
Bulletin of the World Health Organization, 59 (1): 67-73 (1981)

Seasonal fluctuations in the occurrence of entero-
toxigenic bacteria and rotavirus in paediatric diarrhoea
in Addis Ababa

G. STINTZING,' E. BACK, 2 B. TUFVESSON, 3 T. JOHNSSON, 4 T. WADSTROM, 5 & D. HABTE6

This study (March 1977-February 1978) wasperformed at the Ethio-Swedish Pediatric
Clinic, Addis Ababa, to determine whether there were any seasonal fluctuations in the
occurrence of diarrhoea associated with enterotoxigenic enterobacteria (ETEB), rotavirus
and two parasites (Giardia lamblia and Entamoeba histolytica).

A total of 1161 children (962 patients and 199 controls) were investigated. ETEB were
isolated in 12.2% ofthepatients and4.5% ofthe controls, rotavirus in 27.8% and8%, and
parasites in 6.85% and 1%, respectively. There is a statistically significant difference in the
isolation rates between patients and controls (P< 0.001 for rotavirus, P< O. OlforETEB and
parasites). Rotavirus was mostprevalent in the 7-12 months age groupandETEB during the
second year of life, while parasites showed a continuous increase with age.

Two peaks in the occurrence ofETEB werefound during the year, thefirst in August
(32.6%1o), the second in January (19.2%). Two peaksfor rotavirus though not as distinct as
forETEB, wereseen in June (42.7%o) and November(36.4%1o). The isolation rate ofparasites
showed no consistent pattern during the year.

This study suggests a seasonal occurrence ofETEB and rotavirus but with no apparent
correlation to climatologicalfactors.

Diarrhoeal diseases are an important health
problem and a prominent cause of infant mortality in
developing countries. A community study in Addis
Ababa (1) showed that children under two years of age
were most affected. The average child in this age
group experienced nine episodes of diarrhoea each
year, which lasted a total of two months. Until re-
cently the etiology of most of these episodes remained
unexplained.
Although it was shown in the 1950s that strains of

Escherichia coli may produce enterotoxin (2), these
bacteria have been the subject of extensive research
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only during the past decade. Other species of entero-
bacteria have also been shown to produce heat-labile
enterotoxin(s) (3, 4). Enterotoxigenic enterobacteria
(ETEB) are more prevalent as causes of infantile
diarrhoea in countries with poor standards of hygiene
(3-10).

During the 1970s, rotavirus, or human reovirus-like
agent (HRVLA), was added to the list of presumptive
enteropathogens of early childhood in developed as
well as developing countries (4, 7, 11-13). Giardia
lamblia and Entamoeba histolytica are, of course, also
important enteric pathogens in young children.

In developed countries with a temperate climate,
the prevalence of rotavirus shows marked seasonal
variation, with a peak during the winter season
(13-16). A few studies from developing countries with
a subtropical or a tropical climate have also demon-
strated seasonal variations, although there has not
been any evidence of a clear correlation with climatic
factors (17-19). A preliminary study in Addis Ababa
suggested that there was an increase in the isolation
rate of rotavirus at the beginning of the rainy season
(20). The seasonal variation of ETEB infection has
not been reported.

In Addis Ababa, more than 2000 m above sea level,
the temperature is fairly constant throughout the year.
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A period of dry weather from October until February
is usually followed by a period of light intermittent
rains from March until May, which is then followed by
heavy rains from June until September (21).
The aims of the present study were to determine the

average relative frequencies of isolation of ETEB,
rotavirus, and the two recognized enteric parasites
(Giardia lamblia and Entamoeba histolytica) in
infantile diarrhoea in a tropical setting, and to
investigate any seasonal variation in the isolation rates
over a whole year. A preliminary report on part of this
study has already been published (20).

MATERIALS AND METHODS

Patients and controls
The study was conducted for one year, from March

1977 to February 1978, at the Ethio-Swedish Pediatric
Clinic, Addis Ababa, Ethiopia. Approximately
100 000 attendances were recorded during the year,
and it is estimated that 8000 children suffered from
diarrhoea. No epidemic was seen during the year. A
total of 962 patients were included in the study from
among the children, mainly of a low socioeconomic
background, attending the outpatient department,
from Mondays to Saturdays, during regular working
hours. This number of patients represents about 12%
of all diarrhoea cases in children. Patients receiving
concurrent antimicrobial therapy were excluded. A
control group consisted of 199 children attending the
child health clinic, but the controls were not perfectly
age- and sex-matched. For the purposes of this study,
diarrhoea was defined as four or more loose or mucoid
stools, or more than one watery stool, per day.

