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INTRODUCTION

The human eye disease trachoma has been recognized as a distinct

clinical entity for over 3500 years. It is known to have been wide

spread in ancient Greece and Rome, spreading from there to Europe in the

period following the crusades. Over the 1a st century, the disease has

gradually disappeared from northern Europe although it has prevailed in

southern Europe, North Africa, the Middle East, and Asia and in certain

areas of South America and Mexico. In the United States and Canada, it

is largely confined to the American Indians. Although an effective

treatment has been available since the sulfonamides were introduced in

1938, there is still a high incidence of active disease and current

figures estimate that more than 400 mi 11 ion of the world's population

still suffer from trachoma and that 20 million of them are totally or

economically blind (1). The World Health organization has designated

trachoma as one of its major concerns and in 1952 set up an expert panel

for the disease.

The clinical picture of trachoma is limited to the eye and in

cludes follicular hypertrophy most prominent on the upper tarsal con

junctiva, pamnus and conjunctival scars. Thyge son (2) has summarized

his numerous personal observations of the human infection. The incu

bation period ranges from five to seven days, onset in the adult almost

always being acute while in the child it is usually insidious. An

acute period consisting of corneal changes involving epithelial kerati

tis, subepithelial infiltration, and pamnus formation may last for two

to four weeks, followed by a chronic stage. Over a period of months or
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years there is a gradual progression of pannus across the cornea. Secon

dary bacterial infection is frequent. The trachoma agent is found only

in the epithelia 1 cells and does not seem to invade the deeper struc

tures. Early diagnosis can be made by the use of Giemsa- stained con

junctival scrapings. The findings of inclusion bodies in epithelia 1

cells limits the diagnosis to trachoma or inclusion conjunctivitis, a

closely related disease. Recently, a fluorescent antibody procedure (3)

has been employed to detect inclusions in conjunctival scrapings. Hanna

et a 1. (4) examined, with immunofluorescence, conjunctival scrapings

from volunteers experimenta 11y infected with inclusion conjunctivitis

isolates. Brightly fluorescing inclusions were demonstrated with hyper

immune inclusion conjunctivitis antisera. When their findings were com

pared with those obtained by the use of Giemsa staining, immunofluores

cence appeared to offer an improved method for laboratory diagnosis.

The agent responsible for inclusion conjunctivitis fundamenta 11y

infects the human genita 1 tract (5), is transmitted by sexual contact,

and enters the eye of the newborn during passage through an infected

birth canal. In the newborn, the disease is manifested as an intense

inflammation of the conjunctiva, particularly of the lower lids, with

profuse purulent discharge (2). In one or two weeks, the disease has

reached its maximum intensity and gradually subsides thereafter. An

untreated conjunctiva will become normal in from three to six months.

In contrast to trachoma, pannus or scarring never develop and even in

the absence of treatment, the disease is self-limited. Adults may oc

casionally be infected by eye-to-eye transfer from an infected newborn;

however, most adult infections are traced to swimming pools presumably

contaminated by genita 1 secretions (6).



It has recently been proposed that the agents of trachoma and

inclusion conjunctivitis (TRIC agents) are identical, causing a single

disease entity with a wide spectrum of signs and symptoms (7,8,9). This

suggestion has its basis in the fact that it has not been possible to

distinguish these agents by laboratory means; further, a claim has been

made that volunteers inoculated with inclusion conjunctivitis isolates

developed trachoma with pannus. The possibility arises that clinical

differences between the two disease entities might be attributable to

environmental and host factors.

Research into the etiology of trachoma began in 1907 with the

demonstration by Halberstaedter and Prowa sek (10) of inclusion bodies,

now known to be intrace11u1ar colonies of the etiological agent, in con

junctival epithelial cells of infected animals. These inclusions have

remained the principal diagnostic feature of trachoma- inclusion conjunc

tivitis agent infections to date.

The history of cultivation attempts with the trachoma agent is a

1ong one. In 1938, Julianelle (11) reviewed the subject and in 1958,

Thyge son and Nataf (12) covered the intervening years. The chick embryo

yolk sac was given scant attention as a possible cultivation medium

while the chorioa 11 antois and a wide variety of tissue cultures were ex

plored and failed consistently to support cultivation in series. Prior

to 1957, at 1east eighteen attempts are 1isted to grow TRIC agents in

embryonated eggs, the majority of results claiming positive results.

However, none of these claims can be fully accepted because the work was

not reproducible in other 1aboratories and because no infectious agent

could be transmitted to other investigators for confirmation.

In 1956-57, T'ang et al. (13) succeeded for the first time in
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isolating trachoma agents in the yolk sacs for six to eight-day old em

bryonated eggs inoculated with conjunctival cells obtained from patients

with clinical trachoma and transmitting these agents for propagation in

other laboratories. Workers at the Lister Institute in London confirmed

T'ang's results and subsequently succeeded in isolating ten isolates of

trachoma from patients in Gambia, West Africa (14). Following these

initial reports, trachoma agent isolations have been reported from many

parts of the world, including Saudi Arabia (15), Israel (16), the United

States (17), Egypt (18), Taiwan (19), South Africa (20), Australia (21),

Italy (22), Yugoslavia (23), West Africa (24), and Ethiopia (25).

From inclusion blennorrhea (inclusion conjunctivitis) of the

newborn, Jones et al. (26) isolated an agent virtually indistinguishable

from that of trachoma and subsequently, Hanna et al. (27, 28) isolated a

group of representative inclusion conjunctivitis isolates from infections

in the newborn.

With the etiology of trachoma and inclusion conjunctivitis

solved and the finding of a suitable experimental host, workers in the

field have turned to problems related to the agents themselves such as

strain differences, biological properties, serological relationships of

strains, susceptibility to antibiotics and chemotherapeutic agents, vac

cination and host susceptibilities.

The TRIC agents are members of the Psittacosis-Lymphogranuloma

venereum-Trachoma (PLT) group - a group of microorganisms encompassing

a 1arge number of closely related obligate intracellular parasites, all

of which are characterized by three common points: 1) a common mor

phology of individual particles, 2) a unique developmental cycle within

the host ce11, and 3) the presence of a common complement fixing group
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antigen (29). Members of the general group may be differentiated from

one another by the presence of specific antigens, their virulence for

different natural and experimental hosts, and the pathology of the di

sease which they produce. At 1east thirty distinct members of the PLT

group are recognized and may be arbitrarily grouped into three categories

with respect to their natural hosts. Avian agents include psit tacosis

and ornithosis; mammalian agents include feline, mouse and sheep pneumo

mitis, meningo.pneumonitis, and bovine encephalitis; and finally, the

human agents include 1 ymphogranuloma venereum, trachoma and inclusion

conjunctivitis.

In the mid 1930's, Bedson and his associates (30) were the first

to present a comprehensive picture and description of the main features

of the growth cycle of a representative PLT agent. At that time, Bedson

referred to the agent as a new kind of infectious entity, not immediately

identifiable as either virus or bacterium. From that time to the present,

there has been much confusion as to the biological nature of the PLT

group of microorganisms. During these years of controversy, the separate

concepts of the bacterium and the virus have become crystallized, and at

the same time, knowledge has been gained of the main characteristics of

the PLT group and it appears more and more evident that the assignment

of this group in the biological world should be in a direct line of an

cestry from the bacteria rather than the viruses (29).

Perhaps the most striking characteristic of the PLT group as a

whole is their unique developmental cycle within the host cell (31).

