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ASSTRACT

PROBABIE RESERVO]RS OF CHLAMYD]A FOR PEOPIE

OF NORTHERN CANA.DA

Chlamydial group antibodíes have been recognized in the people

of northern Canada for many years. This project has been concerned

with a determination of some of the probable reservoirs of the

chlamydia which are producíng the antibodíes in the people.

Initíal examÍnation of snovr goose (then caerulescens caerul-esçenq)

eggs have revealed inclusion and elementary bodies by May Grunwald-

Giemsa and immunofluorescent staíning. Snow goose yolk sac, embryo

fibroblast and tíssue were subsequently passaged in míce, and smears

from the tissues of the autopsied animals also demonstrated ínclusion

and elementary bodies. Chlamydial antibodies were also found in

the mouse sera after inoculalion. Serological surveys of barren-

ground caribou (_Bg4i_€gl tarandus groenlandicus) showed chlamydíal

antibodies in 22 out of 106 sera. of which 51 of the remaínder

were anticomplement.ary. Mouse passage of caríbou tissue also

demonstrated chlamydial anLibodies after inoculation" Serological

surveys of reindeer (Sgngifer tarandus) showed that I out of 18

sera possessed chlamydial antibodies (tO of the remainder were

ant icomp 1 ementary ) .

The experimenlal results of the snor¡r goose specimens as well

as the descriptive findings obtained from field observatíons

índicated that snow.geese probably serves as a reservoir of chlamydia

.
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fnr fha -on^1a Q"'-"1--1.' iL^rv! Lrrç pEvprE. ù1mlrarly, rne experimental and descriptive findíngs

for caribou and reindeer provided evidence that these species are

additional reservoirs. Considering the assembled. evÍdence from our

research as \^/ell as from others, it may be concluded that the human

antibodies are caused by exposure of the humans Lo snow geesee

caribou, reindeer and several other bird and marìmal species whÍch

harbor chlamydial agents. Northern canadarthuse appears to be

an endemic area of chlamydial infections wherein chlamydíal agents

circulate reasonably freely among the various animal inhabitants.
l
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INTRODUCTION

It has been known since 1957 that many people of northern

Canada possess antibodies tovrards the chlamydia " This pro j ect r¡las

desisned at determininp some of r-ha nrnhahla rpcervoÍrs of chlamydíaueJ!órres rlrrlr¡ó

for the people. Particular emphasis r¡ias direct.ed at the isolation

of a chlamydial agent from the most likely birds and mammals in

the vicínity of the human settlements. Tt was considered that such

an isolation from some bird or manmal r¡Iould provide evidence that

thc snecies mieht serve aS a ïeservoir of chlamydial infecËions*' "'_o-_

for the people.



REV]Ei^I OF THE IITERATURE

A. EPTDEMIOLOGY OF CH],AMYD]A IN NORTHERN CANADA

Introduct ion

Over the years, sera from different human populatÍons have re-

vealed relatively high prevalences of antibodies to chlamydia.

Beeson et al (L944) showed that 33% of coloured people and 10% of

Caucasians from the U.S"A" possessed chlamydial group antíbodíes"

It was later thought that the lymphogranuloma venereum agent might

be responsible for the majority of the infections. Flþystrup et al

(1950) demonstraLed chlamydiat antibodies in 46 of 308 (lr5%) Danes, many

of whom had aLypical respiratory Ínfection. Lat.er, Dane (tqSS)

showed that 132 of 607 (22%) healthy Australians possessed

chlamydial group antibodies (titres of 5 and greater). It vIâs con-

cluded that the antibodíes represented past or present ínfection

wÍth chlamydia, raËher Ëhan due to non-specific causes. Trachoma,

inclusion blennorrhoea and lynphogranuloma venereum were excluded

as possible causes because of rarity of clinical symptoms. Since

the people have close contacts \,üith bírds, Dane suggested ornithosis

would be the most likely causative agent of the antibodíes"

h) Chlemvdial invesl-isations in northern Canada

In 1957 blood samples were obtained from Eskimos of Baffin

Island by Hildes eL a1 (iOSa), and l5% demonstrated chlamydial

antibodíes. As with the oLher human populations, it was unknown
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which chlamydial agent (table I) was responsible, since an antigen

r'ômmôn to the srôlrn had heen used ín the tesL to detect the anti-

bodíes. The possibilitíes were raised that the antíbodies reflected

human infections" and also that a nevT reservoir for the chlamydia

had been found. The sítuation in northern Canada appeared endemic

since a sampling in I^i innipeg by riilt et al (igsg ) of. L792 persons

,,"i Êt ¡,r¡^anr-a¡t -esníl.âf orv rli sease onl v revea I ed 1B (1%) vrithwILrl ÞuÞPsuLsu rsrytrqLv!J utrçqrv v¡rrJ

chlamydial antibodies. The interest initially focused.on the cause

of the antibodies ín these northern people"

The feline pneumonitis agent vTas excluded as a possible cause

of the human antibodies sínce cats occur infrequently in the North

and l}'mphogranuloma venereum r¡7as eliminated because of absence of

clinical disease. Hildes et al (rgsa) eliminated the bacterium

Treponema pa1ladum, the causative agent of syphilis, because of

negative Inlasserman tests on 39 Eskimo sera which previously demon-

strated chlamydial antíbodies. Surveys in Keewatin settlements in

L957 by l^iillÍs demonstrated a considerable number of persons with

corneal scarring. Thís finding \^ias laLer confirmed by Hildes (1958),

and was also demonstrated by Van den Berg in the central Arctic. A

survey by Reed et al (fqSg) in the KeewaLín District, however, in-

dícated that most of the corneal scarrings vtere caused by phylectenular

keraLoconjunctivit.is, a manifestation of t.uberculosis. I^li1t e! a1

(tgSg) therefore concluded that trachoma and Ínclusíon conjunctivitis

did noL exist in clinical forms in Ëhe North, and were probably not



TABLE T

THE CHIAMYDIA,K

Aoanf- Tissue Tropism

p sittacosis

ornithosis

animal pneumonitis

meningopneumoniË i s

human pneumoniÈis

Lrachoma

inclusíon conjunctivitis

11'mphogranu I oma venereum

respiraLory tract

respiratory tract

respirat.ory tract

meninges, respiratory tract

respiratory tract

"J "

^^*-'+^ 1 È-^^È
ÉErrrLér Lr4LL

sanifnl frnct

Jr From þÍever ( 1 96 5)



responsible for Lhe human chlamydial antíbodies.

i¡lilt et a1 (1959) subsequently reported chlamydía1 group anti-

bodies Ín humans of settlements acïoss the North (fa¡1e ff). Some

of the positive sera vlere reacted with mumps, adenovirus, influenza,

enterovirus, herpes simplex, brucella and tularensis antigens, but

no relatíon was found between the prevalence of antibodies to these

agents and antibodies to the psittacosis-L.G.V. group antigen.

Some genetÍcal1y determined protein was consÍdered by I^Iilt and

his co-workers Lo be act.ing as the chlamydial group antíbody or an

anticomplementary agent. ft was thus expected thal one race in

the Nort.h would possess a much higher antibody prevalence than

other races. The prevalence of antíbodíes among fndians (01d Crow),

however, uTas approximately the same as the prevalence among Eskimos

f L-o-l'rj.loo R¡¡zl Chanøes in the ^-¡iL^r'- È" +ø^â in the same in-\uaIllLJL IUge DAy,/. drrLrevuy LrLrcÞ

dividual over short time intervals also made this genetic hypothesis

seem doubtful.

Hildes et al (f965) reported that snow and blue and Canada

geese possessed antibodíes t.o chlamydia. Snow and blue goose,

Canada goose, eider duck, red loon, ptarmígan, raven, and snow

bunting mat.erial (tissues, droppings and egg albumin) were sub-

sequently collected, but attempts failed at the isolation of an

agent. In L969 L4 out of 68 (20%) snow and blue geese sera demon-

strated chlamydial antíbodíes.

