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A SURVEY OF SELECTED BACTERIOLO..._ AL
n INFECTIONS OF THE CHACMA BABOON

PAPIO URSINUS FROM THE
KRUGER NATIONAL PARK

by

V. DE VOS*,
SC. A. W. J. VAN NILKERK* and E. E. McCONNELL**

,'lbstract - An absence of bacterial pathogens and zoonoses
emerged as the salient feature in a bacteriological survey of
chacma baboons from the Kruger National Park. Totals varying
from 100 to 178 baboons were assayed for salmonellosis, shigel-
losis, tuberculosis, brucellosis and leptospirosis. It is conjectured
that with Kruger National Park baboons, the abovementioned
pathogens are not expected to complicate handling procedures
or experimentation, provided a clean or pathogen-free environ-
ment is maintained from the day of capture onwards.

Introduction

Within the rapidly expanding literature on primatology, the baboon
(Papio -.pp.) has always featured prominently (Shilling, 1964). This interest
has further expanded to include the world of medicine, where the use of
Papio spp. as model in biomedical research has been generally acclaimed
(Vagtborg, 1965). In South Africa this was borne out by successfully
exploiting the large numbers of baboons which are found in certain areas
of the Republic for experimental purposes. Research projects on surgery,
serology, chemistry, pharmacology, neurology, radioisotopes and specific
disease conditions such as nephrocalcinosis, artherosclerosis and cancer
have found ideal research material in the baboon (Baboons in Organ
Transplantation, 1968; Groenewald, 1970; De Klerk, pets. comm.) and are
steadily exerting an increasing demand on the free-living baboon reserves
of the country. In this respect the Kruger National Park (K.N.P.) have
contributed handsomely towards the demand in the Transvaal and have
sacrificed 370 to biomedical research projects over the years 1969 to 1970
as part of a discriminative cropping scheme. These baboons were taken
mainly from traps near the vicinity of rest camps and along tourist roads
bordering riverine areas where e,'--ssively high numbers of baboons are
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founitd aind Nwherehc inccisacncc vadlue of' indiividualis is atl timeis rarvd as
% crv It igl. la li lch iii ci ii, vatigitt and( i15c( illt p cx i titi' n ts. wa is divhri-cfbo

ft~iteci %%itli a1 history of, conttact or sciiii-co)ntiit \\iti iloan b\V itwafý of*

ui ca ut It( )isc' I tic (I ig proce-dl i cs by tour0ist SI (I t hc fret' lC((('5 to 4)flial

(htiitps nlcm-i rest taiiiiis Fig. I

U ,. -A a- 4k -

Y~j j,,I. S'cilcj-colitact x~ tic Inallr c'.caclislicc' lo.,. ill the iKruigc'r
Nat iona~l Paik.

Hulit i ai conutac t ill([ an esscnl cally v irc-l ivi ng niato rc. bohi i cc'tril-( inl
die i\.N. P. h)acitcll popui .- ooils. suggest possibhilitices for tillt' occurrence
of' ainthiropoitccscs buti oFt tiiuknotwni quaniitity. It \%as thcrc'Orc't thought
ildvisable to stallI all inlquiry\ into) tutur haltlt, or potcntuai (disease' carriicr
StatMS.. A Sttt(iv on tdw palt hclogv of lt( babooni~ \\it0ws thecit(r(fo( in it ia ted
dutrinig 1969 andi tc'rinitnated dItiring the first quarter of' 1972 ! Mc( onnell,
Ilmason. D~c \'os. M~vcrs and Kuntz, in /ne '.v Foc r thins study at toital of'
I0 I I a 11(1 iis fron it re imt('s'il at sc' ini (s 0--o14ugit oit itt- 1K. N. P. \c're uised.
As part otf' this IsStutd\ it \\ as t hEtghi ad visabhie to asse'ss lt( h bacterioclogic(at

