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LEPTOSPIRES IN WILDLIFE FROM TRINIDAD AND GRENADA

C. 0. R. Everard,3 G. M. Fraser-Chanpong, L. J. Bhagwandin,’
M. W. Race,’ and A. C. James2

F: Senuiusu saustl)l(’s fnoum 894 ‘s’s’ild atsinusals (nepnt’setttitsg 31 species) inosuss ‘I’niutidad audI Cremsada

‘s’s crc exaussimtetl by tue msuic’nosc’opic’ aggluititsatiO)ts test four leptospiral amitibotlies: 198 ‘s’s crc positive. These

iusc’ltidcd 39 bats, 88 uusoutgooses. six eupossulins. 10 penidoisiestic’ nuudents, 15 forest ro(Iu’msts, 10 lizards, amid 3()

toa(iS. Tltinto’ems patisogeucic’ senugrcuuips ‘s’s’o’ne involved. Tlsint� -tlitli’ Leptospira iseulates ‘s’s crc reporteti fntuusu

usseumtgoouses. eup(ussuimuis. neitleutts Justi to).i(is.

INTRODUCTION

\Iost Isuimusaus cases oif leptospirosis are thsouighst

tot resutlt Irotus comstac’t withs tlotssestic pets. live-

stock, tin ‘s’satc’r c’olstansiusatctl ‘s’siths uinitie fnotss

iusfec’ted dlotuseStic on ‘s’siit1 atsiussals. .‘Nlthsoughu thse

utttiversal mole of penitlomsuestic’ amstl fielt! notletuts,

l)artic’uilanl� Rattus spp.. its the tratusmissious o)f

leptospiro)sis tot tuiaui anti Isis tlomuuestic animals

is ‘s’s-el1 ktsowts, c’ouuspanativelv little is knowts

ah)Otit tise imuspontamuce of other wilt! Species its

the tnausstusission of the onganisuuu anti the con-

tatsuimiatiott o�f thse en’sirotutmuuemtt. hlo’sveven, thsene

are a fe’s’s nec’etst reports 011 leptoispinosis its Ca-

nibheamt ‘s’silt!life (Evenant! et aI.. I 976: Green et

al.. 1978: 1)atssuitle et al.. I 979a: Everarcl et al.,

198(.)). Its adthitioms, Caltots alit1 Sulzen list the

isolates foutmstl thunouighsoutt thst’ ‘s’sonltl utp to Jud�

1973 (Caltout, 1966: Sulzer. 1975).

Detailetl epitlen’uiological imtvestigatiomu is

tseetleti tot fitsd the atsimal sources ttot otslv of

eI)idetsuic’S. i)ult of smusall ft)c’i of thse disease austl

siusgle sporathic cases. This paper I)nt’St’lsts tlata

oh)tailtetl ttiaiItl\ h)et’s’seen 1975 austl 1979 oti the

leptospinal straiuss foutuc! its sousie wild amsitsuals

fnons “I’nittidatl auttl (retuat!a ‘s’shsic’hs musav help

sutc’hs stutdies itt tue souithieastents ;�inibbe�n.

‘svhsere the tlisease is tusone c’omustusols in misats thsams

is gettenallv reahizetl (Evenand et al.. 1976: Da-

tssut!e et aI., 1 979b: E’senantl et al., 1 979b: L’s-

enand et al., 1979c).

Hec’ei’sed four putblicatieuut 29 Jutuuo’1982.

U. K. Nletiic’al Research Coututc’il at. our formssenl� at.

PA 110 \VH() Canibbeamu Epitiemssiologv Ceistre,

Puurt-of-Spaius, Tniuiidatl.

2 Puiblic’ IIealtlt Depantuuseust. Nliucistn� of Healths,

Cremuada.

-c Hepnimst requests: C. 0. H. E’senarci, NIR( ‘Covenms-

usuemtt(if Barbados Leptospinoisis Pnocjec’t,\‘eteniusanv

Diaguseustic’ Laboratuin� . Tise Piuse. St. Nhic’isael. Bar-

i)a(ltis,\Vest Imutlies.

