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ISOLATION OF FOOT-AND-MOUTH DISEASE VIRUS IN
LABORATORY ANIMALS
I. LIMITATIONS OF AVAILABLE INFORMATION
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Summary. Analysis of the available literature on the isolation of foot-and-mouth disease virus
revealed that the inoculation of laboratory animals for diagnostic purposes has not been uniform.
Studies carried out on the effectiveness of a variety of species differ from each other methodologi-
cally in several parameters which include the species, age, sex and strain of host as well as the dose,
route of administration, and volume of the inoculum. The use of viruses adapted to culture or to
different laboratory animal species represents another variable if it is considered that their infectivity
may not be comparable to that of field strains. On this basis, the comparative susceptibility of the
different species of laboratory animals to isolate Aphthovirus, and consequently, their diagnostic
effectiveness in samples from bovines with natural infections, remains to be determined.

Considering the greateconomic importance
of foot-and-mouth disease to the livestock industry
of South American countries, the availability of
procedures for its rapid and accurate diagnosis, both
inclinical cases and in carriers, is of prime interest.
For this reason, a variety of laboratory animal
species of diverse characteristics has been em-
ployed toisolate the Aphthovirus responsible for its
etiology.

In general, work in laboratory animals has
dealt with the pathogenicity (3, 8, 10, 18, 19, 26, 28,
30, 32, 33, 35, 38, 42, 43) and immunity (14, 16) of
foot-and-mouth disease, as well as on the evaluation
of diagnostic procedures (1, 2,4, 5, 7, 12, 15, 17, 20,
23,24, 27,31, 34, 36, 37, 39, 45). Animals used for

these studies included mice (3, 7, 12-14, 21, 23, 36, .

39-41, 43-45), rats (13, 14,39), guinea pigs (I, 2, 5,

Reprint requests to:
Pan American Foot-and-Mouth Disease Center (PAHO/WHO)

Bol. Centr. Panam. Fiebre Afiosa, 58: 92-96, 1992

7,9,24,39-42), rabbits (9, 15,20), hamsters (27,29,37)
and gerbils (/7). Other species such as bovines
(7,22,23,36), swine, dogs, cats and equines (/5) as
well as other systems, such as cell cultures
(4,7,23,31,36) and chick embryos (34) have also
been used.

The review of the literature on the isolation of
Aphthovirus presented in this report suggested that
the criteria for selecting different species of labora-
tory animals to inoculate them for diagnostic pur-
poses were not based on standardized comparative
studies. Accordingly, an analysis was made of the
characteristics of the animals, viruses, inocula and
experimental designs used, with the purpose of
assessing the need to perform other studies on the
subject.

Characteristics of animals
Firstly, it should be pointed out that the

number of animals used, an essential fact to evalu-
ate the implications of these studies, is reported in



most publications (/,2,5,7,9,12,17,22, 23,27,
36,40,43-45), but not in many others (4,13,
15,20,21,31,34,37,39,41,42).

On the other hand, the age of animals varies
widely throughout these papers, although it is rec-
ognized that differences in susceptibility have been
associated with this characteristic (43). For ex-
ample, reference was made to the use of newborn
(16) or suckling mice of an unspecified age (/4), or
mice aged 1-2 days (23), 4-7 days (43), 4-8 days
(21), 4-10 days (/3), 5-7 days (44), 5-8 days (5), 6-
8days (7,36), or 7-10 days (40); mice aged one (41),
three (40), or over five weeks (39) or 60-80 days
(12); pregnant adults (/4), females of 90 days (3),
or 3 to 9 months old (45).

For other species, ages of rats were specified
as 10-20 hours (/3) or as suckling rats (14, 39); for
rabbits, merely newborns (15), or 45-day olds (20);
and for hamsters, ages were given as 7 to 21 days
(37) or 7 to 60-days (35). Gerbils used were 1-4
months old, suckling and adult animals (/7); and
calves were two years old (22). The ages of inocu-
lated guinea pigs were 3 weeks (7), 3 to 10 weeks
(41) or two to four months (42). Nevertheless, in
most papers the option was made to refer to their
weight, which was 450-500 g (1), 450-550 g (24),
464,15 = 5,2 g (2) or 500-800 g (42).

The sex of experimental animals included
female mice (5, 12, 14, 39, 44) and male calves (7)
or guinea pigs (/8). This characteristic was not
mentioned in other publications (7,2,4,13,15,20-
24,29-36,40,42,43,45).

The existence of variations in susceptibility
to Aphthovirus infection among the different strains
of laboratory animals has been demonstrated (44).
Nevertheless, isolations havebeen made using more
than 16 different inbred and outbred mice
(5,7,12,23,43-45). On the other hand, this informa-
tion was not reported for other species in a signifi-
cant number of articles (/,2,13-15,20-22,
31,36,39,40), while in others (7, 24), Duncan-
Hartley guinea pigs were used.
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Characteristics of the inoculum

As with the above variations in the charac-
teristics of the different laboratory animals, neither
the inocula nor the technical conditions used for
their administration have been uniformed.

