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ABSTRACT

Seven biological characteristics of the intestinal and muscle stages

of T.spiralis var.pseudospiralis in Swiss Webster mice were compared
with the same stages in five bird hosts: Japanese quail, Leghorn

chicken, herring-gull, ring-billed gull, and Franklin’s gull,

Position of the adult worms in the intestine remained anterior during
the first week p.i. and did not differ significantly at day 5 p.i.
between mice and bird hosts. Percentage recovery of adult worms was
low in quail compared to mice. Female/male sex ratio was higher in
birds. Inversion of the sex ratio occurred in 10 days in mice and 20
days in quail. Female worms recovered from gulls started to release
larvae in vitro 1 day earlier (day 4 p.i.) than worms recovered from
mice and quail (day 5 p.i.). The mean number of larvae released in
vitro by adult females recovered from mice and birds during the day of
peak larval production was similar. Duration of the intestinal stage
was prolonged in birds (at least 60 days in quail) compared to mice (11

days).

Muscle invasion was less intensive in birds compared to mice (except
for Franklin‘s gulls). RCI-values were a stable characteristic for the
host. The high percentage of infective muscle larvae in the legs of
four species of birds suggested the presence of an organotropism of the
nematode for the leg muscle in birds. No virulence of the parasite was

noted for doses up to 10,000 larvae/host.

~iv_



A definite pattern of host influence on morphology of adult and
larval worms could not be discerned. Adult male worms recovered from
mice and quail were most dissimilar, and adult females recovered from

mice and Franklin’s gulls were most similar.



ACKNOWLEDGMENTS

I would like to thank my supervisor, Dr. T.A. Dick for his time and
helpful suggestions during thesis preparation. I would also like to
thank members of my committee, Drs. H.E. Welch, L.C. Graham, and T.D.

Galloway for their constructive criticisms of the manuscript.

I am also indebted to R.W. Hancox and N.K. Hoffman for taking care of

the experimental animals, and to Linda Uin for providing the gull eggs.

Al Shostak and Harry Carter deserve special thanks for their
assistance, both moral and technical, and for their interest and
suggestions. The following friends, some of which were fellow students
assisted in various aspects of my research: Arlene Tompkins, Christopher
Day, Enri Chew, June Tugwood, Marek Tomalak, Ron Rosen, Shirley Shostak

and Sue Barton.

Research was funded by a scholarship of the Social Science and
Humanities Research Council of Canada and the World University Service

of Canada.

_vi..



TABLE OF CONTENTS

ABSTRACT & & o o ¢ 4 4 o o o o o o o o o o o o o o o . o s e

ACKNOWLEDGMENTS ¢ v 4 & o o o o o o o o o o o o o o . e o o .

INTRODUCTION & & v ¢ v 4 o o o o o o o o o o o o o o . e o
MATERTIALS AND METHODS « & « o o o o o o o o o o o o . e s o .

I. Parasites o « ¢ v o 4 o o ¢ o o o o o o o o 0 .
ITI. Maintenance of Experimental Animals . . . . . .
ITI. Biological Characterization of T. spiralis var.
pseudospiralis « v v o ¢ 4 6 4 . 4 4 4 2 e 0. .
Infection procedure « o v o o v v & o o o o o o .
Intestinal stage of the parasite in mice and birds
Muscle stage of the parasite in mice and birds .
- In vitro larval release (IVLR) & o o o o o o« . .
IV. Host Influence on Morphology of T. spiralis var.
pseudospiralis v o ¢ 4 4 4 4 o 0 e . o4 . ...
Collection of WOTmMS & & o v « o o o o o o o o o .
Fixation technique =+ & ¢ ¢ o ¢ & o o o o o o o .
Measurements .« ¢ v ¢ o & 4 ¢ ¢ o o o o o o o o W
V. StatistiCS o o o o o o o ¢ o o o o o o o o o o

RESULTS -« ° . L] ° o - ° ° < L L] - ° L L) ° ° - ° ° L L] ° ° - L]

I. Biological Characteristics of the Parasite in Mice

Intestinal stage =« o o o ¢ 4 o o o o o o o o o .
Muscle Stage o o« o o o o o o o o o o o o o o o o
In vitro release of newborn larvae . « o o o . .

II. Biological Characteristics of the Parasite in a Variety

Of Bird HOSES '« o o o o o o o o o o o o o o &
Intestinal Stage =« o o o o o ¢« o o o o o o o o .
Muscle stage « ¢ v ¢ o o o o o o o o o o o o o o
In vitro larval release o « o« « o o o o o o« « o .

I1I. Host Influence on the Morphology of Adult and

T. spiralis var.pseudospiralis « o o o & o o .

DISCUSSION & ¢ & o v v o o o o o o o o o o o o o o o . o o @
I. Mice o ° L] o o o ° e o L] o ° o ° o ° ° L] o ° °

II. Birds o v o 4o 6 6 o o o o o o o o o o o o o + .
III. Comparison between Mice and Bird Hosts . . . .

- vi -

Lar

val

10
14
17

18
18
19
19
21

22

22
22
29
34

36
36
42
51

52
61
62

66
72



Iv.

Theoretical Considerations on
Trichinella

LITERATURE CITED

APPENDIX I .,

APPENDIX II .

°

the Life Cycle of

°

75

80

86

87



LIST OF TABLES

TaEle page

1. Study of biological characteristics of T. spiralis var.
pseudospiralis in various hoStS « o o o o o o o o o o o o o o 11

2. Intestinal distibution of T. spiralis var. pseudospiralis in
orally infected Crl: COBS CFW (SW) mice o o« o o o o o o o o . 24

3. Intestinal distribution of the parasite in Crl: COBS (SW) mice
0N day 5 Pede o o o 4 6 6 6 6 s 6 6 6 bt s s o s s e o e o o .25

4, RCI-values and muscle larvae/g for seven passages of the
parasite In MiCE ¢ o « ¢ o o o o o o o o o o o o o o o o « . 30

5. In vitro larval release of T. spiralis var. pseudospiralis
females recovered from mice and birds « « . + « & &+ « + o . . 35

6. Intestinal distribution of T.s. var. pseudospiralis from orally
infected Japanese quail « & & « o « « o o o o + o o ¢ o o o o 37

7. Intestinal distribution of T. spiralis var. pseudospiralis in
three species of GUIIS '+ ¢ & ¢ o « o « o o o » o o = « « « . 38

8. RCI-values and muscle larvae/g, for seven passages of the
parasite in male Japanese quail « & ¢ o« v « o o o o o o o o o 43

9. RCI-values and T. spiralis var. pseudospiralis muscle larvae/g
for three species of gUllS &« & © & v = v o o « o o o o o o o 4t

10. Distribution of T. spiralis var. pseudospiralis larvae in the
muscle of birds o & o ¢ 4 ¢ 6 ¢ 6 ¢ o 4 6 6 6 o 6 o e o o o o 49

11. 1Influence of dose and age of infection on RCI-values in adult
and young Japanese quail . v o ¢ o o o o o o o o s o o o o « 50

12. Measurements and ratios of adult male worms in several hosts . . 53
13. Measurements and ratios of adult female worms in several hosts 54
14. Measurements and ratios of male larvae in several hosts . . . . 56

15. Measurements and ratios of female larvae in several hosts . « . 57

- viii -



16, Paired Student’s t-test to compare the morphology of adult worms
between different mice and bird hoStsS « « o o o o » o o o o . 58
17. Paired Student’s t-test to compare the morphology of larvae
between different mice and bird hoStS o « o o o o o o o o o o 59
LIST OF FIGURES
Figure page
1. The distribution of T. spiralis var. pseudospiralis in the small
intestine of MICE o & o o o o o o o o o o o o o o o o o o & . 27
2, Influence of dose of the parasite on RCI-values and larvae/g
recovered from mice MUSCLE & o o o o ¢ o ¢ o 6 0 o 0 o o o & o 32
3. The distribution of T. spiralis var. pseudospiralis in the small
intestine of Japanese quail .+ + & « & . o + & = o o o o o . o 40
4. RCI-values and larvae/g after transfer of the parasite from gulls

to mice for four generations o« « o « « o o o o o o o o o o o . 46

_ix...



INTRODUCTION

Trichinella pseudospiralis Garkavi, 1972, (Nematoda: Trichinellidae),

was first isolated from an American raccoon, Procyon lotor L., in

Dagestan, North Caucasus, U.S.S.R. . The original description was based
on the absence of cysts in the muscle stage and the smaller dimensions

of the infective larvae, compared to T.spiralis (Owen, 1835).

Trichinella taxonomy has and will probably be confusing for many

years. Trichinella spiralis (Owen, 1835), (temperate form), T.nativa

Britov and Boev, 1972, (arctic form), T.nelsoni Britov and Boev, 1972,

(tropical form), and T.pseudospiralis, were elevated by some authors to

separate species according to genetic isolatiomn, geographic distribution
and adaptability to individual hosts (Britov, 197la, 1971b; Britov and

Boev, 1972; Boev et al., 1979). T.pseudospiralis was considered to be

different to T.spiralis and accepted as a species, based on the
following biomorphological characteristics: smaller dimensions of the
infective larvae, different shape and number of stichocytes of the adult
worms, different molting and maturation times of adults and muscle

larvae, ability to complete the life cycle in birds and the absence of
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encapsulation around the larvae (Bessonmov et al. 1975). Also, reproduc-

tive isolation between T.spiralis and T.pseudospiralis was demonstrated

by Bessonov et al. (1975). T.pseudospiralis is closely related to

I.spiralis, but does not differ from it serologically (Bessonov et
al.,1976 ; Britov, 1977). All newly erected species were synonymized

by Madsen (1976) and T.pseudospiralis was considered as a variety i.e.,

T.spiralis var. pseudospiralis by Machnicka (1979), Belosevic and Dick

(1980), Chadee and Dick (1982), since they considered that there was

insufficient evidence to raise it to species status.

Natural infections of "Trichinella-like" worms were previously

described in meat-eating birds and in mammals (see Appendix I).

Laboratory animals -~ mouse, rat, Syrian hamster, guinea pig, rabbit,
domestic animals, pig, cat, and monkeys — were shown to be susceptible
to experimental infectioms (Garkavi, 1974, 1976; Miroshnichenko, 1976;
Pereverseva et al., 1974). More than 14 species of birds representing

several orders were experimentally infected with T.s. var.pseudospiralis

(Britov, 1974 ; Tomasovicova, 1975; Tomasovicova and Gorkova, 1976;
Geller and Malykhina, 1976; Miroshnichenko, 1976, 1978; Garkavi, 1976;

Tomasovicova and Hovorka, 1982).

My objectives were: (1) To compare biological characteristics of

T.s. var.pseudospiralis during its intestinal and muscle stages with

Y

those in Swiss Webster wmice and in five bird hosts, i.e. Japanese

quail, Coturnix coturnix japonica Temminck and Schlegel, 1849, chicken,

Gallus gallus L., herving gull, Larus argentatus Pontoppidan, 1763,

ring-billed gull, Tavus delawarensis Ord, 1815, and Franklin’s gull ,

Larus pipixcan Wagler, 1831




(2) To examine whether the host influenced the morphology of the

nematode at the adult or the larval stage.



MATERTALS AND METHODS

I. Parasites

The strain of Trichinella spiralis var. pseudospiralis used in these

experiments was supplied by Dr. G. Faubert (Mac Donald College, McGill -
University). The isolate was maintained in Swiss Webster mice ( CRL:
COBS CFW, Charles River Breeding Laboratories, Wilmington, Massachus-

setts, U.S.A.), by regular transfers for nine passages in this laborato-

Yo



II. Maintenance of Experimental Animals

All experimental animals were maintained in the animal holding
facilities (A.H.F.) of the Zoology Department, University of Manitoba,
and kept under the following standard conditions: humidity 50 + 10%,
temperature 21 + 2 °C and a diurnal cycle of 15 hours light and 9 hours

dark.

Mice: The mice used in this study were 50 to 60 day old outbred Swiss
Webster mice weighing 30 + 10 g and given Purina mouse chow (Ralston

Purina Co., Canada) and water ad libitum,

Quail: Japanese quail, C. c. japonica, were obtained from the Depart-
ment of Animal Science of the University of Saskatchewan and maintained
in A.H.F. for 12 to 18 generations. One week old and 2-3 montﬁs old
adult quail were kept under standard conditions. Commercial chick
starter (Feed-Rite, chick starter medicated with 0.0125Z Amprolium,
manufactured by Feed-Rite Ltd., Winnipeg, Canada) and water were given

ad libitum.

Chickens: Young male white Leghorn chickens, G. gallus L., 2-3 days of
age, were supplied by the veterinary services of the University of

Manitoba and kept under conditions similar to the Japanese quail.

