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SUMMARY: Serious salmonellosis occurred in groups of cynomolgus monkeys 
newly imported into Tsukuba Primate Center for Medical Science from the 
Philippines in 1985. During the quarantine period, Salmonella typhimurium (29 

strains) and S. Stanley (1 strain) were isolated from 30 of 130 imported monkeys. 
Twenty-eight of the 30 infected monkeys excreted mainly watery diarrhea, and 

occasionally bloody mucous stool. Seven of the 28 clinical cases infected with S. 
typhimurium resulted in death or in moribund state. In both the small and large 

intestines of autopsied monkeys, acute inflammatory changes were observed.

INTRODUCTION

Many investigators have published papers concerning the isolation of 

Salmonella from nonhuman primates (1-12). Salmonella organisms are 

occasionally associated with overt disease symptoms in nonhuman primates 

(2,4,6,12), but most animals infected are symptomless (3,7,10). Therefore, we had 

not thought that Salmonella organisms were such important pathogens at our 

laboratory primates quarantine facility.
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According to our epidemiological survey for the infection with pathogenic 

bacteria of wild cynomolgus monkeys imported from Southeast Asian countries 

from 1982 through 1984, Salmonella infection rate averaged about 1% on arrival 

at Tsukuba Primate Center for Medical Science (TPC). During the quarantine 

period of at least 9 weeks, only one of the Salmonella-positive animals excreted 
bloody mucous stool and died of enteritis, while the other animals were 

asymptomatic and Salmonella organisms disappeared spontaneously from their 

gastrointestinal tracts.

Recently, we encountered an outbreak of serious salmonellosis among 

cynomolgus monkeys newly imported from the Philippines into TPC quarantine 

facility. The present report deals with the bacteriological, serological, clinical and 

pathological findings.

MATERIALS AND METHODS

Animals: From September through October, 1985, a total of 130 cynomolgus 
monkeys (Macaca fascicularis) in three different groups were imported from the 
Philippines into TPC. Groups 1, 2 and 3 were consisted of 50, 50 and 30 animals, 
respectively. The animals in each group were divided into six to 10 transportation 
crates containing five animals each. It took about one day for transportation of 
animals from the Philippines to TPC by air. The methods of care and management 
of newly arrived animals were the same as described previously (13).

Bacteriological test procedure: Fecal specimens collected by the rectal swab or 
freshly evacuated feces were used for the isolation of Shigella and Salmonella. 
Specimens taken from dead and euthanized monkeys were also used for bacterial 
isolation. Immediately after collection, the specimens were cultured on both 
Salmonella-Shigella (SS) agar and desoxycholate-hydrogen sulfide-lactose (DHL) 
agar. Most of the specimens, except blood, were inoculated also into enrichment 
broth (Hajna's tetrathionate broth or Selenite broth). Blood samples were 
inoculated into another enrichment broth: Vacutainer Culture Tube containing 
supplemented peptone broth (Becton-Dickinson & Co.). After incubation at 37 C 
for 18 or 48 hr, each enrichment culture was placed on DHL agar or Trypticase soy 
agar (BBL) with 5% horse defibrinated blood. The procedures for isolating and 
identifying Shigella and Salmonella were based on the ordinary diagnostic 
bacteriological techniques. The determination of serovars of Salmonella isolated 
was carried out by use of the Salmonella diagnostic antisera (Difco and Denka 
Seiken Co., Ltd., Tokyo).

Serological test: All the sera taken were stored at -20 C until examined. The 
sera were inactivated at 56 C for 30 min and diluted with saline twofold serially
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from 1:10 to 1:1,280. The antibody level against somatic (O) antigen of Salmonella 
was examined by the O agglutination test (Widal test) according to the method 
described by Sakazaki (14).

