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Lizards in the Ecology of Salmonellosis in Panama
MIGUEL KOURANY™ axp SAM R TELFORDT

Gargas Memorice! Labaratar, Apartado 889), Panamea 5, Panama

RBeverved 13 Oetaber 1980/ Aceepted 20 February: 1981

Enteropathogenic bacteria were izolated from 131 of 447 [20,47) nectropical
Panamanian lizards belonging to 34 species of seven families. Qverall, 147 strains
of bacleria were isolated comprising 26 Selmorelia and 10 Arizone serotypes.
Covmrnptholmps speciosus had the highest infection rate, 12 of 13 individuals
(92.3%), whereas Conatodes fuscws exhibited the lowest, 1 of 18 (5.6%). The
highest infection was detected in lizards whose behavioral patterns were secretive
[42.0%) and terrestrial (42.6%), whereas the lowest infection was among the
scansorial lizards (17.5%). Rates were highest during the dry season, from January
through April. Many neotropical Panamanian lizards were multiply infected by
Salmoenelln and Arizena strains representing & wide range of serotvpes. Infected
lizards were distributed in areas varving from remote rural and forested regions
to urban developments, offering a potentially important reservoir of en teropath-
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ogenic bacteria known to cause infection in man and domestic animals.

-

Daring investigations on diarrheal disease in
rural Panama, toads and lizards were commanly
observed on ground contaminated by human
and animal excreta. This suggested that amphib-
ian and reptilian faung might constitute a poten.
tial rezervoir of pathogenic enteric agents, thus
contributing to the endemicity of diarrheal dis-
ease in the area. In a preceding report, Sealimen-
refla spp, were regularly isolated from lizards
inhabiting pasture lands, areas near human hab.
itations, and a public bathing area (9.

In view of the limited literature on Entern-
bocferfaceae in poililothermic vertebrates of
tropical America, 2 more comprehensive survey
of reptilian species of Panama was undertaken.
The present study includes findings from lizards
seldom associated with humans as well as from
species inhabiting dooryards.

MATERIALS AND METHODS

Field methods and collection sites. A totzl of
47 Jizards were collected from 8 January 1986 through
17 Movember L8369 from varions habilals in the Re-
public of Panama (Fig, 1 Repliles were captored alive
ity hand or noosel and transported in individual poby-
ethylene bags to the laboratary in Pansma City within
T2 hoof collection. Specimens captured in Lhe most
remole areas had to be kept for a lfew days at baze
camps before transport to the laboratory. Hepriles did
not exhibic overt signs of disease.

Most liwards (384 87%) were captured from siy
loeslities, predominanlly in central Panama {Fig 1
and Table 1, as follows: primary and mature secondd-
growth forests in which humans ventured coly as

T Present address: Rodent Coniral Demonzstrazion Unit, &
The WHD Program Cosrdinator, B, 0. Box 14, Rangoon,
Burma,

cecastonal  hunters (Achiote snd Gambos);, along
strean eds in pockets of original vegeration scattered
arcund a comeninity of some 200 persons (El Apgoa-
catel; an ares of 30 seattered amall homesteads cleared
fremn Lhe forest {Gaspar Sabanash; tracts of second
groweh forest interspersed with old banana plantations
and corn fields tended by Cona Indians (Saserdil; and
a reswdential sarea in Panama City. Fiftv-nine lieards
(13%} came from 11 additional sites indicated, buat not
wdentified by name, in Fig, 1.

Laboratory methods, Animals were killed by an
intracerchral injection of Nembutal given within i
min after arrival at the laboratory. Partions of twir
mtestines and their contents were transferred asepti-
cally to selenite broth after cutting the intestine lon-
gitudinally ina petri dish. After incubation at 3770 far
18 h, MacConkey, bismuth sullite, and salmonella.
shigella agar plales were streaked with portions of the
broth and incubated overnight,

All plates were examined after meubarion, and as
many az 10 non-lectose-fermenting colonies of all
Cvpes and sizes from each plale were trenaferrad to
triple sugar ivon agar and Lvsine ron sgar slants, Afler
incubation, isvlates were examined biochemically and
serologically for the presence of Salmonetle, Shigella,
and Arizone organisms by conventional methods (3).
Enternpathogenic Escherichio codi was not investi-
gated,

After praliminary identification, cultures were sent
to the Centers for Disease Contrel, Allanta, Ma., for
final seralogical determination,

Statistical method, Chi-square (3 values were
caleulated, by the methods recormmended by Baneroff
(11, with standard programs in a Hewlite Packard 9830
computer.

RESULTS

Amaong 447 lizards representing 34 species and
T familes (Table 13, 131 (29.4%) harbored Sal.
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Fic. 1. Major and minor collection siles in the Fepublic of Paname, Major sites: (1) Achiofe; (3 I
Aguacate; (3 Goamboo; (4 Gaspar Sabanas; (3} Sesard?; (8 Panama City. Minor sites are indicated by apen

vareles.