MATERIALS AND METHODS

‘rhue uuionig�o�e� ‘s’sere cauigltt its ‘s’stsoti amst! ‘svine-

nuueshu box traps. ‘s’s-hsile thse I)ats ‘svere c’autght bc tuuist

utettimig on imu a buitterflv utet out a Iomsg pole. The

ansphibiamss ‘s’sere huatsch-c’aumghst either at nsighst or tluin-

iusg thte t!av frons I)laces of isitlimtg. tite ‘sutltuines ‘s’sene

shio)t, atit! thue nuiotukevs ‘stene zoo spec’insseuss. Nlost o)f

the other aninsals ‘s’sere c’autghst its sussall to nuetliulmus

Havahsart traps placedl ihi thseir mso)nnsal huahitat ‘sviths

appropriate bait. The majority of tise amuinuals ‘svene

killed b� excess ether ausestlsesia. thuottghs souse of tise

(;nems�tc!a mousgooses ‘sveme killed by imsjec’tions of I nsig

succinyl chuolitse cbslonit!e its 0.5 cc- distilleth ‘svater. A

fe’s’s amsimals were usarcotized witis ethuen amst! later

marketl-ant!- released on kept captive. Because usiamu�

tif thue aninsals also were ittvestigatetl four arboviruses,

rabies or salnusotsellae, it ‘stas tsot always �0ssi1�1e to
uiuut!entake Leptospira isolatiots amid senoIog� from tue

samuue amsiusiah.

Blood ‘s’s-as collec’tetl frouss msarcotizeti our tuuounih)ultstl

amuitsuals b cardiac’ putuuc’tutro’. A fe’s’s- drops of 1)10001

were utsec! tlirecthy when isoulatioitswas attetuipted!;

othuen’s’sise it ‘s’sas allowed! tot c’oagutlate its a ‘sia! atud

tiuens minunset! ant! ceuutnifutgetl. Thue sena were la-

belied amidl storedl at -20 ( uiuttil uteetleti; thuose from

Cremiatla were taketi utuider coltI stourage tou Tnimtidat!.

All sena ‘svere screemueti at thse P.AHO ‘WHO Canib-

beant Epidensioulogy Ceustre (C.AHEC) its Tniusidat!, by

tIle Leptospina Nlicroscopic .-Nggluitiuuatioms ‘Test

(LNIAT) (Caltots et ah., 1965: Cole et al., 1973: Sutlzer

amstl Jomses, 1976). Houtinel’s, thse followimug live Lep-

tospira austigems senovans ‘svene utsed tot nepnesemst 12

serogroups: ballum, canicola, pyrogenes, ictero-

haemorrhagiae and/on copenhageni and/or man-
karso, bataviae, grippotyphosa, anstumnalis and/or

fort-bragg and/or djasiman, georgia and/or wolffi
(Hebdomadis), shermani, javanica, tarassovi and

panama. Occasionally, andarnana, australis, celle-
doni, cynopteri and pomona antigens ‘svere used, so

that 17 serogroups could be represented. Those sera
which contained agglutinins at a titer of � 100 were

considered to be positive and ‘svere titrated to the
end point.

Its the earl pant of thse stoutly c’uiltuines of small

atuimals ‘svene matie frotus ats iusoc’uiluuuss of I mum t!i�

ameter cones of kit!uuey tissue takect aseptically after

hseat seanitug the sutrface of thue orgaus. Later, its ams

innproved aseptit’ tec’husiqute. tue atuiuuual was ‘s’sashsetl

thoroutghl� with a detengetst,’ lsvpochslonite uuuixtutre

(32 g Di’s’ensol [Diverse� Conporatioms (East Canib-
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.Ausalczinsg the 71 positive mousgoose sena frouuus

Grenada. otsl� 15 of the 45 sera tlesigtsated Ic’-

terohiaeu’nonrhsagiae reao.’tetl exclutsivelv to co-

penhagen i ant! ieterohaemorrhagiae atstigelss.

The nemaiusitsg :30 gave tiuuiltiple reac’tionus c’ousu-

pnising 1:3 to Catuicoha, 11 to .Auttutnsstsa!is (fort-

bragg amiti/on autumnalis), 11 to Ja’s’atsica, sev-

en to Shieru’natsi, seveus to) Pyrogetses, fottr tot

Bata’s’iae, two to Tanasso’s’i atstl t’s’so to Pamsatusa.

