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A randomized clinical trial to compare the efficacy of erythromycin, ampicillin and 
tetracycline for the treatment of cholera in children 
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Abstract 
To compare the clinical outcome of treatment of cholera in children with ampicillin, erythromycin or tet- 
racycline, a double-‘blind’ randomized four-cell trial was carried out in Bangladesh. Ampicillin was 
chosen as additional therapy for acute respiratory tract infection, present in many subjects with diarrhoea. 
One hundred and eighty-four children aged 1-5 years who were not wasted, with diarrhoea of duration 
<48 h, signs of some or severe dehydration, dark-field stool microscopy demonstratinglribrio cholerae, and 
a baseline purging rate >4 mllkgih over 6 h were enrolled in the study. Ampicillin, tetracycline, erythro- 
mycin or placebo were given orally every 6 h for 3 d. After 3 d of antibiotic treatment, diarrhoeal stool 
volume was significantly reduced in all antibiotic groups, with mean volumes per kg body weight as fol- 
lows: tetracycline, 318 mL (SEM=50), ampicillin, 335 mL (SEM+o); erythromycin, 323 mL (SEM=25); 
placebo, 498 mL (SEMd7). Compared to tetracycline, the clinical recovery rates by 96 h were 75% with 
placebo, 91.3% with ampicillin, and 957% with eythromycin. Compared to tetracycline, the total mean 
times to recovery were increased by 66% with placebo (P<O.OOl), 25% with ampicillin (P<O.O17), and 
9% with erythromycin (-0.37). These results indicated comparable clinical efficacy of tetracycline, 
ampicillin and erythromycin. We therefore recommend that, unless R cholerae is resistant, ampicillin 
should be used as a cost-effective alternative to erythromycin for paediatric cholera, especially in children 
with concomitant acute respiratory infection. 
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Introduction 
Cholera remains one of the leading causes of death in 

many developing countries and is endemic in Asia, Af- 
rica and Latin America. Efficient case management 
leads to early recovery and reduces mortality. While oral 
rehydration therapy is the mainstay of management of 
cholera, antibiotics such as tetracycline, doxycycline, 
furazolidone and chloramphenicol are useful in reduc- 
ing the duration and severity of diarrhoea as well as fae- 
cal excretion of Vibrib cholerae, when the organism is not 
resistant. Tetracycline is often preferred in the manage- 
ment of cholera due to its lower cost and its excellent 
antibacterial activity. However, there is concern about 
its use in young children due to its potential to cause 
yellow discoloration of teeth. Erythromycin is an alter- 
native which is safe for use in children, but it is much 
more expensive than tetracycline and ampicillin. The 
emergence of K cholerae resistant to multiple antibiot- 
ics, including tetracycline, has become a major problem 
in manv regions KHAN et al.. 1988). The identification <u \ , , 

of clinically efficacious alternative antibiotics is there- 
fore necessary for use in children with cholera. Al- 
though V. cholerae is sensitive to ampicillin in vitro, 
amnicillin has not been subjected to clinical trial. Tetra- 
cycline, sulphamethoxazole/trimethoprim and erythro- 
mycin are recommended by the World Health 
Organization for treatment of cholera in children. WAL.- 
LACE et al. (1968) reported equal clinical efficacy 
between erythromycin and sulphamethoxazoleitrimeth- 
oprim in the treatment of cholera. Children with chol- 
era and other diarrhoeal diseases often also have 
respiratory tract infections, so a single effective antibiot- 
ic would be desirable @AHMAN et al., 1990). We con- 
ducted a clinical trial to determine the comparative 
efficacy of ampicillin, tetracycline and erythromycin. 

Materials and Methods 
Children of either sex aged 1-5 years, who attended 

the International Centre for Diarrhoeal Disease Re- 
search, Bangladesh hospital in Dhaka, Bangladesh with 
a history of watery diarrhoea of ~48 h duration, signs of 
some or severe dehydration, who had not received any 
antimicrobial agent, and in whom dark-field microscop- 
ical examination of stool revealed V. choZerae and the 

*Author for correspondence; fax -1-880 2 883116. 

