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Summary. The presentfindings demonstrate thatthe hamster is more susceptible to infection with
foot-and-mouth disease virus than the suckling mouse, traditionally used for isolating this agent.
Hamsters were more sensitive to the inoculation of Aphthovirus obtained from bovines with natural
infections. The comparison was based on clinical manifestations, mean survival time, percent
mortality, relationship between titer and mortality, and evolution of infection in weanlings. Following
In decreasing order of susceptibility were suckling gerbils, rabbits and guinea pigs, while rats were
refractory. The results are discussed in terms of their diagnostic implications for epidemiologic

studies and disease control.

.

An analytical review ol the bibliography on
the use of laboratory animals for isolating foot-and-
mouth disease virus revealed the limitations of
current knowledge (7). On this basis, the need 1o
carry out studies on the comparative susceptibility
of different laboratory animal species under identi-
cal physiologic conditions, inoculated by the same
route, with the same doscand volume ofa ficld virus
unadapted 1o any laboratory system was indicated.

: Accordingly, this paper deals with the re-
sults of a study to assess the relative advantages and
limitations of inoculating mice, rats, guinea pigs,
rabbits, hamsters and gerbils to isolatc Aphthovirus
from epithelial samples obtained from cattie with
natural infections.
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MATERIALS AND METHODS
Field samples
Epithelial samples werce collected from the

tongues of bovines infected naturaily with foot-and-
wonth discase virus, for usc as inocula. Samples

were placed in jars and covered with glycerine

phosphate bulfer. One of them (N*. 1) was obtained
inthe locality of Pehuajé, Province of Bucnos Aires,
and others (Nos. 2 and 3) in the arca of Chapaleuli,
Province of La Pampa, Argentina. A 50 per cent
dilution (1.4 ml) of each virus in Vallée medium
was distributed in 2 mi, vials which had been
sterilized under ultraviolet tight for 15 minutes.

Awtigen from epithelial samples
An aliquot (1.4 ml) of cach epithelinm was

inoculated into roller bottles containing BHK
clone 13 culture cells in Eagle's maintenance me-
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diumand incubated for 24 hours at 37°C. Following
detection of cytopathic cffect on the cell layer.
bottles were frozen at -207C for 24 houts. Subse-
quently. they were (hawed in a steam bath at 37°C.
centrifuged at 4°C lor ten minutes at 2000 G's and
the supernatant removed, All samples were kept
refrigerated at 4°C nntil ready for usc as antigen.

Viral titrations

Viral titers in microplates with preformed
layers of IBRS-2 clone 17 cells were defined on the
basis of the reciprocal of the viral difution, ¢x-
pressed as Jogarithm base 10 (10 to 1%y, that
produced a cytopathic clfeet in 50 pereent of cell
layers (W7, (). The titer obtained was 101D, /ml
for sample No. 12 10! 1D, /mllor sample No. 2;and
100 *1D, /ml for sample No. 3.

Laboratory animal specics

The species used were: CFH/Brmice (Aus-
muscnlusy, Wistar Crw/Brrats (Rattus norvegicnsy,
New Zealand whitc rabbits (Oryve tolaguscuenlnsy,
Cpr:Syr hamsters (Mesocricetis auratus), Hartley
Hart guinca pigs (¢ avia porcelins) and Cpz: Mon
gerbils (Meriones unguiculans).

Each gronp consisted of ten four-day old
suckling animals, halfof cachsex. Three gronps of
cach species were inoculated to characterizc climi-
cal signs and to register theappearance of mortality
(expressed in hours post-inoculation) by sex and
specics. Suckling animals were kept with their
mothcers at all times.

For comparalive purposcs, similar studics
were carricd out using weaned animals to collect
data using methods described for suckling animals.
Specics used were € F1/Br mice (Mus musculusy,
Cpz:Syr hanusters (Mesocricetus _auratus), and
Cpz:Mon gerbils (Meriones unguicnfatus). Each
group consisted of cight males, and therr age was
standardized at the third day after weaning, Three
of these groups werce inocutated for cach species.
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Animal inoculations

Animals were inoculated with the corre-
sponding virus titer in a 0.03 mil volume, by the
intraperitoncal ronic. Inail cascs. groups of animals
were inoculated solely withdiluent, and others were
left unireated. for usc as controls. Data on the
occurrence of clinical signs and mortality were
recorded over a five-day period.

Auntigen from dead animals

Individuals which dicd after inoculation
were eviscerated. and the skin, hair and heads were
discarded. Subscquently, all animals werc pro-
cessed according to the technique described for
mice (2). Part of cach samplc was used for typing
and subtvping and the rest frozen at -20°C for
subscquent inoculation of ccll cultures to confirm
the production of cytopathic cffect by the virus.

Complement fixation

‘Typing of all samples was carricd out by the
complement fixation test using 50 per cent hemoly-
sis (CF,). as described clsewhere (2). Antigens
preparcd from suckling and weancd animals, and
from bovine cpithelium samples were used at the
original 1:5 dilution. Antigens obtained from cell
cultures were used at a 1:1 dilution.