Snaiatin et al (L966) succeeded Ín the Ísolation of chlarnydía1-t*-*-'-. _:: _
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TABLE ]I

PREVALENCE OF CHLAMYDIAI, GROU? ANT]BODIES AMONG ?EOPLE

OF NORTHERN CANADA?K

Location
Year of Number
Samnl ins Tested

Percentage
Ponu l a ti on Prav¿lgngg:kf;

Irobisher Bay

Kivitoo

Broughton Lsland

Durban Island

Padloping

Scott Inlet

Sam Ford Fiord and
Christian

C1 r¡da Rir¡or

Pond lnlet

Arctic Bay

Lake Habour

Keewatin Distrícc

Cambridge Bay

01d Crow

PangnirLung

Garry Lake

Eskimo Point

Cape

19 57

L957

L957

1957

L957

L957

L957

L9 57

L9 57

L9 57

1957
1959

1 958

19 58

19 s8
196 0
T96T

L959

L959

1963
1967

42

o

15

o

15

11

5

43

10

10LL

BB

r05
LI2
69

42

2l

ls0
100

480

40

70

30

30

50

20

100

250

L70

280
280

1 400

I 400

180
180
180

300

350
500

T4

L6

7

33

0

1B

0

0

25

10

zt
zo

34

BI

74
B1

4L

86

L4

30
8B

i. From Híldes eË a1
J-J- n.T -r 'litres (expressed

(rgse), wilt er al (rqsg) and l,iyman
as reciprocal of serum dilutions) : "! al

4or
(Le6e) 

"
greater "



agents from two muskrats (_9"d.!E zibethicus spatulaj9us) and two

snowshoe hares (tgpgq americanus) from Saskatchewan, Canada.

Evnarímpnf¡l infeclion of muskrats and snowshoe hares by Iversen

et al QglO) suggested that chlamydial ínfections are enzootíc in

muskrats and epizootic in snowshoe hares. Chlamydial group anLibodies

were detected in 3 of.69 G.3%) muskrats from the Yukon and the Mac-

Kenzie Ríver delta. and in 2 of 15 (13%) muskrats from Saskatchewan.

Antibodies were also found in 3 of 15 Q0%) snowshoe hares from

Saskatchewan, but of 398 snowshoe hares from Alberta all were

negative "

Iversen et al (tglO) also found chlamydial antibodies in 3 of 10

sera from conservaLion field personnel who contacted various

animals, including muskrats. Mallard ducklings were art.ificially

exposed to the muskrat agent. (M56), which was later recovered from

the feces. Isolation of M56 from Haemaphysel:Ls leporispalustris

ticks feeding on experimentally infected snowshoe hares suggested

the possible involvement of a vector in the transmission of the

agent.

Subsequent to the finding by Hildes and l^iilt of chlamydial anti-

bodies in Eskimos. Eddie et al (tgîø) collected 314 sera from the

Eskimos and Caucasians of the Pribilof Islands and found 191 GLI")

had chlamydíal antibodies (titres of 2 and greater)" Proceeding

further, these researchers showed that 103 (45%) out of 233 fur

seals (Callorhi4us urqinus) from the Íslands possessed chlamydía1



antibodies and succeeded in isolating a chlamydíal agent from the

spleens of two seals. A fulrnar and gull were also found to possess

chlamydial antibodies, but. isolation of an agenE from these species

r¡ias noL attemPted.

Wynan et a1 (tgøg) reacted psittacosis and meningopneumonitis

lrqnanif r'crl :ntíoens wit.h Eskimo sera Lhat had demonstrated chlamydía1

antíbodies and obtained negative reactions; an ornit.hosis rrspecificrr

antígen was also tried but proved to be anticomplementary when test-

ed. Pasteurella tularensis, Brucella abortus, Proteus 0X19,

Mvcoolasma pneumonia and Coxiella burneti were then reacted with

posiLíve Eskimo sera. No relation was found, however, beLween

the nrewalence and titres of antibodies to Èhese antisens and thoseL!¡U PI

to Lhe psiLtacosis-L"G"V. group antigen. No decrease in antibody

titre \^7as reported when Eskímo sera r¿ith chlarnydial ant.ibodies were

adsorbed \^iiLh N"

and Proteus SPP,

meningitidis, N. sicca, H. ínfluenza, M. tuberculosis,

and then again reacted with the psiLtacosis-L.G.V"

group antigen. lüyman concluded that a new, unisolated chlamydial

agent was probably responsible for the human antibodíes" i{yman

suggested that the most likely chlamydia would be ornithosís,

human pneumoniLís, or animal pneumoniLis. Seals, snov/ and blue

geese, and caribou were cited as likely reservoirs of chlamydia

for Lhe people.



B " THE HOST SPECTRT]M OF CHIÁMYDTA

TnLroduction

Meyer (tgîl ) has recently surveyed t.he host specíes parasÍtízed

the chlamydía, and thereby demonstrated the remarkable variety

^ç L^^#^ 'FL^ 1-'^ÊIdIfBe UI tIUÞLÞe I!tg ML, UVIIÞIÞLt¡lé Vr Vvçl LWv rrsllu!çu ÞPsLrs-9

been condensed into one table for this t.hesis (lable III)"

Hosts of chlamydia

i ) Class: Aves

PsittacosÍs, as Meyer (tgîS) stated, was first recognized in

by

en¿l

has

b)

Switzerland in 1876 as a disease in humans transmitted through

contacl wilh parrots" In 1928-1929 psittacosis outbreaks occurred

in many countries due to importation of parrots and related birds

from the tropics" Tt r¡/as thus considered for many years that Lhe

order Psittaciformes was Ëhe onlv reservoir of psittacosis.

Haagen et al (fg:A), ho*ever, soon found that pet.rels of the

order Procellaríformes r¡rere causing a psiËtacosís-like illness among

inhabitants of the Faroe fslands" f.solation of the causative aeent

prompted researchers to assign the organism to the same group as

the psittacosís agent.

Since the discovery of Haagen and associates, many hosts for

ornithosis ag'ents have been found. Coles Qg+O) was the first to

discover that pigeons r¡rere naturally infected with ornithosis. TË

was later found by Meyer et al (tg+Za) that pigeons r¡7ere reservoirs

for human infect.ion. Reservoirs of ornithosis in ooulLrv were first
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TABLE II]

THE HOST SPECTRUM OF CHI,AMYDIA'

Phylum vrdùÞ 0rder Common Name

Arthropoda

Chordata

Arachnída
Insecta

?i sce s
Aves

Mammalía

Acarina
Ma I 1 ophaga
Anoplura
S iphonapt.era

Podic ipedi formes
?roce1 lari iformes
Ciconi iformes

Anserí formes
Fa lconi formes
Galliformes

Charadri Í forme s
Co lumb í forme s
Psittaci formes

Cucul Í formes
Apod i formes
Passeri formes

Mrrqrrn'i r'l i ¡
Primates

Lagomopha
Rodent ia

Carnívora
l);-.^-'^^li ^r rrrrrlPgu!d

ArtiodacLyla
RuminanËia

mite, tick
^L^--i*^ 1 i ^^urtcw !lIË I lge

suckíng lice
f1 ea

grebe
fulmar, muttonbird
grey heron, egret:
paddy bírd

goose, duck
vulture
turkey, pheasant,

nartri doo fnr.'lr-_ -_
lapwing, willet, gull
pigeon, dove
lory, conuree parroË
parrotlet, parakeet

cuckoo
1r r r** 

" - ^}' -i -lr¡u¡r(!rrrróv¿ru

oriole, jay, magpie,
f inch, sparro\,r

opossum
man, capuchin, macaque,
monkey, baboon

l^^-^ -^LL-'+TI4!ç9 L4UULL

mouse, ]rat, muskraLe
woodchuck, ground
squirrel, gopher

dog, cat
seal
pig
CoI^7e goat, Sheep

rç From Meyer 1967)

I
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reported in chickens by Meyer et al (L942b), and later in ducks by

