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Furazolidone in Paediatric Cholera*
A. W. KARCHMER, M.D.,1 G. T. CURLIN, M.D.,2 M. I. HUQ, M.Sc.3

& N. HIRSCHHORN, M.D.4

Tetracycline continues to be an effective antimicrobial agent in the clinical control of
cholera but because of its high cost, relatively short shelf-life and recent reports of increased
resistance of vibrios to tetracycline in vitro, alternative antimicrobial agents have been
tested. Furazolidone, effective against cholera caused by the El Tor biotype in adults, was
found to be as effective as tetracycline in reducing the volume and duration of diarrhoea in
children with classical cholera and, given over aperiod of 7 days, only slightly less effective in
reducing duration of vibrio excretion.

Therapy with an antimicrobial agent over a period of 7 days was associated with a
significantly smaller rise in vibriocidal antibody titre (of no clinical significance) in the
youngest age-group studied; this was probably due to a diminished antigenic stimulus
from the primary infection. Undernourished children showed a poorer response to anti-
microbial therapy.

The study indicated that furazolidone is a reasonable alternative to tetracycline in the
treatment of cholera.

While the principal treatment for cholera is oral
or parenteral replacement of fluid losses, antimicro-
bial drugs administered orally considerably diminish
the stool volume, the duration of diarrhoea and the
duration of vibrio excretion. Tetracycline given for
2-3 days has proved effective and efficient in an

* From the Pakistan-SEATO Cholera Research Labora-
tory, Dacca, East Pakistan. The Pakistan-SEATO Cholera
Research Laboratory is a part of the SEATO Cholera
Research Program and is supported by the US Department
of State Agency for International Development; the National
Institutes of Health and the Center for Disease Control,
Public Health Service, US Department of Health, Educa-
tion, and Welfare; and by the Governments of Pakistan
and other SEATO nations. The NIH Cholera Advisory
Service co-ordinates the research programme. These studies
were supported in part by Research Agreement No. 196802
between the National Institutes of Health, Bethesda, Md.,
USA, and the Pakistan-SEATO Cholera Research Labor-
atory, Dacca. Requests for reprints should be addressed to
Dr Karchmer, Center for Disease Control, Atlanta, Ga.,
USA.

1 Epidemic Intelligence Service Officer, Center for Disease
Control, Atlanta, Ga., USA. Present address: Fellow in
Infectious Diseases, Massachusetts General Hospital, Boston,
Mass., USA.

' Epidemic Intelligence Service Officer, Center for Disease
Control, Atlanta, Ga., USA. Present address: Senior Re-
search Physician, Pakistan-SEATO Cholera Research
Laboratory, Dacca.

' Senior Bacteriologist, Pakistan-SEATO Cholera Re-
search Laboratory, Dacca.

'Chief, Clinical Research Section, Pakistan-SEATO
Cholera Research Laboratory, Dacca. Present address:
Department of Medicine, Baltimore City Hospitals, Balti-
more, Md., USA.

epidemic (Carpenter et al., 1966; Lindenbaum et
al., 1967a), but 10%-20% of patients treated in this
way have brief bacteriological relapses (Lindenbaum
et al., 1967a, 1967b). In recent years, various anti-
microbial agents have been evaluated as possible
alternatives to tetracycline. The increased resistance
of cholera vibrios to tetracycline (Pierce et al., 1968)
led to an evaluation of furazolidone, one of a class
of drugs to which antimicrobial resistance develops
less readily than to the tetracyclines. Pierce and
his colleagues demonstrated that this drug shortens
the course of diarrhoea in adults suffering from
cholera due to the El Tor biotype. This study was
designed to measure the effectiveness of furazolidone
in children with classical cholera. In the course of
the study, the effect of a 7-day course of antimicro-
bial agents (furazolidone and tetracycline) on the
incidence of bacterial relapse and the rise in antibody
titre, and the effect of undernutrition on response to
antibiotics, were also examined.