Several of these titers were high cotnpared tot

the Ic’tenohuaemonrhsagiae titer of the samuse sauss-

ole. Thiuis. one mousgoose gave titers of copen-
hagen i 1:6,400, ictc’rohaemorrhagiae 1:6.400.

pyrogene.s 1:3,200, canicola 1:3,200, amid ha-

taviae 1:400; while another mongoose gave ti-

ters of 1:6,400 to ictero/iaemorrhagiae, 1: 1 .6(X)

to copenhageni, 1:3,200 to fort-bragg, attol

1:3,200 to) autumnali.s. Of the 15 sent ‘s’si�ic’is

neac’tet! excluisi’s-el� to Icterohsaemonrhsagiae att-

tigetss, six gave titers in the ratsge 1; 100-1:200,

six its thue rausge 1:400-1:800. atstl three gave

titers o)f 1: � 1600. Of the Ictenohsaeuustnnitagiae

titers otf Use :30 sera ‘svhuichs gave nuutltiple neat’-

tions, thsere were three at 1:12,800. 10 at 1:6,400,

one at 1:3,200, six at 1: 1.600, three at 1:800,

three at 1:400, t’svo at 1:200. auth t’s’sou at 1:100.

The titers of thse eighst sena recortled as .Auitttmus-

nahis (autu no na/is amut! fort -bragg) ramugetl l)e-
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bean) LttI., P. 0. Box 315, Port-of-Spaims, Tnimsidat!]

per liter of t!istiiIetl ‘svater giving 1,000 parts of avail-

able chlonine/ 10�). The ventral sutrface ‘svas ‘svipetl

‘svith a gautze s’s’s-ab soaked in alcohol, anti the skins

‘svas cuit antI pinned! back. The scissors aust! forceps

used for this incisionu ‘stere neutsecl oms all amsinusals I)�0�

cesset! on the same tlay, being decontaminsated its

Diversol bet’s’s-een each utse. The botly ‘svall ‘svas ‘s’siped

‘s’s’ith an alcohol s’s’s’ab, and sterile instrutmeusts ‘svene

ussed to cutt the musscuslatutme, displace the ‘s-iscena amith

remove the kic!use�-s inuto a sterile plastic petni tlisbs.

Ausother set of sterile instrutments ‘s’s’as utseth to cut the

kiduuev into pieces aust! inuoculate one piece ituto eachs

of four bottles containing mediutmus. One niousgoose

kidusey provitletl fousm pieces of tissue itsocutlutnu, huit

both kidneys of smaller animals ‘svere uisecl. The

nuutmben of bottles ‘s’s-as met!utcetl ‘svhens muutmerouts amu-

imals huad to be processed on successive clays. Iii a

fe’sv cases uninse ‘s’s-as takeus t!irecthy from the h)laddler.

The techumuiquies utset! its thue cuiltune of leptospires

‘sveme those descnibet! by Sulzer amitl Jotues (1976).

Tuimnem (1968) ant! Tutmnen (1970). Prior to) 1976,

Stuart’s on Fletcher’s nuedia, on 3-5% trvptose phsos-

phate broth (all ‘s’s’ith 8-10% inacti’s’ated rabbit se-

nutm) in semisohit! or hiqutid form ‘sveme utsetl for kitl-

ne� cultures anuci for mainstaining the cuiltutnes ins serial

passage. After 1976, Ellinglsautseuu, NlcCulloutght.

Johnson ant! Harris (EMJH) semisolith or litlulitl me-

tliutm ‘s’s-as utsetl (Elhinghautsen and NlcCuilloutghs, 1965:

