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ABSTRACT

In a clinic-based case-control study in Bangladesh we evaluated whether children with diarrhoea
due to V. cholerae O1 in association with other enteric pathogen(s) are likely to manifest more severe
disease as indicated by development of moderate or severe dehydration. Children with moderate or
severe dehydration were defined as cases and those with no dehydration were controls; both cases
and controls had acute diarrhoea. A systematic sample of 268 dehydrated cases and 699
nondehydrated controls aged 1-35 months with acute watery diarrhoea of 6 days or less was
included. In a multivariate analysis it has been shown that infection with Vibrip cholerae O1 in
association with another diarrhoea pathogen (odds ratio=7,07) was strongly correlated with status of
dehydration than these with the V. cholerae O1 infection as a single pathogen (odds ratio=3.63).
Either group was associated with significant risk of dehydration. The results of the study suggest that
mere than one enteropathogen may be simultancously involved in causing severe diarrhoea, and
appropriate public health measures to reduce environmental contamination should be beneficial.
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INTRODUCTION Briefly, the inclusion criteria were: (a) children aged 1-35

months attending the triage area, and (b) watery diarrhoea

An estimated 60 to 70 percent of diarrhocal death is due  for 6 days or less. Children with dysenteric illness (bloody

to dehydration. Most of them are young children (1). A or bloody mucoid diarrhoea) were excluded. Names and
knowledge of the risk factors that adversely affect the identification numbers of all eligible children were recorded
severity of dehydration would be useful in formulating round the clock. From among these children a 5%
appropriate  rchydration therapy for management of  systematic sample was enrolled in both case and control

diarrhoeal diseases. In aetiological studies on acute groups. Children with acute watery diarthoca and moderate

diarrhoeal illnéss, more “than~one enteric—pathogen-are- - or-severe dehydration [i.e. with definite decrease in skin
identified in 20% patients (2). In these patients it is difficult  elasticity and one or more sign(s) of (a) ‘sunken eyes, (b)
to ascertain which of the infecting agents contributed failure to urinate for six hours or more, (¢) sunken anterior
significantly to the clinical severity of the disease. It is fontanelle in infants and (d) rapid and weak pulse] were
possible that more than one pathogen concurrently  enrolled as cases. Children with no detectable signs of

contribute to a diarrhoeal illness. dehydration, with or without thirst were considered as
Furthermore, it is not known whether infection with controls.
more than one pathogen is associated with more severe Informed consents were obtained from mothers of all the

discase than a single enteric pathogen. In a clinic-based children before enrollment in the study. After admission a
case-control study we have evaluated the roles of some physician evaluated the clinical conditions, including the
enteropathogens in association with Vibrio cholerae Ol as status of dehydration, Nutritional anthropometric measure-

risk factors for dehydrating diarrhoea. ments were taken on admission and discharge from the
hospital. Demographic, social, economic, dietary and
MATERIALS AND METHODS medical histories were obtained from the mothers by trained

female interviewers,

The study was conducted at the International Centre for

Diarthoeal Disease Research, Bangladesh (ICDDR,B)

hospital between August 1988 and September 1989. The Correspondence and reprint requests should be addressed to:
details of the methods have been reported carlier (3). Dr D Mahalanabis




Chaolera and enteric coinfections

Personnel involved in data collection and patient care
activities were kept unaware of the purpose of the study as
well as of the classification of the children as cases and
control.

Table I. Comparison of acute diarrhoea cases (i.e. with moderate to severe
dehydration and acute diarrhoea controls (i.e. with no dehydration)
according to enteropathogens detected and confounders

Driarrhoea Diarthoea
with moderate ‘with no
to severe dehydration
Variable dehydration Odds ratio p-value
(Cases) {Conirols) {95 percent C .1}
n=69% n=268
)] (%)
Vibrio cholerae O1(VCODY
With other pathogens 18 8 6.40 <0.0001 *
6.7 (L1 (2.93-13.98)
As only pathogen 10 3 3.56
3.7 (.1 (1.34-9.47)
Net isolated ¢ 240 683 1.00
(89.6) 97.7)
Age of patient {months)t
1-9 162 325 1.76 0.0001 *
(60.4) (46.5) (1.32-2.35)
10-35 106 374
(39.6) {53.5)
Weight-for-age (percent)¥
<60 48 39 5.33 <0.0001 *
(17.9) (5.6) (3.36-8.45)
60-74 132 279 205
(49.3) {399 (1.50-2.80)
>74 88 381 1.00
(32.8) (54.5)
Mud floor 199 398 218 <0.0001 *
(74.3) (56.9) {1.59-2.98)
Cemented floor 69 301
(257 (43.1)
Withdrawal of breastfeeding
during diarrhoea
Yes 6 3 531 0.0165 *
2.2) 0.4 (1.24-22.79)
No 262 696
(97.8) (99.6)
Dwration of diarrthoea
prior to admission T
>36 hours 127 355 .87 0.3443 *
(47.4) (50.8) (.64-1,18)
<=36 hours 141 344
{52.6) (49.2)