The cycle is characterized by the sequential appearance of two struc

turally and functionally different particle types during the multipli

cation process. Sequential electron microscopic studies of the
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developmental cycle of several PLT a gents, including the trachoma agent,

have been carried out by Litwin (32, 33). The growth cycle is initiated

by a small particle, known as the elementary body, measuring 300-400 mu

in diameter and consisting of a limiting wa 11 or membrane containing an

electron dense central body surrounded by a less dense peripheral ma

teria 1. These small elementary bodies do not divide, but must first un

dergo a long internal reorganization into 1arger particles before multi

plication can begin. These 1arge particles, termed the initial bodies,

measure 500-600 mu in diameter and have no electron dense central body

but rather are composed of a mass of minute granules surrounded by a

membrane. These initial bodies are the vegetative form of the microor

ganism and are adapted to intrace11ular multiplication. They survive

poorly extracellularly and are rarely able to invade a new cel 1. Dif

ferentiation from e1ementary body to initial body takes about ten hours,

during which time the particles maintain their morphological integrity.

From approximately 10 to 20 hours after infection, a large amount of new

material is synthesized although 1 it tie division takes place. About 20

hours after infection, the agent enters the logarithmic phase of multi

plication. Cytoplasmic vescicles surrounding the particles enlarge as

the multiplication proceeds, the fluid in these vescicles probably

serving as a rich supply of nutrients for the developing agent. De

tailed electron micrographs taken by Li twin show many stages in the

process of division of the initial bodies, and it appears that they are

definitely dividing by binary fission, although some dividing structures

appear similar to budding yeast cells. About one half of the way

through the period of rapid multiplication, the elementary bodies begin

to appear, formed by reorganization of the large particles (34). This
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differentiation of 1arge forms into small forms continues for several

hours until the majority of the terminal population is of the small par

ticle type, the elementary body.

An examination of the gross chemical composition of purified sus

pensions of various representative PLT a gents shows them to be biochemi

cally complex organisms (35,36). There is a comparatively high propor

tion of lipid and a comparatively low proportion of protein and

carbohydrate. Both DNA and RNA are present, a point of fundamenta 1 im

portance in establishing the evolutionary heritage of the PLT group, as

viruses contain either DNA or RNA but never both. When the chemical

composition of both 1arge and small particle concentrates were analyzed,

the two sets of data were practica 11y identical (37). These chemical

findings would seem to support the evidence obtained from electron mic

rographs that one particle type is transformed into the other, although

the nature of the interconversion process and the stimuli which triggers

it are, at present, unknown.

The susceptibility of the PLT a gents to many chemotherapeutic

agents active against bacteria was one of the earliest indications of

the metabolic complexity of this group and of their kinship with bac

teria (38). Only streptomycin, kanamycin and ristocetin are inactive,

while sulfonamides, penicillin, cephalosporin, cycloserine, the tetracy

clines, erythromycin and chloramphenicol a 11 inhibit the multiplication

of these agents (39). It has been concluded that these chemotherapeutic

agents inhibit the growth of the PLT agents, just as they inhibit the

growth of bacteria (40), by interfering with enzyme systems in the

agents themselves. It has been shown that PLT agents synthesize a

number of low molecular weight metabolites that cannot be made by their
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host: folic acid (41,42), muramic acid (43,44,45) and perhaps others.

It is unknown, at present, how many biosynthetic capabilities

the PLT group agents possess in common with their hosts but they no

doubt obtain many small molecules by tapping their hosts' free metabolic

pools or possibly digesting their hosts' cytoplasm. An obvious gap in

the metabolic pattern of this group is the apparent absence of any energy

generating system. Studies on agent concentrates have thus far shown no

hint of an energy metabolism. Moulder (29) presents the hypothesis that

these microorganisms are energy parasites depending upon their hosts to

generate ATP and other high energy metabolites which they then appropri

ate to their own biosyntheses.

Many strains of trachoma and inclusion conjunctivitis have been

isolated in several countries, but their similarities appear to be more

pronounced than their differences. However, when various biological

characteristics (antigenic and toxic relationships, susceptibility to

antibiotics and chemotherapeutic agents and the range of host suscepti

bilities and virulence) of representative TRIC agents are compared, dif

ferences are encountered.

TRIC agents share a common, heat-stable group antigen with

members of the PLT group, a serological relationship which was first

demonstrated by Rake et al. (46). Many other investigators subsequently

encountered similar findings (47). The antigenic properties of the TRIC

agents have been further studied with the hope of demonstrating species

specific antigens. Such antigens have been demonstrated in cell wall

preparations of certain PLT a gents after treatment with deoxycholate and

trypsin (48). To date, cell wall preparations of sufficient purity for

species-specific antigen isolation have been prepared only from PLT
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agents which grow readily to a high titer in the chick embryo a 11antoic

sac (49). As yet, however, no TRIC agent isolate has been satisfactorily

propagated in this way (50), but it is hoped that eventually either

species- specific or strain-specific antigens of these agents will be pre

pared and demonstrated.

A11 known members of the PLT group possess a toxin which is

closely associated with the viable particles and which, to date, has not

been separated from them. This toxin is demonstrated by the intravenous

injection of concentrated agent suspensions into mice. A shocklike state

is followed by death in from two to eighteen hours. Using a test which

prevents toxic death in mice by preliminary immunization (51), Bell and

Theobald (52) demonstrated differences in cross-protective ability of

different trachoma agent isolates suggesting the existence of at least

two major groups among the nineteen isolates studied. In extensive

tests performed by a modified technique (53), Wang and Grayston (54)

studied the toxin relationships of thirty-eight trachoma isolates from

various parts of the world as well as two inclusion conjunctivitis iso

1ates from geographically distant areas. Two major groups were de

scribed which did not entirely agree with those of Bel 1 et al. (51).

Several of the trachoma isolates and the two inclusion conjunctivitis

isolates appeared to be distinct from the major group patterns. There

appeared to be some geographic unity among the TRIC agents tested. In

view of the difficulty of the test procedures and the differences in

the techniques of the mouse toxicity protection test employed by the

two groups of workers, it is not surprising that discrepancies in re

sults were observed.

Members of the PLT group of microorganisms are susceptible to
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the action of many antimicrobial drugs both experimenta 11y and clini cally.

In quantitative laboratory studies of antimicrobial drug action on

various representative trachoma isolates (55), marked strain-specific ef

fects of tetra cycline and penicillin were observed. Each strain tended

to be inhibited in its lethality for eggs by a constant and distinct

quantity of a given antimicrobial drug. However, studies with a larger

number of trachoma and inclusion conjunctivitis isolates (56) did not

seem to support the hypothesis that drug susceptibility patterns might

be sufficiently specific and stable to serve as strain markers (55).

The inhibition pattern was fairly constant for each strain but there

was much overlapping in behavior of the different isolates. At certain

critical drug concentrations, one isolate was often much more suscepti

ble than another but it is uncertain whether these relationships would

remain constant with prolonged egg passage.

It is generally accepted that TRIC agents can infect only man

and other primates and that spontaneous infection occurs only in man.

However, it is probable that in the course of prolonged egg passage

strains may change their biologic characteristics through the emergence

or selection of mutants. For example, the trachoma strain TE-55, iso

1ated by T'ang in 1957 (13) and initially behaving as a typical TRIC

agent, has now undergone severa 1 years of passage in eggs and no longer

produces disease in man or monkeys. The same is true for the inclusion

conjunctivitis strain LB-1 which has similarly undergone consecutive

passage in eggs for several years and has lost the ability to infect the

baboon conjunctiva (57). At the other end of the spectrum of virulence

for the primate eye is the trachoma isolate BOUR which regularly pro

duces more severe disease in monkeys and man than other isolates from
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either trachoma or inclusion conjunctivitis (58, 59,60).

