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INTRODUCTION 

Enteroviruses are known to be widely 
distributed in human beings (Beran et at., 
1967), lower animals (Kalter, 1958) and birds 
(Plummer, 1965), especially in the tropics. 
Incomplete classifications of the thousands 
of strains which have been isolated world wide 
have indicated that these viruses are quite 
specific in host species. However, on several 
occasions, human types, ie, polioviruses, 
coxsackieviruses and echoviruses, have been 
reported from lower animals. In all except a 
few reports of coxsackievirus infections and 
one possible clinical infection in swine by 
echovirus type 8, these recoveries have been 
associated with inapparent infections. Fur­
ther studies on the possible roles of lower 
animals in the transmission of enteroviral 
infections to man are definitely needed. 

In this laboratory, human enterovirus 
strains were not found in rectal swabs from 
184 immature swine, but neutralizing sub­
stances were found in low to moderate titer 
(1 : 16 - 1 : 256 vs 100 TCID5o) in normal 
porcine sera against 17 of 18 human enter­
ovirus types tested. Piglets experimentally 
fed echovirus types 1,6,7,9,11 and 13 were 
found to shed viable virus for 1 or more days 
in the case of types 6 and 13 (Gregorio, 1969). 

Polioviruses have rarely been recovered 
from animals. In 1958, Koprowski reported 
the isolation of type 1 virus from a calf, 
accompanied by specific antibody rise. In 
1959, Sommerville reported several isolations 
of type 1 virus from droppings and intestinal 

contents of a budgerigar. Experimental 
attempts to infect cattle with polioviruses 
have been unsuccessful (Sabin and Fieldsteel, 
1955), and Sommerville (1959) was unable to 
elicit experimental infection or antibody 
production in healthy budgerigars. 

Coxsackieviruses appear to infect a varie­
ty of animals much more readily than do 
polioviruses, and frequently with greater 
pathogenicity. Lundgren et at., (1968) 
recovered 136 strains of coxsackieviruses 
types BI-B3 and B5 from 38 Beagle dogs 
sampled several times over 1 year. These 
dogs, maintained in experimental animal 
kennels, remained clinically normal through­
out the study. Later, Lundgren et at., (1970) 
isolated coxsackieviruses type Bl from other 
healthy dogs in the same and other kennels. 
Verlinde et at., (1958) in the Netherlands, 
reported 18 cases of mild febrile illness in 
children in 6 families associated with contact 
with sick coughing pigs in a swine show. 
Coxsackievirus type A5 was recovered from 
the lungs of 2 of the sick pigs and serological 
responses to this virus but no recoveries of 
virus were reported in the affected children. 
In experimental studies, the disease was 
reproduced in healthy swine, and viral reco­
very and serologicalr esponse were obtained in 
the laboratory cases. Makower and Skurska 
(1957) have reported the isolation of cox­
sackievirus type A5 from the brain of a fox in 
Poland. 

Echoviruses have occasionally been re­
covered from animals. In 1956, Moscovici 
et at., (1959) in Italy recovered an enterovirus 
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from a young pig suffering from diarrhoea; 
the agent was later shown to be neutralized 
by echovirus type 8 antisera. Pindak and 
Clapper (1964) recovered 29 strains of echo­
virus type 6 from clinically healthy Beagles 
in an experimental animal kennel and later 
Lundgren et al., (1968) recovered 22 strains 
of the same virus from healthy dogs in the 
same colony. Lundgren et al., found no sero­
logical response to the echovirus infections 
in these dogs. O'Connor and Morris (1955) 
recovered Coxsackievirus type A4 from the 
blood of one of 18 live trapped cottontail 
rabbits. 

