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PREFACE 

Helminth parasites cause diseases of extreme importance to 

humans and domestic animals, resulting in great economic losses. This 

is particularly so in developing countries like India, which is sitting 

on top of mass of parasites. The need to intensify economic control, 

of parasites in domestic animals is therefore of prime importance not 

only from the human health standpoint because of the parasitic zoonoses 

but from the viewpoint of human nutrition as well, since in the low 

productivity of livestock and poultry helminth parasites are considered 

to be among the highly important factors. 

Although all pasture animals are parasitized to a greater or 

lesser degree by various groups of internal parasites such as cestodes, 

trematodes, and nematodes, etc., the latter, i.e., nematodes pose a 

more serious threat by emerging as a relatively commonly prevalent 

group of parasites invading the livestock, particularly in the sub-tropics 

(Levine, 1980). This is probably because most of the gastrointestinal 

nematodes have a direct life cycle and do not involve intermediate 

hosts, which expedites the development and transmission of parasites 

to these hosts in a very simple manner. 

Though extensive studies have been carried out on nematode 

parasites of domestic animals in different regions of India, there is 

apparently no work so Ukt done pertaining to helti^tli parasite Infec­

tions in livestock animals of Meghalaya, a north-eastern state of India. 

The state is endowed with a vast potential for animal husbandry. The 

cattle, goat, sheep, pig, and poultry are the important livestock and 

pork and beef in particular serve as the main constituent of the diet 

of local people. Further, it would appear that owing to its altogether 
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different agro-climatic conditions when compared to other regions 

of India (i.e., a hilly terrain characterized by a high-rainfall and moderate 

temperature for major part of the year) the region bears a special 

significance in context of parasitic infections. 

The foregoing account points out the need to recognize the 

full extent of the parasitic problem in livestock and to have the widest 

possible knowledge about various species of nematodes that affect 

these animals in the state. The present -work is an initial attempt in 

this direction and explores some of the basic facts related to worm 

infections in this region of India. 

The focal aspects of the study include: 

(i) a record of the nematode parasite spectrum of animals 

of food value, namely cattle, goat, sheep, pig and poultry, 

with a brief description and remarks of each species reco­

vered from the hosts; 

(ii) the surface fine topography with the aid .of scanning electron 

microscope (SEM) of those nematode species for which 

no information is available so as to elucidate the characters 

of taxonomic and functional significance; 

(iii) seasonal prevalence of parasitic infections, particularly 

of the species of major importance in the spectrum, based 

on actual recovery of worms from, and/or faecal egg counts 

of, slaughtered animals; 

(iv) an evaluation of plausible factors of zoonotic importance 

influenced by which parasitic infections prevail, survive, 

and are transmitted in this region (parasite-host interactions 

under diverse environmental circumstances may be locally 

and regionally important epidemiological determinants 

of hosts' risk to contracting infection); 



( i i i ) 

(v) ascertaining the anthelmintic act ivi ty of an indigenous 

plant, Fiemingia vestita (locally known as Soh-phlong)j that 

is regarded and used by natives as an anthelmintic, as 

evidenced by the effects of the crude extract of the plant 

tubers on the histomorphology and mobility of Ascaris 

worms in v i t ro. 
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ABBREVIATIONS/SYMBOLS USED IN TABLES 

A Anterior Portion 

DB Distai Blade Part 

M Middle Portion 

P Posterior Portion 

PT Proximal Tubular Part 

R Right 

Y Posterior Portion of Oesophagus/Oesophageal bulb(B) 

§ Distance from Anterior Extremity 

* Distance from Posterior Extremity 

** Distance from Cloaca/Anus 

§§ Distance from beginning of intestine 



CHAPTER I 

SPECTRUM OF NEMATODE PARASITES : FAUNISTIC STUDIES 



INTRODUCTION 

Helmin th parasi t ic fauna of domestic animals because o f its underlying 

veter inary, medical and consequent economic importance has been studied 

by various workers and considerable in format ion exists about the common 

parasites of these animals in d i f fe rent regions of the w/orld (Schil lhorn et a l . , 

1975; Balbo et. aK, 1978; Duar te , 1981; Horak, 1981; Soulsby, 1982; Shaikh 

e t^ah, 1983). 

A look into the l i te ra ture reveals that of the various helminth ic in fec­

tions prevalent amongst the l ivestock and poul t ry , nematodes can be considered 

to be the most prominent and economical ly s igni f icant group of parasites 

(Levine, 1980; Soulsby, 1982). In India, the w/ork re lated to the survey and 

taxonomy of nematodes of domestic animals was star ted in the early twent ie th 

century and f rom t ime to t ime the parasite mater ia l co l lected in India found 

its way into the hands of specialists such as Cobbold in England, Ra i l l ie t 

in France, Parona in I taly and Linstow in Germany. Gaiger (1910) published 

a l ist of nematode parasites of Indian l ivestock animals pr incipal ly based 

on the mater ia l co l lected f rom domestic animals of the Punjab and fur ther 

added some more species to this l ist (Gaiger, 1915). Later , Lane made a number 

of studies between the years 1914-1923; Stewart (1914), Sheather (1919) and 

Sheather and Shilston (1920) also made signi f icant contr ibut ions. Since that 

t ime fascinating and interest ing works mainly in col laborat ion w i th Zoological 

Survey of India (Z.S.I.), Ca lcut ta by such pioneers as Baylis and Daubney 
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(1922-26) and Maplestone (1929a-39) need ment ion of . Based on various reports 

Baylis (1936a, 1939) published a t reat ise en t i t l ed Fauna of British India, Nematoda 

Vol.1 & I I In which diagnoses of families and genera w i t h a description of 

nematodes occurr ing in India and its adjacent countr ies were provided. According 

to Bayl is, nematodes f requent ly parasi t iz ing Indian l ivestock are placed in 

six orders representing twe lve fami l ies and several subfamil ies. Of these, 

seventeen genera have been repor ted t o occur in c a t t l e , twe lve in goats and 

sheep, ten in pigs and f ive in fow l . Subsequently, nearly twenty years later 

Yamagut i (1961) produced a series of t reat ise ent i t led Systema Helminthum 

in which nematodes of vertebrates of the wor ld are included. According to 

Yamagut i , nematodes of mammal ian and avian hosts are described under nine 

orders and fo r ty - four fami l ies and of these seven orders and twen ty - f i ve famil ies 

are represented in Indian domestic animals such as ca t t l e , goat, sheep, pig 

and f ow l . 

In a comprehensive taxonomic revision of the nematode group Anderson, 

Chabaud and Wi l lmot t (197A-1982; Anderson and Chabaud, 1983 — CIH Keys) 

have provided a c lassi f icatory scheme which is based on nematodes' in te r ­

relationships in addit ion to judiciously character is t ic features of the i r morphology. 

Thus keys to the various taxa w i th in Nematoda prepared by these authors 

seem to provide a more natural c lassi f icat ion which is also indicat ive of 

their phylogenetic relat ionships. As a result many a taxon (genera, subfamil ies, 

etc.) finds in these keys a d i f ferent place than what was assigned by ear l ier 

workers. 
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It may be mentioned here that studies re lated to nematodes of l ivestock 

and poul t ry in India mainly include comprehensive surveys of individual host 

types f rom various regions of the country . Signif icant contr ibut ions in this 

regard include those of Gupta and Mathur (1968), Gupta and Sood (1968), 

Gupta and Acharya (1968, 1970a,b), Sood and Kaur (1975), Gupta and Kal ia 

(1978a,b), Soota and Sarkar (1977,1980,1981a,b) and Baruah et^ ah (1981), 

to ment ion a few. Hov/ever, f rom t ime to t ime many v/orkers have also reported 

numerous species of nematodes new to science (Sarwar, 19^6a,b; Rammanuchari 

and A lwar , 1952; Fotedar and Bambroo, 1965; Jain et^ a h , 1965; A l l and Deshpande, 

1970). 

Our knowledge of this group of parasites is s t i l l scanty in respect of 

north-eastern region of India. The present studies were therefore undertaken 

to f i l l this gap which especially aimed at ident i fy ing, ordering and register ing 

the various parasit ic species of nematodes prevai l ing in the l ivestock and poul t ry 

of Meghalaya, that represents a sub-tropicai and h igh-ra infa l l area of India. 

In the present study during a two-year long explorat ion of the spectrum of 

nematode parasites of these hosts, namely, ca t t l e , goat, sheep, pig and f ow l , 

f rom various local i t ies of the state twenty - four species belonging to th i r teen 

fami l ies and eighteen genera were recorded. Of these, whi le major i ty of 

the species are also known to occur in other regions of India, i t is for the 

f i rs t t ime that the occurrence of most of them is being reported f rom no r th ­

east India, Meghalaya in par t icu lar ; the occurrence of Setaria bernardi , Capi l la r ia-

contor ta and Stronqyloides sp. is recorded herein for the f i r s t t ime f rom domestic 

pigs and fow l , respectively in India. 
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The present work incorporates a descr ipt ion of al l these species w i th 

remarks and a ment ion of deviat ions, i f any, f rom thei r ear l ier descr ipt ion. 

Representatives of a l l the species recorded in the present work have 

been deposited in the Helminthological Co l lec t ion of the Eastern Regional 

Stat ion of Zoological Survey of India at Shil long. 

MATERIALS A N D METHODS 

Study area 

The region under the present study comes under the East and West 

Khasi Hi l ls and Jaint ia Hi l ls d is t r ic ts (wi th Shil long, Nongstoin and Jowai 

as the d is t r ic t headquarters, respect ively) of Meghalaya s ta te , which covers 

a to ta l land area of 14,262 sq.km. (2a«'5'N-26''10'N-90'145'E-92»95'E) and has 

an a l t i tude range of approximately A00-1600m above sea level (Plate 1.1). 

The stations f rom where the mater ia ls were col lected include Shil long, Sohiong, 

Mairang,Markasa, Nongstoin, Riangdo and Jowai . 

Selecting the survey samples 

To determine the nematode parasite spectrum of l ivestock and poul t ry , 

postmortem recovery of worms was made f rom animals slaughtered during 

d i f fe rent t imes of the years at various slaughter houses located in the region; 

for poul t ry , the al imentary canal along w i t h associated body organs was procured 

f rom local markets. During each co l lec t ion , a visual examinat ion of body 

cavi ty and other organs of slaughtered animals was made for the presence 



PLATE 1.1 Map of Meghalaya, showing the area surveyed (hatched) and 

locations of various collecting stations 



* 

I 
UJ 
I -
< 

0. 

o 
« 

< J 

CD 

U. o -

o 
< 

(A 
Z 
o 

< 
H 
M 

e 
z 
1 -
o 
UJ 
- J 
- 1 
o 
u 

• 

> 
oe 
< 

a: o 
< CD 

lU O Z 
> CO O 

(0 U 2 
4 OCOC 

5 »-w 
< o £ 



[ 5 ] 

of parasites, i f any, and fur ther the specimens were recovered f rom the wash 

of each and every gastro- intest inal t r ac t handled by the butchers; in addit ion 

at least 4-5 gastro- intest inal t rac ts along w i t h other body organs were subjected 

to a detai led laboratory examinat ion in order to recover worms f rom their 

sites of pred i lect ion. 

Laboratory procedures 

For poul t ry , the a l imentary canals w i t h associated organs were brought 

to the laboratory. Each of the f ive port ions of the a l imentary t rac t (oesophagus, 

stomach, small intest ine, colon and caecum) of each b i rd was sl i t separately 

along its length and the contents and l ining examined for f ree and/or adhering 

worms. Other organs such as l iver , bronchi , lungs, hear t , muscles, ureters," 

kidneys and associated per i-renal fa t were also examined microscopical ly 

for any embedded worms. 

For ca t t l e , goats, sheep and pigs the gastro- intest inal t r ac t , lungs, 

heart , l iver were removed f rom the body and brought to the laboratory for 

fur ther examinat ion. D i f fe ren t parts - . abomasum, small intestine and large 

intestine were separated, s l i t opened lengthwise and thei r contents washed 

gently in separate buckets. The drained gut contents were passed through 

a graded series of sieves (diameter - 20.5cm; aperture size - A50, 250 and 

15Qlnm, respect ively) under running water as described by Reinecke (198*), 

the worms thus retained on d i f fe rent sieves being co l lec ted. Simultaneously, 

the lungs, l iver and heart were also examined for the presence of nematodes 

by standard laboratory techniques. 
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The worms thus col lected were washed in physiological saline, heat 

relaxed and f ixed in 70% alcohol, c leared in graded series of glycerine to 

pure glycerine in a desiccator and mounted in glycerine je l ly medium (Gelat in 

8gm + Glycerol 50ml + Dis t i l led water 50ml). Ident i f icat ions were made on 

sexually mature male and female worms according to Baylis ( I936a, 1939), 

Yamagut i (1961) and C IH Keys to the Nematode Parasites of Vertebrates 

Nos.1-10 (Anderson, Chabaud and Wi l lmo t t , 197t-1982; Anderson and Chabaud, 

1983). The taxonomic positions of the recorded species and the terminology 

used in the tex t are in accordance w i t h the C IH Keys. The observations were 

made under the WILD M5APO Stereo- and Le i t z Ortholux-2 microscopes. 

The line drawings were prepared w i t h the help of camera lucida. 

A l l measurements, taken w i th the help of ocular and stage micrometers 

are in mi l l imet res and based on ten specimens of each sex unless othervyise 

s tated; at least 5 eggs f rom each female specimen were measured. 

OBSERVATIONS 

Family Ascarididae Bai rd, 1853 

Subfamily Ascaridinae (Baird, 1853) Har tw ich , 1971 

Genus Ascaris Linnaeus, 1758 

Ascaris suum Geoze, 1782 

(Syn. A . lumbricoides Linnaeus. 1758) 

(Plates 1.2, 1.3) 

A very large number of worms of this species was col lected f rom t ime 

to t ime . 



PLATE 1.2 Ascaris suum 

Fig.l Anterior end, showing lips and cephalic papillae 

Fig.2 Posterior end of male, showing caudal papillae 

Fig.3 Posterior end of female, showing opening of cinus 

Fig.'^ Vulvar opening in female 

Fig.5 Egg 
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PLATE 1.3 Ascaris suum (Photomicrographs) 

Fig. l Anter ior end (scale bar = 0.3mm) 

Fig.2 Posterior end of male (scale bar = 0.3mm) 

Fig.3 Vulvar region in female (scale bar = 0.2mm) 

Fig. '* Posterior end of female (scale bar = 0.3mm) 

Fig.5 Egg (scale bar = 0.01mm) 



PLATE 1.3 
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Description 

General 

Large, yel lowish-brown, fa i r ly r ig id worms; body tapers gradually towards 

each end. Cut ic le re lat ive ly th ick w i t h fa in t transverse s t r ia t ions ; cerv ica l 

alae absent. Anter ior end provided w i t h three well-developed semicircular 

l ips, one dorsal, two vent ro la tera l ; dorsal l ip bears on its outer surface pair 

of large lozenge-shaped papi l lae, w i th double terminat ions; each of ventro lateral 

lips carry ing one double papi l la vent ra l ly ; pulp of each l ip produced anter ior ly 

as pair of blunt lobes w i t h shallow groove, addit ional round median lobe present 

towards inner surface of l ip ; inner surface of each l ip bearing transverse 

series of minute dentigerous r idge; inter labia absent. Oesophagus wel l developed, 

simple, club shaped, muscular; spherical bulb wi thout internal valve. 

Male 

Caudal end conica l , wi thout alae, almost invariably curled towards 

ventral side. Caudal papil lae 70-75 pairs; f ive pairs postanal, two anter ior 

pairs large w i t h double terminat ions, three posterior papil lae arranged in 

t r iangle on ei ther side; preanal papil lae very i r regular ly arranged, forming 

single longitudinal row on each side for short distance in f ront of anus, then 

several irregular rows, f inal ly at anter ior part single row again; pair of double 

papil lae in series at some distance f rom anus, s i tuated in asymmetr ica l manner; 

large, median, cushion-l ike papil la also present just in f ront of anal aperture. 

Spicules equal, broad, dorsoventral ly f la t tened, somewhat widened in their 

distal hal f , w i thout alae. Gubernaculum absent. 
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Female 

Tail short , s t ra ight , obtusely conoid. Vulva opens near anter ior t h i r d 

of body, f requent ly in shallow annular const r ic t ion . Vagina short , running 

forward for short distance f rom vulva, then doubling back sharply close to 

ventral body wa l l , passing into unpaired por t ion of uterus which widens gradually 

giving o f f two re la t ive ly wide uter ine branches running back, paral lel to each 

other t i l l short distance f rom posterior end, where they touch forward and 

pass into narrower ovarian tubes; these forming several anteroposterior loops, 

thrown into innumerable secondary loops in transverse d i rect ion. Eggs dark 

brown, th ick shelled, albuminous layer bearing prominent project ions. 

The morphometr ic measurements of the body and its organs are given 

in Table 1.1. 

Host Pig 

Locat ion Small intestine 

Loca l i t y Shil long, Nongstoin, Markasa, Riangdo, Jowai , Mairang, 

Sohiong 

Remarks 

The species has also been recorded f rom wi ld boars, man, chimpanzee 

etc. , by Baylis and Daubney (1922) and is cosmopoli tan in d is t r ibut ion. 

Morphological ly s imi lar worms occur very commonly in human hosts 

as we l l . The fo rm of human or igin has been known as A. lumbricoides Linnaeus. 

1758. As early as the work of Rudolphi (1809) A. suum was believed to be 



TABLE 1.1 : Ascaris suum Goeze, 1782 : morphometric measurements (in 
mm) 

Characters 

Body : length 

w id th 

Lips : length 

Oesophagus : l e n g t h 

width(B)^ 

Tail : length 

Male 

Range 

185-210 

3.0-5.5 

0.32-0.39 

7.9-9.5 

1.1-1A 

OAa-0.73 

Mean 

197.6 

A . I 

0.35 

8.7 

1.2 

0.62 

Female 

Range 

215-318 

4.0-6.0 

0.39-0.58 

7.8-10.0 

0.91-IJi 6 

1.20-1.60 

Mean 

264.1 

5.0 

0.51 

8.8 

1.20 

^A0 

Spicules : length 1.39-2.29 1.78 

Vulva 

ELggs 

§ 

length 

w id th 

88.0-130.0 

0.06-0.07 

0.04 -0.05 

107A 

0.06 

0.05 
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a synonym of A . lumbricoides and since then the controversy as to whether 

or not the two strains are ident ical has been raised. The early history of 

this controversy is reviewed by several workers, such as Mozgovoi et_ aU 

(1960) and Schwartz (1960). Baylis and Daubney (1922) and Thornton (1924) 

considered the human and pig forms morphological ly ident ical ( fur ther discus­

sion in Chapter II), whi le Mar t in (1926) and Caldwel l and Caldwel l (1926) 

advocated these to be biological ly d is t inct on exper imental and epidemiological 

grounds. However, biochemical studies per formed by Vasilev et^ ah (1972) 

and Kur imoto (197t) showed di f ferences between the human and pig forms. 

Family Ascaridi idae Travassos, 1919 

Genus Ascaridia Dujard in, 1845 

Ascaridia qal l i (Schrank, 1788) Freeborn, 1923 

(Syn. Ascaris qa l l i Schrank, 1 788; ^ . qallopavonis Gmel in , 

1 7 9 0 ; ^ . hamia Lane, 1914) 

(Plates 1A, 1.5) 

The co l lect ion comprised several hundred specimens of _A. qa l l i . 

Description 

General 

Worms long, semitransparent, w i t h oral opening at anter ior end. Cut ic le 

s t r ia ted , intervals between cut icular str iat ions wel l marked; la tera l alae in 

cerv ical region feebly developed, extremely narrow. Sides of anterior end 

of body bearing pair of d ist inct cerv ica l papi l lae. Mouth surrounded by three 



PLATE l.'^ Ascaridia Ralli 

Fig.l Anterior end, showing lips and cephalic papillae 

Fig.2 Posterior end of male, showing preanal sucker, anus and caudal papillae 

Fig-3 Posterior end of female, showing opening of anus 

Fig.'^ Vulvar opening in female 

Fig.5 Egg 



PLATE-l-4 



PLATE 1.5 Ascaridia galli (Photomicrographs) 

Fig. l Anter ior end, showing lips and labial papil lae (scale bar = 0.2nnm) 

Fig.2 Posterior end of male, showing preanal sucker and caudal papil lae 

(scale bar = 0.3mm) 

Fig.3 Vulvar region in female (scale bar = 0.3mm) 

Fig.* Posterior end of female , showing opening of anus (scale bar = 0.3mm) 

Fig.5 Egg (scale bar = O.Ctmm) 



PLATE 1.5 
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prominent l ips, one dorsal, two la te ra l ; each l ip divided into three dist inct 

lobes, one median, two la te ra l ; inner surface of median lobe of each lateral 

l ip possessing single dentigerous r idge; dorsal l ip broader than la tera l l ip , 

provided w i t h pair of d is t inct large lozenge-shaped papil lae in its centre in 

addi t ion to a large c i rcular papi l la. Oesophagus s imple, te rminat ing by swel l ing, 

wi thout valve. 

Male 

Slightly smal ler, more slender than female. Posterior end obliquely 

t runcated, possessing narrow bursal membrane on each side and concavity 

on ventra l surface of body between anus and t i p of t a i l . Prominent preanal 

sucker present on ventral side of t a i l , surrounded by d ist inct chit inous r i m ; 

anus usually appearing as transverse s l i t ; numerous small tuberc le- l ike structures 

scat tered i rregular ly around anus, extending towards la tera l sides. Caudal 

papil lae ten pairs, arranged in d ist inct groups, i.e., preanal, anal, postanal 

and subterminal on ventral surface of caudal end; preanals three pairs - f i rs t 

pair anter ior to preanal sucker, second at level of preanal sucker and close 

to the f i rs t pair; subterminals three pairs, f i rs t smallest of al l anal pairs, 

ly ing close to second pair , second and th i rd pairs comparat ively more prominent, 

surrounded by small cut icu lar raised structures giving them roset te- l ike appea­

rance, ly ing la tera l ly and ventral ly respect ively, on extreme ta i l region of 

body. Spicules wel l developed, equal, covered in spicular sheath, protruding 

out at anal opening. 

Female 

Larger, stouter and vigorous than male. Tail tapers point ingly poster ior ly. 
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possessing pair of papil lae just near to i ts t i p . Anus in f ront of posterior 

end of body. Vulva near middle of body. Vagina muscular, proceeding anter ior ly ; 

u te r i opposed. Eggs oval , smooth, th ick shel led. 

The morphometr ic measurements of the body and i ts organs are given 

in Table 1.2. 

Host Fow/1 

Location Intestine and caecum 

Locality ShvUong, Mairang, Nongstoin, Jov/ai 

Remarks 

This species has been recorded f rom fovi\ and other birds f r om almost 

al l parts of the country. Schrank (1788) described ascarids of poultry as a 

new/ species, Ascaris qa l l i . Later Ra i l l ie t and Henry (1912a) re fer red this 

species as Ascaridia l ineata (Schneider, 1866). Freeborn (1923) subst i tuted 

Ascaridia qal l i (Schrank, 1788) for Ascaris perspiculum (Rudolphi, 1803). Bhalerao 

(193^ a) separated ^ . l ineata f rom ^ . qal l i on the basis of the number of 

dentigerous ridges. On account of longer spicules, the larger preanal sucker 

and the presence of la tera l alae in ^ qa l l i , Neveu-Lemaire (1936) regarded 

^ . l ineata as dist inct species f rom ^ . qa l l i , an opinion also held by Monning 

(19^7) and Kung (194 9) and later workers. 

Except for some minor variat ions such as only tw/o dentigerous ridges 

on the median lobes of la tera l lips as against three as described by Bhalerao 

(1934a), the present observations are in conformi ty w/ith the earl ier descriptions. 



TABLE 1.2 : Ascaridia qalli (Schrank, 1788) Freeborn, 1923 : morphometric 
measurements 

Characters Ranqe 

Male Female 

Mean Range Mean 

50.0-k .O 63.2 68.0-1 10.0 m.7 Body : length 
0.50-0.a 0.55 0.69 8-0.936 0.69 Width 

length 0.09 -0.1 2 0.10 0.09-0.1 2 0.09 Lips : 

Interstrial 
distance 

Oesophagus : length 2.88-3.24 3.02 2.8-3.3 3.09 

Width 0.28-0.50 0.3 7 0.32-0.50 0.4 I 

Nerve ring § 0.5 2-0.68 0.61 Ok 3-0.63 0.5 8 

Tail : length Ok 8-0.79 0.69 1.1 7-1-36 1.26 

Preanal 
sucker : length 0.1 8-0.25 0.21 

distance*" 0.25 -0.50 0.38 

Spicules : length 0.88-2.52 1.7 - - 
5' - - - 28.6-35.2 31.8 Vulva 

Eggs : length - - 0.05 -0.08 . 0.0 7 

width - - 0.03-0.05 0.04 
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Family Heterakidae Ra i i l ie t et Henry 1912a 

Subfamily Heterakinae Ra i i l ie t et Henry, 1912a 

Genus Heterakis Dujard in, 18^5 

Heterakis qall inae (Gmel in, 1790) Freeborn, 1923 

(Syn. Ascaris qall inae Gmel in , 1790; _H. qal l inarum 

(Schrank, 1788) Madsen, 1 % 9 ; ^ . vesicularis 

Dujard in, I f f*5) 

(Plates 1.6, 1.7) 

The col lect ion comprised several hundred specimens of this species. 

Description 

General 

Worms small to medium sized, whi te coloured; anter ior ex t remi ty bent 

dorsally. Cut icular str iat ions extremely f ine; two narrow lateral cut icular 

membranes extending along body length, we l l developed in cephalic and 

caudal regions. Pair of cerv ica l papil lae present at anter ior ex t rem i t y . Mouth 

surrounded by three equal-sized rounded l ips, two la te ra l , one dorsal; each 

lateral l ip bearing two papi l lae, one each at i ts anter ior ex t remi ty and towards 

its base; dorsal l ip possessing pair of comparat ively small papi l lae. Oesophagus 

divided into three parts - short muscular pharynx, cy l indr ica l middle par t , 

and posterior part enlarged to fo rm subglobular bulb w i th three-sided valvular 

apparatus. Nerve r ing and excretory pore just anter ior to cerv ical papi l lae. 

Male 

Tail s t ra ight , tapering beyond alae to a f ine f i lament ; two quite large, 



PLATE 1.6 Heterakis Rallinae 

Fig.l Anterior end, showing lips and cervical alae 

Fig.2 Posterior end of male, showing prominent preanai sucker, spicules 

and arrangement of papillae 

Fig.3 Posterior end of female, showing opening of anus 

Fig.'^ Vulvar opening in female 

Fig.5 Egg 
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PLATE 1.7 Heterakis gallinae (Photomicrographs) 

Fig.l Anterior end (scale bar = 0.2 mm) 

Fig.2 Posterior end of the male, showing caudal papillae and spicule 

(scale bar = 0.2 mm) 

Fig.3 Vulvar region in the female (scale bar = 0.2mm) 

Fig.* Caudal end of the female, showing long, slender tail (scale bar 

= 0.2 mm) 

Fig.5 Egg (scale bar = 0.015mm) 



PLATE 1.7 
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subequal la tera l bursal wings present on ei ther side of t a i l , supported by pedun­

culate papi l lae. Preanal sucker w i th chit inous r i m , not very close to anus; 

anal opening oval w i t h def in i te wal ls . Caudal papil lae twelve pairs, s i tuated 

on ventral side of caudal extrennity? f ive pairs w i t h long peduncles, project ing 

into alae; of the remaining pairs four postanals, two sessile adanals, four 

ray- l ike adanals, two ray- l ike preanals; la t te r at sides of preanal sucker; 

of adanals, sessile papil lae close to anus, second pair of ray- l ike adanals 

largest touching outer bursal membrane; of postanals, f i rs t pair large, th i rd 

and four th pairs overlapping each other. Spicules unequal, dissimilar w i th 

prominent alae; r ight spicule longer w i th narrower alae and simple conical 

t i p , le f t spicule possessing very broad alae, its t i p forming character is t ic 

double curve. Gubernaculum labsent . 

Female 

Tail tapering poster ior ly to sharp point , pair of smal l , caudal papil lae 

present just near to its t i p . Vulva inconspicuous, lying near middle of body. 

Vagina highly muscular, its termina l por t ion running poster ior ly f rom vulva. 

Uterus forming several anteroposterior loops, and disposed in two apparently 

opposed branches. Eggs th ick shelled, el l ipsoidal , unsegrnented. 

The morphometr ic measurements of this species are given in Table 1.3. 

Host Fowl 

Locat ion Intest inal caecum, f requent ly intest inal lumen 

Locality Shil long, Mairang, Nongstoin, Jowai 



TABLE 1.3 : Heterakis qallinae (Gmelin, 1790) Freeborn, 1923 : morphometric 
measurements 

Characters 
Male 

Range Mean 

Female 

Range Mean 

Body : 

Oesophagus ; 

. § 
Nerve r ing 

Tail : 

Caudal alae: 

Preanal 
sucker : 

Spicules : 

Vulva^ 

Vagina : 

Eggs ; 

length 

w id th 

: l e n g t h 

w id thO j ' f 

length 

length 

w id th 

diameter 

d is tance** 

length(L) 

(R) 

length 

length 

w id th 

7.5-10.0 

0.22-OAa 

0.86-1.0 

0.09-0.12 

0.25-0.30 

0.37-0.^6 

0.09-0.12 

0.09-0.15 

0.04-0.07 

0.14-0.19 

0.70-0.81 

1.2-1.7 

-

-

-

• 

8.5 

0.31 

.0.92 

0.11 

0.27 

0A3 

0.11 

0.13 

0.6 

0.17 

0.7* 

^AB 

-

-

-

8.5-12.0 

0.26-0.35 

0.82-0.93 

0.09-0.12 

0.25-0.36 

0.66-0.97 

-

-

-

-

-

-

5A -7.6 

0.25-0.30 

0.05-0.08 

0.02-O.at 

10.2 

0.29 

0.88 

0.10 

0.28 

0.79 

-

-

-

-

-

-

7.01 

0.27 

0.06 

0.03 
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Remarks 

K. qall inae has been recorded f rom a var iety of gal l inaceojs birds 

in the Zoological Gardens, Ca lcu t ta , by Baylis and Daubney (1922), Chandler 

(1926), and Maplestone (1932a), Gmel in (1790) f i r s t described the parasite and 

placed in the genus Ascaris (Linnaeus, 1758). Fro l ich (1791) redescribed i t 

and assigned i t to a new genus Heterek is . Zeder (1800) created a qenus Fusaria 

but Gmel in named the type species as qal l inae. A f te r Fro l ich (1791), this 

worm was considered as JH. vesicularis t i l l Freeborn (1923) reintroduced the 

cor rect name Heterakis qall inae (Gmel in, 1790). 

The present observations are in conformi ty w i t h those of Baylis (1936a) 

and Deo (1964) except for minor deviations w i th regard to the length of the 

body and t a i l , and distance of vulva f rom the posterior end. 

Fami ly Kathlani idae (Lane, 1914) Travassos, 1918 

Subfamily Cruzi inae (Travassos, 1917) Or t lepp, 192ft 

Genua Pseudocruzia Wolfgang, 1953 

Pseudocruzia or iental is (Maplestone, 1930b) Wolfgang, 1953 

(Syn. Cruzia or iental is Maplestone 1930b) 

(Plates 1.8, 1.9) 

The co l lect ion comprised a single male and several female specimens 

of this species. 

Description 

General 

Medium-sized worms, body th icker in middle, tapering towards ei ther 



PLATE 1.8 Pseudocruzia orientalis 

Fig.l Anterior end, showing lips, cephalic papillae, and pharynx containing 

parallel rows of teeth 

Fig.2 The same extended posteriorly to show the diverticulum of intestine 

Fig.3 Posterior end of male, showing spicules and arrangement of papillae 

at caudal extremity 

Fig.* Posterior end of female, showing opening of anus 

Fig.5 Vulvar region in female 

Fig.6 Egg 
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PLATE 1.9 Pseudocruzia orientalis (Photomicrographs) 

Fig. l Anter ior end (scale bar = 0.2 mm) 

Fig.2 Oesophageal region, showing intest inal d iver t icu lum (scale bar 

= 0.3 mm) 

Fig.3 Posterior end of male, showing caudal papil lae (scale bar = 0.2mm) 

Fig.<f Vulvar region in female (scale bar = 0.3 mm) 

Fig.5 Posterior end of female (scale bar = 0.2mm) 

Fig.6 Egg (scale bar =0lO5 mm) 



PLATE 1.9 
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ends. Cephalic ex t remi ty separated f rom rest of body by marked const r ic t ion. 

Head w i t h three subtrianguiar lips separated f rom one another by subsidiary 

lobes; lips possessing widely in f la ted cu t i c le , double pap i l l i fo rm processes 

on inner surface at mouth opening, dorsal l ip at very prominent la tera l angles, 

ventro latera l l ip marked o f f f rom body by deep groove. Pharynx three sided, 

w i th narrow lumen, strongly chit inizecj, armed w i t h three rows of about twenty 

two denticles pro ject ing at r ight angles into lumen; tee th of same size. 

Oesophagus w i t h large spherical bulb and small prebulbar swel l ing; 

bulb not constr ic ted o f f f rom corpus. Intestine w i t h anter ior ly d i rected d i v e r t i ­

cu lum. 

Male 

Tail conica l , caudal alae vary smal l . Ventral surface of preanal region 

rugose. Caudal muscles wel l developed, fo rm oblique bundles, not aggregated 

into sucker- l ike organ. Ten pairs of sessile caudal papil lae present - four 

pairs postanal, three pairs adanal, three pairs s i tuated in preanal region. 

Spicules equal, a la te. Large subtrianguiar gubernaculum present. 

Female 

Tail tapering gradually to point . Vulva not very prominent , si tuated 

sl ightly in f ront of middle of body. U te r i opposed. Eggs re la t ive ly large, w i th 

th ick rugose shel l . 

The measurements of the body and its organs are given in Table ^Jx. 



TABLE 1A : PseudocrijCeia orientalis (Maplestone, 1930b) Wolfgang, 1953 : 

morphometric measurements 

Characters 

Body : 

Pharynx : 

length 

w id th 

length 

Oesophagus : length 

WidthCB) 

Intest inal 
caecum : length 

Tail : 

Spicules i 

Vulva^ 

Eggs : 

length 

length 

Male 

15.0 

0.72 

0.23 

2.25 

9.1^ 

1.08 

0.28 

0.72 

Female 

Range 

16.2-18.0 

0.72-O.Bv 

0.25-0.27 

2.3^-2.61 

0.12-0.16 

1.26-1.69 

0.61-0.6a 

length 

w id th 

6A 8-7.92 

0.10-0.11 

0.05-0.06 

Mean 

16.9 

0.76 

0.26 

2.50 

0.15 

0.62 

7.15 

0.10 

0.05 
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Host 

Location 

Locality 

Pig 

Caecum 

Shil long, Nongstoin 

Remarks 

Original ly described as Cruzia or ienta l is by Maplestone (1930b) f rom 

pigs in Ca lcu t ta , this species was accommodated in Fami ly Kathlani idae 

Travassos, 1918 by Baylis (1936a). Later on, i t was placed in a new genus 

Pseudocruzia erected by Wolfgang (1953) and classif ied under fami ly Cruzi idae 

Yorke et Maplestone, 1926 by Yamagut i (1961). Wolfgang just i f ied the erect ion 

of a new genus on the basis of the pecul iar cephalic structures and the oesopha­

geal bulb const r ic t ion and also suggested that fur ther investigation may 

establish a rept i l ian host for Pseudocruzia and show that i t is a pseudoparasite 

for pigs. Chabaud (1978) assigned the genus to the subfamily Cruzinnae under 

fami ly Kathlani idae. 

