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ABSTRACT
Non-human primates (NHPs) are distributed worldwadd have several unique features that may
account for opportunistic and pathogenic zoonadiciéxia.

Aim: To evaluate the incidence of enteric organismith zoonotic and biohazard potential in
captive NHPs in a zoo setting.

Study Design: Descriptive study.

Place and Duration of Study: This study was conducted in Jos, Plateau Sate, Nigeria
between June -September, 2012

Methodology: We examined 33 clinically healthy young adult meydk and apes over a three
months interval. The animals were sampled at siekaéntervals by faecal culture. Samples were
inoculated on appropriate media using specific ctele culture methods. Suspect isolates
potentially transmissible to humans were purifiett @dentified based on their cultural and
biochemical characteristics.

Results: The survey revealed six (6) bacterial pathogenagu#&\Pl 20E, Escherichia coli
(100.0%), Salmonella paratyphi A 31(93.9%), Proteus mirabilis 14(42.4%), Campylobacter
species 6(18.2%f¥itrobacter ferundii 7(21.2%), anersinia enterocolitica 3(9.1%).

Conclusion: The incidence of infections during the period afdy (first week and the twelfth
week)indicated increased patterns of transmiss@gwden species of primates. Research among
primate populations has the potential to predidtivipathogens might enter human populations as
human contact with these animals both in captitg in the wild is on the increase.
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INTRODUCTION

Non human primates (NHPs) and wildlife are susbéptio a wide variety of bacterial
agents and infectious disease from environmentalaoeinants in the air, soil, water and
food. Bacterial infections commonly associated withmunosuppression include
Mycobacterium avium complex, Rhodococcus equi, and enteropathogenkescherichia coli
(EPEC) [1].



53 A host of bacteria are commonly seen in apparehéglthy NHPs. Some important
54  bacterial species that deserve mentionMyeobacterium tuberculosis, Shigella species
55 Salmonella species Escherichia coli, Campylobacter species andlebseilla species [1],
56  Helicobacter speciedas also been recently reported in monkeys [3, 4].

57

58 Almost all primates harboug. coli, Shigella spp and Salmonella spp in the alimentary
59 tract. Fortunately the most serious human pathog#nshese two groupshigella
60 dysenterriae type | andSalmonella typhi, [5] have only rarely been isolated from NHPs.
61 However, several other species includitggella flexneri, Shigella sonnii, Salmonella

62 typhimirium and S. indiana which are also infectious to man, have been raeavéom
63 monkeys [6,7]. The presence Bf coli especially the human pathogenic serogroups are
64 indicators of potential hazardous infections of lammcommunities. Toxin producing
65 Escherichia coli such as shiga toxigenkescherechia coli (STEC) causes a wide spectrum
66 of ailments from mild diarrhoea to severe diseasman and animals [8].

67

68 The primate carrying any of these organisms care leafulminating fatal infection at
69 anytime, with excretion of large numbers of orgaresduring the course of the disease or
70 as silent shedders, which can then be transmittdsumans [9]. The presence of these
71 pathogenic bacteria has public health significdmeeause of proximity of NHPs to human
72 dwellings [10].

73 A growing literature suggests that cross-specisstnission of infectious agents occurs
74  between humans and several primate species iniegtyaf contexts and in diverse areas
75 [11,12,13,14,15,16]. Most pathogens that affect &msnare thought to have originated in
76 animals and subsequently evolved to parasitize hysogulations [17]. By virtue of their
77 genetic, physiologic and behavioural similarity tomans, NHPs are likely sources of
78 emerging infectious agents with the capacity teehbther primates especially man.

79

80 Recent studies in India and the African contineag hevealed a large presence of enteric
81 pathogens from non-human primates to humans. Thedede major pathogens like
82 Salmonella species Shigella species andCampylobacter jejuni. This report has thus
83 necessitated the need to examine our immediateosmeent for the presence of these
84  zoonotic pathogens in these animals and their plessile as reservoirs/transmitters.

85  This study was aimed at identifying enteric baetésolated from captive conventionally
86  raised non-human primates and the public healtticatpns.

87

88 MATERIALSAND METHODS

89 Study Area:

90 This study was conducted at Jos zoo situated in ndesopolis, Jos North Local
91 Government Area, Plateau State, Nigeria for therd@hation of bacterial spectrum in
92 apparently healthy, captive non-human primates.

93  Study Population: Non-human primates (NHPS):

94 The study population cut across 33 non-human péamdémonkeys and apes) held in
95 captivity. The majority of animals studied in th@ @ays period were initially received by
96 the zoo as donations from private individuals. Motfter primates were obtained from
97 wild in various parts of the country. The speciesnpled were:Cercopithecus mona

98 (Three) Chlorocebus tantalus (Ten), Erythrocebus patas (Eight), Papio Anubis (Seven)
99 and Pantroglodytes (Five).