statius of' tltc baboons. However. i't'i rring to bacteriological aspects oi'
rcr'i al allot iatnspi aitat aii o rt ioni (1tlttIra tisplatitlatiori w\it bi abhcoons as
i'Xp('iiciti(ttal mterttiai~l. iiredi( and NfttrphN 196~8 dtclared:i Distilictictr
between''t infi-ctiin andi (isra~su is (d par.imtotttlt interc'st ito the transplant
researchit iocrker. Bacteriotoggical finidings should be interpreted -with great
caltitici. 'Ilii' tttc'r fact that at given mitcruobe is cuitutcCI from t pa itienit or
hI'-ul all 4'xhprilitcutttil animali~t may- bc totatlly irrelevant. Only the( toitti-
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nation o)1 all phvNsical signs and of' all laboratory findings enabl)es all
integra~tlted aill o' spec'ialists 14) (.outie to apprprtjiaiite (tIIfLIOSif~lS".

After sima iii g tilit- bac nwrob g cai sitrvev on an In tensivxe a rid( ambhitiouIs
wcale this argumenitt \\ as realized and thte stud\, procedure miodified to
inc lud e onfly tili- better- knoiwn pathot genis, part i C U a ill t hose Suspected
of, being zootloses. Tbis report documents the results and conclusions of'
this survey.

A laterial and .h IhodA

The m1ain part of' thie study \\as condlucted between October 1969 and
O)ct~ober 197 1 on 1001 baboo'ns collected from thet K.N.P. T\u) methods
weIre enilplo~vd lon- obltainfing animnals: A- trap -iptw ing method and it
field drug immnobilizaition procedure projectile dart-syringe method.

'i'hle traps were set up only in areas known to lbe frequented by baboons.
like omf ]a clumrps fioni the rest camps and along rivecrine tourist roads,
Drug imm11obilization techniques were auttempied along iloads which arc
heavily utilized by' tourist traffic. Fruit and bread-crumbs \\ere used to
entice tilt baboons towards the vehicle from which the darting \\as
attempted. 'fhis niethod not only assured d ie selective removal of'
"beggars" fromt the( community but greatly increased the probabilitN

of' using baboons withi previous histories of' scrtni-contact with humans.
TIhe (lamlt Isyr-inge was pr opelled by mneans of the "cap chur'" pistol Palmer,
whlich was mostly catmouflaged by at paptr hag, therefore simulatif t~ abag
()I if go)ilies" to the beggar baboons. Immobilization wais eflleted by the
use' of' Sernylan (phenevyl idine hivdrochloride, "Parke-Davis and Coln-
pan v-, tite subjects retrieved and then taken directly to Sku kuza wlic.

tt..were kept for at period not exceeding five clays prior to tite cotmtience-
ment of' necropsy procedures. During this period the\. were kept -ii
separate cages and fe-d inecalie porridge, oflh'l fruit and vege~tables from11
thet Skukuza rest camp restaurant. TIhe baboons from the capttire cages
were also sedated wvith Sernylan in order to facilitate handling.

While still recuimbent at razor blade was used to r, tmove the hair Fronm
at threc cm square patch of' skin on the foreartm of the individual and
7500 International Units of' tuberculin 'Onderstepoort mianuflsctured
wvere injected intradermally. In addition 3 5(10 LU. osf ttiberculin w\ere
injected intto the upper eyelid. Animials w\ere kept under observation Ror
three days lh~r signs of'a reactio~n, Such ats swelling and hypeiaemia.