Gulls: Three species of gulls were used as hosts for T.s.

var.pseudospiralis: herring gulls, L. argentatus, ring-billed gulls, L.

delawarensis, and Franklin’s gulls, L. pipixcan. Fggs were collected
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from three different gull colonies in Manitoba, Canada: herring gull
eggs came from East Shoal Lake, ring-billed gull eggs from Dog Lake, and
Franklin’s gull eggs from Oak-Hammock Marsh. These birds were taken

under a Federal Permit issued to Dr. R. Evans, University of Manitoba.

Collected eggs were incubated in a forced-air incubator at 39+ 1°cC
and 65 + 5% relative humidity for 2-3 weeks. After hatching all birds
were leg banded, the band numbers and date of birth were recorded.
Young gulls were fed previously frozen ocean perch fillets and beef
liver, four times daily. At the age of 2 weeks, following a calcium and
vitamin D deficiency (rickets), a protein and calcium supplement ( 2 ml
of Geviral® and Similac(3 or Isomil® ) was administered once a day by

gastric intubation. Chick grit (Poultry Feed Distributor) and egg

shells also complemented the diet. Gulls were infected with T.s.

var.pseudospiralis, at the age of 2 months, and thereafter fed dehydrat-

ed cat food (Meow Mix, Purina) and given water gg libitum. Once a week
ocean perch fillets or beef liver was added to the diet. Gulls were

maintained in cages that appeared to cause no stress.



IT1I. Biological Characterization of T. spiralis var. pseudospiralis

T.s. var.pseudospiralis may be separated from T.spiralis by its

unencapsulated muscle larvae and ability to complete the life cycle in

birds. In this study, the biological characteristics of T.s.

var.pseudospiralis in five species of birds, C. c. japonica, and G.

gallus, (Galliformes) or L. argentatus, L. delawarensis, and L.

pipixcan, (Laridae) was compared to those obtained in Swiss Webster

mice.

The relationship between adult worm numbers during the intestinal
stage, the number of muscle larvae recovered in the muscle stage, and

the number of larvae shed in vitro by adult worms was investigated.

In the course of the invasion, the following aspects of the intesti-
nal stage were examined: (1) Distribution of the adult worms in the
small intestine of the host (as defined by Dick and Silver, 1980). The
median for each population of Trichinella was determined as that point
of the intestine where 50% of the worms were anterior and 50% of the
worms were posterior. The median values were averaged and a standard
deviation was determined. It is assumed that worms in each 5.0%
(1/20th) of the intestine were distributed evenly. Throughout this
study the averaged median value will be referred to as position. (2)
Percentage of invading larvae establishing themselves, (3) Female to

male ratios, and (4) Duration of the intestinal phase.
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The reproductive capacity index or RCI-value, defines as the number

of muscle larvae recovered, divided by the number of larvae injected
(Dick and Belosevic, 1978). This RCI-value was used to assess the level
of infectivity of T.spiralis for different hosts. The RCI-value was

determined at day 40 p.i., unless otherwise specified.

In wvitro larval release (IVLR) was defined as the mean number of

newborn larvae shed in vitro by adult female worms per 24 hour period.

Infection procedure.

Oral inoculation: Procedures for isolation of larvae from mice were as

follows: infective muscle larvae were obtained day 40 p.i. by artificial
digestion of infected CRL: COBS CFW (SW) mice. Infected mice were
sacrificed by cervical dislocation, weighed, skinned and eviscerated.
Each carcass was then put through a meat grinder and the ground tissue
was suspended in a 1% solution of pepsin-HCl in tap water, [ ratio of
meat (g) to pepsin-HCl solution (ml) was 1:7 I, for 1 hour at 37 °g,
with intermittent shaking. Digested material was placed in a Baermann

consisting of a funnel with cheese cloth fixed on the large

opening, and a lamp placed above the funnel providing the heat source.

Larvee were allowed to accumulate for 30-45 minutes. The bottom 15 ml of
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were resuspended in a 0.16% solution of agar in 0.85% saline, and mixed
by aspirating and flushing several times with a Pasteur pipette.
Dilutions were performed until the desired concentration of larvae/ml
was obtained, usually 0.1 ml for each infection dose. Worms were
counted at 16X with the aid of a dissecting microscope (Wild M3, Leitz,
Canada), from four 0.1 ml aliquots, spread on the four separate grids of
the counting slide devise. When large variations between counts

occurred, four additiomal counts were done.

Oral infections were slightly different for mice and birds. Mice
were orally infected, after a brief ether anaesthesia, by gastric
intubation with a dose of 400 larvae/mouse. Birds were held firmly and
inoculated with a dose of 1000 larvae/bird by placing a tube into the

oesophagus.

Surgical inoculation: T.s. var.pseudospiralis muscle larvae were

surgically transplanted in the duodenum, jejunum or ileum of Swiss
Webster mice and the position of the adult worms in the host’s intestine
recorded day 5 p.i. and compared to the position obtained day 5 p.i.

after oral inoculation of the parasite.

Recipient mice were briefly anaesthetized with ether, followed by an
intraperitoneal injection of 0.15 ml/10 g body weight of a sodium
pentobarbital solution (Nembutal, Abbot, Montréal, CANADA) in a 1:10
dilution of sterile distilled water, with a 25—-gauge, 1.6 cm (5/8 inch)
needle. The abdomen was swabbed with 70% ethanol. The experiment was

performed under laminar air-flow sterile hood (Envirco) using instru-
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ments disinfected in an alcohol bath (70% ethanol). An incision 1 ecm
long wés made through the skin and the body wall to the left of the
linea alba and slightly anterior to the groin area. The appropriate
portion of the small intestine, the duodenum, jejunum or ileum was
lifted gently up and out through the incision with the aid of a curved
blunt surgical probe. The portion of the intestine to be injected was
rested on the shaft of the probe during the injection. Four hundred
larvae, suspended in 0.1 ml of 0.85% NaCl and 0.16% agar were injected
with a 1 ml syringe fitted with a 25-gauge, 3.8 cm (1.5 inch) needle.
The needle was held perpendicular to the longitudinal axis of the small
intestine. After injection the syringe and needle were flushed to
determine if any larvae remained. The site of injection was marked with
black thread knotted in the mesentery. The abdominal muscle and skin
were sutured with catgut chromic 3/0 USP (B.Braun Melsungen A.G., West

Germany).

Intestinal stage of the parasite in mice and birds.

Mice: Ninety, 50-60 day old CRL: COBS CFW (SW) mice were infected

orally with 400 larvae each. The sméll intestines of three male and
three female mice were examined each day to study the intestinal
longevity of the parasite (Table I). Worm position on day 5 p.i. was
also studied in thirty orally-infected and eighteen surgically-infected

mice,



Table I.Study of biological characteristics of T. spiralis var. pseudospiralis
in various hosts. Infection dose 400 larvae/mouse and 1000 Jarvae/bird.

Note: Days 2-»11
until day 11.

: small intestines were examined each day from day 2

HOSTS
Crl: COBS CFW (SW) Adult o Japanese Young ¢'and Leghorn Ring-bilied Herring qull Frarklin's Gul
mice (50 - 60 days) quail {2 - 3 mos.) Japanese quail chicken gull (2 mos.) {2 mos.) (2 mos.)
(1 wk.)
Infection dose 400 1/m 1000 1/b 1000 1/b 1000 i/b 1000 1/b 1000 1/b 1000 1/b
(1arvae recovered from mice)
INTESTINAL STAGE Days2 —> 11 Days 3 —> 10,12,14, - — Days 3 —> 10, Days 3—>20 Days 3- 8,
Distribution and longevity %26 20, 24, 40, 60, 12, 14, 16 12,14,20
No. animals/day 6 3 1 1 1
n =30 day 5 (oral n=>5 day 7 n=3 day 5 n=3 day?7
infection) n=5 day 7
n =18 day 5 (surgical
infection)
MUSCLE STAGE
RCI-values day 40 post-
infection
No. 76 5 10 1 5 6 5
. increasing infection 100,400,800,1000,2000, 1000,5000,10000
doses - No. larvae 2500, 3000,3500,4000,
inject/animal 5000,7500,10000,20000
. increasing time post- 40 40-60-160-250 40-80 40 40 40 40
infection {days)
. transfers 8 generations in mice 8 generations in quail
IN VITRO LARVAL RELEASE
(days) 211 3—>10,12,14,16,20 ’
2295, - - I— ,14 3.>20,40 >8,12,14,20
24,40,60,160 RO i

[
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Infected mice were sacrificed and the entire small intestine removed.
The small intestine, under uniform tension, was transferred to a biased
grid (Brambell 1965), pinned, and then cut into 20 equal segments. Each
segment was placed in a 15 ml vial containing 10 ml of 0.85% saline
solution. Vials were then refrigerated overnight to allow the breakdown
of the intestinal mucosa and facilitate the counting and sexing of the
worms. After refrigeration, contents of each vial were emptied into a
Petri dish, each intestinal segment slit lengthwise and the mucosa
scraped from the muscularis. Numbers of male and female wWOorms were
recorded in each mouse for each segment and worm position, percentage
recovery and sex ratio determined each day, from day 1 p.i. until such
time that no adult worms were found for two consecutive days. Distribu-

tion of T.s. var.pseudospiralis was studied day 5 p.i. in each of the

orally or surgically infected mice. Contents of the stomach and caecum

were also checked for presence of parasites.

Birds: The intestinal stage of T.s. var.pseudospiralis was studied in

adult (2-3 months old males) and young (1 week old males and females)
Japanese quail. Thirty-six male adult quail were orally infected with
1000 larvae/bird, and each day three birds were sacrificed, starting
from day 3 to day 8 p.i. and every second day from day 8 to day 16 p.i.;
birds were also examined on day 20 and day 24 p.i. (Table I). Presence
of adult worms in the small intestine was checked on day 40, 60 and 160
pei., when RCI-values were determined. The intestinal distribution of

T.s. var.pseudospiralis in one week old Japanese quail, orally infected

with 1000 larvae/bird was studied on day 7 and day 9 p.i. (three birds

each day).
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Eighteen ring-billed gulls, 21 herring gulls and 16 Franklin’s gulls
were orally infected at the age of 2 months with 1000 T.s.

var.pseudospiralis infective muscle larvae obtained day 40 p.i. from

artificial digestion of infected CRL: COBS CFW (SW) mice. Worm position
in the intestine was studied each day, starting from day 3 to day 12
p-i., and every second day from day 12 until day 20 p.i. . One gull of
each species was sacrificed per day, except for day 7, when five
ring-billed gulls, five herring gulls and three Franklin’s gulls were

examined (Table I),

Quail and gulls were sacrificed by asphyxiation with CO2 s and the
intestinal tract from gizzard to anus was removed. The small intestines
of quail and gulls were divided into 20 equal segments using the method
described for the mouse intestine. Each segment was deposited in a small
Petri dish containing 37 °C saline, slit longitudinally and the mucosa
scraped from the muscularis. The scraped intestines were incubated for
at least 1 hour at 37 °C in an environmental chamber, to allow worms to
free themselves from mucous and other intestinal debris prior to
counting and sexing. Female worms were isolated and placed in a Petri
dish containing saline at 37 °C before being washed and inoculated into
culture medium (see éection. on in vitro larval release, p.l7). The
gizzard, caecum and large intestine were also examined for presence of

wWOorms.

The procedure wused to study the distribution of T.s.

var.pseudospiralis in the small intestine of gulls was different from

that used for quail because partially digested food in the intestine of
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gulls obscured worms, thus affecting accuracy of worm counts. Therefore
each scraped segment was placed individually in a Baermann apparatus and
adult worms were counted and sexed. The same birds were used to study

the longevity and in vitro release of newborn larvae by female worms.

Muscle stage of the parasite in mice and birds.

The effect of infection dose, age of the infection, and age of the

host on RCI-values were studied on the following hosts.

Mice: Eight to 12 male and female CRL: COBS CFW (SW) mice were orally
infected with 400 larvae/mouse for each passage of the parasite. The
RCI and larvae/gram values were determined for each infected mouse at

day 40 p.i. for generations nine to sixteen .

The pathogenicity of T.s. var.pseudospiralis in Swiss Webster mice

was studied after infecting eight to ten mice per infection group with
13 dosages (Table I). Mortalities were recorded daily for the first 20
days p.i. and the infection dose responsible for the death of 50% of the

host population recorded ( LD50 ).
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Quail: The infectivity index of T.s. var.pseudospiralis was determined

in three Japanese quail, orally infected with 1000 larvae each,
following each transfer of the parasite for generations two to nine

(Table I).