Family

Tavre | Species of Hzards

studied, by collection site, Panama, 1969

Species
Hoeation imolated)

Gelekoncdne

Seehreerodactyladoe

Kpntussiedae
Tpnnecoe

Setmcidar
Anguidae
Teiddar

Thecadactvlus rapicandus
Lemdadactvivs fugubris
Gantades albomeloris fuscus
Sphoerodactylis sp.
Lepidoblepharys sancheenarioe
Lepidaphyineg flavipiasalato
Anolis capite
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AL frenotus
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AL poceilopus

AL el

A tropidaguster

A femilis

A pestaprion

Anaden ap. (Chirigui)
Anoles gp, (Gamboa)
Anodes sp, Uhpuacate)
Basiiseus basilizcus
Corvtophanes eristifis
Falvohrus gutbirosus
lgrana yguana
Envalinides heterolepsiz
Seeloporas malachitious
Maburya mabuya
Diploglossus monstrapis
Amervo amera

A, fepopfirys
Pivchoglosaus festae
Lepasnma Fugiceps

L. soutid
Chvarreoptelnues spuecioss
Erchinasaura fareida
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monella and Arizona organisms in their intes-
tinal tracts (Table 23, A total of 286 (G4%) of the
lizards helonged Lo the genus Anolis of the fam-
iy Ignanidae the remaining 161 helonged to 19
genera of six other families.

Ovarall prevalence rates varied in relation to
host behavior (3 = 1535 P < 0005) (Takle 2.
Ground-dwelling and secretive lizards had the
highest isolation rates (420 to 42.6%) followed
by semiaguatic (31.E%), arboresl (27.6%), and
seanserial species (17.5%) Individual species-
specific rates differed significantly within habi-
tats, but tended to follow the overall pattern
The highest rate (92.3%) was found in Gymaop-
thalmus speciosus, a lizard whose behavior is
secretive (Le, not found openly, often hidden
inside holes), whereas high rates (/0.0 1o 6LE6%)
were observed in terrestrial (Anolis curatus),
arheoreal (Aralis frenatus), and scansorial [An-
ofis tropidogaster; adapred Lo climbing walls,
rocks, and structures) species, suggesting possi-
ble acouizition of pathogens from a contami-
nated environment, The lowest infection rate
i5.6%) appeared in another scansorial species
{Gonatodes fuscus). The remaining rates were
intermediate,

In addition, intergeneric variations in infection
existed (yf = 328 P = 0.005), and, within the
genus  Anoclis, species-specific characteristics
were significantly related to infection, Terres-
trial A, sueratus supported & significantly higher
rate than Anolis humilis (i = 4.0; P = (0.04)
the rate In arboreal A. frenatius was considerably
preater than that in Arofis biporeains iy =
T, P = (L008), as was the rate in scansorial 4,
troprdogaster as compared with that in A, fim-
ifrons (x7 = 1143 P - 0.001),

Table 3 shows the frequency of nocurrence of
Selmonelle and Arizong spp, serotypes and the
species of lizards from which they were re.
covered, Owverall, 147 strains were isolated, in-
cluding 26 serotvpes of Salmonelln and 10 se-
ratypes of Arizona spp. The predominant sero-
types were of Salmonella spp. and were sevo-
types bonaire {21.1%), rubislaw {10.9%), miami
(H.8%]), and wassenaar (B.25%): they sccounted for
49% of the strains recovered. OF the 26 Safmo-
nella zerotypes, 16 were found in more than ane
host species, Six serotypes were present in at
least five species of hzards and oceurred most
frequently in Anoliz, which lived in all types of
perching sites in the forest, from floor to canopy,

Infections by more than one serotype simul-
taneously were frequent, Thirteen multiple n-
fections involving two, three, and even four dif-
ferent Selmonelfo serotypes were delected in
individual hosts (Table 31, Multiple infections of
Salmonelln and Arizong were detected on four
OECASIONE,

APPL. Exvinow. MICRoBIOL.

