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Paediatric campylobacter diarrhoea from household
'exposure to live chickens in Lima, Peru

0. GRADOS,' N. BRAVo,2 R. E. BLACK,3 & J. P. BUTZLER4

Although Campylobacter jejuni is a frequent enteropathogen in cases of paediatric
diarrhoea in developing countries, its route oftransmission is not well understood. An age-
matched, case-control study of children with C. jejuni diarrhoea was therefore carried
out in Lima, Peru, from January 1983 to April 1986 to identify the risk factors and
vehicles oftransmission. As cases, 104 children less than 3 years ofage were selected and
compared with controls of the same age with non-gastrointestinal illnesses. Household
exposure to live chickens was an important riskfactor (odds ratio, 11; after adjusting for
socioeconomic and environmental variables). Subjects in index households had a higher
frequency ofinfection than those in control households, and infected young children were
more likely to be ill than older children or adults, suggesting that immunity may be
acquiredfrom natural infection. The riskfactors identified suggest that direct contact with
the faeces of C. jejuni-infected chickens in the household environment was largely
responsible for transmission of the organism to susceptible infants.

The role of Campylobacterjejuni in the etiology of
human enteric disease has been well established in
both developed (1-3) and developing countries (4,
5). In Peru, evaluation of the importance of C. jejuni
indicated that the organism was present in 15% of
diarrhoeal stool samples from children in Lima and in
23% of samples from children in the jungle town of
Iquitos (6). In other studies carried out on children
less than 5 years of age who lived on the Peruvian
coast, as well as in sierra and jungle areas, C. jejuni
appeared to be commonly associated with both diar-
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rhoea and asymptomatic infections (7, 8). However,
many epidemiological features of the infection have
not been clarified. The present case-control study
was designed to identify risk factors and possible
means of transmission of campylobacter in children
aged less than 3 years in periurban areas surrounding
Lima, the capital of Peru.

MATERIALS AND METHODS

A matched case-control study was conducted from
January 1983 to April 1986 in Peru. Cases were chil-
dren of either sex aged less than 3 years of age, who
lived in areas close to Lima, and were selected from
those presenting with acute diarrhoea at the out-
patient clinic, San Juan de Dios Hospital, Callao,
and at Maria Auxiliadora Hospital, Villa Maria del
Triumfo. Of the 1290 from whom stool samples were
cultured, C. jejuni or Campylobacter coli was iso-
lated as the only pathogen from 104 children and
these were selected for further study. Since C. jejuni
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or C. coli differ only slighfly in their phenotypic
characteristics, and C. jejuni is found more com-
monly in humans, both organisms are referred to here
as C. jejuni.

Controls were children of the same age as the cases
(± 2 weeks) who were patients at the same two
hospitals as cases, but had non-gastrointestinal com-
plaints. Two stool samples were obtained from both
cases and controls, the first at the hospital and the
second during a subsequent home visit. Samples were
obtained by rectal swab and placed in two different
transport media. Cary-Blair transport medium (9)
was used for the most common enteric pathogens and
this medium, to which Skirrow's antibiotic supple-
ment had been added (10), was also used to transport
swabs for isolation of campylobacters. Rectal swabs
were plated the same day and cultures examined~
for Salmonella spp., Shigella spp., Yersinia spp.,
Escherichia coli, vibrios, Aeromonas spp., and
Plesiomonas spp. using standard techniques (11-13).
The plating media used for campylobacters was that
described by Butzler & Skirrow (1) and consisted of
tryptic soy agar (Difco) containing 7% defibrinated
sheep blood, bacitracin, novobiocin, cycloheximide,
colistin, and cefazolin.' Plates were incubated in a
candle jar (BBL) system without catalyst at 42 °C for
up to 2 days (14), and colonies were screened for
campylobacters using the oxidase and catalase tests
and presumptively identified as C. jejuni when
Gram-stain morphology and motility were character-
istic of the organism. Final identification was con-
firmed by the organism's ability to grow at 37 °C and
42 °C, but not at 25 °C, and by its sensitivity to
nalidixic acid (30 mg) and resistance to cephalothin
(30 mg) (15, 16).
Within 48 hours of selecting the index and control

cases, their respective homes were visited by the
survey team comprising two physicians. All house-
hold members were interviewed and rectal swabs
were taken and cultured for campylobacters. Also,
faeces from any household animal were cultured for
campylobacters using the methods described above.
Questions were asked about risk factors for cases and
matched controls, and each matched case-control
pair was interviewed by the same person. The ques-
tionnaire included inquiries about activities and food
and water consumed (12 items) during the week prior
to the household visit, as well as questions about
house construction, water source, sanitary facilities,
and exposure to animals.
The data from the case-control study were ana-

lysed statistically using a x2 test, Fisher's exact test,
the McNemar test for matched pairs (17), and by
regression analysis of conditional likelihood func-
tions for matched pairs (PECAN) (18). Rates of
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infection and illness among household contacts of
index cases and controls were compared by the
Mantel-Haenszel test (19), controlling for the age of
contacts. Comparison of the number of household
contacts in case and control families was carried out
using an unmatched Student's t-test.

