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To determine whether residents of developing countries are unlikely to acquine travelers’
diarthea, 64 Panamanians of widely divergent sociocconomic strata were studicd during
a [3day tour through Mexico. Twenty-three (36%:) tourists experienced 27 episodes of
travelers® diarrhica that were caused by seven different pathopens, The most conumonly
iddentified etiologic agents were rotavirus (26% ), Morwalk viros (15%), and oyl
Bgeter fers (1%, whereas enterotonigenic Excherichiy coff was not frequently asso-
ciated with travelers' diarrhea. Acquisition of travelers' diarrhea was correlared directly
with high sociceconomic states, ¥Yarying levels of immunity 1o enteropathogens that are
endemic in Panama may explain the different isolation rares of pathogens,

The widely held assumption that travelers Irom
developing countries are less likely o develop
travelers' diarrhes than (ravelers from developed
countries becanse of lfelong exposure to in-
dizenous pathogenic enteric orzanisms has never
been directly validated [L-3]. Therefore, we used a
protocol similar 1o thase used in previows investi-
watinns of travelers' diarrhea [4-7] 1o follow 64
Panamanians during their 4,000-km, 13-day, five
ity bus tour through Mexico in March 1978,
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at all cosponsoring institutions, we contacted a
local travel agent mn Panama Ciry who provided us
with the names of 64 Panamunians, ranging in age
from 10 ta 74 veurs (mean, 35 years), who were
planning a tour through Mexico, All 634 persons
volunteered o participate in our study. OF the 64
subjects, 23 had previously traveled outside of
Panama, 31 were of low-income strata (mean an-
nual income, <52,0000, and B1% were female,
Srweedy ddesignr. During a visit to cach subject’s
home before the wrip, the following epidemiologic
and demographic dala were abtained; previous in-
ternational travel and epizodes of travelers” diar-
rhea, family size. living conditions, highest level
of education, and accupation. We obtained fresh
sarnples of stool and blood from all subiects with-
in 10 days of their departure. Surveillance for
travelers' diarchea (passage within a 24-hr period
of three or mare liquid stools with cramps, vomit-
ing, fever, or prostralion) was conducted at least
three times a day while the subjects were in Mexico
and caily for the first five days upon their return
to Panama, To be considered a second episade of
travelers’ diarrhea in the same individaal, at least
two asympiomatic davs had w follow termination
af the initial episode before the recurrence of
symploms. The clinical features of duration, tem-
perature elevation, and symptoms were recorded
upon detection of travelers' diarrhea. Stool spec-
nnens were collected from cach subject within 12
hr of the enset of diarchea, Subjects were cared
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for by one of us (BOW. L) during each episode. Tao
maximize compliance we supplivd and directly ad-
ministered all prescribed treatments at no cost (o
the subjects. Only one subject received antibiolic
therapy for ravelers’ diarchea: a 26-vear-old man
with severe dysentery. During the final day of the
tour in Mexico, we collected a stool sample from
all 64 subjects (designated the concluding trip
sample). A guestionnaire completed during the re-
urn trip o Panama was used 1o identify pref-
erences in food and water consumption that could
be associated with the acquisition of travelers’
diarrhea. A second blood sample was obtained
fram all subjects 135 days after their return te Pan-
ama {eoncluding trip sample).

Although iraveling as a group, study subjects
had widely varying opportunities for exposure Lo
pathopens cavsing travelers’ diarrhea, Subjects
dined twice daily at restauranis of their own
choice and pursued widely divergent activities in
cach of the five cities visited by the tour.

We constructed 4 composile sociosconamic in-
dex (Hollingshead mdex) [B] based on accupation
and  educalion o determing  the
among the group's widely divergent socioeconanm-
ic status, their likelihood of acquiring travelers’
digrrhea, and their immune status hefore the rip
{based on titers beforg the wrip of anubodies 10
various pathogens causing travelers' diarrhea).
This index is based on a lincar-regression model in
which the education level 15 graded one to six and
the occupation level is graded one 1o seven. To de-
termine the index value of a single subject, the
education variable 5 multplied by five and the
peeupalion variable is multiplicd by six. The sum
of these variables cquals the soctoeconomic seore,
The lowest value is 11 and 1he highest value 15 72,

Linear-regression and y¥ lechnigues were used
in data analysis [9].