It may be mentioned here that fo l lowing Maplestone's record of 1930, 

there has been h i ther to no report of the occurrence of P. or iental is in suids 

elsewhere in India or abroad. The or iginal descript ion provided by Maplestone 

(1930b) has been supplemented herein. The present observations ta l ly w i th 

those of Maplestone (193Gb) in al l respects except for minor deviations w i t h 

regard to the length of oesophagus, caecum and spicules. 

Family Strongyloididae Chi twood et Mcintosh, 193a 

Genus Stronqyloides Grassi. 1879 

Stronqyloides sp. 
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(Plates 1.10, 1.11). 

The col lect ion comprised only a single female specimen. 

Description 

Body slender, at tenuated anter ior ly , 9.0 long. Buccal capsule reduced, 

wi thout tee th . Oesophagus cy l indr ica l w i th swel l ing at posterior end, 0.30 

long. Tail tapering to point , 0.14 long, 0.04 in w id th . Vulva si tuated at 5.50 

f rom anter ior end of body, opening d i rec t ly into uter ine branches; la t ter 

opposed. Eggs few, re la t ive ly large, oval , th in shelled, segmented, 0.05-0.06 

in length; Q.025-Q.03 in w id th . 

Host 

Location 

Locality 

Fowl 

Intest inal caecum 

Shillong 

Remarks 

On the basis of a short buccal capsule, a markedly elongated and 

slender oesophagus wi thout a d ist inct posterior bulb, short and conical ta i l 

and character is t ic posit ion of the vulva ( i .e. , posterior half of the body) the 

specimen was ident i f ied as belonging to the genus Stronqyioides. Only one 

species, i.e., Stronqyioides avium is known to represent the genus in fowl 

(Soulsby, 1982). The specimen under observation d i f fers markedly f rom S, 

avium in respect of the length of the body and oesophagus, which is 2.2 and 

0.7mm, respect ively, in the la t te r species. 



PLATE 1.10 Strongyloides sp. - female worm 

Fig.l Anterior end 

Fig.2 Posterior end 

Fig.3 Vulvar region 

Fig.* Egg 



P L A T E - I I O 

e 
E 

E 
E 

-i 
O 10 mm 



PLATE 1.11 Strongyloides sp. - female (Photomicrographs) 

Fig.l Anterior end (scale bar = 0.2 mrri) 

Fig.2 Posterior region (scale bar = 0.2 mm) 

Fig.3 Vulvar region possessing characteristic big-sized eggs (scale bar = 0.2mm) 



PLATE 1.11 
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The ident i f i ca t ion of the species level has been kept pending for want 

of more specimens. However, it is the f i rs t record of the genus Stronqyloides 

in domestic fowl of India. 

Fami ly Chabert i idae (Popova, 1952) L ichtenfe ls , 1980 

Subfamily Oesophagostominae Ra i l l i e t , 1916 

Genus Bourqelat ia Ra i l l i e t , Henry at Bauche, 1919 

Bourqelat ia diducta Ra i l l i e t , Henry et Bauche, 1919 

(Plates 1.12, 1.13) 

The co l lect ion comprised several hundred specimens of this species. 

Descr ipt ion 

General 

Small-sized worms, mi lky whi te in colour. Mouth d i rected straight 

forwards. Cut ic le w i th we l l marked transverse str iat lons throughout length 

of body. One pair of cerv ica l papil lae symmetr ica l ly placed near middle of 

oesophagus. Two sets of corona radiatae present, external composed of twenty 

one large pointed elements, internal having same number of b i f id elements. 

Buccal capsule shallow, cy l indr ica l , more wide than deep, its wal l th ick , c o m ­

posed of two pondions - anter ior r ing shaped, surrounding basis of leaf crown, 

posterior more or less continuous w i t h cut icu lar l in ing of wide shallow oesopha­

geal funnel. Oesophagus swollen poster ior ly w i th t r iva lved apparatus at its 

base. 



PLATE 1.12 BourRClatia diducta 

Fig.l Anterior end, showing corona radiatae and a pair of cervical papillae 

Fig.2 Posterior region of male, showing spicules, prebursal papillae and 

arrangement of rays in bursa 

Fig.3 Posterior region of female, showing opening of vulva and anus 

Fig.* Egg 
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PLATE 1.13 Bourgelatia diducta (Photomicrographs) 

Fig.l Anterior end (scale bar = 0.2mm) 

Fig.2 The same enlarged to show more clearly elements of corona radiata 

(scale bar = 0.15 mm) 

Fig.3 Posterior region of male (scale bar = 0.2 mm) 

Fig.'j Vulvar region of female (scale bar = 0.2 mm) 

Fig.5 Posterior region of female, showing opening of anus (scale bar = 0.2mm) 

Fig.6 Egg (scale bar = 0.01mm) 
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Male 

Bursa wel l developed, w i t h bursal rays at por ter ior end of body, incised 

near t ips of ventra l rays, giving appearance of a pair of addit ional lobes; 

ventra l rays c le f t to base, paral le l and closely applied to each other, an tero­

lateral ray somewhat shorter than, but not divergent f r o m , remaining lateral 

rays; externodorsal short , or ig inat ing high up on main dorsal s tem; dorsal 

short, b i furcated deeper than proximal branches. Geni ta l cone pointed w i th 

large papi l la on each side of its base, but i l l def ined. Spicules long, equal, 

having transverse alae. Gubernaculum indist inct . 

Female 

Posterior ex t remi ty s t ra ight , ending in sharp point . Caudal papil lae 

one pair, symmetr ica l ly placed naar t i p . Vulva opening near anus. Vagina 

short, uter ine branches para l le l ; ovejectors J-shaped, usually laden w i th three 

mature eggs. Eggs th in shelled, segmented. 

The measurements of the body and its organs are given in Table 1.5. 

Host Pig 

Location Caecum and colon 

Loca l i ty Shil long, Nongstoin^Markasa, Mairang, Sohiong 

Remarks 

This species was or iginal ly recorded f rom Annam, has also been recorded 

in other regions of India - f rom Bengal (Maplestone, 1930a) and Kerala (Thomas 

and Peter, 1975). 



TABLE 1.5 ; Bourqelatia diducta Rail l iet , Henry et Bauche, 1919 : morphometric 
measurements 

Male Female 
Characters 

Range Mean Range Mean 

Body : 

Buccal 
capsule : 

Oesophagus 

Cerv ica t 
papil lae 

Spicules : 

Tail : 

length 

w id th 

length 

w id th 

: length 

width(B) ' ' 

length 

length 

Caudal papi l lae* 

Vu lva* * 

Eggs : length 

w id th 

8.0-10.0 

OA 1 -0.50 

0.05-0.06 

O.m -0.08 

G.6a-0.71 

0.18-0.23 

OA 3-0 A 8 

1.05-1.17 

-

-

-

-

9.2 

0A5 

0.05 

0.07 

0.68 

0.19 

0.4 6 

1.12 

-

-

-

-

10.0-12.0 

QA 6-0.55 

0.05-0.07 

0.05-0.07 

0.73-0.80 

0.20-0.23 

OAA -0.50 

-

0.34 -OA 1 

0.11-0.14 

0.50-0.5 7 

0.04 -0.05 

0.027-0.036 

10.8 

0.50 

0.06 

0.06 

0.76 

0.21 

0.4 6 

-

0.38 

0.12 

0.54 

0.051 

0.031 
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The present observations ta l ly more or less w i t h those of Ra i l l ie t et^aU 

(1919) and Maplestone (1930a), except for minor var ia t ion in the posit ion 

of caudal papil lae in females; Ra i l l ie t et^ aU (1919) mentioned these to be 

placed asymmetr ica l ly . The species is of rather rare occurrence in pigs of 

India and is being reported for the f i rs t t ime f rom north-east India, Meghalaya 

in par t icu lar . 

Genus Oesophaqostomum Mol in , 1861 

Subgenus Bosicola Sandground, 1929 

Oesophaqostomum (Bosicola) radiatum Travassos et 

Vogelsang, 1932. 

(Syn. B. t r i co l la r is Sandground, 1929) 

(Plates l . i a , 1.15) 

A fa i r ly good number of worms of this species was col lected f rom the 

hosts. 

Description 

General 

iviedium-sized worms; anter ior end bent l ike hook. Cephalic in f la t ion 

wel l developed, w i t h narrow annular const r ic t ion behind its middle, l im i ted 

behind by prominent cerv ical groove which runs complete ly around neck and 

extends fur ther back dorsally and vent ra l ly , forming dorsal and ventral c u t i -

cular f laps. Latera l alae wel l developed, beginning at cervical groove, extending 

throughout almost whole length of body. Cerv ical papil lae quite prominent 

si tuated at middle of oesophagus, l i t t l e behind posterior l im i t of cephalic • 



PLATE 1.1*̂  OesophaROStomum (Bosicola) radiatum 

Fig.l Anterior end, showing corona radiata, cervical groove, and a pair 

of cervical papillae 

Fig.2 Posterior end of male, showing spicules emerging from bursa 

Fig.3 Posterior region of female, showing opening of vulva and anus 

Fig.'^ Same enlarged to show a pair of minute papillae near tip of tail 

Fig.5 Egg 
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PLATE 1.15 Oesophagostomum (Bosicola) radiatum (PhotomicroRraphs) 

Fig.l Anterior end (scale bar = 0.15 mm) 

Fig.2 Posterior end of male (scale bar = 0.2 mm) 

Fig.3 Posterior region of female, showing opening of anus (scale bar = 0.2mm) 

Fig.'^ Egg (scale bar = 0.02 mm) 



PLATE 1.15 



PLATE 1.16 OesophaROStomum (Oesophagostomum) dentatum 

Fig.l Anterior end, showing corona radiatae, cervical groove, and a 

pair of cervical papillae 

Fig-2 Posterior end of male, showing spicules, a pair of prebursal papillae 

and arrangement of rays in bursa 

Fig.3 Posterior end of female, showing opening of vulva and cinus 

Fig.f Egg 
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in f la t ion . External corona radiata absent; internal corona radiata comprising 

about for ty elements, represented by a r ing of small denticles at anter ior 

border of buccal capsule; buccal capsule shallow, cy l indr ica l , s l ight ly wider 

in f ront than behind. Oesophagus club shaped, its funnel wel l developed, 

Male 

Bursa wel l developed; ventral ray c l e f t ; mediolateral and posterolateral 

rays closely applied to each other, somewhat divergent f rom anterolateral 

rays; externodorsal or ig inat ing high up on main stem of dorsal; dorsal divided 

into two divergent termina l branches, each of which gives o f f a short la tera l 

t w i g . Spicules equal, a la te. Gubernaculum present. 

Female 

Posterior end sl ight ly curved vent ra l ly ; t a i l s t ra ight , tapering to shar-p 

point , provided w i th one pair of small papil lae l i t t l e anter ior to its t i p . Vulva 

rather prominent , s i tuated in f ront of posterior end; uter ine branches para l le l . 

Vagina very short , transverse, leading into kidney-shaped vestibule of ovejectors. 

Eggs th in shelled, segmented. 

The measurements of the body and its organs are given in Table 1.6. 

Host Ca t t l e 

Location Small intestine 

Locality Shil long, Nongstoin, Markasa 



TABLE 1.6 : Oesophaqostomum (Bosicola) radiatum (Rudolphi, 1803) Travassos 
et Vogelsang, 1932 : morphometric measurements 

Characters 

Body : 

Cephalic 
vesicle : 

Oesophagus 

§ 
Nerve r ing 

Spicules : 

Tail : 

Vulva* 

Eggs : 

length 

w id th 

length 

: length 

width(B)^ 

length 

length 

length 

w/idth 

Male 

Range 

9.7-12 A 

0.20-0.23 

0.19-0.23 

0.50-0.55 

0.07-0.09 

0.17-0.19 

OJi 6-0.54 

-

-

-

Mean 

11.2 

• 0.22 

0.20 

0.53 

0.08 

0.18 

0.A9 

-

-

-

Female 

Range 

13.2-14.9 

0.29-0.34 

0.19-0.23 

0.56-0.63 

0.11-0.12 

0.18-0.20 

-

0.27-0.33 

0.73-0.92 

0.05-0.07 

0.02-0.03 

Mean 

13.9 

0.32 

0.20 

0.60 

0.11 

0.19 

-

0.30 

0.83 

0.06 

0.03 
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Remarks 

Agreeing w i th the subgeneric divisions of the genus by Rai l l ie t and 

Henry (1913), Travassos and Vogelsang (1932) added Bosicola Sandground, 

1929 as another subgenus under Oesophaqostomum. However, Baylis (1936a) 

described this species as Bosicola radiatus (Rudolphi, 1803). 

The present observations ta l ly w i t h Baylis ' (1936a) descript ion in al l 

respects except for some minor variat ions w i t h regard to the fo l lowing: the 

length of body, oesophagus, spicule and ta i l . According to Baylis' (1936a) 

descript ion these vary: body length - male 1A-1 7mm, female 16-22mm; oesophagus 

length I m m j spicule length 0.7-0.8mm; and ta i l length 0.3-OUtmm. The cephalic 

vesicle was found to be more prominent as compare to that of shown in f igure 

by the la t ter author. This is the f i rs t report of the occurrence of this species 

in north-east India, and Meghalaya in par t icu lar . 

Subgenus Oesophaqostomum Mol in , 1861 

Oesophaqostomum (Oesophaqostomum) dentatum (Rudolphi, 

1803) Mol in , 1861 

(Syn. Stronqylus dentatus Rudolphi , 1803; _0. subulatum 

Mol in , 1861) 

(Plates 1.16, 1.17) 

A large number of specimens of this species were col lected during 

the present survey of the hosts. 

Description 

General 

Mouth d i rected straight forwards. Cut ic le w i t h wel l -marked transverse 



PLATE 1.16 OesophaRostomum (Oesophagostomum) dentatum 

Fig.l Anterior end, showing corona radiatae, cervical groove, and a 

pair of cervical papillae 

Fig.2 Posterior end of male, showing spicules, a pair of prebursal papillae 

and arrangement of rays in bursa 

Fig.3 Posterior end of female, showing opening of vulva and anus 

Fig.* Egg 



P L A T E - I I 6 
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PLATE 1.17 Oesophagostomum (OesophaRostomum) dentatum 
(Photomicrographs) 

Fig. l Anter ior end, dorsal view (scale bar = 0.2 mm) 

Fig.2 Same as seen in ventral view (scale bar = 0.3 mm) 

Fig.3 Posterior end of male (scale bar = 0.2 mm) 

Fig.* Posterior region of female, showing opening of vulva and anus 

(scale bar = 0.2 mm) 

Fig.5 Egg (scale bar = 0.03. mm) 



PLATE 1.17 



[ 2 3 ] 

striations throughout length of body. Cervical or lateral alae absent. Pair 

of cervical papillae symmetrically placed behind middle of oesophagus, posses­

sing bristle-like terminat ions. Two corona radiatae present - external projecting 

beyond oral aper ture , with nine elements , one pair displaced on either side 

of oral aper ture , five closely packed together with pointed endings; internal 

having eighteen elements . Mouth collar with two lateral and four submedian 

head papillae which project forward conspicuously. Ventral cervical groove 

near anterior end, extending around ventrolateral aspects of body; cuticle 

anterior to groove dilated to form prominent cephalic vesicle, anteriorly 

beginning at base of mouth collar.Buccal capsule shallow, uniformily cylindrical, 

oesophagus club shaped, with prominent bulb a t its posterior end. 

Male 

Bursa well developed having bursal rays; ventral ray cleft; mediolaterals 

and posterolaterals fused proximally, somewhat divergent from anterolateral 

ray; externodorsal arising from common trunk with dorsal ray; la t ter divided 

into two divergent terminal branches, each of which gives off a short lateral 

twig. Spicules equal, a la te with blunt t ips. Gubernaculum present . 

Female 

Tail tapering to sharp point. Vulva li t t le anterior to anus. Ovejector 

single, J-shaped characterist ically laden with three mature eggs; uterine 

branches parallel, entering ovejector at its opposite ends. Eggs thin shelled, 

segmented. 

The measurements of the body ar\d its o^qaT^s are given in Table 1.7. 



TABLE 1.7 : Oesophaqostomum (Oesophaqostomum) dentatum (Rudolphi, 1803) 
N/lolin, 1861 : morphometric measurements 

Characters 
Male 

Range Mean 

Female 

Range Mean 

Body : 

Buccal 
capsule : 

Cephalic 
vesicle : 

Oesophagus 

Nerve r ing 

Spicules : 

Tail : 

Vu lva* * 

Eggs : 

length 

vy/idth 

length 

w id th 

length 

; l e n g t h 

width(B)^ 

length 

length 

length 

w/idth 

8.0-9.5 

0.35-0.^5 

0.009-0.013 

O.m 6-0.053 

0.16-0.19 

0.34-0.36 

0.08-0.10 

0.18-0.23 

0.77-1.19 

-

-

-

8.9 

OJiO 

0.011 

0.050 

0.17 

0.34 

0.09 

0.21 

0.96 

-

-

-

" 

8.0-13.0 

0A5-0.62 

0.009-0.013 

0.04 6-0.059 

0.15-0.20 

0.36-0;^ 3 

0.09-0.16 

0.16-0.22 

-

0.27-0.4 6 

0.36-Oji 2 

0.050-0.055 

0.027-0.030 

10.2 

0.52 

0.011 

0.051 

0.17 

0.39 

0.12 

0.20 

-

0.34 

0.41 

0.052 

0.031 
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Host Pig 

Location Large intestine and coion 

Locality Shil long, Nongstoin, Markasa, Riangdo, Jowai 

Remarks 

The genus Oesophaqostomum Mol in , 1861 was divided by Ra i l l ie t and 

Henry in 1913 into three subgenera, and the present species was accommodated 

in subgenus Oesophaqostomum (Oesophaqostomum) Mol in , 1861 mainly on 

the basis of the shape and degree of development of the oesophageal funnel . 

The species closely resembles in general appearance w i t h ^ . quadrispinulatum 

(Marcone, 1901) A l i ca ta , 1935 also parasi t iz ing the same host in India, only 

the shape of the oesophagus (oval) and the ta i l length (comparat ively short) 

d i f fe rent ia te the present species f rom the la t te r species, in which the oesophagus 

has a small but d is t inct swell ing at its anter ior end. 

The present descript ion supplements Baylis ' (1936a) by posit ion providing 

the posit ion of nerve r ing and length of cephalic vesicle. 

Subgenus Proteracrum Rai l l ie t et Henry, 1913 

Oesophaqostomum (Proteracrum) columbianum (Cur t ice, 

1890) Rai l ie t et Henry, 1913 

(Syn. Oesophaqostoma columbianum Cur t i ce , 1890) 

(Plates 1.18, 1.19) 

The col lect ion comprised several hundred specimens of ^ columbianum 

f rom d i f ferent local i t ies of the s ta te . 



PLATE 1.18 Oesophagostomum (Proteracrum) columbianum 

Fig.l Anterior end, showing corona radiatae, cervical groove, and a 

pair of cervical papillae 

Fig.2 P osterior end of male, showing spicules, a pair of prebursal 

papillae and arrangement of rays in bursa 

Fig.3 Posterior end of female, showing opening of vulva and anus 

Fig.* Egg 
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PLATE 1.19 OesophaRostomum (Proteracrum) columbianum (PhotomicroRraphs) 

Fig.l Anterior end (scale bar = 0.2 mm) 

Fig.2 Posterior end of male (scale bar = 0.2 mm) 

Fig.3 Vulvar region of female (scale bar = 0.2 mm) 

Fig.'f Posterior region of female, showing opening of anus (scale bar 

= 0.2 mm) 

Fig.5 Egg (scale bar = 0.0!lmm) 



PLATE 1.19 
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Description 

General 

Anter ior end curved dorsally into a hook. Cut ic le forming mouth -

col lar in fo rm of t runcated cone separated f r om rest of body by const r ic t ion; 

cerv ica l groove extending around ventra l surface of la tera l aspects of body, 

cu t ic le anter ior to this groove in f la ted to form cephalic vesicle. Latera l 

alae taking or ig in immediately behind cerv ica l groove, extending almost whole 

length of body except for j i t t l e distance in caudal region; anterior ext remi t ies 

of la teral alae pierced by cerv ical papi l lae. Buccal capsule shallow external 

corona radiata consisting of 20-24 elements, internal having two small elements 

to each of externa l . Oesophagus club shaped, w i t h oesophago-intestinal valve, 

encirc led by nerve r ing at its anter ior end. 

* 

Male 

Bursa wel l developed; of bursal rays - ventra l ray c le f t , mediolateral 

and posterolateral rays fused prox imal ly , externo-dorsals arising f rom common 

trunk w i th dorsal, la t te r divided into two divergent te rmina l branches, each 

of which gives o f f short la tera l t w i g . Pair of prebursal papil lae present. Spicules 

equal, alate w i t h blunt t ips. Gubernaculum not d is t inc t . 

Female 

Tail tapering to f ine point , bearing pair of t iny papil lae just near its 

t i p . Vulva sl ight ly prominent , opening l i t t l e anter ior to anus. Vagina very 

short; transverse, leading into kidney-shaped vestibule of ovejectors. Eggs 

th in shelled, segmented. 

The measurements of this species are given in Table 1.8. 



TABLE 1.8 : Oesophaqostomum (Proteracrum) columbianum (Curtice, 1890) 
Raill iet at Henry, 1913 

Characters 

Body : 

Buccal 
capsule: 

Cephalic 
vesicle: 

Oesophagus 

Spicules : 

Tail : 

Vulva* 

Eggs : 

length 

w/idth 

length 

v/idth 

length 

; length 

width(B) ' ' 

length 

length 

length 

w id th 

Male 
Range 

12.0-15.0 

OAA-0.52 

O.m -0.05 

0.07-0.08 

0.21-0.2 7 

0.72-0.90 

0.18-0.21 

0.75-0.93 

-

-

-

: morphometric 

Mean 

13.6 

0 A 7 

0.045 

0.075 

0.24 

0.79 

0.19 

0.86 

-

-

-

" 

measurements 

Female 
Range 

1 7.0-20.0 

0.52-0.62 

0.04 -0.05 

0.06-0.09 

0.23-0.29 

0.77-0.86 

0.18-0.021 

-

OA1 -OA 8 

1.1-1.2 

0.064 -0.069 

0.02-0.04 

Mean 

18.1 

0.58 

0.04 6 

0.08 

0.25 

0.81 

0.20 

-

0A3 

1.17 

0.068 

0.03 
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Host Goat, Sheep 

Location Caecum, large intgestine 

Locality ShUlong, Nongstoin, Sohiong, Markasa 

Remarks 

This species is ubiquitous in occurrence and has been reported f rom 

t ime to t ime f rom d i f ferent parts of the Indian Sub-Continent (Bhalerao, 

193Ab,i935; Khera, 1954; Bhatia and Pande, 1961). On the basis of re lat ive ly 

short spicules and vagina, and the posit ion of cerv ica l papil lae in re la t ion 

to the oesophageal expansion, i t was assigned to the subgenus Proteracrum 

by Rai lHet and Henry (1913). The species has occasionally been recorded 

f rom ca t t le (Bayiis, 1936a). Except for the gubernaculm v/hich could not 

be observed clearly in the male specimens al l other observations ta l ly closely 

w i t h the descript ion provided by Bayiis (1936a). Meghalaya forms a new loca­

l i t y record for this species. 

Subgenus Hysteracrum Rai l l ie t et Henry, 1913 

Oesophaqos tomum ( H y s t e r a c r u m ) aspersum Rai l l ie t 

et Henry, 1913 

(Syn. Q. aspersum Rai l l ie t et Henry, 1913) 

(Plates 1.20, 1.21) 

The co l lect ion comprised several hundred specimens of the {O.) (H.) 

aspersum f rom d i f ferent local i t ies of the s ta te . 



PLATE 1.20 Oesophagostomum (Hysteracrum) aspersum 

Fig. l Anter ior end, showing corona radiatae cerv ical groove, and a 

pair of cerv ica l papil lae (behind the oesophagus) 

Fig.2 Posterior end of male, showing spicules, a pair of prebursal papi­

l lae and arrangennent of rays in Dursa 

Fig.3 Posterior region of female, showing opening of vulva and anus 

F i g . * Egg 
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PLATE 1.21 Oesophagostomum (Hysteracrum) aspersum (Photomicrographs) 

Fig. l Anter ior end (scale bar = 0.2 mm) 

Fig.2 Posterior end of male, dorsal view (scale bar = 0.2 mm) 

Fig.3 The same as seen in ventral view (scale bar = 0.2 mm) 

FigA Posterior region of female, showing vulva and anal opening (scale 

bar = 0.2 mm) 

Fig.5 Egg (scale bar»0.02 mm) 



PLATE 1.21 
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Descr ipt ion 

General 

Mouth-col lar in fo rm of t runcated cone, marked of f by a wel l -def ined 

groove poster ior ly . Cephalic in f la t ion of cu t ic le very we l l developed. Pair 

of cerv ica l papil lae s i tuated l i t t l e behind oesophago-intestinal valve. Cervical 

groove wel l marked ventra l ly , extending l i t t l e behind la tera l l ine. External 

corona radiata consisting of twelve blunt ly rounded elements, internal crown 

having twenty four small elements. Buccal capsule shallow, its base at level 

of posterior l im i t of mouth-co l lar . Oesophagus club shaped, possessing oesophago-

intest inal valve. Nerve r ing lying just behind cerv ica l groove. 

Male 

Bursa wel l developed, w i th fo l lowing arrangement of rays in i t : ventral 

ray c l e f t ; mediolateral and posterolaterals fused prox imal ly , externodorsals 

arising f rom common trunk w i th dorsal; la t te r divided into two divergent 

branches, each of which gives o f f a short la tera l branch. Pair of prebursd 

papil lae present in f ront of bursa. Spicules pai red, equal. Accessory piece 

present, handle of shovel missing or sometimes represented by smal l , rounded 

knob. 

Female 

Tail tapering abrupt ly , bearing pair of very small papil lae just near 

its t i p . Anus rather prominent . Vulva si tuated at l i t t l e distance f rom posterior 

end of body. Vagina long, opening into re la t ive ly anter ior ly placed ovejectors. 

Eggs oval , th in shelled. 
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The morphometr ic mesurements of this species are given in Table 1.9. 

Host Goat, Sheep 

Locat ion Caecum and large intest ine 

Loca l i t y Shil long, Nongstoin, Jowai , Markasa, Rlangdo 

Remarks 

Ra i i l ie t and Henry (1913) erected a subgenus Hysteracrum for the recep­

t ion of this species based on the length o f spicules and vagina and the posit ion 

of cerv ical papil lae in re la t ion to the oesophageal expansion. This parasite 

has earl ier been described f rom several states in India (Thapar 1956; Alw/ar 

and LalJtha, 1961; Bhatia and Pande, 1961; Patnaik, 196ft). The species, namely 

_0. indicum Maplestone, 1930a f rom sheep and deer, and jO. bhandari Rao 

et Bhatavadekar, 1958 f rom goat are considered synonym of O. aspersum 

(see Sarw/ar, 195 7; Patnaik, 196ft). 

Except for minor morphometr ic and s t ructura l var iat ions, such as the 

absence of cerv ica l papil lae and gubernaculum in few specimens, the observa­

tions ta l ly closely w i th those provided by Bayll is (1936a). Meghalaya forms 
* 

a new local i ty record for this species. 



TABLE 1.9 ; Oesophaqostomum (Hysteracrum) aspersum Raill iet et Henry, 1913 
morphometric measurements 

^. . Male Female 
Characters Range Mean Range Mean 

Body : 

Buccal 
capsule : 

Cephalic 
vesicle : 

Oesophagus ! 

Cerv ica l pap 

Spicules : 

Tail : 

Vulva* 

Caudal papill 

Eggs : 

length 

w/idth 

length 

w/idth 

length 

; length 

width(B)^ 

i l lae^ 

length 

length 

lae* 

length 

w id th 

11.0-1A.0 

0.39-0^ 6 

O.Ot -0.05 

0.05-0.08 

0.27-0.3^ 

0.66-0.7* 

0.16-0.19 

0.91-0.10 

1.30-1.72 

-

-

-

-

12.5 

0A3 

0.05 

0.07 

0.28 

0.69 

0.18 

1.01 

^J^9 

-

-

-

-

" 

15.0-17.0 

OA 6-0.50 

0.05-0.06 

0.06-0.07 

0.27-0.36 

0.75-0.85 

0.18-0.23 

1.10-1.19 

-

0.14-0.17 

0.34-0.37 

0.06-0.07 

0.06-O.OB 

0.03-0.0:* 

15.8 

0 ^ 8 

0.06 

0.07 

0.31 

0.79 

0.21 

1.16 

-

0.16 

0.35 

0.06 

0.07 

O.&i 
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Family Syngamidae Leiper, 1912 

Subfamily Stephanurinae Ra i l l i e t , Henry et Bauche, 1919 

Genus Stephanurus Diesinq. 1839 

Stephanurus dentatus Diesinq, 1839 

(Syn. Sclerostomum renium Drabble, 1922) 

(Plates1.22, 1.23) 

A large number of specimens of this species were co l lected. The worms 

were found st ick ing w i t h perirenal f a t . 

Description 

General 

Medium-sized worms, body re lat ive ly stout , curved vental ly at anterior 

end. Cut ic le transparent, internal organs part ly visible through i t . Mouth 

c i rcu lar , d i rected straight forwards provided w i t h external corona radiata 

consisting of about f i f t y to f i f t y f ive small elements? cut ic le surrounding 

mouth re f lec ted external ly to fo rm six thickenings - epaulettes, two median, 

four submedian, dorsal and ventra l thickenings most prominent. Buccal capsule 

wel l developed, cup shaped, thick wal led, w i t h six variable sized teeth at 

i ts base. Oesophagus club shaped. Intestine considerably longer than body, 

in convoluted f o r m . 

Male 

Bursa in degenerate fo rm, very short , subterminai ; busal rays short, 

stout ; ventral rays c l e f t ; externodorsal arising separately f rom dorsal; dorsal 

divided distal ly into two b id ig i ta te l imbs; lateral rays closely applied to each 



PLATE 1.22 Stephctnurus dentatus 

Fig.l Anterior end, showing buccal capsule containing teeth inside 

Fig.2 Posterior end of male, showing spicules and a poorly developed 

bursa 

Fig.3 Posterior region of female, showing opening of vulva and anus 

Fig.* Egg 
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PLATE 1.23 Stephanurus dentatus (Photomicrographs) 

Fig.l Anterior end (scale bar = 0.3 mm) 

Fig.2 Posterior end of male (scale bar - 0.3 mm) 

Fig.3 Posterior region of female, showing opening of vulva and anus 

(scale bar = 0.3 mm) 

Fig.(> The same, showing cuticular inflations (scale bar = 0.3 mm) 

Fig.5 Egg (scale oar = 0.O5 mm) 
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other; posterolateral ray th icker than other two . Spicules equal, w i th t rans­

versely s t r ia ted alae, sl ight ly swollen at t ips. Gubernaculum f la t tened, heart 

shaped. 

Female 

Body bent vent ra l ly , almost at r ight angle, behind vulva. Tail short, 

abruptly at tenuated behind anus, bearing pair of globular la tera l cut icular 

processes. Vulva l i t t l e in f ront of anus. Vagina very short , leading into paired 

uter ine branches, la t te r opposed at f i r s t , posterior branch turning forward 

almost at once to run paral le l w i th other. Eggs el l ipsoidal, th in shelled. 

The measurements of the body and its organs are given in Table 1.10. 

Host Pig 

Location Renal and perirenal tissues • 

Locality Shil long, Nongstoin, Mairang, Jowai 

Remarks 

Only a single species v iz . S. dentatus is known to represent the genus. 

According to BayJis (1936a) the Indian or ig in of the specimens recorded as 

Ŝ . dentatus in the co l lect ion of the Zoological Survey of India by Bay lis and 

Daubney (1923) is doubtfu l as this mater ia l was supposed to have come f rom 

some other place. However, the species has been reported in domestic pigs 

of Madhya Pradesh and Kerala (Shrivastav and Shah, 1968; Thomas and Peter, 

1975) and Meghalaya forms a new local i ty record for this species. 



TABLE 1.10 : Stephanurus dentatus Diesing, 1839 : morphometric measurements 

Characters ^^^^ Female 
unaraccers Range Mean Range Mean 

Body : 

Buccal 
capsule ; 

Oesophagus 

Spicules : 

Tail : 

Vulva* 

Eggs : 

length 

w id th 

length 

w id th 

; l e n g t h 

length 

w id th 

length 

length 

w id th 

22.0-28.0 

^.2^-^M 

0.15-0.17 

o.ia-o.i7 

0.98-1.39 

0.93-1.0 

0.03-0.07 

-

-

-

25.6 

1.36 

0.16 

0.16 

1.23 

0.97 

0.05 

-

-

-

" 

29.04 2.0 

1.60-1.87 

0.14-0.17 

0.15-0.17 

1.19-1A9 

-

-

0.51-0.60 

1.4 3-1.89 

0.08-0.09 

0.05-0.06 

36.0 

1.76 

0.16 

0.16 

1A0 

-

-

0.55 

1.70 

0.09 

0.05 



[31 ] 

Family Ancyc los tomat idae (Looss, 1905) L ichtenfe ls , 1980 

Subfamily Ancylostomatinae Looss, 1905 

Genus Globocephaius Mol in , 1861 

Globocephalus connor f i l i i Lane, 1922 

(Plates 1.24, 1.25) 

The co l lect ion comprised several hundred specimens of this species. 

Description 

General 

Small-sized worms; body rather s tout , curved at both ends in l iv ing 

worms. Cut ic le w i t h marked transverse st r ia t ions. Cerv ical papil lae ver ruc i fo rm, 

lying at level of nerve r ing . Mouth d i rected anterodorsal ly. Buccal capsule 

deep, somewhat funnel shaped, supported anter ior ly by external chi t inoid 

r ing . Pair of t r iangular teeth present, of variable size, arising f rom posterior 

part of ventral wal l of capsule; posterior border of too th running to extreme 

posterior end of capsule, fused w i th its wal l some distance anter ior to its 

junct ion w i t h oesophagus. Oesophagus club shaped. Dorsal oesophageal gut ter 

prominent , extending almost near co l lar - l ike area surrounding mouth. 

Male 

Bursa wel l developed, having fo l lowing arrangement of rays in i t -

ventral ray c le f t for almost al l length; laterals emerging f rom common trunk, 

abrupt ly slender at distal end; externodorsal arising f rom trunk of dorsal 

ray; dorsal b i furcated at about middle, each branch terminat ing in th ree-

pronged processes, of which centra l process is somewhat longer. Prebursal 



PLATE l.Z't Gtobocephalus connorfilU 

Fig.l Anterior end, showing buccal capsule containing teeth, and a pair 

of cervical papillae 

Fig.2 Posterior end of male, showing spicules and arrangement of rays 

in Dursa 

Fig.3 Posterior end of female, showing opening of anus 

Fig.'t Vulvar opening in female 

Fig-5 Egg 
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PLATE 1.25 Globocephalus connorfilii (Photomicrographs) 

Fig.I Anterior end,dorsal view (scale bar = 0.2 mm) 

Fig.2 The same as seen in ventral view (scale bar = 0.2 mm) 

Fig.3 Posterior end o male, lateral view (scale bar = 0.2 mm) 

Fig.** The same as seen in ventral view (scale bar = 0.2 mm) 

Fig.5 Vulvar region in female (scale bar = 0.2 mm) 

Fig.6 Posterior end of female, showing opening of emus (scale bar 

0.2 mm) 

Fig.7 Egg (scale bar = CO f̂ mm) 



PLATE 1.25 
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papil lae conspicuous. Spicules slender, equal, curved dorsally at their t ips, 

elongated. Accessory piece present. 

