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Anstract:  Bactericlogical studies were made on children 10 vears old and under {zom 700
familivs in Prnama City and 30 rural and semivural commuonities. Culture of rectal awabs
from 1175 chilifren revealed s prevalence rate of 3.7% dor enterehacterial pathogens. that
For Nhefpelie s, | FET Being highest, Sefsecwedle sp, enternpat hogenie Fyelerichin coli, and
Felroordsietla fovede were recovered less frequently. Differences in prevalence of Shigeda
infections in age groups were not significant, but Skigedfa was not Townd in childeen less than
1 wear oll, Shigelie was isolated more Trequently from childeen with diarchea {4.83%0, than
from these withoul diarrhea ©1.9%0; the ditference 15 significant ©F <7 0030, There was
mo positive carrelatiog between izolatiens of enterobacteria with disposul of excreta, sources
ef drinking waler, and the number of children ocoupying the seme bed. Prevalence rates Tor
pathogens e 31 communities ranged from O Le 133% 0 in 11, mo pathogens were encountersd,
sl Fotsomedls zp. and enterapathomenic f ool were Tound in 7. Shegelln infections were
found in 17 communities, mdicating it relative importance as a pathogen.
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Tn Panarmi, as in other preindustrial countries,
dizerhen Is reported as one of the majur causes
of dealk ameng nfenis and young children. THar-
theal mortalicy often is underrated  sinee lay
officizls and school feachers in rural areas do
most of the recording, Thus, caose of death is
Prequently uncertain or inaccuralely reporied,

Mortality  (igures of  diarcheal  disease  {or
Panamd for the period 1980-67 are available
from deaths listed as owing Lo “gastroenterifis”
and “ealitis.”” Although the death mate for infants
has declined steadily since 1960, il s still about
30 per 10,000 for children less than 1 year old™?

[nfarmation on disesse occarrence in Panama
i« cven mare scarce and unrelishle beczose of

# This reacarch wias supported by the advancest
Besearch Project Agency (Project AGILEY and was
muonitersd by the Nutrition Section, Offfee of Inler-
pitional Rescarchk, Mational Tnstitule: of Health,
under ARPA Order Moo 2830, Progeam Plan Noo 295,
Eppport wae alse ohiained from  the Panamanian
Ministiw ol Health, from the Pan American Health
Oreanizalion, and NIH Grant AL-03408
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practical difficulties in eegisiration and incon-
sistent reporting, Morhidily figures are limited 1o
those Trom heallth confers and a few hosgpilals,
with litlle informeation frome privale physicians,
Maorbidity data, representing medically supervised
casez from mest of the povernment-supported
health instiutiovos in the country. have heen
collected singe 1UR35 7

Incidence  of diarvhean  (gazlrocnteritis and
calitis} iz greater in mlzants under 1 vear. In this
age group, Lhe reported rate rose from 32 cases
per 1,000 infants in 1966 to 63 per 1,000 in 19671
In children aged 1 to 4 years, diarchea was less
frequent, but rates were Ul high; for 1968 the
age-specilic rale was 14,3 per 1,000 and for 1967,
16,1 per 100D Maorbidity, per 1.000 children in
the 3- to ld-vear age group, was 2,0 diarrhea
cazes in 1966 and 2,6 in 1967° The increase in
these rates probably reflects the beiter medical
covverage of Lhe populition sl improved registra-
tion ohserved inorecent years,

Inforrmation s scant on the presalence and
distritiution of the Erterobacterizcens that sre
commonly  associated with diarrheal disease in
Paramd, Hecent zbudies of inlfanls wilh diarrhes
wha attend the outpatient elinie of the Children's
Hospital in Pangma City revealed that only a low
percentage excreded  pathogenic Enterobacteria-
ceae.” These studiez showed, however, that patho-
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aenic enteric bacteria were mare previlent in
Further-
mare, diarcheal disease is related to cerlain on-
vicommental and zocial conditioms that slse are
koown Lo {aver dissemination of enteric orga-
nisms."”

digrrhea than in nendiarrhen patients.