Infective T.s. var.pseudospiralis muscle larvae from quail were

obtained by artificial gastric digestion, wusing the procedures for
isolating muscle larvae, (outlined in section on inoculation, p.8).
Quail were examined for muscle larvae each time , i.e. day 40, 60, 160
and 250 p.i., the presence of adult worms in the intestine was also
checked, using the method described for the collection of the adult
worms from quail and gull intestine (see p.13), but without sectioning
the intestine in 20 segments. Quail were sacrificed by asphyxiation

with CO, , weighed, skinned and eviscerated. Pieces of breast and wing

2
muscle were removed and compressed between two' glass slides and examined
for worms. The carcass was divided into several parts: neck, left and
right breast, two wings, two legs, head, and remainder of the body. Each
carcass or part of the body was then put individually through a meat
grinder and the ground tissue suspended in a 1% pepsin—~HCl solution for
1 hour at 37 °C with intermittent shaking [ Ratio of meat (g) to
pepsin-HC1l solution (ml) was 1:7 ]. Various pepsin concentrations
( 1/2% and 1% ), HCl concentrations ( 1/2% and 1% ), duratiom of

digestion ( 1 to 2 hours ) and time in the Baermann apparatus ( 1/2 to 2

hours ) did not influence the number of larvae recovered.
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The survival rate of T.s. var pseudospiralis muscle larvae in adult

and juvenile Japanese quail was studied by measuring the RCI-values on
day 40, 60, 160 and 250 p.i. in adult quail and day 40 and 80 p.i. in
young quail, all infected with 1000 larvae each. The influence of
infective dose on the RCI-values was studied day 40 p.i. din adult
Japanese quail infected with 1000, 5000, and 10,000 larvae per bird.
Influence of the sex of the host on RCI values was studied in young'male

and female quail at day 80 p.i. .

Chickens: Reproductive capacity index of T.s. var.pseudospiralis was

determined day 40 p.i. in one young male white Leghorn chicken.

Gulls: The RCI-value of T.s. var.pseudospiralis, as well as the

distribution of muscle larvae were determined on day 40 p.i. in six 2
months old herring gulls, five ring-billed gulls and five Franklin’s
gulls. The technique for recovery of the parasite was similar to that
described for quail. The influence of the host on the RCI-values was
investigated. Larvae recovered from those gulls where a high RCI-value
was found were transferred into Swiss Webster mice and RCI-values
determined after each of four passages into mice. The infection dose was
400 larvae/mouse. Larvae obtained from herring gulls were also transfer—

red into two golden hamsters, Mesocricetus auratus Waterhouse, 1839,

with an infection dose of 800 larvae/hamster.
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In vitro larval release (IVLR)L

Mice: The mean number of larvae released in vitro by adult female
worms/24 hours was determined from days 1 to 10 p.i. . Mice infected
orally with a dose of 400 larvae/mouse were sacrificed and the entire
small intestine removed from the abdominal cavity and deposited in a
large Petri dish containing 0.85% NaCl at 37°C. The intestine was slit
longitudinally and the mucosa scraped from the muscularis. The mixture
was placed in a Baermann apparatus and adult worms allowed to settle for
1 to 2 hours. The bottom 10 ml was collected, and male and female worms
sexed and separated. Female worms were washed once in 37 °C saline and
twice in 37 °C o— MEM Eagle, Earle’s Base ( modified ) tissue culture
medium and 10% fetal calf serum ( by volume ). Female worms were then
deposited in 2 ml plastic cone bottom vials containing 1 ml of tissue
culture medium. This operation was performed under a sterile hood.
Vials were capped and stored at 37 °C in the dark in an environmental
chamber for 24 hours. At the end of incubation, the supernatant was
removed from each vial, and the number of newborn larvae counted. When
number of larvae released was too high for accurate determination of
numbers, the remaining content of the vial was placed on a counting grid

and larvae counted (at 16 X).

Birds: The 24-hour rate of larval production by female T.s.

var.pseudospiralis in birds was determined in vitro using a similar

experimental procedure to the one used for females recovered from mice.

The times p.i. that females were tested are.outlined in Table 1.
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IV. Host Influence on Morphology of T. spiralis var. pseudospiralis

Measurements of adults and muscle larvae of T.s. var.pseudospiralis

were assessed to determine if the host species affected the size of
worms. In addition, variation in size of muscle larvae was studied in

Swiss Webster mice, in relation to elapsed time after infection.

Collection of worms.

Adult worms used for morphology studies were collected from mice and
birds day 8 p.i. . Day 8 p.i. was chosen because recovery rate was low
in birds and maximum worms were recovered that day. As small numbers of
female worms were recovered from the bird host, these female worms were
used for both morphological studies and for in vitro larval production.
Females were fixed 24 hours later, after being incubated in culture
medium, except in the case of worms recovered from mice, when half of
the female worm population recovered was fixed day 8 p.i. without being
tested for IVLR. Male adult worms were also collected day 8, according
to the method previously described for the retrieval of the parasites

(see p.12).
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Male and female muscle larvae were obtained from mice, quail and
gulls by artificial digestion of the muscles, according to the technique

described for oral inoculation (see p.8).

Fixation technique.

The standard nematological technique for relaxation of worms by
applying gentle heat was not successful with all individuals, as some
-larvae remained coiled even after death. Adult and larvae were fixed in
70% ethanol for 1 to 8 months, then left for 2 days in an oven at 56 °C
in a 50% glycerol-lactophenol solution for clearing. As the internal
anatomy of larvae could not be seen clearly, due to the presence of a
thick cuticle, cotton blue (0.01%) was added to the lactophenocl and the
slides heated for 2 to 3 minutes at 65 to 70 °C. Worms were mounted on

glass slides in glycerol and the cover slip ringed with nail polish.

Measurements.

Worms were selected at random with a sample size of 50 chosen in most
cases. Insufficient female worms were recovered from ring-billed gulls,
and few male adult worms were recovered from all hosts, so sample sizes
in these instances were smaller. Measurements of adult worms included:
total length, length of the oesophagus measured from the tip of the head
to the stichosome (including the buccal capsule), and width at the

oesophago—intestinal junction. Measurements of adult female worms
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included: total length, length of the oesophagus, width at the oesopha-

go—intestinal junction and distance of the vulva from the anterior end.

Measurements of the larvae included: total length, length of the
genital anlage, length of the rectum, and width at the oesophago-intes-
tinal junction. Male and female larvae were selected at random and the
criteria described by Kozek (1975) used to sex infective larvae. Male
larvae were characterized by: (1) a crossing of the intestine over the
gonad from the ventral to the dorsal side, (2) the blunt shape of the
anterior pole of the gonad, and (3) the length of the rectum being

about 50 rm.

Female larvae were characterized by: (1) the intestine always being
along the dorsal side, (2) the sharp point of the anterior pole of the
-gonad, and (3) the length of the rectum being about 25 ym in length

(Belosevic and Dick, 1979).

Worms were measured on a T.V. monitor (Conrac, model RNCA 9, Covina
California, U.S.A.), connected to a Sony video camera (black and white)
and a Zeiss photomicroscope II. A micrometer scale was used to convert

measurements into millimeters.
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Ve Statistics

The mean for each parameter of experimental hosts was averaged and a
standard deviation determined. The averaged median values for intesti-
nal distribution were compared by a Student’s t-test. A 0,05
probability level was considered significant. Student’s t-test was also

used to compare RCI- and IVLR values.

In the morphology studies, Behrens—Fisher’s test was used to compare
two samples where unequal variances were determined by Bartlett’s test
(Sokal and Rohlf, 1969). A 0.05 probability level was considered
significant and paired tests were done on five variables for male worms,
seven variables for female adult worms and six variables for larvae.
Measurements of adult worms recovered from ring-billed gulls were not

used for statistical analysis, due to the small sample size.



RESULTS

I. Biological Characteristics of the Parasite in Mice

Intestinal stage.

Position of T.s. var. pseudospiralis in the small intestine: Intestinal

position of T.s. var.pseudospiralis, (see definition of the median, p.7)

was determined each day from day 1 to day 10 p.i. (Table II). A lower
median value indicated a more anterior location in the intestine and a
higher median value indicated a more posterior location (Silver et al.,
1980). Adult worms were mainly located in the anterior half of the
small intestine of mice during the first week p.i. . Worm position
varied little between day 1 and day 7 p.i. (21.9 + 5.6) to (28.6 +
13.8). Worms shifted posteriorly at day 8 p.i., (44.8 + 12.4, Table
II). Position of worms after oral or surgical infection did not differ

significantly (P>0.05): the median position at day 5 p.i. after oral

-2 ~
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infection of T.s. var.pseudospiralis was 18.9 + 4.3, and it was 12.7 +

4.7 after surgical inoculation of the larvae in the duodenum (Table
III). When worms were injected in the jejunum and the ileum, worm
position was more posterior, 49.7 + 29.9 and 80.9 + 6.1 respectively,
suggesting that the worms remained at their point of injection and did
not migrate to their normal location in the intestine, i.e. the

duodenum. No worms were found in the stomach or caecum.

Percentage recovery: The mean percentage recovery of adult Tese

var.pseudospiralis from the intestine of orally inoculated mice was

18.1 + 9.1% during the first 10 days of infection, with a maximum at day
3 p.i. of 27.5 + 5.57 (Table II). The average percentage of larvae
recovered on day 5 p.i. after oral inoculation was 33.4 + 9.1 and was
not significantly different (P>0.05) from percentage obtained after
surgical injection of larvae in the duodenum. Worms started to leave
the intestine after day 7 p.i., indicated by a decrease in the percent~

age of worms recovered.

Sex_ratio: The average female/male sex ratio of adult worms in the
small intestine of mice was stable (1.7 + 0.51), until day 8 p.i.;
thereafter it was reversed as fewer female worms were found in the
intestine. The sex ratio was 3.13 on day 5 p.i. after oral inoculation
and varied between 3.19 (duodenum), 4.6 (jejunum) and 3.73 (ileum) after
surgical inoculation (Table III). The sex ratio was 0.61 at day 10

pei., the last day that females were recovered in the intestine.

Longevity of adult parasites in the small intestine of mice: A rapid

loss of worms occurred between day 8 and day 12 p.i. . No female worms



TABLE I1. Intestinal distribution of T. spiralis var. pseudospiralis in
orally infected Crl: COBS CFW {SHW) mice.

[_)a_ys ) No. mice ) [Jorm % g/g‘Se{(
postinfection  infected position + S.D. recovery + S.D. ratio
1 6 21.9 + 5.6 16.2 + 8.4
2 6 17.3 + 3.3 25.3 + 5.5 2.00
3 6 23.3 + 5.2 27.5 + 5.5 2.08
4 6 18.9 + 4.4 24.6 + 6.6 1.99
5 6 14.3 + 3.2 24.6 + 4.9 2.19
6 6 17.0 + 3.2 24.6 + 4.9 2.03
7 6 28.6 + 13.8 20.5 + 2.2 2.14
8 6 44.8 + 12.4 9.5 + 3.6 1.76
9 6 43.3 + 12.8 4.9 + 4.5 1.37
10 6 54.6 + 19.5 2.9 + 2.6 0.61
11 6 * * *
12 6 0 ] 0

* one male worm was recovered.



TABLE III. 1Intestinal distribution of T. spiralis var, pseudospiralis in
Cr1: COBS CFW Swiss Webster mice on day 5 postinfection.
Surgical and oral infections.

Portion No. Inject. Recovery % Sex
intestine animals position position recovery ratio
inject. (%)* + S.D. + S.D. oy
Duodenum 11 7.5 12.7 26.4 3.19
+ 4.7 + 7.5

SURGICAL Jejunum 2 47.5 35.4 23.8  5.78
+3.3 +9.9

INFECTION 1 62.5 78.4 29.5  3.37

Ileun 1 87.5 83.8 6.8  3.67

3 92.5 79.9 22 3.78
+7.0 + 0.9

ORAL INFECTION 36 18.9 33.3  3.13
+ 4.3 + 9.1

* Worms were injected in the same segment (i.e., 5%) of the intestine.
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were recovered from the mouse intestine after day 10 p.i. (Figure 1).
Only one male worm was recovered in one of the six mice examined on day

11 p.i., while on day 12 and 13 postinfection the intestines were free

of worms.



Figure l: The distribution of T. spiralis var. pseudospiralis in the
small intestine of mice (six mice were examined each day).
Note: worms were sexed after day l. Shaded areas are males,
unshaded areas are females, and arrows p01nt to median
position of population.
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Muscle stage.

Passage experiments: The RCI-values for each transfer of T.s.

var.pseudospiralis in Swiss Webster mice were determined and mean

RCI-value for eight generations was 27.7 + 12.2 (Table IV). The mean
number of larvae/gram for total body weight for éight generations was
388.3 + 163.9 (Table IV). No significant differences between RCI-values
of male and of female mice and between larvae/gram in male and in female

mice were noted, therefore data from both sexes were pooled.