Female 

Tail taper ing, pointed, bearing pair of small papil lae just near its t i p . 

Vulva not very prominent , opening sl ight ly posterior to mid43ody. Uter ine 

branches opposed. Eggs oval , th in shelled. 

The measurements of the body and its organs are given in Table 1.11. 

Host Pig 

Location Upper Small intestine 

Locality Shil long, Nongstoin, Riangdo, Sohiong 

Remarks 

Lane (1922) or ig inal ly described this species based on the mater ia l 

co l lected f rom the small intestine of pig in Samoa. Later , Yamagut i (1961) 

considered this species a synonym of G. urosubulatus Al lessandrini , 1909. 

How/ever, Maplestone (1930b) regarded the tv/o as d ist inct species. 

Only three species of Globocephalus are represented . in Indian sw/ine. 

These are G. urosubulatus Alessandrini , 1909; G. samoensis Lane, 1922 and 

G. connor f i l i i , a l l recorded f rom domestic pigs in Calcut ta by Maplestone 

(1930b). The nature of the buccal lancets is the only main feature to d is t in ­

guish the three species f rom one another. In G. samoensis the buccal lancets 

are bicuspid, whereas in the other two these are t r iangular ; however in 

G. urosubulatus the lancets reach up to the posterior part of the buccal capsule 

but do not do so in G. connor i f i l i i . 



TABLE 1.11 : Globocephaius connorfilii Lane, 1922 : morphometric measurements 

Male Female 
unaracters Range Mean Range Mean 

Body : 

Buccal 
capsule : 

Oesophagus 

Cerv ical paf 

length 

w id th 

length 

w id th 

: length 

width(B)^ 

) i l lae^ 

3.8-ft.8 

0.30-0.36 

0.11-0.18 

0.06-0.09 

0.4 5-0.81 

0.12-0.16 

0.4 3-0.4 6 

4.3 

0.33 

0.15 

0/07 

0.59 

0.14 

0A5 

t^.2-7,2 

0.39-0A5 

0.12-0.18 

0.07-0.13 

OA 8-0.81 

0.14-0.18 

0A3 -0A9 

6.2 

0.42 

0.15 

0.09 

0.55 

0.16 

0;:(6 

Spicules : length 0 A 2 - 0 A 6 0A4 

Tail : length - - 0.16-0.21 0.19 

Vulva* - - 1.9-2.1 2.0 

Eggs : length - - 0.05-0.06 0.05 

v»/idth - - 0.03-0.036 0.03 
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This species is being reported for the f i rs t t ime f rom north-east India, 

Meghalaya in par t icu lar . 

Subfamily Bunostominae (Rai i l ie t et Henry, 1909) Looss, 1911 

Genus Bunostomum Ra i i l i e t , 1902 

Bunostomum tr igonocephalum (Rudolphi, 1808) Ra i i l i e t 

1902 

(Syn. Strongylus tr iqonocephaius Rudolphi, 1808; 

B. kashinathi Lane, 1917a) 

(Plates 1.26, 1.27) 

The col lect ion comprised several hundred specimens of this species. 

Description 

General 

Worms considerably big in size. Anter ior end bent dorsal ly, so that 

buccal capsule opens anterodorsal ly. Buccal capsule re la t ive ly large, in fund i ­

bular, bearing at its base strong dorsal too th , w/ith large cone project ing into 

buccal cav i t y ; dorsal gut ter running along too th , carry ing duct of dorsal 

oesophageal gland; ventral margins of capsule bearing pair of chit inous plate ; 

lancets comprising two pairs, one vent ra l , other subventral , former pair ly ing 

near opening of oesophagus, la t te r in la tera l wal ls of capsule. Oesophagus 

club shaped. Cerv ical papil lae l i t t l e behind anter ior end of body. Nerve r ing 

at level of cerv ica l papi l lae. 

Male 

Bursa wel l developed w i th asymmetr ica l dorsal lobe; r ight externodorsal 



PLATE 1.26 Bunostomum trigonocephalum 

Fig.l Anterior end, showing buccal capsule and a pair of cervical papillae 

Fig.2 Posterior end of male, showing spicules and arrangennent of rays 

in bursa 

Fig.3 Posterior region of female, showing opening of anus (a pair of 

papillae is also visible just near to tip) 

Fig.* Vulvar opening in female 

Fig. 5 Egg 
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PLATE 1.27 Bunostomum trtgonocephalum (Photomicrographs) 

Fig.l Anterior end (scale bar = 0.2 mm) 

Fig.2 Posterior end of male (scale bar = 0.2 mm) 

Fig.3 Vulvar region of female (scale bar = 0.3 mrrt) 

Fig.'J Posterior end of female (scale bar = 0.2 mm) 

Fig.5 Egg (scale bar = O.O't mm) 



PLATE 1.27 
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ray long, slender, arising high up on main dorsal s tem; le f t externodorsal 

much shorter, arising at about level of b i fu rcat ion of dorsal ray; dorsal ray 

w i t h t r id ig i ta te terminat ions; posterolateral and mediolateral rays fused in 

thei r terminal port ions, separated d ista l ly ; ven t ra l , externodorsal and la tera l 

rays arising f rom large common t runk; ventral ray c l e f t . Spicules slender, 

a la te, sl ight ly tw/isted. Gubernaculum absent. 

Female 

Tail tapering to point , bearing pair of papil lae just l i t t l e short of 

its t i p . Vulva not so prominent, ly ing l i t t l e ahead of middle of body. Vagina 

short , fo l lowed by uter ine vagina forming part of ovejector ; sphincter present 

at junct ion of uter ine vagina and ovejector . Eggs w i th blunt ly rounded ends. 

The measurements of the body and its organs are given in Table 1.12. 

Host Goat 

Location Small intestine 

Locality Shil long, Nongstoin, Jowai , Markasa, Sohiong 

Remarks 

Lane (1917a) described a new species JB. kashinajh i , f rom goats in 

Darjeel ing d is t r i c t of Bengal and d i f fe ren t ia ted it f rom JB. tr iqonocephalum 

only on the basis of the shape of the buccal capsule. However, Yorke and 

iviaplestone (1926) considered B. kashinathi a synonym of B. t r iqonocephalum. 

The present observations ta l ly closely w i t h the descript ion provided 

by Baylis (1936a) except for minor d i f ference in the length of spicules. 



TABLE 1.12 : Bunostomum triqonocephalum (Rudolphi, 1908) Rail l iet, 1902 
: morphometr ic measurements 

r-u ^^f«..o f^a'e Female 
Characters ^^^^^^ ^^^^ P^^^gg ^^^^ 

Body : length 12.0-16.0 14.6 18.0-26.0 22.9 

w id th 0.36-0A1 0.39 0.5 7-0.68 0.61 

Buccal 
capsule : length 0.14-0.21 0.18 

w id th 0.14-0.18 0.16 

Oesophagus : l e n g t h 0.72-1.0 0.88 

width(B)^ 0.16-0.21 0.17 

Nerve r ing^ 0.55-0.73 0.58 

Cerv ical papi l lae^ OA 8-0.55 0.51 

Spicules : length 0.54-0.64 0.5 7 

Tail : length - - 0.27-0.36 0.30 

Vulva* - - 5.7-8.1 7.3 

Eggs : length - - 0.06-0.08 0.07 

Width . . O.m-0.05 O.m 

0.18-0.25 

0.14-0.19 

1.17-1.26 

0.18-0.28 

0.5 7-0.80 

0.54-0.75 

0.21 

0.17 

1.21 

0.23 

0.58 

0.62 



Family 

Subfamily 

Genus 
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Tricbostrongylidae (Leiper, 1908) Leiper, 1912 

Haemonchinae (Skrjabin et Schulz, 1937) Skrjabin et 

Schulz, 1952 

Haemonchus Cobb. 1898 

Haemonchus contortus (Rudolphi, 1803) Cobb, 1898 

(Syn. Stronqylus contortus Rudolphi, 1803; H. cervinus 

Baylis et Daubney 1922) 

(Plates1.28, 1.29) 

A bulk co l lect ion of specinnens of this species was made f rom the hosts. 

Description 

General 

Medium-sized worms, more or less f i l i f o r m . Anter ior t ip of body w i th 

numerous symmetr ica l ly arranged longitudinal cut icular ridges of more or 

less equal height. Cerv ica l papil lae prominent, spine l ike, almost equidistant 

f rom anterior end. Head re lat ive ly large, wi thout cut icular d i la t ion. Head 

papil lae inconspicuous. Buccal cav i ty smal l , containing inconspicuous slender 

tooth or ig inat ing f rom its base. Oesophagus club shaped. Nerve r ing l i t t l e 

anter ior to cerv ica l papi l lae. 

Male 

Live specimens w i th even reddish colour, distinguishable f rom females. 

Bursa very wel l developed, w i th large symtnetr ical lateral lobes, small dorsal 

lobe placed symmetr ica l ly on le f t side of median l ine; ventroventra l and la tero-

ventral rays fused prox imal ly , separated d is ta l ly ; externodorsal long, th in . 



PLATE 1.29 Haemonchus con tortus 

Fig.l Anterior end, showing a pair of prominent cervical papillae 

Fig.2 Posterior end of male, showing spicules and arrangement of rays 

in bursa 

Fig.3 Posterior region of female, showing opening of anus 

Fig.* Vulvar region of linguiform female, showing tongue-shaped flap 

Fig.5 Knob-shaped flap on vulva in knobbed pnehotype 

Fig.6 Egg 



PLATE-I 28 



PLATE 1.29 Haemonchus contortus (Photomicrographs) 

Fig.I Anterior end (scale bar = 0.2 mm) 

Fig.2 Posterior end of male (scale bar = 0.2 mm) 

Fig.3 Vulvar region of l inguiform female (scale bar = 0.2 mm) 

F ig . * Posterior end of female, showing opening of anus (scale bar 

0.2 mm) 

Fig.5 Egg (scale bar = 0.0<^ mm) 



PLATE 1.29 
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arising separately f rom dorsal ray, curving sl ight ly dorsal ly; dorsal ray stout, 

b i furcate^ each l imb b id ig i ta te taking its or igin f rom le f t side near externo-

dorsal ray; mediolateral and posterolateral th icker than other lateral rays; 

anterolateral more or less s t ra ight ; widely divergent f rom other two lateral 

rays; la t te r para l le l , curved dorsal ly. Prebursal papil lae close to bursa, not 

prominent. Spicules re lat ive ly short, th ick , unbranched, dark brown, each 

provided w i th smal l barb on its outer surface. Gubernaculum present, its 

edges not so d is t inct . 

Female 

Both l ingu i form and knobbed phenotypes occurr ing in single populat ion. 

Tail slender, sharply pointed, bearing a pair of papilae just near its t i p . Vulva 

si tuated in posterior part of body, covered by prominent f lap, project ing cau-

dal ly ( l inguiform)} in few specimens instead of a f lap, a reduced small knob­

l ike structure present at opening of vulva (Knobbed). Vagina smal l , runs 

anter ior ly f rom vulva. Eggs segmented, th in shelled. 

The measurements of the body and its organs are given in Table 1.13. 

Host Goat, sheep, ca t t l e 

Location Stomach 

Locality Shil long, Nongstoin, Jowai , Markasa, Riangdo 

Remarks 

Variat ions in the shape of the vulvar region were noted in a few specimens; 

the same was l ingu i form w i th a f lap in some and in others knob-l ike and/or 

not as conspicuous as noted in the major i ty of the worms. 



TABLE 1.13 : Haemonchus contortus (Rudolphi, 1803) Cobb, 1898 : morphometric 
measurements 

Characters 

Body : length 

w id th 

Head : d iameter 

Oesophagus ; length 

width(B)^ 

Nerve r ing^ 

Cervical papi l lae^ 

Spicules : length 

barb(L) 

barb(R) 

Tail : length 

Caudal papi l lae* 

Vulva* 

Eggs : length 

vj'idtU 

Male 
Range 

15.0-18.0 

0.24-0.29 

20-2 7A.t 

1.20-1.50 

0.10-0.11 

0.27-0.32 

0.36-0.39 

0/12-0A 8 

0.020-0.027 

O.Oa 0-0.016 

-

-

-

-

Mean 

16.2 

0.25 

20AX 

1.32 

0.10 

6.29 

0.38 

OAl\ 

0.024 

0.&^^ 

-

-

-

-

Female 
Range 

18.0-26.0 

0.25-0.34 

20-2 7M 

1.30-1.60 

0.08-0.15 

0.29-0.35 

0.3 7-0 A 2 

-

-

-

0/14-0.51 

0.08-0.11 

3.20^.14 

0.050-0.069 

0.02-0.04 

Mean 

20.7 

0.30 

25M 

1A0 

0.11 

0.32 

0.39 

-

-

-

0A6 

0.09 

3.56 

0.059 

0.031 
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Baylis and Daubney (1922) recorded female specimens only (though 

one male specimen, too, but badly damaged) f rom spotted deer (Cervus axis) 

and described the same under the name Haemonchus cervinus. Whereas Le 

Roux (1929) and Das and Whit lock (1960) considered H. cervinus as a species 

inquirenda due to the absence of male's descr ipt ion, Baylis (1956a) and Gibbons 

(1979) regarded i t as synonym of j ^ . contor tus. 

H. contortus has been reported f rom an array of hosts including man 

and a fresh water fish Wallaqo a t tu by Sahay (1966) in India. Vulvar conf igura­

t ion in H. contortus populations has been considered to be of taxonomic s igni ­

f icance and a var iety of subspecies were described by several workers principal ly 

on the basis of variat ions in the morphology of the vulvar region. _H. contortus 

j populations in sheep and goats f rom Orissa were described as var. utkalensis 

(Das and Whit lock 1960). Fotedar and Bambroo (1965) added H, contortus 

var. k.ashmirensis f rom Kashmir. Simi lar ly the forms col lected f rom sheep 

at Bangalore were designated as var. banqalorensis by Rao and Rahman (1967). 

However, Gibbons (1979) considered the earl ier two as synonym of ]H. contortus 

and the la t te r as species inquirenda. 

In the females of JH. contortus three phenotypes have been reported 

in India (Sood, 1981) : these include l ingu i fo rm, knobbed and smooth. Sood 

and Kaur (1976) found a greater percentage of knobbed and less of l ingui form 

females f rom Ludhiana. Rao and Rahman (1967) however, found large number 

of l ingu i form and less of knobbed forms in sheep f rom Bangalore (Karnataka). 

According to Sood (1981) var iat ions in vulvar fo rm among the various popula­

t ions are due to geographical and c l imat i c factors . Daskalov (1972; ^^7^) 
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asserted that the host species is largely responsible for this phenomenon and 

fur ther suggested i t to be associated w i th the reproduct ive ac t iv i t y of the 

mature forms. He thus cdhcluded that the vulvar flaps are rather age related 

and have no taxonomic value. Gibbons (1979), in view of the dependence of 

vulvar conf iaurat ion on several factors, stated that these cannot be rel ied 

upon for specif ic d i f fe renta t ion and re jected the valadily of subspecies of 

Haemonchus. 

The buccal tooth and the gubernaculum could not be seen dist inct ly 

in many of the specimens examined in the present study. Meghalaya forms 

a new local i ty record for this species. 

Genus Mecistocirrus Ra i l l ie t et Henry, 1912 b 

Mecistocirrus diqi tatus (Linstow, 1906) Rai l l ie t et 

Henry, 1912 b 

(Syn. Stronqylus diqi tatus L instow, 1906; M. taqumai 

Mor ish i ta, 1922; Nematodirus diqi tatus Rai l l ie t 

et Henry, 1909; NĴ . qibsoni Ra i l l ie t et Henry, 1912b 

(Plates l .30, 1.31) 

The col lect ion comprised many specimens of this species. 

Description 

General 

Worms red to dark reddish in colour; body markedly at tenuated, tapered 

anter ior ly . Slight vesicular swell ing present at anter ior end. Cerv ica l papillae 

quite conspicuous, spine l i ke , present lateral ly on each side of body after 



PLATE 1.30 Mecistoclrrus digltatus 

Fig.l Anterior end, showing buccal tooth and a pair of cervical papillae 

Fig.2 Posterior end of male, showing spicules, gubernaculum and arran­

gement of rays in bursa 

Fig.3 Posterior region of female, showing opening of vulva and anus 

Fig.* Egg 
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PLATE 1.31 Mectstocirrus dJRttatus (Photomicrographs) 

Fig.l Anterior end (scale bar = 0.2 mm) 

Fig.2 Posterior region of female, showing opening of vulva and anus 

(scale bar = 0.2 mnn) 

Fig.3 Posterior end of male (scale bar - 0.2 mm) 

Fig.* Egg (scale bar = 0.0*+ mm) 



PLATE 1.31 
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excretory pore. Mouth subterminal , s l ight ly incl ined dorsal ly. Body cut ic le 

w i th f ine transverse st r ia t ions, bearing about th i r t y longitudinal r idges. Buccal 

capsule very smal l , possessing large, lancet- l ike curved too th . Oesophagus 

club shaped. Nerve r ing at about anter ior quarter of oesophagus. 

Male 

Bursa wel l developed comprising two la te ra l , one small but dist inct 

symmetr ica l dorsal lobes; vent ro la tera l ray short , slender, widely divergent 

f r om lateroventra l ray ; la t te r and anterolateral rays close together except 

at t ips, conspicuously longer than other rays; remaining rays, al l slender; 

externodorsal arising separately f rom dorsal ray ; la t te r short , b i furcated dista l ly , 

each branch ending in three termina l papi l lae. One pair of conspicuous p re -

bursai papil lae present. Spicules very long, slender, united for almost whole 

of their length, t ip of spicule enclosed in spicular membrane w i t h prominent 

funnel-shaped head. A st ructure resembling gubernaculum present. 

Female 

More robust, longer in size than males. Tail conica l , w i thout te rmina l 

spine. Vulva near posterior ex t rem i t y , close to anus, w i t h ch i t ino id l ips. Vagina 

very long, running anter ior ly f rom vulva. Ovaries wound spiral ly around intes­

t ine ; ovejectors opposed. Poster ior branch of uterus immediately turning forward 

to run paral le l w i t h anter ior branch, f i l l ed w i t h numerous eggs. Eggs re lat ive ly 

large, oval , th in shelled, segmented. 

The measurements of the body and its organs are given in Table 1.14. 



TABLE 1.1ft : Meclstocirrus diqitatus (Linstow, 1906) Raill iet et Henry, 1912b : 
morphometric measurements 

Characters 
Male Female 

Range Mean Range Mean 

Body : 

Oesophagus 

Cerv ical 

length 

vrfidth 

: l e n g t h 

v/ idth 

papi l lae^ 

Nerve r ing^ 

Spicules: 

Tail : 

Vulva* 

Vagina : 

Eggs : 

length 

length 

length 

length 

w/idth 

17.0-19.0 

0.36-0A3 

IAf t -1 .62 

0.12-0.16 

0.3 7-0.4 3 

0.39-0.50 

5.58-5.76 

-

-

-

-

17.7 

0.38 

1.50 

0.1ft 

0.39 

0A5 

5.70 

-

-

-

-

16.0-ftO.O 

0.36-0.5ft 

1 Aft-1.83 

0.16-0.21 

0.36-0.50 

0.36-0.50 

-

0.12-0.18 

0.32-0A 8 

2-ft8-2.73 

0.09-0.11 

0.05-0.059 

2ft .0 

2.12 

1.68 

0.17 

0.ftO 

0.ft1 

-

0.15 

0.39' 

2.5 7 

0.10 

0.05 



Host Ca t t le 

Location Abomasum 

Locality Shil long, Nongstoin, Riangdo, Jowal , Markasa 

Remarks 

This species was or iginal ly described by Linstow (1906) f rom stomach 

of zebu (Bos indicus) at Colombo, Ceylon. In India, it was f i rs t recorded by 

Sheather (1919) f rom calves. The present observations ta l ly closely w i th the 

descript ion provided by Baylis (1936a) except for the gubernaculum which 

was reported to be absent by earl ier workers. The species is being reported 

for the f i rs t t ime f rom north-east India, Meghalaya in par t icu lar . 
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Family Onchorercidae (Leiper, 1911) Anderson and Bain, 1976 

Subfamily Setari inae Yorke et Maplestone, 1926 

Genus Setaria Viborg, 1 795 

Setaria d iq i tata (Linstow, 1906) Rai l l ie t et Henry, 1911 

(Syn. F i lar ia d iq i ta ta Linstow 1906; 5. buxi Bhalerao 

1933; S» lablato-paplUosa Bhalerao, 1933 ) 

(Plates1.32, 1.33) 

The col lect ion comprised several hundred specimens of this species. 

Description 

General 

Body several cent imetres long, mi lky wh i te , tapering towards hind 

end, la t te r spiral ly co i led. Cut ic le smooth, rather th ick w i th f ine transverse 

st r ia t ions, wi thout lateral alae. Mouth opening round, surrounded by raised 

dorsoventral ly elongate peribuccal r ing w i t h notched dorsal and ventral p rom i ­

nences; processes notched at apex so as to give two more or less prominent 

angular points. Cephalic papil lae less prominent; four submedian, four sub-

la te ra l , two la tera l papi l lae, al l ly ing behind peribuccal arown. Oesophagus 

divided into anter ior short , th in muscular por t ion and posterior long, th ick , 

glandular port ions. Tai l provided w i t h pair of t iny la tera l appendages near 

its end. 

Male 

Posterior ex t remi ty at tenuated, coi led spiral ly to ventral side, w i th 

pair of small la tera l cut icular appendages near t ip of t a i l . Caudal alae absent. 



PLATE 1.32 Setaria digitata 

Fig.l Anterior end of female, lateral view, showing opening of vulva 

and cephalic papillae 

Fig.2 Anterior end of male, dorsal view, showing peribuccal crown 

Fig.3 Posterior end of male, showing spicules and arrangement of papillae 

Fig.'^ Posterior region of female, showing opening of anus and a pair 

of caudal appendages 
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PLATE 1.33 Setaria dJRJtata (Photomicrographs) 

Fig.l Anterior end of male (scale bar = 0.2 mm) 

Fig.2 Anterior end of female (scale bar = 0.2 mm) 

Fig.3 Posterior end of male, showing a protruding spicule and caudal 

papillae (arrows) (scale bar = 0.2 mm) 

Fig.'^ Posterior region of female showing opening of anus (scale bar 

= 0.2 mm) 

Fig.5 Egg (scale bar = 0.1 mm) 
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Tail possessing four pairs of preanal, three pairs of postanaJ papiJJae arranged 

in subventrai rows. Cut ic le forming transverse folds, which expand lateral ly 

in f ront of preanal papil lae on spiral part of body. Spicules very unequal, 

dissimilar, a late; le f t spicule longer, w i th tubular proximal por t ion, distal 

membranous port ion extending to a cut icular blade; r ight spicule short, s tout , 

somewhat boat shapedjSlightly curved ventra l ly , w i th t ip d i rected backwards. 

Female 

Tail bent dorsaily into loose spira l , terminat ing in spherical terminal 

knob, bearing 1-2 c i rc le ts of spikes, pair of wel l-developed small rounded 

appendages just near i ts t i p . Vulva project ing sl ight ly above body surface, 

ly ing in oesophageal region. Vagina highly muscular s i tuated at level of union 

of two parts of oesophagus, forming '5'-shaped s t rucut re , bi furcates into 

two u ter i occupying large part of body cav i ty ; in sexually mature individuals 

anter ior part of uterus f i l led w i th mic ro f i la rae . ELggs th in shelled, containing 

coi led m ic ro f i l a ra . 

The measurements of the body and its organs are given in Table 1.15. 

Host Ca t t l e 

Location Peri toneal cavi ty 

Locality Shil long, Nongstoin, Sohiong, Mairang, Markasa, Jowai 

Remarks 

This species was or iginal ly described as Fi lar ia d iq i tata on the basis 

of nematodes obtained f rom Bos indicus in Sri Lanka, and in 1911 transferred 



TABLE 1.15 : Setaria diqitata (Linstow, 1906) Raill iet et Henry, 1911 : 
morphometr 

Characters 

Body : Length 

w id th 

Peribuccal 
lips : depth 

Oesophagus : length(A) 

(P) 

Nerve r ing^ 

Tail : length 

Sp icu les : lengthCL-tj, ) 

ic measurements 

Male 
Range 

4 2.0-52.0-

OA 1-0.51 

1 8 - 3 6 ^ 

0.39-0.50 

4.3-5 A 

0.126-0.216 

0.162-0.252 

0.234-0.262 
0.1 7t-0.197 

Mean 

4 8.2 

0.51 

28 ja 

0.44 

4.75 

0.178 

0.198 

0.24 9 
0.187 

Female 
Range 

72.0-96.0 

0A5-0.5 7 

1 7-36JUL 

OA 6-0.63 

4.7-6.5 

0.20-0.25 

OA 6-0.5 7 

-

Mean 

86.5 -

0A9 

32 Ji^ 

0.54 

5.86 

0.22 

0.53 

-

(R) 0.124-0.14 2 0.133 

Caudal 
appendages: 

Vulva^ 

Vagina : 

length 

distance* 

length 

18-27U 

72-90 liL 

-

-

20 U 

79 M 

-

-

1 7 - 3 6 JUL 

90-108A 

0A5-0.59 

0.28-0.36 

33A 

99/UL 

0.52 

0.32 
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in the genus Set aria by Ra i l l ie t and Henry. Boulenger (1921) redescribed the 

female of this species, indicat ing its morphological di f ferences f rom the female 

of Ŝ . labiatopapil losa (Alessandrini, 1838). Schwartz (1926) and Thwaite (1927) 

also exprea^sed the same view. However, Purvis (1931) and Baylis (1936b) 

considered ^ . d iq i ta ta a synonym of Ŝ . labiatopapil losa. In the same year 

Baylis (1936b) synonymized it w i th S. cervt . La ter on, other workers such 

as Sarwar (19!»6a) and Skryabin and Shlkhobaleva {^^i^5) did not agreed w i th 

the opinions of Purvis and Bayl is, and considered the species Ŝ . d iq i ta ta an 

independent one. Yeh (1959), whi le revising the genus Setaria studied a co l lec ­

t ion of Setaria f rom ca t t le of various countr ies of south-east Asia. He came 

across a co in fect ion of these animals by nematodes of the species S. lab ia to­

papillosa and S. d iq i ta ta which he reported to be qui te d i f fe rent in morphology. 

The two species can be distinguished by the shape of the mouth opening -

round (in Ŝ . d iq i ta ta) against oval (in ^ . labiatopappil losa) and presence or 

absence of bosses on the ta i l of female. Shoho (1959) also pointed out that 

the two species are d is t inct and va l id . Oesset (1966) was also of the same 

view and painted out that the absence of bosses on the caudal end in 5, d iq i ta ta 

or their presence in S. labiatopapil losa may be considered the only rel iable 

d i f ference l isted by Yeh , The present species can also be d i f fe ren t ia ted f rom 

S. ce rv i , commonly reported f rom Bovidae in India, as the ta i l terminates 

in a bell-shaped thickening and the cephalic crown appears w i th four odontoid 

cut icular outgrowths pro t rac ted in dorsoventral d i rect ion in the la t te r species. 

Except for the var iat ion in the number of caudal papil lae and the terminal 

knob of t a i l , which sometimes appeared simple, al l other charactes ta l ly w i th 

the descript ion provided by Yeh (1959); the la t te r author mentioned eight 

pairs of caudal papi l lae. 
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Setaria bernardi Rai l l ie t et Henry, 1911 

(Syn. S. conqolensis Rai l l ie t et Henry, 1911; Art ionema 

bernardi (Rai l l ie t et Henry, 1911) Yeh,1959) 

(Plates 1.3a, 1.35) 

The col lect ion comprised only a single male and six female specimens 

of this species. 

Description 

General 

General appearance of worms l ike that of Ŝ . cerv i (described ear l ier) . 

Peribuccal chit inous crown oblong, sl ight ly elongated dorsoventral ly; four 

corners of crown pointed, d i rected outwardly in dorsal and ventral views; 

denticles d is t inct ly separate, appearing b i furcate in median view. Four pairs 

of submedian papil lae lying just below head end, arranged in two levels; pair 

of la tera l amphids ly ing at nearly same level . Oesophagus d i f fe rent ia ted into 

short anter ior , long posterior port ions. 

Male 

Posterior ex t remi ty weakly spiraled. Pair of t iny lateral appendages 

present very near to ta i l t i p . Tail bearing four pairs each of p re - and postanal 

papilae, one centra l papil la in f ront of c loaca, pair of small papil lae near 

its end; of preanal papil lae f i rs t two pairs arranged symmetr ica l ly , th i rd asym-

met r i ca l l y , last pair symmetr ica l ly very near to c loaca; postanal arranged 

quite asymmetr ica l ly , except last pair symmetr ica l ly closo to ta i l end. Spicules 

markedly unequal; le f t spicule long, consisting of tubular prox imal , distal 

membranous port ions; r ight spicule smal l , s tout . 



PLATE 1.3* Setaria bemardi 

Fig.l Anterior end of female, dorsal view, showing opening of vulva 

Fig.2 Anterior end of male, lateral view, showing dissimilar spicules 

and arrangement of papillae 

Fig.3 Posterior region of female, showing opening of anus and a knobbed 

terminal end consisting of circlet of spikes; a pair of caudal appen­

dage is also seen just near to tip of tail 

Fig.'f Egg containing coiled microfilaria 

Fig.5 Microfilaria 
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PLATE 1.35 Setaria bemardi (Photomicrographs) 

Fig.l Anterior end of male, showing oval peribuccal crown (scale bar 

= 0.2 mm) 

Fig.2 Anterior end of female, showing opening of vulva (scale bar = 

0.2 mm) 

Fig.3 Posterior end of male, showing caudal papillae (scale bar = 0.2mm) 

FigA Posterior end of female, showing opening of anus and a circlet 

of spikes (scale bar = 0.2 mm) 

Fig.5 Egg and microfilaria (scale bar = 0.1 mm) 
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Female 

Tail coi led spiral ly, having many short spines; in some specimens t e r m i ­

nating in bulbous d i la t ion. Caudal appendages smal l , rounded very close to 

t i p . Vulva opening in oesophageal region; sphincter stretching l i t t l e distance 

behind. Vagina fus i fo rm, highly muscular; ovejectors divided into tv/o u te r i . 

Eggs oval , th in shelled, containing coi led m i c r o f i l a r t s . 

The measurements of the body and its organs are provided in Table 

1.16. 

Host Pig 

Location Peri toneal cav i ty 

Locality Shil long, Nongstoin 

Remarks 

Bernard and Bauche'(1911) recovered a f i l a r i i d in the abdominal cavi ty 

of domestic pigs of Vietnam and described it as F i lar ia sp. Ral l ie t and Henry 

(1911) also described a species Setaria conqolensis f rom Vk'ild pigs in A f r i ca 

and stated that the parasites discovered by Bernard and Bauche though belonged 

to the genus Setaria, represent a dist inct species, for w/hich these workers 

proposed the name Setaria bernardi . Hov^ever, the non-avai labi l i ty of the 

or iginal descript ion led some w/orkers to doubt the val id i ty of the species. 

Sandground (1933), a f te r studying Setaria f rom Indo-China, concluded that 

5,' bernardi should be t reated as a synonym of Ŝ . conqolensis. Hov/ever, Yeh 

(1959) and Desset (1966), af ter studying the type specimens of the two species, 

reached to a conclusion that they are two independent and val id species. 



TABLE 1,16 : Setaria bernardi Raill iet et Henry, 1911 : morphometric 
measurements 

^ . , Male Female 
Characters p^a^gg ^^^^^ 

95.0 105.0-120.0 114.0 

0.63 0.82-0.99 0.89 

23 a 23-27XJL 23M. 

0.77 

10.12 

0.09 

0.21 

0.23 

0.18 

13 U 

50 a 

0.33 

0.18 

0.61-0.64 0.63 

0.34-0.38 0.37 

Body : 

Peribuccal 
lips : 

Oesophagus 

Nerve r ing^ 

Tail : 

Caudal 
appendages: 

Spicules ; 

Vulva^ 

Vagina : 

length 

w id th 

depth 

: length(A) 

(P) 

width(A) 

(P) 

length 

length 

distance* 

length(L) 

(R) 

length 

0.93-1.m 

9.54-10A7 

0.09-0.12 

0.18-0.21 

0.23-0.26 

0A9-0.73 

9-18 Id. 

41-59JU. 

0.99 

10.08 

0.10 

0.19 

0.24 

0.59 

11 iX 

51 ^ 
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In possessing an oblong peribuccal crown and in general features of 

the posterior end of the body, the specimens under the present study are 

ident i f ied as S. bernardi and d i f fe r f rom other species of Setaria reported 

f rom Suidae, v iz . , Ŝ . thomasi , Ŝ . conqolensis and S. cast ro i . The morphometr ic 

measurements of the present specimens ta l ly closely w i th those described 

by Shoho and Machida (1979) f rom Japan except for minor variat ions in the 

length of the body, i.e., male 95.0 and female 105.0-220.0mm as compared 

to 66.0-78.0 and 88.0-165.0mm, respectively by the la t ter authors. 

The genus Setaria is found to be of re lat ive ly less common occurrence 

in the members of the Suidae (Yamagut i , 1961). So far only four species 

of thegenus are known f rom these hosts elsewhere in the wor ld . While several 

species occur in Indian ungulates, there is apparently no report of the genus 

Setaria in Indian swine. The present study contr ibutes to the f i rst record 

of the genus in domestic pigs in India and forms a new local i ty record for 

S. bernardi . 

Family Spirocercidae (Chitwood et Wehr, 193a) Chabaud, 1975. 

Subfamily Ascaropsinae A l ica ta et Mcintosh, 1933 

Genus Ascarops Beneden, 1873 

Ascarops stronqyl ina (Rudolphi, 1819) A l ica ta et Mcintosh, 

1933 

(Syn. Spiroptera stronqyl ina Rudolphi, 1819; Ascarops 

minuta Beneden, 1873) 

(Plates 1.36, 1.3 7) 

The col lect ion comprised numerous specimens of this species. 

http://105.0-220.0mm


PLATE 1.36 Ascarops strongyiina 

Fig.l Anterior end 

Fig.2 Posterior end of male 

Fig.3 Posterior end of female 

Fig.'f Vulvar region of female 

Fig.5 Egg 
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PLATE 1.37 Ascarops strongylina (Photomicrographs) 

Fig.l Anterior end, showing spiral thickenings of pharynx (scale bar 

= 0.2 mm) 

Fig.2 Posterior end of male (scale bar = 0.2 mm) 

Fig.3 Posterior end of female, showing opening of anus (scale bar = 

0.2 mm) 

Fig.'t Vulvar region of female (scale bar = 0.2 mm) 

Fig.5 Egg (scale bar = 0.05 mm) 
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Description 

General 

Body slender, reddish wh i te . Cerv ica l ala present only on le f t side of 

body. Cerv ica l papil lae s i tuated asymmetr ica l ly . Mouth w i th two la tera l t r i lobed 

l ips, each bearing two submedian papil lae external ly and one tooth on each 

side internal ly , project ing into oral cav i ty . Pharynx s t ra ight , its wal l strengthened 

by thickenings in fo rm of t r ip le or quadraple spirals. Oesophagus long, consisting 

of two parts, anter ior much shorter. 

