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Circulation of Campylobacter spp. in rhesus monkeys
(Macaca mulatta) held in captivity: a longitudinal study
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Campylobacteriosis is an extremely important zoonosis, circulating freely in the environment. In nonhuman
primates kept in open facilities and bred for experimental purposes, the presence of Campylobacter spp. could
cause severe damage to the production and interfere with the results of scientific research. In this paper, we
assessed the circulation of Campylobacter spp. in a colony of clinically healthy rhesus monkeys (Macaca mulatta)
destined to research. The analysis was carried out during seven non-consecutive years. Data showed that
despite several changes made in animal management along the studied years in order to control this zoonosis,
reduction of bacterial charge did not occur. Significant differences among the age groups and sex were ob-
served. Infants showed higher susceptibility than adult animals. In general males were more infected than
females. Modifications adopted in the handling techniques need to be reviewed with the intent of improving the
production, reducing bacterial infection of the stock and avoiding undesirable cross reactions in the research
carried out with these animals. Therefore, this paper alerts professionals that work directly with captive rhesus
monkeys about the risks of Campylobacter spp. infection and possible interference on the experimental proce-
dures.
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Campylobacteriosis is a zoonosis discovered in the
XIX century, however it was only recognized and studied
in detail since the 1970s. The disease is of worldwide
distribution and able to cause since light self-limiting
diarrheas to severe enterocolites, abortions, other than
gastric infections, and even septicemia leading to death,
mainly in children up to five years of age (Acha & Szyfres
1989). The primary virulence mechanism used by
Campylobacter spp. to produce colitis is still unknown.
There is however recognized participation of entero-
toxins, cytotoxins, and bacterial invasion (Wassenaar
1997). During the last decade, this disease was
responsible for severe enteritis in animals and humans
(Stutman 1994, Moore et al. 2005).

The disease in animals is relevant from the point of
view of public health, seen that animals represent
important reservoirs. As refers to the species used for
production, Campylobacter interferes with the
production results by causing diarrheas that can lead to
death (Acha & Szyfres 1989).
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In the developing countries this agent is of con-
siderable importance among the bacterial diarrheas, being
transmitted by contaminated water and food. Lack of
hygiene is the principal source of contamination (Lauria-
Filgueiras & Hofer 1998, Evans et al. 2003). Poultry
and swine play an important role since Campylobacter
makes part of the normal intestinal flora of these animals.
In general, all animals can be assymptomatic reservoirs
and thus represent a serious risk for the human population
(Acha & Szyfres 1989).

Recurring enterocolites caused by Campylobacter
spp. are the main cause of morbidity in colonies of rhesus
monkeys (Macaca mulatta) held in captivity (Sestak et
al. 2003). As laboratory animals and considered
reservoirs without clinical manifestations, rhesus mon-
keys are a potential source of contamination mainly
for the healthy animals of the colony and for the
professionals working in direct contact with them (Fox
1982). Besides, primates can host bacteria that can result
in cross-reactions, jeopardizing the interpretation of
experimental results. The infected animals may present
with delayed development and weight gain so that the
animal cannot be delivered for research. Weanlings with
less than six months of age, for example, are much more
susceptible to the disease, which generally leads to death
(Walker et al. 1986, Russel et al. 1987, Paul-Murphy
1993).

Non-specific enteritis are common findings in lab-
oratory animals and generally the etiologic agent is not
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identified (Russel et al. 1993). The present study
evaluates the circulation of Campylobacter spp. in a
colony of clinically healthy rhesus monkeys, held in
captivity.

MATERIALS AND METHODS

Animals - All rhesus monkeys of the Primatology
Department of the Laboratory Animal Breeding Center
(Cecal), Oswaldo Cruz Foundation (Fiocruz), Rio de
Janeiro, Brazil were evaluated in the course of seven not
consecutive years: from 1995 to 1999, in 2002 and 2003.
Along these years we examined a total of 243 samples
in 1995; 255 in 1996; 253 in 1997; 272 in 1998; 293 in
1999; 323 in 2002; and 320 in 2003, representing a total
of 1959 samples. A single sample per year was collected
during the annually medical management. Presently, the
Department keeps approximately 450 rhesus monkeys
destined to biomedical research.