Laboratory fesis. Boacteriodogy. Pretnip and
concluding trip stool samples were processed di-
rectly in the Gorgas Memorial Laboratory, Pan-
ama City, Panama. Pretrip stool samples were
inoculated directly onlo primary isclation media,
Samples taken ar the conclusion of the trip were
maintained [or 24 hr in Stewart’s transporl me-
dium befors being plated onto primary iselation
medium in the Panama labaratory.

Shortly after collection stool specimens ob-
tained during the trip Irom subjects with travelers'
diarrhea were inoculated into Stewart’s and Cary-

relationship

Blair transport media, Previous work has demon-
strated that enteric bacterial pathogens, including
enlergioxizenic  Lscherichio cofi (ETEC), sal-
monellae, and Comprlobacier ferws, bur not
shigellac, are likely 1o be successfully maintained
for two weeks in refrigeraled Cary-Blaic medium
[10], These siool specimens from subjects with
travelers’ diarchea were also directly plated onto
MacConkey's apar to increase the likelihood of
recovering shigellae, After overnight incubation
five colonies that did not ferment lactose and that
were of different colony types, 1f present, were
removed Trom each MacConkey's agar plate and
placed onto nutrient agar For ransport back o
Panuma and subsequent testing for shigellae,

In Panama all stools and swabs that had been
maintained at 3 on Stewart’s or Cary-Blair
media or on nutrient agar were first streaked onto
MacConkey's, salmonella-shigella, and thiosul-
fate-citrate-hile salis apar plates and inoculated
overnicht onto selinite F broth and alkaline pep-
tone broth for subsequent streaking onto a second
MacConkev's, salmonella-shizells, and thiosul-
fate-citrate-bile sulls agar plate. Suspicious col-
onigs were placed onto triple sugar iron agar and,
when indicated, analvzed with the AP system
iAnalviab Products, Plainview, MY,

From cuch original MacConkey’s plaie five lac-
tose-positive colonies typical ol £ codf and a pool
of 10 other typical £ coli colonies were selecied
and stored on nutrient agar, All E oodi-applaring
isalates were tested in duplicate for production of
heat-labile (1173 [11] and hear-stable enterotoxing
[12]. Titers of antibody (o LT were determined in
duplicare [13]. A disk diffusion method [14] was
used 1o determing the sensitivity of all bacterial en-
teropathogens Lo ampicilling bacitracin, colistin,
ervihromycin, gentamicin, kanamycin, neomycin,
penicilling terracyeline, and triple sulfonamide,

To isolate O ferws, Tecal samples (Ffrom before
the trip) or swabs (from episodes of travelers” diar
rhea or concluding trip stool samples) were plated
onto medium consisting of brucella agar base and
L% sheep ervthrocytes with vancomycin {10 mg/
litery, polvmixin B (2.5 international units/ml),
and trimethoprim (5 medliter), Plates were incu
bated at 43 C in an wimosphere of 3% Oy, 10W
OO, and B3% Ho and were examined ar 24 and 48
hr. Gray, nonhemaolytic and comma-shaped col-
anies were further characterized with oxidase and
catalase lests. Oxidase- and catalase-positive orga-



nisms were characterized by using differential
arowth rates in NaCl solutions, production of H.S
in Kligler's medium with lead acetare paper, and
sensitivity 1o nalidixic acud 15, 16].

Parasitolagy. Slool specimens were emulsified
in 10% formalin and in 5% polvvinyl alcohol.
Formalin-preserved stools were stamed with iron
hematoxyling, Both tvpes of specimens were ex-
amined by direct light microscopy. Unly when
traphozoites  (Cigedic Jaeiblia or Ertenioeba
fsrolyiica)y or intracellular red blood cells (£, bis-
folviicn) were seen was a subject's illness ascribed
ta that particular parasie.

Firgdoey,  Stools for virus examination were
froven on dry ice immediately after collection and
were later stored at =70 C for subseqguent detee-
tion of rotavirus antigen wsing an enzyme-linked
immunosorbent assey [17]. Titers of antibody to
huwman rotavirus were determined by using ¢ CF
assay with Nebrasks calt diarchea virns and O
agent as substitute antigens [18]. Antibadies 1o
Norwalk virus were determined by using a solid-
phase microtiter radioimmunoassay [19]. A pasi-
tive scrologic diagnasis was defined as a fourfold
o grealer increase in antibody titer between pre-
trip and concluding trip serum samples.