A nationwide survey of the  prevalence of
Enterobacteriaeene secmed indiceied T we were
to learn mare about the wvaviety and relilive
frequency ol sesatypes in the country and to
determing possible differences in prevalence of
the sarious groups of bacieria aceording 1o host
and envirotmental charncteristics, The Teazibilily
af conducting 2ueh a study became practical @
desipalle with inttiztion of a natritienal surves of
Pananzd. conducted b the Institute of Nutrition
of Central America and Papama (INCAPD and
the Office of Internations] Rescarch of the Na-
vipral Instilotes of Health of the United Stales
of America (OIRTT

MATERIALS AND METHOLS

Seven  hundred (amilies were selected (oo

Panama City aned Teom 30 sural and semicural

Map af the Hepublic of Panami, shewing the locations of the communities stuadied in the nation-
wide survey of pathorencs Enterebactenaceae. Panams
and village:, @ is positive Tor Shigeflo; B is positive for Shigelle anl other

Fur lowos

City shown by 50 3= positive for Shig
pethozens;* & is oegalive Tor

iz onegslive for pathogenic Enterobacteviaoese,

communities of the Republic of Poeamil The
latter, whose locatiens are shown in Figure 1,
were Laken ab candom feom the 423 Cabeceras dre
igivite (districts) o and Cabseerns de Coreeg-
Jrvente Ccountiest with less than 23000 inhabi-
tanis. From each of the raral and semirural aress,
] with 3 alternates were  candomly
takoers; 100 familics Trem Papama Oy were like-
wise selected” Adequate preparation of the par-
Lieipants was made by bhealth perseomel the day
preceding the visit af Lhe Tield team.

All children under 11
familiez participating in the
were stodied for pathogenic Enterobacteriacose
from Jacuary through March 15670 The tech-
niques uzed in the field and in the lzhoratorys

[arilies

Lhee
SLVEY,

vears of aoe, In

nutrition

wire basicallv Lhe seme previously wsed o preva-

lenee studies ™" Additional information on the
sampling procedures and logistics of the nutritian
survey s deseribied elsewhere

A physician eollected epidemiological inferma
vion, including sge. sex, number ¢f family mem-
bers and siblings eoder 11 wears of age, avail-
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Pathogenic Enterobactorfaceae dn children © to 10 vears old from 30 commsnitics of Pawamd, 1967
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ki IeE N fards.

Chitdren wich

and quality of waler supply, svstern of
dispozal of feces and wastes,
children skaring the bed with the child studied.
The presence or absence of

person Tesponsible for every Camily,

L CTke mumler aiter the lester ﬂ:nr,.l,tt e
T Territatial reservation far the Kuna Lndiwns of Panamd,

and number of

diarrbes during the
mcluding  the dav of Lthe suevey,
The presence of blood and mucus
congiztency aof Teces on the dav of the cramination
wiag also determined. This informalion was ob- for 18 hours

tained by divect inteeview with the mother or

Lhilddren pathn
cxarnine _ =
Cumrnuanily [ELET {Na) (4 g isiamms igalalei
Boas del Tore 3z 3 04 Az B2
Diglega u i} —
Cerre Punia a6 2 A5 A2, B3
Prograsa 4i 4 H.7 B2 I
San Lotenzo kS| 2 1,8 A2 K3
Talé 3 1 2.6 ]
Manlizo 33 3 9.1 B1, Ba, TEC 033
Craarmal 41 I 24 13
Ruva Santa Maria iR ) — -
Chupimpa i3 i} - .-
Santa Maria 24 0 ==
Los Cerritos 14 1 ERs I3
Tonost kL] 4 133 D, EECQL27, K,
Lajarsing 1 i} -
La Palma ¥ i —
Tres Cueliczdas 17 0 - -
AnLdn B 1 1.5 141
Ll Cristo i 2 Al Ax (1
El Letiro 0 4] - —
Toahree 43 i 232 B3
Panurnn City 1% H 33 B D
San Jusé 4z 1 2.4 EEC (53
Hucnos Adres a0 i 0.1 B3, 5. anolum, K.
dangueng is 2 ar 5 sandsvall,
Chorrera AT 1 e i
Nueve Arrzijan Al i it
Chepo 1z 2 01 Ki, Id
Eleeobal 3b 1 2. Ki
Pifia 4 0 = -
Chepigan 3T | 7 E1
Alligand 44 K £
1,17 43 L
T ] o flexmers; 0= 8 bopalid: 10 — svmnery KEC = pnteropathogenic Ercheriohic cali: E.-

sype

Eecial swabs were taken an each child, streaked
tmmediately onto Salmonella-Shigells (557 arnd
MacConkey (MO} agar plates, and placed in o
tube of Sclenite Fobroth, AN incculated media
wits wepe transported overland or by plane te the
and labomatory in Panama City the day of inoculation
and were incubated upon aceival After inculbation
sliquats of the Selenite medium
were stregked on bismoth sulfite and 55 agar
plates and incubated #4 houors.
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Prevalence of pathogenic Enterobacteriacear in childven 0 lo 10 years oid, by provinee, Ponsmd, 1967