Pathogenicity: The effects of increasing doses of T.s.

var.pseudospiralis larvae on the RCI-values and larvae/gram in male and

female mice are presented in Figure 2. Both sexes were pooled since
larvae/gram in male and female worms were not significantly different
(P>0.05). RCI-values increased for each higher concentration inoculum
until RCI-values reached a value of 26.2 + 4.4 at an infection dose of
3,000 larvae/mouse. Thereafter, an increase in the inoculum did not
result in a corresponding increase in the RCI-values. The larvae/gram
in host tissue increased as the infection dose increased. High
RCI-values obtained for infection doses of 800 and 1,000 larvae/mouse
were unexpected. The experiment was repeated with a different group of

experimental animals and a different source of inoculum (1,000 larvae)



TABLE IV. RCI-values and muscle larvae/g of body weight, for seven passages of T. spiralis var.
pseudospiralis in Crl: COBS CFW Swiss Webster mice (day 40 postinfection). Sexes pooled,
as there was no significant difference between male and female mice.

GENERATION

9 10 11 12 13 14 15 16 X of 8
OF PARASITE generations
NO. MICE 8 8 10 10 10 8 12 10 76
RCI-values 23.3 18.5 16.2 24.8 31.2 27.3 36.5 25.5 27.7
X + s.0. +1.9 +5.1 1.9 +4.3 0 4167 +14.2 7.6 +12.7 +12.2
Larvae/g 567.0 499,2 221.8 320.7 435.9 368.5 429.6 291.5 388.3

X + s.D. +67.6  +151.2 337.9 128.2  +212.8  +195.3  +108.8 +133.2  +163.9

0¢
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and again a high RCI-value was produced. Four out of the ten inoculated
mice were dead on the sixth day p.i. with a dose of 10,000 larvae/
mouse. At the infection dose of 20,000 larvae/mouse, two mice out of
ten died on the third day p.i. and five mice died on the fourth day
P-i. » Therefore, the LDSO dose is somewhere between 10,000 and 20,000

larvae/mouse.



Figure 2: 1Influence of dose of the parasite on RCI-values and larvae/g
recovered from mice muscle Note: closed circles represent
larvae/gram, and open circles represent RCI-values. (n) =
number of mice infected.
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In vitro release of newborn larvae.

Larval production by individual females per 24 hours in vitro is seen
in Table V. Females started to release larvae on day 5 p.i., and peak
larval production occurred on day 8 P.i., with a mean number of larvae
released/female worm of 26.9 + 9.7. Female worms released larvae from

day 5 p.i. until day 11, when the last worm was found in the intestine.



Table V. In vitro larval release by T. spiraiis var. pseudospiralis femajes
recovered from mice and birds. infection dose 400 larvae/mouse and
1000 larvae/bird. Note: n=number of female worms examined. Maximum
number of larvae recovered is underlined.

Days MICE BIRDS
postinfection Japanese quail Ring-billed gulls Herring gulls Franklin's gulls
n X+ s n X + S.D. n X + S.D. n X+ S.D. n X + S.b.
1 50 0 - - - — - - - -
2 50 0 -~ -~ - - - - - -
3 50 0 50 0 50 0 50 0 50 0
4 50 0 50 0 50 3.4+ 3.7 50 1.7+ 2.9 50 0.4+ 4.4
5 50 16.6 + 8.1 50 14.6 + 7.6 26 19.4 + 7.5 150 16.9 + 9.5 50 16,5 + 5.9
6 50 23.1 + 8.8 50 10.7 + 7.8 50 13.4 + 6.4 81 10.6 + 9.2 50 15.3 + 6.6
7 50 2.1+ 6.3 23 16.6 + 10.6 78 15.3 + 8.8 79 12.6 + 9.9 50 12.6 + 4.4
8 50 26,9 + 9.8 24 9.4+ 8.4 50 8.7+ 6.9 25 12.2 + 11.2 46 13.7 + 11.8
9 - 50 8.5+ 7.5 - - 50 14.9+ 7.6 10 12,1 + 1241 - -
10 50 12.7 + 6.9 11 9.0+ 7.6 50 12.8 + 9.7 21 12.8 + 14.4 - -
11 — - - - - - 50 24,5 + 10.2 - -
12 - - 10 8.5 + 4.2 50 16.1 + 10.6 50 m 50 21.3 + 9.4
13 - - - - - - - - - T
14 - -~ 25 7.3+ 5.6 50 8.3 + 10.2 12 12.8 + 12.9 27 13.5 + 7.6
15 - - - -~ - - -~ - - -
16 - - 24 9.8+ 7.4 10 2.1+ 3.7 - - - -
18 - - - - - - - - - -
20 - - - — - — - - 11 13.0 + 6.9
24 - - - - - — - -~ — -
40 - - 5 1.8+ 2.16 — - - — - -
60 - - 2 0 - — - - - -
160 . - i}

99
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II. Biological Characteristics of the Parasite in a Variety of Bird
Hosts

Intestinal stage.

Position of the worms in the small intestine: The position of T.s.

var.pseudospiralis remained anterior (about 15%) in the quail and gull

small intestine for the first week after infection. The average
position in the quail intestine was 15.3 + 2.6, Position of worms at
day 7 p.i. in quail was 14,9 + 9.1 and not significantly different from
position in ring-billed gulls (17.9 + 5.8), herring gulls (14.7 + 3.4),
and Franklin’s gulls (14.8{i 9.4), with P>0.05 (Tables VI and VII).
Worms started to shift posteriorly on day 12 in gulls and on day 24 in
quail. Worm position was posterior om day 20 P.i. in herring gulls
(75%) and Franklin’s gulls (56.5%). No worms were found in the gizzard

or the caecum.

Percentage recovery: The percentage recovery in Japanese quail for the

first 24 days of infection was 3.4 + 3.9% (Table VI). A maximum of 12.6
+ 11.3% was recovered on day 5 p.i., while all other days p.i. had a
percentage take of 7Z or less (Table VI). Recovery of adult worms from

the gull small intestine was low and variable: a maximum of 13.6% was



TABLE VI. Intestinal distribution of T. spiralis var. pseudospiralis from
orally infected Japanese quail.

Days No. birds Worm % e Sex
postinfection infected position + S.D. recovery + S.D. ratio
3 3 13.4 + 6.1 5.0 + 4.7 2.51
4 3 16.5 + 3.4 7.1 + 3.5 4.92

5 3 18.5 + 4.2 12.6 + 11.3 2.90
6 3 13.5 + 2.6 7.5+ 5.2 3.26

7 3 14.9 + 8.1 1.4 + 1.3 2;1.78
8 3 13.8 + 9.5 1.9 + 1.7 3.07
10 3 17.1 + 8.9 0.6 + 0.3 4.67
12 3 17.5 + 2.5 0.5 + 0.6 14.00
14 3 17.6 + 10.5 1.6 + 2.4 4.44
16 3 10.2 + 5.4 1.3+ 0.5 7.00
20 3 12.5 + 3.5 0.2 + 0.1 0.50

24 3 35.0 + 14.1 0.3 + 0.1 0.67




TABLE VII. Intestinal distribution of T. spiralis var. pseudospiralis in three species of gulls. R.B. (ring-billed
gulls); H.G. (herring gulls); F.G. {Franklin's guils). Note: a = 3 expt. hosts; b = 5 expt, hosts;
otherwise only one bird used/observation.

Days Worm % 9/ Sex
postinfection position + S.D. recovery + S,D. ratio
R.B. H.G. F.G. R.B. H.G. F.G. R.B. H.G. F.G.
3 26.8 26.6 15.8 2.9 13.4 a4.6 6.25 3.47 2.58
4 10.5 14.4 21.4 7.7 16.4 32.9 6.70 2.64 1.56
5 16.9 20.2° 20.4 2.9 17.6° 22.5 13.50 3.34° 2.77
- (+5.5) — - (+9.4) - - - -~
6 18.8 24.8 15.0 11.8 12.6 12.8 9.00 4.12 1.98
7 7. 1a.7d 14,90 10.9° 4.3 2.0 3.41°  3.38> 9,002
(+5.8)  (+3.4)  (+9.4) (+16.8)  (+1.7)  (+0.3) - - -
8 37.3 6.8 15.4 6.6 2.8 6.3 7.25 8.33 2.70
9 18.1 6.7 - 13.6 1.0 - 3.69 10.00 -
10 17.2 27.0 - 10.0 2.0 — 50.00 22.00 -
11 —~ 7.7 - - 9.0 —~ - 3.28 -
12 47.9 50.9 24.7 8.2 8.5 22.9 3.10 2.54 2.27
14 28 4.7 7.3 6.4 1.3 4.2 31.00 12.00 1.80
16 11.3 87.5 - 1.1 0.5 — 10.00 4.00 -
18 - 86.3 —~ - 0.5 - -~ 5.00 —

8¢

20 - 75.0 59.5 — 0.6 1.9 — 2.00 28.00
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found on day 9 p.i. in the ring-billed gull, 17.6 + 9.4% on day 5 p.i.
in the herring gull and 44.6% on day 3 p.i. for the Franklin’s gull

(Table VII).

Sex ratio: The average female/male ratio of adult worms in the small
intestine of quail was 2.51 on day 3 p.i., versus 0.67 on day 24 p.i. .
The sex ratio in gulls was extremely variable and sometimes reached

values as high as 14.0 (in quail, on day 12 p.i.).

Longevity of adult parasites in the small intestine of birds: A rapid

loss of adult worms occurred in the intestines after day 6 in quail
(Figure 3) and day 12 in gulls (Table VII). Gravid females were found
in quail and gull intestines on each of the 20 days of observation.
Seven males and five fecund females were recovered on day 40 p.i. when
the intestines of 12 adult quail were examined and one male and two
females were recovered on day 60 p.i. from all three birds. No adult
worms were found on day 160 p.i. from the intestine of adult quail.
Gull intestines were checked on day 40 p.i. for presence of adult worms,

but none were found.




Figure 3: The distribution of T. spiralis var. pseudospiralis in the
small intestine of Japanese quail (three birds were examined
each day). Note: shaded areas are males, unshaded areas are
females, and arrows point to median position of population.
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Muscle stage.

Passage experiments: RCI-values and larvae/gram after each transfer of

the eight generations of T.s. var.pseudospiralis in Japanese quail are

presented in Table VIII. RCI-values increased from generation two to
nine from 1.8 to 7.6 + 4.6, respectively. The average RCI-value for
quail over eight generations was 4.2 + 3.3 and the larvae/gram was 41.5

+ 30.8 respectively.

RCI-values recovered from ring-billed gulls and herring gulls were
11.1 + 8.2 and 11.9 + 11.7, respectively, whereas RCI-values recovered
from Franklin’s gulls were 27.2 + 17.9 (Table IX). The number of muscle
larvae/gram in Franklin’s gulls (120.1 + 84.9) was four times the amount
of larvae/gram from quail muscle (41.5 + 30.8). The number of larvae/
gram from ring-billed gulls was 27.8 + 17.7 and 13.7 + 12.3 from herring

gull (Table IX).

One chicken was examined on day 40 pei. for presence of muscle
larvae. The RCI-value was 1.5, and 2.4 larvae/gram of body weight

were recovered.

Larvae obtained from gulls with particularly high RCI-values were
transferred into Swiss Webster mice. The RCI-values doubled or tripled

after the first passage of the parasite from gull to mice, except when



TABLE VIII. RCl-values and muscle larvae/g of body weight, for seven passages of T. spiralis var,
pseudospiralis in adult male Japanese quail {day 40 postinfection).

Generation
2 3 4 5 6 7 8 9 X of eight
of parasite generations
No. birds 2% 2% 3 2 3 2 3 3 20
Infect. dose
2000 2000 1000 1000 1000 1000 1000 1000
tarvae/bird
RCI-value 2.7 3.9 4,1 8.1 1.4 7.6 4,2
1.8 2.6
X+ 5.0, +0.4 +2.5 +1.8 +4.9 +0.9 +4.6 +3.3
larvae/g 25.4 37.8 40.9 78.4 11.9 69.1 41.5
. 29.6 41.6
X + s.D. +2.4  423.8  +21.0  +46.2 +6.7  +43.8 30.8

* quail were pooled and digested by group of two birds.

(%]



TABLE IX. RCI-values and T. spiralis var. pseudospiralis muscle larvae/g
of body weight Tor three species of gulls (day 40 postinfection).

HOST Ring-billed gull Herring gull Franklin's gull
No. birds 5 6 5
RCI-value 1.4 3.1 39.8
/bird 15.2 34.5 28.1

12.9 14.3 16.1
21.6 4.5 48.3
4.5 9.1 3.5
6.3
X RCI-value 11.1 11.9 27.2
+ S.D. + 8.2 +11.7 i17.9
larvae/g 40.4 3.4 227.6
30.3 37.3 123.3
47.6 15.9 50.4
16.5 5.9 175.8
4.1 10.7 23.5
8.6
X larvae/g 27.8 13.7 120.1

+ S.D. *17.7 *12.3 +84.9
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RCI-values from the gull were already high (Figure 4). RCI-value in one
ring~-billed gull was 15.2, but after the first transfer into mice
RCI-values reached 48.7 + 7.3. After four transfers in mice, the
RCI-value was 26.4 + 6.7, a value close to the value obtained during
generation transfers in mice. High RCI-values (248.9 + 15.8) were
obtained from two golden hamsters infected with larvae recovered from a

herring gull.