Numerous experimental animal studies 
have been performed using human entero­
viruses. Successful infections have been 
reported with polioviruses in monkeys (Land­
steiner and Popper, 1909), chimpanzees 
(Howe and Bodian, 1941), gorillas (Guilloud, 
1966), orangutans (Guilloud, 1966), cotton 
rats (Armstrong, 1939), mice (Koprowski et 
al., 1954), hamsters (Mayer et al., 1952), and 
bats (Reagan et al., 1952); with coxsackievi­
ruses in suckling (Dalldorf and Sickles, 1948) 
and cortisone treated adult mice (Kilbourne 
and Horsfall, 1951), monkeys (Wenner et al., 
1960), chimpanzees (Melnick and Kaplan, 
1953), and possibly Beagle dogs (Lundgren 
et al., 1971); and with echoviruses in monkeys 
(Lou and Wenner, 1962), chimpanzees (!toh 
and Melnick, 1957), rabbits (O'Connor and 
Morris, 1955), and dogs (pindak and Clapper, 
1966). Pathogenicity varied widely with types 
of viruses and routes of inoculation. Contact 
transmission of polioviruses from experimen­
tally inoculated to healthy monkeys has been 
reported to be very limited (Craig and Francis, 
1958). 

Neutralizing antibodies or substances 
against human enteroviruses have been found 
frequently in a variety of animal sera. In tests 
of several hundred sera reported in the paper 
of Bartell and Klein (1955) and the summary 

paper of Gelfand, (1961) positive findings 
have been most frequent in cattle, in which 
passive transfer through colostrum to calves 
has been shown. Positive findings have also 
been reported occasionally in swine, rarely in 
horses, not in sheep, rarely in chickens, rarely 
in dogs, not in cats, rarely in rats, in one 
naturally infected cottontail rabbit, in one fox, 
in one chipmunk, in one marmoset but not in 
a variety of other small mammals and birds. 
Mc Ferran et al., (1968) have shown evidence 
that the neutralizing substances against 
polioviruses in cattle are not specific antibody. 

Human enteroviruses have been recovered 
repeatedly from several arthropods. Both 
flies and cockroaches have yielded polio vi­
ruses and evidence has been presented that 
polioviruses may replicate in at least one 
species of flies. Coxsackieviruses and echovi­
ruses have been recovered from flies but have 
not been shown to replicate in them (Horsfall 
and Tamm, 1965). 

The most comprehensive epidemiological 
study of human enteroviruses in animals 
appears to be that of Grew et al., (1970) in 
Costa Rica in 1968. In a longitudinal study 
of 9 households, 56 persons and 46 domesti­
cated animals were sampled repeatedly. 
Poliovirus type 1 and coxsackievirus A20 
were recovered from both human and asso­
ciated animal stools, and coxsackievirus A9 
was found in animals but not human beings 
during the study. 

MATERIALS AND METHODS 

Animals and arthropods tested 

Dogs: Dog carcasses submitted to the 
rabies diagnostic section of this laboratory 
during 1967-1969 were sampled for enterovi­
ral studies if the intestines were intact and in 
fresh condition. Approximately 1 gram 
sections of caecum and, in most cases, also 

Vol. 3 No.1 March 1972 46 



HUMAN ENTEROVIRUSES IN ANIMALS AND ARTHROPODS IN PHILIPPINES 

ileum and rectum with their contents were 
removed and stored in separate vials at - 70°C 
until tested. When available, sera extracted 
from clotted heart blood were collected. A 
total of 149 carcasses of dogs originating 
from both rural and urban communities in 
the central Philippines were sampled, with 
caeca from all, ileum from 109 and rectum 
from 105 animals. 

Bats: Bats netted in free flight were 
exsanguinated by cardiac puncture. Caeca 
with their contents were collected at necropsy; 
both sera and caecal samples were stored at 
- 70°C. A total of 458 bats collected from 5 
towns in Negros Oriental were examined 
during 1965-1969. 

Rats and shrews: Live trapped rats and 
shrews were exsanguinated by cardiac punc­
ture. Sera and caecal samples were collected 
and stored as for bats. A total of 402 rats 
and 9 shrews collected fllOm 3 communities on 
Negros Island were examined during 1967­
1969. 

Houseflies: Musca domestica houseflies 
were collected on each of 2 days from urban 
homes, a slaughterhouse, a public market and 
a farm by attracting them to food and then 
stunning lightly. A total of 2,117 flies were 
collected with forceps, classified by date and 
source into chilled test tubes, and then stored 
at _70°C. At the time of laboratory assay, 
they were separated into pools of 25 each by 
date and source of collection. 