RESULTS

A total of 104 children with diarrhoea and an equal
number of age-matched controls were studied; 72
cases were aged less than 1 year, 22 were aged 1 year,
and 10 were aged 2 years. Stool samples from 9
(8.6%) of the controls, cultured at the time of identi-
fication at the hospital, were positive for C. jejuni.
Index case households had more contacts (aver-

age, 3.9) than did control households (average, 3.0;
P=0.002), and, of the household contacts of index
cases, 10% were infected with C. jejuni (Table 1).
The proportion infected was higher for persons aged
less than 20 years (32 out of 240 versus 9 out of 164;
P<0.02). Among children aged less than 5 years,
five (29%) of the 17 infections were associated with
diarrhoea, compared with only one of 24 infections
among older children and adults (P<0.04). The
household contacts of index cases were more likely to
be infected with C. jejuni than those of the controls
(odds ratio, 3.9; P<0.001). Index cases were also
more likely to live in houses of poorer construction,
i.e., not made of bricks (odds ratio, 2.1; P<0.05)
and with a dirt floor (odds ratio, 2.0; P<0.025), and

Table 1. Analysis of household contacts of index cases
and controls

No. of No. of
Age of No. of contacts infected contacts
contacts (years) contacts infected with diarrhoea

Case households
<2 31 4(13)' 2(50)
2-4 77 13 (17) 3 (23)
5-19 132 15(11) 1 (7)
>20 164 9 (5) 0

Total 404 41 (10) 6(15)

Control households
<2 12 0 0
2-4 53 4(8) 0
5-19 117 4(3) 1 (25)
>20 134 1 (1) 0

Total 316 9 (3) 1 (11)

' Figures in parentheses are percentages.
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Table 2. Risk factors for Campylobacterjejuni-associated
diarrhoea

Presence of risk factor Signifi-
in case/control pairs cance

Risk level Odds
factor Yes/Yes Yes/No No/Yes No/No (P) ratio

C. jejuni- 2 25 2 75 <0.001 12.5
positive
chicken

C jejuni- 3 31 7 63 < 0.001 4.4
positive
animal

Any 7 26 8 63 < 0.005 3.2
chicken

C. jejuni- 0 6 2 96 N.S.a 3.0
positive
dog

No flush 16 39 14 35 <0.001 2.8
toilet
in house

No water 18 28 12 46 <0.025 2.3
in house

Any 27 35 22 20 N.S. 1.6
animal

Dog 6 22 23 53 N.S. 1.0

' N.S. - not significant.

were less likely to have running water (odds ratio,
2.3; P<0.025) or a flush toilet (odds ratio, 2.8;
P<0.001) (Table 2). The proportion of case and
control households that owned a refrigerator did not
differ significantly (14% and 16%, respectively).
Index households more frequently kept chickens

than did control households (33 versus 15; P<0.05).
Furthermore, 35 out of 57 (61 %) chickens in index
households were infected with C. jejuni compared
with only five of 22 (23%) in control households
(P<O.005) (Table 3). For no other domestic animal

Table 3. Type of Campylobacter jejuni-infected animals
in index case and control households

Index Control Signifi-
households households cance

Animals (Positive/total) (Positive/total) level (P)

Chickens 35/57 5/22 < 0.005
Dogs 8/32 2/34 N.S.a
Cats 4/19 2/10 N.S.
Ducks 4/22 2/16 N.S.
Others 1/9 0/19 N.S.