stool output was at least 4 ml/kg/h during the 6 h initial 
rehydration phase, were enrolled in the study. Informed 
written consent was obtained from parents. Children 
with systemic illness or who were malnourished 
(weight-for-height ratio <80% of the National Center 
for Health Statistics median value) were excluded. A 
medical history was obtained and a detailed physical ex- 
amination, including vital signs and assessment of dehy- 
dration, was performed. The children were rehydrated 
within 4 h using the ‘Dhaka’ solution (sodium 133 
mmol/L, potassium 13 mmol/L, chloride 98 mmol/L 
and bicarbonate 48 mmol/L) and their hydration status 
was maintained using a rice-based oral rehydration so- 
lution. Urine was separated from stool using paediatric 
urine collectors and stool and urine output were record- 
ed every 8 h during the 96 h study period. Stool culture 
for isolation of V. cholerae was done and the antimicro- 
bial susceptibility was determined by the disk diffusion 
(Kirby-Bauer) method upon enrolment (zero hour) and 
after 24 h and 48 h. Body weight was determined on ad- 
mission after complete rehydration, upon enrolment in 
the study, and daily thereafter. Stool output, urine out- 
put, the volume of vomitus, and the intake of intrave- 
nous and oral rehydration fluids were recorded every 8 
h during the observation period. Cereal plus milk and 
rice curry were given to provide an average of 100 kcal/ 
kg/d. After the initial 6 h observationlrehydration phase, 
children were given erythromycin 50 mgikgld, or tetra- 
cycline 25 mglkgid, or ampicillin 50 mgikgld, or place- 
bo every 6 h for 3 d. (The placebo group was formed 
with the consent of the parents after explanation of the 
hospital routine of ‘round-the-clock’ management of 
dehydration with oral and intravenous fluids under the 
supervision of health workers, nurses, physicians and 
the investigators.) Stool characteristics were determined 
by direct examination and recorded every 8 h. Recovery 
was defined as the first occurrence of a soft formed stool 
which was subsequently maintained for at least 48 h. 

Results 
In total, 184 children were recruited to the study. The 

admission characteristics of the children in each group, 
and their mean stool output during the initial observai 
tion and rehvdration nhase, were similar (Table 1). All 
V. cholerae isolates w&e serotypes Ogawa or Inaba of 
the El Tor biotype; 99% were sensitive to ampicillin, 
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Table 1. Admission characteristics of children with Vibrio chokrae infection 

Characteristics Placebo 
Treatmenta 

Erythromycin Ampicillin Tetracycline 

No. in group 
Age (months) 
Height (cm) 
Weight (kg) 
Weightieightb 
Stool weight (g/6 h) 
No. dehydrated 

Moderately 
Severely 

48 46 
43.5f12.2 43.6f10.6 
88.4f2.0 90.5k1.3 
10.1+0.4 10.4kO.3 
82.8kl.O 84.OkO.9 
743f347 795f421 

9(19%) 
39(81%) 

8(17%) 
38(82%) 

47 
35.8k13.3 
86.1k1.2 

9.6kO.3 
83.6f0.9 
634+315 

13 (28%) 
34 (72%) 

43 
38.3k3.9 
86.9f1.2 

9.7kO.2 
84.7f0.9 
7392405 

14(33%) 
29 (67%) 

aValues are meansfSD except for no. dehydrated. None of the differences between treatments was significant. 
bpercentage of National Center for Health Statistics median value. 

Table 2. Fluid intake and output of children with Vi’brio cholerae infection 

Placebo 
Treatmenta 

Erythromycin Ampicillin Tetracycline 

No. in group 
Fluid intake (i.v.) (rnL) 
Oral rehydra;ion’&lutibn (mL) 
Urine output (mL) 
Stool volume (mL) 

48 46 47 43 
2722+460 1551+330 1193+237 670&l 13 
3918f229 3186+190 3122+180 3035+208 
2439f291 2412f274 1818f143 2286f247 
6034f481 3664-1481 3467?305 3335f553 

aValues are means+SEM from 0 to 96 h; placebo group values differed significantly from those in all other treatment groups 
(P~0~0001). 

Table 3. Numbers of children from which Vibrio 
cholerae could be isolated 

Treatment 
group 

At start After antibiotic therapy for 
of therapy 24 h 48 h 

Placebo 
Erythromycin 
Ampicillin 
Tetracycline 

48 44 42 

it :; 
7 

31 
43 9 4 

01 
o I 2 3 4 5 6 

Recovery day 
Figure. Duration of diarrhoea in patients infected with Vibrio 
cholerue and treated with ampicillin (dotted line), erythromycin 
(dashed line), tetracycline (heavy continuous line) or placebo 
(light continuous line). 

98% were sensitive to erythromycin, 76% were sensitive 
to tetracycline, 20% were sensitive to furazolidone, and 
5% were sensitive to sulphamethoxazole. 