Figure 4: RCI-values and larvae/g after transfer of the parasite from
gulls to mice for four generations (infection dose, 400
larvae/mouse). Note: a= RCI-value from gull;b= sample size;
m= mouse; G= generation of parasite in mouse; (RCI-value +
S.D./larvae per gram + S.D.).
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Distribution of muscle larvae in four species of birds: Distribution of

muscle larvae in quail, ring-billed gull, herring gull and Franklin’s
gull are illustrated in Table X. Legs were the most heavily parasitized
part of the body (25.0 - 38.8%) in all four species of birds studied.

Breast muscles were also infected in higher proportion.

Influence of infection dose on RCI-values and number of muscle larvae

recovered in adult Japanese quail on day 40 p.i.: RCI-values were not

significantly different (P>0.05) for infection doses of 1000, 5000 and
10,000 larvae: the RCI-values were respectively 4.1 + 4.1, 1.8 + 2.1
and 2.6 + 3.3. RCI-values obtained after seven transfers in quail were

4.2 + 3.3., and not significantly different from a direct infection with

parasites recovered from mice (4.1 + 4.1).

Influence of the age of the host:One week old quail were less suscepti-

ble to the parasite than older quail. RCI-values were low (0.8 + 0.8)

at days 40 and 80 p.i. (1.3 + 1.6) (Table XI).

Influence of the age of the infection: Muscle larvae were still present

in adult quail on day 250 p.i., but the RCI-value was very low (0.4).
RCI-values in adult quail appeared to decrease as a function of time
(Table XI). In contrast RCI-values in young quail increased from day 40

to day 80 p.i. (Table XI).

Influence of the sex of the quail on RCI-values: Female young quail

were more susceptible than young males to T.s. var.pseudospiralis, as

indicated by higher RCI- values (1.5 + 2.2 for females compared to'I,O‘i

0.6 for males).



TABLE X. Distribution of T. spiralis var. pseudospiralis larvae in the muscles of birds.

JAPANESE QUAIL RING-BILLED GULLS HERRING GULLS FRANKLIN'S GULLS

% total No. % total No. % total No. % total No.
Musc] . larvae/ larvae larvae/ Tarvae larvae/ larvae larvae/ larvae

uscie region region /9 region /9 region /9 region /9

Neck 9.45 63.7 5.08 24,1 17.09 20.7 6.02 28.3
Left breast 11.98 28.5 21.74 42.8 6.71 8.3 11.56 28.0
muscle
Right breast 15.81 33.7 16.23 49.0 8.94 10.8 11.23 ‘28.2
muscle
Wings 9.39 38.0 8.39 12.3 9.16 5.1 11.08 15.0
Legs 31.87 43.0 30.46 55.2 25.03 14.9 38.79 73.8
Head 0.99 4.4 3.97 6.7 8.94 7.2 9.24 20.3
Remainder of 20.51 21.8 14.13 16.8 24,13 8.3 12.08 15.5
carcasse*

* skeleton plus attached muscle, wall of abdomen and thoracic cavity.

6y




TABLE XI. Influence of dose and age of infection on RCI-values in adult

(2-3 months old) and young (1 week old) Japanese quail.

Infection from.Crl:

CORS CFW (SW) mice.

Note: n = number of birds.

Days n RCI-values No. larvae/g
postinfection + S.D. * S.D.
40 5 d" 4.1 + 4.1 44.3 + 48.2
60 34" 1.9+ 1.9 17.4 + 17.0
Adult quail
160 2d 0.8 + 0.5 28.5 + 25.1
250 1 0.4 4.3
40 10 ™+ 9 0.8 + 0.8 7.4+ 7.4
Young quail
80 11 0% ¢ 1.3 + 1.6 8.1 + 13.1

50
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In vitro larval release.

Female worms isolated from the quail intestine between days 5 and 40
pei. produced larvae in vitro (Table V). No larvae were produced by
females recovered from quail on day 60 p.i. . Larval production by
females recovered from quail and assayed in vitro started on day 5 and
peaked on day 7 p.i. (16.6 + 10.6), as presented in Table V. Larval
production by females recovered from gulls and assayed in vitro peaked
on day 5 p.i. for females recovered from ring-billed gullé (19.4 + 7.5),
day 11 p.i. for females recovered from herring gulls (24.5 + 10.2), and
day 12 for females recovered from Franklin’s gulls (21.3 + 9.4, see
Table V). High numbers of larvae were produced during 4 days by female
worms recovered from quail, whereas high larval production lasted at
least 2 weeks for females recovered from .gulls. However, due to
mortality of ring-billed and Franklin’s gulls , in vitro release of

newborn larvae could not be determined every day.
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I11. Host Influence on the Morphology of Adult and Larval T. spiralis
var.pseudospiralis

Measurements of male and female adult T.s. var.pseudospiralis,

recovered day 8 p.i. from mice, quail, ring-billed gulls, herring gulls
and Franklin’s gulls are presented in Tables XII and XIII. Male adult
worms recovered from Crl: COBS CFW (SW) mice measured 1.11 + 0.1 mm in
length and 0.027 + 0.003 mm in width. The oesophagus measured from the
tip of the head to the stichosome (including the buccal capsule), was
0.21 + 0.025 mm long. Female adult worms recovered from Swiss Webster
mice measured 2.0l + 0.22 mm in length and 0.032 + 0.004 mm in width.
'The oesophagus was 0.24 + 0.023 mm long and the vulva was situated 0.48
+ 0.041 mm from the anterior end. Those measurements were compared to

measurements of Garkavi, 1972; Geller et al., 1977; Shaikenov; 1980.

‘Measurements of male and female larvae on day 40 p.i. are presented
in Tables XIV and XV. Male larvae recovered from the muscle of Swiss
Webster mice on day 40 p.i. measured 0.81 + 0.034 mm in length and
0.029 + 0.0003 mm in width. Length of the genital anlage was 0.21 +

.0.021 mn and length of the rectum was 0.042 + 0.007. Female larvae
recovered from Swiss Webster mice on day 40 p.i. measured 0.85 + 0.047
um in length and 0.027 + 0.008 mm in width. Length of the genital
anlage was 0.24 + 0.026 mm and length of the rectum was 0.023 + 0.005.
Ratios between organs were calculated for adults and larvae. Ratios for

adult worms: body length/body width, body length/length of the oesopha-



TABLE XII.

Morphological measurements (in mm) and ratios of T. spiralis var,
hosts, compared to measurements of Garkavi, 1972; G

pseudospiralis adult male worms in several

eller et al, 1977; Shaikenov, 1980, * = range;

n.sp. = not specified.
Authority Host day Body length Body width Length oes. Body length/ Body length/
* S.D. * S.D. + S.D. width + S.D. length ces.
+ 5.D.
T Quail 8 0.96 + 0.12 0.026 + 0.002 0.23 + 0.039 36.9 + 5.3 4.3 + 0.4
H (0.72 - 1.16)" (0.002 - 0.003) (0.16 + 0.29)  (26.8 - 52.5) (3.5 - 4.9)
I
s Ring-billed 8 0.58 + 0.025 0.029 + 0,002 0.12 + 0.006 19.9 + 2.6 4.9 + 0.1
gull (0.55 - 0.59) (0.027 - 0.032) (0.1 - 0.12)  (17.2 - 22.4) (4.9 + 5.0)
3 Herring 8 0.97 + 0.086 0.029 + 0.002 0.19 + 0.009 33.5 + 5.9 4.9 + 0.2
T gull (0.89 - 1.06) (0.027 - 0.032) (0.19 - 0.21)  (27.7 - 39.6) (4.6 - 5.0)
U
D Franklin's 8 0.89 + 0.473 0.027 0.25 + 0.059 33.1 + 17.7 3.5 + 1.1
Y gull (0.55 - 1.2) 0.204 - 0.287  (20.6 - 45.6) (2.7 - 4.2)
Bober Mouse 8 1.11 + 0.1 0.027 + 0.003 0.21 + 0.025 40.8 + 4.4 5.4 + 0.5
, + e *
1982 (0.89 - 1.27) (0.024 - 0.035) (0.19 - 0.27)  (33.3 - 52.4) (4.1 - 6.6)
Garkavi, Mouse n.sp. (0.62 - 0.9) (0.027 -~ 0.035) — - -
1972
Geller, Mouse n.sp. 1.1 0.04 0.07 27.5 7.1
et al.
1977
Shaikenov, Mouse 7 0.92 - 0.15 - —
1980
(0.87 - 1.03) (0.025 - 0.032) (0.14 - 0.17) - _

€S



TABLE XI1I. Morphological measurements (in mm) and ratios of T. spiralis var, pseudospiralis adult female worms in several hosts, compared to measurements
of Garkavi, 1972; Geller et al,1977gShaikenov, 1980. * = range; n.sp. = not specified.

Authority Host day Body length Body width Length oes., PDist. vulva Body length/ Body length/ Body length/dist.
+ S.D. + 8.0, + S.D. ant. end width + 5.0,  length oes. wilwa ant, end + S.D.
* S.D. ‘ + 5.0, -
; Quail 8 1.63 + 0.20 0.029 + 0.004 0.24 + 0.034 0.42 + 0.051  54.9 + 7.5 7.0 + 0.9 3.9 + 0.6
H (0.99 - 2.15)* (0.024 - 0.037) (0.17 + 0.30) 0.33 + 0.57 (41.1 - 72.2) (5.4 - 9.6) (2.8 - 5.7)
I Ring-billed 8 1.31 + 0.033 0.037 + 0.005 0.17 + 0.016 0.32 + 0.016  35.2 + 4.5 7.4 + 0.5 4.1+ 0.3
s gl (1.27 - 1.33 (0.032 - 0.043)  (0.16 - 0.19)  (0.31 - 0.34)  (30.6 - 39.5) (6.9 - 7.9) (3.9 - 4.4)
S Herring 8 1.56 + 0.26 0.031 + 0.004 0.20 + 0.039 0.35 + 0.065 49.6 + 7.3 7.9 + 1.6 4.6 + 1.1
1 gull (0.81 - 1,92) (0.027 - 0.043) (0.12 - 0.29) (0.21 - 0.44)  (30.4 - 67.2) (4.3 - 12.9) (2.4 - 8.9)
U
p  Franklin's 8 1.96 + 0.35 0.034 + 0.005 0.24 + 0.049 0.47 + 0.085  58.2 + 12.5 8.4 + 1.6 4.3 + 0.6
Y gunl (1.09 - 2.51) (0.027 - 0.045) (0.17 - 0.37) (0.34 - 0.83)  (3.38 - 87.0) (3.9 - 11.8) {2.7 - 5.3)
Mouse '8 2.01 + 0.22 0.032 + 0.004 0.24 + 0.023 0.48 + 0.041  64.2 + 8.6 8.4 + 1.2 4.2 + 0.6
;’gg;r (1.32 - 2.59) (0.024 - 0.045) (0.19 - 0.31) (0.36 - 0.56)  (47.7 - 83.8) (6.4 - 12.6) (2.9 - 6.3)
Garkavi, Mouse n.sp. (1.26 - 2.10) (0.029 - 0.035) — (0.35 - 0.40) - — -
1972
Geller, Mouse n.sp. 2.05 0.05 0.08 0.56 41 6.9 3.4
et al.
77
Shaikerov, Mouse 7 1.51 - 0.17 - - - -
1980
(1.33 - 2.04) (0,035 - 0.038) (0.14 - 0.18) - - - -

A9
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gus, and body length/distance of the vulva to the anterior end are given
in Tables XII and XIII. Ratios for male and female larvae: body
length/body width, and body length/length of genital anlage are given in

Tables XIV and XV.

Paired Student’s t-tests (Behrens-Fisher’s solution) for. five
variables measured in male adult worms and seven variables for female
adult worms are presented in Table XVI. Measurements obtained for
larvae and for the ratios are presented in Table XVII. Worm size varied
between hosts, and this was particularly noticeable with female adult
worms (Table XVI). Adult males and females and larvae recovered from
Franklin’s gulls were most similar to those of mice (Tables XVI and
XVII). Morphology of adult males was in general less affected by the
host, but measurements were most dissimilar between mouse and quail
hosts. No definite pattern as to host influence on the morphology of

muscle larvae was noted, as measurements involved varied between hosts.
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TABLE XIV. Morphological measurements (in mm) and ratios of T. spiralis var. pseudospiralis male larvae in several hosts, compared to measurements
of Garkavi, 1972; Geller et al,1977Shaikenov, 1980. "* = range; n.sp., = not specified.