Johnson ant! Harris, 1967). Five-flutomoumnacil (Joists-

sons atid Rogers. 1964) at a concemitnatiomi of 100-300
�sg/mh, antI/or tliscs impregnatet! with 25-30 �cg tied)-

mycinu suilfate, ‘sveme atltlet! to each cultutne vial to

inhibit the gno’s’s’th of i)actenial coustanninsausts. Thsnee

to 10 nil (on nuore) of EN’IJH niet!iutns ‘svas utsed itt

cleats, sterile scme’sv-cappet! Bijout, Uuuiversal otr

McCamtnev vials. In all cases kitlusey tissute ‘svas cull-

turet! butt, in atlthition, occasiomuahlv tip to three drops

of ‘svhole bloot! and/or �p to three drops of uininse

‘svere imsocuilatet! separately into vials of nsetiiutnu us-

itug aseptic techsnsiquies.
Its Tninitlati, cuiltusres ‘s’s’eme imsc’uubatetl at 28-34 C:

its Cretsacla, ‘svheme rio inucutbator ‘svas available. atus-

bieuut room tempenatutre (26-30 C) ‘svas usetl. The

cutltuimes were examinet! approximately ‘sveekly b�

t!ank field nsicnoscopy. Nearly all ‘svene kept foin 6 ‘svk

uttuhess grossly ctintansinate!, ant! sonsse ‘svere kept for
8 ‘s’s’k on more. Cushtunes coustaimsimug leptospines were

sumbcutltumet! in fresh mediums atud deconttansimiatetl as

necessar� uising statidant! techunsitiues (Suilzen and Jouues.

1976). Establishuet! cultutres ‘s’s’ere seust to) tue Lepto-
spira Reference Laboratory at the Cetutens for I)is-

ease Constrol (CDC) for serot� p��ug by thse c’nuuss-ag-

gluttinuin-absomptiots methiot! imu’s-olvitsg the prepanatioms

of huomologouts austisera its rabhuits (Kmetv et al., 1970;

Sutlzer anutl Jomues, 1976). Isolates from Crenuatla were

first takers to CAREC anutl estabhishueti its suuh)c’uultulne

before h)eing sent to CDC. Duiplicate cutltutres ‘svere

kept at CAREC and itlentifietl to serognoutp b�

scneetsiuug thue uinkmsown cutltuine agaiusst staustlantlizeti

rabbit antisera prepared froniu kno’svms Leptospira ant-

tigemis (Sulzen amid Jonses, 1976).

RESULTS

Tables 1 anud 2 list the wild ausimusals exauiuimsed

serologicallv for leptospiral aggluttituiuss ous Trims-

itlat! alit! Gretsatla, respec’ti’s’el’s. Tlse senognouutps

found! were tlesiguuatetl accorthimug to the otuse

giving the highest titer. Its the case of the ‘s’en�

few’ animals w’hsichu hat! siuuuihar titers toi tus�tne

thats one senognouip, t!se tusore cotustusous grouip

‘s’s-as recortiet!. Where the tsuitisbens (if atsimals

were adet!uiate the penceustages seropositive hua’se

been givers. TIse highest titers recous’tletl fronus

ead’hs group of ansitusals otu bothu islaustls were:

h)ats 1:800, niouigooses 1:12,8(X). 0h)OS5�ttii5 1:8(X),

forest notlenits 1:400, l)enitlohssestic’ nodemuts

1:1600, hizartls 1:1600, antI toatls 1:1,600. Ta-

bles 1 antI 2 also show Use propotrtiotsal distni-

l)uttion of maxitsiahly ehevatet! titers tot cads

senogn0ut�); combituitug thse nesullts for thut’ two

islands, agglutinins to Icterohaemorrhagiae

(:31 � ), Hebtlotuuat!is (I :3�( ), .-�uttuttusmsahis (1 :3��

Ja’s’auuica (11 � ) auutl Patuansa (8�� ) were the tssost

commonu.
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- 1 -.-.-. tween 1:100 arid 1:3,200; two of them shuo’svetl
� � � � � I no cross-reactions ahiti Six hat! cross-reactiotis to��,� �r �: � � mainly Icterohaemorrhagiae. The six sera tIes-

� ignsated Panama shso’svetl uso cross-neactiouss anith

‘� gave titers bet’sveen 1:100 ant! 1:1,600. Three�. of fi’s’e P’u’rogeises sera reactet! only to this group

.� (titer range 1 : 100-1 :400) antI t’svo showetl dross-

ci reactions. The t’svo Shermani (1:400 antI 1:100

� titers), two Javanica (1:100 antI 1:400 titers), the

‘� single Bataviae (1:400) antI two Gnippot’s’phiosa

‘Jt sera (1:100 and 1:200) reactet! to only thue tIes-

ignated serogrouip. Au atsalysis of the 17 sero-

- - Cl positi’s-’e mongooses from Tninidatl showet! sinn-

ilar patterns.