* Chi-squarc test
1 Categorised according to median and less, and more than median
¥ Median is 74 percent
¥ Chi-square test for a trend was also highly significant
(X*=30.2, p=<.0001)
@ Includes those in whom other pathogens were detected
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For isolating enteric pathogens, rectal swabs from study
children were obtained and plated
bacteriologic culture media. Pathogens were identified using
standard laboratory methods (4-13). After comptetion of the

immediately on

study the data were entered in 2
microcomputer and analyzed using SPSS
software packages (14). Enteropathogens
considered in these analyses were V.
cholerae  Ol, enterotoxigenic E. coli
(ETEC), Campylobacter jejuni, rotavirus,
and other vibrios (mainly Aeromonas). To
determine the association between V.
cholerae O1 and other pathogens and
presence or absence of moderate or severe
dehydration, a univariate statistical analysis
was performed. For cholera, patients were
divided into three categories: (a) those who
had V. cholerae Ol in association with one
or more of other enteric pathogens, (b) those
who had V. cholerae O1 only, and (c) those
who had ne V., cholerae O}, in whom either
no pathogen was detected, or one or more
enteric pathogen(s) other than V. cholerae
01 was detected. Patients included in the
third group were used as reference category.
Confounding variables (age, quality of
house, nutritional status, breastfeeding
behaviour during diarrhoea at home, and
duration of illness before coming to the
hospital) were identified by evaluating the
tables of V. cholerae Ol and dehydration
status stratified by each likely confounder
one at a time wusing Mantel-Haenszel
procedure (15). If the stratified odds ratio
deviated from the crude odds ratio by 10%
or more the variable was considered as
confounder and included in the multivariate
analysis model (15,16). The basic model
(logistic regression) was fitted with
dehydration as dependent variable and
presence of V. cholerae Ol singly or in
association with other diarrthoea pathogen(s)
as the risk factor of interest. Adjusted odds
ratios (OR) and 95% confidence intervals
(CIs) for the risk factors and for the
confounding variables were estimated with
the state of dehydration as the dependent
variable. Statistical softwares Epi Info (CDC
Atlanta) (17), and EGRET (18) were used.

RESULTS

Of the 967 stool samples, 622 (64%)

yielded growth of at least one enteropathogen (Appendix).
V. cholerae O1 accounted for infection in 2.9% and 4.2% of
children as single pathogen or in association with one or
more pathogen(s) respectively.
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Table II. Adjusted odds ratio and 95 percent confidence in Table I. More cases than controls were positive for
interval of factors associated with the presence of V. cholerae Q1 associated with other pathogens
dehydration (dependent variable) in 967 children aged | (OR=6.40, 95% CI=2.93-13.98) or as a single
1-35 months with acute diarrhoea in Dhaka, pathogen (OR=3.56, CI=1.34-9.47). Chi-square
Bangladesh, 1988-1989, a case-control study: values for trend in those three categories ie. V.
multivariate analysis using logistic regression model* | cholerae O1 in association with other pathogens, V.
Variable of Coefficient STD error Adjusied odds ratie p-value cholerae O! as single pathogen, and absence of V.
interest (95 percent C1) _] cholerar O1 {includes other pathogens) sre highly
Ve crverue ) significant (Chi-square=30.2, p=<0.0001).
With ather pathogens 1.956 457 @ 8;-.?; 34) <0.001 Cases were younger {OR=1.76, CI=1.32-2.35) and
As single pathogen 1289 510 3.63 o012 | relatively more malnourished (marasmic) than the
(1.33-9.86) controls (OR=5.33, CI=3.36-8.45), Poor housing
Not isolated 1.00 condition {(as indicated by mud floor) was more
Young age 2343 161 2.30 <0.001 common among cases than the controls {OR=2.18,
(1-9 month=], (1.68-3.16) Cl=1.59-2.98). Cessation of breastfeeding during
10-35 month=0) diarrhoea at home was more common among cases
Floor 5659 170 176 <0.001 than controis. Duration of iliness before coming to the
(mud=!1, cemented=0) (1.26-2.46) hospital was comparable in both the groups.
. Table II shows the results of multivariate analysis
r;'gm‘&"'agc {percent) | 569 261 480 0.00) using logistic regression model. The adjusted odds
(2.88-8.02) ratios (OR} and 95% confidence intervals (Cls) for V.
60-74 116 -169 2.04 <0.001 cholerae O1 as mixed or single isolate were computed
574 (1'1%'34) where no isolation of V. cholerae 01 served as the
reference category which includes children with
Withdrawal of another diarrhoea pathogen or no pathogen. Mixed or
breastfeeding 1.334 148 3.80 0075 | single infection with V. cholerae O1 was associated
during diarrhoea (.88-16.45) R . . . )
(Yes=1, No=2) with significantly higher risk of developing moderate
or severe dehydration (OR=7.07, CI=2.88-17.34, and
Duration of diarthoea -.2691 156 76 0.08¢ | OR=3.63, CI=1.33-9.86) respectively. A dose-
before hospitalization (.56-1.04) response (i.e. with increasing levels of exposure to the
(236 hr=1, <236 hr=0) factor, a corresponding increase in disease severity) in
: P g 15 y