METHODS
Patients

Altogether, 90 children who had been admitted
to the Pakistan-SEATO Cholera Research Labora-
tory hospital in November 1966 with'acute diarrhoea,
and whose weight was 8 kg-16 kg on admission,
were studied. In all, 78 of these children were found
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to be infected with the classical cholera vibrio (77
Inaba, 1 Ogawa) and this group forms the basis of
this report. Methods of clinical and laboratory
assessment of dehydration, bacterial diagnosis,
stool collection, measurement of intake and output,
and intravenous therapy have been well described
by Greenough (1965) and by Lindenbaum et al.
(1967a, 1967b).

Treatment regimens
Four regimens were assigned in rotation by day

of the week and all patients were put on a regimen
according to the day of admittance. Colour-coded
tags identified medications and patients. All patients
received standard intravenous therapy.
The four treatments for 78 patients were as

follows:
(1) No antimicrobial agent, intravenous fluids

only (21 patients);
(2) Furazolidone, 5 mg/kg/day (22 patients);

(3) Tetracycline " low dose regimen ", 10 mg/kg/
day, i.e., a dose approximately equimolar to the
furazolidone dose (18 patients);

(4) Tetracycline, 31 mg/kg/day-62 mg/kg/day, the
usual paediatric dose at the hospital (17 patients).

Tetracycline was given as a chocolate-flavoured
liquid suspension. Since the commercial suspension
of furazolidone includes kaolin and pectin, powdered
furazolidone tablets were suspended in sterile,
distilled water for this study only; the preparation
was freshly made up each day and protected from
light (such preparations are stable for only a few
days). All drugs were given every 6 hours for 7 days
(total of 28 doses). Stool output was measured
every 8 hours and the end of diarrhoea was defined
as the last 8-hour period with a liquid stool.

Bacteriology

Daily rectal swabs were plated directly on to
gelatin agar and taurocholate-tellurite-gelatin agar.

TABLE I
COMPARISON OF TREATMENT GROUPS

No antimicrobial Furazolidone a Tetracycline, Tetracycline,
treatment low-dose b usual pediatric dosec

Number of patients 21 22 18 17

Age d 5.0 5.6 4.7 5.2
(2-9) (2-10) (2-9) (2-10)

Ratio boys: girls 10:11 8:14 9:9 11 :6

Percentage in lowest weight quartile 57 59 44 59

Discharge body-weight (kg) d 12.7 12.9 12.2 13.1
(8.4-17.2) (8.8-19.4) (9.3-17.6) (9.4-20.1)

Duration of illness before hospitaliza- 10.8 10.8 10.9 10.3
tion (hours) d (2-18) (3-28) (1-24) (3-19)

Severity of dehydration on admission:
8 plasma protein (g%) d, 6 2.2 2.2 2.2 3.0

(-0.5-4.2) (-0.1-5.6) (-1.0-4.8) (0.7-5.4)
Number (and percentage) pulseless 7 (33) 10 (45) 5 (28) 5 (29)

Admission vibriocidal titre (no. of 0.7 1.1 0.7 0.7
cups) d (0-4) (0-4) (0-8) (0-2)

a 5 mg/kg/day.
b 10 mg/kg/day.
C 31-62 mg/kglday.
d Means (ranges) in parentheses.
c Admission minus convalescent plasma protein concentration.
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Because a large epidemic heavily taxed the laboratory
facilities at the time of this study, enrichment
cultures were not obtained on these daily rectal
swabs. In the analysis of data, the duration of
direct bacterial positivity did not include the admis-
sion (" first hospital day") swab which would have
been unaffected by any treatment programme. On
3 occasions between the 10th and 14th hospital
days, a period when direct cultures of the rectal
swabs were uniformly negative, 70 patients received
cathartic doses of magnesium sulfate or mannitol
and liquid stools were collected; one patient was
purged 5 times between the 10th and 21st hospital
day; the results are given below. Within half an
hour of collection, the stools were plated directly
on to gelatin agar, taurocholate-tellurite-gelatin
agar and, in about 25% of the samples, on to thio-
sulfate-citrate-bromthiol blue-sucrose medium and
incubated at 31°C. A 10-g portion from each sample
collection was added to 100 ml of bile peptone with
tellurite and to alkaline peptone water medium and
incubated at 31°C. After incubation for 6 and
24 hours, subcultures were plated on to gelatin
agar, taurocholate-telurite-gelatin agar and thio-
sulfate-citrate-bromthiol blue-sucrose. All sub-
culture plates were read after incubation for 17-24
hours.