Childzenr with

Communilices e pathamen:
surveyssl erarnined —
Provinee [ {Ne DU PR Oy paniome i
Boeas del Tore L a2 & a4 Sh
Chiriegul 3 L& O 6 Sh
Veraguas 3 112 Z s 5h, EEC
Herrera A n: 1 1.0 “h
Los Santos 4 ni 4 4.3 Sh, EEC, EA.
Coclé 4 187 4 | Sh
Panami¥ ¥ 341 i 4.7 Gh, Salm, EEL,
Dardén 1 K 1 3 E.t.
Colan i 08 1 i3 Sh
San Hlasi 1 44 y] o
Total A1 1,178 43 3.7
s Rl ki — paterepathogenic S Sepic g calis Salmn = Swlmaaefiu g |':. L. =

i bneludes |

b Indian zes o an Atlantic mnst ol Panand,

Between 3 and 10 ponlactosc-fermenting col-
prijes of all tvpes and sizes Teom ezch plale were
transferred Lo Lriplesugir-iron agas (T30 and
lyvsing-iron ager (113 slants. Lacteee-Termenting
colonies Trom MO agar weee subeoultured in heast
mfusion (HI agae, TSI LE and HI agar slanes
were incubated 24 hours,

Preliminary sereening and identilication was
carried out by inoculation of Christensen's urea,
citrate, and semiselid agar, by
agelutination with polvvalent and cype-specific
Shigella and Salwomella antisers, Only the 11
mozt common enteropathogenic FMiekerichio coli
serutypes  were investigated. pamely: 02616,
035:B5, 0346:B7, o111 B, 0119 T84, (124 BT
0123015, D2a:Blo, 0127138, and 0125:B1%
Celtures confivmed by biochemical
The media

Simmon’s anl

and
andd aeva used were

WeTE
serological Losts™

from Ballimore Biological Labaratney, Baltimore,
Marviand and Difco Laboratories, Delreil, Mich-
ran, sespectively.

REETULTS
dver-all grevalence

A total of 1,178 children under 11 yexes of age

were studied (Table 13 OF these, 43 (3790
were inund excreting palhogenic enterohucteriz-
cene. Prevalonce of pathopens by lecality ranged
from O to 133%, although differences were not
sipnificant.  Skipelip infeclions were presenl in

17 of the 31 communities surveved, while Sal-
monelly, enteropathogenic . eold, and Hdward-
sietfa darda (a newly recognized spocies agparently
associaled with diarrhea®™ were detecfed in six
af the wvillages. Neo pathogers were isclated in
11 of the 31 ¢communities.

TanL %
Prevalence of patkepenic Enterobuclerinceae {n childves from 2 Pasewasion cammities, by ape

M Baskadng |'|.'|.r'.i-.'||I:|.r patlapgens

Clildren with
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E

Chzldren pitl Argiens Fhigndie Salaiorelia T Fatraedsic iy
el = - s -
Afe Vol [ TR L (Xad 155 T I Fe ) g

< Mo, 43 1 A 4] o - [¥] -

fi-11 o 03 2 1 L — [i] i -—
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Prepalenry of pathopenic Exlerobaciorizeene I ohildven,

dilions in 3 comvmnndiies of Mangeed. 1067

4 hileleer
. el
Sienilacy e

sncial condiLiofs . F.;'.'.l."! EERa l:.."'.'
Excreta disposal site
Girered 1580 150 B
P prive 717 6.7 If
Flush tailet 151 13.7 3
River orosea A5 1A L
MNooiniormatinn 13 1.1 1
Takal 1.1TR L0 4.4
Source of drinking waler
Pzl o] Al 15
Woell £40 A3 1y
Strean 10 11.0 1
Fain 7 13 2
Mooinformetion 1% ok ]
Total 1178 100.0 43
M, persons sharing
bied with child
N 340 m 10
1 oor 2 Lz 387 78
Ao0r e 154 103 5
NoaoinTarmalion 13 1.1 [
T'oial 1,178 L0 4.5
= dafurenedhi, entemapathogenic Eieboericbin coli wr Beicardsinia

Shigella provalence rales by provinee ranged
Tram: O to 4% and appeared highest in the west-
region of Panama (Bocas del Toro and
Chivigui ) theze dilieronees were not significant
[ Table 27.

The children exzmined helonged 1o 424 families,
ol which 30 (0.2 were found with only one
child exereting enterie pathogens: in 4 families
2 children exvreted pathogens. The children of 3
af the lalter were excreting Stigedls sommeds In
the: fourth family, ane child had Sfipella erners
U oand the other 5. ffesner: .