Attempts to infect other anima 1s with fresh TRIC isolates have

generally resulted in failure. However, Hurst and Reeve (61) were able

to adapt egg-passage lines of TE-55 and LB-1 strains to limited intra

cerebral growth in mice. The ability of these two adapted strains to

produce disease and death in mice has been documented in severa 1 Tabora

tories. The TE-55 strain has also been shown to infect the lungs of

mice and to multiply to a limited extent (62,63,64,65).

The majority of TRIC agent isolates to date cannot be propagated

in cell culture with the yield of significant amounts of infective agent.

Some workers have found that if centrifugal force is used to drive the

infectious particles into the cellular cytoplasm, the agents are able to

undergo a cycle of replication with the formation of morphologically

typical inclusions and elementary bodies. The yield from such ce11 cul

tures can be propagated for two or three sub-cultures if each time cen

trifugal force is employed to drive the particles into the tissue culture

cells. TRIC agents which have undergone continued egg passage, namely

TE-55 and LB-1, are capable of indefinite passage in cell cultures with

out the use of centrifugal force. These two strains have been exten

sively studied in cell culture and their development defined by means of

cytochemical studies and the use of metabolic inhibitors (66,67,68,69).

A method for titrating TRIC agents in cell culture has been evolved and

defined by Furness et a 1. (70). It consists of counting the number of

inclusions per tissue culture cell as a measure of the infective agent

in a given inoculum. Titers are expressed as the number of inclusion

forming units (IFU) per gram of yolk sac and appear to be quite constant

for a given infective inoculum.
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The embryonated egg has remained the basic tool for TRIC agent

research. A11 strains were originally isolated in the yolk sac of the

chick embryo and they are a 11 easily propagated in this host. However,

it has been noted by several workers in the field that TRIC agents differ

in their ability to kill the chick embryo when inoculated into the yolk

sac, some agents killing more quickly than others when the same number

of infectious units (in terms of ELD50's) are inoculated. TE-55 and

LB-1 consistently kill the embryos more quickly than other TRIC agents

and also reach a higher infective titer in terms of measurable ELD50's.

These faster killing strains may be regarded as being more virulent for

the chick embryo. In dealing with the question of virulence, an im

mediate problem is presented by the wide range of hosts which may be in

fected by a given microorganism, and one which may be virulent in a

given host system may at the same time be less virulent or completely

avirulent when measured in another host system. Thus, the term viru

lence must be qualified for the host in which it is measured. In this

case, the virulence of the TRIC agents for the chick embryo is the

system in question.

This matter of virulence has been examined by several workers

with the hope of elucidating the factor or factors responsible for the

virulence of various TRIC agents for the chick embryo. One explanation

suggested that differing virulence might depend on differences in toxi

city. That is, the elementary bodies of the fast-killing strains might

possess more toxin. However, the results of work done by Reeve (74) and

by Taverne et a 1. (75) showed that a 11 TRIC agents tested were equally

1etha 1 for mice, one MLD50 (Mouse Lethal Doses0) containing approxi

mately 2.2 x 108 particles. Thus, it appeared that differences in the
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amount of toxin per particle could not explain the differences in viru

lence for the chick embryo.

Another explanation for the observed difference in virulence has

been the possibility that the fast-killing strains grow more rapidly in

the chick embryo yolk sac to reach a lethal concentration earlier than

the slow-killing strains. In the past, studies have reported that a 11

TRIC agents tested appeared to multiply at the same rate (56,73). How

ever, a recent study by Taverne et a 1. (76) claimed that of the six TRIC

agent strains tested, the strains they designated fast-killing or more

virulent multiplied at a faster rate in the chick embryo than the slow

killing or 1 ess virulent strains. A11 their growth rate studies were

carried out at an incubation temperature of 35°. This same study re

ported that the strains which were more virulent for the chick embryo

at this conventional incubation temperature of 35° were also able to

kill the embryo when the temperature of incubation was raised to 37°,

whereas the less virulent strains failed to kill the embryo at the

higher temperature.

From the beginning of work with TRIC agents growing in the yolk

sacs of embryonated eggs, 35° has been the temperature of choice for the

incubation of eggs after inoculation with the infectious agent. This

temperature was initially chosen because it is the temperature of the

human conjunctival sac (13). Subsequently, several workers reported

that 35° appeared to be most favorable for incubation for it was at

this temperature that the highest infective titers were obtained and

more reproducible death rates and time of death resulted (50,78).

Death of an infected embryo is a manifestation of TRIC agent

growth. The work of Taverne et al. (76) indicated that some of their
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isolates were sensitive to the two degree rise in incubation temperature,

their development was accordingly affected, and they were unable to

exert a lethal effect on the embryo. Other isolates were not sensitive

to the increase in temperature and were able to propagate in the chick

embryo yo 1k sac at 37° as evidenced by the eventual death of the infec

ted embryo. During the past thirty years many examples have been des

cribed of the existence of an optima 1 temperature for viral growth above

and below which growth is greatly inhibited. Burnet and Lush (79) ob

served that the virus of ectromelia does not multiply as the chick em

bryo and does not produce lesions unless the temperature is below 39.5°.

The same is true for influenza virus, which, as shown by Burnet (80),

develops well in the chick embryo at 36° but not at 39.5°. Sigurdsson

(81) observed one-step growth curves of the vesicular stomatitis virus

developing in the chick embryo and found the titer at 39–40° to be one

percent of the titer at 35–36°. There are various references in the

literature concerning the effect of temperature on the growth of indi

vidual pox viruses. Thompson and Coates (82) studied the development

of three strains of vaccinia virus in chick embryo tissue cultures at

different temperatures and found that the yield drops by a factor of

approximately 1000 between 37 and 40°. Porterfield and Allison (83)

showed that both vaccinia and cowpox produced plaques in chick embryo

ce 11 monolayers at 39° while ectromelia did so at 35° but not at 37 or

39°. Hahon, Ratner and Kozikowski (84) give growth curves for variola

virus in the chorio-a 11antoic membrane at 35,37 and 39° and found growth

to be inhibited at 39°. In the work of Lwoff and Lwoff (85,86), the

cycle of polio virus was followed in a one step growth curve and the

results indicated that at 400 the yield was two hundred and fifty times
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smaller than at 37° indicating that the three degree rise in temperature

had markedly influenced the development of the virus.

To bring this survey of the effects of temperature on intracel

lular development closer to the TRIC agent and into the twilight zone of

the obligate intracellular parasites between the viruses and the bact

eria, Cox (87) showed that for the cultivation of rickettsiae in the de

veloping chick embryo, higher limits of infectivity were obtained when

the inoculated eggs were incubated at 35° as compared to 39°. Infecti

vity titers of the rickettsiae of Rocky Mountain Spotted Fever were

1000-fold higher at 35° than at 39°.

Within a given pathogenic species of microorganisms, some

strains are virulent for a given host whereas others are devoid of viru

1ence and the question arises: is there any correlation between viru

lence and sensitivity of development to high temperature? Numerous ex

amples exist among viral species in which the more virulent strains are

able to propagate at higher temperatures than the less virulent strains,

the most prominent of which are the polio viruses and the pox viruses.