On the (lay' of examination the subject was again sedated, weighed and
at throat swab taken before it wýas killed by exsanguinittion. Due to ctom-
phications (see below) the swab-taking ptocedure %\ais discontinued after
I1) baboons were done. As soon ats dleath intervened, at very thoroughl and
meticulously applied necropsy procedure w\is performed in each case.
Relevant data and material were collected rotutinely as part of the surve\-.
D~irectly on opening the gut, scrap~ings (approximately 2 g) from the
wall of' the( small intestine (proximal tone fhmirth) and its contents, were
suispendled in selenitt enrichtnent mnedium ( Oxoid . AXfter 6 hotirs incut-
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bation at 37'C a loopfull was plated on MacConkey agar, brilliant green
agar, desoxycholate agar and Salinonella-Shigeila (SS) agar plates
(Oxoid). All plates were examined after 24 hours of incubation at 37'C
and non-lactose fermenting colonies tesembling Salm,,nella spp. and
Shigella spp. were selected, and transferred to triple sugar iron agar
(TSI) slants (Oxoid). Organisms giving positive and suspicious reactions
(Bailey and Scott, 1966) were tested for motility and examined by the
slide agglutination test with group specific Salmonella typing sera (Onder-
stepoort manufactured). Organisms reacting with the aitisera and non-
motile organisms were subsequently assayed for indol, methyl red, Voges
Proskauer and citrate (IMViC) reactions (Bailey and Scott, 1966) and
tested on carbohydrate media (dextrose, maltose, dulcitol, lactose, sucrose,
inositol, salicin, trehalose, rhamnose, mannite, mannose). Isolates giving
typical reactions were forwarded for serotyping to the Veterinary Research
Institute at Onderstepoort, Pretoria, Transvaal.

In a.ddition to material from the small intestine, rectal swabs were
taken from 20 baboons and treated in basically the same way.

During exsanguination blood was collected, the serum harvested and
tested for Brucella and Leptospira antibodies. The standard agglutination
tests as outlined by the joint FAO/WHO Expert Committee on Brucellosis
(1964) wa, ised for the detection of Brucella antibodies. Standard Brucella
abortus awiigi-n (Onderstepoort manufactured) was used. In addition to
the 100 samples forming the main body of the study, this survey was
supplemented by 78 incidental collections from the vicinities of the
Skukuza and Lower Sabie rest camps. Sera were examined for leptospiral
antibodies, employing the agglutination-lysis test, based on the standard
procedure used in laboratories -.hroughout the world (Wolff, 1954) and
which is considered a reference test (Roth, 1971). Five serotypes were used
viz. Leptospira icterohaemorrhagiae, L. canicola, L. pomona, L. hyos and
L. bratislava. A total of 130 serum samples was tested, consisting of
85 from the main body of study and 45 incidental collections from the
vicinities of the Skukuza and Lower Sabie rest camps.

Results

An analysis by age and sex of the baboons that were incorporated in
the main study, are provided by Table 1.

The throat swab material invariably caused overgrowth of the media
by Proteus or fungus spp. Howev-er, in spite of overgrowth, a variety of at
least 1bur different, but unidentified, organisms (colony morphology) were
counted each time.

No Shhgellae sp. was isolated and only one Salmonella sp. was found,
which was subsequently identified by the Veterinary Research Institute
at Onderstepoort as belonging to the non-pathogenic soil group of
Salmonellac. Further identification was not attempted.

The tuberculin tests as well as the Bruce/la and Lepiospira serological
tests produced negative results in all cases.
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Table I

.Alge and sex of baboons that formed the main body oJ the stud;.

Age Category * Males Females Total

Immature: ":3,00 kg. - 8

Adolescent: .3 3- 12.99 kg.
3- 10,99 kg. ii 8 23

Adult: c;• 12,99 kg.
S--10,99 kg. 43 36 69

otal- 100

A.1ge groups were based on liveweight correlated with sexual ?naturity (sperrnatogenesis,
oLualtion and eridence oj past pregnancy) as determined by McConnell et al. (In press).

The complete negativcness of the inquiry was borne out further, during
necropsy procedures, by an inability to find any pathological lesion which
was caused or complicated by a bacterial agent.

Discussion

General Bacteriology
Due to time limits posed by the comprehensiveness of the entire master

study programme, the time could not be found to isolate and identify the
multitude of species which apparently were associated with the mouth
and throat environment. SN%.-rming Proteus and ove"rgrowth by fungi
further toinplicatcd matters. I i,:s part of the study was, therefore, dis-
continued after 10 specimens were completed. However, in light of findings
by Brede and Murphy (1968) to the efft-ct that baboons from tht Western
Cape area exhibit an astonishing 54,1 per cent incidence ofStaphyilococcus
aureus organisms in the mouth cavity, future inquiry into this aspect is

indicated for the K.N.P.