Results

Twenty-three (36%) of the 64 subjects had at least
ong episade af ravelers” diarrhea, and four per-
soms had two episodes,

Climica! results. Wness began on the third day
ol the trip, peaked between Tasco and Acapuleo
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on March |1 and 14, and tapeced off shortly after
the group’s return to Penama (figure 1), The onset
of illness occurred three 1o 17 dawvs after arrival in
Menico, with the median onset at 10 davs after ar-
rival. The median duration of illness was 38 hr
{range, 2-91 hr). The median number of loose
stoals passed by subjects with travelers” diarrhea
during the peak 24 hr of their illness was cight
frange, three ta 34 stools). Abdominal cramps,
maliise, nausea, and anorexia occurred fregquently
(tatle 1), Temperature elevation to =38 C was
documented in 83% of the cases. No specific clin-
ical svmptomatoloey  characterized the  illness
caused by a particular pathogen of travelers’ diar-
rhea, although subjects with diarrhea due 1o Nar-
walk wvirus passed fewer stools (mean number,
five) per peak 24-hr period ol illness than did pa-
tents with dinrrhes due to roavirus {mean num-
ber, eight). Six (60%0) of the 1) episodes of trav-
clers” diarrhea in which a pathogen was not identi-
fled were very mild (three loose stools with mild
prostration and no fever), a result which suggests
a passible noninfectious cliology,

Epideniofopic resielts. We could nol identify
the transmission mechanisms of those pathopens
cuvusing travelers’ diarrhea. [n two of the eizh
family groups (accounting for 20 [31%] of the 64
subjects)y in the wour, the lemporal clustering of
their illness suggested a common-souree transemis-
sion. A man and his wife developed rotavirus diar-
rhea concurrently, and two middle-azed sisters si-
multancously developed MNorwalk virus-induced
diarrhea. The campylobacter enteritis that oc-
curred in two teen-aged sislers was separated by an
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Figwre 1. Cases of travelers” diar-
rhea in & group of 64 Panamanian
rourists o Mexico in 1979, by
eriologic agent and dale plus place of
onset. Four subjects (numbered) ex-
pericnced more than one epizode of
disease, PMA = Panama; MEX =
Mexico City; GUA = Guoatemala:
TA = Tasco; SJP = San Jose
Purng; ACA = Acapulco.
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Table 1. Frequency of svmptoms of travelers’ diar-
rhea in ill persons among a group of &4 Panamanian
tourists i Mexico,

Percentage ol episodes

SYmplam wilh symptoms (n = 27
Diarrhea*

-4 el

B 4

9-3l 20
Abdominal cramps 83
Fever B3
Malsey &7
Andarexia h7
Headache &l
Myvalpia 50
Vomiting gl

* Srocls per day.

interval of three dayvs, Precaulionary measures 190
prevent travelers” diarrhea did not decrease the
likelinood of acquisition (akles 2 and 31, Socio-
coonemie status was sizmificantly associated with
the probability of acquiring travelers® diarrhea (r
= (1,282, P = 0.,024), as subjects with the highest
socioceonomic stalus were most likely to acguire
travelers” diarrhea,

Microbiclogic resulis. One or more of the
seven enteric pathogzens that we identified were de-
tected tn 14 {61 %) of the 23 subjects with travelers’
diarthea and in 17 (63%) of 27 episodes of trav-
elers’ diarrhea (table 4y, ETEC was isalaled from
the samples of three sulbyjects before the trip. Rota-
virus and Morwalk virus were the pathogens maost
frequently  associated with travelers’ diarrhea
{table 3); they accounted Tor 26% and [5%, re-
spectivelv, of all cases, The only ill subject From
whom ETEC was isolated was also the only sub-
Ject with a mixed infection; &, famfilia was con-
currently identilicd in her stool sample. Nong of
the &4 sulyjects had a fourfold increase in antibody
titer to £ cofi LT between the preirip and con-
cluding trip serum samples. Age and proirip titers
of antibody 1o LT did show a significant negative
correlation (r = =0.273, P = 0.042); the young-
est subjects had the highest prewip titers of anti-
body 1o LT, However, pretrip antibody titers 1o
LT, Morwalk virus, or ratavirus did not vary with
socipeeonomic status. All enterataxigenic isolares
were resistant to bacitracin, ervthromycin, and
peniciilin,

