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Antibiotic Therapy of Cholera*
JOHN LINDENBAUM,1 WILLIAM B. GREENOUGH2 & M. R. ISLAM

Recent clinical trials having established the value of tetracycline as an adjunct to fluid
and electrolyte replacement in cholera treatment, a controlled trial of antibiotic therapy
was conducted in Dacca on 318 adults hospitalizedfor cholera. The effects of 4 antibiotics
orally administered in varying dosage schedules were studied.

Cholera therapy with tetracycline or chloramphenicol caused a highly significant reduc-
tion in the duration of diarrhoea and ofpositive culture, in stool volume, and in intravenous
fluid requirement as compared with the results in controls who received intravenous fluid
therapy only. Streptomycin was also effective, but to a lesser degree; paromomycin was of
little value.

The severity of dehydration on admission was significantly related to subsequent dura-
tion ofdiarrhoea regardless of whether antibiotics were given. Increasing age was associated
with more prolonged purging in patients receiving antibiotics.

Increasing the dose of tetracycline to 2 to 3 times that usually administered, or prolong-
ing treatment from 2 to 4 days, did not enhance the therapeutic results. The effect of tetra-
cycline was apparent within a few hours of administration. Bacteriological relapses were
seen after discontinuation of therapy in all treatment groups, but were not due to the de-
velopment of resistant bacteria.

Recent clinical trials in Dacca and Calcutta have
established the value of tetracycline as an adjunct
to intravenous fluid and electrolyte replacement in
the treatment of cholera (Greenough et al., 1964;
Carpenter et al., 1964; Wallace et al., 1965). Tetra-
cycline therapy markedly reduces the duration of
diarrhoea and vibrio excretion, thereby diminishing
the total amount of intravenous fluid and close
medical and nursing supervision required. Excellent
results are obtained when the antibiotic is given by
the oral route, and the addition of intravenous
tetracycline to the regimen does not yield any
further therapeutic gain (Carpenter et al., 1965).
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Several practical questions remain unanswered.
Since cholera is overwhelmingly a disease of poor
people occurring in countries with limited resources,
it is imperative to minimize the cost of the thera-
peutic regimen without sacrificing its clinical
effectiveness. We therefore undertook to study a
number of different antibiotics, utilizing brief
courses of therapy that might be applicable under
field conditions. We also hoped to determine whether
all patients with Vibrio cholerae infection would
benefit from antibiotics, or only those with severe
cholera. In addition, accurate observations in a
controlled study should yield useful information
about the course of untreated as well as treated
cholera. We report the results of a study of 318 pa-
tients with documented cholera who were admitted
to the wards of the Pakistan-SEATO Cholera
Research Laboratory during the 1964-65 and
1965-66 epidemics.

EXPERIMENTAL DESIGN

In the evaluation of the therapeutic effectiveness
of an agent, it is important that patients in various
groups should be as similar as possible and that
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recognized or unrecognized bias should not enter
into the selection of patients for various groups or
into the interpretation of clinical response. Ideally
a double-blind study can be conducted, in which
randomly selected patients receive either a placebo
or active agent in which neither the patient nor the
physician knows the nature of the agent given. Such
studies can best be performed on small numbers of
patients since they require a great deal of careful
supervision. In an epidemic situation, such as that
faced by our ward during the cholera season in
Dacca, large-scale, double-blind studies have not
been possible. However, objective criteria are
available to determine therapeutic response in
cholera-namely, the duration of diarrhoea, the
volume of stool output, and the duration of positive
culture. All these measurements can be made at
periodic intervals for each patient. The use of these
objective criteria has permitted an unbiased evalua-
tion of large numbers of patients in the absence of
a double-blind trial. In an attempt further to sim-
plify administration of the trial, it was decided to
assign all patients admitted on a given day of the
week to a given regimen. Thus, for example, all
patients admitted on Tuesday were to receive tetra-
cycline 250 mg 6-hourly for 48 hours; all admitted
on Wednesday, the same regimen for 72 hours; all
on Thursday, no antibiotic therapy (control group),
etc. In this design the assumption was implicit that
the patient population admitted on one day of the
week did not differ in any important way (such as
age, sex, body-weight, duration of symptoms,
severity of dehydration, etc.) from those admitted
on another. Analysis of the data obtained has
proved the validity of this assumption, with few
exceptions, which will be discussed below.

