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Erythromycin and Trimethoprim-sulphamethoxazole in the Treatment of Cholera
in Children

Igbal Kabir, Wasif Ali Khan, Rukhsana Haider, Amal K Mitra, and Ahmed Nurul Alam

International Centre for Diarrhoeal Disease Research, Bangladesh, GPO Box 128, Dhaka 1000,
Bangladesh

International Centre for Diarrhoeal Disease Research, Bangladesh, GPO Box 128, Dhaka 1000,
Bangladesh

ABSTRACT

To evaluate the efficacy of erythromycin and trimethoprim-sulphamethoxazole (TMP-SMX) in the
treatment of cholera in children aged 1-8 years, a randomised clinical trial was conducted at a diarrhoea
treatment centre in Bangladesh from December 1991 to June 1992. Fifteen children received
erythromycin, 50 mg/kg per day, in four equally divided doses, 18 children received 10 mg/kg per day of
trimethoprim and 50 mg/kg per day of sulphamethoxazole in two equally divided doses (12 hourly) for five
days, and 15 children received no antibiotic; children in all three groups received intravenous cholera
saline for severe dehydration and for mild to moderate dehydration, a rice-based oral rehydration solution.
The mean stool volumes in mL/kg body weight in the two treatment groups were less than that of the
control group, and there were no significant differences in stool volume among the two treatment groups.
However, 67% of the children in the erythromycin group and 82% in the TMP-SMX group recovered
within 72 hours compared to 33% in the control group (p<0.01). Similarly, the bacteriological cures were
80% in the erythromycin group and 83% in the TMP-SMX group compared to only 27% in the control
group (p<0.001). These results confirm that both erythromycin and trimethoprim-sulphamethoxazole are
effective antimicrobials in the treatment of cholera. These drugs are of value specially in younger children
in whom tetracycline is contraindicated or when the infecting Vibrio cholerae are resistant to tetracycline.

Key words: Cholera; Vibrio cholerae; Erythromycin; Trimethoprim; Sulphamethoxazole; Drug-resistance,
Microbial

INTRODUCTION

Cholera, the most severe of all infectious diarrhoeal diseases, is an important cause of morbidity and
mortality in many developing countries. The disease is endemic in some parts of Asia, Africa, and South
America (1). It is characterised by acute onset of vomiting, profuse watery diarrhoea, and development of
dehydration that might lead to death if not timely treated (2,3). The advent of oral rehydration solution
(ORS), however, has simplified the management of cholera and substantially reduced the mortality due to
dehydration. Appropriate antibiotics, including tetracycline, doxycycline, furazolidone, and
chloramphenicol, given concurrently with fluid and electrolyte replacement, reduce the volume of stools,
the duration of diarrhoea, and the excretion of Vibrio cholerae in faeces (4-7).

However, tetracycline can not be prescribed to pregnant women and younger children due to its adverse
effects on teeth and growing bone. Moreover, there have been frequent reports of multiple drug-resistant
V. cholerae, including tetracycline and furazolidone (8-11). It is, therefore, important to identify effective
alternative antimicrobials for the treatment of cholera in children and pregnant mothers and also for large-
scale epidemic due to tetracycline and furazolidone-resistant strains of V. cholerae. Previous studies
have shown good clinical and bacteriological cures of erythromycin and trimethoprim-sulphamethoxazole
in cholera, but those studies were done nearly 20 years back, and by this time, antimicrobial susceptibility



to V. cholerae O1 might have changed. The present pilot study was undertaken to evaluate the clinical
efficacy of erythromycin and trimethoprim-sulphamethoxazole in the treatment of cholera in children.

Correspondence and reprint requests should be addressed to:
Dr. Igbal Kabir E-mail: ikabir@icddrb.org

PATIENTS AND METHODS
Patients

The study was carried out at the Clinical Research Centre of the International Centre for Diarrhoeal
Disease Research, Bangladesh (ICDDR,B). Patients enrolled in this study were only boys, aged 1-8
years, having a history of watery diarrhoea for less than 48 hours, and their stool containing motile V.
cholerae as seen under a dark-field microscope. Patients who had taken antibiotics before hospital
admission, and patients with systemic infections were excluded from the study.

Clinical management

On admission, body weight was obtained, and the patients were nursed on a cholera cot. A thorough
clinical examination was performed, and the hydration status was assessed clinically by a physician
according to World Health Organization (WHO) criteria. A stool specimen was sent to the laboratory for
the dark-field microscopy to detect motile V. cholerae and another specimen for bacteriological culture.
For patients with mild to moderate dehydration, a rice-based oral rehydration solution (R-ORS) was
started (12). Children with severe dehydration were rehydrated with an intravenous solution, containing
133 mmol of sodium, 13 mmol of potassium, 98 mmol of chloride, and 48 mmol of acetate in one litre of
water. Complete rehydration was achieved within 4-6 hours of admission. All stools, urine, and vomit were
collected separately. The volumes of intravenous fluid, amount of R-ORS intake, volumes of stools and
urine were recorded every 8-hour period, beginning at the time of admission and continued until the
diarrhoea stopped. The patients stayed in the hospital for 5 days, or until the diarrhoea resolved.

Randomisation

After rehydration, the patients were randomly assigned to one of the two treatment groups (erythromycin
or trimethoprim-sulphamethoxazole), or to the no-antibiotic control group by using sealed envelopes
containing a numeric treatment code obtained from a table of random numbers. Erythromycin was given
at 50 mg/kg per day in 4 equally divided doses, trimethoprim at 10 mg/kg per day and sulphamethoxazole
50 mg/kg per day in two equally divided doses for five days. The justification for including a non-antibiotic
group as control is that replacement of fluid and electrolytes is the cornerstone therapy for the prevention
of death due to dehydration. However, antibiotic therapy has been shown to reduce the duration of
diarrhoea and accelerate bacteriological cure.

Bacteriology

Rectal swab specimens were obtained from the patients before starting the treatment and subsequently
daily for five days. Faecal specimens were immediately plated onto MacConkey’s Salmonella-Shigella
and Monsur's (taurocholate-tellurite gelatine agar) media plates. Bacteria from colonies typical of V.
cholerae were tested for agglutination with a polyvalent O group 1 antiserum.



Measurements of outcome variables

The outcome variables include volume of stool in mL which was measured every 8 hours, ORS and
intravenous fluid intake, the duration of diarrhoea in hours, and the duration of V. cholerae excretion in
stools. Duration of diarrhoea was defined as the end of the last 8-hour period in which a liquid stool was
passed. Clinical success was defined as the end of diarrhoea occurring on or before 72 hours without
subsequent relapse, and clinical failure was defined if diarrhoea continued beyond 72 hours. A period of
72 hours was selected because in most patients treated with appropriate antibiotics, diarrhoea usually
resolves within this period (6). Similarly, bacteriological success was defined if the stool culture became
negative on day 3 or before, and remained negative afterwards.

Statistical analysis

The significance of differences in means was tested by the Student's t test. Analysis of ariance (ANOVA)
or Krushkal-Wallis test was done when appropriate, and the proportion of success was tested by the chi-
squire or Fisher’s exact test. A value of p<0.05 was considered significant.

RESULTS

Initially, 54 patients were positive for V. cholerae by dark-field microscopic examination of their stools. Six
patients were excluded, because stool culture failed to grow V. cholerae. Of the remaining 48 children, 15
received erythromycin, 18 trimethoprim-sulphamethoxazole, and 15 no antibiotics. The admission
characteristics, including the age, duration of diarrhoea, hydration status, and stool pathogens, are shown
in Table I. There were no significant differences in these variables among three treatment groups of
children on admission.

Table Il shows the clinical outcome of three groups

after treatment with erythromycin, trimethoprim- FTable]. Admisshon churasterisics o chiiduey wrih chalors
sulphamethoxazole or without any antibiotic. The __in the three treatment groups
means of total faecal output, expressed as mL/kg, I T
were not significantly different from the two Chasacteristia Erythromycin  TMP-SMX _ Coniral
treatment groups when compared with the control ot It g o It B
group. However, the mean duration of diarrhoea Body weight, kg At Hadai i
was significantly less in both the erythromycin and Preadmission hours
TMP-SMX groups compared to the control group sl LA ARk s
(p<0.03). The number of children who had clinical Mo. of children)
cure was 67% and 83% for the erythromycin and the Mild to moderaac 4 & i
TMP-SMX groups respectively. Both proportions are |. .a?v. i - 7
significantly different from the only 33% in the ¥, chalerae O1 1 Tor
control group. Similarly, the bacteriological cure was SR .5 & 13
80% for the erythromycin and 83% in the TMP-SMX “— = = =

K Values nee nxcnn =30,
groups compared to only 27% in the control group $Trimethascinn-] phamethonazels

(p<0.001) (Table I1).

Antibiotic sensitivity of V. cholerae was determined in 30 isolates. It showed 100% sensitivity to
tetracycline (30/30; confidence limits [CL] 88% to 100%), 87% to both erythromycin and trimethoprim-
sulphamethoxazole (26/30; CL 69% to 96%), and only 13% to furazolidone (4/30; CL 4% to 31%). The
overlapping confidence limits indicate the absence of statistically significant differences between the
antimicrobial agents used in our two study groups.



Of the five clinical failures in the erythromycin group, stools became again less formed from day 4 in one
patient and from day 5 in the remaining four patients, and of the three clinical failures in the TMP-SMX
group, two improved on day 4 and another on day 5. On the other hand, 10 patients who failed in the
control group improved on day 6.

The proportion of patients with V. cholerae isolated from stool culture declined from 60% on day 1 post-
treatment to 0% on day 5 in the erythromycin group (9/15 and 0/15; CL 32% to 84% and 0% to 22%
respectively) compared to 91% on day 1 to 53% on day 5 in the control group (14/15 and 8/15; CL 68% to
100% and 27% to 79% respectively) (p<0.01). Similarly, the proportion of patients with V. cholerae
isolated from stool culture in the TMP-SMX group declined from 94% (17/18; CL 73% to 100%) on day 1
to only 16.7% (3/18; CL 36% to 41%) on day 5 ( p<0.01) (Fig.). However, these differences in
bacteriological response between the erythromycin and TMP-SMX groups were not statistically significant
on any day during the treatment.

DISCUSSION

In the present study, patients receiving erythromycin or trimethoprim-sulphamethoxazole showed good
clinical and bacteriological cures when compared with a no-antibiotic control. This is in agreement with
other clinical studies done previously (6,13-16). However, there was no differences either in clinical or

bacteriological cure between the two antibiotic treatment groups. Similarly, the duration of diarrhoea of
two antibiotic treatment groups was significantly shorter than the no-antibiotic group. That agrees well

with nearly two and half days required in a previous study (13).

Until recently, in this region, the El Tor biotype of V cholerae O1 was responsible for epidemics and
outbreaks (17). However, the cholera outbreaks that took place during 1987-1989 in southern
Bangladesh were mostly caused by V. cholerae classical biotype that were tetracycline-resistant (18). V.
cholerae O1 El Tor biotype strains resistant to tetracycline have since long been reported from other parts
of the world. However, only recently similar El Tor biotype of V. cholerae O1 has been found to be
responsible for epidemics in this region (18,19). In 1988, a cholera epidemic due to V. cholerae O1 El Tor
biotype was reported from Maharastra, India; 43% of those strains were tetracycline-resistant (20).
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In our study, although both the clinical
and bacteriological successes were
significantly better in children receiving
antibiotics compared to the control
patients, the volume of stool was similar
in all three groups. This may be due to
the small number of patients studied in
each group.

Nevertheless, our study showed that both
erythromycin and trimethoprim-
sulphamethoxazole are similarly effective
in achieving clinical and bacteriological
cure. With the emergence of V. cholerae
01 strains resistant to tetracycline and
furazolidone, erythromycin and
trimethoprim-sulphamethoxazole may
serve as effective alternative
antimicrobials.
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Differentiation of Vibrio cholerae O1 Isolates with Biochemical Fingerprinting and
Comparison with Ribotyping

M Ansaruzzaman®, M John Albert* | Kiihn?, SM Faruquel, AK Siddiquel, and R M(’jllby2

YInternational Centre for Diarrhoeal Disease Research, Bangladesh, GPO Box 128, Dhaka 1000,
Bangladesh; 2Microbiology and Tumor Biology Center, Karolinska Institute, S-171 77, Stockholm, Sweden

ABSTRACT

The Phene Plate (PhP) system is a commercially available typing system based on the measurements of
kinetics of selected biochemical reactions of bacteria grown in liquid medium in 96-well microplates. The
system uses numerical analysis to identify biochemical phenotypes among the tested strains. In the
present study, a set of 16 discriminatory tests were used to differentiate 117 strains of Vibrio cholerae O1
from Mexico and Bangladesh. The stability of PhP types of 16 isolates under different storage
temperatures and after repeated subcultures were also evaluated. The PhP system had a reproducibility
of 95%. Storage either at +4 ° C or -70 ° C, did not affect the reactions of the isolates, whereas 4 strains
(25%) stored at room temperature and 5 strains (31%) subjected to 30 consecutive subcultures, exhibited
minor changes in their biochemical reactions. Endemic isolates of V. cholerae O1 from Bangladesh were
more diverse (diversity index = 0.84 to 0.93) than epidemic isolates from Mexico (diversity index = 0.73).
Using a collection of 33 heterogeneous isolates of classical biotype of vibrios, PhP typing and ribotyping
were compared. PhP typing discriminated more types (n=23) than ribotyping (n=5), whereas a
combination of both yielded 27 types. The PhP system appears to be a simple, reliable and highly
discriminating method for typing of V. cholerae, and may prove especially useful as a first screening
method in epidemiological studies of V. cholerae.

Key words: Vibrio cholerae; Phenotypes
INTRODUCTION

Vibrio cholerae belonging to serogroups O1 and 0139 are the causative agents of cholera (1). There are
two biotypes of V. cholerae O1, classical and El Tor, and each biotype can be further subdivided into two
serotypes, Inaba and Ogawa (2). Suitable typing methods with a wide appeal for further discrimination of
biotypes and serotypes for epidemiological studies have recently become available. These subtyping
methods include ribotyping (3), ctxA genotyping (4), pulsed field gel electrophoresis (PFGE) (5), and
multilocus enzyme electrophoresis (MEE) (6). The first three are DNA typing methods, among which, in
ribotyping, strains are differentiated based on restriction fragment length polymorphism (RFLP) of
ribosomal RNA genes using rRNA gene probes (7). MEE is based on differences in the migration of a set
of enzymes that correspond to allelic differences among isolates (6). Although these subtyping methods
may be sufficiently discriminatory, they are laborious and expensive, and hence may not be suitable for a
large collection of isolates.