Dubes and Wenner (88) found that the virulent strains of polio

virus, as measured by intracerebral injection into monkeys, grew more

efficiently at 39° than the attenuated strains used by Sabin in human

immunization. Studies by Lwoff and Lwoff (86) with three strains of

type I polio virus indicated that the more neurovirulent the strain,

the less sensitive to high temperature was its development. The

authors suggested that by growing a given strain either at high or 1ow

temperature, mutants could be selected which exhibited considerable

difference from the original parent strain. In the studies of Dubes

and Wenner (89), the effect of growth at 1ow temperature was investigated.
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By selecting polio viruses able to develop at 23°, strains were obtained

whose development was blocked around 37 to 38° and which accordingly

showed a markedly diminished virulence for monkeys by the intra spinal

route. It was concluded by Dubes and Wenner that the relative aviru

1ence of a cold adapted strain appeared to be due to its reduced capa

city to propagate at 37° or above - the temperature of the animal host.

Lwoff and Lwoff (86) examined the converse, and obtained hot adapted

strains of polio virus by means of serial passage in tissue culture

cells at 39,40 and 41°. After nine passages at 41°, the development of

the "hot" strains was markedly more resistant to high temperature than

that of a highly virulent, unadapted strain. Further, the neuroviru

1ence of the "hot" strains proved to be considerable and studies of

growth rates revealed that these "hot" strains developed more rapidly

than the "cold" ones.

Bedson and Dumbell (89) studied the growth of various pox virus

strains in the chick embryo to determine for each strain the highest

temperature at which pock formation of the chorio-a 11antoic membrane

occurred, and noted that these various strains differed in the tempera

tures which limited their growth. Their observations of these "ceiling

temperatures", as they called them, led to a consideration of the viru

1ence of these various pox virus strains for the chick embryo. The

viruses were compared by determining the mortality rates of twelve-day

embryos after inoculation with the virus and it was found that over the

whole series of viruses studied, the higher the ceiling temperature of

a virus the greater was its virulence for the chick embryo.

Thus, numerous examples exist in the literature which seem to

support the validity and generality of the hypothesis relating the
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virulence of an obligate intracellular parasite, in a given host system,

to its ability to grow at high temperature. Within the host system of

the chick embryo, the TRIC agents appear to exhibit differing degrees of

virulence, some isolates killing the embryo faster than others. The

study by Taverne et a 1. (76) brought the matter of temperature into the

consideration of a TRIC agent's virulence for the chick embryo. The

development of their more virulent isolates was apparently less sensi

tive to an increase in incubation temperature than was the development

of their other, 1 ess virulent isolates. The results of this initial

study which tended to correlate virulence with the ability to kill the

chick embryo at 370 posed several questions which seemed to warrant

further investigation. In a representative selection of TRIC agents, was

there a difference in the ability of the various agents to exert a lethal

effect on the embryo at 37° and was there a correlation between a given

agent's virulence for the chick embryo and its sensitivity of develop

ment to high temperature? If some isolates did appear less 1 etha 1 to

the chick embryo than other isolates at the higher temperature of 37°,

could this apparent temperature dependent lethality be explained by an

observed inhibition of development within the yolk sac at the higher

temperature, e.g. by a slower growth rate? Finally, if TRIC agents did

indeed exhibit varying degrees of temperature-sensitivity, as evidenced

by their comparative egg 1 ethality at 35° and 37", could this in turn

be correlated with other biological characteristics of the particular

isolate, e.g. its virulence for a host system other than the chick en

bryo? This paper reports the results of an investigation focused on

these questions.





/?

METHODS AND MATERIALS

Egº's
**-

Embryonated eggs were obtained from a commercial hatchery where

the composition of the feed was constant and free from known antimicrobia 1.

substances. Eggs were delivered to the laboratory once a week. Within

four days after delivery, eggs were incubated at 38° centi grade in a sa

turated humidity in a commercial egg incubator.

Following inoculation of seven-day embryonated eggs with the in

fectious agent, incubation was again carried out in a saturated humidity

in a commercial egg incubator at a temperature of either 35° or 37° centi

grade as indicated in the specific experiment. Incubation temperatures

were recorded by means of a thermometer placed in the same tray as the

eggs and were checked twice daily.

Preparation of stocks of infectious agent:

Agent dilutions estimated to kill 50% of the eggs in six or

seven days were prepared in sterile broth (proteose-peptone)- saline, con

taining 4 mg/ml dihydro-streptomycin, and a 0.5 ml. volume inoculated

into the yolk sacs, paralle1 to the long axis of the egg, of groups of

fifty to one hundred seven-day embryonated eggs using a 22 gauge needle.

Eggs were incubated at 35° and candled once daily. Deaths occurring

during the first forty-eight hours were regarded as non-specific and the

eggs discarded. When 50% of the inoculated eggs had died, the remaining

1ive eggs were sacrificed by refrigeration for three hours. Yolk sacs

from the sacrificed eggs were then harvested a septically, pooled, weighed,

vigorously shaken with glass beads for five minutes and diluted with
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sterile broth-saline to make a 50% (weight/volume) suspension. This stock

suspension was then distributed in one ml. amounts by means of a sterile

needle and syringe to rubbered-stoppered tubes and stored at - 50° centi

grade in a mechanical freezer. In this work, the following TRIC agent

isolates were used, with the approximate ELD50 titer and yolk sac passage

level (if available) given for each: inclusion conjunctivitis isolates -

1) Ic-cal 3 vs 11 ELDso 10”; 2) Ic-ca 8 ys in ELDso 10”; 3)

rt 11 – 6.5
-37-degree adapted" Ic-cal 8 Ys 21 ELDso 10 , derived from the origi

na 1 Ic-cal 8 YS 11 pool by means of ten serial egg passages at 37°; 4)
-8.0

LB-1 YS33 ELD50 10 ; and trachoma isolates; 5) AP-2 YS 11 ELD50

1077.9; 6) AP-3 vs 9 ELDso 10 **; 7) Four vs 14 ELD50 10'7", 8) Bour

Japan ELD50 10-6-7, a tissue culture adapted strain derived from the ori

ginal BOUR isolate and adapted to serial passage in HeLa cell cultures,

by means of a 1 ternating passages between chick embryo yolk sacs and tissue

culture, by Dr. Yukihiko Mitsui et al. in Japan (90). (The actual yolk

sac passage level of this strain is unknown); and 9) TE-55 ELD50 10-8-2,

a laboratory adapted strain whose actual yolk sac passage level is unknown.

Infectivity Titrations:

A tube of stock agent was rapidly thawed at 37°, 10-fold seria 1

dilutions were prepared in sterile broth-saline, using a separate sterile

pipette for each dilution, and kept in an ice bath until inoculated. 0.5

ml. of each dilution was injected by the yolk sac route into groups of

six seven-day embryonated eggs. The eggs were incubated at 35° and

candled once daily. Deaths occurring during the first forty-eight hours

were regarded as non-specific and the eggs discarded. The ELD50 (Egg

Lethal Doseso) per gram of yolk sac was calculated from eggs dying bet

ween three and twelve days after inoculation. The EID50 (Egg Infective
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Dose 50) per gram of yolk sac was calculated by examining yolk sac smears

of all inoculated eggs, both dead and surviving. The smears were stained

by the method of Macchiavello (91) and examined microscopically to deter

mine the presence (+ infection) or absence (- infection) of typical ele

mentary bodies. Fifty percent end-points were calculated by the method

of Reed and Muench (92). In titrations performed to determine the ELD50

and EID50 titers at 37° as compared to 35°, a corresponding set of 10

fold serial dilutions was prepared as above, incubated at 37° and han

d led as described.