All patients with proven V. cholerae infection
admitted during October through February, which
were the epidemic periods in Dacca in 1964-65 and
1965-66, were included in the study. The patients
were divided into 2 groups according to body-
weight. Those weighing less than 15 kg will form
the subject of a separate report. In all patients
included in the final analysis the antibiotic was
given by the oral route only, and no patient received
more than one antimicrobial agent. Of the 318 pa-
tients weighing 15 kg or more, 5 were excluded from
the analysis for the following reasons: unable to
take oral medication owing to neurological compli-
cations and coma on admission (1 patient); incorrect
dosage due to error (2); multiple antibiotics received
in the treatment of a secondary infection (1); death

in pulmonary oedema on the day of admission in a
tetracycline-treated patient (1).
Therapy was started immediately at the time of

admission in any suspected cholera case, without
waiting for bacteriological confirmation. (Patients
bacteriologically negative for V. cholerae have been
omitted from the analysis.) Every patient was placed
on a cholera cot, and 8-hourly measurements of
intake and of stool and urine volume were obtained
until the end of the diarrhoea. Apart from antibiotic
therapy, all patients were treated with intravenous
fluid and electrolyte replacement as described
elsewhere (Greenough, 1965; Lindenbaum et al.,
1966). Daily rectal swab cultures were obtained
throughout the time of hospitalization. The bacterio-
logical culture techniques were those described in
previous reports from this laboratory (Monsur,
1963; Lindenbaum et al., 1965).

CRITERIA OF THERAPEUTIC RESPONSE

In the past, the mortality rate was the main
criterion of therapeutic response in studies of anti-
microbial agents given to cholera patients (Pollitzer,
1959). Since the introduction of continuous measure-
ment of stool volume and quantitative isotonic
replacement of stool fluid and electrolyte losses
(Watten et al., 1959), the mortality from cholera
treated with intravenous replacement therapy alone
has been minimal in several recent series. Mortality
rates of less than 1% in adult cholera patients have
been reported by workers in the Philippines, Pa-
kistan, India, and Viet-Nam (Wallace et al., 1964;
Gordon et al., 1964; Carpenter et al., 1965; Bullock
& Phillips, 1965), and we have obtained similar
results in children (Lindenbaum et al., 1966). There-
fore the mortality rate can no longer be used as a
criterion of clinical effectiveness of antibiotic
therapy. Antibiotic treatment has, however, been
shown to affect the duration and volume of stool
output, the consequent total intravenous fluid
requirement, and the duration of positive culture
for V. cholerae. These criteria, as well as the inci-
dence of clinical and bacteriological relapse, will be
applied in the analysis of the current study.
There were 2 deaths in this series of 318 con-

secutive patients. Both patients were among those
previously mentioned who were omitted from the
final analysis (one who was unable to take oral
medication owing to coma, and the other who died
on the day of admission before an effect of antibiotic
therapy was apparent).
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"End of diarrhoea " was defined as having
occurred at the end of the last 8-hour period in
which a liquid stool was passed. If a patient passed
a soft or formed stool, thereby reaching " end of
diarrhoea ", and subsequently passed sufficient
quantities of liquid stool to require resumption of
intravenous fluid therapy, this was considered to be a
" clinical relapse ". Since diarrhoea lasted 4 days
after admission in the average patient who did not
receive antibiotics, any patient treated with anti-
biotics in whom diarrhoea lasted 4 days (12 8-hour
periods) or more was considered to be a " thera-
peutic failure".

Patients were termed bacteriologically positive
if either direct plate or enrichment medium cultures
of rectal swab material grew out V. cholerae. Patients
were kept in hospital for daily rectal swab cultures
until both direct and enrichment cultures were
negative for at least 3 consecutive days. If a patient
became bacteriologically negative on both direct
and enrichment cultures for at least 1 day and was
subsequently positive, this was considered to be a
"bacteriological relapse ".
The age of the patients studied ranged from 6 to

70 years, with a mean of 25.0 years. In varying

dosage schedules (see Tables 2 and 6), the patients
were treated with tetracycline, chloramphenicol,
streptomycin, paromomycin, or no antibiotic.