Cockroaches: Periplaneta americana cock­
roaches were hand caught with gloves from 
houses in 3 urban sites, placed into a large 
bottle, and frozen at _70°C. A total of 131 
cockroaches were live captured. Prior to 
laboratory study, the heads, wing sheaths and 
legs were severed and the frozen bodies were 
used for assay. 
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Skinks: Household skinks (scincidae) of 
2 species, Cosymbotus platyurus and Hemi­
dactylus Jrenatus were hand caught, with or 
without stunning as needed, from houses in 3 
urban sites. The live skinks were placed into a 
large bottle, and euthanized and preserved by 
placing at _70°C. Prior to assay, the carcasses 
were thawed, cut open and the intestines 
removed for study. 

Specimen preparation 

At the time oflaboratory assay ofspecimens, 
these were triturated in chilled mortars with 
pestles to prepare 20 % suspensions in Hanks 
basic salt solution (BSS) (Melnick, 1955) with 
antibiotics. Excised intestinal portions were 
ground with their contents. Entire houseflies 
were ground in pools; the bodies of cock­
roaches were prepared singly. The suspen­
sions of specimens were lightly centrifuged 
and supernatant fluids were inoculated into 
cell cultures or stored at _70°C until tested. 

Cell cultures 

Primary monkey (Macaque cynomolgus) 
renal cell cultures prepared in roller tubes 
essentially by the method of Yomigner (1954) 
were used in all viral isolations and serological 
tests. Lactalbumin enzymatic hydrolysate 
medium with 5% calf serum was used during 
the preinoculation growth phase; just prior 
to inoculation, cultures were changed to 
serum free Eagles medium with added cystine 
(Dubes and Wenner, 1957). 

Virological and serological studies 

Cytopathic agents were identified using 
intersecting pools of standard typing sera* 
against 100 TCIDso of the test viruses. Serum 
antibody levels from animals yielding viruses 
were measured by neutralization tests in cell 
cultures using 4 fold serial serum dilutions 

* Microbiological Associates, Inc., Baltimore, Mary­
land, U.S.A. 
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against 100 TCIDso of the homologous 
viruses. 

RESULTS 

Fourteen strains of human enteroviruses 
were recovered from 11 animals and one pool 
of houseflies tested. The species collected 
and those yielding viruses are shown in Table 
1. Poliovirus type 1 was the only type reco­
vered from dogs; the 5 positive animals came 
from 2 cities and 3 towns. One dog yielded 
virus in caecum, ileum and rectum; in all 
other cases, only a single portion of the 
intestine was positive. Poliovirus type 1 was 
recovered from one rat trapped in a hospital 
compound. 

Coxsackievirus type B3 was encountered in 
one Cynopterus brachyotis bat. This colonial 
bat commonly inhabits trees near areas of 
human habitation and utilizes fruits and 
flowers for food. This virus was also reco­
vered from 2 Rattus norvegicus rats. These 
rats commonly live in small groups in or near 
areas of human habitation. The 2 positive 
rats were trapped in a hospital compound. 
Coxsackievirus type B3 was also recovered 
from one of 55 pools of 25 houseflies each, 
caught in a public market in a lower class 
urban area and Coxsackievirus type B6 was 
recovered from one Rattus norvegicus trapped 
at a residence in the same area. A single 
echovirus, a strain of type 1 was recovered 
from an Emballonera sp. bat. This colonial 

Table 1 

Animals assayed for enteroviruses and number yielding viruses. 


Animal Species No. of Animals No. Positive %Positive.. 
Dogs Callis jamiliariS 149 5 3.4 

Bats CYllopterus brachyo/is 
Rousellus amplexicaudatus 
Macroglosslis lagochilus 
Emballollera spp. 
Scotophilus temmillckii 
Plellochyrus jagori 
Milleopleros spp. 
Haplollycteris spp. 
Hipposideros diadema 
HarpYOllycleris whiteheadi 
Nyclemine spp. 

187 
64 
61 
42 
40 
36 
10 
8 
5 
3 
2 

1 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 

0.5 
0 
0 
2.4 
0 
0 
0 
0 
0 
0 
0 

Rats Rattus norvegicus 
Rat/us mindanensis 
Unidentified Rat/us spp. 