The PhenePlate or PhP system is an automated system for biochemical fingerprinting of bacterial
isolates, which is based on numerical analysis of the speed of colour changes of several biochemical
reactions (8). It is a commercially available system that is simple to use, discriminatory and reproducible,
and is suitable for large investigations involving hundreds of isolates. The system was previously used for
epidemiological and ecological studies of different groups of bacteria (9-11,21).

In the present study, we have evaluated the PhP system for typing V. cholerae O1 isolates. The
performance of the PhP system was compared with ribotyping.



MATERIALS AND METHODS
V. cholerae Ol isolates

The isolates studied were from epidemic and endemic cases of cholera in humans. A total of 117 isolates
were studied from the following five collections ( Table I):

Collection I: Twenty-four isolates of V. cholerae O1 biotype El Tor, serotype Inaba, were obtained from
the outbreak of cholera in Mexico in 1991.

Collection II: Twenty-two isolates of V. cholerae O1 biotype El Tor, serotype Ogawa, were obtained from
field cases of endemic cholera in southern Bangladesh in 1992,

Collection Ill: Twenty-two isolates of V. cholerae O1 biotype El Tor, both Ogawa and Inaba serotypes,
from endemic cholera cases, who attended the hospital of the International Centre for Diarrhoeal Disease
Research, Bangladesh (ICDDR,B), located in Dhaka during 1974- 1992.

Collection IV: Thirty-three isolates of V. cholerae O1 belonging to classical biotype and both serotypes
isolated from cholera patients who attended the ICDDR,B hospital in Dhaka, and from field cholera cases
in southern Bangladesh, between 1961 and 1992. All of these isolates have been included in a ribotyping
study previously (7).

Collections | and Il were stored at -70° C in Trypticase soy broth (Gibco, NY, USA) with 15% glycerol, and
collections Il and IV were stored as lyophilised cultures until studied.

Collection V: Sixteen fresh isolates of V. cholerae O1 biotype El Tor, serotype Ogawa, from primary
culture plates of taurocholate-tellurite-gelatin agar (TTGA) (12) inoculated with stool from endemic cholera
cases, who attended the ICDDR,B hospital in Dhaka during January 1993. These isolates were included
for stability test.

All isolates were reconfirmed as V. cholerae O1 by standard procedures (13). The procedures included
biochemical reactions in motility-indole-urease medium and Kligler’s iron agar, slide agglutination with
polyvalent and serotype-specific antisera (ICDDR,B), and biotyping by chicken cell agglutination,
polymyxin B susceptibility, and susceptibility to Mukherjee's classical and El Tor phages.

Biochemical fingerprinting with the PhP system

The PhP-VC plate (commercial supplier is BioSys inova, S-11351 Stockholm, Sweden) consists of 96-
well microtitre plates with six sets of 15 substrates each. These 15 substrates were carefully selected
from a larger set of 96 substrates for being those showing the highest discrimination and reproducibility
among 80 unrelated V. cholerae isolates (all El Tor isolates; these were obtained from Africa in 1991,
Peru in 1992 and Bangladesh during 1961-1992. The identity level (see below) obtained with these
isolates was used for evaluating other strain collections used in the present study).

The 15 substrates used were: 1: D-galactose; 2: maltose; 3: D-trehalose; 4: D-lactose; 5: inositol; 6:
glycerol; 7: L-rhamnose; 8: B-methyl-D-glucoside; 9: D-gluconate; 10: D-mannitol; 11: potato starch; 12:
glycogen; 13: fumarate; 14: pyruvate; 15: succinate; and the 16th well contained medium control with pH
8.2.



The stock culture was subcultured on a nutrient agar plate, and incubated at 37 ° C for 18-24 hours. One
colony measuring approximately 2 mm was inoculated into 10 ml medium containing 0.1% (w/v)
Bactopeptone (Difco, Detroit, MIl, USA), 1.0% (w/v) sodium chloride, and 0.01% (w/v) bromothymol blue
(pH 8.5). The bacterial suspension was added to a pre-prepared PhP-VC plate containing dehydrated
substrates with the aid of a multi-channel pipette delivering 0.15 ml of broth culture into each well (a 96-
well microtitre plate containing six sets of reagents could be used to test six different isolates.) To allow
for proper rehydration of substrates, plates were stored at 4 ° C overnight, and then incubated at 37 ° C
the following morning. On use of the substrate in a well, the colour of the bromothymol indicator changed.
The absorbance of each reaction was measured at a wavelength of 620 nm in a microplate reader
(Dynatech MR5000, Chantilly, VA, USA), at 7, 24, and 48 hours. The absorbance values were
electronically transferred to a personal computer, multiplied by a factor of 10, and stored as integer
values. After the last measurement at 48 hours, the mean value of all three readings was calculated for
each reaction (Table lla for an example). The biochemical fingerprint of an isolate thus consists of 16
guantitative numbers, each one ranging from 0 (acidic reaction = yellow colour on all measurements) to
30 (alkaline reaction = blue colour on all measurements) (Table Ilb for an example).

Fable 1la.  Test results (bicchemical Sngerprins} from a ¥, chelerae isolate measured at three incubation times
[ncubation Subgiraile number
lime (B} 1 F: 3 4 5 i 7 ] ¥ 10 1l z 13 14 5 0]
12 [ 4 21 4 17 21 1 d i f 4 18 22 b |
4 L 3 2 4 4 21 3 4 4 B i 1% 26 i 24
B 5 4 2 4 4] 3 3 3 i 18 6 24 26
Mian { 5 4 21 i 1 4 4 ] 7 18 5 14 23
Table ITb. Bicchemical fingerprints of five V. choleree isolates
Blochemieal fingesprin
[solare Substrats mamher
). -
1 p 4 L] b 7 R ) 10 i1 12 I3 14 15 ]
I* & 3 21 [ ] k) | q 1 i B 7 I8 25 14 ]
1 7 3 13 15 5 11 2 @ 4 5 lid 8 1z L3 12 i
i ) & 11 14 4 10 23 ¥ 5 -] B T 20 x -] 1
| '] b 4 23 12 15 4 B 13 ] 0 14 13 0 2 1
5 12 5. . o5 21 11 1 21 ] 14 11 20 13 i1 Xt 24 ¥

*The data for isolate 1 are extracted from Table lla



Table Hec. Similarity matrix obtained from pair-wise
comparizons of the biochemical fingerprints in
Table Lk, The similarities were caleulated as
correlation-coelficients

Cogrelation-coclfickent comparcd o tsolate no

[salate no 1 2 3 B 5
1 =

2 0540

1 LE? {93 =

4 (29 078 Xy -

3 57 0.77 (L6 {14

PR types found: Bsolates 1, 2 and 3 ave-single {S) types; isolates 4 and
5 belong to the same common {C) type if wdentity level is ot comelation-
eoclleient =095

Table IIl. Comparison of stabilities of PhP types of 16 V.
cheleras O isolates when stored for 30 days at
different temperatures and after repeated subculture

Companson bebween Mo. of isolales

Sels hlean '&II|:|I|:|I!|!:|- ientscal
1 and 2 LR 16
1 2w 3 LEATE ] 15
1 and 4 0L5TH 15
2 aned 3 05T4 12
2 an 4 AT 11
1 amd 4 0,975 13

Sell: Isolales stored al +4 "C

st lzalates stooed at =) *C

Serd: lsolates stoned st room lemperaiure, TN
Scrd: Isolates subculiured 30 times

The biochemical fingerprints of N isolates within a
collection were compared pair-wise, and the
similarity between each pair was calculated as the
correlation- coefficient. This yielded a similarity
matrix consisting of N x (N-1)/2 correlation
coefficients (Table llc for an example). The
similarity matrix (Table llc) was clustered according
to the unweighted-pair group method with
arithmetic averages (UPGMA) to yield a
dendrogram (for an example, see Fig. 1) (14). The
reproducibility of the PhP-VC plate was evaluated
by assaying 24 of the above isolates in duplicate in
the same assay. The level of identity (the ID level)
between isolates was defined as the mean of the
correlation-coefficients obtained between these
duplicate assays minus two standard deviations
(SD) of this mean (11) . PhP types consisting of
more than one isolate were named C (common)
types, whereas those consisting of only one isolate
were named S (single) types.

All data handling, including optical readings,
calculations of correlation-coefficients, diversity
indices, as well as clustering and printing of
dendrograms were performed using the PhP
software (BioSys inova, Stockholm, Sweden),
which is commercially available.

Stability of fingerprints upon storage at different temperatures and after subculture

The 16 fresh isolates of V. cholerae (collection V) were used for these tests. After confirmation of the
colonies as V. cholerae O1 by biochemical reactions and slide agglutination test with specific antiserum,
single isolated colony from each strain was subcultured onto nutrient agar (NA) plates and incubated at
37 ° C. From this first subcultured NA plate, three different sets of stock cultures were prepared. Set 1
was stored at 4 ° C on NA plates; set 2 was stored at -70 ° C in Luria broth containing 15% (v/v) glycerol,
set 3 was stored at room temperature (25 ° C) in TIN1 soft agar. Finally, 30 consecutive subcultures
were made from the first subcultured NA plate by transferring a single colony to a new agar plate every
day. The 30th subculture was marked as set 4. Finally, from all four sets, subcultures were made once on
nutrient agar, and after 20 hours incubation, the growth was used for biochemical fingerprinting, which

was done in duplicate and blindly.
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Fig. 1. Three dendrograms showing the relationship among the
PhP type of V cholerae 01 isolates from three different
collections. Dotted lines indicate the level of identity (correlation-
coefficient >0.965).

Collection I: Twenty-four E1 Tor V.cholerae 01 isolates
obtained from the epidemic cholera in 1991 in Mexico.

Collection I: Twenty-four E1 Tor V.cholerae 01 isolates
obtained from the epidemic cholera cases in southern
Bangladesh in 1992.

Collection I: Twenty-four E1 Tor V.cholerae 01 isolates
obtained from the epidemic cholera cases seen at the Dhaka
hospital,Bangladesh,during 1974-1992.

Ribotyping

The rRNA gene probe used for ribotyping was a
BamHI fragment of a cloned Escherichia coli rRNA
operon obtained from the recombinant plasmid
pKK3535 (15). The recombinant plasmid was
purified and digested with BamH]I, and the insert
was purified by electroelution from agarose gel as
described by Maniatis et al. (16). The insert (probe
DNA) was labelled by random priming (17) with [a -
32P]deoxycytidine triphosphate (3000 Ci/mmol,
Amersham International plc., Aylesbury, United
Kingdom) and a random primer DNA labelling
system (Bethesda Research Laboratories,
Gaithersburg, MD, USA). Southern blots of purified
bacterial chromosomal DNA after digestion with
restriction enzymes Bgll and Hindlll (Bethesda
Research Laboratories) were hybridised with
labelled rRNA probe, washed under stringent
conditions, and autoradiographed as described
previously (18). The ribotyping data on 33 classical
biotype of V. cholerae O1 (listed as collection IV in
the section Materials and Methods) were extracted
from a previous publication (7).

Comparison between PhP and ribotyping

The performances of PhP typing and ribotyping
were compared using the 33 isolates in collection
V.

The isolates were typed with both methods, and
assigned into types. The discriminatory power of
each typing method was calculated as Simpson's
diversity index (Di) according to the formula: Di = 1
-S [nix (ni- 1)/(N x (N - 1)] (19), where ni is the
number of isolates in the ith type, and N is the total
number of isolates studied (in this case 33). The
value of this index depends both on the number of
different types identified and on how even the
distribution of isolates into different types is. It is
high (maximum value 1.0) if most isolates belong to
different types, and is low (minimum value 0) if one
type is dominating.




Reproducibility of the PhP system

RESULTS

The intra-assay reproducibility was estimated by duplicate assays of the 33 isolates obtained from
collection IV. The mean similarity among the isolates was 0.987, the standard deviation was 0.011, and
thus, the identity level was set at a correlation-coefficient of 0.965. This yields a reproducibility of >95%
(16), i.e. of 100 comparisons between identical strains, more than 95 appear as identical.
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Fig. 2. Dendrogram showing the relationship among the PhP type of 33 classical
biotype V. cholerae 01 isolates from a heterogeneous collection obtained during 1961-
1992 (collection IV) in Bangladesh. Dotted line indicates the level of identity. The
figures also show the ribotype and serotype of each isolate.

Stability of PhP types

The stability of PhP types of 16
freshly isolated V. cholerae O1
strains (collection V) under
different temperatures of
storage, and after repeated
subculturing, was studied. The
results are shown in Table Ill.
When isolates of the same strain
stored at 4 °C and -70 °C were
compared, all yielded identical
biochemical fingerprints and
correlation-coefficients above the
identity level. The lowest
similarity was obtained when
subcultured isolates were
compared to those stored at -70
°C (only 11 of 16 identical). In
total, 82 of 96 (84%)
comparisons between the same
isolates yielded the same PhP
types, and in all the other 14
cases, the PhP types were still
similar, showing a similarity of
>0.95.

Typing of V. cholerae O1 by
PhP system

Mexican isolates (Fig. 1,
collection [): As expected of an
epidemic, these isolates showed
a low diversity (Di = 0.73), and
only six different PhP types were
found. Eighteen of the isolates
consisted of two dominant PhP
types (Cl.1 and CL.5), three
isolates belonged to a PhP type
similar to CI.1 (type ClI.2) and
another isolate was similar to
PhP type CI.5 (SI.6).




Bangladeshi El Tor isolates from field (Fig. 1, collection Il): The diversity of these isolates was higher than
for the Mexican isolates (Di = 0.84), and the number of PhP types identified was 11. Two common types
were found (CII.1 and CII.10) in eight and five isolates respectively, and the other nine PhP types were
only found in single isolates.

Bangladeshi El Tor isolates from hospitalised patients (Fig. 1, collection IIl): The diversity of these isolates
was 0.93, and the number of PhP types identified was 16. The most common types were only found in
three isolates (PhP types CIII.7 and CIII.8). Thus, these isolates were more heterogeneous than the
Bangladeshi field isolates, which was expected since the field isolates were all collected during the same
year (1992), whereas the isolates from hospitalised patients were collected over a longer period of time
(1974 to 1992).

The above three sets were tested twice blindly under code, and the same biochemical fingerprints and
correlation- coefficients above the identity level were obtained both times.