Bacteriological investigations

Stool specimens were stored at 4 °C, and were
subsequently sent to the National Bacteriological
Laboratory (NBL) in Stockholm, Sweden, in a modi-
fication of the Stuart medium (22). Immediately upon
arrival at NBL, within 10 days of collection, the
specimens were cultured on Endo-agar plates and
incubated for 18 h at 37 IC. Six colonies, if possible
of different morphology, were picked from each
Endo-agar plate. The isolated colonies were sub-
cultured on 5% horse blood agar for 18 h for subse-
quent enterotoxin testing.

Enterotoxin testing. From March until November
1977, strains were inoculated from blood agar into
brain-heart-infusion broth (Difco), one loopful in
10 ml of medium. In one batch of brain-heart-infusion
broth an inhibitory effect was noticed that was
probably caused by a ganglioside derived from the

brain tissue.a Because of this, tryptone-yeast-extract
broth was used from November onwards (23). The
tubes were incubated at 37 OC on a shaker (100 rev/
min) for 18 h and then centrifuged (4000 g) at 4 IC
for 20 min.
The culture supernatants were assayed for heat-

labile enterotoxin (LT) using the Y1 adrenal cell test.
The adrenal cells in microtitration plates were exposed
to 50 p1 of the culture supernatants for 5 min, where-
after the cells were washed and fresh medium was
added (24, 25). After 18 h the result was read
independently by two people, the test being considered
positive if50% or more of the adrenal cells showed the
typical rounded appearance.

Strains positive in the adrenal cell test were further
tested for their ability to produce heat-stable entero-
toxin (ST) using the infant mouse assay (26).

Virological investigations

Approximately 1-2 ml of faeces was stored in glass
tubes at 4°C and sent for virological examination to
the Department of Clinical Virology, Malmo General
Hospital, Malmo, Sweden. The specimens were tested
by immunoelectro-osmophoresis for detection of
rotavirus (27).

Parasitological investigations

Fresh stool specimens were examined under the
light microscope (400x), with special reference to
trophozoites of E. histolytica and G. lamblia.

Climatology

Climatological data were obtained from the
National Climatological Service, Addis Ababa.

RESULTS

Altogether 1161 children were investigated, the
monthly numbers ranging from 66 to 130. Of this
total, 962 were children with diarrhoeal disease and
199 children without diarrhoea. Specimens were
analysed for the prevalence of ETEB from only 931
patients and 178 controls because of lost samples. The
age distribution of patients and controls is shown in
Table 1.
Out of the 931 patients' specimens analysed, 114

specimens (12.2%) were found positive for ETEB
(Table 2); 8 controls (4.5%) were also found positive,
the difference being statistically significant
(x 2-analysis, P<0.01). Enterotoxigenic Escherichia
coli (ETEC) were isolated from 109 (95.6%) of these

a Back, E. Thesis, Karolinska Institute, Stockholm, 1979.
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Table 1. Age distribution of patients (n = 962) and controls
(n = 199)

Patients with diarrhoea Controls

Age No. % No. %

0-6 months 288 29.9 104 52.3
7-12 months 289 30.0 30 15.1

13-24 months 242 25.2 28 14.1

25 months-4 years 95 9.9 16 8.0
)4 years 48 5.0 21 10.5

Table 2. Frequency of isolations of different entero-
pathogens from faeces of patients with diarrhoeal disease

Patients (n = 962) Controls (n = 199)

No. % No. % P-value

ETEB 114a 12.2 8b 4.5 <0.01

rotaviruses 267 27.8 16 8.0 <0.001
parasitesc 65 6.8 2 1.0 <0.01

a 931 patients analysed.
b 178 controls analysed.
c Only findings of trophozoites of G. Iamblia and Ent. histolytica

are recorded.

114 patients. The LT positive strains from 41 patients
were also tested for heat-stable (ST) enterotoxin and
22 (5407) were found positive.

Enterotoxigenic non-E. coli were isolated from 8
patients (0.90o). From 5 of these, non-E. coli were
isolated in the absence of ETEC. Among the 8 con-
trols, we found 4 cases (220o) with non-E. coli entero-
toxigenic bacteria and in 2 cases we isolated
non-E. coli only. The effect of the heat-labile entero-
toxin of non-E. coli was neutralized by antiserum
against choleragen and E. coli LT (28, and R. Mollby,
unpublished data, 1979). Among the 14 non-E. coli
isolates we found: 5 isolates of Enterobacter cloacae
or Enterobacter agglomerans, 6 of Citrobacter
freundii, I Klebsiella pneumoniae, 1 Proteus
morganii, and 1 Serratia marcescens.