156 
65 

190 

4 
0 
0 

2.6 
0 
0 

Shrews Suncus oceultidens 9 0 0 

Flies Musca domes/iea 2117 
(84 pools) 

1.2% 
of pools 

Cockroaches Periplaneta americana 131 0 0 

Skinks Cosymbotus platyurus 
and 

72 0 0 

Hemidactylus jrena/us 
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Table 2 

Results of laboratory assays for enteroviruses in animals. 


Homo­Animals Place of Positive logousYielding Species Age Virus Type Collection Specimens AntibodyEnteroviruses Titer* 

DogA-2 
Dog Du-44 
DogB-7 
DogZ-2· 

DogSJ-2 
Bat A-32 
BatA-183 
Rat R-156 

Rat R-197 

RatSDR-17 

RatSDR-55 

Flies, 
PooIDF-5 

Canisfamiliaris 
CaniS famHiaris 
Canis familiaris 
Canis familiaris 

Canis familiaris 
Cynopterus brachyotis 
Emballonera sp. 
Rattus norvegicus 

Rattus norvegicus 

Rattus l10rvegicus 

Rattus norvegicus 

Musca domestica 

Adult Rural town Caecum 
Adult City Ileum 
Juvenile City Rectum 
Adult Rural town Ileum, 

caecum, 
rectum 

Adult Rural town Caecum 
Adult Rural town Caeeum 
Adult Rural town Caecum 
Adult Residence, Caecum 

City 
Adult Hospital, Caecum 

City 
Adult Hospital, Caecum 

City 
Adult Hospital, Caecum 

City 
Adult Market, Whole 

City flies 

Polio type 1 
Polio type 1 
Polio type 1 
Polio type 1 

Polio type 1 
Coxsackie B-3 
Echo type 1 
Coxsackie B-6 

Polio type 1 

Coxsackie B-3 

Coxsackie B-3 

Coxsackie B-3 

1 : 8 
1 : 32 

1 : 24 

-_._-_... _-­ ~---------------------

* Where titers not listed, determinations were not made. 

cave dwelling bat is insectivorous. Enterovi­
ruses were not recovered from cockroaches 
or skinks captured in lower and middle class 
urban residences. 

Only 3 sera were available for titration 
against the homologous viruses. All were 
positive in low titer for neutralizing sub­
stances. The types of enteroviruses recovered 
in relation to age and source of the hosts, 
tissues yielding viruses, and antibody levels 
determined are shown in Table 2. 

DISCUSSION 

The relative frequency of recovery of 
polioviruses from dogs in this tropical area is 
quite different from findings reported in 
temperate countries. Four of the five positive 
dogs yielded virus in only one of the 3 tissues 
examined. In only one animal were caecum, 
ileum and rectum all positive; 2 yielded 
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virus in caecum only and one each in ileum 
and rectum only. This limited presence of 
the viruses within the digestive tracts of most 
dogs, coupled with low serum neutralization 
titers indicated a low infectivity of the virus 
for this host. 

The recovery of human enteroviruses from 
bats and rats represent the first reported 
findings in these hosts. The finding of cox­
sackievirus in one of 111 Cynopterus brachiotis 
frugivorous bats netted in one town during a 
one month period, with serological evidence 
of active infection in this animal, was consi­
dered to be an interesting but apparently 
uncommon infection. 

SUMMARY 

Fourteen strains of human enteroviruses 
were recovered from specimens of the diges­
tive tracts of 149 dogs, 458 bats, 402 rats, and 
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84 pools of houseflies. Included were 8 
strains of poliovirus type J, 4 strains of 
coxsackievirus type B3, and one strain each 
of coxsackievirus type B6 and echovirus type 
1. The dog specimens were obtained from 
animals submitted for rabies diagnosis; the 
bats, rats and houseflies were all live captured. 
Serological tests against the homotypic virus 
on 2 dogs and one rat provided evidence that 
the presence of the human enteroviruses in 
these animals represented true infections. 
Enteroviruses were not recovered from any 
of 9 shrews, 131 cockroaches or 72 household 
skinks. 