COMPARABILITY OF TREATMENT GROUPS

The various treatment groups were similar to
one another and to the untreated controls in sex
distribution, mean age, body-weight, and duration
of symptoms prior to admission as well as degree
of dehydration (reflected both in plasma protein
elevation and the presence or absence of peripheral
pulses) (Table 1). There were a few significant
differences (the term " significant " will be used to
refer to differences in which P<0.05 unless other-
wise specified). The mean ages of the patients
receiving tetracycline and chloramphenicol were
significantly younger than those of the patients in
the untreated group. The mean body-weight of the
tetracycline group, reflecting its younger age, was
significantly less than that of the controls. The
possible effects of age on the clinical course of cholera
will be discussed below. There are fewer patients
in the streptomycin and paromomycin group since
these antibiotics were dropped from the protoco

TABLE 1
COMPARISON OF TREATMENT GROUPS a

No antibiotic

Number of patients

Duration of symptoms
before admission (hours)

Age (years)

Body-weight at discharge (kg)

Male: female ratio

Number pulseless

Plasma protein (g/100 ml)
On admission

At convalescence

Difference between admission
and convalescence values

94

17.7
(2-168)

28.4
(7-70)

40.6
(17.8-63.9)

2.1: 1

42 (45 %)

10.8
(7.1-15.4)

7.6
(6.3-10.5)

3.2

Tetracycline

124

17.1
(1-107)

22.5*
(6-65)

36.1*
(14.7-63.0)

1.8 :1

60 (48 %)

10.8
(7.7-14.2)

7.7
(6.8-10.3)

3.1

Chloramphenicol|

66

16.1
(2-86)

23.6*
(6-48)

37.4
(16.7-54.8)

2 :1

36 (55 %)

10.6
(6.6-14.4)

7.6
(6.0-9.2)

3.0

Streptomycin Paromomycin

11

14.7
(1-37)

25.4
(8.45)

41.4
(18.3-59.5)

1.8 :1

6 (55 %)

11.3
(8.5-13.6)

7.9
(7.2-8.8)

3.4

18

14.1
(1-30)

29.6
(6-62)

38.3
(16.0-51.5)

1.6 :1

8 (44 %)

10.3
(7.6-12.8)

7.8
(6.6-8.9)

2.5

a Mean values are shown with the range in parentheses (except for the number pulseless). The asterisk (*) indicates a
statistically significant difference from the control group (P < 0.05).

_ 1-
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after the first several weeks of the trial when their
relative therapeutic ineffectiveness became apparent.
The shorter mean duration of symptoms before
admission in these two groups did not differ signi-
ficantly from that in the other groups.

RESULTS OF THERAPY

Comparison of antibiotic and control groups

Paromomycin. A slight therapeutic effect was seen

in paromomycin-treated patients compared with
those who received no antibiotics (Table 2; Fig. 1).
The differences between the paromomycin and
control groups in duration of diarrhoea, percent-
age of therapeutic failures, total stool volume, total
intravenous fluids administered, and duration of
positive culture were not statistically significant.
There was a significantly greater frequency of bacte-
riological relapse in the paromomycin group. (In

all of the antibiotic-treated groups bacteriological
relapse was significantly more common than in the
controls.)

Streptomycin. The streptomycin-treated group,
despite the small number of patients, differed
significantly from the controls in duration of diar-
rhoea (P<0.01), percentage of therapeutic failure
(P <0.05), total stool volume (P <0.005), total
intravenous fluids given (P<0.005), and duration
of positive culture (P<0.02). It should be noted,
however, that the frequency of prolonged diarrhoea
was appreciable (27%) in the patients receiving
streptomycin.

Chloramphenicol. In patients receiving chloram-
phenicol, there were highly significant differences
from the controls in duration of diarrhoea (P <0.001)
frequency of therapeutic failure (P <0.005), stool
volume (P <0.001), intravenous fluids given

TABLE 2
EFFECTS OF ANTIBIOTIC THERAPY

No antibiotic Tetracycline a Chioram- Streptomycin Paromomycin

Number of patients ~~~~~~~~~~phenicola Srpoyi aooyi
Number of patients 94 124 66 11 18

Duration of diarrhoea

Mean days 4.0 2.0 2.2 2.9 3.6

Mean 8-h periods 12.0 5.9 6.5 8.8 10.7
(Range of 8-h periods) (0-23) (0-22) (0-16) (4-15) (0-23)

Diarrhoea 2 4 days 57 (60.6 %) 4 (3.2 %) 3 (4.5 %) 3 (27 %) 6 (33 %)

Clinical relapses 2 0 0 1 1

Total stool volume (I)