I Of the 53 isolates histetl from ‘sviltl atuit’nals

� on Trinidati atstl Grenada (E’s’erartl et a!., 1980),

� 14 are reported ins full else’svhiere (E’s-erantl et

al., 1976; Green et a!., 1978). The remaining :39

(21 from Tninidatl and 18 from Grenatla) are

show-n here in Table 3 accortlinsg to host species

and island. On Grensadla tlense growths of lep-

tospires ‘svas seen by dark fielti microscopy mu

� �. 46 of 461 attempted cithtutres. These were: nsous-

goose (Herpestes) 31/190 (16%), bats 0/121, no-

‘� � dents 13/91 (14%), toad (Bufo) 2/58 (:3.5%),

Si - anti opossum (Dide/phis) 0/1. Howe’s’er, t!uie to

technical problems, only 18 isolates suir’s’i’s-etl.

DISCUSSION

Geologically, Tninidati and Tobago are Soutthu

Americans its origin ‘svith a fauttua amstl fitira

largely of mainland stock. Listetl from Tnitsitlat!

are over 25 species of amphibia (Kenny, 1969),

22 lizards (Untler’s’s’ood, 1962). 37 or 38 snakes

- us (Boos, 1975), 40 species of terrestrial mammals

(Alkins, 1979) and 58 species of hiats (Gootlwinu

and Greenhall, 1961). Grenada has only five

‘� ‘� species of amphibians, eight species of hizartls,

- six species of snakes and 12 mammahianu species

(exclusive of bats) of ‘svhich sevens are rodenuts

.E �, (Groome, 1970). Only Dasyprocta (Agouiti)

.E � � - ci among rodents, and possibly Marmosa mitis ant!

� -� Dasypus novemcinctus among the remaining

five terrestrial mammal species are thsouighst to

be indigenous to Grenada (De \‘os et a!.. 1956).

Progressing northwartls, the islanois show’ ans ins-

creasing!v sparse land fausna, the conspicutouis

terrestrial ‘s”ertebrates other than hizartls being

largely those introduced species, notably Rat-

tus, Mus, the toad Bufo marinus, and tue mon-

.� � � goose (Herpestes auropunctatus) ‘svhicis hiave

‘� survived ‘s’s’ell because of their ad!aptability anti,

usutall�, a lack of inter-specific competition. We
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behie’s-e thiat these introdutcetl species can be ans

insportanst source of humans leptospmral infec-

tioms because they form large populations ant!

live its close proximity to mans. Althousgh Mnis

aticl Rattus spp. are generally regarded as the

primary carriers of wildlife leptospirosis to man

amit! animals, it shouiltl be necognsizetl that the

toad is equally common in �‘art!s ant! gardlens

aust! that the mongoose is ‘s-cry frequiemst!y fouitud

its semiutrban and urban habitats ‘st-here there is

adedlutate grass or thicket cover.

Table 1 shows that while 19% of penit!omes-

tic rotlemits and 22% of forest rotletsts its Tnini-

tiatl were positive for leptospiral agglutinimis, the

proportions for Herpestes ors that islant! was 46%.

Its a stutdlv of mammals its California, 89%. of

camnsi’s’ores ansd 60% uf rodetits ‘svere seroposi-

tive; the higher proportictts tuf seropositives its

carusi’s’ores than rotlents seems to be a general

tremstl (Cirone et ah., 1978). I-Iow’ever, it is cons-

mons for rodents to be serousegative ‘svhile ex-

creting leptospires, amid! some of the seronsega-

tive amsimals in our stuttlv may ‘svehl have beets

cutmrentlv infectet!. Tue proportions of rodemuts

with past or current infectiomss are therefore

probably hiigher than show-ni its Table 1. Two

forest rotlensts of possible importatsce are Nec-

tomys squamipes, ‘svhsich is likely to come into

contact ‘svithu leptospires since it is semi-aquatic,

and Proechimys. Autstrahis (australis) has beets

isolated] from N. squamipes in Brazil, while ses’-

era! serogrouips amid nutmerouis serovars huave

beets isolatetl from Proechimr�s semispinosus in

the Panama Canal Zone (Galton, 1966; Sulzer,

1975). Also mi Pansama, isolates have been ob-

taimsed frons Zygodontomys antI Heteromys.