Meyer eE al (tgsz)" frons et al (rgst) demonstrared that rurkeys

were infecËed with chlamydia and Boney et a1 OSSZ) indicated thaL

turkeys constiËuËed reservoirs for human infection. Chlamydia were

first isolated from domestíc geese by Trojan et a1 (1955), and

later suspected as beíng reservoirs by Strauss OgSl)" Transmíssion

of ornithosis thr^rroh fhp aoo h15 been demonstrated for ducks and

the black-headed gul1 by Illner (tgøZ) and LehnerË (L962). Tran-

sovarian transmíssíon has been suspected for several other specíes,

but has never been proven. Gulls were found to be infected by

Strauss et al (tOSl), and have often been suspected as sources of

infection for various species. More recently ísolates have been

obtained from penguins by Cameron (i968) and grey herons by Myers

eË a1 (1969). Egrets, in addition, have been shown to be reservoirs

for human Ínfections" Meyer 0967 ) reported that one hundred. and

thirty species of birds are hosËs for psittacosís and ornithosis

agents and a substantíal number are reservoirs for transmission to

man.

ii) Class: Mammalia

DespiLe the predominance of birds, an increasing number of

mammals have also been found as hosts of chlamydia. The first

mammalÍan sÈrain to be isolated was the meningopneumonitis agent

from mice by Francis et al (1938); this was soon followed by the

ísolation of pneumonitis agents from nice and cats. Researchers
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have suspected but never proven that cats are a reservoir for man"

Lwnnhosranuloma venereum was founrl hv Findlav (igfg) ¡o he theJ \L'rv /

firsr chlamydia to have man as a reservoir. Trachoma and inclusion

conjunctivitis have been known to be human parasites for many yearse

hrf have onlv recentiv been nronâeâLerì and identified with the

chlamydia.

In L949 Roca-Garcia (tg+g ) isolated chlamydia from the common

and wooly opossum; the role of opossums as a reservoir, however,

has not yet been shown" In the 1950rs Stamp et al (fgSO) ísolated

a chlamydía from sheep; this was followed by Ísolation from cattle

by Menges et a1 (f953), and goats by Omori et al 0957). Barwell

(f955) has reported an infection of a laboratory worker wíÈh the

agent of enzootic abortion of elrTese but it is not known whether

evres constitute a natural reservoir" An organism was isolated by

Barnes et al Q964) from a rancher in contact with cattle possessing

epizoolic bovine abortion, but it was not shown if the isolate was

a mafiìrnalian straín. Chlamydial infections have been suspect,ed ín

dogs for years. Groulade et af (1954) found chlamydial antibodies

among dogs and Philíp et al (1954) has reported iniËial bodies in

smears from díseased does. Debbie (tgîl ) found that 200 out of

500 (40%) deer from New York and southern Quebec demonstrated

chlamydial antibodies" Eddie et a1 reported the first isolation

of chlamydia from an aquatic mammal (the northern fur seal ) near

Alaska
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Rodents vrere first. discovered to be infected by the isolation of

a chlamydia from a neotropical water rat by Downs, as reported by

Meyer 0967) " Stoenner eL al ¡gSg ) and Sidwell et al (t964) tave

reported chlamydÍal antibodies in jack rabbits, deer mice and wood

rats, but have not isolated an organism. Recently an isolat.e r^7as

reported from muskraËs by Spalatin et al Q966), but there has been

no conclusive evidence that any rodent is a reservoir of chlamydia

for man.

íii) Classes: Arachnida and Insecta

There have been reports of isolation of chlamydia from both

classes of arthropods (Arachnída and Insecta) by Terskikh er al,

Eddie et al Q962), and Eddie et al ¡969)" Arthropods, however,

so far have not been considered generally to constÍtute reservoirs

or vectors for the natural transmission of chlamvdia.

ív) Class: Pisces

In studying canine diseases on the west coast. of the UniËeci

States, Phitip (1955) suspected salmon as being involved in trans-

mission of chlamydia between trematodes and diseased dogs. More

recently, Wolke et al (L970) has tentatively identified a chlamydia,

largely on a morphological basis, as responsible for epit.heliocystis

rli SeaSe in the Sr 1 1 ^ ^ E ^+-: -^r L^ J --L-'*^ refCh"oIII> U! ÞLr lPgg U4ÞÞ dlfu WrlrLç P
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MATERIALS AND METHODS

A. COLLECTTON OF SPECIMENS FOR TSOLATION

a) Int.roduction

Tt is known thaE in many infeclions of animals and birds in

nature, chlamydia produce inapparent infections" Under certain

stressful condítions to the host, Austin OgSl ), and Stewart (1960)

reporled that chlarnydia may be acLivated and thus easier to detect"

It was therefore decided to collect the specimens duríng periods of

stïess to the selected species, since the chances of isolation would

be enhanced.

b) Goose tissues (ta¡te rv)

A period of considerable sLress to wild geese occurs between

spring migration and hatching o¡ the eggs, as descríbed by Dr. A.

Hochbaum (nelta Research Station, Delta, Manitoba). Príor to egg

hatch, adulL geese were shot and dissected under sterile conditions.

Portions of the líver, spleen, lung, kidney, and ovaries l^lere re-

moved, placed in sËerile containeïs and frozen at -17oC at the

settlement. The specimens \^7ere later transport.ed to Winnipeg in

dry ice and kept at -65oC until tesËed.

c) Goose eggs (ta¡te rv)

Soon aft.er the eggs were laid, a number were collected, and

carefully sent t.o trnlinnipeg" Upon arríval, the eggs were candleo

and then incubated at 37oC f.ot L4'18 days.
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a)

d) CarÍbou tissues (fatte lv)

A stressful períod for caribou occurs during fal1 migralion and

before rutting, as descrÍbed by Kelsali (1968). In September of

L970, liver, lung, and spleen caribou samples were collected, and

then placed in sterile bottles containing streptomycín (150 mg/mf)

to avoÍd excess bacterÍal contamination. Upon arrival at the set.tle-

ment, the specimens \¡rere frozen at -l7oC untÍ1 transport to Winnipeg"

In addition, some caribou tissues r¡rere collected ín February of l97L

and sent frozen to iüinnipeg. All samples remained frozen at -65oC

until analysis.

B. ISOLAT]ON PROCEDIIRES

Screeninø of m¡ferial for Ísolation

í) fntroduction

Most of the material for isolation was first screened for the

presence of chlamydia. The specimens that were positive on the

screen test \^rere then used for isolation.

ii ) Goose tissues

The goose tissues were first thawed, cuL into small fragments,

and then impressed ont.o s1ídes and coverslips for examination.

íii ) Goose eggs

The eggs T/rere opened, pieces of the yolk sac and embryo re-

ñ^ìrô,1 â-,1 cmanr¡ *¡l^ T1".r "^1.|¿ qacq ¡nj omhrrznq l^7êrê q111q66116..+1,.IttVVgUr 4ltg ÞlllËdIÞ ltldug. r!¿g yUr-- ---- *Jvo wçrç ÞuuÞEquEtfL-Ly

olaced in steri I e netri dishes r,rith 0"85% saline and minced into

small fragments wilh sterile scissors. The fragments were then
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removed usíng st.erile pipeLtes and placed over a layer of chicken

plasma (Grand Tsland Biological Company; Grand Island, New York)

insíde 2 ounce culture bottles. The bottles were incubaEed at 37oC

for approxÍmately l5 minutes for complete coagulation of the plasma

and Lhen layered with 4 m1 of medium 199 wiLh 10% inactivated calf

serum and streptomycin (ZO0 ug/m1). The bottles v/ere reincubated

at 37oC for about two weeks, changing the media every 4-5 days.

