreddugesi, the two well

knaown pest chiggers of Europe and America do not seem to oceur in the.orient.
For further information on chiggers reference may be made.to Womersley .(1S52) and
Wharton and Fuller (1952).

Blood sucking mites. Several species of mesostigmatic (gameasid) mites
parasitic on domestic birds and house-dwelling (domiciliated) birds and rodents,
attack pan causing painful bites and localized demmatitis.. Sdéme ofthe more

common species are: Dermanyssus gallinae of wild and domestic birds,. Qrmithényssus

bagoti (tropical rat mite) of rats and other rodents, O. bursa (tropical fowl mite)
of domestic and wild birds, Iaelaps Jettmari of wild rodents in Menchuria, Korea

and Japan, Haemogamasus pontiger of rodents in Asia, Africa and Europe, and

Haemolaalaps glasgowi of rats and mice in the Far East and Americs. The species

ocqurring on birds have been reported to harbour. the viruses of arbor
encephalitides and those parasitic on rodents have been found to carry infectlons
of murine typhus, plague, tularaemiz and haemorrhagic fever. The exact role of
these mites in transmitting infections to man needs further eilucidation. The

mouse mite (Allodermanyssus sanguineus)g however, transmits rickettsial pox to man

in USA and the USSR. It ®écurs in North Africa and has also been found on the
black rat (Rattus rattus) in Indis “a5d “West-Pukistan (Abdussalam, 1958).

Ttch mitem or Sarcoptidae. Species of Sarcoptes closely allied to human

S.. scabiel cause mange in demestic animals. They mgy be physiological races of

a single species or closely allied warieties of it. . Human beings develop
transient scables after contact with infected animals particularly camels and dogs.
The infectlon disappears automatiédlly after some time: Experimenital-transmission
of the goat Sarcoptes to a human volunteer has shown that gravid females burrow

in soft human skin, lay eggs and cause localized scabies. The larvae that-hatch

are, however, unable to establlish themselves on ﬁuman skin and the lesions
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disappear in aboyt three weeks when the aHult mites originally transferred have
died, A similarly transient lesion oecurs on human skin infected with Notoedres

cati. The 1tch mites of man and animals have been reviewed by Dubinin (1954).

Tlcki. Except for Ornithodoros moubata (species complex) which infests

human habitations in parts of Africa, all ticks are primarily parasites of
dorestic and wi1ld animals. They are only accidental parasites of man, who is
attacked when he visits various biotopes like forest, bushlands, grasslands,
banks of rivers and animdl habitations. Some species (Argasidae) live in cracks
and crevices of houses and come out at night to suck the blood of man and
animals. They are vectors of such important diseases as relapsing fevers, tick
typhus, Q fever, tick-borne encephalitides, haemorrhagic fevers, Colorado fever,
tularaemia, brucellesis and possibly anthrax. Their bites cause local

dermatitis and sometimes toxaemia (tick paralysis).

Several species belonging to the following genera are known to attack man:

Argas, Ornithodoros, Ixodes, Hyalorra, Boophilus, Dermacentor, Amblyomma and

Haemaphysalis,

Linguatulid infections. The adult parasites of this group which infect

man live mainly in the respiratory passages of-dogs and snakes. The eggs are
voided with the nasal discharge and contaminate vegetation (salads; water-cress,
grass, etec. ). Man gets infected by eating or chewing raw infected plants.
Rarely, infection results from eating raw or insufficiently cooked lymph nodes

or livers of sheep or flesh of snakes containing the larvae,

Linguatula serrata, the adults of which nermally occur in dogs and the

larvae in herbivorous animals, occasionally infects man. It has been found in
the anterior chamber of the human eye (Rendtorff et al., 1962) and in the tonsillar

crypts. The adults of Porocephalus armillatus occur in pythons and vipers.

Human infection is rather frequent in parts of Africa and occcurs in Arabia.
Post-mortem examinations have revealed an incidence of 23 per cent. in the Congo,
5 per cent. in West Africa and 7 per cent. in the Cameroons. A related form,

P. moniliformis, occurs in China, Indonesia and the Philippines.

The bugs {Hemiptera). The family Cimicidae has about 40 known species of

which two are commonly associated with man as bed bugs, Cimex lectularius and

C. hemipterus. The former 1s the bed bug of temperate areas and the latter of

the tropics. It is not uncommon to find both species in the same country but

they seldom occur together in the same house. These bugs can easlily get
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established on colonies of laboratory animals such as guinea-pigs and rabbits.
Other species of this family are parasitic on bats, and birds and Some are
potential feeders on man. Cameron (1958) has suggested that the bed bugs were
also acquired by man from bats and birds.