For analyzing the results, the animals were separated
according to sex and age. The ages were divided into
infant (0 to 12 months), juvenile (13 to 48 months),
subadult (49 to 72 months), and adult (older than 73
months). Table I shows the number of animals according
to the age group and sex analyzed in each year.

Colony of cynomolgus macaques and squirrel
monkeys were also handled. However, data of these
studies will be published elsewhere.

Clinical examination - Once a year, during the period
April to June, the animals are submitted to a detailed
clinical examination. There are no parturitions during
this period and thus it is considered ideal for the pro-
cedure.

After sedation with ketamine chlorhydrate (10-15 mg/
kg), the animals are identified with individual register
numbers tattooed at the chest region. A detailed clinical
analysis is undertaken, including control of the body
temperature, heart and breath rate, and evaluation of the
general health status. The animals are submitted to
biometric evaluation, consisting in weighing and
measuring. Tuberculin test and prophylactic vermi-
fugation are performed. Blood samples are collected for
a sera bank for epidemiological studies. Feces are
collected for parasitological (fresh feces) and bac-

teriological (rectal swab) examinations. Adopted animal
management followed the technical protocol preconized
by Andrade et al. (2004).

All the studies were conducted according to guide-
lines set forth in the Guide for the Care and Use of
Laboratory Animals and authorized by the Ethics
Commission on Animal Experimentation from Fiocruz
(number P0042-00).

Processing of samples - For the bacteriological
examinations we used swabs and transport medium Cary
Blair[J for conservation of the samples until processing.
Collected samples were maintained at 10°C of refri-
geration, from 2 h to four days until laboratorial
processing. Feces were sent to the Bacterial Zoonosis
Laboratory of the Department of Bacteriology, Fiocruz,
Rio de Janeiro, Brazil, where they were tested according
to a previously commended protocol (Lauria-Filgueiras
& Hofer 1998).

Bacteriological analysis - The samples were seeded
on selective medium on the basis of Columbia agar
(DIFCOD), supplemented with 5% blood or 4 g%
activated carbon, 5% FPB solution, and 0.5% antibiotic
solution prepared on our own laboratory, with the formula
as following: cephalothin 81 mg (Sigmall) + trime-
troprim lactate 25 mg (Rochell) + vancomycin 50 mg
(Sigma) + acti-dione 10 mg (Upjohnl) + colistin 11
mg (Sigmall ) + purify water Milli-Q 25 ml. The above-
mentioned medium, which is supplemented and selective
is effective for isolation of Campylobacter from
symptomatic individuals as well as animals reservoir
(non-diarrhoeal).

After 48 h of incubation, plates that did not present
typical growth of Campylobacter were discarded, since
other bacteria grow in abundance, disturbing isolation
or even visualization of characteristic colonies of Cam-
pylobacter, which are extended, growing toward to a
striae form with translucent water-like aspect.

After seeding, all material (1959 samples) was in-
cubated at 42°C for 48 h in a microaerophilic atmo-
sphere generated by copper passivation or using
commercially available envelopes. Copper passivation
is adequate for primary isolation of Campylobacter
species and it is a very economical technique previously