Male 

Tail coi led, w i th asymmetr ical alae; r ight ala about tw ice as wide as 

l e f t . Caudal papil lae four pairs, long, pedunculate; of these three pairs preanal, 

one adanal; papil lae on r ight side almost at same level , those on le f t side 

placed i r regular ly, addit ional pair of pedunculate papilae present in postanal 

region; f ive pairs of postanal small sessile papil lae present on prominent raised 

area of cut ic le w i t h serrated margin near cloaca. Spicules unequal, dissimilar; 

le f t long, slender, f inely pointed; r ight shorter, stout , b lunt . 

Female 

Tail blunt ly pointed. Vulva in f ront of middle of body, displaced towards 

l e f t side, opening just ventral ly to lateral ala; const r ic t ion in region of vulva 

present. Vagina at f i rs t running transversly between cut ic le and muscular layer 

of body wa l l , then poster ior ly w i th in body cav i ty . Uter ine branches opposed; 

posterior branch doubling forward at distance of few mi l l imeters , its ovary 

si tuated in oesophageal region; anterior branch doubling back at s imi lar distance 
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as posterior branch f rom its o r ig in , i ts ovary ly ing in posterior region of body. 

Eggs oval , of irregular out l ine, operculate at poles, embryonated. 

The measurements of the body and its organs are given in Table 1.17. 

Host Pig 

Location Stomach, small intestine 

Locality Shil long, Nongstoin, Jow/ai 

Remarks 

Only two species of the genus are so far represented in the suids of 

the wor ld . These, namely _A. stronqyl ina and ^ . dentata are distinguished f rom 

each other mainly on the basis of the body length which is up to 15mm and 

22mm in males and females of the former species and upto 35mm and 55mm, 

respectively in males and females of the la t te r species. Accordingly the mater ia l 

under the present study was also ident i f ied as A . stronqyl ina. Due to i ts extreme 

coiledness of the posterior end the caudal structures in most of the male worms 

could not be easily discerned. 

In the descript ion given by Baylis (1939) and Shoho and Machida (1979) 

there is no ment ion of the tr iangular raised area of cut ic le surrounding the 

cloaca, as not iced in the male specimens under present invest igat ion. The 

gubernaculum reported to be present by the la t te r authors could not be seen. 

However, in al l other major respects the present observations are in accordance 

w i t h that of Baylis (1939) and Shoho and Machida (1979). 



TABLE 1.17 : Ascarops stronqylina (Rudolphi, 1819) Alicata et Mcintosh, 1933; 

Charact 

Body ; 

Pharynx ; 

Oesophagus : 

Cerv ical pap 

Tail : 

Spicules : 

Vulva^ 

Eggs : 

morphometric measurements 

ers 

length 

w id th 

length 

w id th 

! length 

i l lae^ : (L) 

(R) 

length 

length(L) 

(R) 

length 

w id th 

Male 
Range 

10.0-ia.O 

0.33-0.38 

0.07-0.09 

0.03^-0.038 

2.96-3A 7 

0.15-0.16 

0.30-0.32 

0.13-0.18 

2A 7-2.73 

OA 0-0.51 

-

-

Mean 

12.8 

0.36 

0.08 

0.033 

3.145 

0.16 

0.31 

0.14 

2.5 7 

0A5 

-

-

Female 
Range 

1 7.0-22.0 

0.30-0.53 

0.076-0.083 

0.064-0.072 

3.03-3.m 

0.21-0.24 

0A5-0.52 

0.19-0.24 

_ 

-

5 A 0-8.51 

0.041-0.045 

0.022-0.024 

Mean 

18.7 

0A3 

0.077 

0.066 

3A0 

0.23 

0A9 

0.22 

_ 

-

6.85 

0.04 3 

0.023 
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Ascaropa dentata (Linstow, \9m) Allcata et Mclntoah, 1933 

(Syn. Spiroptera dentata Linalow, 190S») 

(Plates 1.38, 1.39) 

A large number of specimens of this species was col lected during the 

present study. 

Description 

General 

Relat ively small sized worms. Cervical ala present only at le f t side 

of body, begins at short distance f rom anter ior ex t remi t y . Cerv ical papil lae 

placed asymmstr ica l ly . Pharynx cy l indr ica l containing several spiral rows of 

cut icular thickenings, guarded at its entrance by dorsal and ventral too th . 

Oesophagus long, consisting of two parts, anter ior much shorter. 

Male 

Tail coi led, w i th asymmetr ical alae. Ventral surface of ta i l and caudal 

alae possessing several longitudinal rows of elongated cut icular thickenings. 

Caudal papil lae f ive pairs w i t h re lat ive ly small peduncles, of these four pairs 

preanal, asymmetr ica l ; one pair postanal symmet r i ca l ; addit ional ly f ive pairs 

of smal l , asymmetr ical sessile papil lae present between last pair of pedunculate 

papil lae and t ip of t a i l . Cloacal aperture surrounded by somewhat tr iangular 

elevated s t ruc ture , la t ter w i t h serrated margin at r ight side. Spicules dissimilar, 

le f t long; r ight short , s tout . 

Female 

Tail short , conical , curved dorsaJly. Vulva not so d is t inc t , opening far 



PLATE 1.38 Ascarops dentata 

Fig.l Anterior end, showing the pharynx consisting of several rows 

of spiral thickenings 

Fig.2 Posterior end of male, showing characteristic cuticular foldings, 

spicules, and arrangement of papillae at caudal extremity 

Fig.3 Posterior end of female, showing opening of anus 

Fig.4 Vulvar region of female 

Fig.5 Egg containing coiled larva 
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PLATE 1.39 Ascarops dentata (PhotomicroRraphs) 

Fig.l Anterior end showing pharyn? (scale bar = 0.2 mm) 

Fig.2 Posterior end of male (scale bar = 0.3 mm) 

Fig.3 Posterior end of female, showing opening of anus (scale bar = 0.2mm) 

Fig.4 Vulvar region of female (scale bar = 0.3 mm) 

Fig.5 Egg (scale bar = 0.05 mm) 
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behind middle of body. Eggs el l ipt ical , thick shelled, containing coiled larva inside. 

The measurements of the body and its organs are given in Table 1.18. 

TABLE 1.18 I Ascarops dentata (Linstow, 19ai) Alicata et Mcintosh, 1933 
morphometric measurements 

Characters Male Female 
Range Mean Range Mean 

Body : 

Pharynx : 

length 

width 

length 

width 

20.0-25.0 

0.70-0.82 

0.10-0.12 

0.0!»-0.06 

22.6 

0.76 

0.11 

0.05 

25.0-38.0 

0.93-1.08 

0.12-0.14 

0.05-0.06 

4.88-6.36 

0.53-0.58 

0.26-0.30 

0.4 2-0.55 

33.0 

1.03 

0.13 

0.06 

5.87 

0.55 

0.28 

0.52 

Oesophagus : length 4.14-4.44 4.25 

Cervical papillae^ : (L) 0.22-0.24 0.25 

(R) 0^^5-0.52 0A9 

T a i l : length OJ:* 2-0.4 7 0A5 

Spicules : length (L) 3.62-4.14 3.96 

(R) 0.55-0.62 0.61 

Vulva^ - - 14.98-23.9 20.39 

Eggs : length - - 0.034-0.038 0.037 

^ i d t h - - 0.019-0.022 0.021 
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Host 

Location 

Locality 

Piy 

Small intestine 

Shil long, Nongstoin 

Remarks 

A. dentata closely resembles j ^ . stronqyl ina in general appearance. The 

length of the body could d i f fe rent ia te these two speices; however, the wid th 

of the body, pharynx a n d ' t a i l and also the length of the spicule (relat ively 

more in ^ . dentata) could be taken as supporting characters in the d i f fe ren t ia ­

t ion of the two species.. Besides, in males of ^ . dentata the tr iangular elevat ion 

present surrounding the cloaca appeared to be less prominent than that in 

A. stronqyl ina. 

This species is being reported for the f i rst t ime f rom north-east India, 

Meghalaya in par t icu lar . 

Genus Physocephalus Diesinq, 1861 

Physocephalus sexalatus (Mol in, 1860) Diesing, 1861 

(Syn. Spiroptera sexalata Mol in 1860; S. str iqis (Linstow, 

1878) Seurat, 1915; 5̂ . stronqyl ina suis lab iat i (Mol in, 

1860). 

(Plates ^J^0, ^J^^) 

The co l lect ion comprised only few female specimens of this species. 

Description 

General 

Medium-sized worms. An te r io r l y , por t ion of body in oesophageal region 



PLATE l.'̂ O Physocephalus sexalatus - female 

Fig.l Anterior end, showing pharynx, and lateral alae 

Fig.2 Posterior end showing opening of anus 

Fig.3 Opening of vulva 

Fig.* Egg, containing larva inside 
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PLATE l.̂ l̂ Physocephalus sexalatus - female (Photomicrographs) 

Fig.l Anterior end showing spiral thickenings of pharynx (scale bar 

= 0.2 mm) 

Fig.2 Posterior end (Scale bar = 0.2 mm) 

Fig.3 Vulvar region (scale bar = 0.2 mm) 

Fig.'^ Eggs (scale bar = 0.05 mm) 
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showing s t r ia ted cephalic cut icu lar extension; la t te r ending into two pocket -

Iit<e structures, each looking l ike head of sign '? ' . Three lateral alae present 

just behind cut icu lar extensions; middle ala wel l developed, completely s t r ia ted ; 

internal ala th ickely s t r ia ted ; external one w i t h none or few str iat ions res t r ic ted 

to half of its w id th . Cut ic le s t r ia ted , st r iat ions markedly d is t inct behind la tera l 

alae up to posterior end of body. Cerv ica l papil lae very asymmetr ica l ly s i tuated, 

apparently only single papi l la s i tuated on le f t side on middle lateral ala, just 

in f ront of nerve r ing . Mouth w i t h two t r i lobed la tera l l ips, joined to fo rm 

two la tera l masses; each lip bearing three pappilae external ly , w i thout teeth 

internal ly . Pharynx re lat ive ly long; its wal l strengthened by single spiral t h i ck ­

ening which breaks up in to complete rings in middle por t ion . Oesophagus 

long, s t ra ight , divided into two parts, anter ior much shorter, less wide than 

poster ior. 

Female 

Tail constr ic ted l i t t l e behind anus, its t i p bent vent ra l ly . Vulva behind 

middle of body, number of small cut icular thickenings present in fo rm of in te r ­

rupted longitudinal ridges adjacent to i t . Vagina running poster ior ly f rom vulva; 

ovaries si tuated at opposite ends of body. Eggs e l l i p t i ca l , s l ight ly f la t tened 

at poles, containing larva. 

The measurements of the body and its organs are given in Table 1*19. 

Host Pig 

Location Stomach, small intestine 

Locality Shil long, Nangstoin, Markasa 



TABLE 1.19 : PhysoceEhalyj 
sBxa!a tu l (Mo»n .18« '>°"^'"« 

, 1861 : Tnorphometrlc 

Female 

Characters 

Body length 

width 

Cephalic 
inflation : length 

width 

Lateral 
alae : width (A) 

(M) 

(P) 

Pha rynx : length 
width 

Oesophagus : length 

Tail length 

§ Vulva 

Eggs : length 

width 

Range Mean 

18.0-22.0 

0.39-0A6 

0.18-0.23 

0.05-0.06 

O.m 6-0.05 

0.035-0.0*0 

0.025-0.028 

0.28-0.32 

0.05-0.07 

3.06-3A2 

0.11-0.12 

11.0-ia.O 

0.03-O.Ov 

0.01-0.02 

20.0 

0A3 • 

0.20 

0.055 

o.m 
0.036 

0.02a 

0.29 

0.06 

3.28 

0.11 

12.3 

0.03 

0.01 
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Remarks 

This species has been reported from pigs of Calcutta (Mapiestone, 1930b), 

and Punjab (Gupta and Sood, 1968) in India. The present description is based 

on female specimens only, as males could not be collected during the survey. 

The observations reported herein are in conformity with the descriptions provided 

by Baylis (1939) and Gupta and Sood (1968). The occurrence of P. sexalatus 

is being reported herein for the first tima from Meghalaya. 

Faniily Gnathostomatidae Railliet, 1895 

Subfamily Gnathostomatinae (Railliet, 1895) Baylis et Lane, 1920 

Genus Gnathostoma Owen, 1836 

Gnathostoma doloresi Tubanqui, 1925 

(PlateSlA2, ^J^3) 

The collection cocnprised only two male and four female specimens 

of this species. The worms were found sticking with their forebodies Into the 

gastric wall of the host. 

Description 

General 

Body stout, cuticle of posterior two-thirds of body considerably inflated 

whereby anterior third appearing relatively elendsr. Pair of blunt cervical 

papillae present. Lips large, trilobed, having cuticle of their inner surfaces 

thickened and raised into longitudinal tooth-like ridgas interlocking with those 

of opposite lip. Globular cephalic bulb present following lips; latter separated 

from body, armed with eight to nine rows of backwardly directed spines (all 



PLATE IA2 Gnathostoma doloresl 

Fig.l Anterior end, showing posteriorly directed cuticular spines 

Fig.2 Posterior end of male, showing spicules and caudal papillae 

Fig.3 Vulvar opening in female 

Fig.<^ Caudal extremity of female 

Fig.5 Egg 
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PLATE 1.43 Gnathostoma doloresi (PhotomicroRraphs) 

Fig.l Anterior end, showing cephalic bulb armed with backwardly directed 

transverse rows of cuticular spines (scale bar = 0.3 mm) 

Fig.2 J n face view, showing large trilobed pseudolabia (scale bar = 

0.3 mm) 

Fig.3 Posterior end of male (scale bar = 0.15 mm) 

Fig.'» Vulvar region of female (scalr bar = 0.3 mm) 

Fig.5 Caudal end of female, showing opening of anus (scale bar = 0.3mm) 

Fig.6 Characteristic bipolar egg (scale bar = 0.03 mm) 
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rows not evident in one view). Ent i re surface o f body provided w i th numerous 

transverse rows of backwardly d i rected cut icu lar spinss; la t te r in anter ior 

rows broad, short , w i t h several unequal t ee th ; poster ior ly spines slender, each 

baaring three sharp teeth - middle tooth conspicuously longer than la tera l 

two ; succeedingly, spines becoming gradually smal ler, w i t h two teeth each; 

posterior two- th i rds of body densely covered w i t h single-pointed spines, which 

becomes smaller poster ior ly . 

Male 

Tail w i t h papil lae l ike te rmina t ion . Cut ic le of caudal end much inf la ted 

dorsally and ventra l ly . Four pairs of large stout la tera l caudal papil lae present; 

f i r s t pair preanal, rest three pairs postanal; between f i rs t and second, second 

and th i rd pairs, f rom posterior end present two pairs of smaller subventral 

papi l lae. Spicules unequal, s tout , curved, tapering evenly f rom root to t i p . 

Female 

Tail b lunt , surrounded by large cut icu lar In f la t ion . Vulva project ing sl ight ly 

above body surface, opening behind middle of body. Vagina muscular, long, 

running forward f rom vulva, extending as far as posterior end of oesophagus, 

turning posterior ly again. Eggs oval , w i t h war t - l i ke caps at each pole, their 

surface f inely granulated. 

The measurements of the body and its organs are given in Table 1.20. 

' H o s t Pig 

Locat ion Gastr ic mucosa 

Loca l i ty Shillong 



TABLE 1.20 : Gnathostoma doloresi Tubangui, 1925 : morphometric measurements 

Characters 
Male Female 

Range Mean Range Mean 

Body ! 

Head bulb : 

length 

w id th 

length 

w id th 

26.0-28.0 27.0 

1.2-2.0 1.6 

0.75-0.90 0.82 

0.28-0.32 0.30 

30 .0^4 .0 

2.20-^.50 

0.86-1.02 

OA1 -OJi 6 

5A 0-5.99 

0.86-1.18 

1.65-1.80 

37.0 

3.05 

0.9^ 

0A4 

5.61 

I.Ov 

^.% 

Oesophagus : length 2.52-2.55 2.53 

Cerv ica l papi l lae^ 0.75-0.82 0.79 

Cerv ical length 1^*7-1.51 1A9 
sacs: 

Spicules : length(L) 1.71-1.76 1.73 
(R) 0/v 3-0.50 0 A 6 

Tail : length - - 0.36-0.39 0.37 

Vulva* - - 12.0-15.0 13.25 

Eggs : length - - 0.07-0.08 0.07 

w id th - - 0.03-O.Ofi 0.03 
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Remarks 

This species was or iginal ly described by Tubangui (1925) on the basis 

of female Worms col lected f rom domestic pigs in the Phil ippines. Later on, 

Maplestone (1930a) provided the descript ion of both sexes f rom parasites col lected 

f rom slaughtered pigs in Ca lcu t ta . 

There are three species of Gnathostoma reported in India : G. spiniqerum 

Owen, 1836 f rom carnivores and G. hispidum Fedchenko, 1872 and G. doloresi 

Tubangui, 1925 f rom domestic pigs (Sus scrofa domestica) (Baylis, 1939). These 

species are distinguishable f rom one another by reference to the d ist r ibut ion 

of body spines and/or the shape of the eggs. While in G. spiniqerum only the 

anter ior two- th i rds of the body has spinat ion, in the other two species the 

spines cover the whole body; in G. hispidum the eggs are w i th war t - l i ke cap 

only at one pole, and not on both as in Gj, doloresi. The present descript ion 

tal l ies w i th that of Maplestone (193Qa), except for the number of rows of 

spines on the cephalic bulb; in the or iginal descr ipt ion, 10 rows of spines are 

ment ioned, whi le 8-9 rows were obsered in the present mater ia l . 

Meghalaya forms a new local i ty record for this species. 

Family Trichuridae (Ransom, 1911) Ra i l l i e t , 1915 

Subfamily Trichurinae Ransom, 1911 

Genus Trichuris Roederer, 1 761 

Trichuris qlobulosa (Linstow, 1901) Ransom, 1911 

(Syn. Trichocephalus qlobulosus L instow, 1901) 

(Plates ^M, 1.'-i5) 

The co l lec t ion comprised several hundred specimens of this species. 



PLATE l.*** Trichuris globulosa 

Fig.I Anterior end, showing inflated cuticle at head 

Fig.2 Posterior end of male, showing spicule projecting from sheath, 

globular at its tip (note the size of spines, those on proximal 

end are smaller as compared to those on distal globular portion) 

Fig.3 Posterior end of female, showing opening of anus 

Fig.4 Vulvar opening in female 

Fig.5 Egg 
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PLATE l.'»5 Trichuris globulosa (Photomicrographs) 

Fig.l Anterior end with inflated cuticle at head (scale bar = 0.2 mm) 

Fig.2 Posterior end of male, showing globular expansion of spicule sheath 

(scale bar = 0.3 mm) 

Fig.3 Vulvar region in female (scale bar = 0.3 mm) 

Fig.tJ Posterior end of female (scale bar = 0.3 mm) 

Fig.5 Characteristic bipolar egg (scale bar = 0.03 mm) 
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Description 

General 

Body with slender anterior oesophageal portion constituting about two-

thirds to three-quarters of its length, markedly thickened short posterior por­

tion containing reproductive organs. Mouth simple, without definite lips. Cuticle 

slightly inflated to give tiny vesicle -like structures one on either side of head. 

Ventral longitudinal bacillary band present in oesophageal region, composed 

of numerous unicellular subcuticular glands with rod-like processes projecting 

through cuticle. 

Male 

Proximal end pointed, hind end spirally coiled, bearing single expanded 

spicule. Latter with broad proximal end, spicule sheath when fully everted 

bearing globular expansion at distal end, whole sheath covered with closely 

set spines; latter on distal expansion longer than these on remaining portion. 

Cloacal wall thick, muscular anterior to point of entry of spicule, thinner 

posterior to it. 

Female 

Posterior extremity bluntly rounded. Anus terminal. Vulva prominent, 

lying at junction of anterior slender and posterior stout portions. Vagina rela­

tively short, stout, muscular; lumen of its distal portion lined with large spines, 

thrown into 4 sharp angular bands; portion of vagina immediately behind this 

region forming ventrally concave narrow duct which extends suddenly into 

large eggs reservoir with folded cuticular lining. Elggs with thick brown cells, 

barrel shaped, with transparent plug at either pole. 

The measurements of the body and its organs are given in Table 1.21. 



1901) Ramom, 191 1 : rnorphometric TABLE 1.21 : Tri~huris (Limto* 
measurements 

Female Male 
Range Mean Characters Range Mean - 

C- 

60.0-78-0 66.0 
Body : length 5 &O-72.0 63-8 

0.63-1 -0 0.76 width (P) 0.68-0-86 Oo7' 

0.01 -0.02 0.01 8 
Head : diameter 0.01 -0.02 0*01 

- 
Spicules : length 3.34 4 .66  

width (A) 23.0-2&0 

(M) 32.0-55.0 

Spicule 
sheath : length 

width 

Globular 
..pansion : Length 0.21 -Oh 8 0.29 

width 0.32-UU 6 0.36 

width - 
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Host Goat, sheep 

Locat ion Caecum 

Loca l i t y Shil long, Nongstoin, Jowai 

Remarks 

Trichuris qlobuiosa or iginal ly described f rom dromedary, has been reported 

f rom ca t t l e , sheep, goats, and in European e lk . According to Baylis (1939) 

the specimens named Trichocephalus a lcocki by Linstow (1906) f rom a thameng 

(Cervus eldi) in the Zoological Gardens, Ca lcu t ta , belonged par t ly to this species. 

The cut ic le near the head end was found to be sl ight ly inf lated - a feature 

not mentioned by Baylis (1939 ). The rest of the present observations are in 

agreement w i t h those of the la t te r author. 

This species is being reported for the f i r s t t ime f rom Meghalaya. 

Trichuris ovis (Abi ldgaard, 1795) Smith," 1908 

(Syn. Trichocephalus ovis Abi ldgaard, 1795) 

(Plates ^A6, 1A7) 

The col lect ion comprised many specimens of this species. 

Descr ipt ion 

Gieneral 

In general appearance and most of the body characters _T. ovis closely 

resembles _T. qlobuiosa. 

Male 

Posterior end bearing single spicule, la t te r s l ight ly proximal ly expanded, 

pointed at distal end; spicule sheath bearing sl ight ly s t retched globular expansion 

at its distal end; sheath covered w i t h closely set spines, those on distal expan­

sion of sheath larger than the rest . 



PLATE lAG Trichuris ovis 

Fig.l Anterior end 

Fig.2 Posterior end of male, showing spicule and sheath 

Fig.3 Vulvar opening in female 

Fig.'t Posterior end of female, showing opening of anus 

Fig'5 Egg 
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PLATE 1.^7 Trichuris ovis (Photomicrographs) 

Fig.l Anterior end (scale bar = 0.2 mm) 

Fig.2 Posterior end of male showing spicules protruding from sheath 

(scale bar = 0.2mm) 

Fig.3 Vulvar region in female (scale bar = 0.2 mm) 

Fig.* posterior end of female (scale bar = 0.2 mm) 

Fig.5 Egg (0.03 mm) 



PLATE iA7 



[ 5 8 ] 

Female 

Vulva opening at junction of anterior oesophageal and posterior stout 

reproductive portions. Vagina long, slender; its lumen widening gradually poste­

riorly; lumen of distal portion lined w/ith small spines for a little distance. 

Eggs barrel shaped with polar plugs; latter do not project well beyond the 

proteinous coat. 

The meausrements of the body and its organs are given in Table 1.22. 

Host Goat 

Location Caecum 

Locality Shillong, Nongstoin, Jowai 

Remarks 

Baylis (1939) differentiated J_. ovis and _]\_ qlobulosa on the basis of 

the size of the spines on the distal expansion of the everted spicule sheath 

(those on the distal expansion of the sheath being larger than the rest in _T. 

qlobulosa and vice versa in _T. ovis) and by the topography of vagina (long 

and slender with its lumen widening gradually in _T. ovis, whereas short and 

stout with its lumen forming angular bends and opening suddenly into an egg 

chamber in X* qlobulosa^. However, no size difference was observed in the 

spines of the spicule sheath in the male specimens of J_. ovis examined herein. 

The males of the two species could be differentiated by reference to the shape 

of the proximal end of the spicules and also of the distal expansion of the 

everted spicule sheath. Except for above-mentioned minor variations, the present 

observations tally closely with the previous account provided by Baylis (1939). 

However, no cutlcular inflation was noticed near the head end, as recorded 

by Gupta and Mathur (1968). 

Meghalaya forms a new locality record for this species. 



TABLE 1.22 : Trichurls ovis (Abildgaard, 1795) Smith, 1908 : morphometric 
measurements 

Characters 

Body : length 

w id th (P) 

Oesophagus : length 

Head ; diameter 

Male 
Range 

aa.0-78.0 

0.50-0.93 . 

32.0-60.0 

0.01-0.02 

Mean 

66.0 

0.81 

51.8 

0.01 

Female 
Range 

58.0-85.0 

0.72-0.82 

4 6.0-56.0 

0.01-0.02 

Mean 

•».3 

0.76 

49.9 

0.02 

Interstr ia l distance 4.60-9.20M 7.30 a 4.60-9.20U 6.90 li-

Spicules : length 4.50-6.75 5A 8 

w id th (M) 0.02-0.03 0.02 

Spicule 
sheath : 

Vulva* 

Eggs : 

length 

w id th 

length 

w id th 

0.10-0.12 

0.03-O.m 

-

-

0.11 

0.03 

-

-

. 

-

12.0-18.0 

0.064-0.073 

0.032-O.m 1 

_ 

-

15.2 

0.069 

0.037 
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Subfamily Capi l iar inae Ra i l l i e t , 1915 

Genus Capi l lar ia Zeder, 1800 

Capi l lar ia contor ta (Crepl in , 1839) Travassos, 1915 

(Syn. Trichosoma contor tum Crep l in , 1839; Thominx-

contor ta (Crepl in , 1839) Travassos, 1915) 

(Plates 1A8, 1A9) 

The co l lec t ion comprised several hundred specimens of this species. 

The v^orms were found to be entangled each other in the content of the caecum. 

Description 

General 

Body thread l ike, long. Mouth very s imple, unadorned v»/ith baci l lary 

bands. Cut ic le s t r ia ted transversely. Oesophageal por t ion shorter, only sl ight ly 

thinner than post-oesophageal por t ion . Oesophagus gradually increasing in size 

poster ior ly . 

Male 

Caudal end st ra ight . Anus termina l v»/ith th in muscular w/all at anter ior 

and posterior to points of entry of spicule. Tw/o prominent inf lat ions present 

on ei ther side of t i p of t a i l . Spicule long, slender w i th blunt t i p , enveloped 

in sheath covered w i t h f ine hai r - l ike processes. 

Female 

Posterior end blunt ly rounded. Anus opening te rmina l ly . Vulva close 

behind junct ion of oesophagus and intest ine, its anter ior l ip sl ightly prominent 

and protruding outward ly . Ovary, uterus single, both simple in nature; la t te r 



PLATE 1.48 Capillaria contorta 

Fig.l Anterior end 

Fig.2 Posterior end of male, showing spicule protruding from sheath 

Fig.3 Posterior end of female, showing opening of anus 

Fig.4 Vulvar opening in female 

Fig. 5 Egg 
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PLATE 1.49 Capillaria contorta (Photomicrographs) 

Fig.l Anterior end (scale bar = 0.2 mm) 

Fig.2 Posterior end of male with spicule protruding from sheath (Scale 

bar = 0.2 mm) 

Fig.3 Posterior end of female, showing openmg of anus (scale bar = 

0.1 mm) 

Fig.* Vulvar opening in female (scale bar = 0.1 mm) 

Fig.5 Egg (scale bar = 0.02 mm) 
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leading to vagina. Eggs e l l i p t i ca l , smooth shelled. 

The measurements of the body and its organs are provided in Table 

1.23. 

Host Fow/1 

Location Intest inal caecum 

Locality Shil long, Nongstoin, Mairang 

Remarks 

There is perhaps no other group of nematodes, par t icu lar ly among those 

of birds, in which the exist ing descr ipt ion of the species so inadequate as 

in Capi l la r ia . This is probably because of the simple organizat ion and thread- l ike 

f o rm of the w/orms which pose a problem in examinat ion and thus inaccurate 

ident i f ica t ion of the species. In most of the body characters JC. contor ta closely 

resembles other species of the genus, such as ^ . annulate and C. columbae, 

known to occur in the caecum of domestic fowl (Deo, 19fift). However, these 

species could be best separated f rom one another mainly on the basis of the 

male reproduct ive st ructures; ^ . contor ta possesses a protrusible spicule sheath 

which is beset w i t h f ine hai r - l ike spines throughout its length; C. columbae 

also possesses a s imi lar spicule sheath but lacks the spines on its surface; 

in C^. annulate the sheath is reported to be lacking the spicule (Wassllkowa 

and Gouchanskaja, 1930); addi t ional ly the cut ic le at the anter ior ex t remi ty 

forms a character is t ic swell ing in the la t te r , which is absent in C. contor ta . 

In context of India, only C. columbae has been recorded in fowl of Bombay 

and U t ta r Pradesh (Bhalerao . and Rao, 19i»A). This is the f i rs t report of the 

occurrence of Capi l lar ia contor ta in domestic fowl of India. 



TABLE 1.23 : CapiHaria contorts (Creplin, 1839) Travassc», 1915 : morphometric 
measurements 

r ha rac te rs "^^ '^ Female 
unaraccers Range Mean Range Mean 

Body : length 8.0-11.2 9.7 18.0-52.0 37.6 

w id th 0.05-0.06 0.06 0.10-0.14 0.12 

Oesophagus : length 3.3-3.9 3.7 7.4-8.3 7.0 

Spicule : 

Spicule 
sheath : 

length 

w id th 

length 

w id th 

0.79-0.90 

0.013-0.018 

0.16-0.21 

0.023-0.029 

0.83 

0.015 

0.18 

0.025 

Vulva §§ - - 0.14-0.16 0.15 

Eggs : length - - 0.04 6-0.055 0.050 

w id th - - 0.018-0.023 0.020 
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The present descript ion tal l ies closely w i th that of Travassos (1915), 

except for some minor var ia t ion in the spicule length; in the or iginal descript ion 

the spicule is mentioned to be 0.8mm long. 



CHAPTER II 

SURFACE FINE TOPOGRAPHY 



INTRODUCTION 

In the past several years scanning e lect ron microscopy (SEM) has 

become a useful tool that has aided in c la r i fy ing the f ine surface structures 

of nematode body and has helped taxonomic interpretat ions (Hirschmann, 

1983). A scrut iny of the l i te ra ture reveals that many morphological characters, 

which were not ident i f iable by l ight microscopy (LM), have been resolved 

by SEM and have added to the l ist of useful taxonomic characters, which 

may provide rel iable specif ic dist inct ions and phylogenetic clues among related 

species (Sprent, 1952; K ikuch i , 1975, 1976a,b; Shoho and Un i , 1977; Barus 

et a l . , 1981; Malan e^ aL , 1986). In addi t ion, the use of SEM has also been 

u t i l i zed by numerous investigators to assess the arrangement of various s t ruc­

tures, par t icu lar ly pertaining to the sensory and feeding mechanisms of several 

nematode species, which may provide an insight into their probable functions 

and role in the microenvironment o f fered by the host (Ward et^ ah , 1975; 

Mclaren, 1976; Wr ight , 1977; Marchiondo and Sawyer, 1978; Singhvi and Johnson, 

1989). With regard to the nematodes of medico-veter inary signif icance many 

reports are available that provide the detai ls of the microtopographic features 

of the head and ta i l regions of various parasi t ic species (Madden et^ ^ . , 1970; 

Sprent e^ aU, 1973; Wiese, 1973; Ansel et^ ajL, 197t ; Setasuban, 197 i ; Kikuchi 

et^ a i . , 197ta,b,c; Yoshida et_ ah , 19'f ta,b; Uni and Takada 1975; Madden and 

Tromba 1976; Wang and Fu j i ta , 1976; Kikuchi and Oshima, 1977; Wong and 

Brummer, 1978). Dur ing the past decade studies re lated to nematode parasites 

of vertebrates hosts include those of Barus et^ a l . (1979a,b), Kikuchi et_ aK 

(1979), Rahman and Waddeli (1979), Tiekotter (1981), Un i and Takada (1981), 

Kazacos and Turek (1982), Gibbons and Khal i l (1983a,b), Blanchard et^ ah (1985), 
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Malan e^ aL (1986) and Snyder (1989). Recently Gibbons (1986) provided a 

comprehensive account of SEM of about one hundred for ty species including 

representatives of each of the superfamil ies of nematode parasites of ve r te ­

brates. 

In the present invest igat ion, while a few species of nematodes have 

been studied by SEM for the f i rs t t ime , the descript ion has been supplemented 

in the case of others. In view of their s ignif icance in systematic nematology, 

the surface f ine features, par t icu lar ly of the anter ior and posterior ex t remi t ies , 

in both sexes are described and i l lus t ra ted. 

MATERIALS A N D METHODS 

The nematode species studied by SEM in the present study include 

Setaria d iq i tata recovered f rom the peri toneal cavi ty of ca t t l e ; Ascaris suum, 

Bourqelat ia d iducta, Globocephalus connor f i l i i , and Ascarops dentata f rom 

the small intest ine, Gnathostoma doloresi and Stephanurus dentatus f rom the 

gastr ic and ureter wa l l , respectively of p ig ; and Oesophaqostomum aspersum 

and O. columbianum f rom the small and large intest ine, respect ively, of goat. 

L ive worms were col lected f rom freshly slaughtered hosts in 0.9% 

physiological saline, washed several t imes w i t h addit ional changes of the same 

solution and f inal ly in 10% acet ic acid in order to remove any mucus or host 

debris. They were then k i l led in warm water at 50-60°C. The whole worms 

or in the case of big sized specimens 5-10mm long cut pieces of their cephalic 

and caudal ends and also of the middle portions of the body, were f ixed in 

2% buffered neutral formal in (pH 7.0-7.2) for 24 hr washed several t imes 

in phosphate buf fer (pH 7.0-7.2) and stored in the same buf fer at 4°C (changing 

the buffer at 7-10 days interval) t i l l fur ther processing. Before f inal processing 
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for 5EM, the specimens were washed several addit ional t imes in the buffer 

and dehydrated in graded series of acetone w i th two changes of 15 min in 

each, fo l lowed by a change of dry acetone at 30 m in . In l ieu of the c r i t i ca l 

point drying technique the acetone-dried specimens were t reated w i th Tet rame-

thylsi lane (TMS), - an organo-si l icon compound having a low surface tension 

(10.2 dynesyti m at 20°C) and low boi l ing point (26.3°C) (obtained through 

A l fa Products, USA) as described by Dey et^ aU (1989). The TMS solution was 

added to the dehydrat ing tubes, immediately a f ter removing the dry acetone. 

The tubes were le f t covered w i th a screw cap for 10 min at 4-6°C and then 

placed wi thout the cap in an oven at 24°C or at room temperature t i l l l iquid 

evaporat ion. The specimens were mounted and posit ioned on the stubs, coated 

w i t h a th in layer of gold in a Fine Coat Ion Sputter JFC-1100 and observed 

under a Jeol-JSM 33 CF Scanning Elect ron Microscope, operating at e lectron 

accelerat ing voltages of 10-15 KeV. The important regions were chosen and 

micrographs were taken on ORWO/lndu 125 ASA B/W 120 ro l l f i lms. Unt i l 

otherwise indicated, the observations for each of the species were made on 

at least 4 specimens of each sex. 