Antibody titre measurements

On admission, and on the 8th-lOth hospital day,
venous blood was drawn for measurements of
plasma protein concentration and vibriocidal anti-
body titre determinations. Anti-Inaba and anti-
Ogawa titres were measured by the microcup method
of Benenson, Saad & Mosley (1968). The first cup
represents an initial dilution of the plasma of 1: 10.
Successive cups, numbered serially, represent doub-
ling dilutions. Titre results are expressed as the
number of cups with vibriocidal activity.

Weight percentile evaluation
As an index of nutritional status, a standard age/

weight chart was constructed and divided into
quartiles based on the weights of 935 boys and 780
girls between the ages of 2 and 10 years, inclusive,
living in and around Dacca, as determined by the
1966 Nutrition Survey of East Pakistan (data kindly
supplied by Dr L. Reiner). Patients in the study
were then assigned to a quartile based on their sex,
stated age (rounded down to the nearest whole year)
and convalescent weight.

RESULTS

Comparison of treatment groups (Table 1)
The four groups of patients were similar to each

other in several aspects: age, nutritional status,
degree of dehydration on admission, admission
vibriocidal titre, duration of illness before admission
and weight on discharge. Girls predominated in the
furazolidone group, boys in the regular-dose tetra-
cycline group; sex, however, is not a factor affecting
the course of cholera or the response to antibiotics
(Lindenbaum et al., 1967b).

Effect ofantimicrobials
All three antibiotic regimens reduced the duration

of diarrhoea and total stool volume, and the duration
of excretion of vibrios as judged by direct plate
method (see accompanying figure). Patients who
received furazolidone excreted vibrios longer than
those on tetracycline, but the differences were small.

Vibrio recovery after purging
Altogether, 69.patients had negative results from

direct and enrichment cultures of liquid stools

EFFECT OF ANTIMICROBIAL AGENTS ON CHOLERA a
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a All antimicrobial regimens reduce signiflcantly (P<0.001)
the duration and volume of diarrhoea and the duration of vibrio
excretion (by direct plating; admission culture not included in
the analysis). Furazolidine was slightly but significantly
(P<0.005) less effective than both tetracycline regimens in
reducing the duration of vibrio excretion. Means and 1 standard
error of the mean are shown.
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TABLE 2
CULTURE RESULTS OF MULTIPLE PURGES ON BOY AGED 3 YEARS a

Hospital day

10 12 17 18 19 20 21 b

Cathartic Mannitol MgSO4 MgSO4 Mannitol Mannitol None None

Culture Negative Inaba Negative c Negative Negative Inaba Negative

a Treated with tetracycline at a dosage of 10 mg/kg/day.
b Lost to follow-up after this day.
c Duodenal aspirate negative on this day.

obtained by the three separate purges between
hospital days 10 and 14. Only one child, a 3-year-
old boy on the low-dose tetracycline regimen, had
positive cultures (on enrichment only) after being
purged (Table 2); vibrios cultured from the stool in
convalescence showed no change in sensitivity to
tetracycline. One additional patient, also on the
low-dose tetracycline regimen, yielded a non-

agglutinable vibrio after a purge on the 12th hospital
day.