Smears were made from the pellets after low speed centrifugation

of the collected media for staining and mícroscopic examination"

b) PreparatÍon of material for isolation

i ) Goose tíssues

The geese tissue specimens were minced into small fragments

wÍth sterile scissors and ground using sterile sand and mortar

and pestles. Brain heart infusíon broth or medium 199 with 10%

inactivated calf sera and streptomycin (200 ug/ml) was added to

make a 5-L07" emulsion" The emulsions were asepLically poured into

sterile t.ubes and centrifuged at 800 rpm for 10 minutes" The

suÐernalants were then removed and used as Èhe inocula.

ii) ESgs

The embryo fíbroblast material was mínced and digested wíth

trypsin before grindíng in mortar and pestles, while the yolk sacs
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\^rere ground withouE mincing" The ground material was then emulsified

and prepared for inoculation as descríbed for goose tissues"

iii) Caribou tissue

The caribou tissues r¡Iere minced into sma11 fr:asments with

sËerile scissors and ground in a Sorval homogenizer with sterile"

closed containers. The ground material was then emulsified and

prepared for inoculatíon as described above.

c) Mouse passages

i ) Animals

Approximately 2l day o1d ICR female míce (Canadian Research

Animal Farms; Bradford, Ontario) were employed for Ísolation"

ii ) fnoculations

Material (O"S mt) was inoculated intraperitoneally into a group

of 3-4 mice. The animals were kepL for 7 days and then aut.opsied

and compared wiLh the organs of control anímals. Spleen and lung

impression and peritoneal (scrapings) smears v/ere made. Tn some

instances, peritoneal washings vlere performed using saline (pH : 7.2)"

The washings \¡/ere then centrifuged at 800 rpm for 10 mínutes, and

smears made from Ëhe pellets and stained.

iii ) Controls

Parallel to each passage, a number of control mice were kept in

a separate room for about seven days. The míce were then sacrificed

and their organs processed as described above"
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d) Tissue culture passages

.\L) UEIIS

The L-cells (mouse fibroblast) used were oríginally obLaÍned

from Dr. A. Holloway (Manitoba Cancer Research Foundation) and were

since then routíne1y maintained in our laboratory using medium 199

rüith 10% calf serum and streptomycin (200 ug/ml).

ii ) lnoculations

Spleen and lungs from mice (previously inoculated wíth goose

material) were minced, ground and filtered usÍng a Swinnex 13,

Millipore 2 (HAI^IP 01300, HA : 0.45/l.,, 13 mm) filter. The fílrrates

'r¡rere removed asepticallv and inoculated into a number of tubes in

which L-cell monolayers on coverslips had been placed. The tubes

were placed at 37oC and the coverslips removed at predetermined

intervals for stainine and examination.

C" IDENTIFTCAT]ON OF THE AGENT

May Grunwald-Giemsa staÍning

The May Grunwald-Giemsa staining method vras routinely performed.

Irmnunof Luorescent stai ni ns

i ) Method

Immunofluorescence was performed using the indirect method as

described by Coons (1950).

ii ) Sera

Sera from human psittacosis patients and commercial (Markham

Laboratory, Chicago, fllinois) antisera prepared ín humans against

b)
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psittacosis were used as well as commercial preparations (Grand

Tcl¡nd Rr'nlnoin¡1 n^-^^-,, n-.-J T^1^-,t Àt^,., v^*' ' -_-I Uompanye brano rslance r\ehr rorK,, oI goac antl-

human globu1ín and goat anti-human gammaglobulin antisera (fluore-

scein conjugated) "

,..\LLr ) l{nE]-gens

The commercíal psittacosis-human pneumonitis group antigens

(Markham Laboratory, Chicago, Illinois) as well as a psittacosis

6BC antisen from fhís lahoratorv were used. The 6BC strain was

originally obtained from Dr" J. Moulder (Department of Microbiology,

University of Chícago, Chicago, I1línois).

iv) Examination

Lmmunofluorescent slides were examined using a Zeiss fluore-

scent microscope equípped with an Osram HB) 200 mercury vapor lamp,

A Schott 4 mmrBG l2rblue excitor filter and a K470 or K440 and

K650 barrier filters v/ere used.

c) Serology

The infecËed and control mice used for isolation were bled

from the taíl and the sera used for serology"

D" SEROLOGY

a ) Specimens for serology

The human, caríbou and reindeer sera used for serology have

been listed in Table ]V.

b) Separation of sera

The blood samples were allowed to sÈand at room or atmospheric
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temperature immediately aft.er collection. After clotting had occurred,

the blood clots were rimmed usins aoolicator stícks and then placed

in a refrigerator (+oc) for about 18 hours. The animal sera \^reïe

then removed and frozen at -l7oc; t.he human samples were fírst

centrifuged before removal of the sera. The sera were stored at

-20oC until the serological analysis.

c) Testing of sera

.\
Lf TçÞLÞ

The sera were tesled by a direct and indirecL complement fix-

atíon test by the procedures of Kabat et al (1961). The two methods

of these tests were the test tube method of Bordet eÈ al (igOf)

and the microplate method described by Kabat (196g). The sera were

tested by Dr. H. sayed and Mr. IaI. stackiw (l¿edical Microbíology

Department, University of Manit.oba, Manitoba).

ii) Antigens

The antigen used in all tests T¡/as a commercial (Markham

Laboratory, Chicago, IllinoÍs) psittacosis-human pneumoníLis group

ant igen .

iii) A¡rtisera

AntÍsera prepared in humans against psittacosis and meningo-

pneumonitis were utílized.

iv) Complement, sensit.ized eryt.hrocytes, and buf f er

Guinea pig complement (nlow Laboratories, u.s"A" ) which origin*

ally contained 256 cH50 units was titrated to 4 cH50 uníLs for the



test. Sheep erythrocytes in Alsevers soluLion (National Biologics,

?ann,1c ì '.'o-o r.".aL^'{ I r;-^c hofnra hoino qn-n" r:-^.1 1., ^verr4qé ) WYLe WdÞllÉu scvsIdI L ltltcr uu!vrv rçllÞILL¿Cg UJ d

conmercial rabbit hemolysin (Markham Laboratory, Chicago, Illinois)"

A 4% suspension of sensitized cells were used for the tube test and

a 2% suspension for the microplate assay. The diluent in a1l

complement fixation procedures was veronal buffer with CaCl2 and

MgCl2 added.
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RESUITS

A. DESCRIPTIVE PHASE

IntroductÍon (tables V, VI and VII)

There ís a very wíde varÍety of animal life which inhabits

northern Canada, as described by Godfrey (tgïO) and Burr et aL (Lg64).

since the host spect.rum for chlamydia is so varied, as described in

the literature review, all of the mammals and bírds in northern Canada

were considered as possible reservoirs for the people. To determine

v¡hich species were t.he most probable reservoirse tT¡ro trips \^7ere ar-

ranged to a northern setLlement to intensively study the epidemiological

sítuatíon of chlamydia in the North.

b) Visits to Eskimo point

Eskímo ?oint was chosen for study

of chlamydial antibodies was found in

prevÍously (fa¡te ff ). The ser,tlement

convenient transportation. Since most

al, Eskimo ?oint was consídered by the

representative nort.hern seËtlemenc.

The first visit Lo Eskimo point

(May 19 - July 20) and rhe second in

of 1970.

mainly because a hígh prevalence

the human populatíon three years

was also chosen because of

northern communities are coast-

author as being a faÍrly

Lhe spring and summer

t (August 27 - Seprember 2l)

was in

the fa1

c) The human populatÍon of Eskimo ?oínt

Eskimo Point 1a¡nraÃ nn r-hs west coast of Hudson Bay in the

KeewatÍn DÍstrict, is comprísed of approximately 600 Eskimo and 50
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TABLE V

CI,ASSTF]CAT]ON OF THE ANTMAL L]FE

OF NORTHERN CANADA,

Phylum C lass

Arthropoda

Chordata

Arachnida

Tnsecta

Pi sce s

Aves

MammalÍa

From Hickman i966)
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TABLE VT

BTRDS OF NORTHERN CANADA?'.