Egg Lethality at 35 Degrees and 37 Degrees:

A tube of stock agent was rapidly thawed at 37° and 10-fold

serial dilutions were prepared as before. Groups of seven-day embry

onated eggs were injected via the yolk sac, with a 0.5 ml. volume of

3 or 10° ELD50's.the desired dilution, i.e. the dilution equivalent to 10

One half of the eggs receiving a given ELD50 inoculum was incubated at

35° and the other half at 37°. All eggs were candled once daily. Deaths

occurring during the first forty-eight hours were regarded as non-speci

fic and the eggs discarded. Random yolk sacs from eggs in each group

dying between three and twelve days after inoculation were smeared and

stained as before to confirm the presence of elementary bodies. The

to tal percent of eggs dying at each ELD50 inoculum at each temperature

was calculated as was the average day of death (ADD). For a determina

tion of ADD, surviving eggs were regarded as being dead on day thirteen

and included in the calculations. The significance of difference in the

total percent of embryo mortality at each ELD50 inoculum and at each

temperature was evaluated by means of a Chi Square analysis while dif

ferences in the ADD were evaluated using the Student "t" test (93).
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Growth Rate Study:

The growth of IC-Cal 8 and LB-1 in the chick embryo yolk sac

was investigated. For each isolate, 100-120 seven-day embryonated eggs

were injected, by the method described above, with a dose of the agent

chosen to kill the embryos seven to nine days after inoculation. One

half of the eggs in a given group was incubated at 35° and the other half

at 37°. At the time of the growth rate study, each isolate was titrated

over a set of eight 10-fold serial dilutions, according to the titration

procedure described above. Incubation was then carried out at 35°. A

particle count was also done of each yolk sac inoculum. At twenty-four

hour intervals, live eggs were removed randomly from each group at each

temperature, sacrificed by refrigeration for three hours, the yo 1k sacs

a septically harvested, pooled, weighed, shaken vigorously with glass

beads for five minutes, diluted with sterile broth-saline to make a 50%

(weight/volume) suspension, transferred in 1 ml. amounts to rubber-stop

pered tubes and stored at -50° centigrade in a mechanical freezer. With

in a few days to two weeks the pools were rapidly thawed at 37°, serially

diluted and titrated for the infective agent content in terms of ELD50

titers per gram of yolk sac. All titrations were performed by the pro

cedure described above and incubation was carried out at 35°.

Particle Counts:

The elementary bodies in films of infected yolk sac suspen

sions were stained with Giemsa and counted under dark ground illumination

according to the method of Reeve and Taverne (94).

Inclusion Counts:

TRIC agent isolates were titrated for the number of inclusion

forming units (IFU per gram of yolk sac material) formed in monolayers
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of HeLa cells according to the method of Furness et al. (70). These

assays were performed by Mrs. J. Kitchener.

Serial Passage of IC-Cal 8 at 37 Degrees:

The original IC-Cal 8 isolate was passed at 37° in the chick

embryo yolk sac for a total of ten transfers. The first egg passages

were carried out using a high concentration of infectious agent in the

inoculum while the later passages used higher dilutions of infectious

material. Inoculum dilutions were chosen which would kill the infected

embryos five to seven days after inoculation. Eggs dying between five

and seven days after inoculation were refrigerated and held until survi

ving eggs could be sacrificed by refrigeration for three hours. The

yolk sacs from both dead and sacrificed embryos were harvested asepti

cally, pooled, weighed, vigorously shaken with glass beads for five

minutes and diluted with sterile broth-saline to make a 50% (weight/

volume) suspension. The desired inoculum dilution for the next passage

was made from this 50% yolk sac suspension, again using sterile broth

saline as the diluent, and 0.5 ml. amounts inoculated into the yolk sacs

of eight to ten seven-day embryonated eggs. Eggs were incubated at 37o

and candled twice daily. Deaths occurring during the first forty-eight

hours were regarded as non-specific and the eggs discarded.





RESULTS

The egg lethality of eight TRIC agent isolates was studied at

incubation temperatures of 35° and 37°. The results are shown in Tables

I and II. To avoid any specific bias the totals of a 11 eggs receiving an

equal ELD50 inoculum of a given isolate in a series of experiments have

been pooled for a calculation of p values. A spectrum appeared to exist

among the representative isolates studied. LB-1, AP-2, AP-3, BOUR-Japan

and TE-55 were as lethal for the chick embryo at 37° as at 35° - both with

respect to the total percent of eggs dying and the average day of death

(ADD) of a given group of eggs. The BOUR isolate occupied an intermediate

position in the spectrum. No significant difference was observed in em

bryo mortality at 35 and 37° but there was a significant difference in

the ADD at the two temperatures. Deaths occurred later at 37° than at

35°. Both the IC-Cal 3 and IC-Cal 8 isolates showed a marked dissimi

larity in their behavior at the two temperatures. At 370 embryo mortality

was significantly lower and the ADD markedly increased.

When the virulence of these isolates for the chick embryo at

35° as measured by the ADD of eggs receiving a given ELD50 inoculum was

compared it was observed that some isolates did indeed kill the embryo

faster than others. TE-55 was the most virulent followed by the other

isolates in a gradient down to IC-Cal 3 and IC-Cal 8 which were the least

virulent for the embryo. However, many of the differences in ADD were

slight and only with isolates at opposite ends of the gradient, namely

TE-55 and either IC-Cal 3 or IC-Cal 8, could marked differences be ob

served. Nevertheless, there tended to be a positive correlation between
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TABLE
I

EGGLETHALITY
OF
INCLUSIONCONJUNCTIVITISISOLATES
AT
INCUBATION

TEMPERATURES
OF35
DEGREESAND37
DEGREES

IsolateIC-CAL
3

IC-CAL-8LB-1

No.ofELD50inoc.10°10°10°10°10°10° Temp.of
incubationDeaths

No.23/2324/2441/4140/4022/2227/27

35oC

%
100%100%100%100%100%100% No.21/288/2023/3213/4221/2127/27

370c

%78%40%72%31%100%100%

p
values

basedonChiSquareK.05(.01(.01K.01 Temp.of
incubation 35oCADD”8.08.98.48.47.88.2 370cADD”10.612.011.212.07.18.1 p

values
basedon
Student"t"K.001K.001K.001K.001 *Averagedayofdeath. Survivingeggscalculated

asdeadonday13
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TABLEII

EGGLETHALITY
OF
TRACHOMAISOLATES
AT
INCUBATION TEMPERATURES

OF35
DEGREESAND37
DEGREES

IsolateAP-2AP-3BOURBOUR-JapanTE-55
No.ofELD50inoc.104
||
10310°10°10"
|
10310*
|
10°10*
|
103 Temp.of

incubation
|

Deaths
ONo.24/2413/1323/2422/2522/2521/2518/1817/1724/2423/23 35°C

%
100%100%96%89%89%84%100%100%100%100%

ONo.21/2110/1321/2618/2716/2314/2423/2324/2418/1823/24 37°C

%
100%77%81%67%70%58%100%100%100%96%

p
values

basedonChiSquareX-10).10).10).10).10 Temp.of
incubation 35oCADD”7.17.77.99.18.09.47.18.16.97.8 37oCADD”6.89.28.99.811.111.56.87.36.37.3 p

values
basedon
Student"t"Y-10.04Ç001K01 *Averagedayofdeath Survivingeggscalculated

asdeadonday13
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greater virulence for the chick embryo at 35° and equal egg lethality at

35 and 37°.