Ll

Ape-speciiic prevalence

Noe ol the commonly recogaized palhogens
Lihrgelin, Satmomells, and  enteropathagenic
eatfl were found in children under 1 vear ald.
Therealter, infection with Shigella Lecame pro-
gressively more frequent. bul the differences by

ages were not significant (Talle 33, The over-all

infection rate for Skigefle was 2.8% while Sad-

Children with
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Eo4
cacearding bo seleched sanftary facilities and social con-

pathogens

(] 151 h)
28 i 1.0 k! 1.6
3 21 29 7 8]
30 b A0 o =
1.1 1 1.1 0l
— 1 ] W
AT 33 2 L0 05
A8 1 4.5 2 02
4.0 13 20 ¥ (R
i1 z 1.5 2z 1.5
74 ) 7.4 ¥ —
a e Q —
A A3 28 10 a8
28 K £ 1} 3
4.1 19 Ly i 1.2
4.0 3 .00 K]
¥ o —
3.7 ik 25 10 05
;lm'..'. o ) o

manefln and enteropathogenic & coff were den-
tified in only ©.2% and 0.3%, respectively. of the
1169 children whose sge wis deteninined. &,
e, also rare, wos solated from all age groups.
fo gerfam socil
il empirenmental sonditions

Frevalence aecording

Lsults of interviews to determine predominant
delecation zites,
nuwmber of individuals sharing the same bed are
awmmatized o Table 4,
pathogenic Enterchacterizceae in children did nat

sources of drinking water, and

Prevalence rafes of
vary according Lo Lhe categories within each of

the three variables studied.

Prevolesice qecording o diarrkes

Informaticn on the presence of diarrhen the
day of the suevey. ot on any dav of the preceding
wiek, was collected for [LO3F of the children
attending the survey, Diarrhea provilence de-
ergased Trom 30,85 in children less than & monchs
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Tacre 3
Provatence af Shigelle fn slools in relaiion o diserfivs

Chaldren examined

A
Ly Nea Ve
<1 104 0 G
I i 4 435 11 a7
a6 1
oo 10 402 13 i
SR i
Linknown 0% o
Trtal 1.17% RE) 138

* Mo history pitantable with respeet Teociarri,

ald to 12% in children 3 te 10 weirs ald, The
aver-all diarchea provalence rale was 17,29,

The distribution of $%irefe isolates by age and
by presence of diavrthea {Table 20 revealed more
imnlations in diarchea cases (4.3%5 than in chal-
crer without disrchea (1.9% ), a sigrnificant daffer-
ence (o< 0050 Mare Shigella were found in
digrrhes than in noendiarrhes cases when patients
were divided into age groups.

TaHLE &

Sersdvpes of Enferotuciedfaceas b chitidren from 2
T0GT

PRRmanien cenimnities

]

Helative
piopartian
L]

Sl

Shigells
5. ddvaenierion g .0
K] L
N, Aexmerns | 1 —
£ il 140
K b liaa
l
S fowdi 3 i -
5. sonnei 1L 0.2
Soalmoclin
A, suaddsoail I o
. dtwalim 1
Faeheriohia coll
Fooralt 03513 1 =
[RTReRR £Y S 1 e
012%; KBS i -
Feforelzielln
L terde ) 11.%
Talal 45 1L00

With diarthe Withisl <hiarrhes

with Saizesia

wilh Blipalds

¥l Y| [ (Ned R Th]
C 7Y 1
4 &1 25K y 21
5 A0 430 1a I
L] 1.8 oy 17 1.9

Serebvpes Sonod

Seratypes of all organisms iselated are lsted in
Table ¢, All four Skigelin serogroups were rep-
resenled i the isolations, 3. somnei was the most
froguent sesatype, particularly in children feom
Panama Citv, allhough it was also fourd in six
eural communitics, A, flexneri 3, 5. flevueri 2, and

5. dvsenderiae 7 owers next o freguency.

LISCTISSTON

The prevalence of ciarcheal disease in the
Hepublic of Pangmé resembles that existing in
Earopean counlries and i the United States s
the begimming of this century. In the United
States the infant mortalily rate swing to dizrrheal
disease varied between 37 and 36 por 1000 due-
ing the fiesl decade of thizs century; it was 9 per
[.000 b the end of the seentd decade, and aboud
& poe LOOD by 1030 Tar children | Lo 4 years
ald, reported datalities in the United Stales foc-
toated beiween 33 anel 1.7 per 1000 duaving the
(irsc twe decades, Lual Dby 1930 the rate had
dropped to 0.0 per 1000

With allowaneces for the unrelialdlity ol slalis-
tics in Panamd, the carrent rates For digrrheal
deaths descritnd in this paper attesis te the
importance of dinrthes] discase as a major cuuse
ef death of Panamanizn children.