Mean 21.5 8.1 7.8 10.6 16.0
(Range) (0-100.1) (0-84.3) (0-23.7) (1.2-22.0) (0-53.5)

Total intravenous fluids (I)

Mean 27.0 12.2 12.3 15.1 19.5
(Range) (0.2-108.0) (0-105.0) (2.5-32.9) (3.1-30.0) (4.0-61.5)

Days of positive culture

Mean 5.8 2.7 3.2 3.5 4.8
(Range) (1-13) (1-10) (1-10) (1-8) (1 -9)

Bacteriological relapses 8 (8.5 %) 25 (20.2 %) 14 (21.2 %) 4 (36 %) 6 (33 %)

a Dosage schedules:
Tetracycline: see Table 6.
Chloramphenicol: 250 mg or 500 mg or 750 mg 6-hourly for 48 hours; or 250 mg or 500 mg 6-hourly for 72 hours.
Streptomycin: 1000 mg 6-hourly for 48 hours or 72 hours.
Paromomycin: 250 mg 6-hourly for 48 hours or 72 hours; or 500 mg 6-hourly for 72 hours.
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FIG. 1

EFFECTS OF ANTIBIOTIC THERAPY
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Tetracycline. As in the chloramphenicol group,
there were highly significant differences in duration
of diarrhoea (P<0.001), percentage of therapeutic
failure (P<0.005), stool volume (P<0.001), paren-
teral fluids administered (P<0.001), and duration
of positive culture (P<0.001).

Comparison of one antibiotic with another

Paromomycin. Paromomycin did not differ signi-
ficantly from streptomycin in duration of diarrhoea,
percentage of therapeutic failure, stool volume,
intravenous fluids given, or duration of positive
culture. However, by any of these five criteria of
therapeutic response, both tetracycline and chlor-
amphenicol were significantly more effective than
paromomycin.

Streptomycin. Duration of diarrhoea and per-

centage of therapeutic failure were significantly less
with either tetracycline or chloramphenicol than
with streptomycin, but there were no significant
differences in duration of positive culture, total
stool volume, or parenteral fluids administered.

Tetracycline as against chloramphenicol. The
duration of diarrhoea, percentage of therapeutic
failure, stool volume, and intravenous fluids given
were similar in the groups receiving these antibiotics.
While the mean duration of positive culture was

greater in the chloramphenicol group (3.2 as against

2.7 days), the difference was not significant (0.10>
P> 0.05).

rhere were no significant differences between
any of the antibiotics in frequency of clinical or

bacteriological relapses. However, clinical relapses
were not seen with tetracycline or chloramphenicol
and the percentage of bacteriological relapses was

less with these two antibiotics than with strepto-
mycin or paromomycin.

Effect of various factors on the clinical course in
treated and untreated patients
Severity of dehydration. In Table 3, duration of

diarrhoea and of positive culture are shown accord-
ing to degree of dehydration on admission (as
indicated in total plasma protein concentration).
The duration of diarrhoea bore a direct relationship
to plasma protein levels in the control groups

(r = 0.483; P <0.001). There were also highly
significant correlations between admission plasma
protein and duration of diarrhoea in the patients
receiving tetracycline (r = 0.412; P <0.001) and
chloramphenicol (r = 0.463; P <0.001). Duration
of positive culture correlated with admission plasma
protein in the control patients (r = 0.346; P <0.001)
but not in the groups receiving antimicrobial drugs.
The differences in duration of diarrhoea between

the control and tetracycline groups (Table 3) were

significant in all groups except the patients with
protein levels of less than 9.0 g/100 ml. The diffe-
rences in duration of positive culture between

I-J/
U,

0

875



J. LINDENBAUM, W. B. GREENOUGH & M. R. ISLAM

TABLE 3
SEVERITY OF DEHYDRATION ON ADMISSION AND THE SUBSEQUENT

COURSE OF CHOLERA

Admission plasma protein (g/100 ml)

< 9.0 9.0-10.0 10.1-11 > 11.0

Duration of diarrhoea (days) a

Control 2.5 (11) 3.2 (18) 3.8 (21) 4.8 (43)

Tetracycline 1.9 (8) 1.4 (25) 1.6 (33) 2.4 (58)

Duration of positive culture (days) a

Control 4.8 (11) 5.1 (18) 6.9 (21) 6.3 (43)

Tetracycline 2.8 (8) 2.5 (25) 2.7 (33) 2.7 (58)

a Numbers in parentheses indicate number of patients in each group.

control and tetracycline groups were significant in
all 4 plasma protein groups.