Authority Host day Body length Body width Length Length rectum Body length/ Body length/
+ 5.0, + S8.D. genital anlage + 5.0, width + S.D. lenth genital
- + S.D. - anlage + S.D.
0.80 + 0.084 0.029 + 0,003 0.22 + 0.026 0.038 + 0.004 28.7 + 4.2 3.6 + 0.5
Quaii 0 - -
{0.69 - 1.21)" (6.021 - 0.032) (0.16 - 0.27) (0.031 - 0.045) (22.3 - 40.5) (3.1 - 5.2)
T
0.75 + 0.056 0.028 + 0.003 0.20 + 0.026 0.041 - 0.005 26.9+ 3.2 3.8+ 0.4
Quatl 80 -
H (0.64 + 0.89) (0.021 - 0.037) 0.16 - 0.28 0.031 - 0.052 (20.0 - 40.8) (2.9 - 4.9)
1 0.78 + 0.092 0.029 + 0.004 0.21 + 0.029 0.04 + 0.004 27.2 + 3.0 3.8+ 0.5
Quail 160
. (0.64 - 1.19) (0.026 - 0.042) (0.15 - 0.30) (0.033 - 0.049) (21.1 - 37.2) (2.7 - 5.2)
0.71 + 0.048 0.029 + 0.002 0.18 + 0.022 0.039 + 0.004 26.6 + 2.7 3.9 + 0.5
Quail 250 - -
(0.59 - 0.84) {0.026 - 0.032) (0.11 - 0.22) (6.031 - 0.054) (20.0 - 30.6) (3.2 - 6.0)
0.77 + 0.088 0.027 + 0.003 0.21 + 0.037 0.037 + 0.006 29.1+ 5.5 3.6 + 0.5
Chick 40
(0.57 - 1.02) {0.016 - 0.032) {0.16 - 0.29) {0.018 - 0.054) (21.2 - 50.7) (2.4 - 4.6)
s
0.81 + 0.054 0.028 + 0.002 0.21 + 0.023 0.041 + 0.005 28.6 + 3.3 3.9+ 0.4
T Franklin's 40
qull {0.73 - 0.98) {0.026 - 0.032) (0.17 - 0.26) (0.031 - 0.054) (22.8 - 36.6) (3.1 - 4.8)
v
Herring © 0.71 * 0,062 - 0.027 + 0.02 0.18 4 0.021 0.037 + 0.004 25.8+ 3.4 3.9+ 0.3
11
D 8 (0.059 - 0.88) {0.021 - 0.037) {0.14 - 0.23) (0.031 - 0.044) (18.4 - 37.8) (3.3 - 4.6)
Y Ring-billed 40 0.71 + 0.055 0.028 + 0.003 0.19 + 0.039 0.038 + 0.004 25.2+ 3.2 3.7+ 0.5
ity (0.059 - 0.88) (0.026 - 0.042) (0.10 - 0.28) (0.024 - 0.047) (15.9 - 31.4) (2.5 - 5.1)
Ring-billed 40 0.81 + 0.046 0.036 + 0.052 0.18 + 0.031 0.047 + 0.027 28.5 + 4.8 4.7+ 2.4
sull, (0.71 - 0.89) (0.021 - 0.039) (0.037 - 0.23) (0.021 - 0.23) (20.9 - 37.0) (3.5 - 2.1)
Ring-billed 0.77 + 0.046 0.026 + 0.003 0.21 + 0.022 0.043 + 0.004 28.9 + 3.5 3.7 + 0.4
qull 40 = = - - -
2> mbuse (0.66 - 0.26) (0.02 - 0.04) {0.015 - 0.26) 0.035 - 0.054 (21.0 - 37.0) (2.9 - 4.9)
Bober, Mouse a0 0.81 + 0.034 0.029 + 0.003 0.21 + 0.021 0.082 + 0.007 28.6 + 3.2 3.9+ 0.4
1982 {0.73 - 0.88) (0.021 - 0.037) (0.16 - 0.25) (0.029 - 0.06) (21.3 - 38.3) (3.2 - 4.9)
Bober, Mouse 160 0.75 + 0.054 0.028 + 0.002 0.18 + 0.02 0.04 +0.004 26.8 + 3.3 4.1+ 0.5
1982 (0.64 - 0.87) (0.021 - 0.032) (0.14 - 0.23) (0.031 - 0.05) 20.5 - 40.0 (3.2 - 5.5)
Garkavi, Mouse n.sp. {0.65 - 0.85) (0.03 - 0.04) - - - -
1972
Geller,
et al.,  Mouse 80 0.73 0.034 0.022 0.048 21.3 3.3
o
0.65 - 0.20 0.029 - -
f;gékenov, KMouse 35

(0.64 - 0.71) {0.029 - 0.032) (0.19 - 0.22) (0.022 - 0.032)
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JASLE XV. HMorphological measurements (in mm) and ratios of T. spiralis var. pseudospiralis female larvae in several hosts, compared to measurements

of Garkavi, 1972; Geller et al,197%Shaikenoy, 1980,

% a range; n.sp. = nol specified.

Authority Host day Body length Body width Length Length rectum Body length/ Body length/
+ S.D. + S5.D. genital anlage + S.0. width + 5.0. lenth genital
- - #* S.D. anlage * 5.0,
0.87 + 0.089 0.028 + 0.003 0.24 + 0.032 0.023 + 0.005 A5+ 4.2 3.640.5
Quafl 40 -
(0.7 - 1.32)°  (0.021 - 0.832) (0.17 - 0.30) 0.012 - 0.083 (24.7 - 49.2) (2.9 - 5.4)
T 0.75 + 0.061 0.026 + 0.002 0.22 + 0.023 0.023 + 0.006 2.7+ 3.5 3.4+ 0.4
Quatl 80
§ (0.58 - 1.04) (0.021 - 0.032) (0.15 - 0.28) (0.010 - 0.039) (21.8 - 39.0) (2.7 - 4.8)
| 0.84 + 0.058 0.027 + 0.003 0.23 4 0.031 0.021 + 0.004 0.4+ 3.1 3.6 + 0.5
Quail 160 - -
(0.76 - 1.00) (0.021 - 0.037) (0.14 - 0.29) 0.012 - 0.029 (23.3 - 38.0) (2.8 - 5.7)
s
0.75 + 0.054 0.028 + 0.03 0.21 + 0.024 0.22 + 0.004 %.4+ 2.9 3.5 + 0.3
guail 250 -
{0.65 - 0.88) (0.027 - 0.037) (0.15 - 0.26) (0.010 - 0.039) (19.7 - 32.6) (2.9 - 4.6)
0.84 + 0.065 0.026 + 0.002 0.24 + 0.031 0.024 + 0,005 2.6+ 3.9 3.6+ 0.4
Chick 40 =
(0.72 - 1.99) (0.021 - 0.032) {0.17 - 0.31) 0.012 - 0.037 (26.2 - 46.0) (2.9 - 4.9)
s
0.85 + 0.054 0.027 + 0.002 0.24 + 0.027 0.023 + 0.003 A4+ 2.9 3.6+ 0.4
Franklin's 40 -
T qull {0.77 - 0.98) (0.021 - 0.032) (0.17 - 0.29) 0.010 - 0.033 (26.2 - 41.0) (3.0 - 5.0)
v 0.82 + 0.034 0.027 + 0.002 0.26 + 0.029 0.020 + 0.003 30,5+ 3.1 3.4+ 0.4
Herring 40 - - - - - -
. gull (0.76 - 0.93) (0.021 - 0.032) (0.17 - 0.32) (0.014 - 0.025) (25.0 - 39.5) 2.6 - 4.5
0.75 + 0.049 0.029 + 0.008 0.22 + 0.022 0.021 + 0.004 2.3+ 3.3 3.4+ 0.4
Y Ring-billed 40 - - - - -
g1, (0.62 - 0.87) (0.021 - 0.042) (0.18 - 0.28) {0.012 - 0.027) (17.8 - 33.3) 2.6 - 4.1
Ring-billed 40 0.85 + 0.052 0.027 + 0.003 0.22 + 0.023 0.021 + 0.003 31.0 + 3.3 3.8 + 0.4
s, (0.73 - 0.94) {0.021 - 0.037) {0.17 - 0.27) (0.012 - 0.029) (23.7 - 40.8) (3.2 - 5.0)
Ring-bilted 0.81 + 0.46 0.025 + 0.002 0.24 + 0.021 0.022 + 0,002 31.8 + 3.9 3.4 403
S Buse 40 (0.66 - 0.90) {0.021 - 0.032) {0.19 - 0.28) (0.016 - 0.027) (24.5 - 41.0) (2.9 - 4.5)
Bober, Mouse w0 0.85 + 0.047 0.027 + 0.008 0.28 + 0.026 0.023 + 0,005 AT+ 4.8 3.6+ 0.4
1982 (0.75 - 0.95) (0.021 - 0.085) (0.18 - 0.28) (0.014 - 0.035) (11.0 - 41.3) (3.1 - 4.9)
Bober, House 160 0.82 + 0.049 0.027 + 0.002 0.22 + 0.03 0.023 + 0.004 30.7 + 3.5 3.8 4+ 0.6
1982 {0.64 + 0.95) (0.021 - 0.032) {0.14 - 0.28) (0.017 - 0.039) (25.0 - 43.3) (3.1 - 6.0)
Garkavi,  Mouse n.sp. (0.65 - 0.85) (0.03 - 0.04) - - - -
1972
Geller,
et al.,  touse 80 0.83 0.035 0.8 0.028 23.6 PR
T
Shatkenov,  Mouse - 0.69 - 0.21 0.017 - -
1980
(0.62 - 0.77) 0.027 - 0.032 (0.19 - 0.23)  (0.016 - 0.021)



TABLE XVI. Paired Students' t-tests to compare the morphoiogy of T. spiralis
var. pseudospiralis adult worm between different mice and bird
hosts (day 8 postinfection). Letters indicate that the variable
is not significantly different between those two hosts. (P > 0.05).
L = length; W = width; OESL = Tength of the oesophagus; DVA = distance
of the vulva to the auterior end; L/W = body length/body width;
L/OESL = body length/length of the oesophagus; L/DVA = body length/
distance of the vulva to the anterior end.
HOSTS Mouse Quail Franklin's qull Herring gqull
OESL L L/OESL W L/DVA
QESL L/DVA
Mouse DVA
OESL L/W L
Quail
L L/OESL § L L/0ESL L/OESL
sl W L/W W CL/M L/DVA
Franklin's
qull QESL QESL
W L/OESL § L L/W L L/0ESL
Herring OESL OESL W L/W
guil OESL
OX

== at least 5 variables were not significantly different.
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DISCUSSION

The biological characteristics are well known for their variation in
T.spiralis, and these differences are related to the genetic strain of
parasite and the influence of the host (Kozar and Kozar, 1965; Concannon
and Ritterson, 1965; Pawlowski and Rauhut, 1971; Rauhut, 1978; Belosevic

and Dick, 1980; Chadee and Dick, 1982), Although T.s.

var.pseudospiralis is being increasingly used as a parasite model

system, little information exists on its phenotypic variability.

Studies of T. spiralis var.pseudospiralis in mice, also carried out by

Garkavi (1974), Pereverseva et al. (1974), Penkova (1975, 1976),
Bessonov et al. (1976), Geller and Malykhina (1976), Przyjalkowski
(1978), Kramar et al. (1981), were used to establish baseline data in
the present study, as mice are the animals against which all others are

compared.

The most commonly wused biological characteristics of T.s.

var.pseudospiralis are: percentage recovery, longevity of the worms

during the intestinal phase, and number of larvae/gram recovered during
the muscle phase. In this study additional biological characteristics

were studied, i.e. distribution of the worms during the intestinal

- 61 -
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phase, in wvitro larval release by adult female worms, reproductive

capacity indices (RCI-values) and virulence of the parasite.

I. Mice

Pereverseva et al. (1974), Penkova (1975), and Kramar et al. (1981)

found an anterior distribution of adult T.s. var.pseudospiralis in C57
Br mice and in CD-1 Swiss white mice. Four factors are known to affect
Trichinella distribution in the mouse intestine, namely, age of

infection, host sex (Kramar et al. 1981) and strain of host (Chadee and

Dick, 1982). 1In general, T.spiralis and T.s. var.pseudospiralis are
found in the anterior half of the intestine (Pereverseva et al., 1974;

Penkova, 1975). T.s. var.pseudospiralis shifted posteriorly 7 days p.i.

as noted also by Kramar et al. (1981) for T.s. var.pseudospiralis and by

Larsh and Hendricks (1949), Podhajecky (1962) and Campbell (1967) for
T.spiralis. This “self cure’ has been hypothesized to be related to

expulsion mechanisms and immunocompetence of the host.