Comparison of PhP typing and ribotyping: Thirty-three classical biotype strains of V. cholerae O1 (Ogawa
and Inaba serotypes) were studied, and their ribotype data were extracted from a previous publication (4).
A comparison of PhP types, ribotypes and serotypes is shown in Fig. 2. The isolates fell into five different
ribotypes, and 23 different PhP types. A combination of PhP typing and ribotyping yielded 27 different
types. If serotyping was also included, 29 different types were found, and only three types containing
more than one isolates were found (two isolates of PhP type C1, both isolates of PhP type C2, and three
isolates of PhP type C6). In two of these types the isolates were also from the same year, which indicated
that they might be of the same clone. The discriminatory power as defined by Di was 0.51 for serotyping,
0.58 for ribotyping, 0.97 for PhP typing and 1.0 for the combination of all three methods.

DISCUSSION

Earlier, biotyping was used as one of the techniques for strain differentiation in epidemiological studies.
However, this technique had limitations, because too few substrates were used. Moreover, reactions
were scored only qualitatively as either positive or negative at the end of the incubation period, and there
was no accurate way of assessing intermediate results. Biochemical fingerprinting with the PhP system
uses quantitative measures of the speed and intensity of several biochemical reactions, thus making it
more discriminatory than traditional biotyping. The PhP system has been successfully developed and
used for subtyping of a variety of bacteria for epidemiological and ecological studies (9-11,20,21), and the
performance has been shown to be as good as that of DNA typing methods (20, 22, 23).

In the present study, we developed and evaluated the performance of the PhP system for typing V.
cholerae O1. Our data indicate that the system is discriminatory and reproducible. Stability of fingerprints
after storage at different temperatures and after repeated subcultures suggested that optimal results were
achieved by preserving the isolates either at +4 °C or -70 °C.

The PhP system was further evaluated by applying the system to type epidemiologically well-
characterised isolates of V. cholerae O1. As expected, isolates from the recent cholera epidemic in
Mexico were more homogeneous than those from endemic cholera in Bangladesh. Moreover, the PhP
system was reproducible as identical results were obtained when the assays were repeated.

The PhP system was compared with an established typing system for V. cholerae, i.e. ribotyping. It was
found that the discrimination achieved by the PhP system was higher than that obtained by ribotyping.
However, some degree of correlation between the two typing systems was observed since, when the
isolates belonged to the same PhP type, they usually also belonged to the same ribotype. The main
advantages of PhP typing, as compared to DNA typing are its simple performance and automatic data
evaluation and presentation. It is, thus, a very convenient system for studies of large numbers of bacteria.



Other advantages of the PhP system are that numerical data of high precision are generated enabling
cluster analysis, and new and old data out of the computer memory can also be easily compared. In
contrast, molecular typing methods based on electrophoresis may result in reproducibility problems and
difficulties in comparing data generated on different gels. These methods are, thus, mostly restricted to
investigations where only a few strains need to be compared. For more careful epidemiological
investigations of many isolates, a combination of methods should be useful, where PhP typing is used as
a first screening method and suitable DNA typing methods are applied to a selected number of isolates
based on their biochemical fingerprints.
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ABSTRACT

Campylobacter jejuni is an important human enteropathogen worldwide. Chickens are the major reservoir
and source of campylobacter infection. Ten clinical isolates from human and five chicken strains were
tested for the adherence, invasion and cytotoxin assay in HeLa and HEp-2 cells. All human strains
adhered to both the HelLa (103 to 3x10 bacteria/mL of cell lysate) and HEp-2 cells (2x103 to 4x10*
bacteria/mL of lysate). All chicken strains also adhered to the HEp-2 cells (102 to 10° bacteria/mL), but
only two strains adhered to the Hela cells. Six clinical and none of the chicken strains invaded the
mammalian cells. Both the adherence and invasion were better observed in HEp-2 than in HelLa cell
lines. All three isolates from patients having invasive diarrhoea and only one strain from a patient having
watery diarrhoea produced cytotoxin. All three invasive strains also adhered to polystyrene surface after
the localised destruction of the HEp-2 cells, a phenomenon not reported earlier. Adherence was markedly
inhibited by the whole cell lysate and the acid glycine extracts, and the results were comparable. This
study indicates that the clinical isolates of C. jejuni are more virulent than the chicken strains, HEp-2 is
better for the adherence/ invasion assay and Hela is better for cytotoxin assay. The acid glycine extracts
probably contain the key adhesins for C. jejuni.

Key words: Campylobacter jejuni; Enteritis; Virulence; Bacterial adhesions; Cytotoxins; Tissue culture

INTRODUCTION

Campylobacter jejuni is an important human enteropathogen worldwide (1,2). The mechanism of
pathogenesis of C. jejuni infection is not yet clear though the adhesion, invasion, production of
enterotoxin and cytotoxin have been reported to be the possible virulence factors (3-5). The least
understood aspect of Campylobacter virulence is the interaction between the organism and the intestinal
epithelial cells. The in vitro adhesion to epithelial cells, and both the adhesion and invasion of HEp-2 cells
by surface-related antigens of C. jejuni have also been reported (6,7), but the identification of surface
component responsible for the adhesion and invasion remains inconclusive .

Cell culture is a useful tool to study the attributes of bacterial virulence, since a uniform population of cells
can be infected under defined conditions. The present study was carried out to assay the adherence,
invasion and production of cytotoxin by C. jejuni strains in HeLa and HEp-2 cells with clinical correlation
and inhibition of adhesion using different cell components to locate the key adhesin or adhesins.

Correspondence and reprint requests should be addressed to:
Dr. KN Prasad



MATERIALS AND METHODS
Bacterial strains

Fifteen strains (10 human and 5 chicken) were included in the study. The human strains were isolated as
the sole pathogens from patients having either watery diarrhoea (n=7) or a dysentery-like syndrome
(n=3), and the chicken strains were isolated from intestinal contents of healthy chickens. Salmonella
typhimurium ATCC-13311 and Escherichia coli K12 were used as the positive and negative controls
respectively.

Bacterial growth

The strains were grown on Columbia agar (HiMedia), containing 7% sheep blood at 37 °C in a candle jar
for 40 hours. For the preparation of cytotoxin, 5-6 colonies were inoculated in Columbia broth as
described earlier, and the cell-free culture filtrate was prepared following the standard protocol (4,5).

Cell lines

HelLa and HEp-2 cell lines were used for assaying the adherence, invasion and cytotoxin production by
the C. jejuni strains. The cell lines were maintained in Eagle's minimal essential medium (MEM) with 10%
foetal calf serum (FCS). For this study, 24-well tissue culture plates (Nunc, Denmark) were seeded with
5x10” cells per mL. The plates were incubated at 37 °C in a humidified 5% CO, incubator (Sanyo, Japan)
till the semi-confluent monolayers were obtained. Prior to the experiment, the cells were washed and
incubated with MEM, containing 1% FCS.

Adherence and invasion assay

Bacterial suspension was prepared in phosphate-buffered saline (PBS; pH 7.0) from the plates. The
suspension was centrifuged at 10,000 x g for 10 minutes at 4 °C. The bacterial pellet was resuspended in
MEM with 1% FCS, and the inoculum was adjusted to 10”-10° bacteria per mL by measuring the optical
density. The adherence and invasion assays were done as per the method of Konkel et al. (8).

(i) Monolayers in 24 wells: The inoculum 80.5 mL) was added to the HeLa and HEp-2 monolayers in
duplicate. The plates were incubated at 37 "C in 5% CO, atmosphere for three hours. The monolayers
were washed five times with MEM, containing 1% FCS. In one of the duplicate wells, gentamicin (250 m
g/mL) was added and incubated for one hour. C. jejuni being sensitive to gentamicin, the antibiotic killed
the bacteria that adhered to the surface of the tissue culture, while the bacteria that had already invaded
and internalised the model remained unaffected. In the second well, the medium without the antibiotic
was added to enumerate the number of bacteria that had adhered and invaded the cell lines. The
monolayers were lysed using 0.01% Triton X-100. The lysed monolayer suspensions were diluted (10'1 to
10'4) in PBS, and 100 m L of each dilution was uniformly plated on blood agar (Columbia agar base with
7% sheep blood). The number of viable bacteria was determined by counting the colony-forming units
(CFU) on the plates, multiplied by the dilution factor. Viable bacteria recovered from the first well (with
gentamicin) and from the second well (without gentamicin) were the intracellular (invasion) and the
extracellular (adherence) + intracellular counts respectively. The adherence was calculated by the
formula: [(CFU/mL from the second well at particular dilution - CFU/mL from the first well at the same
dilution) x dilution factor].

(if) Monolayers in Petri dishes: Confluent to semi-confluent monolayers were prepared in plastic 60x15-
mm Petri dishes (Nunc, Denmark). The inoculum (1 mL) was added to the monolayers in duplicate. One
set each of the Petri dishes was incubated at 37 °C for three hours and 24 hours. The monolayers were
washed and treated with Giemsa stain.



Preparation of Campylobacter surface proteins

() Whole cell lysate (WCL): Bacterial strains were grown under standard conditions as described earlier.
Suspensions were prepared in PBS, washed thrice, and turbidity was matched with MacFarland tube 5
(1.5x10° CFU per mL). The cells were sonicated in Branson's probe sonicator: 8 bursts, one minute each
with rests on ice of 30 seconds in between bursts. The sonicated material was centrifuged at 12,000 x g
for 15 minutes to remove intact bacteria, if any.

(if) Outer-membrane proteins: Outer-membrane proteins (OMPs) were prepared as described by Blaser
et al. (9). In brief, the bacterial growth was harvested and washed in 20 mM Tris hydrochloride buffer (pH
7.5) at 4 °C. Finally, the cells were suspended in the same buffer, and the suspension was sonicated by
Branson's sonicator four times, 30 seconds each with rest on ice. Cell debris was removed by
centrifugation at 10,000xg for 15 minutes. Supernatant was centrifuged at 100,000xg for 40 minutes at 4
°Cto get the crude membrane as pellet. The crude membrane was then suspended in 2% sodium lauryl
sarcosine (pH 7.5) for 20 minutes at 37 °C before it was centrifuged at 100,000xg for 60 minutes at 4 °c.
The extracted membrane pellet was washed twice in 20 mM Tris hydrochloride buffer, and it was finally
suspended in distilled water.

(iii) Acid glycine extracts:C. jejuni was grown on Columbia blood agar as described earlier. Acid glycine
extract (AGE) was prepared following the standard protocol (6). Briefly, the growth was harvested in PBS.
After centrifugation, the bacterial pellet was collected and washed twice in PBS. It was then suspended in
0.2 M glycine hydrochloride (pH 2.2). After being stirred for 30 minutes at room temperature, the whole
cells were removed by centrifugation at 12,000xg for 15 minutes. The supernatant designated as the
glycine acid extract was neutralised with NaOH and dialysed against PBS.

Study on inhibition of adherence by WCL, OMPs and AGE

Tissue cultures in wells were incubated in duplicate with WCL (250 m g/mL), OMPs, and AGE (100 m
g/mL) for one hour at 37 °CinacCo, atmosphere. After washing three times with MEM, containing 1%
FCS, the cells were challenged with live bacteria for a standard period of 3 hours, followed by gentamicin
treatment in one of the duplicate monolayers as described earlier. Finally, the counts of the adhering
bacteria were made by the dilution technique following the formula mentioned earlier.

Sodium dodecyl sulphate polyacrylamide gel electrophoresis (SDS PAGE)

Both the whole cell lysate and glycine acid extracts from invasive and adherent strains were subjected to
SDS PAGE following the method of Laemmli (10). The bands were stained with Coomasie brilliant blue.

Cytotoxin assay

The cytotoxin assay was done as per the standard methods (11,12). The cell-free culture filtrate was
concentrated five-fold using polyethylene glycol 600 (SRL, India). The concentrated culture filtrate was
diluted to its original volume in MEM with 1% FCS when testing for the cytotoxin activity. The monolayers
containing medium without culture filtrate served as the control. The monolayers in 24-well plates were
incubated with 0.5 ml culture filtrate for 24 hours at 37 °C in 5% CO, environment. The monolayers were
then fixed with 1% glutaraldehyde for 15 minutes and stained with 0.1% crystal violet for 30 minutes. The
plates were then submerged in water, and the stain was removed with continuous, slow flow of water for
15 minutes. The plates were then air-dried. The stain was eluted with 0.2% Triton X, and the absorbance
was measured at 590 nm. Percentage of cell destruction was calculated according to the formula: {(A-
B)/A}x100, where A= OD in control and B= OD in test at 590 nm.



RESULTS

All the C. jejuni strains isolated from humans adhered to both the HeLa and HEp-2 cells with a range of
10°to 4x10" CFU/mL of cell lysate. All the chicken strains also adhered to the HEp-2 cells (range 10 to
10° CFU/mL of lysate), but only two strains adhered to the HeLa cells. Six (60%) human strains were
found to invade (internalise) both the HeLa and HEp-2 cells. Both adherence and invasion were more
marked in the HEp-2 cells than in the HeLa cells (adherence: HeLa vs. HEp-2 = 10°-3x10* vs. 2x10°-
4x10% invasion: 2x10-2x10° vs. 2x10-10° CFU/mL of cell lysate). C. jejuni strains isolated from patients
having pus cells and RBCs in their stools were found to be more invasive (10-30 fold) compared to E. coli
K12 in the HEp-2 cells. None of the chicken strains invaded either the HelLa or HEp-2 cell line. The details
of adherence and invasion assays are shown in Table I.

Table I: ¥Virulence assays of C. jejuri (n=15) isolated from humans (H) and chicken () 3
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Following three hours incubation with live bacteria, no cell destruction was observed by Giemsa staining
of monolayers after washing five times with buffer. However, after 24 hours of incubation of monolayers
with live bacteria, localised cell destruction with adhered bacteria to Petri dish (polystyrene) surface was
observed in all three invasive strains, a phenomenon not described earlier. None of the other C. jejuni
strains expressed this property.

All the three invasive strains expressed cytotoxic activity both in HeLa and HEp-2 cells. The cytotoxic
activity was better observed in the HelLa cells (cell destruction >50%) than in the HEp-2 cells (cell
destruction 25-50%). All other strains expressed a low level of cell destruction, comparable to the
negative control E. coli K 12. The details of cytotoxin activity are shown in Table I. An inhibition of
adherence to the HEp-2 cells by all three invasive strains was studied using WCL, OMPs, and AGE. A
better and similar inhibition was observed with WCL and AGE (Table II).