0rder Fami ly Common Name

Gavi i forme s

Procel larí i forme s

Anseri formes

Fa I coní forme s

Podicipediformes

Galliformes

Gruí formes

Charadri i forme s

Strígi formes

Coraci iformes

Pici forme s

Pas seriformes

* From Godfrey Q966)
*-Jr Number of species

Gaviidae

Proce I lari idae

Anatidae

Accip Ítr idae

Falconidae

Podicipedidae

Tetraonidae

Gruidae

Charadriidae

S co I opac idae

Phalaropodidae

Stercorari idae

Laridae

Sl-ri oi r{¡a

Alcedinidae

Pic idae

Tr¡r:nn ì d¡ p

Alaudidae

Hirundínidae

Corvidae

loon ( 4 )*"''

/a \rulmar ( I .)

svran (1), goose (s), duck (16)

havik (4)

eagle (z), falcon (4), caracara (1)

grebe Q)

grouse (4), ptarm:.gan (3)

crane (2)

plover (4), turnstone (l)

snipe (t), sandpiper (9)

phalarope (2)

jaeger (3 )

gul1 (6), tern (1)

ovil (b l

r /¡ \Klngrlsner \I.,

woodpecker (4)

/r\rrycaE.cner \J/
/r \lark \rJ

S\^ialIo\^i \5/

Jay \I/
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TABLE VI (CONTINUED)

0rder Fami 1y Common Name

Paridae

Turdidae

Sylví idae

MoEaci I 1 idae

Bombycillidae

Lani idae

Paru I idae

ïcter idae

Fringillidae

chickadee Q)

thrush (4), solitaire (l)

kínglet (1 )

pipit (1 )

,-^-*-i-^ /1\wd.ÀwrrrË \r /

shrike (1 )

wood warbler (B)

blackbird (1 )

grosbeak (l), finch (3), sparror¡r (rO),

hrrntins (l )
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TABLE VII

MAMI4ALS OF NORTHERN CANADA/T

0rder Famí 1y Common Name

Tnsectivora

Chiroptera

Carnivora

Pinnipedia

Rodent.ia

Lagomorpha

Artiodactyla

Cet.acea

Soric idae

Vespertil ionidae

Ursidae

Muste I idae

Canídae

Felidae

0dobenidae

Phocidae

Sciuridae

Castoridae

Muridae

Drice t idae

Zapodidae

Erethizontidae

0chot.onidae

Leporidae

Cervidae

Bovidae

Monodont.ídae

shrew (5 );r't

plainnose bat (4)

bear (3)

weasel (l), skunk (1)

dog (1), wolf (l), fox (2)

cat (1)

. /. \r¡¡AIruS ( I /

hair seal (6)

carri rra i lÁ )
\v /

beaver (t )

muskrat ( t )

mouse (1), lemming (3), vole (A)

jumping mouse (2)

*^,^rr^.i-^ /r \yv!uuPrrtç \ r,/

pika (1)

hare Q)

deer (4)

goat (l), musk ox (l), sheep (1)

whire whale (1), narwhal (1)

From Burr er al (1964)
Number of species
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Caucasians, as stated by Father Ducharme" The aut.horls trips to the

settlement demonstrated some of the changes occurring Ín Eskimo 1ife.

The greatest factors producing this change, ín the aut.horts opínion,

have probably been improved LransportaLion, the influx of southern

commodities, and the creation of settlement jobs. Despite changes,

however, a subslantial number of Eskímo are sËí11 engaged ín hunting.

The Caucasians at the settlement consist of orímarilv school

teachers, nurses, administratorse store personnel, and ministers. As

reported by Father Ducharme, the majorily of these persons stay for

approximately 1-3 years and have litLle or no conLact with animal life"

d) The contact between Ëhe animals and the people of Eskimo Point

i ) The contact betvreen sno\^r and blue geese and humans

Snow and blue geesee as reported by Mr. F. Bailey of the Game

Management Department (ChurchÍ11, Manitoba) and Father Ducharme, are

hunted and eaten by the Eskimo PoÍnt people. The geese are hunted

every spring and fa1l by the male adults and occasionally by Ëhe

vTomen, adolescents and children. The geese are generally plucked

by Lhe male adults and brought to the settlement, where Ehe female adults

prepare the meat for cooking. Contact therefore exists between most

of the humans and snow and blue geese.

ii) The cont.act between caribou ând humans

In Lhe opinion of Mr" F. Bailey and Father L. þrrnhamo tho

people of Eskimo Point hunL, and thus conlacle more carÍbou than any

olher species" These observations vrere confírmed by the authorrs
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sflrrlv ôf fhe seft.lemenL.

As observed during the visit of the

øreâtesL numbers of caríbou were hunted

hunters consísted predominantly of male

and children. The caribou were shot and

author to Eskimo Point

rlurine snrins and fa11.-r- -"o *-''

thet ----

The

adults, and rarely of women

then immedíately skinned

and butchered. The skins and meat were broueht back to t.he settle-

ment, and left to dry for several days or weeks" Large quantities of

meat v/ere f.rozen Ímmediately. The adult viomen prepared the meat for

cookíng as well as made clothíng and blankets from the skins. Little

contact apparently existed between children and adolescent.s and the

caribou. In surnmary, the greatest contact occurs between caríbou and

the male and female adults of Eskimo Point.

iíÍ) Contact between other animals and humans

The Eskímo also hunt and have contact with a great many other

mammals, as descríbed by Father Ducharme. Every spring and fall, the

male adults hunt great numbers of seals. After rat-rtrnino tn t-ha

settlement, the seals are skinned by the males and then generally

sold to the local craft shop for export. There apparently seems to

be litLle contact between seals and the vromen. adolescents and

children. Ïtrolves and foxes are other mammals hunted in great numbers"

The male adultse as usual, do the hunting and skinning. The meat is

generally discarded, while the skins are cleaned by the adult tnTomen

for export. Other animals which Eskimo hunt to a lesser degree are

Canada geese, ptarmígan, walruses, and polar bears" The contact
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between the people and Lhese species, however, is st.í11 considerable

p, ANALYTICAL PHASE

a) TnLroductíon

This seclion is concerned with an analysis of data in an aLtempt

to gain informat.ion concerning northern chlanydial reservoirs. The

data for the analysis was from serological surveys performed ín

northern Canada; the purpose of which T¡ras to determine the prevalence of

chlamydial antíbodies in the human inhabítants. Many of the sera were

collected by Hildes, hÌilt and associates during rhe period L957-L967

(table II), while some were collected more recently by various persons

as shown on Table rv. Figure I illustrates the location of most. of

the human settlements which were sampled, t.he year of collection and

the percentage prevalence of chlamydÍa1 antibodíes.

b) Analysis of serological data

i) Prevalence of chlamydial antibodíes amons humens of different

age and sex groups

The descríptive findings demonstrated Ëhat adulL males and females

apparently have greaËer conLact than children and adolescents viit.h

the surroundíng wildlife. Tt was thus hypothesized that adult males

and females wou1.1 hrrzo ¡ hr'ohar prevalence of antibodies than any

other age and sex groups. The human serological data from eight seLtle-

ments r/ùas separated into age and sex groups and plotted (figure 2).

The prevalence of chlamydial antibodies among the groupings was sta¡isti-

cal1y tested using the chi-sguare contingency test (Appendix)"
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sho\^ine a statisLical difference vlas observed among the age and sex

groups of humans in only one settlement. The statistical data

suggested that a higher prevalence of antibodies were found among

female and male adults. These results indicated that. adults mav

be more exposed to chlamydia than children or adolescents" More

data would be required to correlate prevalence of antíbodies with

age and sex groupings of humans.

ii) Prevalence of chlamydial antibodíes among humans of coastal

and inland settlements

As illusrrated by Godfrey U,g00) and Burt et aL (L964), there are

great variations in the distributions of birds and mammals in northern

Canada. From a study of animal distributions with prevalence of

chlamydial antibodíes, it was thought possible to gain some information

concerning reservoírs. It was hypoEhesized that some dífferences in

antibody prevalence might occur between inland and coastal settlements,

since aquaLic reservoirs of chlarnydia might exist at the laEter

communities which would be absent ín the former. A comparison was

thus made between the prevalence of antibodies among EskÍmos of a

coastal (Pangnirtung) and an ínland (Garry Lake) settlement (Fígure 3).

