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EXPERIMENTAL KERATO-CONJUNCTIVITIS OF THE GUINEA-PIG
BY ENTEROBACTERIA

Luiz Rachid TrABULSI (1)

SUMMARY

Three hundred twelve culiures of enterobacteria were inoculated in the gui-
nea-pig eye, namely: Shigella, freshly isolated cultures (104); Shigella, collection
cultures (31); enteropathogenic Escherichia coli 0124: K72 (B17) (2), other
enteropathologenic ones (32); non-pathogenic Escherichia coli (44); Escherichia
coli of group Alkalescens-Dispar (13); Salmonella (28); Arizona (1); Citro-
bacter (6); Klebsiella (12); Aerobacter (8); Serratia (1); Hafnia (1); Proteus
mirabilis (8); Proteus vulgaris (4); Proteus morganii (7); Proteus rettgert (1) ;
Providencia (9); Culture 185T-64 (1) and Culture 193T-64 (1).

Of the lot, only Shigella, Escherichia coli 0124: K72 (B17) and the cultu-
res 185T-64 and 193T-64 actually produced a kerato-conjunctivitis. All the re-
maining cultures caused no lesions on the guinea-pig eye or determined only a
mild and fleety kind of conjunctivitis, apparently of non-infectious nature. A
sharp correlation was observed between virulence and age of the cultures, in
Shigella. The cultures sampled from the Department collection were all non-viru-
lent. Much on the contrary, of the 104 recent isolates, only two strains of
Shigella sonnei, form 1I, failed to induce kerato-conjunctivitis in the guinea-pig.

The serological response of the infected animals was steady and uniform. The
highest levels of agglutinins were attained between the 10th and the 20ith day
of infection and in many of the subjects they were maintained up to the

40th day.

From the clinical, bacteriological and serological point of view, no appre-
ciable differences were detected among the infections caused by Shigella, Esche-
richia coli 0124: K72 (B17) and cultures 185T-64 and 193T-64. '

INTRODUCTION

Experimental infections in suitable labora-
tory animals have been of considerable assis-
tance in clarifying the role of host defense
mechanisms and the specific bacterial viru-
lence factors, with a variety of infectious
agents, A sensitive experimental model
would be of great value as a tool for the
better understanding of the relationships
between pathogenic enterobacteria and man,

a subject which has not been extensively
investigated. Very little is known about
most of the defense mechanisms and traditio-
nally the pathogenic properties of these bac-
teria have been explored mainly by deter-
mination of the physiological disturbances
creatéd by their endotoxins. These obser-
vations may be pertinent to the understand-
ing of the problem but similar effects are
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obtained with endotoxins derived either from
pathogenic or non-pathogenic organisms, The-
refore, the experimental model devised by
SERENY ©® may be of assistance in eluci-
dating the determinants of the pathogenic
effects of Shigella and other enterobacteria
and contribute as well, for the better re-
cognition of the disease these bacteria usual-
ly cause in man.

In view of the potentialities of the method,
we_ decided to undertake the present inves-
tigation with the main purposes of determi-
nating the enterobacteria which are patho-
genic for the guinea-pig eye and studying
with more details the serological response
of the infected animals.

MATERIAL AND METHODS

Animals. Albino guinea-pigs without re-
gard for age or sex were used throughout
the experiments. Prior to infection the ani-
mal eyes were carefully examined and those
with any ocular alteration were excluded.
After inoculation, the animals were kept in
individual cages.

Bacteria culiures. The following freshly
isolated enterobacteria cultures were em-

ployed:

Shigella dysenteriae, type 2 ............ 2
T4 !