Table 11: Effects of varous cell components on adherence to HEp-2 cells by C. fefuni straing isolated from patients having
invasive diarchoca
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Fig. SDS-PAGE of whole cell lysate (WCL) and acid glycine
extracts { AGE) of Campylobacrer jefunt. Lanes:

A - Molecular weight marker, B-WCL, C and D-AGE from 2
invasive sirains showing major bands of &7, 44, 32, 29, 27
kla.

On SD-PAGE, AGE showed multiple major protein bands of various molecular sizes: 67, 44, 32, 29 and
27 kDa. All these bands were present in WCL along with many more protein bands (Fig.).

DISCUSSION

The clinical and experimental studies showing adhesion to and invasion of human epithelial cells suggest
that such phenomena are important in the pathogenesis of campylobacter infection (13,14). Adhesion is
considered to be the first step of bacterial-intestinal cell interaction. In the present study, all the clinical
isolates adhered to both the HeLa and HEp-2 cells, corroborating the earlier studies (3,15). All the
chicken strains adhered to the HEp-2 cells, but at least three of the five strains did not adhere to the HeLa
cells. So far, no study on the adherence and invasive properties of chicken strains of C. jejuni had been
carried out, though this poultry population had been reported to be a major reservoir of Campylobacter
spp. (16,17). Bacterial adherence to HEp-2 cells was much higher than to HelLa cells (Table ). Only six of
the 10 human strains and none of the chicken strains invaded both HeLa and HEp-2 cells. Like
adherence, invasion was also better observed in the HEp-2 cells. This study clearly indicates that the
HEp-2 cell line is a better model than HelLa cells for studying the adherence and invasive properties of
this organism. While both the cell lines have been used for detecting the virulence attributes of
Campylobacter spp. (6,7,15), no comparative evaluation had been reported so far. The strains isolated
from patients having a dysentery-like syndrome invaded the HEp-2 cells at least 5 to 15-fold and 10 to 30-
fold more than strains isolated from patients with watery diarrhoea and E. coli K12 respectively, thus
indicating that the C. jejuni strains isolated from patients with invasive diarrhoea are potent invaders of
mammalian cells in vitro. The invasive strains also adhered to the polystyrene surface after the localised
cell culture destruction, a phenomenon not described earlier. However, the adherence to the polystyrene
surface as reported in other enteric bacteria is related to cell surface hydrophobicity (18). Konkel and
Joens (3) reported adherence to be multifactorial, attributed to a variety of surface components. In the
present study, the inhibition of adhesion was studied using different cell components, like WCL, OMPs,



and AGE. Though WCL was found to be the best inhibitor at a higher concentration (250 m g/mL), the
result with AGE was equally promising even at a lower concentration (100 m g/mL), indicating that AGE
possibly contains the key adhesins. A similar observation had been reported by Kervella et al. (15) who
identified two acid glycine-extracted proteins of 27 and 29 kDa as the key adhesins. The outer-membrane
proteins of 26-30 kDa have been suggested as adhesins by Fauchere et al. (14), while Konkel et al. (7)
identified antigens of 38-42 kDa only in invasive strains of C. jejuni. On SDS PAGE, the acid glycine
extracts of all three invasive as well as the adherent strains showed almost all antigens (27, 29, 32, 36,
44 kDa) reported in the literature as adhesins and invasins. This highlights the role of acid glycine-
extracted proteins in the pathogenesis of C. jejuni infection. The minor differences in size of the antigens
may be related to different concentrations of gel used in the studies. Several studies on the production of
enterotoxin by C. jejuni isolated in our country are available (5,19). So far, little is known about the
cytotoxigenic status of C. jejuni in India. In the present study, all three invasive strains produced cytotoxin,
while only one of the seven strains isolated from patients having watery diarrhoea and none of the five
chicken strains produced cytotoxin. It indicates that the C. jejuni-infected patients having a dysentery-like
syndrome harbour the cytotoxigenic strains. The prevalence rate of cytotoxigenic strains of C. jejuni had
been reported to vary in different countries. Johnson and Lior (4) reported that 85% of the human isolates
produced cytotoxins or cytotonic factors or both. Recently, it has been reported from Turkey that 93.5% of
clinical isolates produced cytotoxin (20). Possibly the high prevalence rate of cytotoxigenic strains might
be related to epidemiological characteristics of C. jejuni infections. Indeed, it has been reported that 20-
80% of patients with C. jejuni infection had dysentery-like syndrome (21). Various tissue cultures (HelLa,
MRC-5, HEp-2, Vero) have been used for the detection of cytotoxin. In the present study, HelLa cells were
more sensitive to C. jejuni cytotoxin than HEp-2 cells.

We conclude that clinical isolates of C. jejuni are more virulent to tissue cultures than chicken strains.
Patients having invasive diarrhoea due to C. jejuni harbour cytotoxigenic strains in this northern part of
our country. The HEp-2 cells are better for adhesion/invasion study, while the HeLa cells are better for the
cytotoxin assay. Probably, acid glycine extracts contain the key adhesins/ invasins. Further study with
purified components is needed to prove this.
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ABSTRACT

This study, a cross-sectional survey, was conducted to assess how mothers take care of their children with
diarrhoea and to develop a model of health-care seeking behaviour. Multistage sampling was used. Mothers whose
children aged less than five years had suffered from diarrhoea in the last fortnight were included. Nurses
interviewed the mothers to collect data. Variables included in the interview were: mothers’ characteristics, children’s
characteristics, clinical data, treatment given by the mother, maternal health-seeking behaviour and mothers’
information about diarrhoea and dehydration. Variables corresponding to the clinical data were grouped to identify
dehydration signs and the need for medical care. Dehydration was defined as the presence of two or more of the
following reported signs: thirst, sunken eyes, sunken fontanelle, or scanty urine. The need for medical care was
defined as the presence of one or more of the following characteristics: illness lasting more than three days,
vomiting, fever, bloody diarrhoea or dehydration. A sample of 747 mothers was obtained. Household treatments
consisted of herbal teas to stop diarrhoea (52.3%), liquids to prevent dehydration (92.2%), symptomatic drugs
(35.2%) and changes in feeding patterns (36.3%), which consisted in suppressing milk and dairy products and
interrupting breast feeding (12.2%). Mothers sought medical assistance when they perceived a worsening of clinical
conditions. Clinical signs statistically associated with their decision were: bloody diarrhoea, vomiting, illness longer
than three days, weight loss, and fever. The signs of dehydration were not associated with health care-seeking
because the mother did not recognise them. It is concluded that maternal educational programmes should
emphasise, besides the proper use of oral rehydration therapy, teaching mothers to identify signs of dehydration as
an indication to seek timely medical care.

Key words: Diarrhoea, Infantile; Diarrhoea, Acute; Dehydration; KAP; Maternal behaviour
INTRODUCTION

Despite progress made to treat acute respiratory infections (ARI) and acute diarrhoea, these common childhood
illnesses are still taking a heavy toll. Diarrhoea and ARI are among the five leading causes of infant mortality in the
developing countries (1). In the past, provision of health care was primarily considered the domain of health
providers (2). However, the current trend has recognised the importance of mothers and the family in identifying,
caring for and preventing children's ilinesses (3).

Maternal practices regarding health care have been recognised as important social and anthropological factors,
explaining high mortality rates among children aged less than five years. Maternal literacy and health education (4),
parental age, family's socioeconomic status (5,6) and access to health care (7) are among the factors mentioned.
Consequently, efforts to better understand mothers' beliefs, attitudes, and health practices have been carried out
(8,9). Regarding acute diarrhoea, the reported risk factors for an adverse outcome include the following: lack of
information to identify complications, such as dehydration; limited use of oral rehydration solutions; inadequate
maternal health-seeking behaviour and dietary modifications, such as restricting certain foods or breastfeeding
(10). These factors have prompted decision-makers and researchers to involve the family and particularly mothers
in community-based health programmes to reduce the burden of this disease (11).

In 1991, the Mexican Ministry of Health launched a state-wide inter-institutional programme in the state of Tlaxcala
to lower mortality rates due to acute diarrhoea (AD) and acute respiratory infections in children aged less than five
years (12). Key to this programme was an educational intervention aimed at improving mothers' knowledge and
practices regarding these two illnesses. The first stage of this intervention was a research designed to gain insight
into why mothers behave as they do in the treatment of AD and ARI. Diversity of mothers’ treatments in both AD
and ARI encouraged us to carry out a separate analysis of each disease.



This study, a cross-sectional survey, was conducted to assess how mothers take care of their children with
diarrhoea and to develop a model of health-care seeking behaviour. Three issues are addressed here: (a) the
treatments given by the mothers; (b) maternal decision-making regarding the use of drugs, home remedies,
restriction of food and liquids, and (c) an explanatory model of maternal health-seeking behaviour. The importance
of maternal education and of involvement of mothers in the design of community-based interventions is also
discussed.

Correspondence and reprint requests should be addressed to:
Dr. Ricardo Pérez-Cuevas,Cerezas 72 apt. 404 col. Del Valle,
03800, Mexico DF, Mexico

MATERIALS AND METHODS
Study site

Tlaxcala, one of the smallest states of the Mexican Highlands, has a population of 761,277, of which approximately
13% are children aged less than five years. 64.8% of the people inhabit rural communities. Regarding the
characteristics of the households, 70% have piped water supply, and almost 50% have sewerage connection.

In the state, government institutions and private physicians provide health care. The public health care system has
124 primary care clinics, staffed by 165 physicians. Also, about 300 private physicians are working in the state.
Geographical distribution of the clinics, either public or private, and the ease of transportation by paved and country
roads allow people to reach a clinic or health post in, on an average, about fifteen minutes. Government institutions
provide medical services at an affordable cost. Furthermore, most people are enrolled in the social security health-
care systems which constitute another way to provide health care. Thus, almost 100% of the population have
access to professional health services. Nevertheless, provision of health care in the state has an insufficient impact
on childhood mortality. During 1993, the mortality rate due to acute diarrhoea among infants was 2.18/1000, far
above the national average of 1.66/1000 (13).

Study design

In a cross-sectional survey, we interviewed mothers with children aged less than five years who had had diarrhoea
in the last fortnight and were healthy at the time of the interview. In households with more than one ill child, mothers
were interviewed regarding the most recent case. Those whose children had diarrhoea at the time of interview or
had concomitantly acute diarrhoea and acute respiratory infections or any other infectious diseases, were not
included in the study.

Sampling design

A multistage sampling approach was used for obtaining the study population. State communities were divided into
three strata according to the number of inhabitants: communities of less than 500, communities of 500 to 5,000,
and communities of more than 5,000. In each stratum, communities were randomly selected. In every selected
community, the households were also randomly selected from an existing census of households with children aged
less than five years. This census was previously carried out by the Ministry of Health to obtain a better control of
the immunisation campaigns. Sample size was calculated, using the formula to figure out the proportion in one
population (14). It was calculated in each stratum under the assumptions that the proportion of mothers
appropriately treating their children with acute diarrhoea was 60% (p=0.60), with an expected 6% of the tolerable
level of imprecision (D=0.06). Therefore, a sample of 256 mothers was needed in each stratum, resulting in 768
mothers to be interviewed.

Data collection

In selected households, a mother expected to meet the selection criteria was searched for; if she was not found,
adjacent households were searched until a mother who fulfilled the criteria was found. Trained nurses and social
workers collected data by applying a semi-structured written questionnaire during a single personal interview. No
mother objected to answer the questionnaire after the interviewers had explained the purpose of the study. This



type of interview was chosen since we decided to apply the questionnaire only once, because the interviewers had
to travel up to two and a half hours to reach the households. We included thirty-three specific questions and
provided a guide to the interviewer to apply eight open questions regarding the mother’s decision-making process.
All questions were formulated, using the colloquial language of the community.

The following variables were explored: (a) maternal characteristics, such as age, literacy, and occupation; (b)
children's characteristics: age, sex, duration of illness, and signs, such as presence of bloody diarrhoea, weight
loss, vomiting, fever, increased thirst, sunken eyes, scarce urine, and sunken fontanelle; (c) treatment given at the
household, such as home remedies, liquids thought either to stop diarrhoea or to prevent dehydration, usage of
drugs and changes of feeding patterns, particularly suppressing milk or breast feeding for some days.

Maternal health-seeking behaviour was explored by means of three open questions. The mother was asked about
the place where the children have received care and her reasons to look for medical assistance or to give home
treatment rather than request assistance from a physician. Her information about diarrhoea and dehydration was
explored through five open questions. The first question was related to her concepts of diarrhoea and the way she
recognises it; the second question asked about its causes. The third question asked about her concepts of
dehydration. The fourth and fifth questions were about the mothers’ knowledge as to how to prevent diarrhoea and
dehydration. The aim of these questions was to let mothers express themselves in their own terms, and this was
registered as such in the questionnaire.

Definition of variables

Variables corresponding to the clinical picture were grouped to identify dehydration and the need for medical care.
Dehydration was defined as the presence of two or more of the following conditions: thirst, sunken fontanelle,
sunken eyes, and scarce urine. The need for medical care was defined as the presence of one or more of the
following conditions: illness lasting more than three days, vomiting, fever, bloody diarrhoea, or dehydration.
Definitions were based on the World Health Organization (WHO) criteria (15).

Maternal information was evaluated, using the answers to the five questions. A mother was considered well-
informed if she correctly answered three of the five questions. Mothers' concepts were also evaluated based on the
WHO guidelines (16).

Liquids given by the mothers to prevent dehydration were classified in two types: liquids recommended by WHO,
thus considered oral rehydration therapy (ORT), such as herbal teas, rice beverages, milk, water, home-based
solutions, and oral rehydration solution (ORS), and liquids not recommended by WHO, such as carbonated
beverages, commercial solutions, or wrongly combined solutions.

Data analysis

First, we conducted an exploratory analysis, using descriptive statistics. Population characteristics and household
treatments, such as provision of home remedies, liquids to prevent dehydration, symptomatic drugs, and changes
of feeding patterns were analysed in a descriptive way. Second, we explored whether there were any relationships
among clinical data (isolated and combined), and the mother’s decision to provide a specific liquid. Analysis was
carried out by comparing children having or not having the clinical features with the specific liquid provided. We
used chi-square tests to assess statistical significance.

Third, an ethnographic decision model (17) was created to establish further reasons for maternal health-seeking
behaviour and to try to predict which type of service mothers will choose under the specific conditions of the child.
We decided to build the model upon the need for medical care because we wanted to explore whether actual need
prompted mothers to seek medical assistance and in what proportion. The model looked at their reasons for such
decision. The first part of the model was drawn upon the actual need for medical care. The second part was based
on the mothers’ decision to go to a health facility. The third part was based on the classification of their reasons to
seek or not to seek medical care.