Ouir fintlinsgs consfirns those of a pre’s’iouis stutdy

in which thse importance of Herpestes auro-

PlL7tCtatt4S its tue epitlemiology of leptospirosis

ins thse Caribbeans was stressed (Evenart! et a!.,

1976). Thsat stuid!v foutnitl 35% of Gremiadian

monsgooses examinsed ‘svith antibodies to at least

three serogroups (Icterohiaemorrhsagiae, Po-

mona amid Cansicola), while 33 to) 51% of Trims-

itladians mousgooses exam inlet! were seropositive,

with agglutiusinss to Canicola predomitsating, but

those to Icterohsaemorrhagiae amid Pomouia also

encouitsteret!. The proportiomss of seropositi’s’e

mongooses its the present study (36% ots Gre-

nadla anst! 46% on Trimsidad) are coussistenut with

these earlier htitlimsgs. Tue I)retlomitiatice of ag-

glutmnins to Icterohsaemonrhsagiae in Gremsadian

mongooses aust! Canicola its Tnitsitlad mongoos-

es is still evident, butt in the presenst stutly ag-

glutmnins to Canicola were not fount! in Gren-

adian mongooses, and Pomona was riot inclutded

in our antigen poo1. The high titers that were

found in many mongoose sera coutldl imsdicate

recent or current infection.

Of the 17 isolates obtainset! from Trinidadian

and Grenadian mongooses (Everard et al. , 1980),

six have been reported fully elsewhuere (Everarti

et a!., 1976; Green et al., 1978). The five Bata-

viae (brasiliensis) and one Tarassovi (atchafa-

/aya) isolates recorded here sho’sv that the mon-

goose may be a wildlife source of hutman

infections by these serogrouips mi the area. The

fact that five Bataviae isolates were obtained

from mongooses in Grenada vet otsly otse of 71

specimens was seropositive to this serogrouip tie-

serves comment; ahthoutgh Bataviae was desig-

nated the infecting group iii oush one case, it

was a secondary reactor in foutr othuer cases with

titers between 1:100 and 1:400. Further, sero-

logical tests may be negative or show very low

titers for the infecting serogrouips in some ani-

mals (Minette, 1964). Altertiativelv, thiere may

have been a shift in predomiusance or, since

mongoose trapping took place throughout the

island, geographical variation. The isolation of

Panama (man gus) from Herpestes recorded, for

the first time, the existence of this serogrousp in

the soustheast Caribbean (Green et al., 1978). It

is now known to be onse of the five serogroups

most commonly found in man, livestock amid

wildlife in the area.

The mongoose has beets incriminateti as a

carrier of leptospires elsewhere. Leptospira ic-

terohaenuorrhagiae and Hebdomatlis (jules)

have been isolated from Herpestes in Jamaica

(Sulzer, 1975). In Hawaii, 32% of specimens ex-

amined were positive by both isolation and! se-

rology techniques (Minette, 1964). Also in Ha-

waii, canico/a, Hebdomadhis (sejroe) and

icterohaemorrhagiae have been isolated from

Herpestes (Galton, 1966). In St. Croix, two

samples of 21 motsgooses each were examined

and 11 anti 14 specimens were founti seropo-

sitive to Hebdomadis antigens (Nehhis ausd Ev-

erard, 1983). Ots Barbados, 12 of 19 mongoose

sera (63%.) were positive, 10 of them to Aututm-

nahis (fort-bragg); fort-bragg was also isolated

from a mongoose (Damustle et al., 1979a). Ba-

taviae (djatzi) and icterohaemorrhagiae have

been isolated from Herpestes on Puerto Rico

(Galton, 1966). Hebdomadis (maru) and Po-
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TABLE 3. Leptospira serovars isolated from wildlife

in Trinidad and Grenada.