Drug-sensitivity test: Thirty isolated Salmonella strains were tested for the 
sensitivity to 12 kinds of antibacterial drugs , namely, ampicillin, erythromycin, 
chloramphenicol, tetracycline , kanamycin, dihydrostreptomycin, cephalothin, 
cefazolin, colistin, sulfisoxazole, nalidixic acid and rifampicin . The drug 
sensitivity was tested by the agar dilution method for rifampicin , and the disc 
method for dihydrostreptomycin using Showa Disk (Showa Yakuhin Kako Co ., L

td., Tokyo) containing 50 fig/disc of dihydrostreptomycin and Tridisk (Eiken 
Chemical, Co., Ltd., Tokyo) of three-graded concentrations of the other 10 drugs . 
In rifampicin, strains which could not grow in concentration of 50 pg/ml were 
determined to be sensitive. In the other 11 drugs , slightly sensitive strains were 
determined to be resistant.

Histopathological observations: In total , seven monkeys were autopsied. 
Their internal organs, including the alimentary tracts , were examined for 
microscopic lesions by the ordinary histological method .

RESULTS

Infection Rate of Salmonella in Cynomolgus Monkeys 

during the Quarantine Period
Out of 130 cynomolgus monkeys , 30 (23.1%) were infected with Salmonella 

during the quarantine period of 9 weeks (Table I) . One monkey in Group 1, one in 
Group 2 and five in Group 3 harbored Salmonella on arrival at TPC . Thereafter, 
the infection rate of Salmonella in each group increased to 18-28% by the end of the 

quarantine period. Shigella was not isolated from any monkey during the 

quarantine period.

Twenty-nine of 30 Salmonella isolates were serologically identified as S . 
typhimurium and the other one as S . stanley.

Clinical Findings of Monkeys Infected with Salmonella

The main symptom in overt clinical cases was diarrhea . As shown in Table I, 
28 (27 S. typhimurium-positive and one S . stanley-positive animals) of the 30 
infected monkeys showed mainly watery diarrhea , and occasionally bloody mucous 
stool accompanied with anorexia and depression . The remaining two monkeys 
infected with S. typhimurium showed no sign of disease and the bacilli disappeared
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spontaneously. Fourteen (50%) of these 28 diarrheal cases began to excrete 

diarrheal stool within 7 days after their arrival at TPC. In general, diarrhea 

continued for a few days to about one month.

Four cases died 4, 9, 14 and 21 days after the onset of diarrhea. The other 

three were euthanized 4, 8 and 25 days after the onset of diarrhea, because they 

became moribund (Table I). All of the seven monkeys were infected with S. 

typhimurium.

The typical course of diarrheal cases was as follows: No. 12 of Group 1 

harbored S. typhimurium in normal stool on arrival and began to excrete diarrheal 

stool one day after arrival. The diarrhea continued for 22 days until death in spite 

of the treatment with colistin. S. typhimurium was re-isolated 3 and 15 days after 

the onset of diarrhea. The same serovar of Salmonella was isolated from the 

stomach, the small intestine, the large intestine and the bile of the autopsied 

monkey (Table II).

No. 82 of Group 2 began to excrete diarrheal stool 3 days after arrival. The 

diarrhea continued for 26 days despite the administration of cefazolin, colistin and 

rifampicin. The monkey became moribund and was euthanized 25 days after the 

onset of disease. S. typhimurium was isolated from the large intestine and the 

intestinal lymph node at autopsy as well as from stool 2, 9 and 19 days after the 

onset of disease (Table II). The O agglutinin titer of this monkey was below 1:10 on 

arrival and rose to 1:160 at autopsy 25 days after the onset of disease (Table III).

Pathological and Bacteriological Findings in Autopsied Cases

Congestion and edema were observed in the mucous membrane of the ileum 

of monkey No. 41, and in the cecum or the colon of monkeys Nos. 12, 68 and 82. 