B 5

Shigella flexneri, S 6
: : T2 26
T3 15

A S 10

A T 3

: A ¢ T 6
Shigella. boydii, Y2 3
Snigella sonnei (form I) ............. 25
(form II) ............. 2

Escherichig coli, 026: K60 (B 6) ..... 2
086: K61 (B 7) ..... 2

0111: K58 (B 4) ..... 17

0119: K69 (B14) ..... 7

0124: K63 (B 8) ..... 1

0128: K67 (B12) ..... 1
non-enteropathogenic 44
Alkalescens-Dispar . ... 13

Salmonella Sp. . ... v 9
tYPhi-murium . .................... 10
AUOTUNME oot e 3
typhi ......... IR 6
ATIZORA ..o 1
Citrobacter ................. R 6
Klebsielle .. ... ... 12

Aerobacter ........ e [P O
Hafnia . ....... ... i
Serratic . ....... ...
Proteus miirabilis .......... ... ... .....
VUlgaTis .o
MOTGAREE o oo ee et e
rettgeri
Providencit ... ...... ..ot
Culture 185T-64 ......................

Culture 193T-64 ......................

O 0 I 00 M H 0o

In addition to these, the following stan-
dard Shigella cultures were inoculated in the
guinea-pig eye:

Shigella. dysenteriae — types 1, 2, 3, 4, 5,
6, 7, 8 9 and 10.

Shigella flexneri — types la, 1b, 2a, 3, 4a,
4b, 5 and 6. 7 )
Shigelle, boydii — types 1, 2, 3, 4, 5, 6, 7,

8, 9, 10, 11, 12, 14 and 15.
Shigella sonnei — form T.

‘Most of the freshly isolated cultures ‘were
obtained from the feaces of children or adults
patients suffering from acute or chronic in-
testinal disturbances. All of them were iden-
tified by the methods recommended by
Fowarps & Ewing . Both the freshly iso-
lated and the standard Shigella strains were
submitted "to slide agglutination tests in
Trypaflavine (1:500) before inoculation.

Inoculation of the animals. A suspension
containing 2.7 X10° cells per ml (tube num-
ber 9 of McFarland’s scale) was obtained
by harvesting the growth of 16 to 20 hours
nutrient agar slants in sterile saline. 0.05 ml
of this suspension were instillated in one of
the guinea-pig eyes after lifting the upper
and lower lids, and both lids then gently
massaged to insure distribution of the or-

ganisms over the eye-ball. Fach of the new

cultures was inoculated within a week after
isolation and one guinea-pig was used for
testing each strain.

Observations on the course and bacterio-
logy of the infection. Following inoculation,
the animal eye was inspected 24 hours later
and then every 2 or 3 days until healing
of the kerato-conjunctivitis took place. If
signs of infection were not present after 7
days of the inoculation, the animals were
discarded. ° S '
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Bacteriological examination of the mate-
rial obtained from the conjunctiva and cor-
nea was performed 24 hours later and then
every 4 or 5 days until negativation, in 45
guinea-pigs inoculated with Shigella, Esche-
richia coli 0124: K72 (B17), cultures
185T-64 and 193T-64 and in.26 inoculated

with other enterobacteria.

Serological examination. Before infection
and 10, 20, 30 and 40 days later, blood
samples were taken by heart puncture for
titration of serum antibodies by agglutina-
tion, hemagglutination, gel and tube precipi-
tation and complement-fixation methods. A
total of 31 guinea-pigs inoculated with diffe-
rent serotypes of Shigella flexneri, Shigella
sonnet, Escherichia coli 0124: K72 (B17)
“and cultures 185T-64 and 193T-64 was stu-
died. Each of the nine cultures employed
were inoculated in groups of 2 to 5 animals.
Only the results obtained by the hemagglu-
tination method (FEELEY et al. 2) will be re-
ported here. A comparative study of all the
methods employed in the present research
will be published elsewhere.

RESULTS

Effects of enterobacteria culture inocula-
tion on the guinea-pig eye. Typical kerato-
conjunctivitis developed when the animals
wefe inoculated with Shigella, Escherichia
coli 0124: K72 (B17), and cultures 185T-64
and 193T-64. However, the standard Shi-
gella cultures as well as 2 recently isolated
strains of Shigella sonnei, form 1I, were non-
pathogenic for the guinea-pig eye.