Total 52/139 11/101 <0.001

' Not significant (P > 0.05, x2 or Fisher's exact test).

was the difference in frequency of occurrence or of
infection between index and control households so
great, although infected dogs, cats, ducks, and other
animals were also found.
The strongest risk factor (odds ratio, 12.5) for

cases was residence in a household with a C. jejuni-
infected chicken (Table 2). Households with any
C. jejuni-infected animal (predominantly chickens)
or a chicken, regardless of its C. jejuni infection
status, were also significantly associated with cases
compared with controls. None of the food eaten by
cases or controls was associated with illness; for ex-
ample, 56 cases and 50 controls consumed breast
milk and only four cases and five controls consumed
unpasteurized milk. During the week prior to onset of
illness in the case, the majority of cases and controls
had eaten chicken or beef, but in very few instances
had this been raw or undercooked. The contacts of
cases in index households with a C. jejuni-infected
chicken had a higher rate of infection than those in
index households where chickens were not infec-
ted (17 of 108 versus 24 of 296; odds ratio, 1.9;
P<0.05). The results of the analysis did not differ
when case-control pairs in which the control child
had an asymptomatic C. jejuni infection were
excluded.
Because C. jejuni-infected chickens were more

commonly found in poorly constructed houses and in
those without running water or flush toilets, inter-
actions among the exposure variables were evaluated
using a regression analysis that employed conditional
likelihood functions to control for socioeconomic
and environmental variables. Exposure to C. jejuni-
infected chickens in the home remained significant
(adjusted odds ratio, 11) after controlling for type of
house construction, non-availability of domestic run-
ning water and of a flush toilet. None of these vari-
ables had a significant adjusted odds ratio after
exposure to C. jejuni-infected chickens had been
taken into consideration, although the presence of
both running water and a flush toilet in the house had
an adjusted odds ratio of 0.44. The adjusted odds
ratio for a toilet alone was 0.78, while that for piped
domestic water was 1.5. There was no significant
interaction between exposure to C. jejuni-infected
chickens and lack of running water but the odds ratio
in houses with running water was 11/2 versus 14/0 in
those without running water.

DISCUSSION

The results of the present and of previous studies
suggest that children are exposed to C. jejuni at an
early age in endemic areas of developing countries (4,
5, 8); transmission of the organism to young children
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is therefore likely to occur in the household environ-
ment. Thus, a case-control study of selected risk
factors, such as consumption of possible food or
water vehicles, or exposure to infected animals or
family members, should be useful in clarifying the
epidemiology and transmission characteristics of
C. jejuni in a developing country.

C. jejuni is a commensal organism in the intestinal
tract of many wild and domestic animals, including
poultry, cattle, swine, sheep, rodents, dogs, and cats
(20). In developed countries the rate of C. jejuni in-
fection is very high (>80%) for chickens raised in
large-scale commercial operations, where infection
may spread to newborn chicks from older birds or
from contaminated feed or water. It is, nevertheless,
possible to keep chickens infection-free under appro-
priate conditions (21). However, the infection rates
of C. jejuni in non-commercially raised chickens may
be more variable and dependent on environmental
conditions. In the present study, 61% of chickens
in index case households and 23% of those in con-
trol households were infected with the organism.
Although it was not investigated here, it is likely that
chickens become infected by ingesting the C. jejuni-
infected faeces of wild or domestic animals or even of
humans, and in this way facilitate transmission of the
organism by introducing it into the home. In most
households with chickens that we studied, the young
and adult birds ranged outside, but also had open
access to the house itself and commonly defecated on
the floor or on other surfaces in the home.
Transmission of C. jejuni by direct contact with the

faeces of infected dogs (22) or cats (23) has been
reported, and a similar route has been suggested for
chickens, especially among slaughterhouse workers
who handle chicken carcasses (24). The results of the
present study document, for the first time, that con-
tact with live chickens in the household constitutes
a very important risk factor for campylobacter in-
fection. The importance of this persisted even after
controlling for other environmental sanitation fac-
tors, although its significance might have been even
greater in households without running water. Al-
though not statistically significant, the finding that the
presence of piped water and a flush toilet in the home
protected against C. jejuni diarrhoea (adjusted odds
ratio, 0.44) could indicate that personal or domestic
hygiene may prevent transmission, even in infected
environments. A larger study is, however, needed to
evaluate this interaction.
That chickens were owned by 32% of index case

households may underestimate their potential impor-
tance in transmission, since chickens from neigh-
bouring households may also spread infection by
indiscriminate defecation. Cats and dogs were infec-
ted with C. jejuni and may transmit infection in

individual households, although they were not identi-
fied as a significant overall risk. Other domestic
animals, such as cattle, swine, sheep, or goats, were
very uncommon in this periurban area and thus did
not play a role in transmission; however, they may
be more important in the rural areas of developing
countries. The role played by wild animals, such as
rodents or wild birds, in the transmission of C. jejuni
was not investigated.
Foodbome transmission of C. jejuni (25), es-