Enteric Pathogens

Amongst non-human primates the trend of the literature seems to
suggest at common incidence of enteric bacterial pathogens in newly
imported as well as laboratory-conditioned primates 'Schneider, Prather,
I.ewis, Scatterday and Hardy, 1960; Carpenter at. ' '2,ooke, 1965; Good,
May and Kawatomari, 1969), whilst their countezparts in the free-living
s;tate persistently failed to reveal the presence of enteric pathogens (Panda
and Gupta, 1964; Carpenter and Cooke, 1965; Nath, Shirvastov, Sethi
and Singh, 1966; Carpenter, 1968). Carpenter (1968) quotes surveys of
wild primates from Tanganyika, Kenya, East Africa, Malaya and India
which resulted in negative isolates from 827 animals examined.

In a bacteriological survey of 427 baboons (Bredc and Murphy 1%8)i
frrn the S-1 le-" "-nh-Hopkins Pro *ct at Bellville, Cape Province,
Salmonella sundsvall was isolated from 46 animais, not c-, if which shorwed
signs of clinical disease. Shigellaflexneri type IN' wa-as isolated from 12 baboons
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ad ll S .ibiiI/a /Ievie'ri t~v p'If fi4111) onc baboon)411. Te'55sts wrc j)C nIir mcd
ininwh(iiatt'ly prior to entr\ Into the' Karl Iiruil)r cln.W thill' cxccp

I tiol t A fi,ýku, -M I tII ni n I a Is \N viv fi'u-v - i ig Iworu, Ih'x-. )i nntd I ht' colol I y.
114)1)) till. artleit it is, 1)4 llt'.)'r, i 11) Jossibl ht 1)gi gauc t 1 tilt)c u facto!- post1

capjtureC antd possibilitie's of' illl'Cctiont dotritig thll- transit phIase'.
'Fthu ivibhilitv to) isolaicpteogu salnmotlt'lac or Shigellac InI the

pl-ct'5t't sttidv s till filrtilr utlorsus 11u,_ alicaa t-inld InI lit-ral nol-himlnian
Pniluatu11S as inclicatutlb\ Clpunitur I968 and Ficiun s, Pnikurton and
l)zhibidzu 1972,. 'I'll' sonort)('( 0"[inlction, thun~, Still ruCMain1S Unknnn n.
III thfis iuspcl ' onu i1;n a Owtun (.4)11 ct In , part ly %~i th Goo e)1tI al. 1 968

that tilt'tctoin IS pt'rj;4'L~ttiat'Iin hioldintg (i01iupotindls, or1 that ion-lioinan
)rii l)awls t'('pttsentU aI on i t)ucl s scupt ih Ic host o ndcr t losc con inIi nunutnit

(in, 4)tht'U stut'ssfill' coldlwmos.. A14)1 man inic~tionl m~av also) be brought
iir\\a rd undeilr t ii t-s ut nd it i 'is. CHin-titlistanti a ci ~v(14 nctI, hoitmever. seCums
to 1o11' out thu( latter possilbilii as a comiplicating Liui~or fo~r K .N .P.
Iml.41l)t). TIhis uxiduncc %%as introdoucd throuigh the fiitcl that no signs
o) lit'est infi'ctjoiis; X\CIT4 i14)tvt iI 78 b~aboons ifrom thu K .N.P. \%ishii have'
so tar. hu(.tt hcld I iiitp6ixit b\ thu NcudjuAl RtCsvm-ch CouncltI, (:.S.I.R.,
Prumoria D)c Kiurk, /wr,. eflm .i lhusu b~aboo4ns 4' at tilili's" Subjcuted to

g atu us i 11( ti n il iht a lit t In \ariious cXp3crilfliclts. btit

\I 'II ahI a is kvpt midu i ii inpccuuc4)1i h 'y cic hi gi'n i' conditiouns. It can
rhurfn-10u b)c cotncilude that with K .\.1. babtoions ci'ituric patlo~gens aru(
It()1. c~cI vd~'tt to con4 Ittit lilA aI i omplivaInlg i 6v~ uring ho~ldinlg proctwudtirs