Kerato-conjunctivitis was not produced in
the animals inoculated with Salmonella,
Arizona, Citrobacter, Klebsiella, Aerobacter,
Hajfnia, Serratia, Proteus, Providencia, Es-
cherichia coli 026: K60 (B6), 086: K61
(B7), 0111: K18 (B4), 0119: K69 (Bl4),
0128: K67 (Bl12), Alkalescens-Dispar and
other E. coli not belonging to these groups.
The correspondent results are shown in

Table 1.

Several animals inoculated with Salmo-
rella, Citrobacter, Klebsiella, Proteus and
with .some E. coli strains developed mild
conjunctivitis which lasted for 24 to 72
hours in most instances. However, plating of
the .ocular secretion from 26 of these ani-
mals failed to show the inoculated bacteria
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in most of them. No manifestations at all
were detected in the eyes of the guinea-pigs
submitted to infection with non-virulent Shi-
gella cultures and bacteriological examina-
tions performed 24 hours later were systema-
tically negative.

Clinical manifestations and bacteriology of
kerato-conjunctivitis, 'The incubation period
lasted for 16 to 24 hours but in a few ani-
mals the symptoms evolved only after 2 to
3 days. Infection manifested itself as a mu-
copurulent ' conjunctivitis followed by kera-
iitis, both very marked. In general, acute
manifestations began to subside after 5 to
7 days, recovering occurring in 2 to 3 weeks.

Conjunctivitis disappeared always before
keratitis, Often a mild corneal opacity las-
ted for large periods:

In one of the animals inoculated with
Shigella flexneri, type 6, kerato-conjunctivitis
lasted for 2 months, the animal dying with
unaliered ocular lesions, and abundant bacte-
ria present in the ocular secretion. In two
others, one inoculated with Shigella sonnei
and the other with the 185T-64 culture, in-
fection spread to the healthy eye, an identi-
cal evolution taking place in both: eyes.

Bacteriological examination of the ocular
secretion showed almost always thé inoculated
bacteria in pure cultures and in great
amounts at the 2nd, 4th and 5th days follow-
ing inoculation. From that moment on, a
pregressive decrease in number occurred in
the organisms produced, until their complete
disappearance. This always happened before
total healing of the keratitis and sometimes,
of the conjunctivitis. In 6 of the 45 cases
studied, other enterobacteria, chiefly E. coli,
were isolated in association with the ino-
culated Shigelle and always coincidently with
an increase in ocular secretion.

The mortality rate of the animals with
kerato-conjunctivitis was similar to that of
the animals inoculated with non-pathogenic
cultures,

Table II includes the .incubation periods,
duration of clinical manifestations and bacte-
ria elimination in 45 animals inoculated

with 'S. dysenteriae, S. flexneri, S. boydii,

S. sonnei, E. coli 0124: K72 (B17), cultu-
res 185T-64 and 193T-64, all of which were
overlooked for the presence of bacteria untﬂ
negativation of cultures took place.
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TABLE I

Effects on the guinea-pig eye, of the inoculation with 312 enterobacteria cultures