* Both cases and controls had acute watery diarthoea; the former had moderate

or severe dehydration, and the latter had none or mild dehydration

C. jejuni was most frequently associated with V.
cholerae Ol (54%). Enterotoxigenic E. coli (ETEC)
accounted for infection in 10.5% as a single agent and

children yielding positive isolates. Again, C. jejuni was the
pathogen most often associated with ETEC (53%).
Rotavirus alone was detected in 26.2% and in association
with another pathogen in 19.0% of children. C. jejuni was
found in 20.9% as a single pathogen and in 21.2% as a
mixed pathogen among children yielding positive isolates.
Among the latter, 38.6% was associated with rotavirus.
Other vibrios {(mainly Aeromonas_species) were detected as
single pathogen in 4.8% or mixed pathogen in 8.5%
children.

A large proportion of children (69%) who were positive
for V. cholerae Ol was dehydrated. On the other hand,
dehydration was observed in 35% for ETEC, 37% for C.
Jejuni, 31% for rotavirus, and 36% for other vibric
infections.

Cases (i.e. with dehydration) and controls (i.e. with no
dehydration) were compared according to the characteristics
of interest, and results of the univariate analysis are shown

risk for dehydration between mixed and single infection
was also demonstrated.

DISCUSSION

. 13.8% in_association. with-other—enteropathegenfsi-among—— —One-special-feature-of-this-casescontrolstudy design was

the choice of the control group i.e. children with diarrhoea
but. no dehydration were selected as controls instead of
non-diarthoea or healthy children. The study has competed
with the ethical issues of clinical studies because both status
of dehydration and status of the risk factors of intcrest were
already determined at the time of clinic attendance. This
design was partly developed by World Health Organization
and has been reported (19).

We compared 268 cases who had acute diarrhoea and
moderate or severe dehydration with 699 children presen-
ting with similar diarrhoea but with no or mild dehydration.
In univariate analysis, presence of V. cholerae 01 both as
mixed pathogen and a single pathogen, was associated with
higher risk of dehydration. In multivariate analysis, this
association remained highly significant, and the magpitude
of the excess risk for V. cholerae Ol both as a single
(OR=3.63, CI=1.33-9.86) or mixed infection (OR=7.07,
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Ci=2.88-17.34) was large after controlling for the
confounding variables. This association was independent of
the factors related to host susceptibility {(age and nutritional
status), environmental factor (poor housing), feeding
behaviour at home during diarrhoea, and duration of iliness
(indicating the stage of illness) before attending the health
facility. Evidence from animal experiments suggests that
infection in animals simultaneously with two pathogens e.g.
E. coli and rotavirus produces diarthoea more consistently
than infection by single pathogen (20, 21). A study on
weanling diarrhoea in pigs showed that individual infections
with either rotavirus or E. coli caused mild diarthoea.
However, dual infections with rotavirus and E. coli resulted
in more fluid loss, and prolonged diarrhoea (20). Entero-
toxigenic E. coli fed for 24 hours to 26 days old gnotobiotic,
colostrum-deprived, or suckling calves did not cause any
diarrhoea; in contrast, diarrhoea was consistently induced in
1 to 2-week old calves infected with both enterotoxigenic E.
coli and rotavirus concurrently (21). Infected animals
developed moderate to severe diarthoea and showed
evidence of infection with both microbial agents. A
prospective cohort of 153 infants in a poor periurban
commuanity in Lima, Peru, showed that diarrhoea was more
often associated with multiple pathogens than with a single
pathogen (22); a relationship with disease severity was
however not evaluated.

The increased risk of dehydration in children having V.
cholerae O1 associated with other diarrhoea pathogen(s)
may be attributed to the effects of more than one microbial
agent. Clinical studies have reported that V. cholerae O1
alone can causc more severe disease compared to the other
diarrhoeagenic pathogens (23). Our findings suggest that
such an effect is likely to be more pronounced when V.
cholerae Ol s associated with other diarrheea pathogen(s).

Campylobacters were found to be the predominant
copathogen associated with V. cholerae O1 (Appendix).
Detection of mixed infection with diverse enteropathogens
indicates that the patient lives in a highly contaminated
environment. The entcropathogens are generally transmitted
by contaminated food, water, and facces through family
members, objects (feeding bottle), food and water in the
house. Moreover, incidence of diarrhoea has been shown to
be related to the extent of envirenmental contamination
(24).