• 

OBSERVATIONS 

Ascaris suum (Plate 2.1) 

The body cut ic le is thrown into narrowly placed transverse str iat ions. 

The mouth possesses three, prominent semicircular l ips; one dorsal and two 

subventrals. The upper and inner surfaces of lips are separated by a single 

row of dentigerous r idge. The dent ic les are less conspicuous, smaller and 

w i th concave edges. 

Male 

The ta i l terminates into a knob. Adjacent to the anus there lies 



PLATE 2.1 Scanning electron micrographs of Ascaris suum. 

Fig.l Anterior extremity bearing one dorsal and two ventral lips 

(scale bar = 10 ym). 

Fig-2 An enlargement of a section of the dentigerous ridge positioned 

at the outer margin of internal surface of a single lip exhibiting 

inconspicuous, small and concave edged denticles (arrowed) 

(scale bar = ly m). 

Fig.3 Pattern of cuticle at anterior extremity of body (scale bar 

^ lOym) . 

Fig.* Caudal extremity of male, showing distribution of papillae 

(scale bar = lOOym). 

Fig.5 Caudal extremity of female showing opening of anus and button­

like terminal knob (scale bar = lOOp m). 
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a row of 5-6 small preanal papi l lae, preceding which are present one large, 

c i rcular and two re lat ive ly small papi l lae. In addi t ion there are present many 

small papil lae scat tered i rregular ly and extending towards the anter ior ex t remi ty 

of the body. Of the postanal papi l lae, there occur a large centra l papil la and 

an aggregation of 3-4 small papil lae very near the ta i l t i p . 

Female 

The conoid, short ta i l ends in a but ton- l ike knob. The anal opening 

is s l i t l ike and subterminal in posi t ion. 

Bourqeiatia diducta (Plates2.2-2.a) 

The anter ior end of the worm is broad w i t h a buccal capsule which 

has a r ing of tentaculate structures forming the leaf crown at its r i m . The 

external corona radiata is composed of 21 large, broad and leaf-shaped elements; 

cephalic papil lae si tuated at the outer periphery of the mouth; these appear 

as raised cushions of tissue on the body surface. The surface cut ic le has almost 

regularly gapped transverse str iat ions throughout, both on the dorsal as wel l 

as the ventral aspects of the body. 

Male 

The bursa is marked o f f by notches into long dorsal and sl ight ly 

shorter la teral lobes. The proconus, an element of the genital cone, appears 

as a pointed st ructure w i th a pair of papil lae (not seen clear ly in the photo­

graphs) near i ts base; these papil lae appear dome shaped w i th a rugose surface 

of cut icular folds. The various bursal rays appear as bead projections on the 

surface; of these the externodorsal and anterolateral are more prominent. 

The long f i l i f o r m spicule seen emerging f rom the bursal lobes is curved at 



PLATE 2.2 Scanning electron micrographs of Bourgeiatia diducta 

Fig.l Anterior extremity, showing a small caphaiic vesicle (between 

the arrows) restricted to the anterior extremity (scale bar 

-- 10 yrn). 

Fig.2 Side erî  face view, showing the mouth opening, elements of 

external corona radiata and a circle of six cephalic papillae 

(*) (scale bar = 10 pm). 

Fig.3 An enlarged view of oral end (scale bar = lOy m). 

Fig.'f Transverse ridges of cuticle (scale bar - 10 ym). 
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PLATE 2-3 Scanning electron micrographs of Bourgelatia diducta 

Figs,l-2 Caudal end of male, showing 1. proconus (*) of geni ta l cone 

and long f i l i f o r m spicules curved at t ips 2. prominent ex ter -

nodorsal (numbered 8) and antero latera l (numbered 't) rays 

at la teral lobe of bursa (scale bar. = 100 ym) 

Fig.3 A caudal papil la in an enlarged view (scale bar = l y m) 

Fig.4 Pattern of cu t ic le at bursa w i th serrated margins (scale bar 

- 10 ym) 
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PLATE 2.4 Scanning electron micrographs of Bourgelatia diducta - female 

FigSj-2 Caudal end, showing positions of - 1. vulva and anus (scale 

bar = 100 um) 2. a pair of caudal papillae (*) and the phasmidial 

pores (arrowed) (scale bar = lOy m) 

Fig.3 Vulva as seen in enlarged view (scale bar = lOp m) 

Fig.'^ A closer view of anal region (scale bar = 10 ym) 
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the tips. The cuticle of the bursa exhibits a pat tern of fine wrinkles in between 

the transverse striations and the lateral margins of the body also show a serrated 

nature . 

Female 

The short tail gradually tapers to a blunt point and bears a pair 

of caudal papillae, one on either lateral side, at a li t t le distance from the 

posterior end. The vulva is prominent, circular opening si tuated at a little 

distance in front of the anus, the la t ter also being a quite prominent semi­

circular opening with a thicl< rim. The phasmidial pores are conspicuous, situated 

a lit t le in front of the posterior termination of the body. 

Oesophaqostomum columbianum (Plates 2.3, 2.6) 

The anterior end of the worm is bent dorsally in a hool<-like manner. 

The cuticle of the cephalic region is inflated to form a distinct cephalic vesicle. 

A prominent cervical groove is evident extending around the ventrolateral 

aspects of the anterior ext remity . A pair of cervical papillae (seen feebly 

in the photographs) is located at the region where cervical groove ends. The 

cuticular transverse striations are evident throughout the dorsal aspect of 

the body, whereas the cuticle on the ventral side is smooth. The lateral alae 

are well developed, originating immediately posterior to the cervical groove 

and extend for most length of the body forming a marked dorsal curvature 

which is interrupted at intervals. The mouth collar is in the form of a truncated 

cone, markedly separated from the rest of the body. A pair of amphids is 

seen lying one on either lateral side of the mouth cone; these appear as deep 

circular pits. Long and prominent cephalic papillae, four in number, are arranged 

peripherally on the mouth cone. The cuticle immediately surrounding the oral 



PLATE 2.5 Scanning electron micrographs of Oesophagostomum columbianum 

Fig. l Anter ior ex t remi ty bent dorsally in a hook-l ike manner, showing 

lateral ala and a large cephalic vesicle (between arrows) marked 

behind by cerv ica l groove (scale bar = lOOy m) 

Figs^-'t Cephalic region enlarged 2. in ventral v iew, showing elements 

of external corona radiata raised upward 3. in dorsal view 

showing amphidial opening (arrowed) cephalic papil lae (*) on 

mouth cone k. in en^ face view, showing c i rcular oral opening 

and 20 leaf-shaped elements of .external corona radiata (scale 

bar = lOu m) 
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PLATE 2.6 Scanning electron micrographs of OesophaROStomum columbianum 

Fig. l Transverse str iat ions on dorsal aspects of body (scale bar 

= lOym) 

Fig.2 Caudal end of male w i th a bell-shaped bursa, showing externo-

dorsal (numbered 8), anterodorsal (numbered 'f) rays at la tera l 

lobes and long twisted spicules (scale bar = 100 pm) 
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aperture has radial ly extending corrugations and nearing the anterior edges 

of the mouth col lar forms 8-10 regular concentr ic rings of r idges. The external 

corona radiata comprises 20 long leaf-shaped elements. 

Male 

The bursa is bel l shaped w i th two large la tera l lobes. The antero­

lateral and externodorsal rays are seen bulging on the bursal surface. The 

spicules are long and twis ted upon each other and are seen extending beyond 

the bursal lobes. 

Oesophaqostomum aspersum (Plates 2.7-2.9) 

The anter ior end of the bofly is somewhat rounded w i t h a cut icular 

in f la t ion or vesicle that is l im i ted behind by a wel l defined cerv ical groove. 

The mouth-col lar is in the fo rm of a t runcated cone. Two oval amphidial 

apertures are visible, one on either la tera l side of the cone. There is present 

one small papil la on either anterolateral aspect and one on the middle of 

the cephalic vesicle. The cut ic le of the anter ior region (behind the cephalic 

vesicle) is thrown into conspicuous ridges forming 2-3 consecutive t ie rs ; however, 

posteriad these ridges t ransform into fine annular s t r ia t ions. The oral cav i ty 

is c i rcular w i t h its r i m having an evenly placed row of project ions that fo rm 

a leaf crown; the external corona radiata consisting of 12 blunt ly rounded 

elements is quite conspicuous. The cephalic papil lae are seen si tuated per iphe­

ral ly on the mouth-cone. 

Male 

The posterior end of the worm is expanded to fo rm a well-developed 

bursa copulatr ix , w i th large dorsal and sl ight ly shorter la tera l lobes. There is 



PLATE 2-7 Scanning electron micrographs of OesophaRostomum aspersum 

Fig^l-* Anterior extremity, showing 1. characteristic cephalic vesicle 

and amphidial aperture (arrowed) 2. circular oral opening and 

elements of external corona radiata 3. Cephalic papillae on 

mouth cone 4. changing pattern of cuticular ridges posteriad 

(scale bar = 100 ym) 
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PLATE 2.8 Scanning electron micrographs of Oesophagostomum aspersum 

Fig^l-2 Patterns of cuticle at 1. Anterior extremity 2. Middle region of body 

(scale bar = iO>||ni). 

Fig.2 Posterior extremity showing position of vulva and short tail with sub-

terminal anus (scale bar = lOOiim) 

F'lgA Vulva, in a closer view (scale bar = lOiim). 
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PLATE 2.9 Scanning electron micrographs of OesophaROStomum aspersum - male 

Fig.l Caudal end, showing bursa, a prebursal papilla (numbered 1) and curved 

distal end of slender pointed spicules (scale bar 100 jJum) 

Fig.2 Bursa in an enlarged view, showing prominent externodorsal (numbered 8) 

dorsal (numbered 9) and other bursal rays (arrowed) (Scale bar = lOjosn) 
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present a pair of small prebursal papillae just In front of the bursal lobes. 

The bursal rays show their presence as raised bead-like projections on the 

surface of bursa. The long filiform spicule, seen emerging from the bursal 

lobes, is curved at the t ip . 

Female 

The tail tapers to a blunt point. An abrupt constriction, a l i t t le 

in front of the posterior extremity, marks off a conical terminal end which 

lodges the vulva and anal opening. The vulva appears as a simple, somewhat 

transversly elliptical opening without any cuticular ornamentation in its vicinity. 

The anus lying relatively close to the posterior tip looks like a triangular 

opening. 

Stephanurus dentatus (Plates 2.10, 2.11) 

The hexagonal mouth opening is directed straight forwards with 

thick cuticular r im. The la t ter bears a rudimentary corona radiata containing 

about 80-85 small e lements . The cuticle surrounding the mouth is reflected 

externally into six raised thickenings, of which the dorsal and the ventral 

are more prominent. Four prominent seta-l ike cephalic papillae are present 

in the circumoral region. Emerging from the base of the buccal capsule are 

visible six tongue-shaped teeth which are both bi- and tri-cuspid types and 

have uniform edges devoid of any ridges. 

* 

Male 

The bursa is small and thick walled; the bursal rays are short and 

«tout, and always terminate in rounded, relatively wide tips; the dorsal ray 

is small and bifurcated into two branches each of which is in turn trifurcated 



PLATE 2.10 Scanning electron micrographs of Stephanurus dentatus 

Fig.l Anterior extremity, showing reduced elements of corona radiata 

situated at a thick cuticular rim and seta-like cephalic papillae 

(arrowed) (scale bar = 10 pm) 

Fig.2 Same showing elements of corona radiata more clearly (scale 

bar = 10 ym) 

Fig.3 Er^ face view, showing oral opening and teeth inside the buccal 

cavity; a circle of six thickenings of cuticle, and four cephalic 

papillae are also visible (scale bar - lOym) 

FigA Caudal end of male, showing circumcloacal papillae (arrowed) 

and various bursal rays numbered as dorsal (8,9), posterolateral 

(6) medioCrlaterai (5), anterolateral (^), posteroventral (3) and 

anteroventral (2) (scale bar = 10 ym) 
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PLATE 2.11 Scanning electron microscopy of Stephanurus dentatus 

Fig.l Posterior extremity of female, showing opening of vulva and 

anus (scale bar = lOQam) 

Fig.2 Vulvar region, enlarged to show ornamentation at vicinity 

(scale bar - lOp m) 

Fig.3 Posterior extremity of female, showing the characteristic 

conical tail (scale bar = 100 \xm) 
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at its t i p ; the lateral rays are massive, closely applied to one another, the 

posterolateral being th icker than the other two ; the ventra l rays are also 

applied to each other and are of same size. The cloacal aperture appears 

as sl i t l ike, s i tuated subventral ly between the la tera l processes of the bursa. 

There are present two pairs of c i rcumcloacal papil lae (papillae of r ight side 

are not clear ly seen in the photographs), each w i t h a rounded, sl ight ly p ro t r u ­

ding t i p . The spicules are swollen distal ly bearing a minute pore- l ike opening 

at their t i p . 

Female 

The posterior ex t remi ty is bent vent ra l ly . The ta i l is conical , bearing 

a c i rcular opening of the anus quite close to the t i p . The vulva is s i tuated 

a l i t t l e in front of the anus, w i th cut icu lar ornamentat ion surrounding i t . 

Globocephalus connorfilii (Plates 2.12-2. la) 

The anter ior end of the worm is bent dorsally w i th a small c i rcular 

oral cav i ty . Along the whole length of the body the cut ic le is transversely 

s t r ia ted w i th almost an equal in terst r ia l distance throughout. A prominent 

ver ruc i fo rm cerv ical papil la is s i tuated on ei ther side of the body some distance 

away f rom the posterior t i p . 

Male 

The bursa is formed by a small dorsal and two large la tera l lobes, 

and possesses genital cone inside. The cut ic le of the bursal region has a f inely 

corrugated appearance. A pair of prebursal papil lae is markedly observed 

in f ront of the bursal lobes; these appear somewhat e l l ip t ica l in shape. The 

externodorsal ray appears as a papi l la- l ike elevat ion at the edge of the lateral lobe. 



PLATE 2.12 Scanning electron micrography of Globocephalus connorfilii 

Fig. l Anter ior ex t remi t y , bent dorsaliy showing c i rcular ora l opening 

(scale bar = 100 \im) 

Fig.2 Same in ventra l v iew, showing a pair of ver ruc i fo rm cerv ica l 

papi l la (scale bar - 10 ym) 

Fig.3 Somatic region, showing large cerv ica l papil lae extending over 

surface and cut icular str iae (scale bar = 100pm) 

Pig.*^ Transverse str iae of cu t ic le , in magnif ied view (scale bar 

= 10 ym) 
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PLATE 2.13 Scanning electron micrographs of Globocephalus connoriiiii 

F ig. l Caudal end of male, showing bursa and a pair of prebursai 

papil lae (numberdl) (scale bar = 10pm) 

Fig.2 The same enlarged, showing geni ta l cone (scale bar = 10 um) 

Fig.3 A prebursai papil la in a closer view (scale bar = 1 ym) 

Fig . * Cut icular pat tern of bursa (scale bar = 10ym) 
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PLATE 2.14 Scanning electron micrographs of Globocephalus connorfilii 

Fig.l Caudal end of female, showing tapering tail with a blunt distal 

tip (scale bar = lOOpm) 

Fig.2 Opening of vulva guarded by a small flap (scale bar = 10 p m) 

Fig.3 Anus, as a slit-like opening (scale bar = 10 y m) 

Fig.^J Caudal end of male, showing externodorsal ray (numbered 8) 

at lateral lobe of bursa (scale bar = 100 pm) 
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Female 

The cut ic le shows a contour simi lar to that in male worms. The 

ta i l tapers poster ior ly behind the anus, w i th a blunt distal t i p . The anus apepars 

as a s l i t - l i ke opening, ly ing qui te close to the posterior end. The vulvar opening 

si tuated in the posterior half of the body is guarded by an everted f lap of 

cu t ic le . 

Setaria diqitata (Plates 2.15-2.17) 

The character is t ic fo rm of the oral opening surrounded by a raised 

cut icular area of peribuccal r ing is c lear ly revealed by 5EM observations. 

The la t ter possesses a pair of cut icular elevations notched at the apex. A 

pair of t iny pore is recognizable at the upper armpi t of the la tera l appendages 

in both the sexes; the appendages have the shape of a long papi l la. 

Male 

The posterior ex t remi ty is curved spiral ly. The ventral bands, visible 

in the region anter ior to the cloaca, have a character is t ic ornamentat ion 

of cut icular s t r ia t ions; strips of transversely running ridges are regularly in ter ­

cepted by narrower str ips of longitudinal r idges. Of the caudal papillae there 

are three pairs of precloacal , a pair of adcloacal and three pairs of postcloacal 

papi l lae, al l arranged lateral ly on either side of the t a i l , plus a centra l papi l la 

which is elongated dorsoventral ly and si tuated in f ront of the cloaca. Addi t ional ly 

there are present two pairs of t iny papil lae anter ior to the la tera l appendages 

(not depicted clear ly in the photographs). A single tongue-shaped spicule is 

seen project ing f rom the cloacal o r i f i ce . 



PLATE 2.15 Scanning electron micrographs of Setaria digitata 

Fig. l Anter ior ex t rem i t y , en face v iew, showing oral opening surrounded 

by a raised cut icular area of peribuccal r ing (scale bar = 10 y m ) 

Fig.2 Anter ior ex t remi ty in dorso- lateral v iew, showing la tera l lips 

of peribuccal crown (scale bar = lOjj m) 

Figs.3-* Cut icular pattern ornamentat ion of ventral bands; note the 

strips of transversely st r iated cut ic le a l ternat ing w i th those 

having longitudinal str iat ions (scale oar, Fig.3 = 10 um; F ig . 

't = 1 y m) 
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PLATE 2.16 Scanning electron micrographs of Setaria digitata 

Fig.i Caudal end of male, showing arrangement of papillae (scale bar 
- 100 vm) 

Fig.2 Same in a diferent and enlarged view (Scale bar = lOp m) 

Fig.3 Caudal end of male, showing the broad spicule emerging from 
anus and a central papiila (*) (scale bar = lOp m) 

Fig.* Caudal end of female, showing small lateral appendages (arrow) 
(scale bar = lOjjm) 
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PLATE 2.17 Scanning electron micrographs of Setaria digitata 

Fig.l Posterior end of female, showing a terminal rounded knob 

in an enlarged view (scale bar = lOpm) 

Fig.2 Postdeirid positioned near posterior extremity of male (scale 

bar = 10 pm) 

Fig.3 Same in an enlarged view (scale bar = 10 ym) 

Fig.4 Transverse bands composed of longitudinally running micro-

striation; note the presence of tubercles throughout the surface 

(scale bar = 1 p m) 
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Female 

In between the cut icular str iat ions are present scantly and irregularly 

scat tered very minute papi l late structures. Tfie posterior ex t remi ty terminates 

in a rounded i<nob. 

Ascarops dentata (Plates 2.18-2.21) 

The anter ior end of the worm is provided w i th a pair of oppositely 

d i rected pseudolabia. The la t ter are t r i lobed and or iginate separately at a 

l i t t l e distance f rom the anter ior ex t remi ty , forming a longitudinal sl i t that 

divides the anterior ex t remi ty into two lateral parts; the s l i t represents the 

length of the pharynx. Each labium throws a wel l-developed buccal tooth 

f rom its middle lobe into a large and terminal oral cav i ty . There are present 

two dist inct submedial cephalic papi l lae, one on each outer lobe of the l ip . 

The papil lae are re lat ive ly stout , prominent and oval . A t higher magni f icat ion 

it is revealed that the papil lae do not possess a central pore and their t ip 

is smooth. The amphidial openings are prominent large c i rcular pits anter ior 

to the submedian cephalic papil lae at the middle lobe; a minute pore- l ike 

opening was observed marl<edly anter ior to the papil lae on the lateral side 

of the outer lobe of each pseudolabium. 

The cut ic le covering the head part is non-st r ia ted, whereas throughout 

the major length of the body (except for the caudal region) i t has a pat tern 

of almost regular transverse st r ia t ions. The la t te r are not as wide at the 

anterior region of the body as in the poster ior; the dorsotransverse and ven t ro -

transverse str iat ions of the anter ior region end at the lateral alae in an a l te r -

MulirMj manner, wl i i le those at the posterior end remain continuous. 

Male 

The caudal ex t remi ty is bent on to its le f t side almost at a r ight 



PLATE 2.18 Scanning electron micrographs of Ascarops dentata 

Figs.1-3 Anterior extremity in different -views, showing submedian 

cephalic papillae, amphidial aperture (arrowed), and circular 

oral openings; note a minute pore-like opening at outer lobe 

of each pseudolabium (scale bar = 10 nm) 

Fig.4 Pseudolabium showing a submedian cephalic papilla (scale 

bar = 1 pm) 
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PLATE 2.19 Scanning electron micrographs of Ascarops dentata 

Fig. l A submedian cephalic papil la in enlarged view (scale bar 

= I p m) 

Figs.2-'» Patterns of cut icular ridges - 2. at the anter ior ex t remi ty 

(scale bar = 10 ym) 3. at the middle region (scale bar = lOp m) 

if. at the posterior region (scale bar = 100 prn) 
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PLATE 2.20 Scanning electron micrographs of Ascarops dentata - male 

Fig.l Caudal end curved spirally, note the changing pattern of cuticle 

posteriad (scale bar = lOOym) 

Fig.2 Same enlarged to show the caudal ala extended markedly to 

right side and a phasmidial pore (arrowed) (scale bar = lOOym) 

Fig.3 Same in ventral view, showing unequal spicules extending from 

the cloacal orfice and ornamentations of cuticle (scale bar 

= 100 ym) 

Fig.* Cuticular ornamentation in a closer view (scale bar = 10ym) 
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PLATE 2.21 Scanning electron micrographs of Ascarops dentata 

Fig.l Cuticular pattern at posterior extremity of male (scale bar 

= 10 pm) 

Fig.2 Caudal end of female, showing slit-like anus and a conical 

tail (scale bar = lOOym) 

Fig.3 Terminal end of female, showing pattern of cuticle and phas-

midial opening (arrowed) (scale bar = 10 pm) 
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angle, giving the posterior end an appearance of the numeral 6 upside down 

('•9'). The cut ic le of the caudal region is covered w i th pronounced but f ine 

transverse ridges, the la t te r Hearing the posterior ex t remi ty being rather 

narrowly placed. The minute phasmidial pores are s i tuated on the la tera l 

aspects of the region immediately before the caudal alae. The caudal alae 

are extended markedly to the r ight side of the ta i l and appear as tr iangular 

pieces. The ventra l surface of the caudal end has a dense aggregation of 

mushroom-l ike cut icu lar thickenings, w i t h their bases overlapping sideways 

and distal ends forming smooth narrow surfaces, arranged in somewhat recogni ­

zable longitudinal rows. The unequal spicules are seen emerging out of a smooth 

subterminal disc- l ike p late. The ta i l ends b lunt ly . 

Female 

The ta i l is comparat ively shorter than in the male worm and is 

pointed b lunt ly . The anus appears as a prominent opening near the t ip . The 

cut ic le in the preanal region has more or less regular transverse str iat ions, 

whereas in the postanal region it is thrown into a pat tern of irregular folds 

and ridges. A small but prominent depression, observed among these folds 

on the lateral aspects and quite close to the t ip of the t a i l , appears to be 

the phasmidial opening of the r ight side. 

Gnathostoma doloresi (Plates 2.22, 2.23) 

The anter ior end of the worm is provided w i t h a dist inct globular 

cephalic bulb. Two large pseudolabia guard the oral opening; the cut ic le of 

each labium on its inner facet is thickened and raised into a tooth- l ike ridge 

which encounters its fe l low of the opposite side as i f forming a macerat ing 

device. The cephalic bulb is armed w i th backwardly d i rected spines arranged 



PLATE 2.22 Scanning electron micrographs of Gnathostoma doloresi 

Fig.l Anterior extremity, showing cephalic bulb separated off from 

rest of body, and backwardly directed cuticular spines throughout 

its surface (scale bar = 100 pm) 

Fig.2 ^n^ face view showing trilobed pseudo31abia, submedian cephalic 

papillae (*) and amphidial opening (arrowed) (scale bar = 100 ym) 

Fig.3 Magnified etn face view, showing the lips edges and cephalic 

papillae (arrowed)(scale bar = lOy m) 

Fig.* Cephalic bulb, showing transverse rows of backwardly directed 

spines (note the fibrous interconnections between the spines) 

(scale bar = 100 ym) 
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PLATE 2.23 Scanning electron micrographs of Gnathostoma doloresi 

Fig.l Spination on the head bulb (scale bar =10 m) 

Fig.2 Three-pronged spines, densely distributed on the cuticle in 

the anterior region of body (scale bar = 10 um) 

Fig.3 Spination on the mid body region (scale bar = 10 ym) 

fig.** Spination on the posterior region of body (scale bar = 10 ym) 

Fig.5 Amphid, opening as a deep circular pit at the cephalic bulb 

(scale bar = 10 ym) 
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in 8-9 regular c i rcu lar rows. These spines are exhibi ted as emerging f rom 

a globular cut icular base and the cut ic le in between the spines of a row shows 

transverse f ine wr inkles, probably re f lec t ing the underlying f ibrous elements. 

The amphids revealed as a deep c i rcular p i t s i tuated latera l ly on each labium. 

There are present four submedian cpphalic papi l lae. The whole body surface, 

posterior to the cephalic bulb, is densely covered w i t h backwardly directed 

cut icular spines. The la t ter show a gradual change in their contour and density 

f rom anter ior to posterior end of the body. Those abounding in the anter ior 

region are scale l ike or fo l ia te , showing a densely overlapping pat tern and 

having character is t ica l ly 3-pronged distal edges; the median of the three prongs 

is sl ight ly longer and blunt ly taper ing, whi le the la tera l prongs are short and 

have pointed ends. The cut icular spines in the middle region of the body are 

seen to have re lat ive ly short base but their t r ident distal edge have a con­

spicuously long median prong that tapers to sharp narrow points. Towards 

the posterior end the spines re ta in their t r ident contour but appear more 

slender and elongated than those of the rest of the body. A t the extreme 

posterior ex t remi ty the spination reduced to mere points protruding beyond 

the str iat ions of the cu t i c le . 

DISCUSSION 

The present study i l lustrates a detai led account of f ine surface 

structures of nine species representing eight superfamil ies of nematode para­

sites of ver tebrates. 

The dentigerous ridges are character is t ic of several genera of the 

superfamily Ascaridoidea (Gibbons, 1986). The size and topography of the 

denticles forming the ridge have been used by previous workers as taxonomic 
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c r i te r ia for d i f fe ren t ia t ing the apparently ident ical species, j ^ . suum f rom 

pigs and ^ . lumbricoides f rom humans. Sprent (1952) indicated a convincing 

morphological d i f ference between the human and pig strains, i.e., the denticles 

on the lips of the pig forms are equi lateral tr iangles w i th stra ight edges, 

and those of the human form are less conspicuous, smaller and have concave 

edges. However, according to Lysek (1963) the denticles in both forms varied 

considerably and lacked any rel iable distinguishing feature . L i t t l e (1968) admi t ted 

that same di f ference were in fac t , apparent when comparing worms of a similar 

size, since the denticles increase in size as the worms grow. While Madden 

et a l . (1970) supported Sprent's observations, Ubelaker and Al l ison (1972) 

noted variat ions in shape even in the specimens or ig inat ing the same host. 

Ansel and Thibaut (1973) c la imed that there were di f ference between the 

two forms in the size and shape of the denticles f rom the central part of 

l ips. Madden and Tromba (19 76) found the shape of the denticles of the pig 

fo rm varying w i t h the angle f rom which they were viewed and their size varying 

not only in d i f ferent worms but also in the same specimen, the average size 

being dependent on the age of the worm. These workers also stated that any 

dist inct ion between the denticles of the worms of human and pig origin w i l l 

remain questionable unt i l s imi lar age-related studies are done w i t h the human 

f o r m . Lysek (1980) also doubted the taxonomic signif icance of denticles' size 

and density, in view of their var ia t ion in the mater ia l f rom pigs. 

In general, the topography of the anter ior end of ^ . suum as revealed 

herein is s imi lar to that reported by Wiese (1973) and Madden et_ a l . (1975). 

However, these authors reported the presence of two dentigerous ridges dividing 

the l ip into a upper and a lower par t , whereas only one dentigerous ridge 

was found to be present and the denticles appeared to be less conspicuous 
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wi th concave edges in the specimens studied herein. These observations, in 

conformi ty w/ith those of Sprent (1952) w/ould lead to ident i f ica t ion of v/orms 

under study as ^ . lumbricoides! Thus a possibi l i ty of Ascaris v»/orms of porcine 

and human origins being conspecif ic may not be e l iminated. 

Based on a combinat ion of head, t a i l , and body structures the SEM 

has been successfully used for species separation w^ithin the fami ly Strongyloidae. 

B. diducta studied herein resembles closely the other strongylids l ike 

Oesophaqostomum spp. (which also inhabit the same site in the host) in posses­

sing the character is t ic mouth opening w i t h leaf-shaped elements forming the 

c rown; it is also s imi lar to Cyl icocerus cat inatus (subfamily Cyathostominae) 

in having a wide saucer-shaped anter ior end w i t h a shallow const r ic t ion separating 

the head capsule f rom the body (Rahman and Waddell, 1979); papil lae not 

earl ier visualized by L M , appear as raised cushions of tissue si tuated at the 

periphery of the mouth opening and have suggestedly a mechanoreceptive 

functions (Gibbons, 1986). The exact number of the elements const i tu t ing 

the crown, now determined, removes any fur ther confusion related to their 

number. The genital cone, an organ of the male ta i l in bursate nematodes 

is also i l lustrated in B. d iducta. In the past i t has been largely overlooked 

in the systamatics and taxonomy of bursate nematodes. However Gibbons 

and Khal i l (1983a) discussed its value as a supportive taxonomic characters. 

The presence of genital cone has also been demonstrated in the t r ichostrongyl id 

Ostertaqia ostertaqia (see Gibbons and Kha l i l , 1983b). The character is t ica l ly 

shaped vulva and anus are i l lustrated herein at higher magnif icat ion? earl ier 

these were recognized merely as simple openings by L M . Besides, several 

more features are visualized through SEM, which ear l ier were not discernable 

in L M studies. These include a pair of smooth caudal papil lae and the 
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phasmidial pores. No such caudal papillae were reported to be present in Ostertagia 

ostertaqia males. The papillae with a pore are considered to be more involved 

with chemoreception than with tactile reception (MoLaren, 1976). Therefore, 

the absence of a visible pore in the papillae is suggestive of a tactoreceptive 

function. The location of the phasmidial pores observed in this species seems 

to be comparable with that shown in the female tail end of the ascarid, 

Parascaris equorum (see Snyder, 1985). 

Members of the genus Oesophaqostomum are primarily identified 

on the basis of the characteristic mouth cone and the number and shape of 

the elements in the coronae radiatae; the latter are often not accurately 

countable in LM studies. In O. asperum, as illustrated herein, the external 

corona radiate is found to comprise 12 blunt leaf-like elements and the general 

morphology of the anterior end considerably resembles that reported in other 

strongylids such as Cylicodontophorus' saqitattum (see Rahman and Waddell, 

1979). Zaman (1983) also illustrated similar features in Oesophaqostomum 

sp., though the cephalic papillae appear less prominent than in _0. aspersum. 

The three-dimensional view of the anterior end of _0. columbianum confirms 

the LM observations that the anterior extremity curved like a hook, is provided 

with a prominent cephalic vesicle marked behind by a cervical groove and 

a pair of cervical papillae (Baylis, 1936a). The mouth collar and the cervical 

groove are more prominent in this species than in O. aspersum. The definite 

number of elements of the external corona radiata is found to be 20, whereas 

earlier the elements were mentioned as varying between 20 and 2h (Baylis, 

1936a). 

The presence of oval amphidial apertures, one at each lateral edge 

of the mouth-cone is visualized through SEM for the first time in both the 

Oesophaqostomum spp. studied herein. Amphids similar in form, one at each 
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la tera l side of the oral opening have been described in other bursate nennatodes 

as wel l (Gibbons, 1986). The elongated spicules pro ject ing f rom the bursal 

lobe and observed as joined together throughout their length in O. aspersum 

resemble those of Necator americanus (see Zaman, 1983). The absence of 

any cut icular ornamentat ion around the anus and vulva in female O. aspersum, 

has also been observed in Haemonchus contortus and B. phlebotomum (see 

Gibbons, 1986; Malan et^ aU, 1986). Fur ther , in O. aspersum the ta i l is short 

w i th subterminal anus, however in O. columbianum the anus is placed far 

in f ront of the posterior ex t remi ty and the ta i l tapers sharply posterior to 

the anus (Gibbons, 1986). 

The cut icular pat tern may be taken as an addit ional supportive charac­

ter in d i f fe ren t ia t ion of various Oesophagostomum species. While cut icular 

transverse str iat ions are evident only at the dorsal aspect of the body in O. 

columbianum, in O. aspersum these are present on both the surfaces. The 

character is t ic la teral alae of O, columbianum could c lear ly be seen or ig inat ing 

f rom the cerv ica l groove and extending along almost the ent i re length of 

the body. The lateral alae may provide a degree of longitudinal s t i f fen ing 

and allow for changes in the worm's d iameter ; these remain in contact w i t h 

the substrate and therefore increase the ef f ic iency of locomot ion by increasing 

f r i c t i on and preventing ro l l ing (Lee, 1969). 

In S. dentatus the SEM provides the character is t ic three dimensional 

view of the hexagonal oral opening endowed w i t h six cut icular peripheral 

thickenings, leaf c rown, revealed the presence of seta- l ike cephalic papil lae 

80-85 elements in the leaf crown and six teeth or ig inat ing f rom buccal cav i ty . 

The hexagonal nature of the oral cav i ty in 5. dentatus is impl icated to represent 

six rudimentary lips (Chitwood and Chi twood, 1977), and supplements the 
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previous observations made by L M . Almost ident ical cephalic papil lae w i th 

same number have also been recorded in Murshida hamata, also belonging 

to the superfamily (Gibbons, 1986). Bayiis (1936b) earl ier had mentioned to 

the presence of about 50 reduced elements of the leaf crown at the periphery 

of the mouth , whereas their number was found to vary between 80-85 in the 

present study. Almost simi lar elements of crown have also been elucidated 

in Chabert ia ovina a strongyl id (Gibbons, 1986). Teeth have also been reported 

to occur in several other animal parasit ic nematodes such as, Syphacia spp., 

Rictufawa jodhpurensis, e tc . (Wiger et_ aL, 1978; Mezaros et^ ajL, 1978; Singhvi 

and Johnson, 1989). The morphology of the teeth varies great ly and they have 

been divided into two groups based on thei r point of or ig in , those transformed 

f rom the labial region, re fer red to as 'odont ia ' (e.g. Physaloptera sp., Abbrer iata 

spp. and Ancylostoma spp.) and those or ig inat ing poster ior ly and associated 

w i th the oesophagus, re fer red to as 'onchia' (e.g. as in many species belonging 

to the super fami l ies Strongyloidea and Trichostrongyloidea, namely Haemonchus 

contor tus, Stronqylus vulgaris and S. asini (see Gibbons, 1986); Stephanurus 

seems to represent the la t te r type; however unlike the Syphacia and R ic tu la r ia 

spp. no ridges were found to be present surrounding the tee th . The topography 

of the teeth observed in Ji. dentatus is very much comparable to that of 

Stronqylus vulgaris. 