. No. of Kerato-conjunctivitis
Enterobacteria .
strains + L
Shigella (freshly isolated) ................ ..., 104 102 2%
Shigella (collection cultures) ......... ... ... covenon 31 0 31
Escherrich'iafcoli 0124: K72 (B17) .. .ot iiiia 2 2 0
Escherichia coli (groups 026, 086, 0111, 119 and 0128) 31 0 31
Escherichia coli (non-enteropathogenic) .................. 44 0 44
Escherichia coli (Alkalescens-Dispar group) .............. 13 0 13
Salmonelle and ATiZONG .. ... i 29 0 29
ClHtTODGCIET oot e e s 6 0 6
KIEDSICILA v oot et e i e e 12 0 12
Aerobacter ... .. e e e e 0
HAOfnioh ..o i R R 1 0 1 ‘
Proteus (mirabilis, vulgaris, morganii and rettgeri) ...... 20 0 20
Providencith . ....vvu it e e 9 0 9
Culture 185T-64 . ....cc.. ittt 1 .0
Culture 193T-64 . ... .ttt iii e 1 0
Shigella sonnei, form IIL.
TABLE II
Duration of ‘incubation period, clinical manifestations and bacterial excretion. in 45
guinea-pigs with kerato-conjunctivitis caused by Shigella species, Escherichia coli
0124: K72 (B17) and cultures 185T-64 and 193T-64 .
Duration in days of
Enterobacteria No. of
strains Incubation Clinical Bacterial
period manifestations excretion
Shigella dysenteriae .................. 7 1-3 13-14 10-15
' 1 1 10 6-10
Shigella Fleameri «....c.ovveeeeenivnnn. 3 1 18 12-16
6 1 15 10-15
5 1 13-14 10-15
Shigella boydii ......... .. i, 2 1-2 12-13 8-12
Shigella SOMMEt ... vviiriiiinnenenn 7 1-2 14-15 8-12
10 1-2 12-13 6-12
Escherichia coli- 0124: X72 (B17) . R
Cultures 185T-64 and 198T-64 . } ¢ 1-8 12 610
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Serological response of the infected ani-
mals. By the hemagglutination method, a
rise in antibody titre was recorded in all
the 31 guinea-pigs. The highest titres were
reached between the 10th and the 20th day
of observation. A decrease was noticed on
the 30th day but in approximately 70% of
the animals, antibodies were still present on
the 40th day. The serological response was
always very similar for the animals of each
group.

In 10 guinea-pigs, antibodies were found
in the serum collected before inoculation.

The titres were 1/4 in nine and 1/64 in
one. Nevertheless, these preexisting agglu-
tinins apparently had no influence on the
extent of antibody titres shown by these
animals. Table II presents the results-obtai-
ned for the first animal of each group.

As a further consideration of the serolo-
gical reactions, it is interesting to refer that
one guinea-pig which did not develop kerato-
conjunctivitis showed an antibody respon-
se very similar to that of two others which
actually acquired the disease (Table III).

TABLE III

Reciprocal of the highest serum dilutions containing hemagglutinins, of 9 guinea-pigs (one
of each group) presenting kerato-conjunctivitis induced by different enterobacteria

) Before Observation day
Enterobacteria

inoculation 10th 20th 30th 40th
Escherichia coli 0124: K72 (B17) ........ 0 16 16 8 8
Culture 185T-64 ..........covvvvnvenn . 0 512 32 4 16
Culture 193T-64 .........c.ovviiinnenanns 4 256 64 32 4
Shigellad SORNEeT ... ..oivevinineininnnenn . 0 4 4 0 0
Shigella flexmeri 2 ............. ... ..... o] 128 128 16 16
Shigella flexneri 6 ........... ... 4 1.024 256 64 4
Shigella flexmeri 3 ...................... 0 256 128 32 4
Shigvella flexneri 2 ... ... ... . ... ... ..., 0 512 64 64 8
Shigella flexnert 2 ...................... 0 32 32 16 0

TABLE IV

Reciprocal of the highest serum dilution presenting hemagglutinins,

of one guinea-pig

affected and one not affected by the inoculation of Shigella flexneri, type 6

, Bet " Observation day
Guinea-pig . eort?
o inoculation 10th 20th 30th 40th
With kerato-conjunctivitis .. .............. 4 1.024 256 64 8
NOrmal ...t e i o 512 512 32 8
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DISCUSSION