Rotavirus was detected in 267 (27.80o) of the
patients and 16 (80o) of the controls (X2-analysis,
P<O.001). Infection with ETEB and rotavirus at the
same time occurred in 40 (4.307o) of the patients but
not in any of the controls. Parasites were found in 65
patients with diarrhoea and in 2 of the controls
(x2-analysis, P<O.01).

The relative frequencies of the enteropathogens in
the patients of different age groups are shown in
Fig. 1. The highest isolation rate of enterotoxigenic
bacteria occurred during the second year of life
(14.5%7.) while the highest isolation rate for rotavirus
occurred in infants aged 7-12-months (31.1%7o).
Infection with Giardia lamblia and/or Entamoeba
histolytica showed a steady increase with age. Infec-
tion with two or three of these agents at the same time
occurred most frequently during the second year of
life (11.4%).
At the time of examination, the duration of the

diarrhoea ranged from 1 day to more than 2 weeks
with a median of4 days. Approximately 100o had had
diarrhoea of 2 weeks' duration or more on the day of
examination. There was no apparent relationship
between the duration and the etiology of the
diarrhoea.
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Fig. 1. Frequency of isolation of enteropathogens by age
group. For parasites, only findings of trophozoites of Giardia
lamblia and Entamoeba histolytica are recorded.
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Data on rainfall, mean relative humidity, mean
maximum and mean minimum daily temperatures for
each month during the year of the study are shown in
Figure 2A.
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During the first five months of the study, entero-
toxigenic bacteria were isolated infrequently (see Fig.
2B). In August, a definite peak was reached (32.6% of
patients positive for ETEB) followed by a decrease
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until another but smaller peak (19.2%) occurred in
January 1978. A similar pattern was seen for rotavirus
isolations although the peaks occurred two months
earlier (June, 42.7% of patients positive, and
November, 36.4%) and were not as distinct as those
for ETEB.
The frequency of isolation of parasites varied

throughout the year, giving no evidence of a pattern
similar to those of ETEB and rotavirus.

DISCUSSION

This study included more children than other
similar studies and extended over a longer period.
Thus, it was possible to study variation in isolation
rates of the different pathogens over a 12-month
period. However, to demonstrate seasonal variations
conclusively, studies would have to extend over much
longer periods.

In other studies the frequency of ETEB isolation
has shown considerable variation depending on the
epidemiological setting and may reflect genuine geo-
graphical differences (6-10, 20, 29, 30). However,
some of the differences may be due to the different
methods used for detecting heat-labile enterotoxin
and different methods of interpretation.

In this study, a modification of the Y1 adrenal cell
test described by Sack& Sack (25) was employed. This
test is good for detecting heat-labile enterotoxin since
there are few cytotoxic reactions and few false positive
results (31). To avoid interpreting weak and non-
specific cell reactions as positive, a test was regarded as
positive only when 50% or more of the cells showed
the typical rounded appearance.
We found ETEB producing heat-labile enterotoxin

(LT) in 12.2% of the patients. Strains of ETEB from
41 patients were also tested for production of heat-
stable (ST) enterotoxin (26), and it is possible that the
number of patients with ETEB would have been some-
what higher if all LT-negative strains had been so
tested. Data from a follow-up study indicate,
however, that infections caused by ETEB producing

only heat-stable toxin were rare in this population
(G. Stintzing, et al., unpublished data, 1978).

Earlier studies (8-10) indicate that isolation of
heat-labile enterotoxigenic E. coli is not a priori
evidence that this organism is the etiological agent. In
this study, not unexpectedly, ETEB was also isolated
from some, although significantly fewer, of the
controls.

In addition to ETEB, rotavirus, and the two
parasitic species, other bacterial pathogens were also
studied in these outpatients during limited periods of
the year. A preliminary report (20) showed an average
isolation frequency of 5.6% for enteropathogenic
E. coli (EPEC) and of 4.4% for Shigella species.
During this period, March until July, neither salmon-
ellae nor vibrios were isolated, and Yersinia entero-
colitica type 3 was isolated in only one case. This is in
agreement with previous studies in from Addis Ababa
(3, 32, 33). A later study has shown that Campylo-
bacter fetus jejuni is also an important etiological
agent in this population (A. Thoren, unpublished
data, 1979).