The arrangement of rays and the topography of the bursa could 

clear ly be visualized w i t h the aid of SEM. The general morphology of the 

bursal rays resembles closely that in Trichinel la spp. (see Barus et^ ah , 1981b). 

The blunt t ip of the spicule w i th a minute pore at the distal end is comparable 

to that in Onchocerca sp. (see Gibbons, 1986). The perineal cut icular ornamenta­

t ion in Stephanurus appears similar to that in Bourqelatia diduct ia and 
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Oesophaqostomum sp. (see Zaman, 1983). The features, such as the rudimentary 

corona radiata and degenerated bursa, support the concept advocated by 

L ichtenfe ls (1980) that Stephanurus represents a p r im i t i ve strongyl id f o rm . 

The appl icat ion of SEM to Globocephalus connor f i l i i reveals many 

characters of specif ic ident i f i ca t ion . The funct ional ly important surface annula-

t ions are present as transverse markings on the dorsal and ventral surfaces 

and are absent at the middle region of the body. Annulations enable the nema­

todes to change shape and the cut ic le to f lex during dorsoventral contract ions 

(Wharton, 1986). The absence of cephalic papil lae and the small buccal cavi ty 

are features comparable to those made on the tr ichostrongyl id^ Qllulanus 

tr icuspis (see Blanchard, 1985). The dorsally bent anter ior end resembles that 

of Bunostomum phlebotomum (see Malan et^ aL, 1986). According to L ichtenfe ls 

(1980) the or ientat ion of oral opening could be taken as a tool to separate 

tr ibes w/ithin the fami ly Ancylostomatoidea. The character is t ic s t r ia ted cu t i c le , 

the presence of prominent cerv ical papil lae and the topography of the vulva 

are the features w^hich may be of signif icance in ident i f ica t ion of the species. 

The SEM observations on the morphology of G. connor f i l i i par t icular ly the 

cerv ica l papil lae and male bursa (wi th a dorsal and tv/o la tera l lobes) supplement 

in general the available in format ion reported for the other hookworm species 

(Setasuban, 197 i ; Yoshida et^ ah , 197ia,b; Malan et_ ah , 1986). The semi expanded 

post ion of the dorsal and ventral lobes of the male bursa may not represent 

a natural condi t ion. The topography of the distal t ip of the female ta i l could 

d i f fe ren t ia te G. connor f i l i i f rom an ident ical appearing species G. urosubulatus. 

In the former the ta i l ends w i th a blunt t i p , whereas in the la t ter i t is observed 

to f inish in a prominent termina l spine (Gibbons, 1986). The posterior ex t remi ty 

of female in G. connor f i l i i in general appears s imi lar to that of Necator 
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americanus, also belonging to the same fami ly . The presence of a flap or 

the opening of vulva observed in this species has also been i l lustrated in the 

t r ichost ronqy l id , Paracooperia nodulosa by Gibbons and Khal i l (1983a). 

Shoho and Uni (1977) and Wong and Brummer (1978) used SEM for 

d i f fe ren t ia t ion of adult f i l a r ia l worms w i th in the same genus. With regard 

to Setaria d iq i ta ta , studied herein, the SEM has provided useful in format ion 

about some structures which could be pro f i tab le in c la r i f y ing d i f f i cu l t taxonomic 

situations in the genus Setaria which includes a wide spectrum of species. 

A series of cephalic papil lae arranged c i rcum-ora l ly could be seen in the speci ­

mens examined herein. The amphidial opening that has not been recognized 

earl ier by L M is seen si tuated on the lateral aide of the peribuccal r ing . 

The posit ion and external appearance of the amphidial opening resemble closely 

that i l lustrated for Setaria marshal l i pandei (see Shoho and Un i , 1977). The 

phasmidial pores are demonstrated in the present invest igat ion as lying close 

to the lateral appendages. The pos t -de i r id which has of ten been overlooked 

in L M studies was f i rs t observed in Setaria nelsoni by Shoho (1976) among 

al l Setaria spp., i t is also demonstrated clear ly in S. d iq i ta ta . The la t ter species 

is distinguishable f rom S. marshal l i on the basis of the general appearance 

of the post de i r id ; in S. marshal l i , i t appears as a t r i f u rca ted needle-l ike f o rma­

t i on . (Shoho and Un i , 1977), s i tuated on an elevated mass, whereas in S. 

d iq i ta ta i t is simple and un i fo rm, not divided at the t ip and emerges f rom 

a deep wide t i p . The pat tern of f iner longitudinal microstr iat ions comprising 

the ventral bands may be species specif ic and thus could be helpful in d i f f e ­

rent ia t ion of various Setaria spp. These microstr iat ions were f i rs t i l lustrated 

by Helle and Blix (1973) w i th the aid of SEM in Dipetalonema spirocauda. 

The character ist ics microstr iat ions consisting of regular rows of spherical 
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bands are also reported to be present in male specimens of S. labiato-papil losa 

and Bruqia pahanqi, at a l i t t l e distance f rom cloaca, thought not neat ly arranged 

(Shoho and Un i , 1977; Aok i et_ aU, 1980). It is noteworthy here that somewhat 

s imi lar kind of ornamentat ion, the so-cal led "spines", has also been i l lustrated 

in the region approximat ing cloaca in male Baylisascaris procyonis, an ascarid 

(Snyder j1989). According to Gibbons (1986) the region possessing these bands 

known as area rugosa, is an essential feature of the superfamily Fi lar iodea. 

Snyder is of the view that these structures per form some sensory funct ion 

in the copulatary process. The exact number and posit ion of caudal papil lae 

visualised herein removed al l controversy regarding the same in Setaria spp. 

Gupta and Kal ia (1978a) pointed out that 5. d ig i ta te possesses 3-4 pairs of 

preanal and h pairs of postanal papi l lae. The arrangement of caudal papil lae* 

and general appearance of the caudal end of male specimens of S. d iq i ta ta 

observed herein resemble more or less D i ro f i la r ia spp. (see Wong and Brummer, 

1978). The caudal papil lae local ized in the v ic in i ty of the cloacal region of 

male suggestedely assist in posit ioning of the male cloaca w i t h the female 

vulva during copulat ion (McLaren, 1976). However, the reasons as to why 

various f i lar ids adopt d i f fe rent arrangement and number of male caudal papil lae 

is not known. Addi t ional in format ion may be obtained when these papil lae 

are examined more closely w i t h the aid of transmission electron microscopy. 

The caudal end of S. d ig i ta ta is found to be rounded and knobbed 

w i t h a pair of long, leaf-shaped caudal appendages. Howver, in SEM i l lus t ra ­

tions of Ŝ . marshal l i provided by Shoho and Uni (1977) the posterior ex t remi ty 

appearas as having a dist inct c i rc le t of spikes, w i t h the lateral appendages 

lying closer to the t ip as compared to S_. d iq i ta ta , fur ther the caudal appendages 

are also shorter and stouter in S, marshal l i . The minute papi l late structures 
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abounding on the cut icu lar surface in i - d ig i ta te seem comparable to those 

i l lustrated in the f i l a r i d , Brugia malayi by Zaman (1983). Small tubercles were 

also demonstrated in the ta i l region of females of Wuchereria bancro f t i and 

Brugia species (Buckley, 1952; Buckley et. aU, 1958; Schacher, 1962), the male 

worms of Brugia being ent i re ly devoid of these tubercles. 

The anter ior end of ^ . dentata is provided w i th a pair of la tera l 

t r i lobed pseudolabia which are not d is t inct ly separated f rom the rest of the 

body as in the ascarids and other members of the order Spirurida e.g. Physaloptera 

spp. (see Madden et^ aU, 1970; Madden and Tromba 1976; T iekot ter , 1981). 

It appears that in j ^ . dentata the anter ior ex t remi ty of the body represents 

a t ransi t ional phase of modi fy ing into wel l-developed lips and thus a p r im i t i ve 

condi t ion, f rom which more and more special ized zooparasit ic nematodes such 

as Ascaris, Toxocara and Parascaris have evolved. The present hypothesis 

gains support f rom the fact that in contrast to rather special ized cut t ing surfaces 

such as dentigerous ridges present in Ascaris spp. (see Wiese, 1973; Gibbons, 

1986), Ascarops possesses a pair of wel l-developed buccal tee th , which guard 

the aral cav i ty . The buccal teeth observed herein seem comparable to those 

of Physaloptera spp., where these appear rather prominent and extend f rom 

the middle lobe of the pseudolabia (T iekot ter , 1981). The pair of dome-shaped 

submedian cephalic papil lae presumably of mechanoreceptive funct ion, in ^ . 

dentata resemble those observed in other spirurids, such as Physaloptera spp. 

and Paracuaria sp. (see Gibbons, 1986), but unl ike those in the la t te r spices 

these lack the centra l p i t at their t ips. The amphids, revealed as large circular 

openings in the species studied herein resemble those in Paracuaria and d i f fe r 

f rom the ell ipsoidal ones in Physaloptera species. In Heterakis gall inae, the 

amphids open on subventral lips and appear s l i t - l i ke w i t h margins l ike a l ip 
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(Wright, 1977). Studies have shown the presence of acetylcholinesterase in 

the a-nphidial pi t secret ion of a number of animal parasit ic numatodes, which 

ei ther al ters the permeabi l i ty of the host membrane or acts as a biochemical 

holdfast by dampening down the per is ta l t ic movements of the host gut (Mclaren, 

1976). The presence of a minute pore- l ike opening of unknown funct ion at 

the outer lobe of each pseudolabium in _A. dentata has also been observed 

sporadically in lip-possessing nematodes (T iekot ter , 1981; Snyder, 1985). The 

character is t ic large buccal cav i ty and the cut ic le - smooth on the head and 

transversely s t r ia ted on the test of the body, in jA. dentata ta l ly closely w i th 

the observations made on Oxyuris equi; in the la t te r the lips are rudimentary 

and the character is t ic lamel lar organs are reported to funct ion as inner lips 

(Barus ^ aL , 1979a). The body cut ic le of ^ . dentata exhibits a series of t rans­

verse str iat ions which are not only wider poster ior ly than at the anter ior end, 

but also appear d is t inct ly d i f fe ren t , i.e., the dorsotransverse and the ven t ro -

transverse str iat ions terminate at the lateral alae where they may al ternate 

as seen at the anter ior ex t remi ty or may remain continuous, as appearing 

in the middle region of the body; their character is t ic nature could thus be 

of signif icance in the species ident i f i ca t ion . 

The ta i l of male ^ dentata is w i t h wel l-developed caudal alae and 

shows a var iety of beaut i fu l cut icular ornamentations at i ts ventral surface. 

Similar ornamentations of mai l ta i l have also been elaborated in Cyathosplrura 

seurat i , another member of the fami ly Spirocercidae (see Gibbons, 1986). I t 

is speculated that the caudal alae act to clasp the female during copulat ion, 

and the cut icular structures aid in increasing the f r i c t i on of mai l ta i l to female 

vulva (Maggenti , 1981). 

The SEM fur ther reveals the structures such as the phasmidial pore, 
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two unequal spicules or ig inat ing at a smooth disc placed at cloacal or f ice 

and the transverse s l i t - l i ke anal opening in ^ . dentata. The character is t ic 

anal opening and cone-shaped ta i l are s imi lar to those of Parascaris equorum 

(see Snyder, 1985). 

Members of the genus Gnathostoma exhibi t a re la t ive ly narrow morpho­

logical diversi ty and appear to be very s imi lar apparently (Baylis, 1939). The 

species l ike G. hispidum and G. doloresi have of ten been mis ident i f ied and 

confused w i th each other (Miyazaki , 1968). The use of SEM has introduced 
* 

few addit ional character is t ics which may be helpful in d i f fe rent ia t ion and 

ident i f ica t ion of Gnathostoma spp. i.e. ^ . hispidum, G. doloresi, and G. spiniqerum 

The 3-pronged cut icu lar spines and their d is t r ibut ion seem character is t ic of 

G. doloresi. The amphids, not located earl ier by L M , appear as c i rcular pits 

opening lateral ly on the cephalic bulb. The presence of a pair of submedian 

cephalic papil lae on each labium in G. doloresi is comparable w i t h that of 

Physaloptera spp., where these are assumed to funct ion as mechanoreceptors 

(Gibbons, 1986). However, in some members of the fami ly Oxyuridae, such 

as Oxyuris equi, there are present three pairs of cephalic papil lae (Barus et a l . , 

1979a). 

In general the enface view of G, doloresi as seen by SEM, closely 

resembles that of Metathelazia capsulata. also belonging to the order Spirurida, 

which possesses an oval oral opening par t ly covered by two la tera l lobe- l ike, 

and four submedian small tooth- l ike structures (Wertheim and Chabaud, 1977). 

The shape and surface topographical features of the cephalic bulb and the 

general body surface are indicat ive of some adaptations to the parasite's habi tat ; 

the armed cephalic bulb apparently functions as a holdfast, collapsing when 

the anter ior end is inserted into the gastr ic mucosa and thereaf ter get t ing 

inf lated (Chitwood and Chi twood, 1977). 



CHAPTER III 

PREVALENCE AND SEASONAL FLUCTUATION 



INTRODUCTION 

In formulat ion of successful contro l strategies for worm parasites 

the very f i rs t need is to look into the epidemiological pat tern of the parasit ic 

groups perpetuat ing infect ions in an area, which varies very of ten f rom place 

to place and at d i f fe rent t imes in the same area (Banerjee, 1987). He lmin th 

parasites v/hich have a d i rect t ie v/ i th the external environment respond s ign i ­

f icant ly w/ith the season and its annual rhythms. I t is nov/ generally accepted 

that temperature is the pr ime single extr ins ic fac tor that influences the para­

sites, though humidi ty and ra in fa l l are also considered to be of fundamental 

importance, w/hich together exert a strong influence on the type, spread and 

intensity of parasit ic infect ions, nematodes in par t icu lar v»/hich mostly exhibi t 

a d i rect l i fe cyc le . In cer ta in areas af the wor ld the use of these data has 

enabled the predict ion of outbreaks of parasit ic infect ions w i th reasonable 

accuracy (Gordon, 1%8). 

During the past two decades, a considerable work has been undertaken 

in a number of advanced countr ies that have t ropical or sub-tropical zones, 

in their te r r i to r ies (Austra l ia , South A f r i ca , U.S.A.) and also those w i th temperate 

c l imates (United Kingdom, New Zealand, etc.) towards the contro l of helminth 

infections of l ivestock, invoatigating into the epidemiology of in fect ion (Armour, 

1980; Brunsdon, 1980; Morley and Donald, 1980; Herd et. ah , 1981). In most 

of the reports useful informations re lated to contro l have been derived mainly 

f rom the results obtained on the parasit ic species composit ion, their incidence 

and seasonal d is t r ibut ion ei ther as monitored by faecal worm egg counts at 

necropsy (Swan, 1970; Riche et^ a h , 1982; A l t a i f and Issa, 1983) or w i t h more 
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accurate to ta l worm counts in slaughtered animals (Brundsdon, 1970; Southcott 

e^ aU, 1972; Al ionby and Urquhar t , 1975; Horak, 1977, 1978). I t is t rue that 

some of the results of research f rom advanced countr ies bear some relevance 

to the solution to the problems in developing countr ies, but there are a number 

of problems v»/hich are locat ion speci f ic and can only be dealt w i t h in the 

region where they occur. 

Of the individual host types f rom the l ivestock, numerous studies 

have been carr ied out pertain ing to the prevalence and seasonal change of 

nematode parasit ic infect ions of goats and sheep under varying c l imates of 

several regions of the wor ld (Joshi, 1978; Assoku, 1981; Grant , 1981; Specht, 

1982; Islam, 198 i ; Lu tu , 19f f i ; Rose et^ a h , 19ff»; Okafar, 1987). By providing 

meteorological data most workers demonstrated the key role of temperature 

and ra in fa l l in regulat ing the populat ion of parasites in the host. Similar aspects 

have also been studied f rom several parts of India (Bal i , 1973, 1976; Sinha 

and Sahal, 1973; Misra et^ aL , 197^; Bali and Singh, 1977; Kat iyar et^ a h , 1981; 

Dhar et^ aU, 1982; Dubey et^ aL, 1983; Gupta et^ a l . , 1987). In general, whi le 

most of these studies emphasized on the prevalence of various nematode species 

w i th part icular stress on those of economic importance in various local i t ies 

of India, in few of these reports the occurrence of a part icular parasite species 

is corre lated w i th the prevai l ing c l imat i c condit ions in a par t icu lar region. 

The species which were found to be of quite common occurrence among sheep 

and goats include Haemonchus contortuSj, Bunostomum tr iqonocephalum and 

Oesophaqostumum spp. in various regions of India. 

With regard to the nematodes of pigs, many reports are available 

which record an array of parasite species and mainly conclude that the helminth 

infect ions show regular epidemiological patterns and despite the wide var iety 



[ 8 7 ] 

of species involved there occurs a d ist inct per iodic i ty of the parasites' occurrence 

in these hosts (Bindseil, 197 i ; Kendal l , 197t; Mikhai lov et^ aU, 1981; Morris 

et_ aU, 198 i ; Mar t i and Hale, 1986). Studies in this d i rect ion in India include 

those by Shrivastav and Shah (1968), Misra et^ aU, (1971) and Varma et^ ah , 

(1978, 1979). Verma (1983) l isted Ascaris suum as the commonest infect ion 

in pigs of Manipur. Likev/ise, Sarma and Gogol (1986) reported six species, 

w i t h ^ . suum as the most prevalent species, in pigs of Kamrup d is t r ic t of 

Assam. Hov\/ever, the l i te ra ture pertain ing to the seasonal prevalence of in fec­

tions in India is very scanty. 

The studies re lated to the prevalence of nematode parasites in ca t t le 

have been made in d i f fe rent re'gions of the wor ld (Wil l iams e t^ah, 1983; Zoocol ler, 

1983; Hunter and Heath , 198!»; Hayashi et^ a h , 1985; Vercruysee et^ ah , 1986; 

Bianchin and Honer, 1987). In India those who contr ibuted in this d i rect ion 

include Bhopale et^ ah , (1971), Chauhan et^ ah (1973), Prasad et^ ah , (1978), 

Verma and Kal ra (1978), Baruah et^aK (1981), Gupta and Pruth i (1982), Borkakoty 

et^aK (198!»), and Gupta et^ ajL (1988); most of these studies perta in to northern 

states of India that represent a t ropical c l ima te . 

The investigations on s imi lar lines pertaining to domestic fowl have 

been carr ied out by a number of workers based on actual recovery of worms 

at necropsy in various regions of the wor ld (Ssenyonga, 1982; Hayat and Hayat , 

1983; Vattanodorn and Singh, 198t; Zaldivar et^ aL , 19Bt; Samad et_ aU, 1985) 

including India (A lav i and Ansari 1973; Gogoi, 197 i ; Hedge et_ ah , 1977; Misra 

et ah , 1980; Mural idharam and Venkataratnam, 1980; Mat ta and Ahluwal ia , 

1981; Malhotra, 1983; Srinivas et^ a h , 1983; Malhotra and Capoor, 198tt; Fotedar 

and Khateeb, 1986; Deb e t^ah , 1986; Ghosh, 1986). 
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The state of Meghalaya, being a hi l ly region w i th green forages, 

is endowed w i th a vast potent ia l for animal husbandry. The pigs, goats, sheep, 

ca t t le and poultry fo rm a substantial source of animal protein for the people 

of the s ta te . In the product ion of these animals, a problem frequently encoun­

tered is the parasit ic gastroenter i t is , which is supposed to be caused by nematode 

parasites (Okafor, 1987). The consequences are serious losses of animals, reduced 

product iv i ty and loss of v i t a l i t y . Despite this fac t , there is meagre informat ion 

available about the nature of nematode parasit ic infect ions of l ivestock and 

poultry in the s ta te . A stray l ikel ihood is that considerable variat ions may 

occur in the pat tern of parasit ic prevalence and incidence in this area due 

to the diversi ty of physiographic and c l imat ic condit ions when compared to 

other regions of the wor ld . 

A study was therefore undertaken to ident i fy the major nematode 

species prevalent and thei r seasonal variat ions in the food animals i.e., goats, 

pigs, ca t t le and domestic fowl of Meghalaya. It is hoped that this f i rs t phase 

report would provide data of value in formulat ing schemes for prophylaxis 

of parasit ic infect ions in the region. Since the frequency of slaughter of sheep 

is very low in the s ta te , these hosts are not included in the study. Fur ther , 

in respect of ca t t le the observations are conf ined to only prevalence and seasonal 

f luctuat ions of the la t te r are not studied in view of their being of mixed geogra­

phical or ig in . 

MATERIALS A N D METHODS 

Study area 

The region under the East and West Khasi Hi l ls d is t r ic ts (w i th Shillong 

and Nongstoin as the d is t r i c t headquarters, respect ively) is geographically 
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situated in the eastern and centra l parts of the state of Meghalaya, and lies be­

tween 25°5'N-26°10'N and 90°a5'E-90°15'E (Plate 3.1) at an a l t i tude range of AOO-

1600m ASL. In the present study this region was divided into two areas; a l ow-

al t i tude region (A00-750m) and a h igh-al t i tude region (750-1600m). The region 

experiences a sub-tropical monsoon c l imate . During the 18-month period of study 

( i .e., March 1986 to August 1987)the mean maximum and min imum monthly tempera­

tures during summer were 25°6. (23.9-27.6) and 21.2''C(18.7-22.2), and during 

w in ter 17.0°C(16.5-20.1) and 10.8°C (9,6-13A), respect ively. The mean daily 

re la t ive humidi ty at 8.30 hr was 67A% (aO-86) and at 17.30 hr, 79.5% (37-91). 

The rains are wel l d is t r ibuted throughout most of the year w i th a very short 

dry season, but are comparat ively heavier between Apr i l and mid-October. 

The average annual ra in fa l l of the region is 4 00cm but in cer ta in parts it 

reaches 1143cm, as recorded around Cherrapunj i and Mawsynram, the world's 

rainiest spots (Rao and Neogi , 1980). The data for mean maximum and min imum 

monthly temperatures, average re la t ive humidi t ies and to ta l ra in fa l l for the 

study area pertaining to the survey period were procured through the meteoro­

logical s tat ion of the Indian Meteorological Department and are shown in Plate 3.2. 

Animals 

The invest igat ion made between March 1986 to August, 1987 was 

carr ied out on a to ta l of 532 domestic fowl (Gallus domesticus L. - mixed 

lo t of Leghorn and Rhode Island Red breeds), 1228 goats (Capra hircus L.) 

of Assam hi l ly breed, 1496 domestic pigs (5us scrofa domestica L.) of mostly 

desi breed, and 778 ca t t le (Bos indicus L. - mixed breed and of 4 -6 years 

age group), of both sexes slaughtered ( fowl procured f rom markets) at local 

abattoirs in the s ta te . 
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PLATE 3.2 Average re la t ive humidi t ies a t 8.30 and 17.30 Hrs., mean monthly 

maximum and min imum temperatures and total rainfall at 

Shiilong during the study period 



>-

5 ' 0 0 

PLATE- 3.2 

at 17-30 Hr. 

3 
I 

< 
-J 
UJ 

a: 

8 0 

6 0 

4 0 1 

X ^ . ^ ' 

a t8 -3 0 Hr. 

2 5 

I r 

20 
UJ 

a: 
? 15 
< 

UJo 

UJ 
H 

5 

M a x . 

/ 
•̂ . / 

Mi n. 

H r 1 r- 1 1 

6 0 

u. E 4 0 -
2 o 
< 
a: 

2 0 

« F -
M 

1986 
M N 

= ? = ' 1 
J M 
1987 



[ 9 0 ] 

Of the mentioned animals the pigs and fowl are extensively raised 

by natives for meat purposes, generally on a free range system and receive 

very l i t t l e a t tent ion f rom their owners. Simi lar ly , the major i ty of goats slau­

ghtered at these abatto i rs are those reared by natives for food purposes; however, 

the stocl< of a mixed geographical or ig in is occasionally slaughtered when 

animals are brought f r om the neighbouring state of Assam to meet the increased 

demand. Of the ca t t le examined during the present study, the major i ty comprised 

those brought f r om the plains of Assam, whi le only a smal l sect ion was of 

the locally reared animals. 

Survey samples and laboratory techniques 

Postmortem recovery, of worms was made f rom the hosts as described 

in Chapter I. The parameters taken into consideration to analyse the data 

are prevalence and mean intensi ty, defined as per the recommendations made 

by an ad hoc commi t tee of the Amer ican Society of Parasitologists (Margolis 

^ a h , 1982) as fo l lows: 

Prevalence — Number of individuals of a host species infected w i th 

a par t icu lar parasite species divided by number of hosts examined (not synonymous 

to the t e rm 'Incidence", which means number of new cases of a disease or 

in fect ion appearing in a populat ion w i th in a given period of t ime divided by 

number of uninfected individuals in the populat ion at the beginning of the 

t ime period). 

Mean intensity — Mean number of individuals of a par t icu lar parasite 

species per in fected host in a sample. 

To study the seasonal f luctuat ions of infect ions, for pigs and fowl 
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the data were col lected and analysed on the basis of the recovery of the adult 

worms f rom the hosts, whi le in the case of goats the study on the seasonal 

var iat ion was based on the faecal worm egg counts, carr ied out during d i f fe rent 

t imes of the year. Fresh faecal samples or those col lected f rom the rec tum 

of the hosts were brought to the laboratory and stored at 4°C unt i l fur ther 

analysis. The examinat ion of samples was generally per formed w i th in 4 8 hr 

of co l lect ion using a modi f ied McMaster 's salt f loa ta t ion technique (Anonymous, 

1977) — 3gm of sample faeces was wel l mixed w i t h 42ml of d ist i l led water 

and 45 glass balls in a bo t t l e ; to this added 45ml of saturated sodium chloride 

solution and the bot t le was shaken vigorously to mix the contents; in order 

to remove coarse faecal mater ia l the mix tu re was strained through a sieve 

of 0.15mm aperture size; the f i l t r a te is co l lec ted, s t i r red we l l , and suf f ic ient 

drawn o f f w i th a graduated p ipet te in two shif ts and run into two counting 

chambers (of 0.15ml capacity each) of McMaster slide f i l l i ng al l the spaces. 

The number of eggs per gram of faeces (EPG) is obtained by mul t ip ly ing the 

to ta l number of eggs counted in the two separate cent imet re squares by 100. 

(wherever necessary a cor rect ion factor was used according to the consistency 

of the faeces as recommended by Soulsby (1982), i.e. in i t ia l quant i ty of faeces 

taken as per ra t io of : 2gm of normal faeces, 2.5gm of soft faeces, 3gm of 

medium soft s too l , 5gm of pultaceous stool and 7gm of watery stool). Nematode 

eggs recorded in the present study were exclusively strongyl ids. 

RESULTS 

Pigs 

Of the 14 96 domestic pigs examined, 1023 (68.38%) were found infected 

w i th one or more species of nematode parasites. No sex related prevalence 

was noted during the study; therefore, the prevalence of a l l the species recorded 
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in this survey is presented together in Table 3 .1 . The most commonly occurr ing 

species in the region was Ascaris suurn, fo l lowed by Oesophaqostomum dentatum, 

Bourqelat ia diducta and Stephanurus dentatus In receding order. The least 

prevalent species were Gnathostoma doloresi, Setaria bernardi , and Pseudocruzia 

or ienta l is which were present i n < 2 % of the hosts examined. Ascarops s t ronq ly l ins j 

jp<. dentata, Physocephalus sexalatus and Globocephalus connor f i l i i showed 

a prevalence of betwen 2.0 and 8.22%. The prevalence and seasonal f luctuat ions 

of various species recorded were also studied w i t h regard to l ow- and h igh-

a l t i tude regions and show an inverse relat ionship w i t h the a l t i tude . The overal l 

in fect ion rate was considerably higher in the low a l t i tude region than in the 

h igh-al t i tude region. With respect to the Individual nematode species, the 

prevalence of some species, namely ^ . suum, O. denta tum, _B. diducta, G. 

connor f i l i i and jA. dentata was markedly higher in the low a l t i tude region (Table 

3.1). L i t t l e var ia t ion in the prevalence rate of in fect ion between the two regions 

was noted in case of the other species, namely _A. stronqyi ina, S, dentatus 

and 5. bernardi . G. doloresi was only present in the low al t i tude region and 

its rate of in fect ion was very low. 

The seasonal variat ions in the overal l in fect ion rate were monitored 

by recording the number of animals infected w i t h one or more nematode species 

per quarter during one calendar year (Table 3.2). The highest level of infect ion 

was noted during autumn and the lowest in w in ter . Observations were also 

made monthwise for major contr ibut ing species in the spectrum, i.e., _A. suum, 

O. dentatum and _B. diducta (Plate 3.3). ^ . suum showed highest peaks in its 

prevalence during early summer and autumn. _B. diducta also revealed almost 

a s imi lar pat tern during summer, fo l lowing which the prevalence declined 
* 

gradually to a low level during win ter . In the case of Q. dentatum the prevalence 
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PLATE 3.3 Seasonal variations in prevaience of major nematode species 

infections of pigs -

Fig.I Ascaris suum 

Fig.2 Oesophagostomum dentatum (solid line); Bourgelatia diducta (broken 
line) 
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registered a rising trend from the start of summer with its peal< during early 

autumn (August), following which again a declining trend was evident reaching 

to its minimum value during late winter (January). 

Goats 

Of the total of 1228 goats examined during this study, 1066 (86.8%) 

were found to be infected with one or more species of nematode parasites 

(Table 3.3). The survey recorded the presence of a total of 6 nematode species, 

which arranged in descending order of their prevalence are Haemonchus contortus 

(52.7%), Bunostomum triqonocephalum (l^^.7%), Oesophaqostomum columbianum 

(38A%), Trichuris qlobulosa (24.3%), O. aspersum (19.6%) and _T. ovis (3.5%). 

The observations on seasonal fluctuations of prevalence (percent 

positive samples) and the mean monthly faecal egg counts for the 12-months 

period are summarised in Table 3Jx. 

The maximum value for prevalence (92%) and the overall mean EPG 

(4 800) were recorded in October, i.e., after the period of heavy rains was 

over. With the beginning of the winter season from November onwards, the 

mean total egg count fell to a low level, steadily falling to a minimum of 

150 EPG in May; it then rose sharply with the increase in rainfall. The preva­

lence did not show a marked seasonal pattern in the present study. However, 

it was at a minimum (4 7%) during May at the onset of summer season and 

higher levels were recorded during late autumn and early winter months. 

Fowl 

Of the total of 532 domestic fowl examined during this study, 418 

(78.5 7%) were found to be infected with one or more species of nematode 
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parasites. The prevalence and intensity of various species infect ing fowl are 

presented in Table 3.5. 

A to ta l of ^ nematode species was recorded. These, arranged in 

descending order of their prevalence are Ascaridia qal l i (60.5%), Heterakis 

qall inae (a0.9%), Capi l lar ia contor ta (25.1%) and Stronqyloides sp. (0.1%). 

To study the impact of various seasons on nematode infect ions, 

observations were made monthwise on the prevalence and mean intensity of 

in fect ion for two major component species of the spect rum, i.e., _A. qa l l i and 

H. qal l inae, during one annual cycle (Plate 3A) . Both the species exhibi ted 

highest peaks in their prevalence and intensity during summer. However, in 

the case of Ascaridia whi le the prevalence showed a rise and decl ining t rend 

at monthly intervals, the intensity of in fect ion declined gradually to a low 

level during early autumn (August). In the case of Heterakis both prevalence 

and intensity declined gradual ly, reachipg a min imum during late autumn (Sept­

ember-October), fo l lowing which again a rise was evident w i th another peak 

during win ter (December). 

Catt le 

Of the to ta l of 778 ca t t l e examined, 376 (4 8.32%) were found to 

be infected w i t h one or more species of nematode parasites (Table 3.6). Four 

species of nematodes were recovered during this study. The f i l a r i d , Setaria 

d iq i ta ta , was the most commonly occurr ing species fol lowed by Oesophaqostomum 

radiatum and Mecistocirrus d iq i tatus, which occurred at a low prof i le and 

were present in 1.54% and 0.77% of the hosts examined, respect ively. Haemonchus 

contor t us was the rarest species which occurred in 4 (0.51%) o f the hosts 

examined. 
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PLATE 3A Seasonal variations in prevalence (P, solid line) and mean intensity 

(I, broken line) of major nematode species infections in fowl 

Fig. 1 Ascaridia K̂ l̂li 

Fig.2 Heterakis gallinae 
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DISCUSSION 

This study was aimed at determining the prevalence of nematode 

parasite species and also to record seasonal f luctuat ions in infect ions as mon i ­

tored by faecal eggs and/or adult worm counts in the animals of food value 

under the c l imat ic condit ions of Meghalaya, a sub-tropical and high-ra infa l l 

area of India. The kind and nature of nematode parasite infect ions in the 

respective hosts, i.e., p ig , goat, poul t ry and ca t t le and the seasonal patterns 

of infect ions in the former three hosts are discussed separately in the fo l lowing 

account: 

Pigs 

During the present survey eleven species of nematodes were found, 

ten of which have previously been repor ted, whi le S. bernardi is reported herein 

for the f i rs t t ime f rom domestic pigs in India. Of the other species, although 

P. or iental is and G. doloresi have been earl ier reported f rom Calcut ta (Maplestone, 

1930b), recent surveys pertain ing to several regions fo the country do not 

indicate their occurrence in these hosts (Varma et_ aU, 1977, 1979; Verma, 

1983; Sarma and Gogol, 1986). It is wor th mentioning here that P^ or iental is, 

G. doloresi, G. connor f i l i i and Q, diducta were not encountered during earl ier 

screenings of pigs for helminth paras4tes in the neighbouring state of Assam 

(Endrejat, 196ft; Sarma and Gogoi, 1986), whereas cer ta in other species, such 

as Simondsia paradoxa and Trichuris suis were recorded by these workers. 

These di f ferences may be due to the c l imat i c di f ferences of the two regions. 

The findings of the present survey are close to those of Shoho and Machida 

(1979), who reported the nematode parasites of w i ld boars f rom Japan. Except 

for Capi l lar ia riukiuensis. al l the other species recorded by them have also 

been encountered in pigs of the region under the present study. The flndingg 
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of the present study are also in agreement with those of Misra et̂  aU (1972) 

and Morris ^ a K (19%) who studied the gastro-intestinal parasitism in Bhubaneswar 

(India) and Oklahoma swine and found Ascaris spp. and or O. dentatum to 

be the most prevalent worm types in their helminth spectrum, respectively. 

In the present investigation the overall nematode infection rate 

was found to be 68.38%, which is more than that reported by Sarma and Gogol 

(1986) for pigs in Kamrup district of Assam, representing a temperate climate. 

These workers also found ^ . suum to be the most prevalent helminth infection, 

although its infection rate was lower (33.8%) than that prevailing in the present 

study. In the pigs of Madhya Pradesh and Haryana states, _A. stronqylina was 

found to be the most prevalent helminth species (with a 87% and 100% Infection 

rate, respectively) and P. sexalatus also constituted a fairly common infection 

(Shrivastav and Shah, 1968; Varma et̂  ah, 1979). However, both these species 

presented a low profile in the present study. The pigs of Kerala, a coastal 

state of India representing a rainy humid climate, were found to be infected 

with ^l^ species of nematodes (Thomas and Peter, 1975) and except for Gnathostoma 

doloresi and P. orientalis almost all the species encountered in the present 

study are also mentioned in the report of the latter authors. 