The results obtaired (Table 1) make it
evident that only Shigella, £. coli 0124: K72
(B17) and cultures 185T-64 and 193T-64
were effective in producing kerato-conjuncti-
vitis in the guinea-pig. The other entero-
bacteria were non-pathogenic or induced only
a mild conjunctivitis apparently of non-in-
fectious origin since the subsequent bacterio-
logical surveys failed to show the inoculated
bacteria in most of the animals. Thus, these
results regarding the pathogenicity of entero-
bacteria for the guinea-pig eye are in ac-
cordance, in most aspects, with those re-
ferred by other authors (SErENY® 7™ $;
SzTURM-RUBINSTEN et al. **; Siroxo ?; Mac-
KEL®) except for cultures 185T-64 and
193T-64 which apparently are being recog-
vized as pathogenic agents only now. In
a forthcoming paper we shall be presenting
resulis demonsirating that both cultures are
antigenically different from the enterobacte-
ria recently studied by SrEnzeL® and
SzTUuRM-RUBINSTEN et al.*® and which, to-
gether with Shigelle and E. coli 0124: K72
{B17) were so far the only enterobacteria
known to cause kerato-conjunctivitis in the
" guinea-pig.

A closed correlation between the patho-
genic action of the shigellae and the age of
the cultures could be established. We can
thus infer from same Table I, that of the

104 recently isolated cultures, only two (less.

than 2%) identified as Shigelle sonne,
form 1II, caused no lesions on the animal
eye even after repeated inoculation. On the
other hand, none of the shigellae belonging
to our collection was effective in bringing
about any kerato-conjunctivitis; they were,
.obviously, of older age but other factors
may also have influenced their loss of viru-
lence. Anyhow, a complete different line of
behaviour was observed in the two groups
of cultures, special stress being put on the
high efficiency of Serény’s method for the
demonstration of virulence of Shigella. As
a maiter of fact, except for the two strains
of S. sonnei, form II, a form already known
to be non-virulent (SERENY 7), all the re-
maining cultures freshly isolated were patho-
genic. This means to say that, excluding
the rough mutants, practically 100% of the
shigellae do produce a kerato-conjunctivitis

i

in the guinea-pig’ when inoculated in proper
concentrations and within one to seven days
after isolation.

Experimenting on a material similar to
ours, SERENY® attained results fairly com-
parable to those of the present paper. Ho-
wever, SzTURM-RUBINSTEN et al. ' pointed
no correlation between age and virulence of
their strains of Shigella, although these au-
thors did not employ cultures as recent or
as aged as ours, which could, probably, count
for the different results yielded. A close
relation age-virulence was also referred by
Siroxo °, who detected pathogenicity only in
shigellae inoculated within six months of iso-
lation. Nevertheless, more detailed studies
must be carried out to clear up the problem,
the age of the cultures and their methods of
preservation as well as other intervening
factors, being carefully surveyed. It must be
added, however, that 50% of the standard
cultures were stable in Trypaflavine,

In what concerns clinical, bacteriological
and serological characteristics, emphasis must
be laid on the steadiness and  uniformity
of the manifestations. The disease settles in
usually after 16 to 24 hours of incubation,
abundant symptoms being present during the
first 5 to 7 days; a gradual recovery takes
place then and is completed in 2 to 3 weeks.
Serial cultures prepared with ‘strains of
ocular secretion, revealed the presence of
high amounts of organisms during the first
week of infection, progressively smaller po-
pulations thereafier and its total sterilization
usually before the thorough disappearance of
the keratitis and sometinies, of the conjunc-
tivitis. The highest levels of antibodies are
attained between the 10th and the 20th day
of disease, dropping to lower values on the
30th, the antibodies finally disappearing from
the sera of some of the experimental ani-
mals around the 40th day. In most instan-

ces, however, a low antibody titre is maint-.

ained for longer periods of time. Other
phenomena such as a chronical condition or
transmission to the healthy, non-inoculated
eye, occurred relatively seldom in our expe-
riments. The clinical and bacteriological
(Table II) as well as serological behaviour
(Table III) of the experimental animals was
about the same, independently of the inocu-

“lum consisting of Shigella, E. coli 0124: K72
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(B17) or cultures’ 185T:64 and 193T-64.
Probably, the -only ‘exception observed was
that represented by the kerato-conjunctivitis
determined by S. flexneri, which lasted for
a longer period. A similar phenomenon was
noticed by SERENY 7 and GEKKER & BELA1A *
during a comparative study of different spe-
cies of Shigella as causative agents of kera-
to-conjunctivitis. :