100 Samples, Sampling and Processing:

101 Samples were fresh excreta from the animals. Staniples were collected at 3
102 different moments using sterile swab sticks on freshly passed fagaeshe start of the
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103 study - 6% week - 12t weeks). They were then transported with minimal delayhe t
104 laboratory. Samples were analyzed at the Bactgyolaboratory of Federal College of
105 Veterinary and Medical Laboratory Technology, Na#bVeterinary Research Institute
106 Vom.

107 Bacteriological Procedures:

108 Improved Preston blood-free Agar plates, MacConkggar (MCA) plates, Selenite F
109 broth and PBS were directly inoculated with samplefer 24 hours of incubation,
110 Selenite F broth cultures were streaked onto Ddwdate Citrate Agar (DCA) plates. All
111 results obtained were compared against a standamthdmical chart for
112 Enterobacteriaceae (APl 20E) [18, 19, 20].

113  The procedures for the culture and isolatio@aripylobacter species were similar to the
114 methods of Boltoret al. (1988), while those forersinia species and other enteric bacteria
115 were a modification of the methods of FDA/CFSAN]2and Okworiet al [19].

116 (Mycobacterium species were not searched for gighidy).

117

118

119 RESULTS

120 All 33(100%) of the animals sampled were positiee Escherichia coli. This figure
121 remained constant throughout the entire surveygeri Salmonella paratyphi A was
122 isolated from 29(87.9%) samples which later incedas 31(93.9%) by the end of the
123 study. The prevalence &Froteus mirabilis showed 12(36.4%), 13(39.4%) and 14(42.4%)
124  progressively. Prevalence Gampylobacter species showed that 6(18.2%) animals were
125 infected. That ofCitrobacter ferundii progressively increased from 1(3.0%) to 5(15.2%)
126 and finally 7(21.2%) by the end of the study. Threvalence ofyersinia enterocolitica
127 was 1(3.0%) which increased to 3(9.1%he incidence of bacterial infections during the
128 period of study (first week and the twelfth weekylicated increased patterns of transmission
129 between primate specieBhese results are as presented in details in Tales.

130

131 Tablel: Isolatesfrom sampled NHPson thefirst sampling (fir st week)

132

Primate Nos of Nos of NHPs infected with particular isolates (%)

species primates Escherichia Salmonella Proteus Campylobacter Citrobacter Yersinia
examined coli paratyphi  mirabilis species ferundii enterocolitica

Cercopithecus 3 3(100.00)  3(100.00) 0(0.00) 0(0.00) 0(0.00) 0(0.00)

mona

Chlorocebus 10 10(100.00) 8(80.00) 2(20.00) 0(0.00) 0(0.00) 0(0.00)

tantalus

Erythrocebus 8 8(100.00)  6(75.00) 3(37.50) 0(0.00) 1(12.50) 1(12.50)

patas

Papio Anubis 7 7(100.00) 5(71.00) 3(42.90) 4(57.10) 0(0.00) 0(0.00)

Pantroglodytes 5 5(100.00 5(100.00  4(80.00  2(40.00 0(0.00 0(0.00

Total 33 33(100.00) 29(87.90)  12(36.40) 6(18.20) 1(3.00) 1(3.00)

133

134

135 Table2: Isolatesfrom sampled NHPs on the second sampling (sixth week)

136

137

Primate Nos of Nosof NHPs infected with particular isolates (%)

species primates Escherichia Salmonella Proteus Campylobacter Citrobacter Yersinia
examined coli paratyphi  mirabilis species ferundii enter ocolitica

Cercopithecus 3 3(100.00)  3(100.00) 0(0.00) 0(0.00) 0(0.00) 0(0.00)

mona



Chlorocebus 10 10(100.00) 8(80.00)  2(20.00) 0(0.00) 4(40.00)  1(10.00)

tantalus

Erythrocebus 8 8(100.00)  6(75.00)  3(37.50) 0(0.00) 1(12.50)  0(0.00)

patas

Papio Anubis 7 7(100.00  7(100.00 4(57.10 4(57.10 0(0.00 2(28.00

Pantroglodytes 5 5(100.00)  5(100.00) 4(80.00) 2(40.00) 0(0.00) 0(0.00)

Total 33 33(100.00) 31(93.90)  13(39.40) 6(18.20) 5(15.200  3(9.10)
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148

149 Table 3: Isolates from sampled NHPs on the third sampling (twelfth week)

150

151

Primate Nos of Nos of NHPs infected with particular isolates (%)

species primates Escherichia Salmonella Proteus Campylobacter Citrobacter Yersinia
examined coli paratyphi  mirabilis species ferundii enterocolitica