Results from surgical inoculation by Dick and Silver (1980) confirmed

that T.s. var.pseudospiralis behaved similarly to T.spiralis in the

mouse intestine, and worms remained near their injection point, as shown
in rats. Worm position was related to inoculation point, rather than
region of the intestine as worms did not migrate back to their normal

location.
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The sex ratio of I.s. var.pseudospiralis in mice was similar to that

of T.spiralis in mice (Pereverseva et al., 1974; Penkova, 1975).
Inversion of sex ratios during the course of the infection indicated
that females were lost more rapidly than males in later stages of the
intestinal phase. These results corroborate observations of Rappaport
(1943) and Martinez Fernandez et al. (1981) on T.spiralis in mice and
rats intestine, but differed from the findings of Belosevic and Dick
(1979), who noted that the expulsion of male and female worms occurred

at the same rate.

Percentage recovery in different strains of mice varies. Britov
(1974) recovered 7.6% of the worms in the intestine (value calculated
from his data) in white mice (strain undisclosed) on day 6 p.i., while
Pereverseva et al., (1974) recovered 46.4% in albino mice on day 7
p.i. . Recovery herein was 20.5% in Crl: COBS CFW (SW) mice on day 7
p.i., but one cannot generalize on the significance of this observation
without considerable more comparative data on the interaction of the

mouse and other host strains on recovery rate.

The time necessary for females to reach sexual maturity; i.e larval
release is quite variable and depends on strain of parasite, and/or
host. T.spiralis females are known to produce larvae as early as day 5

p.i. in C57 Br mice (Penkova, 1975), while T.s. var.pseudospiralis in

the same host reaches larval production by day 7 (Penkova, 1975). In
this study females removed from Swiss Webster mice at day 5 p.i. were
first to produce larvae in vitro. Despommier (cited by Kramar et al.,

1981) observed a reduction in fecundity of adult T.s. var.pseudospiralis
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compared to T.spiralis in CFW white mice. KXramar et al. (1981) observed
the same reduction in fecundity in CD-1 mice, but Garkavi (1974) in
white mice, and Przyjalkowski (1978) in C3H white mice found that a

greater number of larvae were released by T.s. var.pseudospiralis.

Kramar et al. (1981) noted that worms isolated from female mice
deposited significantly fewer migratory larvae in vitro than did those
isolated from male mice. Also the age of the host influenced the number
of larvae released, as adult female worms isolated from 10-12 week old
mice deposited fewer larvae than adults isolated from young mice (6-10
weeks o0ld). Female worms deposited greater numbers of larvae at 42 °C
than above or below this temperature (Kramar et al., 1981). In this
study, data extrapolated from in wvitro larval release experiments,
showed that each female produced a total of 110 larvae. This is a much
lower value than the 2532 larvae released/female from studies of a
simple male X female infection in C Br mice reported by Penkova

57
(1975).

Longevity of the dintestinal stage in mice was the most wvariable

characteristic. Duration of the intestinal stage of T.s.

var.pseudospiralis is generally shorter than T.spiralis in mice.

Pereverseva et al.(1974) and Penkova (1975) reported that adult T.s.

var.pseudospiralis remained between 15 and 21 days, respectively in mice

intestine. In this study adult T.s. var.pseudospiralis persisted for 11

days only in one intestine

of Swiss Webster mice.
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Muscle invasion by T.s. var.pseudospiralis in mammals is known to be

prolonged but much less intensive than T.spiralis (Pawlowski and
Ruitenberg, 1978 ;Kocieka et al., 1981). The RCI~value calculated in
white mice infected with 2,000 larvae/mouse was 33.8 (Garkavi, 1974) and

Tomasovicova (1975) found mice more sensitive to T.s. var.pseudospiralis

(135 larvae/gram) than T. spiralis (20-26 larvae/gram). During seven
passages of the parasite through Swiss Webster mice, RCI-values
stabilized at about 28 or 390 larvae/gram of host. Parasites are found
highly infectious to golden hamsters as 1,800 larvae/gram were recovered

from hamsters infected with larvae obtained from gulls. Garkavi (1980)

also noted the high infectivity of T.s. var.pseudospiralis for Syrian

hamsters (213 larvae/gram).

This is the first evaluation known to us of virulence of T.s.

var.pseudospiralis in mice. Garkavi infected rats with high doses of

the parasite 1,000, 3,000 and 10,000 larvae but none died. Virulence of

T.s. var.pseudospiralis was low since an infection dose greater than

10,000 larvae was necessary to reach an LD50 in Swiss Webster mice.
Considerable variations in the proportion of larvae recovered to larvae
fed were encountered in all the larval dose groups. A positive
correlation exists between dosage and larvae recovered at low dosages
(Rappaport, 1943). An increase in infection dose above an infection
dose of 3,000 larvae per mouse (Figure 2) did not affect RCI-values. It
appears that females release an optimum number of larvae and that
conditions such as crowding have no effect on IVLR. Since the death of
the mice at day 4 p.i. occurred before production of larvae by female

worms, mortality does not appear to be related to inflammation of the
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small intestine caused by the release of newborn larvae, as Larsh and
Race (1975) reported. Movement of adult worms plus a strong non
specific inflammatory response to the worms are probably important in
death of the host. Fnteritis was reported to occur on day 3 p.i. in

mice infected with T. spiralis var.pseudospiralis (Kramar.gg_gl., 1981).

Macroscopic examination of the host revealed no intestinal pathology in
this study. Kozar and Kozar (1963) suggested that pathogenicity was not
directly related to the reproductive capacity, and Belosevic and Dick
(1979) showed that virulence was both host and dose dependant. Kozar
and Kozar (1965) compared the Kenya strain to two Polish strains of
Trichinella and concluded that the lower pathogenicity of T.spiralis was
related to its Jlower infectivity. The distribution of the parasite
number per host was thought to be an important factor in the percentage
recovery (Keymer, 1982). Existence of gut carrying capacity, a
density-dependent parasite population (Keymer, 1982), or intra-specific
competition for finite resources such as space or nutrients and
immunological response of the host (Anderson, 1978) could be mechanisms

explaining the high dose of larvae necessary to kill the host.

II. Birds

It is well known that I.s. var.pseudospiralis infects birds, and an

extensive range of birds have been experimentally infected. Britov
(1974), Miroshnichenko (1976), Geller and Malykhina (1976), infected
hens, ducks, magpies, sparrows, starlings, partridges, owls, kites, and
herons. Experimentally infected hens were studied by Tomasovicova

(1975). Tomasovicova and Govorka (1976), and Tomasovicova and Hovorka
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(1982) listed the following ﬁild hosts; pheasant, pigeon, crow, buzzard,
wild ducks, Biological characteristics previously studied include
longevity, percentage recovery in the intestinal phase and number of
larvae/gram during the muscle phase. This study added the following
variables: distribution of the intestinal stage, sex ratio, number of

larvae released in vitro by female worms and RCI-values.

Tomasovicova and Hovorka (1982) observed 100% susceptibility in
Columbiformes, 887 in Passeriformes and 60% in Galliformes, while water
fowl were successfully infected only 20% of the cases. Calero et al.
(1978) were unable to infect mice from a naturally infected buzzard.
Levine (cited by Calero et al., 1978) suggested that raptors are
sensitive to trichinellosis, therefore a high percentage of mortality
occurs. Wheeldon et al. (1982) reported severe muscle lesions from a
naturally infected hawk, and suggested that the infection inhibited
flight. In this study susceptibility of both Galliformes and Laridae
was almost 100%, as only one quail out of 60 and one gull out of 62 were
not infected. A 17%Z death rate in Franklin’s gulls may be related to
the virulence of the parasite, but many replications aré needed to

confirm this.

Duration of the intestinal phase of T.s. var.pseudospiralis was 32

days as Miroshnichenko (1976) noted in intestines of owl, starling, and
other birds. In this study, sexually mature worms were found in the
quail intestine on days 40 and 60 p.i., but only on day 40 postinfection
were females still able to produce larvae in vitro. No worms were found

in the quail intestine on day 160 p.i. . Penkova (1976) suggested that
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the prolonged existence of the parasite within the host was due to the
ability of the parasite to inhibit the immune response of the host.
Tomasovicova (1975) found three migratory larvae on day 4 p.i. in the
blood and the muscles of an infected chicken. Miroshnichenko (1976)

observed T.s. var.pseudospiralis larvae in bird muscles on day 19 p.i. .

In the present study female worms recovered from quail released larvae
as early as day 5 p.i., while females recovered from gulls produced
larvae by day 4 p.i. . One, 2 and 88 muscle larvae were recovered on

days 8, 16 and 20 p.i. respectively (two quail examined each day).

Miroshnichenko (1976) observed that young birds (2-3 weeks old) were
more heavily infected than adult birds. In some cases numbers of larvae
increased up to 3-4 months and numerous larvae were found to atrophy
after 5-6 months. Invasive laryae were still found in the muscle of
infected birds after 18 months (Miroshnichenko, 1976). In the present
study young birds were less susceptible than older birds. An increase
from 40 to 80 days occurred in young quail while in two months old quail
RCI-values decreased over time from 4.1 to 0.4 eight months after
infection. Larvae recovered eight months after infection were stiil

infective to mice,

Tomasovicova (1975) infected chickens and RCI-values calculated from
her data vary between 0.12 and 7.31. The RCI-value for the chicken
infected in the present study was 1.5. Increases in RCI-values noted
after seven passages in Japanese quail may be due to the adaptation of
the parasite to the bird host as more muscle larvae were found in the

leg muscles of all four bird species, and is similar to observations of
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Nemeseri (1968) on T. spiralis infections in chickens. T.pseudospiralis
seems to have a different organotropism in birds than in mammals, where
larvae are known to develop in striated muscles, more particularly the
most active ones [pectoral, tongue, and diaphragm, Chandler et al,

(1974)]1. All T. s. var.pseudospiralis recovered from the muscles of

birds were infective to Swiss Webster mice. Considerable individual
variation was observed in RCI-values for all bird hosts, with greatest
variation occurring in gulls. This high degree of variability noted for
each host species is probably related to the outbred nature of the gulls
since eggs were collected from mnatural populations. High infection
doses (10,000 larvae/bird) did not kill the quail. It was of interest
to note that RCI-values obtained after seven transfers in quail or after
the first transfer from mice to quail were similar (4.2 and 4.1).

Therefore the RCI-values appear to be host—-dependent.

Some similarities were noted for all bird hosts studied: 1) The
position was anterior and not significantly different for all bird
hosts. 2) The same number of larvae were released in vitro by adult
female worms recovered from quail and gulls. 3) The parasite had a
similar pattern of larval production in all three species of gulls as
females started releasing larvae on the same day, peak larval production
was similar and RCI-values were identical in herring and ring-billed

gulls.

When RCI-values of T.s. var.pseudospiralis recovered in bird hosts

were compared much variability was noted. RCI-values from Galliformes

were low, at 4.2 and 1.5 for quail and chicken, respectively, whereas
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RCI~-values recovered for Laridae were high at 11, 11 and 27 for herring,
ring-billed and Franklin’s gulls, respectively. Several factors could
possibly be responsible for these differences in susceptibility to
infection: 1) The structural differences of the gizzard of Galliformes
to that of Laridae might affect the level of infection. Mechanical
destruction of the larvae during their passage in the gizzard of
Galliformes, as Augustine (1933) and Matoff (1938) suggested, might
explain the low percentage recovery of the parasite. 1In order to check

this hypothesis the droppings of T.s. var.pseudospiralis infected

Japanese quail were checked on day one p.i. and a few damaged larvae
were found. Meat-eating birds (Laridae) by contrast, have a thin soft
muscular stomach wall but grit is absent (Biedermann, 1911). Therefore
larvae are less likely to be destroyed. The destructive action of the
gizzard in Galliformes could be checked by surgically inoculating larvae
directly into the quail’s intestine or by inoculating larvae by the anal
route. 2) Differences in the intestinal environment ,i.e. variation
in ph, enzymes, composition of the intestinal flora or other physiologi-
cal factors might affect the establishment of worms. The composition of
the intestinal flora might affect the duration of the parasite in the

intestine, as Przyjalkowski (1978) showed that more T.S.

var.pseudospiralis were found in conventional than in germ free mice.

3) The shape of the villi and length of the intestine might affect
parasite establishment in the intestine. 4) The immunological
response of the host could influence the length of the intestinal stage
of the worms. It was suggested that increased peristalsis and metabo-

lism of birds may influence establishment of the parasite in the
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intestine of birds (Trommer, 1970). This is questionable considering

the high level of infectivity obtained in Franklin’s gulls.