It is interesting to observe that one of
the guinea-pigs inoculated with Shigella
showed no evidences of kerato-conjunctivitis
but did, nevertheless, develop antibodies just
in the same way as those that underwent
the infection (Table 1V). This -statement
would suggest that a previous proliferation
of the inoculated bacteria is mot a neces-
sary condition for the establishment of an
immunological response. The stimulus re-
presented by the inoculum would suffice.
SERENY 7 refers that the instillation of endo-
toxins in the conjunciival sac of guinea-pigs
induces. the production of - antibodies. . In
what concerns the immunological response,
we wish further to.lay special stress on
the fact that in our experiments a usually
high titre. of antibodies was attained, and
in a regular way, in opposition to the re-
sults reported by other researchers (Seri-
NY 7; GEKKER & BELA1A *; MACKEL et al. %;
FE1- CH ING et al.®). However, this may b,e
in part related to the method (agglutination)
“used by those authors. As will be demons:
trated, hemagglutination was the most sensi-
tive of the methods employed.

Before closing these comments, we wish
to point out the usefulness of SERENY’s ex-
perimental model, not only for studying the
different aspects of infections by enterobacte-
ria pathogenic for the guinea-pig eye,- but
as a practical process to be routinely em-
ployed in the diagnosis of the intestinal in-
fections, as well. It is an easy and low-cost
process. . Evidently, this method cannot be
recommended as exclusive for the identifi-
cation of Shigella since other enterobacteria
can also bring about kerato-conjunctivitis
and, on the other hand, the rough mutants
of shigellae -are mon-virulent. Nevertheless;
its judicious use can afford a valuable help
for the bacteriologist who cannot count on
the resources actually necessary for the-iden-

tification of Shigella, and the remalmng en-

terobacteria virulent for the guinea-pig eye.
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- trobacter (6);

baio.

RESUMO

Cérato-conjuntivite experimental do cobaio
por enterobactérias

~ Foram inoculadas no 6lho de cobaio 312
culturas de enterobactérias, assim distribui-
das: Shigella, culturas recém-isoladas (104} ;

Shigelle, culturas de colegio (31); Esche-
richia  coli entéropatogénica 0124: K72
(B17) (2), outras enteropatogénicas (32);

Escherichia coli nfo enteropatogénica (44);
Escherichia “coli, grupo Alkalescens-Dispar
(13) ;' Salmonella (28); Arizona (1); Ci-
Klebsiella  (12) ; * Aerobacter
(1); Hafnia (1); Proteus
mirabilis (8) ; Proteus vulgaris (4) ; Proteus
morganit (7); Proteus rettgeri (1); Provi-
dencia (9); cultura 185T-64 (1) -e cultura
193T-64 .(1). : S

De -t6das, apenas as pertencentes ao gé-
nero Shigella, a Escherichia coli 0124: K72
(B17) e as culturas 185T-64 e 193T-64 cau-
saram cérato-conjuntivite. As demais ente-
robactérias nfo lesaram o 6lho do' cobaio
ou causaram conjuntivite discreta e fugaz,
aparentemente nfo infecciosa. Encontrou-se
nitida -correlacdo “entre viruléncia e -idade
das culturas, de Shigella. As culturas -de
colegio foram tddas avirulentas. Ao con-
trario, das 104 recém-isoladas, apenas duas
amostras de Shigella sonnet, forma 1I, dei-
xaram de. causar cérato-conjuntivite no co-

(8); Serratia

A resposta sorolégica dos animais infeta-
dos foi constante e uniforme. As aglutini-
nds atingiram niveis mais elevados entre o
10.° e 0 20.° dia de observacéo.

Diferencas clinicas, bacteriolégicas e soro:
légicas aprecidveis nfo foram encontradas
entre as infecgGes causadas por Shigella, Es-
cherichia coli 0124: K72 (B17) e pelas cul-
turas 185T-64 ¢ 193T-64.
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