Host

Serovars
isolated in
Trinidad

(nos. of
isolates in

parentheses)

Serovars
isolated in
Grenada

(nos. of
isolates in

parentheses)

Herpestes auropunctatus canicola (1) copenhageni (4)

brasiliensia (5)

atchafalaya (1)

Marmosa fuscata lanka (1)

Marmosa mitts lanka (1)

ballum (3)

Caluronsys philander ballum (1)

trinitati.s

Raltus norvegiccas copenhageni (1) copenhageni (1)

Rattus rattus copenhageni (1)

ballum (2)

lanka (1)

copenhagenl (4)

ballum (1)

Proechimys guyannensis copenhageni (1)

Bufo marinus autumnalis (8) navet (1)

percaviana (1)

mona (kennewicki) have been found in Her-

pestes urea in Taiwan (Tsai and Fresh, 1971),

and Javanica in Herpestes javanicus from In-

donesia (Galton, 1966). Icterohaemorrhagiae

has been isolated from Herpestes sp. in Egypt,

and Austrahis (australis) from Muste/a nivalis

in Nicaragua (Sulzer, 1975).

Although the proportions of Bufo found se-

ropositive in Trinidad and Grenada were on!

25% and 15%, respectively, the large numbers

in ‘svhich these animals are found make them

an important reservoir of leptospires. Their

ability to excrete the organism is substanstiatet!

by the 10 isolates obtained (Table 3). Of im-

portance is the fact that both isolation anti se-

rologic studies in Trinidad sho’sv the predomi-

nance of Autumnalis and Hebdomadis, to which

agricultural ‘svorkers are commonly exposed.

Galton (1966) and Sulzer (1975) do not list iso-

lates from Bufo, but Babuidieni et al. (1973) ob-

tained two similar isolates from 112 Bufo ma-

rinus in the Philippines which they nsamed

Bufonis car/os (new serogroup and serovar).

Coghlan (pers. comm.) found that these two

lines of car/os were agglutinated by Autumnalis

antiserum and so may prove to be in this group.

The isolation of Auistralis (peruviana) from a

Grenadian toad is the first record of this sero-

group in the southeast Caribbean and warrants

the routine inclusion of Australis antigen in pre-

liminary screening tests. Austrahis (peruviana)

has been isolated from cattle in Peru (Galton,

1966). Tarassovi/Bataviae (navet) was first iso-

hated from man in Trinidad during 1971 (Green

et al., 1978). Its isolation from a toad in Gre-

nada points to a possible ‘svildhife host for this

strain. Three toads from Tninitlad seropositive

for Tarassovi (Table 1) help to suibstantiate this.

Forest rodents, opossums, bats ant! hizart!s

probably have less impact on the transmissiomi

of leptospires to man and his animals than pen-

domestic rats, mongooses ant! toatis. Ho’svever,

Ameiva lizards are common in gartiens in Tnin-

idad where cats are few, and Iguanas are often

found near human habitations. Bats, in partic-

uilar Mo/ossus and Artibeus, often inisabit house

eaves, as do Didelphis anti Marmosa spp. oc-

casionally. Although only 5% of opossutms in the

present study were seropositive (Table 1), t’svo

Auitumnalis anti four Ballum isolates were ob-

tained from them (Table 3). Isolates ha’s’e also

been obtained from Dide/phis in Panama (Sul-

zen, 1975). Their ability to excrete leptospires

is not in dousbt. We did not examine ansy Da-

sypus specimens, but the armadillo, Chaeto-

phractus, has been shown to be an important

reservoir of pathogenic leptospires in Argenstina

(Myers et al., 1977).

The predominant serogroutp its bats on both

islands was Hebdomadis, ant! the absence of

Hebdomadis cultutres may reflect the fact that

this group is a difficult one to isolate. However,

the lack of success with 121 attempts to isolate

leptospires from bats in Grenada ansd 86 at-

tempts in Trinidad also suggests that bats are

not persistent carriers. Indeeti, there are few

reports of bat isolates from elsewhere, anti Gal-

ton (1966) and Suhzer (1975) list only Canicola

(schuffneri) and Cynopteri (cynopteri) from

Cynopterus bats in Indonesia. Serologic evi-

dence of Cynopteni was found in Tninid!adl bats

and Nectomys (Table 1), and cynopteri has been

isolated from Didelphis anti Proechimys semi-

spinosus in Panama (Ga!ton, 1966). Tue im-

portance of bats in the epidemiology of lepto-

spirosis is not known butt it might well lie

substantial in damp on wet caves where these

animals live in dense colonies.