TapLy 2, Prevalence of Salmonella and Arizona
arganizms in capiured Lzards, by species and ity

befroiior
Heat species, by be- N"-." of EIDSjtiV&_ Blo. uf -
havior speciians T i
examined  no. % imolatad
Tarresiral
Amodis et ah 19 ®13 &
A, hamihs 24 4 167 4
Amarioa gmeten 14 6 437 o
Hubtotal GE 0 426
Secretive
Leepriclapfivna 15 4 EhaO &
Jlovinioeainfom
Leposoma rugiceps 14 2 M3 2
hvmnaptiinfeies 13 [ 3
AR ECiORLS
SulbLolal 43 18 40
Semiagqualic
Anales bvvrerdas A4 b 431 (5]
AL prerlopis 4% [L-R - F a
SEubaoinal L 25  JdlE
Arboreal
Analis Blporeafus H T2k 1
A, frenofius Ll 7T 816 k|
Palyerus k3 2 1ha 2
gufturoses
Subtotal af 16 21E
Hepnzorial
Ganatodes fuscus 1E 1 56 L
Awolie fimifrors G5 10 145 G
A tropidagaster 0 [ ] B
Subrotal a7 17 174
Total 35 lod 3AT
Viried
20 spye. of 16 genern 93 o Mg 11
Girand sotal 447 181 2947

? Average percent of specimeans positive.

Rare serotypes of Salmonella belonging o
subgenus IV, such as bonaire, houten, parera,
and wassenaar, and some of the commonly oc-
curring ones belonging to subgenus [, such as
rubislaw, zan diegoe, panama, and miamil, were
ameng these isolated. In general, lizards with
diverse hehavioral patterns were found with in-
fections invelving these serotyvpes.

[ofected lizards were found at all major local-
ities (Table 4), Excluding Panama City, hurman
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* O linard with Arizosd serotype 2903531 and Felnonetla serotyps rubisliow.

* One lizard with Sefnonelfa serctypes madelia, miami, and bonaire,
e lizard with Salmoniedlo serotvpes glostrup aond san diego,
7 Cipe lizard with Salmonells serolypes san diego and bonuire,

* Ol Tiezed with Arfzong serotype 255133 and Salvionefin serotype sin diego.

SO lizard with Sedmonelln serotvpes houlen, careau, madelia, and minmi,

# O Ve witly Saloronettn serotypes honaire and parera.

* Ome leard with Sebeerella serctypes montevides and bonaise.

COme lizeed with Arizana sevotype 1

297

S 0me lzard with Safmonedla serovypes migmi end chameleon.
! Ome lizard with Sefmarelln seratypes miami and wasscnaar,

! One lizard with Arfzons secotype 2a%h:28:31 and Snlmerellc serolype wassenaar,

™ One lizard with Sefmorelio serotvpes rabislaw and monteviden.,
* New serotvpe deseribed by us

activity within these localities was sparse or
absent, limited to hunters, zettlers, or Indians
whe lived in small hamlets or individual huts

28 wnad Soldeonella sevatype miarmi,

seattered through the forest. The highest rates
(45.9% and 43.5%, respectively) occurred ac the
Gamhoa and Panama City sites, near the center
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TarLe 4. Prevalence of Sefmonelin ond Arizone
spp. e fizerds By locality

No exam- Preaitives M. of sere-
Laacaliiy :me-d S 1vpes s0-
[ Tt Lated

Achicte ki 25 G Ll
sazardi 1l 5 4.6 3
Uik A% 22 HE8 i
{'r:l,'k'pélf Sabimes H2 12 Ea | ]
Aquacate 110 a1 152 15
Fanama City 4 ] w33 )

23

Thhesrs ab 13 5.4

T Averape of column entries was 200,

of the Isthrmus, two localities with little ecologi-
cal stmilarity. The rate was lowest {14.6%) in the
reptiles from Sasardi, The intersample varialil-
ity in lizards grouped by major localivies (14.6%
to 4B5%) was highly significant (y§ = 1874, P
< O 00E) of infection. Table & shows the scasonal
distribution of infection in lizards, Infection was
heavier during the dry season {rom January
through April. The difference between the late
dey season (37.3%) and the early wet season
(2337 was significant [y = 4400, P < 0.05).
There was no difference in infected lizards be-
vwoeh the early (23.3%) and the late wet seasons
(14.9%) (x] = 1.983; P = 0.15), but the difference
between the late wet (14.9%) and the early dry
seasons (3RA%) was significant {x§ = 2824, P =<
(L005])

DISCUSSION

An estimated 4% of the species of amphibians
and reptiles of the world are found oo the lath-
mus of Panama (151, Of the 257 species, B0% are
reptiles, and 19% of these are lizards. Panama-
mian lizards belong Lo seven families containing
29 penera and 67 species (13), many of which are
represented in the material examined in this
stndy.

Many neotrapieal lizards were found infected
biv a diversity of Salmaonella and Arizone sero-
types; infection was uhiguitous, [rom remote
miral and forested regions te urban develop-
ments. Infection among leards was highest dur-
ing the dry season, especially March and April,
possibly due to greater activity among some
species during the dry season in their search for
food and, consequently, Lo greater contact with
sources of mfection.

Matural infection of lizards and other cold-
blooded animals by Salmonefla spp, has been
reported by others (7, 13, 17, 18), Although these
animals are Irequently found to be carriers of
Lhese apgents, their epidemiological role remains
unclear. However, lizards should not be under.