The above observations indicated that the temperature of incu

bation had a definite effect of the egg lethality of certain TRIC agent

isolates while the lethal action of others was unaffected. Accordingly,

a study was undertaken to investigate, in greater detail, the growth of

two representative isolates in the chick embryo yolk sac at incubation

temperatures of 35 and 37°. Two inclusion conjunctivitis isolates were

chosen for the study: 1) LB-1, an isolate whose egg lethality was un

affected by the temperature of incubation of the infected chick embryo

and which exhibited a high virulence for this host, and 2) IC-Cal 8, an

isolate which had a significantly lower egg lethality at 37° as compared

to 35° and which was less virulent for the chick embryo than LB-1, that

is, was slower in exerting a lethal effect on the infected embryo as

manifested by the ADD of a given group of eggs. Standard infectivity

titrations were performed with each isolate for a comparison of ELD50

and EID50 titers per gram of yolk sac (Y.S.) at each temperature. Fol

lowing these titrations the growth rate of each isolate was estimated at

incubation temperatures of 35 and 37°.

The results of the infectivity titrations are shown in Table

III. Both the ELD50 and EID50 titers of IC-Ca1 8 were approximately

1000-fold lower at 37° than at 35°. LB-1 behaved very differently and

gave ELD50 and EID50 titers which were virtually the same at the two

temperatures. These findings were in agreement with the data of Taverne

et al. (76) who reported that the ELD50 titers of their fast-killing

(more virulent) strains at 37° were within three-fold of the titers at

359. By contrast, their slow-killing (less virulent) strains had ELD50
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TABLE III

INFECTIVITY TITRATIONS OF IC-CAL 8 AND LB-1 AT
INCUBATION TEMPERATURES OF 35° AND 37° c

Log10 No. of ELD50/gm. Log 10 No. of EID50/gm.
isolate of Y. S. of Y. S.

35oC 3700 350C 370C

6.6 3.0 6.8 2.7
IC-CAL 8

5.5 2.9

LB-1 7.2 6.5 7.7 8.0
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titers at 37° which were at least 1000-fold lower than at 35°.

The growth rate study was carried out according to the proce

dure described in methods and materials. Standard titrations were per

formed on the yolk sac material harvested daily from each group of eggs

at each temperature. The calculated ELD50 titers/gram of yolk sac were

plotted for each day and hand-fitted curves were drawn. The rise in in

fectious agent concentration in the harvested yolk sacs is shown in

Figure 1. In view of the thermal instability of this group of microor

ganisms the amount of infectious agent titrated in these experiments

probably represents only a fraction of the total number of particles syn

thesized. Each point is indicative of the infectious agent that accumu

lated during incubation and withstood inactivation during this temperature

exposure. No infectivity was observed with either IC-Cal 8 or LB-1 before

the second day. From the third day on the titers increased exponen

tially to reach a maximum at the mean death time of each group of eggs.

At 35° the slopes of the growth curves were the same for both

IC-Cal 8 and LB-1 although LB-1 exhibited a titer (ELD50/gram of yolk

sac) approximately 100-fold higher than IC-Cal 8 at a 11 points along the

Curve.

At 37° the results with the two isolates were strikingly dif

ferent. The growth rate of IC-Cal 8 at 37° was the same as at 35° and

an equivalent titer was attained in spite of the 1000-fold larger inocu

lum into eggs incubated at the higher temperature. The growth of LB-1

at 37° began increasing exponentially at the same time as the 35° group

but then increased at a faster rate. The average twenty-four hour in

crease was 2.1 logs at 37° as compared to 1 log at 359. This gave a

calculated doubling time of 3.4 hours at 37° and 7.2 hours at 35°. The
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maximum titer reached by LB-1 at 37° was slightly higher than the maxi

mum titer reached at 35°. This titer was attained on day six, two days

earlier than at 35°. After day six the titers of LB-1 at 37° decreased.

The inoculum of LB-1 was the same for eggs kept at 35 and 37°.

T'ang (13) reported the observation that the lethal action of

the trachoma isolate TE-55 for the chick embryo was increased upon pas

sage and that a steep rise in infectivity occurred between the tenth and

fifteenth passage. Similarly, Reeve and Taverne (73) observed that some

TRIC agent isolates changed their behavior on passage in eggs, killing the

embryos faster and also acquiring the capacity to form inclusions in HeLa

cells. They explained these changes in growth characteristics by the

emergence and subsequent selection of mutants. It was observed in our

egg lethality studies that the TRIC agent isolates which tended to be

more virulent for the chick embryo at 35° as measured by the ADD of a

given group of eggs were the ones equally virulent for the embryo at 37°.

Perhaps continued growth of a less virulent isolate at 37° might select

for a mutant which would be more virulent at 35° than the original iso

late and which would, in addition, exert an equally lethal effect on the

embryo at 37°.

Accordingly, serial egg passages were carried out at 37° using

a TRIC isolate which initially showed a much lower egg lethality at 370

as compared to 35°. The same Ic-Cal 8 pool which had been used in a 11

the egg lethality studies as well as in the growth curve study was em

ployed in the serial passage work. After ten passages at 37° a titra

tion was performed on the "37-degree adapted." IC-Cal 8 variant at both

35 and 37°. The findings with the original IC-Cal 8 isolate and the

"37-degree adapted." IC-Cal 8 variant are shown in Table IV. Whereas the
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TABLE IV

INFECTIVITY TITRATIONS OF I.C-CAL 8 AND "37-DEGREE
ADAPTED" IC-CAL 8 AT INCUBATION

TEMPERATURES OF 35° AND 37° C

Log10 No. of ELD50/gm Log 10 No. of ELD50/gm
isolate of Y. S. of Y. S.

350C 3700 35oC 3700

original 6.6 3.0 6.8 2.7
IC-CAL 8

5.5 2.9

"37-degree
adapted" 6.5 6.0 6.9 7.5
IC-CAL 8
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ELD50 and EID50 titers were 1000-fold lower at 37° than at 35° for the

original isolate the titers of the "37-degree adapted" variant were the

same at both temperatures. The "37-degree adapted" variant was also

studied with respect to its egg lethality at 35 and 37°. These results

are compared with those obtained with the original IC-Cal 8 isolate in

Table V. The "37-degree adapted" variant had evidently acquired an in

creased lethal action for the chick embryo at 37°. Embryo mortality and

ADD of the embryos were the same at both temperatures. Further, the

variant was also more virulent for the chick embryo at 35°. When ap

proximately 103 ELD50's were inoculated the ADD after incubation at 35°

was less for the "37-degree adapted." IC-Cal 8 variant than for the ori

ginal IC-Cal 8 isolate.

As stated above, Reeve and Taverne (73) reported a correlation

between increased virulence for the chick embryo and enhanced capacity

to form inclusions in HeLa cells. Similar findings were made by Larin

and Treharne (95) in studies with the LB-4 isolate of inclusion conjuncti"

vitis. Its ability to form inclusions in tissue culture was correlated

with a steep rise in virulence for the chick embryo at the seventh egg

passage as measured by the average day of death of the embryos.

A study was carried out on the ability of different TRIC agent

isolates to form inclusions in HeLa ce 11 monolayers. Of particular in

terest was the comparison between IC-Cal 8 before and after adaptation

to growth at 37°. If virulence for the chick embryo was in some way cor

related with equal egg lethality at 35 and 37° it was possible that a

correlation might exist between enhanced egg lethality at 37° and the

capacity to form inclusions in tissue culture. The results of the in

clusion count titrations are shown in Table VI. The data would be more





TABLE W

EGG LETHALITY OF ORIGINAL IC-CAL 8 AND "37-DEGREE
ADAPTED" IC-CAL 8 AT INCUBATION TEMPERATURES

OF 35 DEGREES AND 37 DEGREES

Original "37-degree
Isolate IC-CAL 8 adapted"

IC-CAL 8

No. of ELD50 inoc. 10% 10° 10° 10°

Temp. of
incubation | Deaths

No. 41/41 40/40 13/13 14/14
350C

% 100% 100% 100% 100%

No. 23/32 13/42 19/19 20/20
379C

7. 72% 31% 100% 100%

p values based
on Chi Square K.01

Temp. of
incubation

35°C ADD” 8.4 8.4 7.5 8.3

ºk
370C ADD 11.2 12.0 7.1 8.2

p values based

on Student "t" K.001 (.001

*k
Average day of death
Surviving eggs calculated as dead on day 13
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TABLE WI

INCLUSION COUNTS OF TRIC AGENTS

IN HELA CELL MONOLAYERS

Inclusion Forming Units
isolate (IFU) per gm. of Y.S.