Age. As mentioned previously, the mean age of
the patients receiving tetracycline and chloramphen-
icol was lower than that of the second group. To
determine whether age might affect the course of
illness, the patients were divided into 3 age-groups

(Table 4). The duration of diarrhoea increased with
increasing age in the control, tetracycline, and
chloramphenicol groups. The correlation of age

and duration of diarrhoea was significant in the
patients receiving tetracycline (r = 0.375; P <0.001)
and chloramphenicol (r = 0.265; P <0.05) but not
in the controls (r = 0.103; 0.4>P>0.3). When
controls were compared with patients receiving
either of the two antibiotics (Table 4), the difference
in duration of diarrhoea was highly significant

(P <0.001 in each case) in all 3 age-groups. Thus,
tetracycline and chloramphenicol exerted a signifi-
cant therapeutic effect in all age-groups.

In the control patients, the duration of positive
culture increased with age (Table 4). The correlation of
age and duration of positive culture was significant
(r = 0.191; P <0.05). There were no significant differ-
ences with increasing age within the antibiotic-treated
groups. Again, when controls were compared with
either of the antibiotics in any of the 3 age-groups,
the differences were highly significant (P <0.001).

Since, as discussed in the preceding section, there
was a direct relation between severity of dehydra-
tion on admission and duration of diarrhoea, it was
important to determine whether the similar rela-
tionship between age and course of illness in the more
antibiotic-treated patients was due merely to more

TABLE 4
EFFECT OF AGE ON THE COURSE OF CHOLERA

Untreated patients Tetracycline Chloramphenicol

Age-group (years) Age-group (years) Age-group (years)

< 20 20-29 > 30 < 20 20-29 1> 30 < 20 20-29 > 30

Number of patients 22 34 38 61 31 32 24 24 18

Mean duration of diarrhoea (days) 3.6 4.0 4.2 1.6 1.9 2.7 1.9 2.0 2.7

Mean duration of positive culture
(days) 5.3 5.6 6.2 3.2 3.1 3.3 3.2 3.1 3.3

Mean admission plasma protein
(g/100 ml) 10.4 11.0 11.1 10.5 11.0 11.3 10.4 10.3 11.2

Percentage with admission
plasma protein > 11.0 g/100 ml 36.4 50 54.1 42.6 51.6 62.5 34.8 41.7 55.6
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severe dehydration with increasing age. As shown
in Table 4, the mean admission plasma protein
increased with age in the control, tetracycline, and
chloramphenicol groups. The percentage of patients
with severe dehydration (plasma protein 11.0 g/100
ml or greater) in the 3 age-groups increased with
age (P <0.025 for the entire series).
To determine whether the effect of age on duration

of diarrhoea was solely due to the greater dehydra-
tion seen with increasing age, linear regressions were

calculated for the three variables (age, duration of
diarrhoea and admission plasma protein). A highly
significant direct relationship between initial plasma
protein level and duration of diarrhoea was present
in the control, tetracycline, and chloramphenicol
groups (P <0.001 in each case). Age was highly
significantly related to duration of diarrhoea in the
tetracycline group (t = 3.90; P <0.001); in the
chloramphenicol group there was a trend towards
correlation that did not reach statistical significance
(t = 1.76; 0.1> P> 0.05); and there was no correla-
tion in the control patients (t = 0.76; 0.5> P> 0.4).

Similar analysis of the relationships in the control
patients between age, admission plasma protein
levels, and duration of positive culture showed a

highly significant correlation between plasma protein
levels and duration of positive culture (t = 4.44;
P <0.001), and a trend toward correlation between
age and duration of positive culture that did not
reach significance (t = 1.64; P - 0.10).

In summary, then, independently of severity of
dehydration, increasing age was associated with more

prolonged purging in the patients treated with tetra-
cycline and chloramphenicol but not in the control
patients. In the control patients, there was a trend to
greater duration ofpositive culture with increasingage.