The need for intravenous and additional oral rehy- 
dration fluids was significantly greater among children 
who received placebo and there was no significant dif- 
ference between children who received the different an- 
tibiotics (Table 2). Erythromycin and tetracycline were 
more efficient in reducing the number of children ex- 
creting V. cholerue in stool than ampicillin and placebo 
(Table 3). Children in the placebo group continued to 

have high purging rates even after 6 d. After the first 24 
h of treatment, stool volume was significantly reduced 
in the treatment groups compared with those receiving 
placebo, and that in the tetracycline group was signifi- 
cantly less than in children receiving ampicillin or eryth- 
romycin (P<O.OO 1). The mean length of time to clinical 
recovery was 66% greater in the placebo group than in 
those receiving tetracycline (P<O.OOl); there was no sig- 
nificant difference between the ampicillin and erythro- 
mycin groups (fiO.05) (Figure). The clinical recovery 
rate by 96 h was 75% in the placebo group, 91.3% in the 
ampicillin group, 95.7% in the erythromycin group, and 
100% in the tetracycline group (P<O.OOl compared 
with the placebo group). 

Discussion 
Correction of fluid and electrolyte deficits, and main- 

tenance of hydration using appropriate intravenous and1 
or oral rehydration fluid, remain the corner-stone in the 
management of cholera irrespective of age (HOLM- 
GREN, 1981). Appropriate antibiotics reduce the vol- 
ume of watery stools, duration of diarrhoea, and 
duration of excretion of V. cholerae (see WALLACE et al., 
1968). In controlled clinical trials in adults tetracycline, 
chloramphenicol, erythromycin, sulphamethoxazolei 
trimethoprim and furazolidone have all been found to 
reduce the volume and duration of diarrhoea. Although 
IX cholerae were sensitive to tetracycline in previous dec- 
ades (GREENOUGH et al., 1964), tetracycline resistance 
has been increasingly identified from several countries 
(MAHLU et al., 1979). In less than one year (September 
1991~June 1992), the proportion of V. cholerae strains 
resistant to tetracycline increased from 2% to 90% in 
Bangladesh (KHAN et al., 1995). The present study 
demonstrated that, compared to placebo, children 
treated with tetracycline, ampicillin or erythromycin 
had a significantly lower mean total stool output. The 
mean time to recovery from diarrhoea was nearly dou- 
ble in children in the placebo group compared to treated 
children. The requirement for intravenous and oral re- 
hydration fluids was significantly less in children who 
received ampicillin, erythromycin, and tetracycline 
compared to those who received placebo. The World 
Health Organization recommends erythromycin for the 
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treatment of cholera caused by tetracycline-resistant 
strains of V. cholerae. Our results showed that the effica- 
cy of ampicillin was comparable to that of erythromy- 
tin, and it should be considered as a potential 
alternative treatment for cholera in children. Although 
tetracycline is safe in children older than 8 years, and for 
short term therapy (3 d or fewer) of younger children, 
there is general reluctance to use it in young children. 
Erythromycin is effective and safe for use in children 
with cholera, but it is usually more expensive than tet- 
racycline and ampicillin. In Bangladesh the cost of a 3 d 
course of ampicillin is about one-third of the cost of 3 d 
of erythromycin treatment. HaemophiZzu influenzae is an 
important cause of respiratory tract infection among 
children ~5 years old, and ampicillin is an effective 
treatment for H. infuenzae infections, which are gener- 
ally resistant to tetracycline. Thus it would be advanta- 
geous to treat children with cholera and concomitant 
respiratory tract infection with a single agent. A signifi- 
cantly greater proportion of children in the ampicillin 
group continued to excrete V. cholerae in stool beyond 
48 h of treatment, despite clinical improvement. In de- 
veloping countries where cholera is endemic, shortening 
the duration of illness and reducing disease severity, 
with a consequently reduced requirement for rehydra- 
tion fluids, are the major objectives of antimicrobial 
therapy. Shortening the duration of excretion of V. chol- 
erae as a means of reducing transmission is generally not 
a major objective due to the heavily contaminated envi- 
ronment. Based on the results of this study, we con- 
clude that ampicillin is effective in the management of 
childhood cholera, and may be a cost-effective therapy 
for cholera in children, particularly where tetracycline- 
resistant V. cholerae is common; it might be particularly 
suitable for treatment of children with cholera who have 
a respiratory tract infection for which an antibiotic is in- 
dicated. 
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