IC-CAL 3 1.38 x 10°

original
IC-CAL 8 1.22 x 10°

"37-degree 5adapted" 1.26 x 10
IC-CAL 8

LB-1 3.40 x 10'

BOUR 7.4 x 10°

BOUR-Japan 3.7 x 106
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meaningful if ratios of particles to inclusions were available for each

isolate. However, the results permit a comparison between the represen

tative isolates. The two isolates giving the highest titers (IFU/gram

of yolk sac) were LB-1 and BOUR-Japan which were highly virulent for the

chick embryo at 35° and which exhibited an equally lethal action for the

embryo at 37°. IC-Cal 3 and IC-Cal 8 gave the lowest titers and were

less virulent for the embryo at 35° and displayed the lowest egg lethal

ity at 37° of the representative isolates tested in our studies. BOUR,

which occupied an intermediate position in the spectrum of temperature

dependent lethality, had a IFU/gram of yolk sac titer which was lower

than either LB-1 or BOUR-Japan but slightly higher than IC-Cal 3 and

IC-Cal 8. The "37-degree adapted" IC-Cal 8 variant gave a virtually

identical titer as that of the original IC-Cal 8 isolate.
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DISCUSSION

When a TRIC agent multiplies within the yolk sac of an emb

ryonated egg the number of infectious particles increases exponentially

after an initial lag period. Death of the embryo occurs when the total

number of particles reaches or exceeds a critical figure (73). The

average day of death (ADD) of a group of eggs receiving an equal ELD50

inoculum indicates the time at which this critical point is reached.

When incubation of the infected embryo is carried out at 35° some TRIC

agents attain this lethal concentration earlier than others and may be

regarded as more virulent for the chick embryo. This implies that the

development of these more virulent agents differs in some way from that

of the 1ess virulent ones. Our egg lethality studies showed that this

difference in intracellular development is accentuated if the infected

embryo is incubated at 37°. Some agents are unaffected by the two degree

difference in temperature. They are equally lethal at 35° and 37° and

are referred to as temperature-insensitive. Others are less lethal for

the chick embryo at 37° than at 35° and are designated temperature-sen

sitive.

A point of fundamental importance in this study was the pos

sible correlation between greater virulence for the chick embryo at 35°

and temperature-insensitivity within that host system. Of the represen

tative isolates studied, the ones more virulent for the embryo at 35°

were equally lethal at 37° whereas the isolates displaying less virulence

for the embryo were markedly less effective in killing the embryo at the

higher temperature. When the temperature-sensitive isolate IC-Cal 8 was
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serially passed for ten transfers at 37° a temperature-insensitive vari

ant, "37-degree adapted." IC-Cal 8, was obtained which exhibited an in

creased virulence at 35° and an equally lethal action at 37°. This ex

ample of a simultaneous change in virulence and the extent of temperature

sensitivity would seem to lend credence to the conclusion that a positive

correlation exists between the virulence of a TRIC agent for the chick

embryo and the degree of temperature-sensitivity within that host system.

The results of our study clearly show that the degree of a TRIC

agent's temperature-sensitivity is correlated with its growth rate at

37°. A temperature-sensitive isolate, IC-Cal 8, required a 1000-fold

greater inoculum at 37° to give the same final infectious yield as at

35°. Conversely, the growth of a temperature-insensitive isolate, LB-1,

was enhanced at 37°. At 35° both of these isolates displayed identical

growth rates although LB-1 exhibited a titer (ELD50/gram of yolk sac) ap

proximately 100-fold higher than IC-Cal 8 at all points along the growth

Curve .

Our growth rate results were in agreement with the findings of

Jawetz et al. (56) who measured the growth of different TRIC agent iso

lates in embryonated eggs at 35° and found that the slope of the logarith

mic increase appeared similar for all isolates tested. They further ob

served that TE-55, a strain which like LB-1 has been in continuous egg

passage for several years, regularly exhibited an egg infective titer at

least 10-fold higher than any of the California TRIC isolates.

Our results were not, however, in agreement with Taverne et al.

(76) who reported that their fast-killing (more virulent) strains multi

plied at a faster rate at 35° than their slow-killing (less virulent)

strains. These workers have stressed the fact that small differences in
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growth rate have not been considered significant because titration tech

niques used have been insufficiently precise. They investigated the

growth rates of their TRIC agents not only by titrating the infective

agent in eggs (the method used in our study) but also by means of inclu

sion count titrations in HeLa cells and counts of the total number of ele

mentary bodies. Further studies are required using more sensitive tech

niques to examine the growth rates of representative temperature-sensitive

and temperature-insensitive TRIC agents at both 35° and 37°. Such inves

tigations are presently under way.

A number of hypotheses were considered during the course of

this work to account for the selective effect of temperature on the egg

lethality of the representative TRIC agent isolates studied.

The observed results may merely reflect differences in the re

sistance of the various isolates to inactivation by heat. That is, some

isolates may be more susceptible than others to inactivation at 37° and

are inactivated before adsorption and penetration into the host cell. In

their study of TRIC agents isolates of differing virulence, Taverne et

al. (76) examined the in vitro inactivation at 37° of the virulent and

1ess virulent isolates. Suspensions of infected yolk sacs in diluent were

kept in a water bath at 37° and titrated at intervals for infectivity.

The isolates did not vary significantly in their rate of inactivation;

they a 11 decreased in infectivity by 100-300 ELD50's per gram of yolk

sac per day. The same conclusions were drawn by Bedson and Dumbell (89)

in their studies with the pox viruses. The difference in the ability to

grow at 379 did not appear to depend on differences in the rate of inac

tivation by heat in vitro.

It is evident that the phenomenon is not one of the inactivation
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of the infectious particles but rather is one of the effect of high tem

perature on the intracellular development of the agent. Our growth rate

studies support this conclusion. A higher incubation temperature de

creased the growth of a temperature-sensitive isolate, IC-Cal 8, and in

creased the growth rate of a temperature-insensitive isolate, LB-1. The

nature of the reaction affected by the higher temperature is unknown. In

studies with polio viruses findings point toward the conclusion that it

is a late reaction of the vegetative phase (85,86). The task of illumi

nating such a temperature-dependent phase in the development of the TRIC

agents would be difficult due to the very complex growth cycle of these

intracellular parasites. However, one-step growth curve studies of re

presentative agents could be carried out at 37° with the appropriate 35°

controls with the hope of elucidating the phase of intrace 11ular develop

ment which is affected by the higher temperature.

Temperature has a significant influence on the functions of

biological systems. Its effect on the rate of enzyme activity is well

known. If different TRIC agents possess enzymes with slightly different

temperature optimas and these enzymes are responsible for intracellular

development it follows that a change in temperature would affect the

agent growth. The enzyme systems in the host cell are also under the in

fluence of the environmental temperature. In view of the dependence of

TRIC agents on the metabolic capabilities of the host cell any alteration

of cellular functions in the chick embryo would accordingly influence the

intrace 11ular development of the agent.