Appn, Exviron, MICROBIOL,

estimated as potential sources of Salmonella
infection, particularly i tropical and developing
conntries in which conditions of inadeguate san-
itation still pre vatl, The extensive distribuation of
lizards and the habits of many species (geckos;
Ameiva spp.d which live in close association with
man may offer apportunities for human and
domestic animal infection, through direct or in-
direct eontact. Even in urban dwellings, the be-
havior of geckos may lead to contamination of
food or utensils with their excreta (12). Several
gpecies of lrards, such as Gonatodes, Gvmnop-
therfmmrs, and Ameton, seen in or near homes of
humans were found positive for Selmonelle in
thiz study. In rural and jungle areas of Panama,
Tpnana, o genus of primarily herbivorous arba-
real lizards, are eaven regularly by local people.
Two specimens of this lizard harbored enteric
pathogens. Enteric hacteria were regularly iso-
lated from Ameicn ameiea, commenly found in
open, grassy country, including vards and vacant
lots in Panarma ity

Of the Salmonella serotvpes listed in Table 3,
at least five have been implicated in zalmonel-
losis of man in Panama, These include serotypes
rubislaw, san diego, panama, newport and
miami, the last four having been isolated also
from humans in remote jungle aveas (10, 11).
Information on the incidence of Safmonello in-
fection 1n Panama 1s lacking, However, results
of studies on infants with aeule diarcheal dissase
in Panama City revealed a prevalence of 1.2%
for Salmonella nfection among 1,819 caszes stud-
e (100, wherseas in four rural eommunities, 9, 1%
of 591 persons of all ages, and irrespective of the
oceurrence of diarrhea, harbored Safmonello or-
ganisms (). In another study undertaken among
loeal indigenous laborers and their families and
nonresident persannel hired Lo work on feasibal-
ity stucies for a proposed sea-level canal i the
jungles of castern Panama, Sedmonelle orga-
nisms were isolated from 2 of 29 dizrrhesl cases

TabLE b Seasonal distribution of infection in

lizards
Mo of lizx- Positives
HEpason in: wrils exam- = =
ime Tl kN
1408
Early dry (fan.-Feh.} a1 21 26,4
Late dry {Mar, - Ajpr.) 114 41 ar.a
Barly wel (May—Sept.) Bh &) 2339
Late wet (Oet.-Dlac) T4 B 14.5%
14960
Early dry {Jan.-Feh.) 49 L9 388
Late dry (Mar-Apr.) 54 16 AT

* Average of column entries was 288,
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(6.59%) and from 10 of 244 asymptomatic persons
4.1%) 111). Human infections with Arizonag or.
ganisms have also been found infrequently in
rural populations of Panama (5, 81, These orga-
nisms are closely related to salmonellae and
have been known (o cause severs outhreaks of
infection in animals as well as diarhes and
gastroenteritis in humans (4). Ourbreaks of Ar
fzona in humans are often associated with con-
taminated food, indicating & pathogenic poten-
tial similar to that observed in salmonellosis
(14},

Numerous Salmonella serotypes similar 1o
those recovered during this study have been
associated with human illnesses in a number of
countries throughout the world, For example, in
Africa  {Madagascar, Nigeria, and Senegal,
among other countries), serotypes rubislaw, san
diego, panama, thompson, nagoya, wassenaar,
montevideo, and newport have frequently been
olated from humans (23 In lsrael, serolypes
monteviden, glostrup, and degania have been
prevalent in humans {16). In Mexico, serotype
carrau, in addition to others, has caused illness
in humans (1% In various countries of eastern
Europe, Safmonelln organisms have playved a
varving role in the bacterial etiology of infant
diarrheal infections in different areas and at
different times. Many serolypes were encoun-
tered as a cavse of diarhes, among which are
included java and madelia (&)

Although it is not convineingly elear that the
organisms recovered from lizards can all cause
disease in humans, it is reasonable to believe
they may contribute significantly to health prob-
lems of humans. In Panama, more and more of
the jungles are being cleared and human popu-
lations are moving in to colonize the newly
opened lands in a national goal for development
of the country by the year 2000. Roads and
communication nelworks are rapidly being ex.
panded through jungle and rural aress, upsetting
the ecological balance of the forest and rost
likely affecting the stability of the sylvatic fauna,
Their natural cover and habitz may be affected
and may bring man in closer contact with them,
thue increasing the incidence of many diseaszes,
including salmonellosis,

From the high prevalence of infection in le-
ards which have little direct contael with hu-
mans, it can be assumed that the reptile-salmo-
nellae asspciations are independent of the huy.
man host, [t would be desirable (o nwvestigate
whether or not lizards are potential reservoirs of
enteric infection for humans,

1 LIZARDS AND SALMONELIOSIS IN DPANAMA
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