Differences in other biological characteristics between bird hosts
were also noted. Adult female worms started to release larvae one day
earlier in gulls than in quail. Sex ratios were higher in gulls as
fewer males were recovered, particularly in the case of ring-billed
gulls in which no inversion of sex ratio occurred. Percentage recovery
was lower in quail and chick. A posterior shift of the worms occurred
earlier in quail (day 12 p.i.) than gulls (day 16 postinfection) and is
probably related to intestinal pathology induced by the presence of the
worms. Longevity seems to be related to degree of inflammation induced
by the parasite in the intestine. Larsh and Race (1975) suggested that
inflammation of the intestine and expulsion of the worms are related,
with the elimination of worms occurring during the period just after the
peak inflammation response. Worms were recovered from the quail
intestine 60 days after infection. Penkova (1976) suggested that the
prolonged existence of the parasite within the host was due to the
ability of Trichinella to inhibit the protective mechanism of the host.
The above assumptions and the fact that worms were more rapidly expelled
from the intestine of mice suggest that mice have a stronger immunity
towards this stage than birds. RCI-values were low in Galliformes

compared to Laridae.
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ITI. Comparison between Mice and Bird Hosts

T.s. var.pseudospiralis biological characteristics vary between hosts

but this is expected of a parasite which is able to infect both birds
and mammals. Four similarities in the biology of the parasite in birds
and mice are noted. This is remarkable considering the variation in
intestinal environments, food habits and immunocompetence of these
hosts. Position was anterior and not significantly different on day 5
pei. in mice and bird hosts. Inversion in sex ratio between the first
day and later stages of the intestinal stage of the parasite was noted
in quail and mice . The mean number of larvae released in vitro by
adult female worms on day of peak production was identical for all
hosts, suggesting that females released a relatively fixed number of
larvae regardless of the host. RCI-values were similar for Crl: COBS
CFW (SW) mice and Franklin’s gulls. Five differences in biological
characteristics of the parasite in different hosts were noted.
Percentage recovery was very low in quail and high in Franklin’s gulls.
Worms started to shift posterioly on different days p.i., i.e. mice
(day 8), quail (day 12) and gulls (day 16). Peak larval production by
females in vitro varied between day 7 (quail), day 8 (mice) and day 12
(gulls). Total larvae produced/female was higher in birds than in mice
but RCI-values were lower in all birds with the exception of Franklin’s
gulls. Duration of the intestinal phase was shorter in mice (11 days)
than in quail (at least 60 days). Some conflicting information must
also be noted: percentage recoveries in bird hosts were lower in quail

than in gulls; first day of larval production by females from quail was
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identical to these from mice but different from females recovered from

gulls.

Considerable controversy surrounds the influence of the host on
morphology of Trichinella both larvae and adults. Other morphometric
studies showed a difference in size of worms according to the strain of
parasite. Studies by Britov (1973) showed a difference in total length
of adults between I,sgiralis (north temperate form) and arctic isolate
of Trichinella. Belosevic and Dick (1979) noted a difference of male
and female infective larvae between Trichinella sp. and T. spiralis, but
a convergence in size of isolates occurred after prolonged passages of
the parasite in mice. In general measurements agreed with those of
Garkavi (1972), Geller et al.(1977), and Shaikenov (1980) in mice
(Tables XII to XV), but the ranges in length obtained from Swiss Webster
mice were slightly greater in this study. Measurements of the oesopha-
gus in this study were not comparable to those of Geller 35_31,(1977),
as 1t was not clear whether or not the buccal capsule was included in
their measurements. The similarities in measurements suggest that the
host had 1little effect on the morphology of the nematode. When all
variables were compared, body length and ratios were the characteristics
that showed most consistent differences and were statistically different
(male adult worms recovered from quail and mice). In general, female
adults and larvae were longer than the males, but it was difficult to
discern a pattern that rglated to host group, (i.e., mammals versus
birds), as to the most important morphological characters affected by

the host. Some tentative correlation could be made: female adult worms
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recovered from mice and Franklin’s gulls had five identical characters,
more particularly total length, length of the oesophagus, distance of
the vulva to the anterior end and the ratios of body length/length of
the oesophagus and body length/distance of the vulva to the anterior end
of the worm, which could be interpreted as an indication of similar
sized uteri. Sukhdeo and Meerovitch (1980) suggested that the number of
larvae of Trichinella released by females was related to the size of
the uterus, and that uterine length and infectivity were directly
correlated. Ratios, distance of the wulva to anterior end/body length
were compared, and the smallest ratios were found for worms recovered
from mice and Franklin’s gull host, they were not significantly
different and from this one might conclude that size of females was
correlated with RCI-values. Male adult worms were most dissimilar
between mice and quail, while the morphology of male worms recovered

from other hosts was little affected.

Morphology of male and female larvae recovered from the various hosts
was not affected in any definite pattern. Differences in measurements
may be explained by a variation in age of the worms, since the infec-
tions were initiated via the oral route with muscle larvae. Larvae
deposited in the stomach were released into the duodenum gradually, and
establish themselves at different times. Since larvae are released by
Trichinella females for 6 days only in mice and for at least 35 days in
quail, a lack of synchrony in the development of the worms from the same
population might also account for the variation in measurements
encountered, and more particularly for worms recovered from birds. High
variation in length measurements were most evident for larvae recovered

from quail and chicken on day 40 p.i. .
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The importance of molting Ilarvae in our understanding of host
influence on Trichinella was examined, particularly as a loose cuticle
(two layers in one instance) was noted from several specimens recovered
on day 40 p.i. from quail and chick. Berntzen (1965) found "evidences
of two molts in trypsin digest of muscle", but Richels (1955), Wu
(1955), and Ali Khan (1966), concluded that the sheaths were simply an
artifact occuring during the pepsin digestion. Since the second cuticle
was observed from fixed specimens, worms from the digest were examined
prior to fixation but no second cuticle or sheath was seen. Therefore
the presence of loose cuticle in some worms was attributed to the

procedure rather than to a molt.

In conclusion, it is difficult to clearly state that host species

influenced the morphology of T.s. var.pseudospiralis. There is some

circumstancial evidence to suggest that size of females may be correlat-
ed with RCI-values and that size of the uterus may be indicative of

total larval production/female.

IV. Theoretical Considerations on the Life Cycle of Trichinella

Ten years after the original description of Garkavi (1972) the status

of T.s. var.pseudospiralis as a variety, subspecies or species is still

being debated. The parent species, T.spiralis, clearly has evolved
into an ubiquitous, highly adaptable and phenotypically variable species

of wild carnivores, domestic and wild pigs and rodents. Some authors
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suggest that it evolved as a parasite of carnivorous animals of northern
regions (Cameron, 1956). A major unresolved problem in the evolution of
the species is how birds became involved as a host. This is further

confused by the fact that TI.s. var.pseudospiralis considered as a

species by some workers, interbreeds with a number of natural isolates
of T.spiralis (Dick and Chadee, 1982). A number of questions need to be
addressed. Is the bird- Trichinella relationship an ancient one that
evolved independently of the mammalian cycle, or is it a recent
acquisition in which birds are largely a carrier host that can be
accidentaly parasitized if the host-parasite equilibrium, particularly

during the intestinal stage is disturbed?

If T.s. var.pseudospiralis had an ancient and viable relationship
with birds we would expect to find it relatively frequently in nature
with a well developed host-parasite equilibrium. In fact,vfew cases of
natural infections have been reported »even though workers are actively
looking for it. Experimental studies by Britov (1974) and observations
of natural infections (Wheeldon et al., 1982) indicate that the parasite
is not as well adapted to birds as previously believed. On the other
hand, Shaikenov (1980) suggested that birds are obligatory hosts for the
parasite. The present study clearly showed that, while the parasite
stayed in the intestine of birds for a longer period of time than in
mice, it had difficulty reaching the bird muscle. Furthermore, no

evidence suggests that I.s. var.pseudospiralis induced any intestinal

pathology in quail. Yet, it is well known that the bird intestine does
react to antigenic stimuli induced by other species of intestinal

nematodes (Wehr, 1939). Birds have some degree of natural immunity to
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the disseminating and developing larvae of Trichinella and is supported
by the work of Stankiewicz and Jeska (1979) who found intense precipitin

deposits on T.s. var.pseudospiralis larvae incubated in the serum of

normal uninfected chicken. This is particularly surprising considering
the short duration of the parasite in the mouse intestine, its higher
infectivity and low virulence in mice. The parasite would seem, from
these observations, to be better adapted to mice and other mammal hosts,
such as hamsters. The ease with which the parasite can switch from
mammal or bird hosts, and its success in mammalian hosts, makes it .
difficult to accept the idea of a species that evolved independently of

mammalian species,

If we accept the hypothesis that birds can play a role in spreading
the parasite, we may be observing a form that was normally restricted to
the intestine of birds. Support for this hypothesis includes low
recovery and longevity in the intestine indicating a strong natural

immunity to Trichinella. Trichinella can invade birds muscle only

rarely and when conditions are suitable. Suitable conditions include a
decrease in the immune resistance of the host induced by starvation or
disease, and the presence of optimal conditions for the parasite, such
as limited destruction of the worms in a gizzard and a suitable
intestinal environment generated by a diet of meat in certain meat or
carrion—feeding birds. Otherwise, transmission could have occurred via
the faeces and through insects acting as paratenic hosts (Merkushev,
1960). Several authors suggested that birds play a part in the
epidemiology of Trichinella as adult worms can survive for several days

in the faeces and still be infective (Abs and Schmidt, 1954; Merkushev,
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1960). Merkushev (1960) successfully infected mice with droppings from
birds containing T.spiralis adults and Tomasovicova (1981) found that

T.spiralis survived in fish faeces and in water for some time.

The strong immunogenic intestinal response of mammals could be, in
whole or part, responsible for the short duration of the intestinal
phase, and the synchronized development of the parasite in the intes-
tine. Consequently, larvae are produced in mammals prior to the
development of a strong humoral response and are able to reach the
muscle, survive, and induce capsule formation. The ability of Trichi-
nella to induce capsule formation by the host immune system becomes an
important consideration. Some evidence exists that the capsule,
normally induced by T.spiralis in mammalian hosts, was not formed when
this parasite was transferred into birds. Augustine (1933) and Matoff
(1938) observed the presence of few lifeless larvae in the muscle of
T.spiralis infected chicken , and Merkushev (1954-1960) and Berezantsev
(1963-1964) both cited in Berezantsev and Ananiev (1966), observed the
presence of a few Trichinella larvae but "without the typical capsule"
in the muscle of infected birds. Nemeseri (1968) found that chickens
fed on a meat diet or starved harboured Trichinella larvae in their
muscle, indicating that both immune response and diet may be important.
Perhaps, birds are largely accidental hosts and only when conditions are
suitable, i.e. diet of meat or carrion, lowered resistance, and less
mechanical damage by the intestinal tract do sufficient numbers of
larvae reach the muscle to be readily detectable. It is also interest-—
ing to speculate that Trichinella produced in the intestine of birds

eating meat or carrion are less immunogenic and therefore more larvae
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are able to reach the muscle stage. There is some evidence from other
studies that host diet modifies some species of parasite sufficiently
for them to be considered different strains (Bryant, 1982). Larvae
observed in bird muscle are smaller and the structure of the stichosome
could be interpreted as similar to an incomplete or "immature" sticho-
some of T.spiralis. It is well known that much of the antigenic
properties of Trichinella resides in the stichosome (Despommier, 1972).
Perhaps these larvae are not as strongly immunogenic as the more mature
larvae of T.spiralis from pig and cannot induce the host’s immune

response to produce formation of a capsule.’

T. spiralis has an extraordinary ability to adapt to a diverse range
of hosts. Other studies and observations from this work confirm this
adaptibility. Host species plays a role in establishing the "normal"
phenotypic variability of the species T.spiralis and for the variety

T.s. var.pseudospiralis. The role of birds and Trichinella as an

ancient relationship unique to T.s. var.pseudospiralis is challenged,

especially as the parasite appears to be better adapted to mammals. A
more likely hypothesis,is that birds are a relatively recent acquisition
in the life cycle and transmission of Trichinella, and that a new
host—parasite equilibrium and perhaps even a new species may evolve.
The relative rareness with which this bird-parasite relationship is
observed raises doubts on its success. Perhaps, more realisticaily we
have merely observed an extension of the repertoire of adaptive
strategies Trichinella has developed to make it a most successful

parasite, as far as known host species are concerned.
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Known species of wild animals infected by T. s. var. pseudospiralis

Appendix I

Common Taxonomic Authority for
name Location Scientific name authority infection

pomarine jaeger* Alaska Stercorarius pomarinus Temminck, 1815 Rausch et al., 1956
great horned owl* Iowa Bubo virginianus (Gmelin, 1788) Zimmermann et al., 1962
American raccoon U.S.5.R. Procyon lotor L. Garkavi, 1972
Indian plague rat India Bandicota bengalensis Gray and Hardwicke, 1833 Niphadkar, 1973
buzzard Spain Buteoc buteo L. Calero et al., 1978
rook U.S.S.R. Corvus frugilegus L. Shaikenov, 1980
Cooper's hawk California Accipiter cooperi Bonaparte, 1828 Wheeldon et al., 1982

*
Birds found infected with

'Trichinella-like' worms.




APPENDIX I

Detailed taxonomic history of Trichinella1
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