Household treatment (provision of drugs, food restriction, and home remedies) and the mothers’ health-seeking
behaviour were both analysed regarding three variables: the need for medical care, dehydration, and maternal level
of information. The chi square test was used for evaluating statistical significance.



The choice whether to provide care at home or at the health facility and its relation to the clinical signs was
analysed in two steps: first, through univariate analysis, crude odds ratios were calculated to establish the
probability of seeking medical care, then, a multiple logistic regression procedure was modelled based on the

significant covariates from the univariate analysis (18).

RESULTS

Seven hundred and forty-seven mothers whose children had
diarrhoea in the last fortnight were interviewed (Table 1).
Regarding the children’s characteristics, 25.3% were infants,
while the rest were pre-school children. Gender was evenly
distributed in the sample. In relation to the maternal
characteristics, the mothers’ median age was twenty-seven
years. Regarding literacy, 23.3 % were illiterate, and 41.6%
had finished elementary school. Most mothers were
homemakers, less than 5% had paid work (data not included
in the table). As mentioned above, the sample was divided in
three strata, according to the number of inhabitants. In the
stratum of communities with less than 500 inhabitants, we did
not complete the expected sample due to logistic difficulties.
The sample of this stratum had been calculated to be 33% of
the total sample; only 22.2% was achieved. On the other
hand, there was an over-sampling of the second stratum,
being 46.3%.

The analysis of household treatment (Table II) reflected an
amalgam between modern medicine and traditional remedies
for diarrhoea. It was observed that 52.3% of the children had
received some home remedies thought to stop diarrhoea.
The remedies were mostly herbal teas, of which camomile
was the most commonly used (27.7%). Most children
received liquids to prevent dehydration (92.2%). In relation to
the type of liquids, mothers provided some form of oral
rehydration therapy (71.8%). Mothers gave tea, rice
beverages, milk, or water (53.0%), while 14.1% of the
children were treated with ORS, and 4.7% took home-based
solutions. On the other hand, 20.0% of the children received
some type of non-recommended liquids. Carbonated drinks,
commercial solutions, or wrongly combined ones were the
most commonly used. Only 3.0% of the children did not
receive any liquids at all, neither for treating diarrhoea nor for

preventing dehydration.
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Regarding the use of drugs, 35.2% of the children received some medication, mainly antidiarrhoeal suspensions or
symptomatic drugs. As to changes in feeding patterns, 36.3% had some dietary restrictions. Milk was the most
commonly restricted food (27.2%). Among the breast-fed infants, breast feeding was interrupted in 12.2%.

To look further at the relationship between clinical features and the mother’s decision to provide a specific type of
liquid, both variables were analysed. Results are shown in Table Ill. Children who had been ill for three or fewer
days, those who had diarrhoea as the single manifestation of disease and those who had diarrhoea plus vomiting
and/or fever, were treated with recommended liquids (chi square test, p<0.01). On the other hand, children who had
dehydration signs, alone or combined, were primarily treated with standard ORS (chi square test, p<0.01). Children
with bloody diarrhoea also received ORS. Not recommended liquids were not significantly associated with any
clinical characteristic.



Household treatment and maternal health-seeking behaviour were analysed in relation to three variables: children’s
need for medical care, presence of dehydration signs, and maternal level of information (Table IV). Among children
who needed medical care, the mothers restricted food (41.9%), provided some home remedies (56.5%), and went
to see a physician (66.0%). Among children who had dehydration signs, the mothers restricted food (44.9%),
provided home remedies (60.6%), and sought medical care (67.9%). On the other hand, the mothers’ decisions to
use drugs, to restrict food or to provide home remedies or to go to a health care facility, were not based upon their
level of health information. We did not observe any significant differences between well-informed and not well-
informed mothers. Further, other maternal variables, such as age, literacy and size of their community, were not
significantly associated with their decision-making regarding treatment or health-seeking behaviour (data not
included in the table).
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Table ¥I. Mothers  health care-zeeking logistic regression| The ethnographic decision model (Figure) reveals that
model according to clinical data 66% of the children required medical care and 34% did
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Fever 1.5 1.00-2.17 0.050 Mothers who did not take their children to a health care

facility, even when required, considered diarrhoea a mild and self-limited disease (45.2%). Another significant
reason was limited access to medical care (22.6%) either for geographic or economic reasons, or because the
physician was absent at the clinic that day.

Of the children not requiring medical assistance, 44.7% were taken to the health care facility, while the others were
cared for at home. Arguments for seeking medical attention were similar to those given by mothers whose children
required medical care: presence of diarrhoea as such (42.5%) and perceived severity of illness (34.5%). On the
other hand, mothers who decided to care for their children at home explained that the illness was mild (62.1%) or
that they had decided to administer some drugs themselves (11.4%). Limited access was a less frequently
mentioned reason when compared with the other group.
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Analyses of the relationship between mothers’ health-seeking behaviour and clinical data in which isolated
symptoms, need for medical care and dehydration (Table V) were included, revealed that the most important sign
that induced a mother to take her child to a health care facility was bloody diarrhoea (odds ratio 7.2, 95% CI 2.17-
23.82). In decreasing order, vomiting, weight loss, sunkenz eyes, fever, iliness for longer than three days, and thirst
were also closely related to the mothers’ decision to look for health care. Isolated signs of dehydration had higher
odds ratios than the presence of actual dehydration. The need for medical care was also significant (odds ratio 2.4,
95% CI 1.76-3.27).

A backward stepwise variable selection procedure was used for building logistic regression models. Table VI shows
the final model. To build the model, all variables, found to be significant in the univariate analysis, were included.
Covariates remaining in the model were: bloody diarrhoea, vomiting, iliness for more than four days, weight loss,
and fever. We did not find interaction terms during the analysis. All isolated signs of dehydration were eliminated



from the model.

DISCUSSION

To understand the social context of diarrhoeal disease, ethnographic studies carried out in Latin America have
followed different approaches (19,20). Descriptive and analytical studies, examining changes in food and liquid
intake (21), weaning practices, and household treatments (22-25) have shown a great diversity in maternal
practices to treat diarrhoea.

Mothers’ perception of diarrhoea differs from that of physicians (2). To the lay population, causes of diarrhoeal
diseases comprise different factors in which infectious agents are not always identified. Conditions, such as the
"evil eye" or "fright disease", are considered causes of childhood diarrhoea (26). On the other hand, there are
several factors, such as contaminated food, polluted water, and unclean habits that are commonly recognised by
both the public and health providers as a potential cause of diarrhoea.

Household treatment for diarrhoea includes a vast repertoire in which home-made liquids, such as rice-based
beverages, herbal teas, and commercial solutions, are commonly used (18,21). In this study, it seems that mothers
gave liquids not only to stop diarrhoea or to alleviate signs, such as fever or vomiting, but also to prevent
dehydration. Nevertheless, we noticed that ORS was given only to 14.1% of the cases, and this therapy was more
frequently used when the child showed signs of dehydration. Other surveys carried out in Mexico have shown up to
45% of ORS use (22), while the rates observed in other countries are lower than in our sample. For instance, Brazil
has an ORS use rate of 6.8% (27). Being a key element to prevent dehydration, ORS has been widely promoted in
developing countries where consistent campaigns have been carried out (28). Thus, mothers have certain
knowledge of the existence of ORS, although their information regarding its purpose and correct way of
administration is incomplete. Some studies have reported maternal misconceptions about the properties of ORS. In
Zimbabwe, for instance, mothers thought that ORS was a sort of medicine to stop diarrhoea (29). Nicaraguan
mothers attributed nutritional benefits to ORS instead of the properties it actually has (30). These misconceptions
are also related to improper information given by health providers. Furthermore, it has been reported that mothers
misuse the solution either by mistakes in administration or by administering it for shorter periods than required (31).
Concerning preparing ORS, the rate of mistakes in Brazil is 62% (27), while in Mexico it is 40% (23).

In our study, we found that prevailing household treatment for diarrhoea is a combination of folk practices and
cosmopolitan medicine. This amalgam could be due to the influence that physicians and health providers have on
the mothers. The usual physicians’ prescribing behaviour, hardly ever adequate to treat diarrhoea (32), misleads
people and motivates them to use potentially dangerous drugs, such as antibiotics that are usually not indicated. In
Mexico, we may say that analgesics, antibiotics, and antidiarrhoeal drugs have become part of the folk practices
(33) This problem has increased and has reached enormous proportions, because almost any kind of drug
(including antibiotics) can be sold over the counter. This, along with the influence of the physicians’ prescribing
patterns, is reflected in the way mothers treat diarrhoea. We observed through the way they provide care, how they
are trying to simulate biomedical practices.

Explanatory models of maternal decision-making processes to provide household care or seek medical care reveal
the complex relationship between this disease and the cultural context (7,10,24). In our study, the primary reason
for seeking medical care was the perception of a worsening condition. Furthermore, we found, after running a
univariate analysis, that isolated dehydration signs, while not clearly identified by the mother as indicating
dehydration, were also important determinants to seek medical care.

Other reports have noted that other factors, different from clinical data, still influence mothers’ decision to seek
medical care. Among the most commonly mentioned reasons are: access to health services and money to pay for
the visit or prescribed drugs (19). On the other hand, reasons for not looking for medical care were related to the
mothers’ perception that the illness was mild or self-limited. Nonetheless, most patients in our study were not taken
to a medical care facility because of limited access or the maternal decision to give treatment at home.

Health-seeking behaviour is also influenced by cultural motivations. Previous studies in Mexico (34) have revealed
that children with a sunken fontanelle were taken to traditional healers instead of physicians, because a sunken
fontanelle was not considered by the mother a sign of the severity or a complication of diarrhoea.



Maternal health-seeking behaviour and decision-making processes deserve a more in-depth analysis. Verbal
autopsies carried out among mothers of infants who died from acute diarrhoea and acute respiratory infections
have stressed the importance of the maternal decision-making processes in obtaining timely medical assistance
(6). In our study, 34.1% of the mothers did not seek medical care, even when their children needed attention. This
finding stresses that mothers do not have enough knowledge to recognise the need to seek medical care and act
accordingly. On the other hand, many mothers took their children to the health facility even when this was not
necessary. These findings highlight the importance of educating mothers on when to seek medical care for their
children..

Previous studies have shown the importance of understanding the mothers' environment before initiating health
programmes (35). A key factor to obtain sound results is to improve maternal practices through education (36).
Interventions aimed at improving maternal behaviour in which the sociocultural context was neglected have not
been successful. A main flaw is to focus the interventions at narrow clinical criteria, overlooking the beliefs,
attitudes, local norms, cultural meaning and interpretation of iliness (37). Mothers must be taught to identify early
dehydration. A significant weakness of the programmes is that these are not intended to teach mothers how to
recognise the signs and symptoms of dehydration, or to look for medical care when needed. The findings of our
research stress that mothers have been taught to give liquids as part of the treatment, but they were not able to
recognise signs of dehydration and did not know that dehydration is a complication of diarrhoea.

Future programmes should focus on teaching mothers not only how to use ORS or ORT but also how to identify
signs of dehydration, and to seek timely medical care. Lastly, more detailed studies to untangle household
treatment and its relationship to maternal motivations in seeking medical services should be carried out to improve
community-based programmes.
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ABSTRACT

Although both malaria and diarrhoea are major public health problems in developing countries, and
separately each has been the subject of intense research, few studies have investigated the interaction
between these two conditions. The interaction between diarrhoea and malaria among children aged 4
months to 12 years in two tertiary health-care facilities, University College Hospital, Ibadan, and Lagos
University Teaching Hospital, Lagos, Nigeria was studied. In Ibadan, the prevalence of diarrhoea among
the cerebral malaria patients on admission was 11.7% (7/60) compared to 9.3% (215/2312) among other
admissions in 1990 (chi square=0.16; p=0.6913). Similarly, no significant difference in the prevalence of
diarrhoea was found between the cerebral malaria patients (14.3%) and other patients (16.1%) seen in
Lagos in 1992 (chi square=0.06, p=0.81). Thus, cerebral malaria does not seem to be associated with an
increased or decreased prevalence of diarrhoea when compared with other conditions. The prevalence of
malarial parasitaemia among the 554 diarrhoea patients studied in Ibadan during 1993-1994 was 13.6%
compared with 17.9% among the 347 controls (chi square=3.75, p=0.053). However, of the children with
diarrhoea, malarial parasitaemia was more common among the dehydrated patients (25.4%) than among
the well-hydrated patients (11.6%) (chi square = 8.11, p=0.004). These data suggest that diarrhoea is
merely coincidental in severe malaria and conversely, malarial parasitaemia is similarly coincidental in
children with acute diarrhoea, although it may be more frequent among dehydrated diarrhoea patients
than well-hydrated ones.

Keywords: Malaria; Diarrhoea, Infantile; Diarrhoea, Acute; Dehydration; Prospective studies
INTRODUCTION

Both malaria and diarrhoea are the major public health problems in children in the tropics, and both
conditions are major causes of mortality in children aged less than 5 years (1,2). Although both conditions
are the subjects of intense research and health policy, little information on the interaction between the two
diseases is available. In one study, Greenwood et al. (3) did not find any interactions between acute
gastroenteritis, acute respiratory infections, and malaria. By contrast, the interaction between acute
respiratory infections and malaria has more frequently been studied (4-6).

Malaria, long recognized as a major cause of morbidity and mortality in African children, does not have
any specific clinical features (7). In Plasmodium falciparum-associated infections, which account for 97%
of malaria in Nigeria, fever and convulsions are common, while vomiting and diarrhoea also occur (8).
Therefore, it is not surprising that, according to some studies, diarrhoea is a prominent symptom of
malaria (9,10), while other studies assert that malaria can seldom be incriminated as the primary cause of
significant diarrhoea (11). In recognition of the overlap that may exist between the two conditions and the
possibility that both conditions may coexist in the same child, the Control of Diarrhoeal Diseases (CDD)
Programme of the World Health Organization (WHO), recommends that in areas of endemic malaria, a
child with diarrhoea aged 2 months or older and whose temperature is >38 ° C, should be treated for



malaria (2). Unfortunately, this may result in unnecessary treatment, since fever or elevated temperature
has been shown to be a poor predictor of malaria parasitaemia (12-14). These issues highlight some of
the difficulties currently being met in dealing with the two conditions.