Thus, different routes of inoculation have
been used to isolate Aphthovirus. For instance,
mice havebeeninfected by intraperitoneal (5,7, 1214,
21,23,36,37,39,42-45), subcutaneous (/3,21), in-
tracerebral (27,40) and intramuscular (21,41,45)
routes, and rats were inoculated intraperitoneally
(13,14). In guinea pigs, the routes included
intradermoplantar (1, 2,39-42), intralingual (7, 24),
subcutaneous (/5) and intramuscular, intraperito-
neal or digestive (/5, 42). On the other hand,
inoculations were intraperitoneal (/5) or subcuta-
neous (20) for rabbits and by scarification (27) orby
the intradermal, intraperitoneal and intracraneal
(35) routes in hamsters. Gerbils were given
intradermoplantar or intraperitoneal (/7) inocula-
tions, while inbovines, they were intradermolingual
(7,22,23,36). In some papers (34,37), reference was
not made to the route of inoculation,

The dose of virus which was inoculated is
notindicated in most publications (2,4, 5,7,9,12-15,
17,20-24,27,31,36,37,40-45). In others, the range
constituted a wide spectrum: 10*to 10°ID, in mice
(39); or only a 10 dilution (7).

In most reports, no mention was made of the

. volume inoculated (/,2,14,20,34,37,39,41,42) and

inthe remainder, there wasa great variability in this
parameter. Thus, in mice given intraperitoneal
infections, inocula consisted of 0.001-0.27 ml (21),
0.03ml (21, 23, 40, 43), 0.04-0.03 ml (/3),0.05 ml
(7),0.1ml (3, 44, 45), 0r 0.5 ml (1 2), while volumes
of 0.01-0.27 ml (21) or 0.04-0.03 ml (/3) were
administered subcutaneously, and quantities of
0.001-0.05 ml 21 were applied intramuscularly.
Inoculations in guinea pigs varied from 0.5-100 ml
intraperitoneally (/5, 36) to 0.1 ml by the
intradermolingual (36) routes to as much as 0.3 ml
by the intradermoplantar (7) route. In hamsters,
inocula of 0.20 ml (32) or 0.25 ml (29) were
administered intramuscularly, and in rabbits, from
0.25 to 1.0 ml (9) were given intraperitoneally. In
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gerbils, 0.2 ml were inoculated by the intraperito-
neal or intradermoplantar routes (J7) while in
bovines, the injections were intralingual and varied
between 0.1 and 2 ml (7,22,23).

Characteristics of the virus

One of the principal limitations to interpret-
ing the literature in terms of the comparative sus-
ceptibility of different laboratory animal species,
and consequently, of the diagnostic effectiveness of
this method, is associated with the origin of the
strain of Aphthovirus used.

In certain studies, modified strains were
used (/,2,5,7,9,12,13,15,17,20,22,23,24,27,31,33,
34,36,37,39,40-45). These had been obtained by
passages in mice (9,15,31,32, 39-41,44,45), guinea
pigs (1,2,13,17,24,27,33,34,41,42), hamsters (37),
bovines (1,2,7,12,13,22,33,36,39,41,44,45), rab-
bits (20), piglets or chick embryos (/4). In others,
the strains were derived from cell cultures of bovine
lingual epithelium (7, 23,36,45), or of diverse origin
(31,43), BHK21 (12), bovine kidney (5,44), or pig
kidney cells (44, 45). In these studies, the number
of passages of the virus ranged between 2 and 425.

If it is considered that the infectivity and
virulence of Aphthovirus for different animal spe-
cies is modified by repeated passage in vitro or in
vivo (6,11, 25), findings obtained with viruses which
did not originate from natural infections are diffi-
cult to assess in terms of their applicability to field
situations. Along these lines, it should be pointed
out that only in some studies (4,14,15,21,35,45)
were field strains employed. In most of them, the
field viruses had been maintained through succes-
sive passages in mice (15,21,45) or alternatively, in
rats and mice (/4).

Only in two publications (4, 35) were results
based on the use of field strains obtained directly
from samples of infected bovines, although in one
(35), findings were not differentiated from those
obtained with adapted strains. This paucity of infor-
mation does not seem consonant with the impor-
tance of foot-and-mouth disease virus isolations for
epidemiologic and control purposes.

On the other hand, different viruses were
used in published studies. These belonged to type O
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(1,2,7,9,12-15,22,23,27,34,36,37,40,43, 4),typc A
(1,2,5,7,9,13-15,22,23,27,34,36,40,41,44), type C
(1,2,7,9,13-15,17,22,24,27,31,36,39,40,42-44),
SAT1 and SAT?2 (7,23,36,40,44),and SAT3 (7,22,
23,36,44), as well as type Asia 1 (7,23,36,44). In
some publications (4,20,21,45), the type of virus
employed was not stated.

Also, titrations of the various viral strains were
carried out in mice (7,9,12,21,27,43,45), guinea
pigs (1,2,7,14,42), tissue cultures (7), and bovine
lingual epithelium (7,9,22,23). Nevertheless, these
data were not provided in other studies (4,5,13,17,
20,24,31,34,36,37,39-41, 44). Furthermore, virus
effects on the various animals were assessed by
different techniques. These included the observa-
tion of clinical signs and lesions (5,9,13,17,20,27,
37,40-42); viral titrations of organs and/or tissues
(9,13,20,41); quantification of antibodies (4,12, 14);
determination of ID,, in mice (/,2,7, 22,36,39,40,
43,44) orof LD, by the method of Reedand Muench
(12,15,21,24,36,37).

CONCLUSIONS

This review points out important limita-
tions on the usefulness of laboratory animals cur-
rently employed to isolate foot and mouth disease
virus for diagnostic purposes. It is evident that
studies must be devised and conducted to determine
which species is most appropriate for future work in
this field to enhance the efficiency and effectiveness
of diagnosis. The studies must be designed to
evaluate the responsiveness of different hosts to
infection under identical physiological conditions
and employ inocula that are standardized with
respect to the viral dose, volumes and routes of
administration. Finally, it appears tobe particularly
important that the Aphthovirus employed have not
been adapted to any laboratory system.
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