REFERENCES 

ARMSTRONG, C., (1939). The experimental 
transmission of poliomyelitis to the 
eastern cotton rat, Sigmodon hispidus 
hispidus. Publ. Hlth. Rep., 54 : 1719. 

BARTELL, P. and KLEIN, M., (1955). Neutra­
lizing antibody to viruses of poliomyelitis 
in sera of domestic animals. Prot:. Soc. 
Expt. BioI. Med., 90 : 597. 

BERAN, G.W., MACASAET, F.F. and NAKAO, 
J.C., (1967). The epidemiology and 
clinical findings in enterovirus infections 
in Negros Oriental. J. Phillip. Med. Ass., 
43 : 831. 

CRAIG, D.E. and FRANCIS, T., JR., (1958). 
Contact transmission of poliomyelitis 
virus among monkeys. Proc. Soc. Expt. 
BioI. Med., 99 : 325. 

DALLDORF, G. and SICKLES, G.M., (1948). 
An unidentified filterable agent isolated 
from the faeces of children with paralysis. 
Science, 108 : 6l. 

DUBES, G.R. and WENNER, H.A., (1957). 
Virulence of polio viruses in relation to 
variant characteristics distinguishable on 
cells in vitro. Virology,4: 275. 

GELFAND, H.M., (1961). The occurrence in 
nature of the Coxsackie and ECHO 
viruses. Progr. Med. Virol.,3 : 193. 

GREGORIO, S.B., (1969). A serological and 
virological study of human enteroviruses 
in swine. Presented at the 7th Annual 
Convention of the Phil. Soc. Anim. Sci. 

GREW, N., GOHD, R.S., ARGUEDAS, J. and 
KATO, J., (1970). Enteroviruses in rural 
families and their domestic animals. 
Amer. J. Epidem, 91 : 518. 

GUILLOUD, N.B., (1966). Paralytic polio­
myelitis in the gorilla and orangutan. 
J. Amer. Phys .. Ther. Ass., 46 : 516. 

HORSFALL, F.L. and TAMM, 1., (1965). Viral 
and Rickettsial Infections of Man. J. B. 
Lippincott Co., Philadelphia. 4th Ed., 
pp. 430-545. 

HOWE, H.A. and BODlAN, D., (1941). Polio­
myelitis in the chimpanzee: a clinical­
pathological study. Bull. Johns Hopkins 
Hosp., 69 : 149. 

ITOH, H. and MELNICK, J.L., (1957). The 
infection of chimpanzees with ECHO 
viruses. J. Exp. Med., 105 : 677. 

KALTER, 	 S.S., (1958). Animal "orphan" 
enteroviruses. Ann. N. Y. Acad. Sci., 
70: 342. 

KILBOURNE, ED. and HORSFALL, F.L., JR., 
(1951). Lethal infection with Coxsackie 
virus of adult mice given cortisone. Proc. 
Soc. Expt. Bioi. Med., 77 : 135. 

KOPROWSKI, H., (1958). Counterparts of 
human viral disease in animals. Ann. 
N. Y. Acad. Sci., 70 : 369. 

KOPROWSKI, H., JERVIS, G.A., NORTON, T.W. 
and PFEISTER, K., (1954). Adaptation of 
type 1 strain of poliomyelitis virus to 
mice and cotton rats. Prot:. Soc. Expt. 
BioI. Med., 86 : 238. 

LANDSTEINER, K. and POPPER, E., (1909). 
Ubertragung der Poliomyelitis acuta 
auf affen. Z. Immunitaetsforsch., 2: 377. 

Lou, 	T.Y. and WENNER, H.A., (1962). Ex­
perimental infections with enteroviruses. 
V. Studies on virulence and pathogenesis 

Vol. 3 No.1 March 1972 50 



HUMAN ENTEROVlRUSES IN ANIMALS AND ARTHROPODS IN PHILIPPINES 

in cynomolgus monkeys. Arch. Ges. 
Virusforsch., 12 : 303. 

LUNDGREN, D.L., CLAPPER, W.E. and SAN­
CHEZ, A, (1968). Isolation of human 
enteroviruses from Beagle dogs. Froc. 
Soc. Expt. Bioi. Med., 128: 463. 