A chi-square contingency test (Appendíx) demonstrated a higher anti-

body prevalence among the coastal settlement" Thís finding suggested

Lhat persons of coastal sett.lements might be more exposed to chlamydial

reservoírs than persons of inland settlements" Additíonal comparisons

\^iere then made as shown in Figure 3" This daËa was not tested sËatistic-

aLly, however, because an additional variable (racial group ) ,,ras

present. in the comparisons" Further data should be obtained before
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âñ\7 rlôf jn j f a nnr¡gl¿lign iS made bet\,ieen antibOdy prevAlençe and

seosrânhicâl I ocation.

iii) The prevalence of chlamydial antibodÍes among humans of

different. racial groups

As discussed ín the literature revíewe many hypotheses have

been formulated Eo explain the presence of chlamydial antibodíes among

the people of northern Canada" One hypotheslse proposed by llilt et a1

l1g5q) 
"rroooctad 

th:l- , sênêfin:1lr¡ dol-aminod nrn'l-oin r^rrq rct.i,---J - r- - *--*ng as

the chlamydial antÍbody or arr antÍcomplementary agent. To investigate

thÍs hypothesis, comparisons \^rere made betlveen the prevalence of

antibodies among dífferent racial groups of humans in the North. As

shown in Figure 4rchlamydial antíbodies are dísplayed by all racial

groups. This finding suggested that a genetically determined protein

T^ras not responsíble for the chlamydía1 antíbodíes.

C. FORMULAT]ON OF HYPOTHESES

The detection of chlamydial group antíbodÍes by Híldes et al

(tgîS) in sera from snow, blue and Canada geese provided the first

evidence of chlamydial infection in these species" As illustrated in

Figures 5 and 7 the distribution of geese is extremely wide in northern

Canada; overlapping mosl of the settlements whose Ínhabitants have dis-

played chlamydial antibodies. Hildes and assocÍates thus hypot.hesized

that snow, blue and Canada geese r¡iere possible reservoirs of chlamydia

for at least some of the northern people"



C
) Z E :ì r t¡
l F z tr
l

C
)

.¿ F
d

50 4A 35

M
A

LE

F
E

M
A

LE

0-
re

re

JU 25 20 15 10

5

0-

M
A

LE

F
E

M
A

LE

B
A

K
E

R
 L

A
K

E
 

C
H

U
R

C
H

IL
L

(r
sr

ru
o 

) 
tg

lo
 

(c
H

rp
ps

w
e)

 r
gz

o

P
R

E
V

A
LE

N
C

E
 O

F

A
M

O
N

G
 R

A
C

T
A

L

'k
S

er
ol

og
íc

al
 d

al
a 

ob
ta

in
ed

f 
ro

m
 h

ril
t 

el
 e

-L
 (

19
59

)

20
+

20
+

E
Ð

æ
I

@ t-
l

O
LD

 C
R

O
W

T
 C

A
M

B
R

fD
G

E
'K

 B
A

IG
R

 L
A

K
E

(x
ur

cu
rn

) 
B

A
Y

 (
E

S
K

]M
O

 )
 

(n
sr

uu
o)

19
58

 
rg

s8
 

L9
69

F
IG

U
R

E
 4

C
H

LA
M

Y
D

T
A

L 
G

R
O

U
P

 A
N

T
]B

O
D

T
E

S
G

R
O

U
P

S
 O

F
 T

H
E

 N
O

R
T

H
E

R
N

 P
E

O
P

LE

B
A

K
E

R
 L

A
K

E
(c

au
c¿

.s
 r

aN
 )

L9
69

T
i t

re
s 

: 
I 

or
 p

re
at

er

U
J

O
o





40

A few years later, chlamydia were isolated from muskrats and

snowshoe hares by Spalatin er aI 0966) and from seals by Eddie ec

(1966). consideríng rhe wide distributions of these mammals in

northern Canada (Figures 8 and 9), these researchers hypothesized

that muskrats, snowshoe hares and seals r¡zere possible chlamydial

reservoirs for the northern people.

wyman eL al (tgeg) hypothesized that caribou as werl as seals

and snow and blue geesel¡iere possible northern reservoírs of chlamvdia.

This hypothesis was based mainly on descríptive findings by Tüyman

after a visiL to Eskimo point. Figure 6 íllustrates the extremelv

wíde distríbution of carÍbou across northern canada. ÌL vras thus

realized t.hat caribou might serve as ïeservoirs of chlamvdia for

people across these northern regíons.

The descriptive findings of the author indicated that snow and

blue geese and caribou were two rikery reservoirs of chlamydia for
the Eskimo Poínt people" This hypothesis r^ras primarily supported

by the abundant contact between humans and these species. Tt was

fu11y realized however, that many other animal species in the

vicinity of the settlement mÍght also be involved as reservoirs

for the people"

D. EXPER]MENTAL PHASE

Screening of specímens for agent isolation

i) Snow goose tissues

Examination of sno'nr goose tissues by May Grunwald-Giemsa
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staining revealed some inclusion bodies.

íi) Snow goose eggs

The examination of snow goose yolk sacs and embryo fibroblasts
(before and after cultivation of this material) revealed inclusion

and elementary bodies using May Grunwald-Giemsa and immunofluorescerrt

sËaining. As shown in Table vfrf, an increase in Lhe numbers of

positive embryo fibroblasLs was observed duríng the cultivat.ion.

Figure l0 illustrates positive immunofluorescence of a goose yolk

sac ce11" The large, bright bodies represent specific chlamydíal

inclusions.

iii) Canada goose eggs

A few inclusion bodies were found in examíning the canada goose

eggs.

b ) Mouse passages

i) Microscopic results

1) Snow goose yolks

The microscopÍc examination of mouse tissues after ínoculation of

míce with goose yolk sacs revealed a faír number of intracellular in-

clusion bodies upon each passage. some elementary bodies were also

observed within vacuolized ce1ls"

2) Snow goose yolks, embryos and Ëissues

A moderate number of intracellular inclusíon bodies and occasíonal

elementary bodies T¡/ere generally found in tissue smears after ínoculat.ion

of mice with goose yolk sacse embryo fibroblasts and tissues. Some in-
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FIGURE 10

IMMUNOFLUORESCENT CHLAMIDIAL TNCLUSION BODTES
IN GOOSE YOLK SAC CELL
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crease ín the number of inclusions was observed during passage.

3) Control mouse tissues

Only a very few ínclusion bodies r^7ere seen in tissues from con-

trol (nott-inoculaEed) mice. No elementary bodies or vacuolized cells

were found"

ii ) Serological

The serological

caribou material have

results

results for the mouse passages

been summarized in Tables TX

of snow poose and

¡nd X rê qñêal- i r¡o l r¡reJyuçÇrverJ.

The tables indicate much higher percentages of positive (showing

chlamydial ant.ibodies) serum pools for the inoculated than for the

non-inoculated (control) mice. Ln additione passage of non-inoculated

mouse tissues in mice revealed no chlamydial antibodíes(fa¡te Xf)"

^ I Ti qqrra nrrl l- rrre n¡ sqâsesv/

Some ínclusion bodies were found in I--ce11s after inoculation

with mouse tissues (obtained from mice inoculated with goose yolk

sacs. as described)" Some vacuolization of cells was also seen"

d) Serological surveys of caribou and reindeer

Table Xff has summarized the results of serological testing of

caribou and reindeer sera for chlamydial antibodies.

e) Serological surveys of human t.ransienLs to northern Canada

The complement fixaËion results of sera from individuals before

and after visits to northern Canada have been shown on Table XIII.

As shown, four of the students developed chlamydial antibodies during

their vísits to Churchill (Manitoba), sígnifyíng that exposure had

occurred in northern Canada. No illnesses were reported among any

of the st.udents.