Among 66 hospital cases of heptospirosis re-

corded in Trinidad between 1977 and 1980, anti

other individuals who had serologic evidence of

previous infection, agglutinins to serogroutps Ic-

terohaemorrhagiae, Auttumnahis, Hebdomadis,

Canicola and Panama were most commonly

found, and agglutinins to Bataviae, Tarassovi,
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Ballum, Gnippot�phosa, Pyrogetses, Shermani

and Javanica also ‘svere recorded. Aggluttmnins to

Autumnahis and Hebdomadis were frequently

as common as those to Icterohaemomrhagiae. if

not more so, among certain categories of Trin-

idadian rural workers (Everarti, tin putbhisheti

data). The presence of all these serogroups ex-

cept Autumnahis, Shermani anti Javanica in

Trinidadian huimans has been confirmed by iso-

lation (Everard et al., 1980). From Grenada,

among 45 huiman seropositive current anti Oldl

cases, Icterohaemorrhagiae, Panama and Ca-

nicola were the three serogroups most frequent-

ly found, but agglutinins to P�rogenes, Autum-

msahis, Gnippotvphosa, Ballum, Bataviae, Javanica

and Shermani also ‘svere recordet! (E’s’erard et

al., 1979). The exposure of humans in Trinidad

and Grenada to at least 10 serogroutps suggests

infection from multiple hosts ausd enivironmen-

tal soutrces.

During 1978 in the United States, there were

108 cases of leptospirosis repturteti in humatus

(Centers for Disease Control, 1979). Seven of

them ‘svere thought to originate from wild ams-

imal sources, 16 from livestock, seven from do-

mestic pets, 24 from infected water, two from

mutltiple animal species, and 32 from multiple

animal species and water. Twenty were from

an unknow’n source. Seventy-five percent of wild

animals examined by Cirone et a!. (1978) in the

United States had heptospmral antibodies. The

most commonly foutnd agglutinuins were to sero-

groups Pomona, Autumnahis, Pvrogenes, Icter-

ohaemorrhagiae anti Austrahis.

Dttmestic pets anti hi’s’estock are major dis-

seminators of heptospires into both urban and

rural environments. The importance of dogs has

been confirmed in Port-of-Spain, Trinidad,

where leptospires were isolatetl from the kid-

nev tissues of 10 of 50 (20%.) strays examined,

and 53 of 96 strays (55%) were seropositive,

with Canicola (40%), Icterohaemorrhagiae

(30%), Pvrogenes (15%), Hebdomadis (6%) and

Tarassovi (6%) being the fi’s’e serogroups to

which agglutinins were most frequently en-

countered (E’s’erard et a!., 1979a). Unputbhished

serologic studies from Trinidad ant! Grenada

imsdicate that among cattle, pigs, sheep, goats

and equids, agghuitmnmns to the following sero-

groups are encouintered most frequently: Icter-

ohaemorrhagiae (33%), Auttumnahis (26%),

Hebdomadis (10%.), Patsama (6%), Canicola (5%)

and Pyrogenes (5%). This sequence closely par-

allels that observed in hospital patients from

Trinidad. It also seems that wild animals are an

important source of contamination of the en-

vironment b�’ leptospires and therefore a prob-

able cause of human infection.

Zoonoses in wildlife vertebrates which are not

transmitted b�’ arthropod vectors or through di-

rect contact need other compensating factors

for successful transmission of high endemicity.

The presence of soil moisture or free-standing

water provides this factor for leptospires. The

expansion of agrarian economies in the south-

east Caribbean with their emphasis on irriga-

tion and water management has led to contin-

ually changing patterns of land usage and

development, and to a more favorable environ-

ment for leptospires. The ability of efficient

wildlife carriers of leptospires (particularl�’

mongooses, toads, and penidomestic rodents) to

contaminate ‘svith large numbers of pathogenic

leptospires the soil ant! water resources of ruiral

communities should be especially recognized.
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