The family Triatomidae has several species of the genera Triatoma,
Eutriatoma, Rhodnius, Panstrongylus and Eratyrus which attack man. Ordinarily
they infest burrows of rodents and armadillos, and chicken houses. In the
absence of these animal hosts they enter houses and feed on man. They hide in

cracks and crevices during the day and feed at night. They transmit
Trypanosoma cruzi and T, rangeli to man. The bite of some species is painful.

Nearly all occur in the Americas but on species (Triatoma rubrofasciata) is found
in South China, Sumatra and Hawaii.

Fleas {Siphonapters) are somewhat host specific even though they attach

themselves temporarily to the skin of the host for feeding. They are generally
numerous on nest building rodents. Certain species attack domestic mammals or
house ratz and mice and are cosmopolitan in distribution. Others are restricted
to certain areas along with their hosts. Those which attack man in addition to
animals are: Pulex irritans {cosmopolitan), Xenopsylla cheopis (tropics),

X. astia (India, Burma, Ceylon), Nosopsyllus fasciatus (temperate zones, Mongolis,
Asiatic parts of USSR) and Ctenocephalides canie (cosmopolitan). Tunga penetrans
or the chigoe attacks man and other mammals in South America from where it was
introduced to, and became established in Afrieca. The adult female burrows in the

skin and lays her eggs there, causing painful sores and abscesses. The bites

of other fleas are practically harmless for many persons but some are sensitive
and suffer the formation of itchy, erythematous papules and even pustules. It is,
of course, well known that fleas transmit certain micro-organisms and helminths

tb man. For a review of the transmission of diseases and infections by fleas,

see Jellison (1959).

Myiasis. The invasion of living tissues of man or animals by fly larvae
is called myiasis. Except for a single species, the Congo floor maggot
(Auchmeromyia luteola) which is confined to man, all the others known to attack

mon also attack animals. TIndeed, most of them are more commonly parasitic +in
animals, which may be regarded as reservoir hosts. The flies that cause mylasis
in men belong to several families of Diptera and have been described in a
monograph by James (1947). Some of the more common types of mylasis may be
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mentioned here, The tropical warble fly (Dermatobia hominis) attacks human

beings associated with animgls. The female fly deposits its eggs on mosquitos,

flies, ticks and other insects but particularly on the mosguito, Psorophora lutzii.

On coming in contact with human (or animal) skin the larvae hatch out of eggs,
penetrate the tissues and remain in the sub-cutaneous tisgsue for about 10 weeks or
less. They cause small swellings which itch. If crushed in situ allergic

reaction may result.

The ox warble larvae (Hypoderma bovis and H. lineatum) as well as horse bots

(Gasterophilus intestinalis, G. nasalis and G. haemorrhoidalis) penetrate the

human skin and migrate in the sub-cutaneous tissue, thus causing a creeping

eruption, The larvae of the sheep and horse gad flies {Oestrus ovis and

Rhinoestrus purpureus) mainly attack the eyes of shepherds and others associated

with animals., The larvae burrow through the conjunctiva or the skin to reach
the orbital fossa and sometimes even penetrate the eye-ball. Sometinies, the

larvae are deposited in the nose and migrate to the naso-pharynx.

Chrysomyia bezziana is a calliphorine fly common in the Oriental and

Ethiopian regions. In certain areas 1t i1s the commonest cause of blown wounds.
It also lays its maggots in the nares, conjunctiva, ear or vagina. It will
larviposit-on living animals and man but not on carcasses. ‘The Tumbu fly,

Cordylobia anthropophaga of tropical Africa deposits its eggs on sand or clothes

polluted with animal excrement. The larvae which hateh penetrate the intact
skin of man (bare feet) and animals which comes in contact with the infested

area.

VII  CONCLUDING REMARKS

In spite of host specifity being the general rule among animal parasites,
man is subject to attacks by a number of important parasites of animels. A
large number of them are derived from domestic animals particularly the dog and
the pi1g. Of the wild animals, rodents appear to be the most Important sources
of human infection. Quite a large number of zoonoses caused by animal
parasites occur in Africa, the Oriental Region and the neighbcu;ing‘areas~of-the

Far East. Trematode infections, with schistosomiasis at the head of the list,

appear to be quite prominent in the latter region.
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In controlling these infections, the application of sanitary measures
needs to be supplemented substantially by health education of the people.
Many of the infections can be easily avoided by slight changes in food habits
and soclio-tultural or agricultural practices. In other cases, the wearing of
shoes or certain type of dress may be enough 1o ward off infection. The
development of cheaper and more effective anthelmintics, molluscicides, pesticides
and insecticides will make the undertaking of mass control programmes possible.
Furthermore, the development of simple but specific serological and other
diasnostic tests will help not only in epidemiological investigation but &lso in

control of the various iInfections.
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