445

Iriscussion

The high attack rate and relatively mild clinical
picture we observed suggest that individuals from
developing tropical areas may develop travelers’
diarrhea. Our observations are in contrast to those
of previous investizators who claimed that 1rav-
elers' diarrhes was uncommon among travelers
originating [rom  developing tropical countries
[1-3]. This discordance may be explained parually
by the design and execution of these earlier stud-
ies —amall numbers of cases, low completion rates
of the guestionnaire surveys, and a biased ascer-
tainment of poorly defined cases [1-3]. A further
explanation may derive from the fact that our
study, like previous investigations of ravelers'
diarchea [1-7], was descriptive in nature. Con-
trolled investigations with high ascertainment of
tourists rom the developed and developing world
traveling an the same trip would be helpful.

The multiple cticlogic agents and their relative
frequencies derected in cur study also differ from
those described in previous studies, despite our use
of selation lechnigues very similar 1o those used
in previous studies in which ETEC was successiul-
v isolated [I-7]. The percentage of episodes of
travelers” diarrhea in which we were able 10 iden-
tify an etiologic agent was, however, similar o the
rieles in these studies. Our findings may be partial-
¥ explained by our craveling with the eroup,
plitting in the field, snd using techniques for isa-
lating O fefus. O fedns has been recently recos-
nized as an bnportant pacthogen of avelers” diar-
rhea |20]. Cases of travelers’ digrrhea in which O
Jerws was isolated occurred 1owards the end ol the
trip. Our storage methods may net have allowed

Table 2. Association between food consemprion anmd
acguisition of travelers’ diarrhea in a group of 64
Panamanian tourists in Mexico,

Percentage of submroup
consuming food

Well (4 = 41

Food consumed

Vendar Food 19
Salads with raw vegetables 10 R
Osther taw vegedahles 57 13

Lnpeeled fruits 47 ]

MOTE.  None of the differcnees in consumpiion of a given
food was statistically significant at the P = 0.05 level,



Table 3. Association betwesn waler consumplion and
achuisition of travelers' diarrhea in a oroup of 64
Fanamanian tourists in Mexico.

) Frequensy of consumplion
Type of water consurmed, T

health siaiws Oen Seldom Mever
Only commercially

bonrled water

1 &l L1 T

Well 24 15 11
Tap warer

m 7 1] 81

Woell fi 2 B
Hatel waler

11 47 27 T

Wl 39 13 28
Water-containing beverages

m it 7 T

Wl 50 34 11
Bevergges with ice

1 57 an 1

Well T 28 3

NOTE.  MNoene of the differences in consumption of a given

tvpe of hauid was statistically stgnificant at the 2 = (.05 level.

ws o osuccessfully recover any Casipolobooier
oreanisms that may have cavgsed travelers” diar-
rhea carly i the trip. Subjects in this stucdy, unlike
those in other studies carried out in Mexico, also
traveled more extensively throughoul Mexico and
roay have had broader exposure to enteropatho-
pens, In addition o these and other methodalogie
ditferences, which we have attempled 1o mini-
muee, bBetween this stody and previoos studies of
travelers' diarrhea, a difference in susceptibility to
enterie pathogens o oour cohort when compared
with previously studied cohorrs mayv also be
impartant.

The rarity of ETEC as a causal agent in our
study contrasts with its frequent ogourrenge in
olher recent studies of travelers” diarrhea in Norih
American travelers to Mexico [4, 5] but 15 consis-
tent with the findings of the only other study of
siciilar desien to the present investigation. This
similar study demonstrated a 35% incidence of
travelers” diarrhea in Latin American students at a
school near Mexico City [21]. This study and aur
study also demonstrated g relatively milder elinical
spectrum of illness than the one characlerizing
travelers’ diarrhea in Narth American travelers o
Mexico [5], Snudies of rravelers’ disrrhes involving
Marth Americans have repeatedly shown ETLEC 1o