Besides the intestinal lesion, the mesenteric lymph nodes of monkey No. 68 were 

swollen. Microscopically, adhesion of the villus in the small intestine was 

observed. Degeneration and desquamation of the epithelium of mucous membrane 

were observed in the small and large intestine. The lamina propria and the 

submucosa were edematous and congestive. The lamina propria was infiltrated 

with small round cells and histiocytes, but rarely with polymorphonuclear 

leukocytes. In some cases, micro-abscess was observed within the crypts (Fig. 1). 

No pathological lesion that was judged to be associated with Salmonella infection 

was found in any other internal organs examined.

Isolation of S. typhimurium from various organs of autopsied monkeys is 

shown in Table II. The bacilli were isolated from the gastrointestinal tracts in
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Fig. 1. The colon of monkey No. 82 euthanized 25 days after onset of 

diarrhea. The epithelial tissue is markedly degenerated and 

desquamated. Lamina propria is infiltrated with small round cells and 

histiocytes, and congestive. Micro-abscess in crypt is observed. 

Submucosa is congestive and edematous. Original magnification •~100.

all cases examined and from the intestinal lymph nodes in two of three cases 

examined. In one of four cases examined, the bacilli were isolated also from the 

bile. However, no Salmonella was found in heart blood of three cases examined.

O Agglutination Antibody in Salmonella-positive Monkeys

As shown in Table III, out of 30 Salmonella-positive monkeys, 24 infected 

with S. typhimurium and one infected with S. stanley were examined for O 

agglutination antibody against the homologous antigen.

In all monkeys infected with S. typhimurium, O agglutinin titers were 1:20 or 

lower on arrival at TPC. Of the 24 monkeys, 22 excreted diarrheal stools but the 

remaining two showed no clinical signs during the quarantine period. In all 

diarrheal cases except two (Nos. 126 and 130), the titer increased to 1:20 - 1:160 7 

to 48 days after the onset of diarrhea. On the other hand, the titers of two non-

diarrheal cases (Nos. 101 and 121), that were below 1:10 on arrival, did not show 

any noticeable change throughout the quarantine period.
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Table IV. Drug sensitivity of 30 Salmonella strains 

isolated from cynomolgus monkeys

In one monkey (No. 81) infected with S. stanley, the titer was 1:10 on arrival 

and showed only twofold rise 34 days after the onset of diarrhea.

Drug Sensitivity of 30 Salmonella Strains Isolated

As shown in Table IV, all the strains tested were highly sensitive to 

cephalothin, cefazolin, colistin, and nalidixic acid. Twenty-nine of the 30 strains 

were sensitive to 25 or 50ƒÊg/ml and the remaining one was resistant to 100ƒÊg/ml 

of rifampicin. However, most strains were resistant to ampicillin, erythromycin
, 

chloramphenicol, tetracycline, kanamycin, dihydrostreptomycin and sulfiso-

xazole.

On the basis of the results described above, 21 diarrheal monkeys received 

cefazolin, colistin, rifampicin and ampicillin singly or in combination. Eighteen of 

these 21 monkeys recovered from diarrhea but the remaining three died or became 

moribund. Of the seven diarrheal monkeys which received no antibiotics, three 

recovered spontaneously from diarrhea and the other four died or became 

moribund. In spite of the administration of antibiotics, Salmonella was found in 

feces for a long period in some monkeys which recovered from diarrhea .
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DISCUSSION

The present bacteriological, serological, clinical and pathological findings 

clearly demonstrated an outbreak of salmonellosis in cynomolgus monkeys newly 

imported from the Philippines.