It has loll., hocci 1uoogni/.4'zd thlaltohno i Is a mai)jor killing discasu
ofl nion kc'\5I ts l' it\ I1 th is rt-speut l:icimesl 1972: \wrltc: '' blohclu-
lost,; has I,. it. antd still Is. thu moilst dalng4'rolus and c'(st~v disl'asc that canl
bc) ¾tjoprle'(Iinto inoinkt'v houtse's, Mhuthur in zoot~s orn in rt , arch ('stabl)ishi-
t111'Iits* . TllnS aniialis are' Suisceptible4 14) both1 hiiiiaii and bov' Iine tvPcs

Rankin and1( .\ltiarnli(I, 1 968 . Ruimarking ()ii tilis dliscasu. Henning
14¶56 , blo\\s 'VIi, Stated( thatt as long ats misd animials. whic'h arc't susceptilbh'

10 tilt- disca~su. an' ke'pt uiider natural condtitions It ictn open cot'4tilAI',
tih'Ii-liol st'ldihii occurs: btit wh('i1 tli'xar dil'tII'iii4 in) cajtivit\ (bey' a4re

lial't- ' , .otlfl itiluctct. Niul'bcrl 1132ý and I 'rhain 1941 also rI'1 )Irtcd

ron the .,'st'nu, of !,Is discasl' it) fiv'4-living primate's.
'IhI cXtr-Illit' s lo\\ incidunuu of' itih'i'liin in 'i'raI nion-hititant prnillltt'5

ti'it!. tinditriis (11 t h"' pics, Il kdv
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Tillv org~alilslI ['\\cv hao iu tc i ý1 a jImbol)~ l \\flit j) \\as sacrjljt'4(I ill

X\. It\ a and tal ll I a II \cll RI t ,I( II Na Ic(IiI;RlIidillt4' c e1~ut ut I It~XX (i I45I

I;[ lo.llicaltl J)tsldlc\4'~ it'siilts II mit'ovlsom I)Icclt(1.1 ;l(. jgictjlui Jt~irit

ttvl l~ttc 1lcgticlscill.l¶1t' Clutiests afirc aI\l~al cxcitwlor

Kalllcntvr. Kimiz AgllI or\atv mid lttguali_ t1967 : Ka vr, ios tudx'z ontcr

hAl-dcrlc tel IriI(('c(,i BenII mid' k Nlt.I ]P. .) O~aii\ti\(k'',I¶6

hi lilpt -tj imf w Blo llMIHilo-,1tia i ts.\Id (a rc u

\%ilt ;I s u tab a\ilct('cltV'. and ;l (lcp4ýctd lg(or\ tt (4 M9)4'1ti Il afl parl ~ vla

posiive vskit~s il 1 c pn5(1'ft t( c ilf- 1ll j ll

in h'M ) cl W HO ( S tlt''t lhl'tic fll fi rm cI't'(l PSII 4 0s'tts is f ()% cr ~tIill~ týcst

StIX liii ItbI riwlloi asJ itp us~i4nlSill14 t -IIavpillt.

Iia t \\i~ Id an sim als III it is -k n ttrpau (ssmcII rc c b

li1td ningIc;vIaig Isal(ltlNc ftt ~iaoil\ illi'popuation li~lt a N~tt'l bo txai'ott
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therefore expect that the sociable intratroop interactions would allow for
a high degree of communicability of bacterial organisms within a group,
whilst intertroop aggression would act as a limiting factor to the spread
of disease to neighbouring groups.

A representative sample of the population would therefore necessarily
call for the exploitation of as many groups as possible. For this survey
samples were taken from at least 29 troops and distributed throughout
the study area. The chief rainfall and distinct vegetational areas were
represented in the final selection of the troops. Results obtained in the
study can therefore be expected to reflect the true prevalence of the assayed
disease conditions for the total population.