IA
B

LE
 I

X

C
O

M
P

LE
M

E
N

T
 
F

IX
A

T
T

O
N

 R
E

S
U

LT
S

 F
O

R
 P

A
S

S
A

G
E

 O
F

 S
N

O
I,I

 G
O

O
S

E
 M

A
T

E
R

IA
L 

IN
 M

IC
E

S
pe

ci
m

en
 fo

r
D

-^
^-

^^
r4

Þ
Þ

é6
ç

G
oo

se
 y

ol
k

G
oo

se
 y

ol
k,

em
br

yo
 a

nd
tis

su
e

T
r¡

na
 

nf

M
ic

e

N
on

_ 
in

oc
ul

at
ed

),
,-

ìk
T

no
cu

la
te

d

T
itr

es
 

ar
e 

ex
pr

es
se

d 
as

 r
ec

ip
ro

ca
l 

of
 s

er
ur

n 
di

lu
tio

n
C

on
tr

ol
 m

ic
e

N
on

- 
in

oc
ul

at
ed

In
oc

u 
la

te
d

N
um

be
r 
of

P
oo

ls

IL

T
ot

al
 N

um
be

r
of

 M
ic

e

/,'
),

44 48

C
hl

am
vd

ia
l 

G
ro

up
 A

nt
ib

od
ie

s

L2
9

65

N
um

be
r 

P
er

ce
nt

ag
e 

A
ve

ra
ge

 T
ítr

es
:k

S
er

um
 P

oo
ls

 w
ith

2

3 
(3

r¿
 p

as
sa

ge
 )

1

5 
(3

rd
 p

as
sa

ge
 )

18 75

a

10
0

B R
 1

6

4
¿

! 
F

,

N \o



T
A

B
i,E

 X

C
O

M
P

LE
M

E
N

T
 

F
IX

A
T

T
O

N
 R

E
S

U
LT

S
 F

O
R

 P
A

S
S

A
G

E
 O

F
 C

A
R

T
B

O
U

 M
A

T
E

R
]A

L 
IN

 M
]C

E

S
pe

ci
m

en
 fo

r
P

rq
q:

oa

C
ar

ib
ou

 t
is

su
e

T
itr

es
 

ar
e 

ex
pr

es
se

d 
as

 r
ec

ip
ro

ca
l 

of
 s

er
um

 d
ilu

tio
n

C
on

tr
ol

 m
ic

e

T
A

S
LE

 X
I

C
O

M
P

LE
M

E
N

T
 

F
T

X
A

T
T

O
N

 R
N

S
U

LT
S

 F
O

R
 P

A
S

S
A

G
E

 O
F

 C
O

N
T

R
O

L 
M

O
U

S
E

 M
A

T
E

R
T

A
L 

IN
 M

T
C

E

T
.r

na
 

n 
f

Iv
la

c 
e

N
on

- 
in

oc
ul

¿
¡s

d:
k/

r
T

no
cu

la
te

d

S
pe

ci
m

en
 f

or
P

n 
qq

ro
a

N
um

be
r 

of
P

oo
ls

M
ou

se
 L

is
su

e

T
ot

al
 N

um
be

r
of

 M
ic

e

T
itr

es
 

ar
e 

ex
pr

es
se

d 
as

 r
ec

ip
ro

ca
l 

of
 s

er
um

 d
ilu

tio
n

N
um

be
r 

of
P

oo
ls

N
um

be
r 

P
er

ce
nt

ag
e 

A
ve

ra
ge

 T
itr

es
*

S
er

um
 P

oo
ls

 r
^r

ith
C

hl
am

vd
ia

l G
ro

uo
 A

nt
ib

od
ie

s

U

2(
1s

t 
pa

ss
ag

e)

T
ot

al
 N

um
be

r
of

 M
ic

e

0
33

LZ

S
er

um
 P

oo
ls

 w
ilh

C
hl

am
vd

ia
l G

ro
up

 A
nt

ib
od

íe
s

N
um

be
r 

P
er

ce
nt

ag
e 

A
ve

ra
ge

 T
itr

es
:'.

-

0(
zn

¿
 p

as
sa

ge
)

(,



C
om

m
on

ht
^-

^

T
A

B
IE

 X
II

P
R

E
V

A
LE

N
C

E
 O

F
 C

H
LA

M
Y

D
IA

L 
G

R
O

U
P

 A
N

T
]B

O
D

T
E

S
 A

M
O

N
G

 C
A

R
IB

O
U

 A
N

D
 R

E
IN

D
E

E
R

C
ar

ib
ou

Lo
ca

tio
n

R
ei

nd
ee

r

(u
nk

no
vm

 )
B

ro
ch

et
R

an
ki

n 
In

le
t

R
an

ki
n 

T
nl

et
E

sk
im

o 
P

oi
nt

D
at

e 
of

C
o 

I 
le

ct
 io

n

A
nt

ic
om

p 
le

m
en

ta
ry

T
itr

es
 

ar
e 

ex
pr

es
se

d 
as

 r
ec

ip
ro

ca
l 

of
 s

er
um

 d
ilu

t.i
on

R
eí

nd
ee

r
G

ra
zL

ng
P

re
se

rv
e

(u
nk

no
w

n 
)

A
nr

i 
I 

1 
qÁ

Â

Ju
ne

 1
96

8
Ju

ne
 L

97
0

S
ep

t. 
L9

7O

N
um

be
r

T
e 

st
ed

(u
nk

no
w

n 
)

M
ar

ch
 1

96
9

4
20 o¿

4
T

6

N
um

be
r

A
C

)K

N
um

be
r

P
os

iti
ve

2

44
2 3

t4

C
om

pl
em

en
t 
F

ix
at

io
n 

T
itr

es
t

8 
16

 
32

 
64

 
t2

B
 

25
6 

5L
2

2 1 7

t0

2

¿
or

ul H



52

TASLE X]I]

CHLAMYDIAL GROUP ANTTBOD]ES AMONG HUMAN
TRANSIENTS TO NORTHERN CANADA

t'crrMMEp t oTn\\evru¡sr\t L/ r v /

Locat ion Tndividuals -

Churchill " ManiÈoba

îT

Þ T^T

0

0

0

0

I6

L6

B

8

La Peruse Bav . lufenitoba
(Snow goose colony,

I¡,Iat son Po int )

ÞM

TD

Drì

L. L.

L6

I

B

0

:k Titres are expressed as reciprocal of serum dilulion
:kj; l-3 weeks before trip

:"-Jr:k l-4 weeks aft.er trip
-r- J--t- -r- o monEns arEer Er]-p
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D ISCUSS]ON

The objective of thís investigation has been to det.ermine some of

the probable reservoirs of chlamydia for people of northern Canada.

To achieve t.his aim. att.ention has been dírected towards the isolalíon

of a chlamydial agenÈ from birds and mammals ín the vicinity of the

human settlements. The selection, collection and transport of

specimens have receíved special consideratíon in the project"

As indicated in the literature revíew, birds throughout the

v¡orld have been identified as hosts and reservoirs of chlamvdia.

Many of these birdse moreover, have served as reservoírs for trans-

míssion of chlamydia to man, and have resulted in many diseases. The

birds in northern Canada, therefore, attracted considerable atEention

as possible chlamydial reservoirs for the people.

The species which has received the greatest emphasis as a

probable reservoir has been the snow and blue goose (-Chg! caerulescsns

caerulescens)" The main reasons for the selection of these birds were

their tremendous numbers and wide distríbution in northern Canada.