The mud floor is an indicator of the socioeccnomic
condition and perhaps an indicator for the level of
environmental contamination the child lives in. This may
also indicate why such children should have more than one
pathogen from the contaminated environment. The role of
mud floor in longer survival, growth, and transmission of
enteropathegens has been explained carlier (25).

To explain our findings on mixed infections, we
speculate that synergistic effect of one favours simultaneous
gut colonization by the other enteropathogen(s) resulting in
increased toxin production, mucosal damage, and secretion
of ‘water and electrolytes. However, the results of this study
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should be interpreted with caution for several reasons, The
merits of this study are: strength of association (OR=7.07,
C.1.=2.88-17.34), response to dose in risk for severity of
infection after controlling for confounders, and biological
ptausibility as supported by results of experiments with
animals. The weaknesses are; lack of information on
inocutum size, their specific pathogenicity, and serologic
response to the individual pathogens (e.g. rising titre}). We
would like to mention that our study was an epidemiological
study using case-control design and as such not the type of
study which can address the above mentioned questions.
Further studies are suggested for that.
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APPENDIX

Diarrhoea pathogens in 622 childrer positive for one or more
pathogen(s); case-control study on 1-35 months old children with
acute diarthoea in Dhaka, Bangladesh, 1988-1989

Total Percent of

Pathogen number  those positive

for pathogens

As a gingle pathogen

Vel chcetue 01

Enterotoxigenic E. coli

Campylobacter jejuni

Rotavirus

Other vibrios

(Acromonas hydrophila=16, Aeromonas sobrig=10,
Plesiomonas shigelloides=2, other=2)

Shigella

Salmonella

More than one pathogen

Vibrio cholerae 01 (VC) and others

(VC+Campy=12, VC+ETEC=3, VC+Rota=3,

VC+0th vib=2, one each for: VC+Shig, VC+ETEC+Rota,
VC+ETEC+Campy, VC+ETEC+Shig, VC+Rota+Oth vib,
VC+Rota+Campy)

Enterotoxigenic E. coli (ETEC) and others
(ETEC+Campy=29, ETEC+Ro1a=2(},
ETEC+Rota+Campy=11, ETEC+{th vib=9,
ETEC+Rota+0th vib=4, ETEC+V(C=3,
ETEC+Campy+Oth vib=3, ETEC+Shig=2, One each for:
ETEC+VC+Shig, ETEC+VC+Campy, ETEC+VC+Rora,
ETEC+Campy+Oth vib+Rota, ETEC+Campy+Shig+Rota)

Rotavirus (Rota) and others

{Rota+Campy=51, Rota+ETEC=20, Rota+Oth vib=14,
Rota+Campy+ETEC=11, Rot+Shig=4,

Rota+Oth vib+ETEC=4, Rota+Campy+Qih vib=4,
Rota+VC=3, one cach for: Rota+Salm, Rota+ ETEC+VC,
Rota+VC+Oth vib, Rata+VC+Campy, Rota+Oth vib+Shig,
Rota+Campy+0th vib+ETEC, Rota+Campy+Shig+ETEC)

Other vibrios (Oth vib) and others

(Oth vib+Rota=14, Oth vib+Campy=12, Oth vib+ETEC=9,
Oth vib+ETEC+Rota=4, Oth vib+Rota+Campy=4,

Oth vib+ETEC+Campy=3, Oth vib+VC=2, one each for:
T Otirvib¥Shig, Othvib+VE+Reta -Oth-vib+Rote+Shig,
Oth vib+Shig+Campy, Oth vib+ETEC+Rota+Campy)

Campylobacter jejuni (Campy) and others

(Campy+Rota=51, Campy+ETEC=29, Campy+VC=12,
Campy+Oth vib=12, Campy+ETEC+Rota=11,
Campy+Shig=5, Campy+Rota+0th vib=4,
Campy+ETEC+Oth vib=3, one cach for: Campy+VC+ETEC,
Campy+VC+Rota, Campy+Shig+Oth vib,
Campy+ETEC+O1h vib+Rota, Campy+ETEC+Shig+Rota)

Shigella (Shig) and others

(Shig+Campy=5, Shig+Rota=4, Shig+ETEC=2, one each for:
Shig+VC, Shig+Oth vib, Shig+VC+ETEC,

Shig+Rota+Oth vib, Shig+Campy+Oth vib,
Shig+Rota+ETEC+Campy)

Salinonella (Salm) and others
{Rota+5alm=1)

18
65
130
163
30

26

86

118

53

132

17

29
105
209
26.2
4.8

26
0

4.2

19.0

8.5

27

<1.0
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