When not unduly disturbed, baboons do not live in ftar of human
prc, ximi ty, ýind may eve-' he me|racted by human activity. Commenting
on the preferred sleeping sites of a baboon troop, Stoltz and Saavman
(1970) wrote: "Disturbance by humans seemed, however, to be of minor
significance since the preferred sleeping site was situated where disturbance
due to holiday-makers was most likely". In the K.N.P. the highest densities
of baboons are most decidedly found along the tourist travelling routes and
in the vicinity of human habitations. It must be stressed, however, that
a high percentage of these roads is situatecd l' *.,• vicinity of watering
points. This affinity to human dwellings is brought about mainly by the

scavenging habits of the baboon. It is a habit which is quickly acquired,
as is reflected by the promptness with which activity appears and assumes
a habitual nature around temporary camping sites.

in the free-ranging state as found in the K.N.P., favourable circum-

stances are therefore created for a zoonotic nidus, with the likelihood
of the chain of inter-species infections being directed towards the baboon.
The literature and the results of this study are, however, in agreement
that an exceptionally low incidence of bacterial zoonoses are found in
free-ranging animals. This can only point to an efficient disease cleansing
action on a population or community level under extensive free-ranging
conditions, but which can be broken down by artificial and essentially
intensive conditions as posed by captivity.

Acknowledgements

The authors wish to thank the National Parks Board for the opportunity
to do this study; the Director, Veterinary Services, for permission to
publish this paper; Dr. C. M. Cameron of the Veterinary Research
Institute, Onderstepoort, for his co-operation and advice in the final
idcntification and typing of bacterial isolates, and Mr. F. J. van der Walt
for invaluable assistance during capturing procedures.

REFERENCES

BABOONS IN ORGAN TRANSPLANTATION RESEARCH. 1968. Co'llec-
ted papers from a symposium held on 22 and 23 March 1968 as an interim
report on the work done in a research programme jointly sponsored by the

t B



F~aculty of MeNicl( I'C1) tilt L'lll\CIsjt of, StellctlI)(5( h a.d itl te- uf

Hopkins I ospital. Suppi. to the S.. 1. 1AIt . J7. 17 A\ug. I 9t.

BAILEY, W. R. and EL. Gi. SCOTTI'. 1966. iDiagnosill mnicrohvilojI. S~ainit Lmoi,:
C. V. Mostly Co.

BOLWIG, N. 1939. A study' of' the b)ehaviour (if thle cliacma b~aboon. Papio
ursinws. Behacinue 14: 136-163.

BREI)E, H. 1). and G. P. MURPHY. 1968. Bacteriological aspects of'renlal
allot ranspla n tation or' hom )I-t ranspi an tat ion, lit Ba lm on s in orga n
transsplanttationt research". Suppi. to the SA.-. .led.].. 17 Aug. 83-87.

BROOM, J1. C. 1959. Leptospir(Jsis. /it '*lu/i'cfiuus disease's o ni ntials.-~ Diseases
(fie to b~acteria. V'ol. 1. Ed. StahblefitrthIt A. WV. and 1. A.. Galloway.
London: But tel not nths Scijen t ific Pt 111 tat itns.

CARPENTER, K. P. 968. Somne diseases (!J animials commiunit-able lo mann in
Britain, Proc. of at symposium, London. 1966. Pd. (raham--Jones, 0.
Oxford: Perg-amon Press.

CARPENTER, K. P. and E.. R. W. COOKE. 196.3. Ani attempt to find shigel-
lae in wild primates. J. Coimp. Pathol. 73: 2t1 I201.

1)E VOS, V. and C. A. W.J VAN NIEKERK. 1969. Brucellosis in the Kruger
National Park. 3.S. A-11,. et. med. .fIss. 40: 331 -334.

FIf7 NES, R. N. T.-V.- l1972. Tuberculosis. fit ~'I'Oholo45 !/ simzian primates."
art 11. Eid. Fiennes, R. N. TI.-W.- Basle: S. Karger.