Given the clinical and public health importance of the two conditions, it is obviously important to attempt
to unravel the interaction between them. We decided to study this interaction in Nigerian children in two
cities (Ibadan and Lagos), using cerebral malaria (the most severe form of malaria) as one starting point
and children with acute diarrhoea as another starting point. We hypothesized that if there is an interaction
between malaria and diarrhoea, the prevalence of diarrhoea among children with cerebral malaria should
be different (higher or lower) from that in the general population of otherwise ill children and that,
conversely, the prevalence of malaria parasitaemia among children with acute diarrhoea should be
different from that among other sick children without diarrhoea in the same setting. Thus, we studied the
relationship between cerebral malaria and diarrhoea on the one hand and the relationship between acute
diarrhoea and uncomplicated malaria on the other.

Correspondence and reprint requests should be addressed to:
Dr. O Sodeinde

MATERIALS AND METHODS

The study was actually a series of three interrelated prospective studies of children aged 4 months to 12
years carried out from 1990 to 1994. First, the prevalence of diarrhoea among children with cerebral
malaria (CM) was compared with that among other acutely ill children admitted to the children's
emergency ward, University College Hospital, Ibadan, during 1990. Second, the prevalence of diarrhoea
among children with cerebral malaria was compared with that among other acutely ill children admitted to
the Lagos University Teaching Hospital, Lagos during 1992. Finally, the prevalence of P. falciparum
parasitaemia among children with diarrhoea at the Diarrhoea Training Unit (DTU) of the University
College Hospital (UCH), Ibadan, was compared with that among non-diarrhoea controls from July 1993 to
April 1994. Ethical approval was obtained from the ethical committees of the hospitals involved in the
study. In addition, ethical approval for the acute diarrhoea study was obtained from the ethical committee
of Harvard University.

Studies of diarrhoea in cerebral malaria

The diagnosis of cerebral malaria was based on the WHO definition of the disease, and the treatment
given was according to the WHO recommendations (15). A history of diarrhoea during the illness with
which the child presented in hospital was asked for in all children presenting at the children’s emergency
wards at the two sites (Ibadan and Lagos) during the study periods. The prevalence of diarrhoea among
cerebral malaria patients was recorded and compared with that among all the other patients (i.e. not
cerebral malaria) admitted to the same children's emergency ward during the same period. The other
patients served as control groups for the relevant groups of cerebral malaria patients.

Study of acute diarrhoea and uncomplicated malaria

All children presenting with acute diarrhoea at the DTU of the UCH, during July 1993-April 1994 were
studied. The control group comprised children in the same age range presenting within 48 hours of
diarrhoea patients in the same hospital but without diarrhoea. Diarrhoea was defined as three or more
loose bowel motions in the preceding 24 hours. The presence of dehydration was evaluated according to
the standard WHO guidelines (2), and according to the same guidelines, all diarrhoea and dehydrated
control patients received oral rehydration therapy. All the children studied (diarrhoea patients and
controls) were screened for malaria parasitaemia on admission by means of Giemsa- stained thick and



thin blood films. Uncomplicated malaria was defined as the presence of asexual forms of P. falciparum in
a blood smear of a child with symptoms. All parasitaemic patients (diarrhoea and controls) received
chloroquine orally, according to the WHO recommendations (15), but those who were still parasitaemic
four days after starting the treatment had sulphadoxine-pyrimethamine administered.

Laboratory data

For all groups of patients, haematocrit, total leukocyte count (TLC), haemoglobin electrophoresis,
fluorescent spot (screening) test for glucose-6-phosphate dehydrogenase (G6PD) deficiency as well as
thick and thin blood films for malaria parasites were done, using standard methods (16). Absolute
parasite counts in those with malaria parasitaemia were done by counting the number of parasites (P)
among 200 white blood cells on the thick film, and using the equation:

Absolute parasite count = P x TLC/200
Where TLC = patient's own total leukocyte count.

The chi-square test with Yates correction was used for comparing the prevalences between groups. The
Student's t test and Kruskal-Wallis test were used as appropriate. A probability value (p) of <0.05 was
considered significant.

RESULTS
Diarrhoea among children with cerebral malaria

In Ibadan, the prevalence of diarrhoea among the cerebral malaria patients on admission was 11.7%
(7/60) compared to 9.3% (215/2312) among other admissions in 1990 (chi square=0.16; p=0.6913).
Similarly, no significant difference in the prevalence of diarrhoea was found between the cerebral malaria
patients (14.4%) and other patients (16.1%) seen in Lagos during 1992 (chi square=0.06, p=0.81) (Table
). Thus, cerebral malaria does not seem to be associated with an increased or decreased prevalence of
diarrhoea when compared with other conditions in either of the two study sites. In Lagos, where the pre-
admission duration of fever was specifically and accurately assessed routinely, the 10 cerebral malaria
patients with diarrhoea had been febrile for a median duration of 77 hours, compared with a median of 72
hours among the 60 cerebral malaria patients without diarrhoea (Kruskal-Wallis test H=38.399; p=0.091).
Thus, diarrhoea did not appear to be related to the duration of fever before hospitalization.

Table I. Prevalence of diarrhoea among cerebral malaria patients and other pacdiatric admissions at the two study sites

Sale Cencbeal malania ber admissiaons ",-:- : & valus

LCH, Thadnm { | 2903 |
Palicnds seen 1176 (70600 B3% (21572312) 0.6 (.68 I
Ape (yrs) (Mean £ 50) 52442 88 S1843.01 o7 0,79 ;

LUTH, Lisgos {992} [
YAt seer .35 (10T0) 1a:2% (3522178 n.0s 0.8 ;

Age (yrs) (Mean £ SD) 5264305 5.0743.66 f.s* 4]




Malarial parasitaemia among children with acute diarrhoea

As shown in Table Il, the 554 diarrhoea patients and the 347 controls were similar in terms of potentially
confounding factors for malaria parasitaemia, such as the previous use of antimalarial drugs and the
presence of malaria-related genetic factors: haemoglobin types and G6PD deficiency.

Table 1. Characteristics which may affect malaria parasitaemia among diarrhoea patients and controls at the
Limversity College Hospital, Ibadan, Nigeria
Dzt Controds
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The prevalence of malaria parasitaemia among the 554 diarrhoea patients studied in 1993 was 13.2%
compared with 18.2% among the 347 controls (chi square=3.75, p = 0.053) (Table Ill). Although the
difference was not significant statistically at the p<0.05 level, the prevalence of malaria parasitaemia was
higher among the controls, the opposite of what should be the case if malaria were associated with
diarrhoea. This finding is further accentuated by the fact that the diarrhoea patients were statistically,
significantly younger (Table I1), and therefore, should have had higher frequencies of malaria
parasitaemia than the controls. However, of the children with diarrhoea, malaria parasitaemia was more
common among the dehydrated patients (25.4%) than among the well-hydrated patients (11.6%; chi
square=8.11, p=0.004). The small number (6) of dehydrated patients among the non-diarrhoeal controls
precluded a similar comparison between the dehydrated and well-hydrated patients among them.

Malarial parasite species

All the parasitaemic patients had P. falciparum. Mixed infections with P. malariae were present in four
children in each of the (diarrhoea and control) groups studied. Thus, the contribution of non-falciparum
malaria to these data was negligible.

DISCUSSION

Malaria and diarrhoea remain the important public health problems in south-western Nigeria where this
study was carried out. Thus, a study of their interaction is of clinical and public health significance. In
conducting this study, we have avoided a limitation common to some reports on the relationship between
diarrhoea and malaria which use only clinical suspicion and/or microscopical proof of malaria as the
primary basis for the selection of patients (3,17,18). In addition, we have looked at the interaction from
two ends: starting from the most severe form of malaria (cerebral malaria) on one hand and starting from
children with acute diarrhoea on the other. The data obtained in this study are probably unique in the
sense that, as far as we are aware, these are the first set of such data that began with diarrhoea patients.
Also, the specific study of diarrhoea as a presenting symptom among the cerebral malaria patients that
we have reported has not been commonly documented previously.



Table 111, Prevalence of malaria parositaemda among diarrhoea patients and sontrols at the Usivessity Collegs
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Using appropriate control groups, we have shown that the prevalence of diarrhoea among children with
cerebral malaria is no different from that among other paediatric emergency admissions in two different
sites in south west Nigeria. This was surprising since the pathological changes in patients infected with
malaria are complex and involve many organs, including the small bowel (19). Given the fact that cerebral
malaria is the most severe form of malaria, it should be expected that the increased production of tumour
necrosis factor and of free oxygen radicals, the postulated mechanisms by which malaria may cause
diarrhoea (19), should be present to the maximum degree possible in cerebral malaria and lead to a
higher prevalence of diarrhoea. That this was not found argues against diarrhoea as a prominent feature
of malaria, even of severe malaria. The possibility, however, exists that the mechanisms by which malaria
may cause diarrhoea (increased production of tumour necrosis factor, free oxygen radicals,
prostaglandins, and cyclic AMP) are a feature of most acute paediatric infections and are not specific for
malaria. Under such conditions, one would find no difference between diarrhoea in malaria and other
acute illnesses, as was found in this study. It is also possible that diarrhoea is an early rather than late
symptom of malaria, occurring early in the malaria disease process before the child comes to hospital or
clinic. But this is very unlikely, because the question asked was about diarrhoea at any time during the
current iliness. In any case, there was no significant difference in the duration of illness (fever) between
the non-diarrhoea and diarrhoea subsets of cerebral malaria patients.

The overall malaria frequency of 15.1% obtained for both the acute diarrhoea patients and controls
combined is similar to the figure obtained by Familusi and Sinnette (20) but lower than those of
Hendrickse et al. (8), some 20 years ago in the same children's emergency ward. Our figure is probably
explained by the fact that Hendrickse excluded children who had received antimalarial drugs in the
preceding two weeks, which we did not do in our study.

Among the diarrhoea patients, the significantly high frequency of parasitaemia among the dehydrated
patients may be a concentration effect. Clinically detectable dehydration implies at least a 5% loss of
body water, mainly at the expense of the interstitial compartment from which much of the capillary blood
(obtained by finger prick and used for making the blood films) is derived. Thus, in the presence of
dehydration, there may be an enhanced chance of detecting low parasitaemia that would otherwise have
been missed. However, it should be noted that malaria itself might increase the risk of dehydration
through pyrexia, increased metabolism, increased respiratory rate and, subsequently, increased
insensible water loss. Where anorexia is severe and there is vomiting, the risk of dehydration in malaria is
further increased. Thus, malaria and diarrhoea may interact significantly in causing dehydration. In this
study, it was impossible to decide if the association of malaria parasitaemia with dehydration is due to
dehydration itself (leading to haemoconcentration) or due to the fact that dehydration is more likely in a
diarrhoea patient who has malaria. This was due to the absence of the sufficient number of non-diarrhoea
patients with dehydration to make a valid comparison.

In conclusion, we have found that the prevalence of malaria parasitaemia is significantly higher in patients
with diarrhoea and dehydration than in well-hydrated diarrhoea patients. Still, overall there is no evidence
for diarrhoea being a major feature of malaria. This conclusion is further strengthened by the fact that
parasitaemia was, in fact, more common among the controls than among the diarrhoea patients, contrary
to what would have been consistent with malaria causing diarrhoea.
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Production of Haemolysin and Enterotoxin by Aeromonas jandaei and
Aeromonas trota Strains after Animal Passage
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ABSTRACT

Five Aeromonas jandaei and 12 Aeromonas trota isolates were tested for the production of haemolysin
and enterotoxin, and the correlation between these two properties. The majority (10 isolates) of the
strains produced b -haemolysis. The titres of haemolytic activity for both species were 8-64 HU/mL. In the
initial ileal loop test, only two (A. trota) of the 17 isolates produced enterotoxin. One each of these 2 A.
trota strains was b -haemolytic and non-haemolytic. The remaining isolates of A. trota and A. jandaei
included a -, b -and non-haemolytic strains, and failed to cause any fluid accumulation in the initial tests,
but did so after one-to-five sequential passages through the rabbit ileal loops. Three a - and 4 non-
haemolytic strains switched over to the production of b -haemolysis when they showed the positive ileal
loop reaction. However, on repeated subcultures or on storage in the laboratory, all of them reverted back
to their original a - or non-haemolytic character and no longer produced enterotoxin.

Key words: Aeromonas; Haemolysin; Enterotoxins; Disease models, Animal

INTRODUCTION

Aeromonas spp. have been reported as aetiologic agents of diarrhoea in man (1-6). The production of
heat-labile enterotoxin by Aeromonas strains was first demonstrated in an adult rabbit ileal loop (RIL)
model (2,3,7,8), and subsequently, in other animal and tissue culture assays (9-13). Aeromonas
hydrophila and A. sobria produce extra-cellular products, such as haemolysin (12-14), aerolysin (15),
cytotoxin (4), and various enzymes (16). Enterotoxigenic strains of Aeromonas spp. have been reported
to be b -haemolytic (17,18). Most of these haemolytic strains were either A. hydrophila or A. sobria, but
rarely A. caviae (17-20). Earlier studies indicated that enterotoxic and haemolytic properties of
Aeromonas spp. are different entities (11), determined by separate genes located on different segments
of the chromosome (21). b - or non-haemolytic strains of A. hydrophila, A. sobria, and A. caviae that
caused little or no fluid accumulation in the initial test switched over to the production of haemolysin and
enterotoxin after sequential passage through the rabbit ileal loops (22). Although the recently recognised
species of A. jandaei and A. trota have been demonstrated to produce an enterotoxic substance, such
effect of passage on the haemolytic character of these two species has not yet been reported. The
present study was, therefore, undertaken to test the production of haemolysis and enterotoxin by A.
jandaei and A. trota, to examine correlation, if any, between haemolytic and enterotoxic activity, and to
see the changes in haemolytic character of strains showing enterotoxin production after animal passage.
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MATERIALS AND METHODS
Bacterial strains

Seventeen strains, isolated from children and adults with diarrhoea (12), blood (2), wound (1), calf (1),
and infected fish (1), were included in the study. The organisms were identified as A. jandaei (5) and A.
trota (12) according to their ability to hydrolyse aesculin, ferment salicin, and sucrose and to produce gas,
acetoin and H,S, and resistance to ampicillin following the criteria of Carnahan et al. (23,24). Strains were
maintained in peptone agar stab cultures at room temperature, and did not undergo more than three
subcultures prior to the experiments.