Antimicrobial effect on vibriocidal antibody titre rise
Rises in homologous vibriocidal titres were

significantly less in the groups treated with antimic-
robial agents than in the control group (Table 3);
heterologous titres were not significantly affected.
Since the rise in antibody titre may be reduced in
magnitude if the admission titre is elevated, or in
children under 5 years of age (McCormack et al.),
comparison was made between treated and control

patients with admission homologous antibody
titres of 0-1 cups in the younger and older age-
groups (2-4 years and 5-10 years, respectively). In
both of these groups, the titre response was lower in
patients treated with antimicrobial agents but the
difference was statistically significant in only the 2-4
years age-group (P<0.001). A lower antibody
response was not associated with a prolongation of
diarrhoea or vibrio excretion. The acute titre,
however, showed significant inverse correlation
with the duration of diarrhoea (r= - 0.576; P<0.01)
and stool volume (r= -0.511; P<0.05), but in the
control group only.

Effect of nutritional status on the course of cholera
The incidence of undernutrition (less than the

50th weight percentile of children in East Pakistan)
increased with age (Table 4). Undernutrition was
associated with diarrhoea of longer duration and of
greater total volume, but these changes were signifi-

TABLE 3
EFFECT OF THERAPY WITH AN ANTIMICROBIAL AGENT ON RISE

IN CONVALESCENT VIBRIOCIDAL ANTIBODY TITREa

No antimicrobial 1 Tetracycline, Tetracycline
treatment IFurazolidone low-dose usual pediatric

~~~dose

Homologous titre b

Mean titre rise 5.9 4.1 3.3 3.3
(±0.7) (±0.5) (±0.6) (±0.5)

Therapy/no
therapy (P) - <0.05 <0.01 <0.02

Heterologous titre

Mean titre rise 3.9 3.1 3.3 2.4
(±0.6) (±0.7) (+0.7) (±0.7)

Therapy/no
therapy (P) NSc NSc NSc

a Mean number of cups ± standard errors of the mean. Blood drawn on 8th-10th hospital day.
b Antibody to cultured vibrio serotype (Inaba or Ogawa).
c NS= not significant.
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TABLE 4
INCIDENCE OF UNDERNUTRITION BY AGE-GROUP

Weight quartile
Age-groupToa(years) First Third Total

and seconda | andfourthb

2-4 12 (33%) 24 (67%) 36

5-7 5 (19%) 22(81 %) 27

8-10 0 15 (100%) 15

Total 17 | 61 78

a Fiftieth percentile and over.
b Under fiftieth percentile.

cant only in the group treated with an antimicrobial
agent (Table 5). Undernutrition did not affect the
duration of bacterial positivity or rise in conva-
lescent antibody titre.

DISCUSSION

Furazolidone is as effective as tetracycline in
reducing the duration and volume of cholera
diarrhoea in adults (Chaudhuri et al., 1968; Pierce
et al., 1968) and, as shown here, in children; it is
thus a reasonable alternate for the treatment of
cholera patients. Furazolidone did not eliminate
vibrios from the intestinal tract as rapidly as tetra-
cycline did, an effect more obvious during a 3-day
course of treatment, as shown by Pierce and his
colleagues. Such a short course is acceptable in a

major cholera outbreak in an endemic area where
resources are limited, where total elimination of the
vibrio from the environment is not likely and where
the duration of bacterial positivity, in the absence
of clinical symptoms, is less critical than the early
and economical cure of diarrhoea. In an epidemic in
a non-endemic area, where complete elimination of
the vibrio is critical, the administration of an
effective antibiotic for at least 7 days is essential;
after 7 days, the expected host defences are at their
peak. (An agglutinating antibody titre of >2 cups
was seen by the 8th-lOth hospital day in 72 out of 74
patients examined by Benenson, Saad & Paul (1968)
and the mean titre was highest at about that time.)

Antimicrobial therapy was associated with a
smaller rise in antibody titre in this paediatric
population, especially in the younger age-group.
Inhibition may be due in part to impairment of
protein synthesis by antimicrobial agents (Newton,
1965), but it is more likely that it arises from a
diminution in the duration and intensity of the