Virulence is a property which is dependent on the interaction

between two variable biological reagents, the parasite and the host, and

cannot be looked upon as an intrinsic property of the infectious particles
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themselves. The cells of the host tissue are of equal importance in in

fluencing the outcome of an infection. Various host factors undoubtedly

play a role in determining that one parasite will be more or less virulent

than another. One mechanism of cellular defense is the production of in

terferon, a protein synthesized by animal cells in response to viral in

fection. When transferred to cells of the same species it protects them

against infection with a wide variety of viruses (96,97). Interferon

inhibits virus reproduction by its action on cells and not by attacking

the invading virus directly. There is evidence to suggest that interferon

synthesis is directly controlled by cellular nucleic acid and that the

virus merely acts as an inducing agent or irritant.

Isaacs (98) studied several viruses with respect to the possible

correlation between their virulence for the chick embryo and their opti

mal temperature for growth. Groups of ten-day old embryos were infected

with equivalent doses of various viruses and incubated under a standard

set of conditions. Those viruses with the high optimal growth temperatures

killed all the embryos while those with the lower optimal growth tempera

tures did not. The more virulent viruses were not only less sensitive to

the action of interferon but were found to be poorer stimulators of in

terferon production than the less virulent viruses. A study of interferon

production at different temperatures revealed that the greatest yields

were obtained at supra-optimal temperatures where the growth of viruses

was poor or absent. Isaacs presented the following hypothesis: Shortly

after a virus particle enters a ce11, it encounters the interferon mechan

ism when one of two things can happen. Either the production of inter

feron is stimulated or it is inhibited. In the most general terms, viru

lent virus populations are made up predominantly of particles that inhibit
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the production of interferon and are less sensitive to its action where

as less virulent virus populations are made up of virus particles that

stimulate the production of interferon and are more sensitive to its

action.

It is tempting to apply this hypothesis to the TRIC agents.

Larin and Treharne (95) have suggested that the average day of death of

embryos infected with a given TRIC agent may depend on the ratio between

particles of high and low virulence. The difference between the particles

may lie either in the sensitivity to interferon action or in the ability

to induce its production by the host cell. The particles of high viru

lence may be less sensitive to the action of interferon or poor inducers

of its production or both. If the production of interferon is enhanced

at 37° the growth of the more virulent, temperature-insensitive TRIC

agents would correspondingly be enhanced at this higher temperature. Con

versely, the growth of the less virulent, temperature-sensitive agents

would be reduced at 37° due to their greater sensitivity to a substance

which is being produced in a greater yield than at 35°. Our growth rate

studies with the more virulent LB-1 and the less virulent IC-Cal 8 are in

keeping with such a hypothesis.

In their studies with the LB-4 isolate of inclusion conjuncti"

vitis, Larin and Treharne (95) suggested that rapid egg passage at 35°

may result in the highly virulent particles in a heterogeneous population

outgrowing the ones of low virulence thereby producing a change in ratio

and consequently increasing the lethal action of a given TRIC agent for

the chick embryo. Our serial egg passage studies showed that rapid trans

fer at 37° resulted in the selection of a variant whose egg lethality

was increased over that of the original isolate. These rapid egg
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passages may be selecting for a population of particles which is less

sensitive to the action of interferon. Increasing the temperature to 370

may have the effect of accelerating the selection process. If interferon

production is indeed enhanced at 37° the selection pressures against par

ticles more sensitive to the action of interferon would be intensified at

this higher temperature.

This is an appealing hypothesis. However, any further specu

lations must await future investigation into the problem of demonstrating

the actual production of interferon by TRIC infected cells. Although no

reports have as yet been made of actual stimulation of interferon pro

duction by the PLT group agents, at least one claim has been made of

their sensitivity to its action. Sueltenfuss and Pollard (99) have de

scribed the use of the psit tacosis agent as an indicator in a cytochemi

cal technique for the assay of interferon produced in chick embryo tissue

cultures in response to the duck hepatitis virus. In a recent study by

Hopp et al. (100) a substance inhibitory to virus multiplication was de

tected in the surrounding tissue culture fluid of chick embryo monolayers

infected with Rickettsiae tsutsugamushi. Production of the inhibitory

material paralleled rickettsiae multiplication. Characterization of the

"rickettsial interferon" revealed that it possessed many of the physical

and biological properties ascribed to viral interferon. From their data

the authors concluded that the stimulation of interferon production is

not limited to virus or nucleic acid-host ce 11 interaction but may occur

with the more complex intrace 11u1ar parasites.

Another point of interest in this study was the possible cor

relation between a TRIC agent's virulence and degree of temperature-sen

sitivity within the chick embryo system and its virulence for another
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host system. Various workers have reported a positive correlation bet

ween a given agent's increased virulence for the chick embryo at 35° and

its capacity to form inclusions in tissue culture. It was observed in

our limited inclusion count studies that the more virulent and tempera

ture-insensitive isolates exhibited the highest titers (IFU/gram of yolk

sac). However, the corresponding increase in virulence at 35° and de

crease in temperature-sensitivity exhibited by the "37-degree adapted"

IC-Cal 8 variant were not correlated with an increase in the capacity to

form inclusions in tissue cultures. The IFU/gram of yolk sac titer of

the IC-Cal 8 isolate was the same before and after the ten serial pas

sages at 37°.

It is difficult to draw conclusions concerning the possible re

lationship between the reproductive capacity of TRIC agents in tissue

culture and their virulence for the chick embryo. The results obtained

from our comparative investigation of the behavior in embryonated eggs

and in tissue culture indicate some correlation although the correspon

dence does not hold true in all cases. Certainly the biological basis

for any positive relationship between the relative virulence for these

two different host systems is at present obscure. The development of a

TRIC agent in the chick embryo yolk sac involves several cycles of repli

cation within the host cells while the forming of inclusions in tissue

culture cells appears to involve penetration of the host cell by infec

tious particles in the original inoculum and the subsequent formation of

cytoplasmic inclusions without the occurrence of a second cycle of in

fection. Further investigation is required to determine the validity of

comparing these two host systems from a standpoint of a TRIC agent's

virulence.





SUMMARY AND CONCLUSIONS

The egg lethality of representative TRIC agent isolates at in

cubation temperatures of 35° and 37° has been studied. Some isolates

were equally lethal for the chick embryo at the two temperatures and

have been designated temperature-insensitive. Others were less lethal

at 37° than at 35° and have been referred to as temperature-sensitive. A

positive correlation was observed between a given isolate's virulence for

the chick embryo at 35° and its degree of temperature-sensitivity within

that host system. The more virulent isolates were equally lethal for

the embryo at 35° and 37° whereas the less virulent ones were markedly

less effective in killing the embryo at the higher temperature. A de

tailed study of two representative isolates indicated that the degree of

temperature-sensitivity within this host system is correlated with the

given isolate's growth rate at 37°. Although both isolates exhibited

identical growth rates at 35° the growth rate of the temperature-sensi

tive isolate was decreased at 37° while the growth rate of the tempera

ture-insensitive one was increased. Several hypotheses to account for

the observed selective effect of temperature on the egg lethality of

TRIC agents have been proposed.

The possibility of a positive correlation between a given TRIC

agent isolate's greater virulence and temperature-insensitivity within

the chick embryo system and its virulence for a tissue culture system has

been examined. The results of the comparative investigation indicated

some correlation although no definite conclusions can be drawn at this

time.
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