Detection of haemolysis

The production of haemolysin by Aeromonas strains was tested initially on sheep blood agar (5%)
inoculated with a 4-5-hour culture of each organism in Brain Heart Infusion Broth (BHIB, Difco). After the
overnight incubation at 37 ° C, the plates were examined under the microscope for the presence of a -
(incomplete) or b - (complete) haemolysis around the colonies (14).

Titration of haemolysin

The production of haemolysin(s) by each strain was confirmed by the method of Smith (25) as modified
by Rennie and Arbuthnott (26). Briefly, the sheep erythrocytes (SRBC) were washed three times in
isotonic saline, and a 2% suspension was prepared in 0.04 M phosphate-buffered saline (PBS, pH 7.4)
and used within five days of collection. The haemolytic activity was determined by mixing 0.5 mL of two-
fold serial dilutions of the culture filtrates of each strain with an equal volume of SRBC 2% suspension,
incubated at 37 ° C in a water bath for two hours and left at 4 ° C for 12 hours. The lysed portion was
diluted four-fold with sterile normal saline, and the optical density at 540 nm was measured in a
colorimeter. Standardisation of the erythrocyte suspension was done by lysis of 0.5 mL of SRBC 2% with
a few crystals of saponin. An optical density of 0.5 at 540 nm was considered to indicate a standardised
SRBC 2%. The negative control was 0.5 ml of saline and/or BHIB instead of culture filtrate mixed with
SRBC 2% that did not cause release of haemoglobin under experimental conditions. One haemolytic unit
(HU) was defined as the amount of culture filtrates that caused 50% haemolysis.

Preparation of culture filtrates CF for haemolysin and enterotoxin production

Culture filtrates of the isolates that gave positive ileal loop reactions, either in the initial test or after the
passage with the whole cells were prepared by the method of Annapurna and Sanyal (7). In brief, 10 mi
of BHIB in a 50-mL conical flask was inoculated with five or six smooth colonies grown overnight on
nutrient agar. The flasks were incubated at 37 ° C in a water bath with shaking for 16-18 hours with 80-
120 oscillations per minute. The cultures were centrifuged at 22,000xg for 20 minutes at 4 ° C, and the
supernatants were filtered through membrane filters (Millipore, 0.22 um) and stored at 4 ° C. These
culture filtrates were used for haemolysin and enterotoxin assays. a -haemolytic strains were grown at 25
° C for 48 hours for the preparation of culture filtrates, because maximum production of this haemolysin
takes place at this temperature (14).

lleal loop test

The whole cells and culture filtrates of the 17 strains of A. jandaei and A. trota were tested in RILs by the
method of De and Chatterje (27) as adapted by Annapurna and Sanyal (7) for the detection of enterotoxin
production. Briefly, bacteria grown in BHIB for three hours were diluted 10-fold in the same medium and
inoculated into RILs in one-mL doses containing 10°-10° cfu. A BHIB culture of toxigenic strain 569B of
Vibrio cholerae was used as a positive control and a BHIB culture of non-toxigenic strain of Escherichia
coli 265 served as a negative control in each animal. Culture filtrates in one mL amounts were tested in



the same way. Each test was done in two rabbits, 8-10 loops were ligated in each animal, and they were
sacrificed after 18 hours.

Passage in RIL

The strains of A. jandaei and A. trota that caused little or no accumulation of fluid in the initial tests were
passaged through RILs according to the method of Sanyal et al. (28,29). Briefly, each strain was cultured
aseptically from a RIL on nutrient agar and incubated overnight, five or six colonies were inoculated into
BHIB and incubated for three hours, and one mL of a 10-fold diluted culture was inoculated again into a
RIL. The process was continued until a positive response was obtained.

Statistical analysis

The enterotoxic activity in terms of fluid accumulation of A. jandaei and A. trota in relation to their
haemolytic activity was analysed using the student ‘t’ test.

RESULTS

Ten of the 17 isolates (3 A. jandaei and 7 A. trota) produced b -haemolysis on sheep blood agar (Table ).
a -haemolysis was shown by four strains comprising one A. jandaei and three A. trota. Only three strains
were non-haemolytic, one A. jandaei and two A. trota.

When culture filtrates of the strains were tested for haemolytic activity, only those causing b -haemolysis
on sheep blood agar plates showed lysis of 2% SRBC. The titres of haemolytic activity produced by A.
jandaei and A. trota isolates were 8-64 HU/mL (Table I).

The whole cells and culture filtrates of only two (A. trota) of the 17 strains tested caused fluid
accumulation in RIL in the initial sets of experiments. One of these two A. trota strains was b -haemolytic,
the other one non-haemolytic (Table II).

Table 1. Haemalytic activiey of culture filtrates of A. fandaed and A, trota before and after animal passage
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After one to five sequential passages through RILs, all of the A. jandaei and the majority (10 of 12)
isolates of A. trota that caused little or no fluid accumulation in the initial tests did cause fluid
accumulation, regardless of the type of haemolysis produced.

Three non-haemolytic, four a -haemolytic and two b -haemolytic strains showed a marked increase in fluid
accumulation after each passage through RILs. The non-haemolytic and a -haemolytic strains switched
over to the production of b -haemolysis when they showed a positive ileal loop reaction (Table 1l1), and
the titres of haemolytic activity also increased after each passage (Table IV). However, on storage for 2-4
weeks in peptone agar stab cultures at room temperature, or on repeated subcultures, all these strains
reverted back to their original haemolytic character (either a - or non-haemolytic) and no longer produced
enterotoxic activity.
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DISCUSSION

The results of the present study showed that a majority of the strains produced b -haemolysis, indicating
that this property is also extended to A. jandaei and A. trota as reported earlier for A. hydrophila and A.
sobria (17,18). This phenomenon may be explained by the genetic evidence that sequences homologous
to the A. hydrophila b -haemolysin gene are also present in A. jandaei and A. trota (30). Furthermore, b -
haemolysin in Aeromonas spp. has been suggested to be a cytotoxin. The observation of this study, thus,
suggests that A. jandaei and A. trota indeed possess this property.

Several workers have reported that enterotoxin is produced by most of the b -haemolytic strains of
Aeromonas spp. (17,18,20). However, the results of the present study with A. jandaei and A. trota
indicated that the majority of b -haemolytic strains (90%) did not show any enterotoxic activity when first
tested (p<0.05). Only one non-haemolytic isolate of A. trota produced enterotoxin in the initial test.
However, the b -haemolytic strains caused significantly more enterotoxic activity than the a - or non-
haemolytic strains either before or after the animal passage (Fig.). This study clearly indicates that the
capacity for enterotoxin production of A. jandaei and A. trota is not confined only to the b -haemolytic
strains, but the a - and non-haemolytic strains also possess this property, although to a lesser extent like
those observed with other Aeromonas spp. (22). These observations, thus, suggest that there is no
correlation between enterotoxicity and haemolytic activity. However, b -haemolysin may play some role in
enhancing the virulence in terms of enterotoxicity.

The observation that all the strains of A. jandaei and A. trota that failed to produce enterotoxin in the initial
tests did produce an enterotoxic effect after sequential passages through RILs suggests that all the
strains are potentially enterotoxigenic, regardless of the type of haemolysin produced. Similar
observations on the effect of passage through the gut of a susceptible host were also made in our earlier
studies with Aeromonas spp. (2,3,22,31) and other enteropathogenic organisms (28,29,32-35). Such a
change may result from the existence of a repression-derepression phenomenon depending on a
particular micro-environment and controlling the expression of a toxin gene, as observed in certain strains
of V. cholerae (36) and Aeromonas spp. (27).

That a - and non-haemolytic strains of A. jandaei and A. trota switched over to the production of b -
haemolysis after one-to-five serial passages through RILs, along with the initiation of fluid secretion,



indicates that this process may influence the control of b -haemolysin and toxin production. These
observations, thus, indicate that a repression and derepression phenomenon may also be operative in the
case of the b -haemolysin gene and that the rabbit gut provides a micro-environment conducive to its
expression; this is confirmed by reversion of these strains to their original a - or non-haemolytic character
either on prolonged storage or repeated subcultures. Similar observations on switching over to
haemolysin production by a - and non-haemolytic strains, once their live cells gave a positive ileal loop
reaction, were also made in our laboratory with other Aeromonas spp. (22,37). It was also demonstrated
that E. coli strains produced a - and b - haemolysin. However, the release of a -haemolysin was brought
about by complexing of as yet unidentified large molecular weight factors in the medium with cell-
associated b -haemolysin (38-40).

The data of this study indicate that strains of A. jandaei and A. trota may also elicit a secretory response
in RIL, irrespective of expression of their haemolysin gene. Passage through the gut of a susceptible host
probably controls the expression of b -haemolysin and enterotoxin production.
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Bacterial Lipopolysaccharide Induces Diarrhoea in Caecectomized Mice
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ABSTRACT

Castor ail, lipopolysaccharide of Escherichia coli, and endotoxin of Salmonella typhimurium were used for
inducing diarrhoea in sham operated or caecectomized mice. Copious diarrhoea was induced by
lipopolysaccharide (LPS) in caecectomized mice. Characteristics of diarrhoea induced by castor oil were
not different between the two groups. It is concluded that caecectomized mice may be a good model to
study lipopolysaccharide-induced diarrhoea.

Key words: Diarrhoea; Mice; Castor oil; Escherichia Coli; Endotoxins; Disease models, Animal;
Lipopolysaccharides

INTRODUCTION

In 20%-40% of the patients suffering from diarrhoea, stool culture does not reveal the presence of enteric
pathogens (1). Many such patients show microvascular changes in their rectum, akin to a Shwartzman
reaction (2). It is most likely evoked by the lipopolysaccharides (LPS) of the bacterial endotoxins (3).
However, mice given large doses of LPS orally or through stomach tube do not develop diarrhoea, but
respond readily when subsequently challenged by a sub-cutaneous injection of LPS (4). After a single
intravenous injection of LPS, microvascular lesions have been found. They lead to an influx of protein and
fluid into the intestine. The role of nitric oxide (5), platelet-activating factor (6), and thromboxane A, (7) in
this process has been documented. Yet, only occasional episodes of diarrhoea have been reported in
these animals.

One reason for the lack of diarrhoeal response may be the caecum. Acting as reservoir it may hold the

secretions, and discharge them slowly over some period of time into the colon, which completely absorbs
these fluids (8). It has been observed that removal of the caecum makes rats and mice highly responsive
to the diarrhoeagenic effects of cholera toxin (8) and 16-dimethyl prostaglandin E (9). The main objective
of this study is to find if caecectomy induces diarrhoea in mice after a single intravenous injection of LPS.
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MATERIALS AND METHODS

Swiss albino mice weighing 25-30 g have been used for this study. Only fed animals were used.
Caecectomy was performed under light anaesthesia induced by Nembutal (50 mg/kg) injected
intraperitoneally. A curved incision, 1 cm below and parallel to the left costal margin, was made on the
abdominal wall. It was stretched transversely with scissors. The caecum was visualised and pulled out by
holding its tail end with a pair of blunt forceps. A ligature was placed so as to occlude the caecum and its
vasculature, without compromising ileo-colonic patency, and the caecum was then resected. The
exposed mucosa was cleaned with cotton soaked in saline. The intestinal segment was returned to the
abdominal cavity. The incised muscle and skin were sutured separately with proline (6-0) thread.
Immediately following the surgical procedure, the mice were returned to their cages and allowed free
access to food and water. After 3 days, the mice started passing normal stools and were used for the
experiments. To serve as controls, some mice were sham-operated by pushing back the caecum into the
abdominal cavity without excising it.

Diarrhoea was induced by the administration of castor oil (Hospital Pharmacy, CMC Hospital, Vellore,
India), E. coli LPS (Sigma, USA), and endotoxin of Salmonella typhimurium (Sigma, USA). Groups of
sham-operated and caecectomized mice were given castor oil (0.3 mL orally) or LPS of E. coli (0.6 mg/kg
i.v.) or LPS of S. typhimurium (0.3 mg/kg i.v.). There were six animals in each group. Animals were kept
in individual cages with false bottoms lined with filter paper. The time taken for the onset of passage of
stools, in minutes, was noted in each animal. On the basis of consistency of stool, a numerical score was
assigned as follows: 1 = normal stools, 2 = formed stools, 3 = watery stools. The faecal output index (FOI)
is defined as the summation of the number of stools and consistency score within the observation period
of 4 hours. It is expressed as the mean = SEM of each group. Student’s t test was used for calculating the
statistical significance.

RESULTS AND DISCUSSION

Table shows that the time of onset and FOI in various groups. After administration of castor oil, the onset
time did not show any difference between the sham-operated and caecectomised groups of mice. The
FOI was only slightly but significantly (p<0.05) elevated in the caecectomised mice. On the other hand,
large and significant differences (p<0.001) were found in both the variables between the two groups when
either lipopolysaccharide of E. coli or endotoxin of S. typhimurium was employed.
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Caecectomy was not able to amplify the diarrhoeal response to castor oil, since the predominant action of
this agent seems to be on the colon (10). Shimizu (9) made similar observations with respect to castor oil-
induced diarrhoea in caecectomized animals.

Parenteral administration of lipopolysaccharides of Gram-negative bacteria is known to injure the mucosa
and vasculature of the intestine leading to increased permeability and leakage of fluid (5-7). A variety of



interventions seem to enhance these changes. The methods of conditioning include inoculation with live
enterobacteria (4), Trypanosomes (11), Schistosomes, (12), BCG (13) or administration of inhibitors of
nitric oxide synthase (5). However, in all these studies occurrence of diarrhoea has been reported only
infrequently. In our experiments, diarrhoea was easily elicited by administration of LPS intravenously into
the caecectomized mice at a relatively small dose without any prior treatment. While this response is most
likely due to the loss of the reservoir function of the caecum (8) other possibilities cannot be excluded.
Perhaps in humans the breakdown of the barrier function of the intestine may lead to translocation of
bacteria and their toxins and cause similar changes progressing to diarrhoea.

In conclusion, the diarrhoeagenic effects of bacterial lipopolysaccharide can be amplified and brought out
by using caecectomized mice.
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ABSTRACT

The antidiarrhoeal activities of leaf extracts of Ocimum gratissimum were investigated by disc diffusion
and tube dilution methods. The extracts were active against Aeromonas sobria, Escherichia coli,
Plesiomonas shigelloides, Salmonella typhi, and Shigella dysenteriae. The leaf extracts were most active
against S. dysenteriae and least active against S. typhi. The sensitivity of the organisms measured in
terms of zone of inhibition ranged from 8.00 to 19.50 mm. The minimum inhibitory concentrations were
from 4.00 to 50.00 mg ml-1, while the minimum bactericidal concentration ranged from 8.00 to 62 mg m1-
1. The potentials of the leaf extract for the treatment of diarrhoeal diseases is discussed.