TABLE 1
Number of studied rhesus monkeys at the Fiocruz Primate Center according to the age group and sex
Age group
Year Infant (m/f) Juvenile (m/f) Subadult (m/f) Adult (m/f)
1995 26 (17/9) 63 (12/51) 33(9/24) 121 (59/62)
1996 16 (11/5) 66 (24/42) 55(29/26) 118 (43/75)
1997 24 (16/3) 48 (19/29) 69 (37/32) 112 (31/81)
1998 22 (12/10) 56 (21/35) 50(18/32) 144 (55/89)
1999 52(10/42) 46 (15/31) 38(10/28) 157 (51/106)
2002 72 (37/35) 73 (14/59) 33(20/13) 145 (47/98)
2003 67 (41/26) 81(23/58) 54 (25/29) 118 (41/77)

m/f: number of males/number of females; infant (0 to 12 months), juvenile (13 to 48 months), subadult (49 to 72 months), adult (over 73

months).
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described in national and international literatures (Ma-
galhaes et al. 1982, Pennie et al. 1984, Lauria-Filgueiras
& Hofer 1989, Pinheiro et al. 1991), which has been
adopted about 20 years in the laboratorial routine of the
Bacterial Zoonosis Laboratory of the Department of
Bacteriology, Fiocruz.

After incubation, the material was submitted to
presumptive diagnosis. Colonies with translucent water-
like aspect were considered suspect. These colonies
were stained using the Gram method for identification
under optical microscopy. Under the microscope,
Campylobacter appears as curved Gram-negative rods
in form of sea gulls, or “s” shape.

Biochemical tests for biotyping of species such as
sodium hypurate hydrolysis test, indoxyl acetate hy-
drolysis test, and Dnase enzyme production test were
performed for definite diagnosis (Lauria-Filgueiras
2000).

Sensitivity test was carried out using nalidixic acid
30 pg (Oxoid[d) and cephalothin 30 pg (Oxoid[]) to
separate the especies C. jejuni and C. coli from the
especies C. lari (NCCLS 2004).

Statistical analysis - Differences between age groups
and sexes were tested using Chi-Square test.

RESULTS

According to the performed tests, the species more
frequently circulating among the 1959 analyzed animals
in the course of the seven studied years were C. coli
(10.06% of isolated samples) and C. jejuni (6.53%).
Other species were not typed and classified as Cam-
pylobacter spp. (24.6%) (Table II).

Figs 1 to 4 demonstrate the frequencies of Cam-
pylobacter according to the age group during the
respective years. Chi-Square test showed highly sig-
nificant differences in all age categories overall the years
(P <0.01).

Table I1I shows the difference of frequency between
sexes, expecting the years 1995 and 1997. We must point
out the higher positivity in males than females, except
for the year 2003.

Antibiotic sensitivity test revealed sensitivity to
nalidixic acid and resistence to cephalothin when the
especies C. jejuni and C. coli were involved, while C.
lari showed resistant to both antibiotic drugs.

TABLE II

Prevalence (%) of C. coli, C. jejuni, and Campylobacter spp.
isolated during the seven studied years at the Fiocruz
Primate Center

Year n C. coli C. jejuni  Campylobacter spp.
1995 243 2.88 0.82 3045
1996 255 15.68 4.76 13.33
1997 253 17.00 5.14 5.93
1998 272 5.51 3.31 24.63
1999 293 22.87 19.80 6.83
2002 323 3.41 4.69 38.40
2003 320 438 5.94 46.25

n: number of analyzed samples.
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Fig. 1: frequency of Campylobacter spp. in the infant rhesus monkeys (0
to 12 months) from Fiocruz Primate Center along the studied years.
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Fig. 2: frequency of Campylobacter spp. in the juvenile rhesus monkeys

(13 to 48 months) from Fiocruz Primate Center along the studied years.
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Fig. 3: frequency of Campylobacter spp. in the subadult rhesus mon-
keys (49 to 72 months) from Fiocruz Primate Center along the studied

years.
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DISCUSSION

Campylobacteriosis manifests seasonally (Mann et
al. 2000) and has been identified as the principal cause
of diarrheas and enterocolites in nonhuman primates
(Russel et al. 1988). Cases of miscarriages have also to
be taken into consideration since it has been reported
that Campylobacter can induce fetal death (Baze &
Bernacky 2002). The animals here analyzed presented
with sporadic diarrhea mainly during the hot months of
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Fig. 4: frequency of Campylobacter spp. in the adult rhesus monkeys
(older than 73 months) from Fiocruz Primate Center along the studied
years.