Various opportunities for transmissíon of the organisms Lo humans were

considered possible. In our experimentse evídence has been found thal

snow and blue geese not only cont.act chlamydia, as previously shown,

but also harbor and transmit the organÍsms transovarially" This

evidence has demonstraLed that the former serological reactions in

snow and blue geese sera T¡iere specif ic. fn accordance with reports
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by Myers et al 1gøg) and others as well as correspondence with

R. Nichols (Department of Microbiology, School of ?ub1ic Health"

Harvard university, Boston) concerning avian st.rains of chlamydia,

the snow and blue goose chlamydial agent appeared avirulent

upon mouse passage"

The Canada goose (Branta canadensis) ís another avian soecies

which has receíved atËention Ín this study. Like snow and

blue geese, Canada geese are very numerous in northern Canada

and have contact with the human population. The observation of

inclusion bodies in a few goose eggs províded some evídence

that Canada geese harbor chlarnydia. As previously discussed,

evídence has been present.ed for the existence of a snow and

blue goose reservoir of chlamydia in the North" Sínce the

habitats of snow and blue and Can¡riA øêÞce orrerl¿p one anolher,

as shown by Godfrey Q966), it seemed likely that a Canada

goose reservoir exists in northern Canada.

It has been described by Meyer (tgîl) and orhers r,hat

mammals often harbor chlamydia, but it has been Índicated that

they less frequently serve as reservoirs for transmission. Tt

has been suggested by Eddie et al (L966), Spalatin et al

lglt) and others, however, that mammals probably play a more

ímportant role in the transmission of chlamydia to humans

than was originally thought. Mammals have received major
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emphasis in this project because of the great number, wide

distríbution and close contact with the human population.

Among the various mammals in northern Canada, the caribou

(SggiEgI tarandus groenlandísus) has received the greatest con-

sideration. These mammals are very abundant and are distríbuted

throughout the North. Since caríbou migrate and thus contact

a great variety of animals, it was considered possible that they

would be involved in the transmission of chlamydia. Serological

tests demonstrated that caribou had been exposed to chlamydia,

and the detection of chlamydial antíbodies in sera of mice after

nâqqâeê of ceríbou tissue suseested thaL caribou also harbor
t/4uusõv '-oo--

the organisms. Since no dealhs or pathological symptoms were

observed after Lhe mouse passages, the caribou chlamydial sLrain

seems avirulent to mice.

Reindeer (RangifeI t.arandus), a closely related species to

the caríboue vras another mammal ínvestigated as a possible reservoir

of chlamydia. The serological evidence presented has demonstrated

that reindeer have been prevíously exposed to chlamydial agents.

These mammals, howevere are not widely dístributed in northern Canada

and have little contact with the human population. Reindeer, there-

fnro do not- ânrìêâr lo niâv a maior role. in transmission ofrvr ç, uv rrv L 4yyeqr

chlamydia to the people.

The ísolation of chlamydia from the muskrat (Ondatra zebe thícus

spalularus) by Spatatin et aL (L966) from Saskatchewan added another

species as a possible reservoir of chlamydia in northern Canada.
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A fer^r vêârs l,ater Twersen er âl (lglO) nrowiderl serolosicel ewÍdenceÃ !9W , +vvr

t.hat muskrats from northern Canada hrere also exposed to chlamydial

organisms, and Spalatin et al (tglt) suggested these mammals as

possible chlamydial reservoirs for some of the people of northern

Canada.

Another possible reservoir of chlamydia in norlhern Canada,

which has received greaË int,erest in thís st.udy, is the snowshoe

hare (l,epus ameJicanus). fsolated from these mammals in Saskatchewan

by Spalatin et al (1966), the snowshoe hare chlamydia appears

epizootic in these mammals and seems to be closely related to the

prevíously díscussed muskrat chlamydial strain. Snowshoe hares,

therefore, seem to be more important as sources of infection t.han

as reservoirs.

The isolation by Eddie eË al (L966) of chlamydia from northern

fur seals (Callorhinus ursinus) near the Pribilof Islands provided

the first indication that aqualic mar¡rnals might be addítional re-

servoirs of chlamydia" The demonstration of chlamydial antibodies

in a Crabeater and irleddell seal by Sladen 1g0Z) and Moore et al

(L969), respectívely, supported Eddiets finding of chlamydial

infection in fur seals" The presence of chlarnydial antibodies among

the humans of the Pribilof Tslands suggested the possible role of

seals in the transmission of chlamydia to man. The wide distribuÈion

of seals and the sreat contact between seals and humans in

the North further implicated seals in the transmissíon of chlamydía

in northern Canada.
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fL is hypothesized that the hish Dre.''ârence of chlamydial anti-
bodies among the people of northern Canada is the resulL of continual

contact wilh varíous bird and mammal chlamydial reservoirs, some

of which have been identifÍed in this thesis. Additional likely

animal reservoirs have been identífied by other workers. The

specific animal reservoírs for the human inhabitants of the North

may vary considerably among different settlement.s.

The experiment.s performed in this investigation have demonstrated

the avirulence of snow goose and caribou chlamydial agents upon

passage in laboraËory mÍce. It was observed that no deaths or overt

diseases occurred among the snow geese and caribou poDulations

that were sampled for this study. rt is thus suggested that the

snor^I goose and caribou chlamydial agents might be avirulent within
their respective host species. As discussed, !,iilt and Hildes

have continually detected low tilre chlamydial antibodies among

humans of northern canada without finding any clínical disease. The

present results showed that several caucasians developed low titre

chlamydial antibodies during visits to northern canada, and agaín

no disease was found. 0n the basis of these studies among inhabítants

and transients, it might be speculated that the chlamydial agents

which circulate in northern canada are avirulent for man. rt ís well
known, as described in Horsfall et al (i965), that most microbes

circulate in nature as avirulent strains and that pathogeníc sLrains are

rather unusual. chtamydial research over the past two decades has

r¡pri f í pd 'l.ho ^-^ve!¡!reu Lrrs yruphetic words of Nocard, who admitted, while vigorously

denying the existence of psittacosis, rrLa psittacose nrexiste pas, si
e11e existe, e1le est partoutil (Storz 

" LgTT).
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SUMMARY

As summarized in Table XIV, evidence has been presented to

identify certain species of birds and mammals as probable reservoirs

of chlamydia for the people of northern Canada. Thís evidence has

susgested that the âeents ¡re widesnread in the wildlife of the

Nort.h, and that many more animals are involved in transmission of

chlamydia to the human inhabitants"
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APPENDIX

TABJ-E I

STATIST]CAL ANALYS]S OF CHIAMYDTAL GROUP ANTfBODIES

AMONG HUMANS OF DIFFERENT AGE AND SEX GROU?S''.

1l : O.O5)

S etE lement
Rac ia I
Group

^./ )

Value Re sul t

Baker Lake

Churchi I I

Eskimo Point

0ld Crow

Baker Lake

Old: Crow

Churchi I I

Baker Lake

L969

L97 0

1967

196 0

L969

19 sB

L97 0

L97 0

E skimo

Chippewan

E skimo

Kutchin

Cauca s ian

KuLchin

Cree-Metis
and Cree

E skímo

accepE flo""

acnenf lln

a¡¡a*+ lln4UUçy L rrv

a ^^^^¡ 1-I^@LçslrL rrv

^^^^-+ lf^dLUgP L rru

a¡¡anf l{n

raiøo|, Ha

¡¡nani Ho

0"58

u.oo

0"02

3 .01

0.83

0.31

4.49

0"47

YcChi-square contíngency test
,Jc:k]{q (null hypothesis) : no difference between prevalence of anti-

bodies among humans of different ages and sexes"
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TA3LE II

STATISTICAL ANALYSIS OF CHLAMYD]AL GROUP ANTIBODIES

AMONG HUMANS OF COASTAL AND TNLAND SETTLEMENTS''.

(P : o.os)

Set.tlement
Geographical

Area
Racial
Group

*2
Value Result

Pangnirtung

Garry Lake

VUAJ Ld I

Inland

L9 59 E skimo

L959 Eskimo

11.15 ro 'i oc l- Hnjs:k

YrChi- square contingency
e;>"-fl6 (nu1l hypothesis ) :L"-^-^ of coastadltlullË rrutlt4rrÞ

te st
no difference
I and inland

between rlrevâl e,nce of antibodies
seËtlements.