Throughout the world, mast diarrhes] dizeazes
are thought to have an infectious origin How-
ever, loboratory findings show that anly aboul
20% of the diarrhess can be related to the usually
recostized bacterial and pargsitic ggpents !t The
Enterobacteriacene are the most important agents,



614

ROURAMY,

and shigellae are consistently sssociared with a
significant proporiion of diarrheas.
cultures are made, this azsociation hecomes more
ohvions, "

In our studs, the cover-all indfection eate af
enteropathozens in children under
which  Skigella was the commonest
several seroivpe: were represenlsl and varicus
loici ;L-‘.:-]JL"LL‘E(E theovghout the coamiry, indicating
the ubiquitows nature of Lhe Shigells group.

In Caoszta Kica, a comparalle study revealed a
lowesr prevalence §2.6% ) of enterchacterial pathe-
gens o 135 nondiarrheic preschoal children, ard
only 14% of the infections were due Ly 3hipells
O the other hare, infeclions wilh Shigella aver-
aged TV In $17 children less than 10 vears old
o Gualemalan villoges™ This rate iz sigraficantly
higher than that of Panamd and could be due fo
dif ferent host-parasite-ensironment interagliong in
this region.

Spfmenetla and enleropsihagenic B coli were
rare. We believe thal more Salmenalls would
have been isclated had Teces been callected
instead of rectal swabs. The cate of enteropatho-
genic £ ocoli, on the other hand, was comparable
to that chseoved Inos previoos study of nondiar-
rhede infanes”

The most frequently encountered pathogen in
s stody was 5 This differed Tzom the
findingz in Costa Rica and Guaztemals
flexmard was the predominenl arganism ™" 2
were nod found in children under
vear old. In other preindustrial countries. shigel-
leais was alzo rave in the firsc mwonthe of Life 37
FUEEERL L
inlestical milicu Lhat develops with it

When serial

Ll wears was
30%, of

s,

where &

Shergelin

that heenst-leeding andd the specisl
protects
vourg chilircn from this tvpe infection.'®

The frequency of niection waz slightly oreater
among children who drank water Teom faucels
Tpiped water’ and bad access to flush toiles for
the dispisal of exereta Lhan among those whao did
rol have ur use sach sanitary facilioies. We had
expected Tewer infections smong the farmer geoup.
Howewver, analvsiz of the data and wvisits to the
children's houses disclosed that the majority af
chileleer wha reposted using piped water and fush
Lodlets wore Trom Panama City amd lived in sub

standard dwelliogs or multitamily tenement slums
where Lhesc facililics, allthowgh present. are notori-
cusly inadeguale and must be shared commu-
mllv® Also, the gencral lack of knowledge regarnd-
g personzl bvgiene among the study popalation

VASQURZ, AND MATA

hkely maszked any pessible beneficial effect that
could be derived from these Tacilities,

shdzelin was far more convmon in children with
dizerhen, as defined in (his study, than in those
withoul diarrhea (7 =7 00030, as shawn in a shmilar
Cpatemalan soady

Driageheal sliscase has been well characterized
as A dtominzet public health problem in develop-
ing countries where Skgells infections bave an
incregsed Tregqueney, ' 78

The ublguitouz presence of
inmvariably leads to the dominant position of acote
dinseheal disease in these coundries. Skigell, the
griater risk of exposure in rural and 2ome uchan
grens beeause of ipadequate sanilary conditions,
rncerance, and a deteriomated netritional stete are
particularly nofed in this regard. Loog-term pro-
spective studies have indicated that a considerable
proportion of diarrhea cases are related to recent
Shigefip infections," a situation notl revealed In
the uzual prevalence studly, ohservabion
houlel rates oh-
tained in Panamanian children, which in all prob-
alility were underestimated,

Armong other pathogens, revealed by technigques
that difter frame thase we used, Solaenelln was
fourd 1o B common in certzin isolated com-
maunilics of Panamd., In these commmnumnities,
Adhipell appears less Trequently than Solmenelin,
while enteropathngenic £, ool
manities, is omore frequent in the
where weaning is established at an earlier

eliological agents

This

B vonsidered noanzlyzing the

rare 0 raral cam-
urban areas
age.*
Vi oz long-term prospective study of dixed
populations, we are investizating
of enteropathogenic agents and diarrthes| disease,
This study will prabably give certain epidemio-
logical conslants as influenced by variations in
Pl -pargEite- environment intesactions n Manamd.

I"'IL‘ r]"-“ﬁdIL,] 1f1en
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