TABLE III

Positivity difference (%) of Campylobacter spp. between sexes
occuring in the rhesus macaques from Fiocruz Primate Center

Male Female

Year Positivity (%) P4

1995 14.2 17.7 0.7719
1996 27.1 15.7 0.0380
1997 273 23.1 0.0681
1998 28.8 23.1 0.0044
1999 53.7 51.6 0.0378
2002 60.2 41.7 0.0041
2003 53.0 55.7 0.0327

a: P-bold: significant at 0.05 level.

the year, a fact that may be related to a higher incidence
of Campylobacter. In this study, the authors did neither
verify seasonalness because the collection of fecal
samples was performed during another period of the year,
nor was it possible to associate Campylobacter with
miscarriages since abortion material has not been
analyzed.

In the course of the years under study, the colony of
rhesus monkey underwent different changes in the
handling techniques, facilities, diet and sanitizing, with
the intend of searching procedures that could influence
the positivity rates for Campylobacter.

Among these modifications, in 2001 we passed to
use autoclaved wood shavings inside the shelters of the
cages, so avoiding the need to wash the cages daily. This
way, humidity and the presence of caretakers inside the
cages were reduced, contributing to less environmental
contamination. This measure also contributed to
minimize captivity-related stress and provided more
comfort to the animals. According to Fox (1982), animals
held in captivity generally suffer from environmental
stress due to super-population, changes in the diet,
illumination, temperature, ventilation, humidity, and
frequent presence of humans. One of these factors or a

combination of them induces the appearance of clinical
signs of campylobacteriosis in assymptomatic animals.

In 2002 animal facilities were amplified and the
colony of cynomolgus monkeys (Macaca fascicularis),
which were housed in the same macro-environment with
the rhesus monkeys, was transferred. Hence, a sanitary
barrier was established and there is no more direct
contact between the two species of primates. Fox (1982)
found that animals kept under poor sanitary conditions
and not adequately handled showed more susceptible to
cross contamination. In the years 2002 and 2003, no
decline in the bacterial charge of the colony was detected,
demonstrating an unable method to control this zoonosis.

In countries with poor hygienic conditions, exposure
to campylobacteriosis occurs mainly through water and
food contaminated with human and/or animal excrements
(Evans et al. 2003). Accordingly, in 2002 the Fiocruz
Primate Center started to immerse fruits and vegetables
in sodium hypochlorite solution (2%) for 15 min before
given to the animals, which resulted in elimination of
parasites (intestinal worms) as was verified by weekly
laboratory examinations carried out in the Department
of Animal Quality Control from Cecal. On the other
hand, this procedure was not effective to reduce or
eliminate bacterial contamination in view of the
Campylobacter infection persistence.

Frequency of positivity data throughout the years
show a tendency of increasing, evident in the analyzed
subadult and adult rhesus monkeys. This tendency is still
perceivable in the juvenile group and the positivity is
higher in 1999 than the other years. In the infant group
we detected 100% of positivity, thus such tendency is
not observed.

Russel et al. (1988) and Paul-Murphy (1993) stated
that infant monkeys are extremely susceptibles to
Campylobacter, showing accordance with this manus-
cript (Figs 1 to 4). With regards to the difference of
positivity between sexes, we observe a high significance,
except for the years 1995 and 1997. In general males
were more infected than females.

In face of the obtained results it is obvious that the
adopted methods for handling the animals are still not
efficient for eliminating this bacteria under study from
the rhesus colony. It thus becomes clear that the
professionals that work directly with captive rhesus
monkeys must be aware about the risks of Campy-
lobacter infection and possible interference on the
experimental procedures.

A better comprehension of the pathogenicity of the
infection caused by Campylobacter and its natural
history in this species of primates will be necessary for
developing adequate control and prevention methods.
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