The high frequency of nematode parasite infections (68.38%) in the 

pigs of the area under study is an indication of both a favourable environment 

for survival and development of pre-infective stages of nematodes and the 

limited veterinary care of these animals in the region. The high-rainfall in 

the region coupled with very short dry season results in the persistent high 

humidity in the environment, which satisfies the optimum requirements needed 

for the development of nematode eggs and, by ensuring a prolonged survival 

of eggs and/or larvae in the soil, enhances the possibility of host infection. 
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To some extent the feeding habit of pigs is also one of the factors for such 

a high infect ion rate of nematodes, Ascaris in par t icu lar , in these hosts. In for ­

mat ion col lected f rom various medical agencies of the region indicated a high 

prevalence of ascariasis in the human populat ion of the region. As is known, 

establishment of cross-infect ions v»/ith jA. suum in human hosts is possible (Takada, 

1951; Ko f ie and Dipeolu, 1983); pigs thus appear to act as reservoir hosts 

for disseminating human ascariasis in the region. Fur thermore, the presence 

in pigs of G. doloresi, which is of public health s igni f icance, is also noteworthy. 

The seasonal pat tern of overal l nematode infect ions observed in 

t h e investigation is a t t r ibutab le to one factor - the presence of larvae in the 

soil during the wet season (July-September). A c l imate w i t h warmth and wetness 

is most congenial for the major i ty of nematode parasites (Rogers, 1962). During 

the wet season there is suf f ic ient moisture for development of the pre-parasi t ic 

stages of nematodes. Thus in the present study the highest level of in fect ion 

was noted in autumn (August-October). Relat ive ly low infect ions recorded 

during winter could be associated w i th the absence of or low level of in fect ion. 

However, the overal l seasonal pat tern of prevalence of in fect ion did not show 

a wide f luc tuat ion ( i .e., remained between 63.0% and 73.2%) in the present 

study which may be due to l i t t l e var iat ions, in the ambient temperature and 

widely spread rains a l l the year round in this area. 

With regard to the seasonal patterns of dominant species in the 

spectrum,species of Oesophagostomum, Bourqelat ia, and Ascaris could conveniently 

be placed broadly into two l i fe history groups : the former two w i t h 3 f r ee -

l iv ing larval stages, and the la t ter having the second larval stage wi th in the 

egg which then becomes in fec t ive . The larval development in both these groups 

is determined by extr insic factors such as temperature and humid i ty , but the 
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dif ference in basic requirements for larval development and infect ive stage 

susceptibi l i ty may influence the epidemiological pat tern of parasites (Levine, 

1978). In case of Qesophaqostomum and Bourqelatia the development requires 

moisture and v/armth; the opt imum temperature is lO-ZS^C (Thomas and Ferber, 

1985) and so the development v/ould be l im i ted between Apr i l and October 

in this area. This prohabiy may expJain the r ise and higher rates of prevalence 

of these species during summer and early autumn. In the context of Ascaris 

the moisture requirement is reported to be less v i ta l but the opt imum tempera­

ture required, the min imum being 15°C is 17-30°C (Jackson et^ a\., 1977). 

Consequently, the development v/ould be l im i ted to a short period f r om June 

to August and this probably accounts for a comparat ively high prevalence 

of Ascaris in fect ion August onv/ards in this study. 
* 

Goats 

The present study revealed that the nematode parasites spectrum 

of goats comprise only a few species. A l l the six species encountered in goats 

of the region are those which have commonly been reported by several workers 

in goats and sheep of d i f fe rent c l imat ic areas of the wor ld (Srivastava et 

aU, 1980; Grant , 1981; Soota and SarKar, 1981a,b; Specht, 1982; Chermet te , 

1983; Rose et^ ^ L , 198!»). However, the species of Tr ichostro^ylus, Ostertaqla, 

Cooperia and Stronqyloides which have been reported as commonly occurr ing 

in these hosts f rom several parts of the wor ld (Assoku, 1981; Grant , 1981; 

Chermet te 1983; Is lam, 1984), and also f rom other regions of India (Bal i , 1976; 

Dhar et^aU, 1982) were not encountered in the present study. 

The overal l nematode infect ion rate of goats in the present study 

was found to be 86.8%, which is more than that reported by Islam {^9&x) for 

goats in Zambia (53.8%) and is qui te close to that recorded in goats of Nigeria 
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(77.9%) by Okafor (1987). The deviat ion in the prevalence rate could be a t t r i ­

buted to the di f ferences in the c l imat i c condit ions and animal management 

pract ices of the concerned regions. H. contortus emerged as the most prevalent 

species (52.7%) in the region under the present study w i t h Q. tr iqonocephalum 

and _0. columbianum also being common ^A^,^% and 38A%, respect ively). These 

findings are in conformi ty w i t h those of Grant (1981), Specht (1982), Vercruysee 

(1983) and Okafor (1987) who studied the nematode parasites of goats and 

sheep in Zimbabwe, South Mozambique, Senegal and Niger ia, respect ively. 

The present f indings are also close to those of Bali and Singh (1977) and Kat i ya r 

et a l . (1981) who reported JH. contortus and _B. tr iqonocephalum as the most 

common species in goats of Hissar (Haryana), and sheep of Sikkjm, respect ively 

which represent a subhumid t rop ica l c l ima te . It is stated that heavy infect ions 

of H. contortus in sheep are dependent on a to ta l monthly ra in fa l l of 50mm 

and a monthly mean temperature above 18°C (Gordon, 1950). In this region 

of the country such condit ions prevai l f rom May onwards and fur ther , a r e l a t i ­

vely short generation interval probably enable H. contortus to take rapid advan­

tage of favourable c l imat i c condit ions (Grant, 1981), as manifested by its 

high prevalence in the present study. The warm, moist summer experienced 

in the region seems to be wel l suited to the development and survival of f r ee -

l iv ing stages of the other two specfes namely B. t r iqonocephalum and O. 

columbianum. 

A high frequency of overal l nematode infect ions in goats of the 

area under study could be explained by the fac t that the rains received almost 

throughout the year result in a high humidi ty in the environment because of 

the moderate temperature that prevails in the region. Animal parasites are 

favoured in such a c l imate (Wil l iamson and Payne, 1978). 
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Seasonal f luctuat ions of nematode infect ions were monitored by faecal 

worm egg counts of strongyl ids. In the present investigations, the mean egg 

counts and the recovery of adult worms at necropsy indicate towards H. contortus 

and B. tr iqonocephalum being the most predominant species in fect ing goats 

in this area. It is generally considered that heavy infect ions (2000-3000 adult 

worms) of H. contortus are par t icu lar ly favoured by an adequate ra in fa l l and 

a high mean monthly temperature and are very common in rainy season (Levine, 

1963; Vercruysse, 1983; McCul loch et^ ah , 1986). In this region of the country , 

such condit ion prevai l f rom March onwards. In the case of _0. columbianum, 

200-300 adult worms const i tu te a severe in fec t ion, which is more common 

in late wet season (Grant, 1981). I t is l ikely that the higher egg output of 

these worms contr ibutes to an increase in the overal l mean EPG value f rom 

July to November (late wet season). It is assumed that in these hosts in festa­

t ion builds up slowly w i t h the onset of favourable micro-envi ronmental condit ions 

f rom May onwards and reached a peak during October (EPG 4,800). The compara­

t ive ly low mean EPG value observed f rom January to June might be corre lated 

w i t h the beginning of a drier season (the worms remaining in an arrested stage 

during the adverse dry environmsntal condit ions and resuming their develop­

ment in spring) and/or more possibly w i th the sel f -cure phenomenon st imulated 

by the host (Soulsby, 1982). Specht (1982) also Observed that jH . contortus and 

3: tr iqonocephalum are the most prevalent worm species in sheep and goats 

of south Mozambique, which contr ibuted s igni f icant ly to a rise in EPG w i t h 

the onset of rainy season and then showed a decl ining t rend, w i th the s tar t 

of a dr ier season. 

Fowl 

During the present survey t\ species of nematodes were recorded. 
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three of which have commonly been reported f r om poultry in several other 

regions of India (Gogoi, 197 i ; Fotedar and Khateeb, 1986) and of the world 

(Bavia e^ al_., 1980; Ssenyonga, 1982; Vattanodorn and Singh, 19ff»; Samad et_al . , 

1985), whi le Capi l lar ia contor ta is reported herein for the f i rs t t ime f rom dome­

st ic fowl in India. The invest igat ion revealed a s igni f icant ly high ra te of overal l 

i n fec t ion in domestic fowl of the region. This agrees w i t h the findings of Gogoi 

(197i) who reported 7 i .3% overal l prevalence of helminths in fowl of the ne i ­

ghbouring state of Assam, which represents a humid to temperate c l ima te . 

A . qal l i and H.- qall inae emerged as the major species of the spectrum in fowl 

of this region. On the contrary a re la t ive ly low prevalence (4 6.0%) of jA. qal l i 

w i t h no occurrence of H. qal l inae is reported f rom Rajasthan, a semi-ar id 

zone of India (Saxena and Nama, 1976). In sub-humid areas l ike Garhwal and 

/>dlahabad whi le Ascaridia is not reported to occur, H. qal l inae was found to 

have almost s imi lar prof i le as that in the present study (Malhotra et^ a h , 1982; 

Malhotra, 1983; Gogoi (197*) also found ^ . qal l i and H. qall inae to be the c o m ­

monest species of the spectrum, though the percentage in fect ion of the la t ter 

species was lower (27.3%) that recorded in the present study. 

The influence of c l imate on helminth infect ions in domestic fowl 

has been reviewed by several workers (Malhotra and Capoor, 1991; Fotedar 

and Khateeb, 1986). As stated ear l ier also, the possible factors for a re lat ive ly 

high prevalence of nematode infect ions may be high ra in fa l l and moderate 

temperature for most part of the year in this area, result ing in a constantly 

high humidi ty in the environment. Under these conditions the survival ra te 

of exogenous forms of the parasites is increased and dense populations of the 

infect ive stage rapidly build up on the ground. This probably enhances the 

possibil i ty of host in fec t ion. 
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fhough the present study was not intended to investigate into the 

impact of nematode parasites on fowl populat ion, yet a few comments in this 

context seem in order. Of al l the species encountered in the region, J\. qal l i 

is among the serious pathogenic parasites of poul t ry (Soulsby, 1982) and the re ­

fore, of considerably ecological importance. A mean worm burden of 11 worms 

per infected host by this parasite was noted in mid summer. The presence 

of 15-20 worms in young hens is reported to be f a t a l , and even a small number 

of worms may lead to the weakened condit ion of the host (Deo, 196ft). Frequent 

intest inal obstruct ion by a large number of Ascarldia worm entangled in a 

mass was observed at several occasions during the study. Of equal concern 

is also jH . qal l inae, the pr incipal importance of which lies in its role as a carr ier 

of the protozoan, Histomonas meleaqridis, the causal agent of the black-head 

disease of poul t ry . 

« 

The prevalence and intensity of the two major nematode species 

studied herein did not show a wide f luc tuat ion and a re lat ive ly constant level 

of prevalence of in fect ion was maintained for most part of the year. The region 

lacks the ext reme c l imat i c condi t ion (where the monthly maximum and min imum 

temperatures do not f luc tuate much) which possibly accounts for the contlnous 

recru i tment and simultaneous loss of worms round the year and hence a steady 

rate of in fect ion, as observed in the present study. However, ^ . qa l l i and H . 

qall inae (both having a d i rect l i f e cycle) exhibi ted highest peaks in thei r p re ­

valence and intensity during summer. This seems to be related to the commen­

cement and maximum recru i tment of in fect ion due to more opt imum c l imat ic 

conditions available during that per iod. The present f inding gains support f rom 

Malhotra and Capoor ( 1 9 » ) who reported a higher prevalence of nematode 

infect ions during summer in poultry of Garhwal . Fotedar and Khateeb (1986) 
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also reported the first peak in nematode infections during summer and another 

in winter in fowl of Kashmir, as recorded in the present study as well. While 

the Ascaridia infections showed a sporadic trend of prevalence throughout 

the year, their intensity showed yet another peak during winter. Heterakis 

also exhibited a sharp peak both for prevalence and intensity during the same 

period. This observation agrees closely with that of Malhotra (1983), who found 

almost a similar seasonal trend for Heterakis sp. infections in poultry of Garhwal 

(Uttar Pradesh). Factors like feeding behaviour, physiology, sex and age of 

the host may have a role in influencing the recruitment of infection and the 

periodicity of parasites occurrence (Malhotra, 1983). 

Cattle 

From the results of the present work it appears that the nematode 

fauna of cattle in this area is characterized by only a few species. With the 

exception of S. diqitata, which was found to be the most prevalent species, 

the other species recovered during the survey have been reported to be of 

common occurrence in cattle from various other regions of India (Bhopale 

et̂  ah, 1971; Soota and Sarkar, 1981a, Borkakoty et̂  ah, 198*) and of the world 

Henderson and Kelly, 1978; Hayashi et_ aL, 1985; Bianchin and Honer, 1987), 

though with a different prevalence rate. Of more significance in this region 

was a high prevalence of the filarid Setafia, species of which are serious pathogen 

of livestock animals. The present finding is in conformity with that of Endrejat 

(.^^&^) who reported Setaria sp. as the most common parasite in cattle of Assam; 

however, other species such as those of Bunostomum, Trichuris. Trichostromylus 

and Dictyocaulus recorded by latter author were not recorded in cattle of the 

region under present study. This may be due to the climatic differences of 
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the two regions. The present findings do not match with recent reports of 

Borkakoty et_ al_. (1984) pertaining to the incidence of gastro-intestinal para­

sitic infections in cattle of Kamrup District of Assam. The latter authors 

recorded an infection with ten species of nematodes with Haemonchus, Cooperia 

and Mecistocirrus being the common elements of the spectrum. 

It is worth mentioning here that among the natives of the state, 

rearing of cattle is rather a very uncommon practice. The cattle slaughtered 

at various places in the state mainly represent a mixed population, originating 

from different ecological zones, such as plains of Assam, Bihar and Uttar 

Pradesh. This probably may explain as to why the cattle examined in this area 

harboured only a few species of nematode parasites. Of more interest and 

importance in this context seems the role of cattle imported from these places 

as reservoirs of infection for the animals of indigeneous stock. The cattle 

brought from outside are slaughtered according to the demand in the market 

and therefore are maintained for months together in close association with 

local animals. Rivera ^ ^ . ( 1 9 8 3 ) stated that the most of the nematodes infecting 

cattle develop better in temperatures from 10 to 25°C and rainfall close to 

50mm per month, the climatic conditions which prevail in this region also 

for major part of the year. It seems a fair possibility that faecal pollution 

by the imported cattle in this area may contribute to the source of infection 

to the animals of the local stock. 

In conclusion, it is apparent that in the humid sub-tropical environ­

ment of India, following are the major nematode parasite infections which 

could be the main constraints to the production of livestock and poultry in 

the humid areas: ^ . suum, Q. dentatum. and Q. diducta in pigs; H. contortus. 
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_B. triqonocephalum, and ^ . columbianum In goats; S. diqitata in catt le; and 

A. qalli and H. qallinae in fowl. As a sequal of the present studies investigation 

into their transmission dynamics in prevailing climatic conditions needs to 

be undertaken in detail. 



CHAPTER IV 

PLAUSIBLE FACTORS OF ZOONOTIC IMPORTANCE 



INTRODUCTION 

The problem of helminthozoonoses as such has drawn considerable 

a t tent ion of workers in recent years and is now emerging as a major dread 

of risk to which mankind is exposed. There is a chain of factors — of host, 

causative agent and the environment, that interplay and influence the endemici ty 

and transmission of parasit ic zoonoses w i th in a geographical area. 

Animals such as pigs, dogs and ca t t le ( that f o rm a part of biocoenosis) 

act as def in i t ive hosts for a var iety of he lminth parasites wh ich , in tu rn , also 

ident i fy these animals as potent ia l reservoirs of parasit ic infect ions of public 

health signif icance (Gualazzi et^ ^ . , 1986). A perusal of the l i te ra ture reveals 

that suf f ic ient importance has not been ascribed to these parasites both f r om 

epidemiological and zoonotic points of view in India. Recent surveys of human 

helminthiasis in the country indicate a fa i r ly good involvement of helminths 

of zoonotic importance (Das et^ ah , 1981; Paul et^ ^ . , 1982; Raina et^ ah , 198!i). 

Most parasit ic nematodes carry on their l i f e cycle by the passage 

of their eggs or larvae in the faeces of their host, and thus contaminate the 

environment w i t h many mi l l ions of the i r progeny. As a consequence, environmental 

objects, soil and vegetables in par t icu lar , act as t ransmi t t ing media for parasit ic 

infect ions (Marzochi , 1977a,b; Khizhhyak and Romanenko, 1979; Woodruff et a l . , 

1981; Dunsmore et^ ah , ^^e(^). Studies made in th is , d i rect ion revealed a posit ive 

involvement of the soil in the epidemiology of zoonotic helminthiasis (Ghadirian 

et^ aU, 1976; Ch ie f f i and Mul ler, 1976; Dada and Lindquist , 1979; Paul et^ aU, 

1988). Studies re lated to parasit ic contaminants on green vegetables have 
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established these as potent t ransmi t ters of he lminth infect ions to human hosts 

(Bhatia e^ aL, 1978; Lee e^ a l . , 1978; L in et. a h , 1980; Rude et. ah , 19ff>). 

Hookworm infect ions in India are reported to occur f rom di rect contact w i t h 

the pol luted soil and by eat ing vegetables that are grown using night soil (Geldreich, 

1972), 

To a great extent c l imat i c factors , such as temperature, ra in fa l l 

and humidi ty e tc . , exert a strong influence on parasite eggs' development and 

survival and thus favour the occurrence of a par t icu lar parasit ic species w i th in 

a geographical area. In juxtapose when there exists a susceptive host populat ion, 

too, there occurs a strong l ikel ihood of complet ion of l i f e cycle of the causative 

agent of parasit ic zoonoses (Arambulo and Moran, 1980). In the fields several 

c l imat i c factors exert the i r e f fec t concurrent ly , which leads to an uncerta in i ty 

in ascribing any e f fec t to a specif ic fac tor . However, in the laboratory these 

factors can be dealt w i th individually to provide a rel iable evidence of their 

inf luence. It is in this context that the studies pertaining to the role of c l imat ic 

factors on the development have been carr ied out and their opt imum range 

for egg development worked out in a var iety of nematode species in many 

regions of the wor ld (Perez et^ aL , 1981; Vel ichkin and Burzyanstev, 1981). 

The egg development of ascarids was studied and the survival of in fect ive 

ova also tested at various temperature regimes under laboratory conditions 

(Orbulescu et^ aL , 1981; Vel ichkin and Troyan, 1984; Barnard et^ ah , 1987). 

Simi lar ly , the components of socio-economic and socio-cul tural 

environment, such as housing, occupat ion, food habits, age, sex e tc . of human 

subjects have been found among the main determinants of parasite transmission 

and persistence (Nelson, 1972; Crav ioto and Del icard ie, 1976; Kochar et. aL, 

1976; Nwosu, 1973). In India, studies made in this d i rect ion include mainly 
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the surveys undertaken by teams of workers of Indian Counci l o f Medical Research 

( ICMR), New Delh i (Biswas et_ al_., 1978, 1980; Das et_ ah , 1981; Dat ta et. ah , 

1981; Paul et^ aU, 1982) and reported the said factors as of great importance 

in the acquisi t ion of various parasit ic infect ions by human populat ion. Recent 

country studies f rom south-east Asia have established that cu l tu ra l and dietary 

habits are responsible for d i f fe rent prevalence of ascariasis among Indians 

(Crompton et a i . , 1983). 

The present study tends to investigate into the factors that are/or 

could be associated w i th the problem of zoonoses in the s ta te . Though p r e l i m i ­

nary in nature, the study presents a f i rs t -hand in format ion pertain ing to the 

problems of d i rect ly t ransmi t ted worm infect ions in the human population and 

explores the possibi l i ty of fur ther detai led invest igat ion into these aspects 

in the region. 

MATERIALS A N D METHODS 

The bulk of the study was per formed in the v ic in i t ies of Shillong 

and Nongstoin towns. These local i t ies are most ly inhabited by t r iba l people. 

Use of open areas for defecat ing and use of paper, not water , for self cleaning 

are common pract ise among people, chi ldren in par t icu lar , of low socio-economic 

groups. Fac i l i t ies of potable water supply are by and large very poor and the 

water demand is fu l f i l l ed by nearby streams. Pig raising is widely pract ised, 

and cats and dogs are kept as common pets by the nat ives. In addi t ion, there 

exists a growing populat ion of stray dogs in the area. 

The meterological data pertaining to the study period are provided 

in Plate 3.2 (Chapter III). 
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Survey details/Laboratory procedures 

To determine the prevalence of parasites of public health signif icance 

the invest igat ion v>/as carr ied out betv*/een March 1986 and June 1988. An autopsy 

examinat ion of the animal hosts was done at abbattoirs in the area; besides 

faecal samples of dogs were col lected in 3% fo rma l in . The la t te r were examined 

by simple salt f loa ta t ion technique (Wills method as described in Soulsby (1982). 

Two sets each of about Igmof faecal sample were shaken wel l w i t h 10-20ml 

of saturated sodium chloride solut ion in a measuring cyl inder. The mixture 

was al lowed to stand for sedimentat ion of coarse mate r ia l ; the supernatant 

was centr i fuged at ^000 rpm for 10 min and the tubes were then taken out 

and f i l led to the top w i t h the same solut ion. A clean cover slip was slid over 

the mouth of the tube, so that i t is in contact w i t h the l iqu id . It was allowed 

to stand for about 1 hr, fo l lowing which the cover slip was picked up carefu l ly , 

placed on a glass slide and examined for the presence of nematode eggs. 

Nin ty-e ight samples of soil were col lected f rom chi ldren parks, 

house yards and places near piggeries. A to ta l of 72 vegetables which are 

commonly eaten raw ( i .e., salad vegetables, l ike cabbage, le t tuce , car ro t , spinach) 

were co l lected, mostly d i rect ly f rom f ie lds, a few samples also procured f rom 

the local markets. The procedure for the detect ion of eggs/larvae was almost 

similar to that fo l lowed in the case of faecal samples. Of the soil samples 

col lected f rom each local i ty 2 repl icates were processed by mix ing one part 

of soil w i t h 10 parts of water ; for vegetables, the leaves were brush-scrubbed 

in approximately 200ml of d ist i l led water ; the soil suspension/vegetable wash 

was processed fur ther for salt f loa ta t ion technique. The eggs/larvae were iden­

t i f i ed according to morphological c r i te r ia (Soulsby, 1982). 

To observe the e f fec t of c l imat i c factors prevai l ing in the region 
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on the parasite's egg development, Ascaris suum was chosen as the model 

ma te r ia l . The fe r t i l i zed eggs col lected f rom the specimens obtained through 

freshly slaughtered pigs were suspended in 0.5 N NaOH containing 10% sodium 

hypochlor i te for about Th hr at 30°C (Cleeland and Lauren, 1962); eggs were 

then washed gently in physiological saline and incubated in pe t r i dishes, con ta i ­

ning sand ster i l ized at 60°C for 4 8 hr in a c l ima t i c chamber at various tempera­

ture and re la t ive humidi ty (r.h.); two sets of temperature and humidi ty cond i ­

tions ( i .e., 13±1"C/ev±1% r.h. and 20±1°C/83±1% r.h.) used for incubation of 

eggs in general represent the average condit ions prevai l ing in the region between 

the second and th i rd (Apr i l -September), and the last and f i r s t quarters (October-

March), respectively of the year. One set of eggs kept at 28±1°C/90±1% r.h. 

served as con t ro l . To investigate the influence of soil pH on egg development 

pH values of 5.0-9.0 were maintained using phosphate buf fers, and the tempera­

ture was kept contro l led at 28±1°C. The process of egg development was observed 

at 2-3 days interval by taking a l i t t l e amount of sand and separating the eggs 

under development by simple fa i t f loa ta t ion technique as described ear l ier . 

Whenever necessary a small amount of water was showered to keep the sand 

moist ; eggs were aerated by ro ta t ing the sand in pe t r i dish dai ly . 

In order to determine the possible relat ionship between the prevalence 

of in fect ion and the socio-economic status of the people, for a period of three 

months data were col lected for Ascaris infect ions among persons vis i t ing the 

C iv i l Hospi ta l , Nongstoin for t rea tment of possible worm infect ions. Stool 

samples of these individuals were examined by the d i rect smear method (Paul 

et a l . , 1982). The variables taken into account include the age, sex, occupation, 

and place of l iv ing of the subjects. 
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OBSERVATIONS 

The nematode parasites of zoonotic importance recorded during 

the survey with their prevalence rate are listed In Table 4 . 1 . Toxocara canls 

was the most prevalent species; though the prevalence of Ascarls suum, Gnathostoma 

spiniqerum and Ancylostoma caninum was also considerably high (Plate 't . l ) . 

The findings related to the survey of soils and vegetables for nemic 

eggs/larvae are summarised in Tables 4.2 and 4 .3 . Of the soil samples, 63 (64.3%) 

were found to contain one or more nematode eggs. The most prevalent contami­

nation was by the eggs of Ascaris, followed in receding order of prevalence 

by the eggs of Toxocara. Ancylostoma and Enterobius, and Stronqyloides larvae. 

Among the various localities surveyed the prevalence of Ascaris, Stronqyloides 

and Enterobius egg and/or larvae was highest in soils of the places near piggeries, 

while Toxocara and Ancylostoma eggs were the most common contaminants 

in soils of children's parl<s. Of the vegetable samples monitored, nematodes 

eggs were detected in 73.6%. Ascaris eggs were the most commonly occuring 

contaminants followed in receding order of prevalence by the species of 

Stronqyloides (larvae), Toxocara, Ancylostoma and Enterobius. 

The findings of the effect of various climatic factors with regard 

to the development/survival of Ascaris eggs are summarised in Tables 4.4 and 

4.5 (Plates4.2 and 4.3). 

The eggs incubated at 28±1*'C/90±1% r.h. (control) showed formation 

of Infective L-3 stage between 22-25 days. In context of the prevailing climatic 

conditions, eggs incubated at 20±1''C and 83±1% r.h. showed infective stages 

between 4 8-52 days, whereas those at 13±1''C and 64±1% r.h. failed to reach 

the L-3 stage and degenerated between 60-80 days. Similarly, for eggs incubated 



TABLE 4 . 1 : Prevalence of nematode parasites of public health significance 
in domestic animals of Meghalaya. 

Host Parasite Percentage 
prevalence* 

Pig Ascaris suum 51.67 

Gnathostoma doloresi 0.26 

Dog Toxocara canis 69.0 

Ancylostoma caninum A 7.2 

Gnathostoma spinigerum 50.9 

Ascaris sp. 5.4 

Fowl Strongyloides sp. 0.1 

Percentage prevalence of in fect ion in pigs and fowl based on 1A96 and 
532 autopsies, respectively and that of dogs based on 9 necropsies and 
46 faecal samples. 
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TAIiLE '^-S: Prevalence of nematode eggs/larvae of significance to public 

health in vegetable samples (n=72) of Meghalaya. 

,, A A No. of samples Percentage of 
Eggs/larvae p^^.^.^^ •̂  infection 

Ascaris sp. 't5 62.5 

StronRyloides sp. 12 16.7 

Toxocara sp. 10 13.9 

Ancylostoma sp. 8 11.1 

Enterobius sp. 7 9.7 



PLATE *.l Nematodes eggs/larvae* of significance to public health recovered 

in soil and vegetable samples of Meghalaya (Photomicrographs) 

A. Ascaris sp. B. Ancylostoma sp. 

C. Toxocara sp. D. Strongyloides* sp. 

E. Enterobius sp. (scale bar = 0.05mm) 



PLATE *.l 



TABLE *.*: Length of t ime take by Ascaris egg to reach infective stage at 
various c l imat ic conditions. 

Time taken 
Parameters (in days) 

Temperature/Relat ive humidity 

28±1°C / 90±1% 2 2 - 2 5 
20±1°C / 83±1% i^S - 52 
n i l - C / 6«f±l% -* 

Relative humidity (±1%)** 

itO -* 
60 -* 
80 26 - 27 
100 30 

Soil pri *** 

5.0 26 - 30 
7.0 29 - 3't 
9.0 30 - 42 

TABLE * . 5 : Survival of infective Ascaris eggs at various relative humidities** 

Relative humidity (±1%) Survival 
(in days) 

60 7 - 1 0 
80 -§ 
100 -§ 

* No development, eggs degenerated after 'fO-SO days. 
** Incubating temperature 28"1*'C 
***lncubating temperature and relat ive humidity 28±1«'C and 90±1%, respectively. 

§ No mortali ty till 120 days. 



PLATE *.2 Patterns of egg development of Ascaris suum 

Fig.I Development stages 

A. Fertilized egg S. Two-cell stage 
C. Four-cell stage D. Eight-cell stage 
E. Early morula stage F. Late morula stage 
(J. Gdstrula stage ri-l. Eggs containing L. and L- stages 
J. Infective L^ stage (scale bar = 0.05mm) 

Fig. 2 Various Oegeneration stages 

A. Vacuolar formation A. Granular degeneration 
C. Oegeneration noticed at early development stages (scale 
bar = 0.05mm). 





PLATE *.3 Patterns of egg development of Ascaris suum (PhotomicroRraphs ) 

I. Fertilized egg. 2. An initial embryonation stage. 

3. Two-ceil stage k. Early morula stage 

5. Late morula stage 6. L. stage 

7. Infective egg containing L o stage 

8. Degeneration noticed at an early development stage 

(Scale bar - 0X)3mm) 



PLATE 4 . 3 

1 VyVvT^v, 5 
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at d i f ferent r.h. keeping the temperature constant, eggs could not develop 

to infect ive stage at r.h. a0-60% and degenerated between 4 0-80 days, v/hereas 

those incubated at 80±1 and 100% r.h. did develop to this stage wi th in 26-27 

and 30 days, respect ively. With variat ions in pH of soi l , the in fect ive stages 

was at ta ined re lat ive ly early (26-30 days) by eggs kept in acidic soil (pH 5.0), 

though not much var iat ion was not iced in the t ime taken to reach in fec t i v i t y 

at other pH of soi l . 

The survival of in fect ive eggs was monitored at various r .h. , i.e., 

40 , 60, 80 and 100%. The infect ive eggs exposed to aO± l% and 60±1% r.h. 

could survive only for 4-5 and 7-10 days, respect ively, whereas no mor ta l i t y 

was not iced in case of those kept at 80±1% and 100%, t i l l a period of 120 

days (when observations were discontinued). 

The data pertaining to the d ist r ibut ion t rend of Ascaris infections 

in human subjects in re lat ion to the various socio-ecological factors, are presented 

in Table 4 .6 . Of the 226 persons who reported to the hospital , 220 were found 

to be containing Ascaris ova in their stools. 

DISCUSSION 

The investigation revealed the presence of seven nematode species 

having zoonotic potent ia l in the domestic animals of the s tate. A l l of these 

are known to cause mi ld to serious c l in ica l harms when infect ing man (Faust 

et aU, 1975; Rao, 1979). However, a s igni f icant ly high prevalence of species 

such as Ascaris, Toxocara, and Ancylostoma recorded herein is of special interest 

because the contaminat ive mode of their in fect ion may make their transmission 

rather easy to human populat ion. 



TABLE *.6: Relationship between Ascaris infections and socio-economic status 

of human subjects in Meghalaya* (n=226) 

Variables Category : Number infected 

Sex 

Community 

Occupation 

Age (years) 

Male: 77 

(n=81) 

Rural: 196 

(n = 199) 

Agriculture: 132 

(n=133) 

0-10 : 188 

(n = 19'*) 

Female: I'tS 

(n=1^5) 

Urban: 2't 

(n=27) 

Govt. Service: 88 

(n=93) 

11+ : 32 

(n=32) 

* Based on data obtained from subjects reporting for treatment of possible 
worm infections at health centre. 

A Number of subjects examined. 
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The data co l lected show that soils in places of frequent human exposure 

and vegetables of the area seem to be potent ia l sources of infect ions to the 

inhabitants. It seems to be of serious concern, as recent reports pertaining 

to the prevalence of intest inal parasites ment ion a common occurrence of 

these infections in human population of several regions of India (Paul et^ aJL, 

1982; Raina et^ aK, 1984). The prevalence ra te of various nematode species 

encountered in the present study is e i ther comparable to or higher than that 

reported in d i f fe rent parts of the w/orld. Silva (198!^) found Ascaris eggs as 

the most common parasi t ic contaminants in 39% of the soil samples, fo l lowed 

by Ancylostoma and Toxocara (in 26% and 17% samples, respect ively) col lected 

f rom public squares in Rio de Janeiro (Brazi l ) . In the area under the present 

study also, Ascaris, the most common parasit ic contaminant , was detected 

in 36.7% of the soil samples fol lowed by Toxocara (16.3%) and Ancylostoma 

(1^.3%). A considerably high prevalence of Ascaris eggs as indicated in the 

present data may be re lated to a high rate of ascariasis (51-67%) in domestic 

pigs of the region. Cross in fect ion w i t h the in fect ive stages of Ascaris of swine 

or ig in seems a possibi l i ty, par t icu lar ly when the data col lected through medical 

agencies (detai led above) of the area revealed a very high prevalence of ascariasis 

in human subjects. Of the various local i t ies surveyed, the prevalence of Toxocara 

was highest (25.8%) in soils of chi ldren's parks, which seems to be associated 

w i th a markedly high prevalence («>.0%) of this in fect ion in stray dogs of the 

area. However, Dada and Lindquist (1979) and Paul et^ aK (1988) found Toxocara 

eggs in 20.6 and 13.7% of soil samples co l lected f rom public places and parks, 

respectively in the USA. The ingestion of in fect ive stages of Toxocara and 

Ancylostoma spp. by chi ldren may lead to visceral or cutaneous larva migrans, 

respectively in them (Faust et_ a l . , 1975). Suggestedly, dogs and perhaps cats. 
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too which act as reservoir hosts for these parasites, would play an important 

role in disseminating helminthozoonoses. 

Of the vegetable samples, 76.3% were found to be posit ive for eggs 

of one or more nematode species in contrast to th is , Bhatia et_ ah (1978) reported 

37.6% of vegetable samples as posit ive for parasite eggs f rom a hot t rop ica l 

c l imat ic zone. Ascaris was the predominant egg type (62.5%) in vegetabgle 

samples examined in the present study. Rude ^ ah (198!t) observed only 2.0-5.0% 

prevalence of the same in green vegetables examined in the USA. The use 

of human night soil is a common pract ice in vegetable fa rming of Shil long, 

and this probably explains the observed d i f ference in the level of contaminat ion 

in the mentioned local i t ies. The nemic eggs of other species encountered in 

vegetable samples of the area are those that are reported as common con tami ­

nants of vegetables in several regions of the wor ld w i th a prevalence high 

enough to pose a serious public health problem (Marzochi , 1977; Bhatia et^ a h , 

1978; L in et^ ^ h , 1980). The recovery of in fect ive stages of parasites in vege­

table samples indicates a d ist inct possibi l i ty of in fect ion to consumers, their 

transmission involving an ingestive mode. 