FIFN'NES, R. N. T.-W.-, MIARY PINKERTON and( E'. K. I)ZHIBII)ZE.
1972. Enteropathsogt.:ic organisms. In *1'atholoý,) oj similan prirnates.-~
Part 11. Ed. Fietmnes. R. N. TAVW.- Basle: S. Karger.

GOOD, R. C.. B. 1). MA~ atd T1. KAWAT1OMAR1. 1960. Enteric pathogents
in monkeys. .7. BaIteriol. 97 (3): 1048 10,53.

(;ROENEW~ALD.,J. H. 1970. A review if the experimental projects supported
by the University of Stelle nbosclh primate colony. J.S. Aft. i-et. med. Ass.
41: 167--170.

HENNING;, MI. W. I 956. AnIimal diseasej in South A/tria.Jollaunesimrg: C.N.A.
KALTER, S5. S., R. F. KUNTZ, Y. AL-IXX)RY and A. A. KATZBERG.

1967. Coillection of biomedical sttudy materials firomn b~ab(oons in East

AXfrica: '.clinmiaj, lepot t. Laib. animt. Care 16: 161 177.
KALITIR, S. S., R. E. KUNTZ, B. J. MYERS. A. K. EUGSTER. AX. R.

ROI)RIQUES, MI. RENKE and (G. V. KAIJER. 1968. The collection
ofC iomedical specimens from b~aboons (Papio sp. r. Kenya. Primates 9:
121- 139.

McCONNELL. E-. F., P. A. BASSON, V. D)E 'VOS, 3. J. \MYE-'RS atmd] R. E.
KUNTZ. lit press. A survey (of diseases among 10(1 free-ranginiz Isaboons
(]"apio ursinus) from tile Kruger National Park. LOndirstepoort,7. zvet. Ret.

NIINET'1E, ff. P. 1966. J.eptospirosis in primates othei thtan mtan. .lmer. .7.
trop. AMd. Hyg. 15: 190) 198.

NATFI, Mi. L., J. B. S1IRIVASTIAV, S. K. SE'1I II andl .. SIN*(;tl. 1966.
Salmionella, pattern in India. Indian _J. merd. Res. 5-1: 512 5 16.

NIE.BERLE", K. 1932. Tullberk ulose Isei Tier. Er~eebe,., all'. Path. path. A'nal.
25: 631.

PAND)A, G. K. and( S. P. GULPTA. 1964. Shimgella serotypes in Uttar Pradeshs.
IndianJ. med. Res. 52: 235-240.

PINKERTON, M. 1". 1967. Bacteremia ill wild baboons. Badt. P~rot. 67: 67.

...........



PINKV. R1111. MA Y. ))-12 ý prow licia. Spin I It fill. Ixcptanspira./it In Ihtt/i.b'

M( I INI I I ) I wi .N 1. K .Pal I .11. IER. .\ilic. R. N. TA\.. j.\I.. S(.\1IIS.KRI .

Mlii 1 1 N( 1) .a I 9 A . II' ThRin,,, A.i an,008., Nk Pi'.t~du Pl ,la Ilicl/i'ad

ROTH E I . 1'.. 1.970 .. S.\.\v.\r.\.\. /i ""h J7(jIl f% j , / ul c lid~ 1111III fA .
hd .\i..1 \\., N rL.vi I'i. uar~'.u i .aInn. Ira. Fr.ihnc. 24 c: ¶ 1 4m I imi.

R U( AIH ). F . I I l. I)iI. s l I r h,; Iblo ly p i linj .I- d( ('d It'I: I I,,IedI If I , iii d

All A.i~c V..\I IAR DY ii 11160 '.Flcr-; I'abcticifi.w ca ( l , i tI ipa IIauu\,_1.M
\ (d prii m .1 .~* .I'i /.YI. V/1, .a/''' abapd. a p 81 Ipl r~i. 83iigicl 93 (111.u

SHI LI G.(I \ . 116 . h, Beh ...it A (111""itd ih o"Ifll~ zi1 ad1