antigenic stimulus. The rise in titre seen in the
2-3-years age-group was probably a primary one,
while that in the older group, even with undetectable
admission titres, was an anamnestic one and thus
was less susceptible to depression (increased expo-
sure to vibrios with increasing age is strongly
suggested by the antibody survey data of Mosley,
Benenson & Barui, 1968). Previous careful studies
have clearly indicated that neither vibriocidal nor

agglutinating antibody responses are altered by

TABLE 5
EFFECT OF UNDERNUTRITION ON THE COURSE OF CHOLERA a

Antimicrobial No antimicrobial
therapy; therapy;

weight percentile weight percentile

<50th >50th <50th >50th

Duration of diarrhoea (no. of 8-hour periods) 4.4 2.9 11.6 618
(±0.2) (±0.4) (±0.9) (+1.2)

P<0.005

Total volume of diarrhoea (ml/kg) 303 131 841 9.8
(+42) (+52) (±113) (±134)

P<0.05
Duration of vibrio excretion (days) b 0.4 0.4 3.3 3.0

(+0.1) (+0.2) (±0.3) (+0.3)

Vibriocidal titre rise 8th-10th day (no. of cups) 3.7 3.3 6.5 4.3
(+0.4) (+0.5) (±0.8) (+1.3)

a Means and standard errors of the mean.
b Direct culture; first day culture not included in the analysis.
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antibiotic therapy in adults with severe clinical
cholera (Sack et al., 1966). Depression of titre
response was not associated with a more severe ill-
ness. This may be credited to the vibriocidal effect
of the drugs since a low admission antibody titre was
clearly associated with a more protracted course in
the control group.

In this study, the finding of Lindenbaum et al.
(1967b) that the duration and volume of diarrhoea
are greater in undernourished children, in contrast to
those better nourished, was confirmed; however,
these increases are significant only in the group
treated with an antimicrobial agent. An adequate
explanation for this observation has not been found.
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RtSUME
LA FURAZOLIDONE DANS LE TRAITEMENT DU CHOLERA CHEZ L'ENFANT

Afin d'evaluer comparativement 1'efficacite th6rapeu-
tique de la furazolidone et de la tetracycline, on a reparti
en quatre groupes 78 jeunes enfants, d'un poids corporel
de 8-16 kg, hospitalis6s pour cholera classique. Un
groupe (21 enfants) a recu uniquement du liquide par
voie intraveineuse; les autres ont recu en outre soit de la
furazolidone it la dose de 5 mg/kg/jour (22 enfants), soit
de la t6tracycline a la dose faible de 10 mg/kg/jour
(18 enfants), soit de la tetracycline a Ia dose normale de
31-62 mg/kg/jour (17 enfants). La duree du traitement
a e dans chaque cas de 7 jours.
Dans les groupes traites suivant un schema comportant

I'administration d'un antimicrobien, la duree et l'impor-
tance de la diarrh6e ont e reduites de plus de moitie par
comparaison avec le groupe temoin, et la dure'e d'excre-
tion des vibrions a ete ramenee a moins d'un jour. Chez
69 malades, apres trois purgations successives donnees
entre le ioe et le 14e jour, 1'examen direct des selles et les
cultures n'ont pas montre la pr6sence de vibrions. Des

cultures positives ont ete obtenues chez deux enfants
traites par la tetracycline a faible dose.
On a note une proportion moindre de hausses des

titres d'anticorps vibriocides homologues chez les jeunes
malades traites par antimicrobiens. Ce fait, surtout
marque dans le groupe d'age inferieur, et sans influence
sur 1'evolution clinique, est attribu6 a la diminution de la
dur&e et de l'intensite de la stimulation antigenique.
L'etat de malnutrition de certains enfants a eu une action
nettement defavorable sur la dur&e et l'importance des
phenomenes diarrheiques.

Les auteurs soulignent la n6cessite de poursuivre le
traitement par antimicrobiens pendant au moins 7 jours,
lorsqu'il s'agit de combattre une flambee de cholera dans
une region non endemique, pour obtenir une 6limination
complete des vibrions. La furazolidone, qui a fait la preuve
de son efficacite chez l'adulte et chez l'enfant, represente
une arne th6rapeutique interessante susceptible de
remplacer la tetracycline dans le traitement du chol6ra.
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