LUNDGREN, D.L., HOBBS, C.H. and CLAPPER, 
W.E., (1971). Experimental infection 
of Beagle dogs with coxsackievirus type 
Bl. ArneI'. J. Vet. Res., 32: 609. 

LUNDGREN, D.L., SANCHEZ, A., MAGNUSON, 
M.G. and CLAPPER, W.E., (1970). A 
survey for human enteroviruses in dogs 
and man. Virusforsch., 32: 229. 

Mc FERRAN, J. B., DANE, D.S., BRIGGS, E.M., 
CONNOR, T. and NELSON, R., (1968). 
Further investigations on enterovirus­
neutralizing substances in human and 
animal sera. J. Path. Bact., 95: 93. 

MAKOWER, 	 H. and SKURSKA, Z., (1957). 
Badania nad wirusami Coxsackie. Dio­
niesienie III. Izolacja wirus a Coxsackie 
Z mozgu lisa. Arch. Immun. Thera., 
5 :219. 

MELNICK, J.L., (1955). Tissue culture tech­
niques and their application to original 
isolation, growth and assay of polio­
myelitis and orphan viruses. Ann. N. Y. 
Acad. Sci., 61 : 754. 

MELNICK, J.L. and KAPLAN, A.S., (1953). 
Quantitative studies of the virus-host 
relationship in chimpanzees after inap­
parent infection with Coxsackie viruses. 
1. The virus carrier state and the develop­
ment of neutralizing antibodies. J. Exp. 
Med., 97: 367. 

MOSCOVICI, C., GINEVRI, A. and MAGGARA­
CHIO, y., (1959). Isolation of cytopatho­
genic agent from swine with enteritis. 
ArneI'. J. Vet. Res., 20 : 625. 

MOYER, 	AW., ACCORTI, C. and Cox, H.R., 
(1952). Poliomyelitis. I. Propagation 

of the MEFI strain of poliomyelitis virus 
in the suckling hamster. Proc. Soc. 
Expt. Bioi, Med., 81 : 513. 

O'CONNOR, J.R. and MORRIS, J.A, (1955). 
Recovery of Texas - 1 type Coxsackie 
virus from the blood of wild rabbit and 
from sewage contaminating rabbits' 
feeding ground. ArneI'. J. Hyg., 61 : 314. 

PINDAK, F.F. and CLAPPER, W.E., (1964). 
Isolation of enteric cytopathogenic hu­
man orphan virus type 6 from dogs. 
ArneI'. J. Vet. Res., 25: 52. 

PINDAK, F.F. and CLAPPER, W.E., (1966). 
Experimental infection of Beagle with 
ECHO virus type 6. Tex. Rep. BioI. 
Med., 24: 466. 

PLUMMER, G., (1965). The Picornaviruses of 
man and animals: a comparative review. 
Progr. Med. Virol., 7: 326. 

REAGAN, R.L., SCHENCK, D.M. and 
BRUECKNER, A.L., (1952). Viability of 
the Lansing strain of poliomyelitis virus 
in the bat (Eptesicus fuscus). Proc. Soc. 
Expt. Bioi. Med:, 80: 257. 

SABIN, AB. and FIELDSTEEL, A.H., (1955). 
Nature of spontaneously occurring neu­
tralizing substances for 3 types of polio­
myelitis virus in bovine sera. Proc. 6th 
Int. Congo Microbiol., 2 : 373. 

SOMMERVILLE, R.G., (1959). Type - 1 poliovi­
rus isolated from a budgerigar. Lancet, 
i : 495. 

VERLINDE, J.D., VERSTEEG, J. and BEEUWKES, 
H., (1958). Mogelijkheid van een 
besmetting van de mens door vorkens 
lijdende aan een Coxsackie-virus pneu­
monie. Nederl. T. Geneesk., 102 : 1445. 

YOUNGNER, J.S., (1954). Monolayer tissue 
cultures. I. Preparation and standardiza­
tion of trypsin-dispersed monkey kidney 
cells. Proc. Soc. Expt. BioI. Med., 
85: 202. 

Vol. 3 No.1 March 1972 51 