Although little is known as yet about the pathogenicity of many different 

serovars of Salmonella isolated from nonhuman primates, Fiennes et al. (15) 

described that S. typhimurium, S. stanley and S. enteritidis are the most 

pathogenic for nonhuman primates. The present results, showing that the 

serovars of Salmonella isolated from diarrheal monkeys were S. typhimurium and 

S. stanley, seemed to confirm the description by Fiennes et al (15).

Lapin and Yokovleva (16) reported that the pathological lesions of catarrheal 

enteritis in monkeys that died of salmonellosis were primarily found in the small 

intestine with lesser involvement of the large intestine and the stomach. On the 

other hand, Kent et al. (17) stated that the early lesion in rhesus monkeys 

administered intragastrically with S. typhimurium was more predominant in the 

large intestine rather than in the small intestine. In the present salmonellosis 

caused by S. typhimurium, the pathological lesions involved both the small and 

large intestines.

A comparison of the clinical and pathological findings between simian 

salmonellosis and simian shigellosis seems very interesting and important from 

the viewpoint of nonhuman primate models of human diseases as well as of 

nonhuman primate medicine. In the present simian salmonellosis, mainly watery 

diarrhea and occasionally bloody mucous stool were seen, but in simian shigellosis, 

mainly bloody mucous stool was observed (18,19). With regard to salmonellosis, 

pathological lesions were found both in the small and large intestines, while in 

shigellosis the lesions were confined to the large intestine (20). In addition, the 

degree of the inflammatory reaction in the large intestine in salmonellosis was 

milder than that in shigellosis.

Little information is available concerning the therapeutic effect of antibiotics 

on simian salmonellosis. Schneider et al. (1) stated that none of the broad-

spectrum antibiotics such as terramycin and chloramphenicol had a significant 

effect on Salmonella infection in macaque monkeys. Generally, antibiotic therapy 

for salmonellosis in humans, even when the causative organisms are demonstrated 

to be sensitive in vitro, does not shorten or otherwise alter the clinical course of 

illness. Dixon (21) and Aserkoff and Bennett (22) reported that antibiotic 

treatment in acute Salmonella gastroenteritis did not shorten the period of 

symptomless excretion of Salmonella organisms, but prolonged it. In the present
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study, antibiotics that had been judged effective by the in vitro test proved to be 

effective for the reduction of mortality, but not effective for the complete 

elimination of Salmonella carriers. Since monkeys with salmonellosis were given 

different regimens of antibiotic therapy, the exact information pertaining to the 

choice of antibiotics, the specific dosage, and the duration of treatment was not 

necessarily obtained in the present study. Therefore, further investigations are 

required to clarify these points.

As to the source of Salmonella infection in the present monkeys, we consider 

that they had been infected with the organisms at the monkey-dealer's compound 

in the Philippines, because the organisms were isolated from stool specimens taken 

on arrival at TPC in all three different shipments.

According to Lapin and Yakovleva (16), the fact that salmonellosis rarely 

occurs in nonhuman primates, in spite of their crowded feeding conditions and the 

comparatively high incidence of Salmonella carriers, suggests that the nonhuman 

primate animals are highly resistant to Salmonella infection, and the disease does 
develop if the resistance is lowered. We think that the present outbreak of 

salmonellosis must have been related to lowered resistance that may have resulted 

from stressful situations caused by the transportation from the country of origin to 

Japan and the rapid changes in feeding conditions at TPC.

Bohnhoff and Miller (23) reported that oral administration of streptomycin 

increased the susceptibility of mice to infection with the streptomycin-resistant 

strain of S. enteritidis. In addition, Miller and Bohnhoff (24) considered that the 

increased susceptibility was related chiefly to the elimination of Bacteroides 

species from the intestine. Many salmonellosis cases in the present study had been 

given chloramphenicol or ampicillin before the onset of clinical symptoms for 
either prophylactic treatment of pneumonia or therapy for trauma. It can be 

considered, therefore, that the antibiotic treatment may have been a provoking 

factor for the present occurrence of salmonellosis.

We have never experienced such a serious outbreak of salmonellosis in 

cynomolgus monkeys as the present one. Therefore, we think that more 

appropriate attention should be paid to Salmonella as well as Shigella infection in 

newly imported cynomolgus monkeys.
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