Rotavirus was isolated from 27.8% of the patients,
a proportion comparable with those found in other
developing countries (10, 12, 19, 29). Also the age
distribution of patients with rotavirus infections was
similar to that reported from other studies (13-16,
34). As the proportion of rotavirus-positive specimens
among the controls was higher than in earlier studies
(9, 10, 14, 17, 19, 29, 30), special attention was paid to
these samples. All 16 positive samples were shown to
contain rotavirus by electron microscopy. This high
rate might reflect the difficulty of finding suitable
control subjects without any known recent history of
diarrhoea, especially among infants aged 0-6 months,
this being the group from which most of the control
patients were obtained.
The frequency of isolation of ETEB showed two

peaks, in August and January, but these did not seem
to be related to any climatological factor. Two peaks
were also seen in isolations of rotavirus, and these
preceded the peaks for ETEB by two months. The
findings of this study did not suggest any seasonal
fluctuations in the occurrence of Giardia lamblia or
Entamoeba histolytica.
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RDSUM]

FLUCTUATIONS SAISONNIERES DANS L'APPARITION DE BACT'ERIES ET DE ROTAVIRUS ENTEROTOXIGENES
AU COURS DES DIARRHEES DE L'ENFANT A ADDIS-ABEBA

Une etude longitudinale sur les enfants presentes A la
consultation externe du dispensaire pediatrique ethiopo-
suedois d'Addis-Abeba pendant un an (mars 1977-fevrier
1978) a ete realisee pour determiner s'il existait des
fluctuations saisonnieres dans I'apparition des diarrhees
li&es a la presence de bacteries enterotoxigenes (ETEB), de
rotavirus et de deux parasites (Giardia lamblia et Entamceba
histolytica).

L'etude a englobe 1161 enfants au total (962 malades et
199 -tmoins). Des echantillons de selles ont ete examines A
l'etat frais en recherchant specialement les trophozoites de
E. histolytica et de 0. lamblia. Puis les tchantillons ont etc
envoyes au Laboratoire national de Bacteriologie dans du
milieu de Stuart modifie. Dans les dix jours qui ont suivi la
collecte, six colonies provenant de chaque malade ont ete
soumises A la recherche d'enterotoxines thermolabiles (LT).
Le surnageant des cultures a etc eprouve A l'aide de cellules
surrenales Yl. Dans les isolements renfermant des LT, on a
encore recherche la presence d'enterotoxines thermostables
(ST) par etude sur le souriceau. Les rotavirus ont egalement
ete recherches dans certains echantillons par une technique
immunoelectroosmophoretique.
Des ETEB ont etc isolees chez 12,2% des malades et 4,5%

des temoins, des rotavirus chez 27,8% et 8%, et des parasites
chez 6,8% et 1% respectivement. II y a une difference statis-
tiquement significative dans les taux d'isolement entre les
malades et les temoins (P < 0,001 pour les rotavirus, P < 0,01
pour les ETEB et les parasites). Des infections simultanees A
ETEB et A rotavirus se sont produites chez 4,3% de
l'ensemble des malades. Des Escherichia coli entero-
toxigenes (ETEC) ont etc isoles chez 95,6% des malades
atteints par des ETEB, et 54% des malades avaient des
souches produisant egalement l'ent6rotoxine thermostable

(ST). Des germes enterotoxigenes autres que E. coli (ils
appartenaient aux esptces Enterobacter, Citrobacter,
Klebsiella, Proteus et Serratia) ont ete isoles chez 7% de tous
les sujets atteints de ETEB.
La pr6valence des rotavirus ttait la plus grande dans le

groupe d'Age de 7-12 mois et celle des ETEB au cours de la
seconde annee de vie, tandis que les parasites augmentaient
de fagon continue avec l'age. La duree de la diarrhee au
moment de l'examen allait de un jour a plus de deux
semaines avec une mediane de quatre jours. II n'y avait pas
de relation manifeste entre la durte et l'etiologie de la
diarrhee.
Au cours de l'annee, le taux d'isolement des ETEB a

presente deux pics, le premier en aoOt (32,6%), le second en
janvier (19,2%o). Deux pics ont ett observ6s pour les rota-
virus, quoique moins nettement que pour les ETEB, le
premier en juin (42,7%o) et le second en novembre (36,4%o).
Le taux d'isolement des parasites n'a montr6 aucune homo-
geneite au cours de l'annee. Les deux premiers pics de ETEB
et de rotavirus sont apparus pendant les mois de fortes
pluies, d'humidite relative elevee, et alors que l'ecart entre
les temp6ratures moyennes maximales et minimales, diurnes
et nocturnes, etait faible. Les deux pics suivants ont ett
observes durant des mois oi il n'est pratiquement pas tombe
de pluie, oi l'humidite relative etait faible et oil l'intervalle
entre les temptratures diurnes et nocturnes extremes ttait
grand.
On peut donc conclure que les rotavirus et les ETEB ont

ett, semble-t-il, d'importants agents etiologiques des
diarrhees infantiles AAddis-Abeba. Cette etude est en faveur
d'une apparition saisonniere sans aucune corrNlation mani-
feste avec les facteurs climatiques.
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