pecially in unpasteurized milk, is well documented
(26, 27), but consumption of unpasteurized milk
was very uncommon in the study population. In con-
trast, transmission by ingesting raw or undercooked
poultry has been suggested in several outbreaks in
developed countries (28, 29). It is possible that index
cases and household contacts became infected by
eating C. jejuni-infected chickens, rather than from
direct contact with faeces; however, index cases and
controls did not differ significantly in the amount
of chicken, cooked or undercooked, that they con-
sumed, suggesting that this is not an important route
in the study area. Also, it is possible that
contamination of household surfaces or the hands of
food preparers could have led to C. jejuni-
contamination of foods prepared in the home.
Nevertheless, the organism is unlikely to multiply in
food because the temperature and microaerophilic
conditions are unsuitable, and transmission by this
means is therefore less likely. Waterborne
transmission of C. jejuni has been documented in
several developed countries (30-32), but the source
of water was not an important risk factor in our study.

C. jejuni can spread from person to person, es-
pecially from non-toilet-trained children (33). The
finding in this study that a higher proportion ofhouse-
hold contacts of index cases than of controls was
infected suggests either that person-to-person trans-
mission may have occurred within households or that
household members have other routes oftransmission
in common. Clearly, household members share cer-
tain risk factors and the higher rates of infection
of contacts in index households with an infected
chicken suggests that exposure to chicken faeces may
be the most important factor for both household
members and index cases.

In conclusion, exposure to the faeces of C. jejuni-
infected live chickens in the household was the pre-
dominant risk factor for childhood C. jejuni diarrhoea
in the study. Transmission in households probably
occurs via direct contact with and ingestion of infec-
ted chicken faeces by infants and toddlers. C. jejuni
persists in chicken faeces on the floor of households
in Lima for up to 96 hours, and children in the house-
holds often touch the faeces and subsequently put
their hands in their mouths (G. Marquis, G. Ventura,
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and R. Gilman, unpublished data, 1987). We hypo-
thesize that penning chickens outside the home and
preventing contact with their faeces would substan-

tially reduce transmission of C. jejuni to infants and
children.
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RItSUMt

DIARRHPE INFANTILE A CAMPYLOBACTER DUE A LA PRtSENCE
DE POULES AU DOMICILE (LIMA, PEROU)

Campylobacterjejuni est un germe entarique couramment
retrouvd chez les enfants des pays en d6veloppement et
constitue une cause de diarrh6e bien 6tablie. Comme on ne
connait qu'imparfaitement les caract6ristiques 6pidemiolo-
giques de cette infection, on a effectue une etude cas-
temoins, de janvier 1983 a avril 1986, afin d'identifier les
facteurs de risque et les dventuels modes de transmission de
C. jejuni chez les enfants de moins de 3 ans des zones peri-
urbaines de Lima, au Perou. Cette etude a porte sur 104
enfants atteints de diarrhee a C. jejuni et sur des temoins
apparies selon I'age, ne presentant pas d'affections gastro-
intestinales et frequentant le meme dispensaire. On a
interroge les meres des deux groupes d'enfants et on a
recueilli aux fins de culture, au cours d'une visite dans
chaque foyer, des echantillons de selles de tous les contacts
familiaux et de tous les animaux presents. Cette etude a
montre pour la premiere fois que le contact avec des poules
vivantes, couramment infectees par C. jejuni, dans le

cadre domestique constituait un facteur de risque tres
important, qui persistait meme apres qu'on ait maitrise les
autres facteurs d'hygiene de 1'environnement (odds ratio
ajuste= 11). La proportion de membres de la famille
infect6s par C. jejuni s'est av6ree plus importante chez les
cas indicateurs (10%) que chez les temoins (3%) et l'on a
6galement associ6 l'infection des membres de la famille a la
pr6sence de poules infect6es par C. jejuni dans la maison.
L'existence d'eau courante et de toilettes a chasse d'eau a un
effet protecteur limit6 contre l'infection (odds ratio ajuste=
0,44), mais sans signification statistique, peut-etre en raison
du nombre relativement peu 61ev6 de paires de cas-temoins
e6tudiees. Les facteurs de risque identifi6s au cours de cette
6tude laissent a penser que le contact direct avec les fientes
de poules infect6es par C. jejuni dans un environnement
domestique oi l'hygiene laisse a d6sirer est en grande partie
responsable de la transmission de ces germes aux jeunes
enfants.
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