Rycher ov sl

he the most prominent etiologic agent [4, 5] In
caontrast, ETEC has consistently been shown 1o be
an infreguent enteropathogen in North America
[22]. ln our study involving subjects [Pom a coun-
try in which ETEC is an endemic cause of diar-
rhea, these orgamisms, while colonizing the in-
testines of three subjects before they left Tar Mex-
1oy, cansed travelers” diarrhen in only one of the
subjects in our study, Parenthetically, a sccond
case of ETEC-mediated travelers’ diarrhea oc-
curred tn the only Morth American on the tour.
This individual was also the only person who had
g fourfold increase in tier of antibody 10 LT be-
tween pretrip and concluding trip serwm samples.
Pretrip titers of antibody to LT correfated in
versely with age: voung subjects had significantly
higher antihody ters. This correlation sugsests
that ETEC, endemic in Panama, is mast likely to
infect children, giving them a temporary inerease
i titer of antibody o LT, These childhood infec-
tions seem o confer some long-lived immunity 1o
LT-mediared diarchen. The decling in tter of an-
tibody 1o LT with agze likely reflects the decreuse in
tiler aver the nme since primary mfection and not
a decling in immunity to infection, The significant
correlation of attack rale ol travelers” diarches
and Hollingshead index sugeests that the neher
socipeconomic levels of the Panamanian class

Tahle 4. Laboratory findings in stool samples from a
group of 64 Panamanian tourists in Mexico,

Mexico
Fretrip Travelers' Concludiog

Mgenl in Panama <diarchea LTip
Enterolosigenic

Evcherichio cali® 3 1T {1
Shigellu i} l 1
Curpviotacier jefum 0 i {}
Rotavirus 0 o 1
Crivario farnbdin i} LT 0
Fulamaeha pigiolviiog 0 | I
Mir patiogen il 100 62

Total £ 223 &4

* Al welates produced only heat-labile enterotoxin, The
serofypes of e solates were OB4:H?, OL59:H46, and
Oa40: 112,

T lsolated from the same individual,

b oo including one case of rotavirus diarrhea and [our cases
of Morwalk virus diarrhea that were diagnosed serologically.
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Tuahle 5. Antibody responses o antigens of (hreg
apents of travelers” diarrhea inoa group of 64 Panama-
rian tourists in Mexico,

Antibody response

Antigen

Euckerichio col™ 0s6at
Raotavirus G649
Morwalk virus 7764 (L1)8

MOTE. [tz are n. with fourfold or greater inccease 1o
antthody 1er berween pretrip and concluding orip samples?
Letal no. of paired sera tested (%)

* Hear-lakile enterotaxin.

" Mo including a Warth American traveling with the group
bt net participating in the study who had a fourfold increase
in titer of antihedy 10 heas-labile enterotoxin,

P Five of the six had travelers” diarrkes.

i Four of the seven had travelers’ diarrhea.

structure may have been less effectively exposed 1o
enteric agents indigenous i their country, and
they thus are more likely to develop travelers’ diar-
rhea when effectively  exposed  during foreign
travel, The high titers of antibody to £, eoff LT in
children, the correlation of aitack rate Tor trav.
clers” diwrrthea wilh noreasing  sociogconomic
statns, and the rather different susceptibility and
immunologic response 1o ETEC-induced travelers’
diarchea in the one tour subject who did not orig-
imite from Panama, viewed together, suggest thal
the minor rale played by ETEC in our study may
be due o preexistiog immunity 1o ETEC in many
ol the members of the Panamanman contingent,

We were surprised by the 41% incidence of trav-
elers” diarrhea attribwable 10 gither rotavirns or
Morwalk virus, Both ol these enleropathosens are
important causes of endemic enteric discase in
Pungma [23]. 11 15 possible that previous exposure
Lo rolavirus and Maorwalk virus does not confer as
long-lasting an immunity as previous exposure (o
ETEC, or, alternatively, the strains of these enteric
viruses endemic in Panama may not confer im-
munity to those present in Mexico.

We have previously demonsorated thar travelers
originating from the developing world are unlikely
to wequire travelers' diacrhea during ravel o the
United States [24]. We have now demonstraied that
subjects from developing countries traveling to
other developing countries may alse acquire trav-
elers” dharrhea with the same frequency as travelers
from the developed world., Our observations,
invalving one group, although it was a group with
members of widely heterogencous backerounds

and cxperiences while in Mexico, must be wvali-
dated. However, our study does suggest thal (rav-
glers’ diwrrhes, thought to be a scourge of only
travelers from the developed world, mayv be a
mich greater problem than bas been previously
auirmised,
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