Keywords: Plants, Medicinal; Ocimum gratissimum; Antidiarrhoeals; Aeromonas sobria; Escherichia coli;
Plesiomonas shigelloides; Shigella dysenteriae

INTRODUCTION

Medicinal plants constitute an effective source of both traditional and modern medicine. Herbal medicine
has been shown to have genuine utility, and about 80% of rural populations depend on it as their primary
health care (1). In Nigeria, various plant parts are used for curing different ailments with remarkable
success. Among the enormous number of these medicinal plants are members of the genus Ocimun L.
(Lamiaceae). The genus is represented by six species in West Africa (2). However, only three species, O.
gratissimum L. O. basilicum L. and O. canum Sims have been reported to have medicinal properties (3).
Extracts of leaves of O. gratissimum or of whole plants are popular for the treatment of diarrhoea. Cold
infusions of the leaves are used for the relief of stomach upset and haemorrhoids(4). The leaf is reported
to be rich in thymol, which has antimicrobial properties (5).

The problems of unavailability of pharmaceutical drugs in remote and rural areas, fake drugs and
increasing rate of resistance of diarrhoeagenic bacteria to orthodox drugs prompted this investigation.
The activities of leaf extracts against some of the bacterial species associated with diarrhoea are reported
here.
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MATERIALS AND METHODS
Plant materials

Fresh leaves of O. gratissimum were collected from the plants growing on the premises of Lagos State
University, Ojo Campus. The plants were authenticated and a voucher sample deposited in the
Departmental Herbarium.

Extraction

The dried leaves were milled into a fine powder, using a Waring blender (Mill Mx - 391 N). The ingredients
of the powdered leaves (50 g) were then extracted with 200 mL of distilled water in a Soxhlet extractor
apparatus. The extract was sterilised, using a membrane filtration unit (Sartorius). The resulting sterile
filtrate was aseptically transferred into a labelled sterile bottle.

Microbial cultures

The following bacteria, isolated from stool samples of diarrhoea patients in Lagos University Teaching
Hospital, were used for the antimicrobial property determination: A. sobria, E. coli, P. shigelloides, A.
hydrophila, S. typhi, S. dysenteriae, and Pseudomonas aeruginosa. Three strains of each species were
tested. The organisms were maintained on blood agar slopes at 4 °C and subcultured for 24 hours before
use.

Bacterial sensitivity testing

Inocula containing 1x106 cells per ml were introduced onto the surface of sterile nutrient agar plates.
They were distributed evenly with a sterile glass spreader. A sterile paper disc previously soaked in the
leaf extract was carefully placed at the centre of the labelled plate of each of the bacterial strains. The
plates were incubated at 37 °C and examined for zone of inhibition after 24 hours. Distilled water was
used as the control.

Determination of the minimum inhibitory concentration

The minimum inhibitory concentration (MIC) and the minimum bactericidal concentration (MBC) of the
extracts were determined by diluting the extracts to various concentrations (0.0-65.0 mg mL-1), using
nutrient broth in test tubes. Each test tube was inoculated with a bacterial suspension containing 1x10°
cells per mL and incubated at 37 °C for 24 hours. The MIC was regarded as the lowest concentration of
the extract that did not permit any visible growth when compared with drug free broths inoculated with
each of the bacterial suspensions. The MBC was determined using the method of Rotimi et al (6). Tubes
that showed no visible growth were streaked on fresh nutrient agar plates, incubated at 370C for 24h and
examined for growth. The MBC was regarded as the lowest concentration of the extracts that prevents
the growth of any bacterial colony on solid medium.

RESULTS

The sensitivity of the aqueous extract of O gratissimum measured by the zone of inhibition varies from
(means + 1 SEM) 8.0+1.8 mm in S. typhi to 19.5£0.6 mm in S. dysenteriae. P. aeruginosa and A.
hydrophila were not inhibited by the extract (Table I). The antibacterial activity of the leaf extracts was
measured in terms of MIC and MBC. The lowest minimum inhibitory concentration of 4.0 mg mL™" was
against S. dysenteriae, while the highest value of 50.0 mg mL™ was against S. typhi (Table I1). Also the
MBC ranged from 8.0 mg mL™ in S. dysenteriae to 62.0 mg mL™ in S. typhi ( Table II).
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DISCUSSION

The aqueous extracts of the leaves of 0 gratissimum contain substances with antibacterial properties.
This agrees with the works of Olowokudejo and Pereira-Sheteolu (3) and Sofowora (5). The extracts were
active against the following bacteria of medical importance. A. sobria, P. shigelloides, E. coli, S.
dysenteriae, and S. typhi. Some of the infections by these bacteria include diarrhoea, gastrointestinal
disorders, and typhoid fever. Resistant strains of these organisms to many pharmaceutical drugs have
been widely reported. Aeromonas spp, and Plesiomonas spp. which have been implicated in diarrhoeal
diseases, are mostly resistant to penicillin, ampicillin, and carbenicillin (7).

The extract was most active against S. dysenteriae and least active against S. typhi. Previous chemical
analyses of the plant showed the presence of thymol and eugenol that might be responsible for the
antibacterial properties. The MIC values of the extract were lower than the MBC values, suggesting that
the plant extract is bacteriostatic at lower concentrations but bactericidal at higher concentrations. These
results offer a scientific rationale for the traditional use of the aqueous extract for the treatment of
diarrhoeal diseases. In Nigeria, where the plant grows wild, the leaves are plucked, squeezed in water,
sieved and the aqueous extract is drunk to treat diarrhoea with remarkable successes.

Recently, there has been an increase in the number of people in Nigeria depending on herbal drugs
because of decline in purchasing power and the increasing fear of purchasing fake orthodox drugs.
Herbal drugs are cheap, readily available and unadulterated. Their antibacterial activity could be
increased by partial purification and subsequent concentration of the active ingredients.
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SUMMARY

Seven Candida albicans isolates (four from patients with diarrhoea and three from healthy persons) underwent two
passages through rat ileal loop (RIL) to see the effect of consecutive passages on the adherence to rat intestinal
epithelium. The isolates from patients with diarrhoea showed a significant enhancement in adherence after the first
passage (1.95x104 cfu/cm? versus 3.67x10" cfu/cmz). There was no further increase between the first passage
(3.67x104 cfu/cmz) and the second one (3.61x104 cfu/cmz). A similar pattern was observed with the three non-
diarrhoeal isolates. Animal passage of this fungus probably leads to better interactions between the cell surfaces
causing the enhanced adherence.

Key words: Candida albicans; Bacterial adhesion; Virulence; Disease models, Animal
INTRODUCTION

Several studies have reported the association of fungal overgrowth and diarrhoea (1-6). Adherence to the host
surfaces is an initial and important event in colonisation and subsequent disease production for fungal as well as
other enteropathogens. Many reports have indicated in vitro adherence of Candida albicans to acrylic surfaces,
Hela cells, and epithelial cells of oral as well as intestinal origin (7-9). Unlike for bacteria, it is the adherence, not
fluid accumulation in ligated rat ileal loops (RIL), that is tested as the virulence marker of fungi. Further, several
studies suggest that non-cultivable bacteria become cultivable, along with enhanced expression of their virulence
and significant fluid accumulation in RIL, after repeated passages of potentially pathogenic bacteria in the intestine
of experimental animals (10-13). This aspect has not been looked into so far in relation to C. albicans. The present
study, therefore, explores the effect of the subsequent passage of C. albicans of diarrhoeal and non-diarrhoeal
origin in the rat ileal loop on the adherence to the intestinal epithelial cells.
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MATERIALS AND METHODS
Organism

Four diarrhoeal (St 1, St 2, St 188, and St 3042) and three non-diarrhoeal (Spt 2, Spt 4, and Ga 98) isolates of C.
albicans were included in this study. The diarrhoeal isolates grew predominantly from watery stool specimens, and
were not associated with known enteropathogens. All the four patients responded well to antifungal therapy. The
three non-diarrhoeal strains were obtained as pure growth from a gastric aspirate (Ga 98) and swabs from non-
healing oral ulcers (Spt 2 and Spt 4). The strains were preserved on SDA slants and did not undergo more than two
subcultures before use in the present study. The organisms were grown at 37 ° C in a culture medium (2 mL),
containing yeast nitrogen base with 50 mM of glucose in an orbital shaker, operating at 150 rpm for 24 hours. Eight
mL of Krebs—Henseleit (KH) buffer were added to each of the bottles to achieve an approximate concentration of 1
to 3x10’ cfu/mL. The concentration was checked by quantitative culture on the SDA plates.

RIL passage

Albino rats (Charles-Foster strain) weighing more than 200 g were used in this study. The animals were starved for
24 hours, but were allowed to drink water freely. For the consecutive passages, ligated ileal loops were used,
following the method of Sanyal et al. (10). The peritoneum of each rat was exposed by abdominal incision under
light ether anaesthesia, and the intestine was exposed up to ileocaecal junction. Then, starting from the ileocaecal
junction, six ligated loops of the intestine were made, each measuring 5-6 cm. They were separated by 2-3 cm
interloop to avoid leakage. To each loop 0.5 ml of the test material was inoculated. It comprised four strains of C.
albicans with one made positive for fluid accumulation (by adding Vibrio cholerae 569B) and one negative control
(not inoculated broth and KH buffer). The abdomen was closed, and the rats were allowed to drink water only. They
were sacrificed after 18 hours, and C. albicans were recovered on SDA plates containing gentamicin. The second
passage was made with the organism thus obtained in a similar manner as described for the first time.

Adherence assay

Measure of adherence of the yeast to intestinal mucosa was carried out as described by Freter and Jones (14),
with slight modifications. Four slices of 1 cm? each of the intestine of healthy rats were removed and thoroughly
washed with KH buffer to remove all debris. The four slices from three different rats were incubated in separate
bottles containing 10 mL of KH buffer and broth culture of one each of the 7 C. albicans isolates at 37 ° C for one
hour in shaking water bath before and after the passages. Each slice was washed thrice into three tubes containing
physiological saline. After homogenisation of these tissue slices with 3 mL of KH buffer, 0.1 mL of the material was
inoculated on SDA plates for quantitating the colony-forming unit by serial 10-fold dilution in KH buffer. After the
incubation at 37 ° C for 48 hours, the colonies were counted, and the number of adhering units was calculated. For
each strain, all the above tests were done in triplicate, and the average number of cfu/cm? tissue slice was
calculated. The statistical analysis was done using the Kruskal-Wallis test.

RESULTS AND DISCUSSION

Adherence of the diarrhoeal isolates to the epithelial cell surfaces was observed to be enhanced (2—fold
approximately) after the first passage, from 1.95x10%/cm? to 3.67x10*/cm? but without any increase after the second
passage (3.61x104/cm2). Interestingly, a similar E)attern was observed with respect to the non-diarrhoeal isolates,
i.e. from 1.43x10" organism/cm2 to 3.61x10%cm? after the first passage, but without further increase after the
subsequent passage (3.69x10*/cm?). Also, it was surprising to note that the strain-to-strain variation in the
adherence of all the seven isolates before passage vanished after the first passage (Table). The reason of this
phenomenon deserves exploration. The enhancement in adherence after the first passage was statistically
significant (p<0.001) for both types of isolates and remained so after the second passage. It may be concluded that
the influence of passage on the adherence of C. albicans was not exclusive of the diarrhoeal isolates. The
enhancement may be occurring either because of better interactions between cell surfaces or a repression-
derepression phenomenon controlling the expression of virulence marker (adherence) in the in vivo micro-
environment (10-12). The later possibility seems to be less likely as C. albicans is part of the normal gut flora, and
therefore, the role of natural passage of this fungus in the enhancement of its diarrhoeagenic potential is doubtful.
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caution.”
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"Studies on the rotavirus-associated acute diarrhoeal illness in Jordanian children are non-existent. The
present case-control study was conducted to investigate the prevalence of rotavirus diarrhoea among
children aged less than 5 years, attending the United Nations Refugee World Aid Clinic in northern
Jordan. The potential environmental and behavioural risk factors contributing to the infection were also
studied. Using the ELISA technique rotavirus antigens were detected in the stool samples of 35% of the
220 cases of gastroenteritis and in 3% of the control group. The control subjects were matched for age
and sex with the cases. The overall prevalence was significantly higher (62%) in children aged less than
24 months [OR=2.4, 95% CI (1.1-5.1)] than those in the older age groups. Severe cases of diarrhoea
were rare. Diarrhoea due to rotavirus was more prevalent during the summer months (June-August). Risk
factors for acute diarrhoea in these children are related to the infant feeding practices of using unboiled
tap water to prepare the formula milk, and the low educational level of the mothers."

390. Nizami SQ, Khan IA, Bhutta ZA. Drug prescribing practices of general practitioners and
paediatricians for childhood diarrhoea in Karachi, Pakistan. Soc Sci Med 1996 Apr;42(8):1133-9. 21
ref, Eng. Department of Paediatrics, The Aga Khan University, PO Box no. 3500, Stadium Road, Karachi,
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"Observations were made of 996 encounters between children with diarrhoea and practitioners (28
paediatricians, 62 general practitioners) in Karachi, Pakistan. Oral rehydration salt (ORS) was prescribed
in more than 50% of encounters by 53% of general practitioners (GPs) and 61% of paediatricians. Sixty-
six percent of GPs and 50% of paediatricians prescribed antibacterials, 60% of GPs and 28% of
paediatricians prescribed antidiarrhoeals and 39% of GPs and 32% of paediatricians prescribed
antiamoebics in more than 30% of their encounters. Looking at all encounters, we observed that ORS
was prescribed in 52 and 51%, antibacterials in 41 and 36%, antidiarrhoeals in 48 and 29%, and
antiamoebics in 26 and 22% of encounters by GPs and paediatricians, respectively. Cotrimoxazole was
the most frequently prescribed antibacterial by both types of practitioners. Antidiarrhoeals were
prescribed more often by GPs than by paediatricians. In 77% of their encounters. GPs dispensed drug
formulations known as “mixtures' made in their own dispensing corners. The mean duration of encounters
between patients and GPs was 3 + 2 minutes and between patients and paediatricians was 9 + 4
minutes. These results indicate inadequate prescription of ORS and excessive prescription of
antibacterials, antidiarrhoeals and antiamoebics. Intervention strategies need to be planned to improve