In order to determine the possible role of c l imat ic factors characte­

r is t ic of the region on the development and survival of Ascaris eggs i t revealed 

that the eggs could complete their development only at 20±1' 'C/83±1% r.h.: 

the t ime taken to reach the in fect ive stage being 4 8-52 days. Greberkin (1982) 

reported the opt imum range for _in v i t ro egg development of Ascaris to be 

between 16-32°C, w i t h the lower and upper thresholds being 14.5°C and 3i».0*'Cj 

respect ively. From the present findings theoret ica l ly i t may be speculated 

that under the ambient c l imat ic condit ions of the region, Ascaris eggs deposited 

on the soil during June to early July could complete the development and a t ta in 
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the in fect ive stage in 4 8-52 days ( i .e. , later half of July-August) , and such 

eggs would play an innportant role in the recru i tment of in fect ion to the community 

people; the eggs voided July onwards would bear no epidemiological signif icance 

since these could not complete their development during that per iod. In a semi -

f ie ld condi t ion study, Krasnonos and Zhakangirov (1981) by construct ing nomograms, 

provided an account of forecast of development of Ascaris eggs in 8 distr ic ts 

of the Samarl<3and region, USSR; the min imum and maximum t ime for egg 

development were established between 27 and kO days in the footh i l ls , and 

between 173 and 178 days in the plain zones, respect ively. In another s imi lar 

k ind of invest igat ion made at Herts (U.K.) , Stevenson (1979) found that the 

eggs introduced in the soil during summer could reach to in fect ive stage in 

as short a period as 14 days; however, the development of eggs was possible 

only between mid-June to August ( i .e. , for 75 days). It is wor th mentioning 

here that in an experiment of the inf luence of embryonat ion - temperature 

on the v iabi l i ty of in fect ive Ascaris eggs, Arne (1986) reported that the larval 

v iab i l i ty and abi l i ty to penetrate the tissue j n v i t ro remained maximum when 

eggs were incubated at 22±1''C - a temperature almost comparable to that 

found suitable for egg development in the region under the present study. 

With regard to the influence of re la t ive humidi ty the present data 

indicate that the eggs could a t ta in the in fect ive stage w i th in 26-30 days only 

at r.h. 80 and 100%, Grebenkin (1982) reported that at opt imum temperature, 

Ascaris egg development is possible only at r .h. between 80-90%. Simi lar ly , 

Perez et^ ah (1981), whi le studying the development of Heterakis eggs, found 

that the same fai led to reach in fect ive stage at r .h. < 80%. In the region under 

the present study the mean re la t ive humidi ty normal ly is recorded above 80% 

for major part of the year which is suggestive of considerably long period of 
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favourable condit ions for Ascaris egg development. No mor ta l i t y of eggs at 

r.h. above 80% seems signi f icant and is indicat ive of viable in fect ive eggs 

being available in the environment for a long t ime . 

The soil pH does not seem to have much influence on the egg 

development in the present study. No reports are available regarding the e f fec t 

of pH on In v i t ro egg development. Hovt/ever, the hatch ra te of Necator americanus 

v^as reported to be maximum at pH 6.0 (Udonsi and A la ta , 1987). These authors 

asserted that apart f rom a suitable pH some other factors such as available 

food and the presence of cer ta in e lect ro ly tes govern the hatching mechanism 

of eggs. The pract ica l signif icance of the f inding of re la t ive ly rapid development 

of eggs at pH 5.0 in the present study is that i t corresponds very closely v^4th 

the pH of soil (5.0-6.0) found in the area under this study (Zimba, 1986). 

In view of the foregoing account i t appears that though the develop­

ment of Ascaris eggs is possible for a re la t ive ly short period (of about 2 months) 

in this region, v^hat emerges of pr ime importance is the survival of eggs deve­

loped during such a short per iod. The prevai l ing temperature and humidi ty 

condit ions in this region could al low for a long survival of in fect ive eggs which 

in turn would increase the possibi l i t ies of infect ions among community people. 

The study related to the prevalence of ascarlasls In human subjects 

aimed at ident i fy ing the possible role i f any, some of the socio-ecological 

factors in the epidemiology of d i rect ly t ransmi t ted worm infect ions in the 

s ta te . Since the data were col lected f rom the subjects report ing to the hospital 

for t rea tment of suspected worm infect ions, the findings reported herein do 

not re f lec t a real survey based on random sampling of the subjects. Because 

of the topography of the study area, i.e., the scattered and isolated sett lements. 
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i t was not pract ica l ly feasible to undertake a random survey covering a large 

area. However, in view of the apparently high rate of ascariasis and possibil i t ies 

of cross- infect ion of Ascaris between human and swine populat ion, i t appeared 

to be of interest and importance to co l lect some basic informat ions related 

to the socio-economic status of infected populat ion. 

Of the 226 persons who attended the hospital for t rea tment of possible 

worm infect ions, 220 were found to be posit ive for Ascaris ova in their stools. 

Of the infected populat ion, 14 3 were females and 77 males; a large sect ion 

(196) of the infected subjects were agr icul tur is ts by occupations and belonged 

to the rural community and only 7l\ were employed in government services 

of urban communi ty . Simi lar ly of al l the posit ive cases, markedly more (132) 

were agr icu l tur is ts , whereas only 88 were employed in government services. 

Fur ther , the major i ty of the infected subjects (188) were of the age group 

0-10 years, whi le only 33 were 11+ years o ld . 

With cer ta in l im i ta t ions , the f indings of the present invest igat ion 

present an overal l s imi lar pat tern of in fect ion as reported through randomly 

made studies on the prevalence of intest inal parasit ic infect ions in various 

regions of India. In areas character ized by h i l ly terra ins, such as Sikkim and 

Arunachal Pradesh the prevalence of ^ lumbricoides was found to be more 

in younger age-group (Mai t ra , 1970; Paul et^ a h , 1982). Personal hygienic habits 

of chi ldren are generally poor and they also consume eatables that are quite 

o f ten exposed to dust and f l ies ; thus there is more chances of their exposure 

to in fec t ion. Besides, change in the behavioural and occupational pat terns, 

and possibly the immune response provoked due to previous infect ions in adults 

may be the reasons for higher prevalence of in fec t ion . Longer periods exposure 

in the f ields also may lead to easier acquisi t ion of parasi t ic infect ions, which 
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may explain the extent of in fect ion among the rural subjects. Fur ther , the 

factors l ike lack of sanitary latr ines, non-avai labi l i ty of safe drinking supply, 

and poor personal hygiene may also have some impact on the degree of infect ion 

noticed in the present study. 

The case history reported herein ran over only three months durat ion. 

It is l ikely that many more subjects posit ive for Ascaris infect ions would have 

escaped diagnosis during this study. Hence, more authent ic and meaningful 

conclusions could be derived by per forming a random survey so as to assess 

the precise role of various socio-ecological factors in disseminating worm infect ions 

in the area. 



CHAPTER V 

ANTHELMINTIC EFFICACY OF FLEMINGIA VESTITA 



INTRODUCTION 

There are a number of problems associated with the endemecity 

and the transmission of food-borne parasitic zoonoses. Thus besides environmental 

circumstances, human dietary practices also perpetuate a variety of helminthic 

zoonoses (Arambulo and Moran, 1980). However, the same also incorporate 

several indigeneous methods of getting rid of worm infections. For example, 

in many parts of India, especially those inhabited by aboriginal tribal populations, 

there persists a rich folk-lore regarding the vermicidal and vermifugal properties 

of many foods of plant origin (Chopra et^ a[l., 1956). In Meghalaya, the natives, 

particularly those rural areas, follow the practice of consuming parts of several 

wild plants believing them to be efficacious against worm infections (Rao, 

1981). 

A scrutiny of the literature reveals that from time to time many 

plants have been put to scientific investigations for their anthelmintic efficacy 

either Jri vitro or Jn vivo conditions; in a few cases, their efficacy has also 

been compared with the synthesized anthelminics (Kirtikar and Basu, 1935; 

Chopra et̂  aL, 1956; Dhar et̂  aU, 1965; Arslanov and Serov, 1983). Of several 

hundred plants screened for their biologidal activity at the Central Drug Research 

Institute (CDRl), Lucknow (U.P.) against various helminth parasites, only a 

countable few, namely, Ammonum aromaticum (churampha), Anthocephalus 

indicus (kadam), Calamintha umbrosa (jangli pudina) and Dalberqia latifolia 

( i t l i ) , showed activity against Ascaridia qall i , the common round worm of poultry, 

though j n vitro (Dhar et̂  ah, 1968). Similarly, plants viz., Cynara scolymus, 

Niqella sativa and Cythocline lyrata cass were found to be effective against 
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many helminths (Agarwal e^ aU, 1979; Gakhniyan and Dzhambazon, 1979; 

Shrivastava, 1979). Mor ta l i t y e f fec ts of the plant Lysimachia ciethroides in v i t ro 

on several nematode and t rematode parasites have been reported by Soh et a l . 

(1980). Judging by c l in ica l t r ia ls Sahu (1980) found the seeds of Butea monosperma 

(palsa) to be e f fec t i ve against Ascaris and hookvi/orm infect ions in man. Ghafghazi 

et aU (1980-81) gave an account of act iv i ty of the aqueous ex t rac t of stem and 

leaves of Triqonella foenum qraceum (fenugreek) Jj i v i t ro against Hymenolepis 

nana, Syphacia obvelata, and Moniezia expansa. By est imat ing the faecal egg 

counts at necropsy, Adewunmi and Akubue (1981) reported the effect iveness 

of aqueous ex t rac t of Cal l iandra portoricensis in ra ts . In another study, Charoenlarp 

et a l . (1981) found the crude ex t rac t of Artocarpus lakoocha v»/ood e f fec t i ve 

against tapev«/orm infect ions in human populations of Thailand. Simi lar ly , the 

ac t i v i t y of plants such as Aqanosma dichotoma, Centatherum anthe lmin t icum, 

Artemesia herba-alba, Butea frondosa, Carica papaya, and Ar is to lochia bracteata 

against many parasi t ic vi/orms is note vt/orthy (Sen and Da t ta , 1982; Irdis 

et^ aU, 1982; Rao and Krishnaiah, 1982). Singh et_ ah (1982) tested the bark 

ext racts of Zanthoxylum a la tum (tejbal) against Ascaris lumbricoides, Fasciolopsis 

buski and H. nana in v i t ro and reported the maximum ac t i v i t y of the ether 

ex t rac t , par t icu lar ly against JH. nana. Garg and Kasera (1983) and Singh et a l . 

(1983) investigated the anthelmint ic e f fec ts of the essential oils of Cal l is temon 

viminal is and seeds of Aeqle marmelos, respectively against several he lminth 

parasites. An account of the ef f icacy and safety of Caesalpinia cr ista seed 

extracts in water and methanol against natural Neoascaris v i tu lo rum in buf fa lo 

calves has been provided by Akhtar et^ ah (1985). Very recent ly Kalyani et a l . 

(1989) found Jri v i t ro anthelmint ic ac t i v i t y of an essential o i l f rom the f ru i ts 

of Zanthoxylum l imonel la against tape v»/orms and hook w/orms and reported 
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i t to be bet ter than that of piperazine phosphate. Most of the mentioned studies 

deal w i th the ef fec ts on the mor ta l i t y and/or expulsion rate of parasit ic worms; 

however none of these provide any in format ion regarding the e f fec t of the 

plant mater ia l on the morphology and/or histology of the worm parasi te. 

Fleminqia vest i ta Benth & Hooker, local ly known as soh-pholong 

under which name the root tubers are sold in the markets of the Khasi Hi l ls 

D is t r i c t of Meghalaya) is used by the Meghaiayan local people for cur ing intest inal 

worm infect ions. As a mat ter of fac t many of i ts uses are not known outside 

the t r iba l communi ty . Thus a laboratory t r i a l seemed desirable to sc ient i f ica l ly 

authent icate the plant 's e f f icacy as anthe lmin t ic . The present study was therefore 

undertaken w i th a view to evaluat ing and comparing the effectiveness of the 

tubers of this plant in in v i t ro condit ions. Changes in the mot l t i l i ty and h is tomor-

phology based on L M and SEM studies, are reported herein a f te r in v i t ro exposure 

of the worms to varying concentrat ions of the crude ext racts of the root tubers. 

MATERIALS A N D METHODS 

Plant material 

Fleminqia vest i ta , a t ra i l ing herb w i t h hirsute stem of around 80-lOOcm 

height, is considered to be a lesser known leguminous crop, which has been 

brought under cu l t i va t ion by nat ive populat ion of Meghalaya. The por t ion of 

the plant that is eaten is the sof t , fleshy tuberous root just below the crown. 

The skin of the tuber is considered to be e f fec t i ve against the tape worms 

(Singh and Arora , 1973). 

Extraction and Isolation 

Fresh tubers of Flemenqia vest i ta were purchased f rom the local 



[ 1 2 2 ] 

markets, washed gently w i t h deionized water and peeled o f f th ick ly w i th the 

kn i fe . The peel along w i t h the fleshy pulp was heated w i t h deionized water 

constantly at 50°C in a conical f lask. The solut ion obtained in this manner 

was centr i fuged at 5000 rpm for 30 m in . The supernatant was col lected and 

ext racted w i t h ethyl aceta te . The ex t rac t was then concentrated by evaporation 

w i t h sodium sulfate (anhydrous) using a hot water bath at 50-80«»C. The concen­

t ra te was reduced to semi-sol id state by keeping in an oven at 30-40°C for 

about A8 hr and then t ransferred into a small v ia l and re f r igera ted unt i l tes t ing. 

Testing 

L ive Ascaris worms were col lected in 0.9% physiological buf fered 

saline (PBS) f rom pigs slaughtered at local abat to i rs . The worms were washed 

several t imes in PBS and maintained in a c l imat ic chamber at 37± 1°C as 

fol lows; six worms were d ist r ibuted to each of the two pe t r i dishes containing 

100ml of medium. Di lut ions of the crude ex t rac t were prepared in DMSO in 

PBS since 1 % DMSO alone did not exhibit any ac t i v i t y alone (Ahmad and N izami , 

1983), and added to the medium to give f inal concentrat ions of 0.06. 0.18, 

and 0.36 m g / m l . lOOOgm of fresh mater ia l (tubers and peel) yielded 600mg 

of crude concentrated ex t rac t , the concentrat ion of which used in this study, 

i.e., 0.06% (0.6mg/ml) , 0.18% (1.8mg/ml) , and 0.36% (3.6mg/ml) represent 

100, 300, and 600 gm of the fresh tubers. For comparison of the ac t iv i t y of 

the plant ex t rac t , Mebex (Mebendazole), a broad spectrum anthe lmint ic , 

was used as a reference substance. The la t te r was also dissolved in 1 % DMSO 

and tested at concentrat ions s imi lar to those of the plant ex t rac t . For each 

such concentrat ion one pet r i dish containing 1 % DMSO in the medium'served 

as cont ro l . 
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The ac t i v i t y of the mater ia l was evaluated in terms of mo t i l i t y and 

histomorphological changes of the wo rm. Time taken for complete inactiveness 

(paralysis) of the worm was recorded and death was conf i rmed by dipping such 

worms in sl ight ly warm water (50-55°C) which induced movements in worms 

s t i l l a l ive. Soon af ter the worms got paralysed, a set of those t reated w i th 

0.36% plant ex t rac t and also the controls were f ixed in Bouins solution and 

5% buffered neutral fo rmal in . The Bouins-f ixed mater ia l was processed for 

mic ro tomy; and serial para f f in sections were cut at 6-7 y m thickness and 

stained w i th haematoxyl in and eosin, whereas the specimens f ixed in neutral 

fo rmal in were subjected to SEM studies as described in Chapter 11. 

OBSERVATIONS 

Motility and physical activity 

The worms maintained in PBS wi thout the tuber ex t rac t showed physical 

ac t iv i ty t i l l a period of 78-102 hr and thereaf ter they became immobi l ized 

and/or died. In contrast the worms incubated in the medium containing 0.06%, 

0.18%, and 0.36% tuber extracts became paralysed at 43-50, 16-18, and 5-8 b'r 

of incubation, respectively (Table 5.1). Worms incubated in Mebendazole concen­

t rat ions similar to those of plant ex t rac t showed considerably faster acquisit ion 

of paralyt ic state (Table 5.1). 

Histomorphological studies 

The surface f ine topography of the worms maintained in the control 

medium seemed to be normal (Plate 5.1 : Figs.1,2) - the 3 prominent lips have 

a smooth cut ic le and appearing anchoring to one another quite closely as i f 

in a grasping state; the cut ic le of the anter ior ex t remi ty of the body reveals 
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PLATE 5.1 Anthelmintic efficacy of tuber extract of FleminRJa vestita 
' on Ascaris suun, In vitro. 

Figs.l-* Scanning electron micrographs 

Fig.l Untreated worm, anterior end showing three lips in gras­
ping stage (scale bar = 100 \Mn) 

Fig.2 Anterior end of tuoer extract treated wormj showing 
collapsed surface of lips and wrinkled cuticle posterior 
to lip region (scale bar = 100 y m) 

Fig.3 Untreated worms, pattew* of cuticular ridges at anterior 
extremity (scale bar = iOp m) 

Fig.'f Treated worm, cuticular pattern at anterior extremity, 
distinct cracks and disorganization of transverse striations 
are noticed (scale bar = 10M m) 

Figs. 5--6 Light photomicrographs 

Fig.5 Normal transverse section through pharyngeal region 
(Scale bar = 0.5mm) 

Fig.6 Transverse section of the extract treated worm; note 
an irregular disorganization of the muscular layer (scale 
bar = 0.5 mm). 
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quite dist inct and neatly arranged regular transverse striations. In contrast, 

in the worms incubated w i th 0.36% concentrat ion of tuber ext ract the lips 

appear separated f rom each other and loosely compresed (Plate 5 . 1 ; Figs. 3,4) 

w i th prominently wr ink led surface; at the anter ior ex t remi ty the cut ic le shows 

cracks and somewhat disorganization of the cut icu la t s t r ia t ions. Marked di f ference 

was not iced in the histology of the worms t reated w i th 0.36% of the ext ract 

when compared to those of the control as an irregular disorganization of the 

muscle layer was not iced in the former (Plate 5 .1 ; Figs.5,6). 

DISCUSSION 

Though Jn vivo t r ia ls carr ied out for preliminary screening for an the l ­

min t ic ef f icacy of plants bear more pract ica l s igni f icance, the Jri v i t ro tests 

are considered to be equally useful in this regard (Ghafghazi ^ a K , 1980-81). 

In the present invest igat ion, since an early paralysis of worms was 

not iced w i th the tuber ex t rac t concentrat ion of 0.36%, the same concentrat ion 

was selected for subsequent studies. A remarkable decrease of mot i l i t y and 

cont ract ion confined to the anter ior ex t remi ty and lips observed af ter incubation 

for 3-7 hr w i th 0.36% of the tuber ex t rac t indicate that the Fleminqia vest i ta 

tubers a f fec t the mo t i l i t y and bring about changes in the body surface, especially 

of the lip and cephalic regions of Ascaris worms and thus may funct ion as 

anthe lmint ic . Disorganizat ion of the muscle layer and vacuol izat ion of the 

intest inal epi thel ium have also been reported for adult Haemonchus contortus 

exposed j n v i t ro to dl tet ramisole ( K a u r and Sood, 1983). Also, in a SEM study 

Grzywacz (1980) reported the appearance narrower cracks in the cut ic le and 

wrinkles on lips of Ascaris suum t reated in v|tro^ w i th piperazine. 



[ 125 ] 

During the present invest igat ion it was found that the worms t reated 

w i th various concentrat ions of plant ex t rac t became paralysed through they 

did not show any mor ta l i t y for some t ime to fo l low. The ex t rac t suggestely 

exerts a reversible act ion on the neuromuscular system of the worm (Crol l 

and Matthews, 1977). The act ion of piperazine is also found to be reversible 

and it is believed that the paralysis lasts long enough for the worms to be 

swept out of the host (Cox, 1982). It may be presumed that _m vivo under the 

e f fec t of the plant tuber the paralysed/ immobi l ized worms are easily evacuated 

by host's gut movements. It thus appears that the tuber ex t rac t of Flemingia 

vest i ta acts as vermi fu^ga l . However, to establish its precise mechanism of 

act ion fur ther study needs to be undertaken to separate and ident i fy the act ive 

principles responsible for anthelmint ic ac t i v i t y . 



SUMMARY 

1. A two-year long survey undertaken to establish the nematode parasite 

spectrum of animals of food value, namely pigs, goats, sheep, ca t t le 

and fow l , in Meghalaya revealed that twenty - four species of nematodes 

belonging to th i r teen fami l ies and eighteen genera parasit ize these 

animals in the State. The nematode spectrum in pigs comprised eleven 

species v iz . Ascaris suum, Pseudocruzia or iental is , Bourgelat ia d iducta, 

Oesophaqostomum (Oesophaqostomum) dentatum, Stephanurus dentatus, 

Globocephalus connor f i l i i , Setaria bernardi , Ascarops stronqyl ina, A. 

dentata, Physocephalus sexalatus and Gnathostoma doloresi; six species 

v iz . ^ . (Proteracrum) columbianum, O. (Hysteracrum) aspersum, 

Haemonchus contort us, Trichuris qlobulosa, J . ovis and Bunostomum 

tr iqonocephalum in goats and the former four also in sheep; four species 

viz. ^ . (Bosicola) rad ia tum, H. contor tus, Mecistocirrus diqi tatus and 

Ŝ . d iq i ta ta in ca t t l e ; and four species, namely Ascaridia qa l l i , Heterakis 

qal l inae, Stronqyloides sp. and Capi l lar ia contor ta in fow l . A br ie f 

descript ion is provided for al l the species recorded. While major i ty 

of these are also known to o icu r in other regions of India, i t is for 

the f i rs t t ime that their occurrence is reported herein f rom north-past 

India, trteghalaya in par t icu lar . Ŝ . bernardi in domestic pigs and C. 

contor ta and Stronqyloides sp. in fowl fo rm the f i rs t records f rom 

India. 
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2. Scanning electron microscopic studies on the surface f ine topography 

of nine nematode species representing seven fami l ies revealed several 

structures of taxonomic and funct ional signif icance not visualized p re ­

viously by l ight microscope studies. 

In ^ . suum the anter ior end is found to possess three dist inct 

l ips, each w i th a single dentigerous ridge bearing conspicous and concave-

edged dent ic les. In strongylids — B. d iducta, O. columbianum and O. 

aspersum the number, shape and size of elements in the corona radiatae 

are ascertained. The cephal ic, cerv ica l and caudal papil lae are found 

to vary in their number and topography; the phasmidial and amphidial 

openings and patterns of cut ic le also show inter-speci f ic var iat ions. 

In ^ . diducta the bursa is marked of f by notches into long dorsal and 

short la tera l lobes, while in ^ . columbianum it appears bel l shaped. 

In B. diducta the vulva appears to be a prominent c i rcular opening, 

whereas in O. aspersum it is a simple e l l ip t ica l opening wi thout any 

cut icular ornamentat ion in its v ic in i ty . Ŝ . dentatus exhibits a hexagonal 

mouth opening w i th 80-83 small elements and four prominent cephalic 

papi l lae; six tongue-shaped teeth protrude f rom the oral cav i ty ; in 

males the bursa is found to have short and stout rudimentary bursal 

rays; in females the vulva and the anus are si tuated quite closely, 

the la t ter also showing cut icular ornamentat ion around i t . 

G. connor f i l i i reveals dorsally bent anter ior end; prominent 

cervical papil lae are dist inct on either side of the body; the bursa 

has a small dorsal and large la tera l lobes and a pair of prebursal papi l lae, 
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and the vulva shov /̂s a prominent f lap. S. d iq i ta ta show/s a rasied cut icular 

peribuccal crov/n at anter ior ex t rem i t y ; in males the ventral aspect 

of the posterior end reveals neatly arranged ventra l bands, v*/hereas 

in females the cut ic le has scanti ly and i rregular ly scattered minute 

papi l lae; three pairs of precloacal , one pair of adcloacal and three 

pairs of postcloacal papil lae are evident in males. _A. dentata exhibits 

a pair of oppositely d i rected tr i lobed pseudolabia, the middle lobe 

of each of which is seen throwing a buccal too th towards the oral 

cav i ty ; two dist inct submedian cephalic papil lae and a minute pore­

l ike opening are visible on each pseudolabium; the male worm has 

a curved ta i l bearing dense aggregation of mushroom - l ike cut icular 

thickenings arranged in somewhat longitudinal rows; the female has 

a shorter ta i l than that of the male; the anus appear as a prominent 

opening very near to the posterior t i p . G. doloresi shows a dist inct 

globular cephalic bulb bearing two large pseudolabia and submedian 

cephalic papilae; 8-9 regular rows of backwardly di rected cut icu lar 

spines are present on a cephalic bulb; poster ior ly the whole body is 

densely adorned w i t h backwardly d i rected cut icular spines; the la t ter 

showing a gradual change in their contour along the body length. 

3. The prevalence of nematode papasite species and the seasonal f luc tuat ion 

of those of major importance in the spctrum were studied by means 

of faecal eggs and/or adult worm counts of the animals slaughtered 

at the abatto i rs, under the character is t ic sub-tropical and high ra infa l l 

conditions of the region. In the case of pigs, the highest level of in fect ion 
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was not iced during autunnn and lowest in w in ter . _A. suum, _0. dentatum 

and Q. diducta were the commonly occurr ing species. _A. suum exhibi ted 

higher peaks in its prevalence during summer and autumn. A higher 

prevalence of Q. diducta was also noticeable in summer; ^ . dentatum 

registered a high prevalence ' f rom the star t of summer w i th a peak 

during early autumn. 

In goats, the strongylids emerged to be the most prevalent 

species. Hence the seasonal f luc tuat ion in the prevalence of in fect ion 

was monitored by est imat ing faecal worm egg counts of strongyl ids; 

the maximum values for prevalence and overal l mean EPG were not iced 

af ter the period of heavy ra in fa l l and remained at a re lat ive ly high 

level f rom July to December. 

In fowl £^. qal l i and H. qal l inae occurred as the predominant 

infect ions. On the basis of actual recovery of worms at necropsy i t 

emerged that the rate of in fect ion was more or less at a constant 

level for most part of the year, w i th sl ight ly higher peaks during summer. 

For ca t t l e , the study aimed at establishing the prevalence 

of various nematode species only and the f i l a r i i d , 5. d iq i ta ta emerged 

to be the most commonly occurr ing species in this region. 

With a view to ascertaining the occurrence of zoonotic infect ions 

in the region, a screening of domestic animals, also including dogs, 

revealed 7 species as having zoonotic potent ia l . These are — A. suum, 

G. doloresi, Toxocara canis, Ancylostoma caninum. G. spiniqerum, 

Ascaris sp. and Stronqyioides sp. 
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A survey was made to assess the level of conta­

minat ion of the environment w i t h the nemic eggs/larvae of public 

health signif icance which revealed soils of various local i t ies and vege­

tables to be highly contaminated w i t h eggs/larvae of one or more of 

the f ive nematode species — Ascaris, Toxocara, Ancylostoma, Enterobius, 

and Stronqyloides. Of these, Ascaris eggs were the most common conta­

minants, though those of Toxocara and Ancylostoma were also involved 

w i t h a prof i le enough to pose a risk of in fect ion to the inhabitants. 

In order to evaluate the role of environmental condit ions 

on the epidemiology of ascariasis, the development of Ascaris eggs 

was monitored at various sets of temperature, humidi ty and pH cond i ­

tions similar to those exist ing in the region. Under the exist ing c l imat ic 

condit ions of the region the eggs deposited on the soil during June 

afid early July could complete their development to in fec t i v i t y in ^8-52 

days. Simi lar ly , keeping the temperature constant eggs incubated at 

80-100% r.h. showed complete development in 28-30 days. Slightly 

acidic soil showed comparat ively rapid development of eggs. It appeared 

that the temperature and humidi ty experienced in this region would 

favour a prolonged survival of in fect ive eggs in the environment, which 

could pose a risk of recru i tment of infect ion among communi ty people 

for most part of the year. 

A study made to understand the possible role of socio-econo-

gical factors in contr ibut ing Ascaris in fect ion in human subjects showed 

a posit ive involvement w i th the age, sex, place of l iv ing, and occupation 

of the subjects. 
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3. The anthelmintic efficacy of Fleminqia vest it a root tubers, consumed 

by natives for curing worm infections, was investigated against Ascaris 

suum, in vitro. Taking moti l i ty and histmorphology as the parameters, 

it emerged that the worms treated with 0.36% of the crude extract 

of piant tubers became paraiysed within 5-8 hr; they showed wrinkles 

and craci<s on lips and body cuticle, and also perceptible disorganiza­

tion of the somatic muscle layer. In comparison, incubation with similar 

concentration of the reference drug Mebendazole in the medium resulted 

in much faster acquisition to a paralytic state. It appears that the 

plant bears good anthelmintic activity and suggestedly has a vermifu^gal 

effect. 
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APPENDIX 

Host-parasite list of nematodes of livestock and poultry of Meghalaya 

Host(s) 

Pig 
(Sus scrofa domestica L.) 

Nematode Species Recovered 

Ascaris suum 
Pseudocruzia orientaiis 
BourReiatia diducta 
OesophaRostomum (Oesophagostomum) 

dentatum 
Stephanurus dentatus 
Globocephaius connorfilii 
Setaria bernardi 
Ascarops stronayiina 
A. dentata 
Physocephalus sexalatus 
Gnathostoma doioresi 

Goat 
(Capra hircus L.) OesophaRostomum (Proteracrum) 

Columbian urn 
OesophaRostomum (Hysteracrum) aspersum 
Bunostomum triqonocephalum 
Haemonchus contortus 
Trichuris Rlobulosa 
T. ovis 

Sheep 

(Ovis arias L.) 

Cattle 
(Bos indicus L.) 

Fowl 

(Gallus Rallus domesticus L.) 

O. (P) coiumbianum 
Q. (Jj.) aspersum 
H. contortus 
T. RJobulosa 

OesophaRostomum (Bosicola) radiatum 
H. contortus 
Mecistocirrus digitatus 
Setaria dJRJtata 

Ascaridia Ralli 
Heterakis Rallinae 
StronRvloides sp. 
Capillaria contorta 
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SYSTEMATIC ACCOUNT OF NEMATODES OF LIVESTOCK AND 
POULTRY OF MEGHALAYA 

Following is the detailed systematic account of the various nematode 

species recorded in this study from their respective host(s): 

Family L ASCARIDIDAE Baird, 1853 

Subfamily Ascaridinae (Baird, 1853) Hurtwich, 197^ 

Genus Ascaris Linnaeus, 1758 

A. suum Goeze, 1782 

Host ; Pig 

Family II. ASCARIDIIDAE Travassos, 1919 

Genus Ascaridia Dujardin, 18̂ *5 

A. galli (Schrank, 1788) Freeborn, 1923 

Host : Fowl 

Family IIL H ETERAKIDAE Railliet et Henry 1912a 

Subfamily Heterakinae Railliet et Henry, 1912a 

Genus Heterakis Dujardin, 18'f5 

H. Rallinae (Gmelin, 1790) Freeborn, 1923 

Host : FoA'l 

Family IV. KATHLANIIDAE (Lane, 191if) Travassos, 1918 

Subfamily Cruziinae (Travassos, 1917) Ortlepp, 1924 

Genus Pseudocru zia WolfganR, 1953 

P. orientalis (Maplestone, 1930b) «^olfgang, 1953 

Host : Pig 

Family V. STRONGYLOIDIDAE Chitwood et Mcintosh, 193̂ * 

Genus Strongyloides Grassi, 1879 
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Stronfiyloides sp. 

Host: Fowl 

Family VI. CHABERTIIDAE (Popova, 1952) Lichtenfels, 1980 

Subfamily Oesophagostominae Railliet, 1916 

Genus Bourselatia Railliet, Henry et Bauche, 1919 

&. diducta Railliet, Henry et Bauche, 1919 

Host: Pig 

Genus OesophaRostonnum ^Aolin, 1861 

Subgenus Bosicola Sandground, 1929 

O. (B.) radiaturn (Rudolphi, 1803) Travassos e t Vogelscing, 1932 

Host: Cat t le 

Subgenus OesophaROstomum Molin, 1861 

g. (O.) dentatum (Rudolphi. 1803) Molin, 1861 

Host: Pig 

Subgenus Proteracrum Railliet e t Henry, 1913 

g. (£.) columbianum (Curtice, 1890) Raillet et Henry, 1913 

Host: Goat, sheep 

Subgenus Hysteracrum Railliet e t Henry, 1913 

g. (H.) aspersum Railliet et Henry, 1913 

Host: Goat, sheep 

Family VII. SYNGAMIDAE Leiper, 1912 

Subfamily Stephanurinae Railliet, Henry e t Bauche, 1919 

Genus Stephanurus Diesing, 1839 

S. dentatus Diesing, 1839 

Host: Pig 
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Family VIII. ANCYLOSTOMATIDAE (LoosB, 1905) Lichtenfeis, 1980 

Subfamily Ancylostomatinae Looss, 1905 

Genus Globocephalus Molin, 1861 

G^ connorfilii Lane, 1922 

Host : Pig 

Subfamily Bunostominae (Railliet et Henry, 1909) Looss, 1911 

Genus Bunostomum Railliet, 1902 

B. trigonocephalum (Rudolphi, 1808) Railliet, 1902 

Host : Goat 

Family IX. TRICHOSTRONGYLIDAE (Leiper, 1908) Leiper, 1912 

Subfamily Haemonchmae (Skrjabin et Schulz, 1937) Skrjabin et Schulz, 1952 

Genus Haemonchus Cobb, 1898 

H. contortus (Rudolphi, 1803) Cobb, 1898 

Host : Goat, Sheep, Cat t le 

Genus Mecistocirrus Railliet et Henry, 1912b 

M. digitatus (Linstow, 1906) Railliet et Henry, 1911b 

Host : Cat t le 

Family X. ONCHOCERCIOAE (Leiper, 1911) Anderson et Bain, 1976 

Subfamily Setariinae Yorke et Maplestone, 1926 

Genus Setaria Viborg, 1795 

S. digitata (Linstow, 1906) Railliet et Henry, 1911 

Host : Cat t le 

^ . bernardi Railliet et Henry, 1911 

Host : Pig 

Family XI SPIROCERCIOAE (Chitwood et Wehr, 193̂ )̂ Chai:baud, 1975 

Subfamily Ascaropsinae Alicata et Mcintosh, 1933 

Genus Ascarops Beneden, 1873 
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_A. stronaylina (Rudolphi, 1819) Alicata et Mcintosh, 1933 

j ^ . dentata (LinstO'V, 190^) Alicata e t Mcintosh, 1933 

Host : Pig 

Genus Physocephalus Diesing, 1861 

P. sexalatus (Moiin, 1860) Diesing, 1861 

Host : Pig 

Family XII. GNATHOSTOMATIDAE Railliet, 1895 

Subfamily Gnathostominae (Railliet, 1895) Baylis et Lane, 1920 

Genus Gnathostoma Owen, 1836 

G. doloresi Tubangui, 1925 

Host : Pig 

Family XIII. TRICHURIDAE (Ransom, 1911) Railliet, 1915 

Subfamily Trichurinae Ransom, 1911 

Genus Trichuris Roederer, 1761 

X ' globulosa (Linstow, 1901) Ransom, 1911 

Host : Goat, sheep 

J. ovis (Abildgaard, 1795) Smith, 1908 

Host : Goat 

Subfamily Capiiiariinae Railliet, 1915 

Genus CapiJJaria Zeder, ISOO 

_C. contorta (Creplin, 1839) Travassos, 1915 

Host : Fowl 

'*CC ~ " ' 
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