Samples with anticomplcment activity were
diluted 1: 10 in basbital bufTer, clarified with 1 ml of
chloroform and centrifuged at 2000 for 20 minutes,
before repeating CFtests.

Statistical studies

The Student’s t test (23) was applicd to
determine the possible existence of significant dif-
ferences in mortality between specics and by sex.

Toestimate possibic significant difTerences
in morbidity and mortality between groups inocu-
Iated with various viral titers, studics of indepen-
dence. X2 tests (32) werc used.



RESULTS
Typing of epithelial samples

Typing ofbovine tongue epithelium samples
by CF, confirmed that sample N°. 1 corresponded to
O, Campos-Brasil/58 virus, and samples Nos. 2 and
3 to C, Indaial-Brasil/71-Argentina/85 virus.

TABLE 1. Mortality by Aphthovirus in suckling laboratory
animals,

Virus O, Campos Virus C, Indaial
Mortality Hours post- Mortality Hours post-
(%) inoculation (%) inoculation
Median S.D. ‘Median  S.D.

Hamsters 100 49.0 184 100 84.0 227
Mice 100 65.0 132 60 93.6 238
Gerbits 100 60.0 124 60 84.0 125
Rabbits 100 69.0 229 0 - -
Guinea Pigs 20 400 124 0 - -
Rats 0 - - 0 - -

Clinical studies and mortality in
suckling animals

Mortality data obtained for species inocu-
lated intraperitoneally with 0.03 ml of O, virus
(mean titer 10*/ml) and with C, virus (mean titer of
10"7/ml) are shown in Table 1. No alterations were
present in controls which received diluent alone or
in normal suckling animals.

Clinical signs recorded in suckling animals
after inoculating O, Campos virus were: for guinea
pigs, minor signs, mainly weakness and hirsute
hair, and for mice, posterior weakness and ante-
mortem dyspnea. Only one hamster showed dyspnea
and general weakness before death, while gerbils
showed neurologic signs, mainly posterior paresia
and dyspnea. One rabbit, which survived to 120
hours post-inoculation, presented paresia, posterior
paralysis and generalized weakness before dying.

Clinical signs following suckling animal
inoculations with C, virus (titer 10'”/ml) were
slightin guinea pigs and mice, and consisted mainly
of dyspnea, posterior weakness and hirsutism. Ham-
sters surviving more than 120 hours after inocula-
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tion showed dyspnea and posterior weakness before
death. Gerbils showed only signs of dyspnea.

In the third group of suckling animals in-
oculated intraperitoneally with 0.03 ml of C, virus
(mean titer of 10°%/ml), no alterations or mortality
were recorded in rabbits, gerbils, guinea pigs and
rats, nor in diluent or normal controls. Mice and
hamsters did not show clinical signs, although
sudden death was recorded in all hamsters and one
mouse.

Clinical studies and mortality in weaned animals

In weaned animals, mortality was 12.5 per
cent for mice, and 100 per cent for hamsters follow-
ing inoculation with O, virus (mean titer 10>/ml). In
contrast, inoculated gerbils and control groups were
unaffected.

Clinical signs in weaned hamsters included
dyspnea, weakness, anterior and posterior paraly-
sis, opisthotonus and purulent bilateral conjunc-
tivitis, followed by loss of consciousness, and finally
death. Suckling mice control groups showed no
signs of infection.

Typing with viral antigens from infected animals

Typing results on laboratory animal samples
are shown in Table 2. In general, the best CF, | test
antigen was that collected from suckling mice,
followed by that from suckling gerbils, rabbits and
hamsters. Similar results were obtained with samples
from dead weaned animals.

In all cases, samples produced cytopathic
effect in tissue cultures. Antigens of animal origin
and those from tissue cultures retained their anti-
genic characteristics when frozen at -70°C for 90
days.

Statistical studies

Student’s t tests on data from animals in-
oculated with O, Campos (titer of 10°/ml) revealed
that only hamsterspresented highly significant differ-
ences in mortality (P<0.0005) in relation to mice
(t:3.536) and rabbits (t:3.094), while these were sig-
nificant (P<0025) with respect to gerbils (t:2.134).
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TABLE 2. Aphthovirus typing of samples from suclding laboratory animals.

0, (titer 10%/ml) C, (titer 10*7/mi) C, (titer 10%*/ml)
Posi-  Direct Anti- Posi- Direct Anti- Posi-  Direct Anti-

tive Typing  comple- tive Typing  comple- tive Typing  comple-

mentary mentary
Mice 5 4 1 [] 4 1 1 . 1
Hamsters ) 3 2 5 3 2 5 2 3
Gerbils 5 1 4 5 2 3 - - -
Rabbits 5 1 4 - . - -

In relation to sex, male hamsters showed
highly significant differences (P<0.0005) in rela-
tion to male mice (t:3.069) and rabbits (1:3.092),
and only significant differences (P<0.0025)in rela-
tion to male gerbils (t:2.340). Only female hamsters
showed significant differences (P<0.0025) with
respect to mice (1:2.194).