Cercopithecus 3 3(100.00)  3(100.00) 0(0.00)  0(0.00) 0(0.00) 0(0.00)

mona

Chlorocebus 10 10(100.00) 8(80.00)  2(20.00) 0(0.00) 6(60.00)  1(10.00)

tantalus

Erythrocebus 8 8(100.00)  6(75.00)  3(37.50) 0(0.00) 1(12.50)  0(0.00)

patas

Papio Anubis 7 7(100.00  7(100.00 4(57.10 4(57.10 0(0.00 2(28.00

Pantroglodytes 5 5(100.00)  5(100.00) 5(80.00) 2(40.00) 0(0.00) 0(0.00)

Total 33 33(100.00) 31(93.90)  14(42.40) 6(18.20) 7(21.200  3(9.10)

152

153

154 DISCUSSION

155 The isolation oE. coli in all apparently healthy subjects is quite inténgs With the high

156 prevalence rate of this organism in these anintia¢se is no doubt that a majority of these

157 organisms are normal residents of the gut micrafldtough some may be enteric

158 pathogens. The presencebbfcali (especially if of the human pathogenic serogro@pe)

159 indicators of potential hazardous infections of rgonding human communities.

160 Enteropathogeni&scherichia coli (EPEC) infection has been observed in approximatel

161 20% of normal healthy neonatal and adult monkelyssius macaques) [1, 22, 23]. Toxin

162 producingEscherichia coli such as shiga toxigeniescherechia coli (STEC) has been

163 reported to cause a wide spectrum of ailments fnoild diarrhoea to severe disease, in

164 animals [8].

165 Salmonella paratyphi A was the second most encountered organism inmgbiarch work.

166 Isolation of Salmonella species has also been previously reported fromdNEP10, 24].

167 The high occurrence &lmonella paratyphi A in NHPs may be attributed to its ability to

168 survive in cool moist conditions for weeks outsille living body, as they have also been

169 reported to have been found in dried excrement after 2.5 years. Its main mode of

170 transmission is contaminated water, flies or irddatlust; fruits and vegetables especially

171 those grown beside river banks, which possibly fnaye been contaminated by human
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waste, have also been implicated in its transmmsaial these constitute a vast majority of
the animals’ diet. Its occurrence in these NHPs ntlys indicate an enhanced
anthropozoonotic transmission of these organismise Pprevalence ofSalmonella
paratyphi, Campylobacter and Yersinia, organisms is similar to findings of [25] where
these organisms were documented as being of arlewvalence in NHP.

The incidence ofCitrobacter ferundii and Proteus mirabilis has although not yet been
widely publicized. The increasing incidence &lmonella, Proteus, Citrobacter and
Yersinia infections during the period of study displays toatinuing transmission and re-
infection amongst captive NHPs. The source and nobdersinia enterocolitica infection

in captive NHP is still unclear, although this niag attributed to the exhilarating feeding
phenomenon displayed by most zoo visitors overydas with a host of materials not
minding their sources and unsanitary conditions.

Campylobacter jegjuni has previously been reported to account for aelgrgrcentage of
diarrhoeal illness in colony raised monkeys [22, 2B]. Both the duration and clinical
presentation being similar to those seen in hunj2®s29, 30]. Epidemiological studies
have further revealed that infection and reinfectrath multiple strains ofC. jegjuni are
common and recovered monkeys are often asymptorfic Isolation of Salmonella
paratyphi, and Campylobacter species are of particular interest. Studies in African
continent have also revealed presence of similaerienpathogens from non-human
primates Salmonella sppandCampylobacter jejuni [26].

Chronic gastritis and enterocolitis, either asympatc or associated with chronic
diarrhoea, are however reported to be relativeiyiroon in NHPs [31, 32, 33]. Due to the
inadvertent unavailability of gastric biopsy speems these organisms could not be sought
for in this study. AlthougtH. pylori is generally asymptomatic, botth. pylori and H.
heilmanni-type bacteria have been associated with gastrieptic ulcers, gastric
carcinomas, and gastric mucosa-associated lymptisgdie (MALT) lymphomas in
humans [34].

Contamination of the environment by faecal masensually when animal wastes are not
properly disposed. Direct human contamination majpably involve zoo visitors and zoo
keepers. This preliminary investigation on entdo@cterial pathogens in non-human
primates though yielding information, barely schate the surface on possible zoonotic
pathogens capable of emanating from non-human gesna close proximity to humans.
Shigella flexneri, Shigella sonnii, Salmonella typhimirium andS. indiana were not isolated

in this study as documented by Basu[6] and Borspaje of the NHPs were not colonized with
bacterial pathogens probably because they not susceptible to these spectrum of bacterial pathogens.
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