Nossignificant differences among species or
among their males were observed after inoculation
with C, Indaial (titer of 107/ml). Only in the case
of females, mice showed significant differences
(P<0.0025) in relation to hamsters (t:1.3979) and
gerbils (1:2.259).

Morbidity and mortality at different viral titers

After inoculation of animals with the three
titers of Aphthovirus, a value for X2= 17.48 was
obtained when suckling mouse mortality results
were analyzed, and a value of X2 = 20.32 when
morbidity was studied. On the other hand, these
values were X* = 0 and 2.08, respectively, for
suckling hamsters.

DISCUSSION
The present study provided evidence in
support of the hypothesis that hamsters are more

susceptible to inoculation by Aphthovirus obtained
from bovines with natural infections than the com-

Degregorio et al.

monly-employed suckling mice. In suckling ham-
sters, the ante-mortem time period was shorter and
clinical manifestations more severe. Furthermore,
it was observed that the onset of 100 per cent
mortality was not associated to the viral titer of the
inoculum and that it also occurred in weaned ham-
sters. In contrast, susceptibility was reduced in
suckling gerbils, rabbits and guinea pigs while rats
resisted infection.

For some species, clinical findings, mean
survival times and mortality differed from those
recorded in the literature (7). In the latter, the more
pronounced manifestations were associated with
inoculation of guinea pigs with viruses adapted to
the homologous species (8,16); weaned gerbils,
with virus adapted by 351 passages in guinea pigs
(9); and weaned mice, with viruses modified by
sucessive passages in suckling mice (4,13). These
apparent discrepancies maybe explained by consid-
ering that the Aphthovirus employed in this study
were field samples, while other publications dealt
with strains modified by repeated passages. Along
these lines, it is recognized that the repeated pas-
sage of Aphthoviruses in tissue cultures or labora-
tory animals may modify their biological character-
istics (7). Consequently, their titer, infectivity and
virulence may increase in new substrates, and di-
minish for the original system.

In contrast, these differences in the severity
of infections by field and adapted strains were not
applicable to suckling or weaned hamsters, nor to



suckling mice or gerbils. This observation may be
accounted for in terms of their having a high natural
susceptibility to Aphthovirus, which does not allow
the expression of differences between field and
laboratory strains, as observed in this study and in
others (9,11-13,16,20). Similarly, these discrepan-
cies were not seen with suckling rats or rabbits, an
observation in agreement with their high degree of
natural resistance to infection with field strains, as
observed in this study and in other papers with
modified viruses (3,6,16,21).

The complement fixation test is widely used for
the diagnosis and identification of foot-and-mouth
disease viruses. However, in those cases in which
the sample is inadequate, or the results inconclu-
sive, itis deemed necessary to increase the available
quantity of virus by means of passages in cell
cultures, or in 2-7 day-old suckling mice (/7).
Accordingly, the greater susceptibility recorded for
hamsters vis-4-vis other laboratory animals in the
present study is suggestive of their usefulness in
such diagnostic situations.

In general, the proposal to use hamsters to
isolate Aphthovirus from field samples, particu-
larly from highly contaminated epithelia, receives
support from other considerations. These include
the fact that the hamster is normally affected by
fewer infectious diseases than other laboratory ro-
dents (1) and the observation that these animals are
used regularly for the selective isolation of leptospiras
from contaminated samples (14, 15). Other charac-

teristics of hamsters, such as their easy raising and
management, render them suitable for production
by laboratory animal facilities with an average
infrastructure, as those which are distributed widely
throughout Latin American and Caribbean coun-
tries (19).

Furthermore, recently weaned hamsters, whose
susceptibility was comparable to that of suckling
mice, clearly surpass the latter in factors related to
management, breeding and development. These
aspects are critical since they may distort expected
morbidity and mortality indices, introduce signifi-
cant deviations in trials, and consequently, condi-
tion results. Another advantage is that, because of
their greater weight, they provide larger samples of
infected tissues greater than suckling mice or ham-
sters.
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In general, animal inoculations may be
carried out in peripheral laboratories of low com-
plexity, which predominate throughout Latin Ameri-
can and Caribbean countries (/0, 18, 19). Viral rep-
lication in susceptible animals allow the quantities
of available viral particles to increase, and accord-
ingly, favours their viability during transit from
field to central laboratories, for specialized studies.
On thisbasis, it would be of interest todetermine the
relative value of hamsters and cell cultures for
isolating Aphthovirus. The frequency of anti-
complementary activity in samples from hamsters
suggests the need to obtain data on the comparative
effectiveness of other techniques used currently for
typing Aphthovirus, in samples from different labo-
ratory animal species.
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