In addition, it will be noted that there were

4 instances of prolonged diarrhoea, or " therapeutic
failure" in 124 patients treated with tetracycline
(Table 2). All 4 patients were in age-group 3
(>30 years). The likelihood that this distribution
was due to chance was small (P <0.02). For all
patients treated with any of the 4 antibiotics in this
study, the frequencies of therapeutic failure in age-
groups 1, 2, and 3 were 3.2%, 6.30% and 15.0%,
respectively (X2 = 9.381; P<0.005). On the other
hand, in untreated patients there were no significant
differences between the 3 age-groups in frequency
of prolonged diarrhoea (54.5 %, 58.8 %, and 65.8 %,
respectively; x2 = 0.754; P> 0.60). These findings
indicate that in some patients the age of the patient
appeared to modify the response to antibiotic
therapy.

Sex. There were no significant differences in du-
ration of diarrhoea or positive culture between males
and females in antibiotic-treated or control patients.

Duration of symptoms before admission. In order
to determine whether early admission to hospital
soon after onset of diarrhoea would affect the course
of the untreated illness or the response to antibiotics,
the control and tetracycline patients were divided
into 4 subgroups determined by interval between
symptomatic onset and admission (Table 5). As

TABLE 5
DURATION OF SYMPTOMS PRIOR TO ADMISSION AND SUBSEQUENT COURSE

Hours from onset of symptoms to admission

0-8 8-16 16-24 > 24

Untreated patients

Number of patients

Mean admission plasma protein (g/100 ml)

Mean duration of diarrhoea (days)

Mean duration of positive culture (days)

18

11.1

4.6

6.1

38

11.3

4.4

6.4

28

10.5

3.5

5.3

10

10.2

3.1

4.2

Tetracycline-treated patients

Number of patients 24 58 23 19

Mean admission plasma protein (g/100 ml) 11.2 10.9 10.8 10.4

Mean duration of diarrhoea (days) 2.3 1.7 2.1 1.9

Mean duration of positive culture (days) 3.2 2.6 2.1 3.0
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previously stated, antibiotic treatment was begun
at the time of admission in all patients receiving
antimicrobial agents. Control patients admitted a

short time after onset of symptoms tended to have
longer duration of diarrhoea and positive culture.
No consistent trend was observed in the tetracycline-
treated cases. It is apparent from Table 5, however,
that mean plasma protein levels were higher in
patients admitted within the first 16 hours after
onset in both the control and the tetracycline
groups. In fact, for the entire series of patients there
was a statistically significant inverse correlation
between plasma protein level and length of time
between onset and admission (r = -0.180; n = 310;
P <0.005). The association of early admission to
hospital with severe dehydration suggests that
fulminating disease with massive purging often
necessitated early admission. Since severity of
dehydration also affects the duration of symptoms
in antibiotic-treated patients (Table 3), patients
treated " early " after onset of disease did not have
shorter duration of diarrhoea.

Comparison of tetracycline regimens

The results of treatment with the various tetra-
cycline dosage schedules used are shown in Table 6.

There were no significant differences between the
various subgroups in incidence of absent pulses,
or mean plasma protein levels, though the patients
receiving 250 mg 6-hourly for 72 hours were on the
average slightly less dehydrated than the others on

admission. In each of the 5 tetracycline dosage
subgroups, the duration of diarrhoea, frequency of
prolonged diarrhoea, and duration of positive
culture were significantly less (P <0.001) than in the
untreated controls. When the tetracycline subgroups
are compared, however, there were no significant
differences between the various regimens in these
criteria of therapeutic response. Increasing the dose
of the antibiotic to 2 or 3 times that usually admin-
istered did not appear to enhance its therapeutic
action. Therapeutic failures occurred in patients
treated for 2 days as well as in those treated for
4 days. The smallest mean total stool volume was

seen in the group receiving 1 g/day for 72 hours;
however, this group was relatively less dehydrated
on admission. The incidence of bacteriological
relapse was higher in the patients treated for
48 hours with 2 g/day than in those treated for
72 hours with 1 g/day (P <0.05). However, 4 of 16
patients treated for 96 hours relapsed bacteriologi-
cally. Treatment with antibiotics for up to 4 days,

TABLE 6. COMPARISON OF VARIOUS TETRACYCLINE DOSAGE SCHEDULES

Tetracycline dosage

500 mg 750 mg 500 mg 250 mg 250 mg No
6-hourly for 6-hourly for 6-hourly for 6-hourly for 6-hourly for Ne48 hours 48 hours 72 hours 72 hours 96 hours tetracycline

Number of patients 37 12 13 46 16 94

Number pulseless 16 (43.2 %) 7 (58 %) 8 (62 %) 18 (39.1 %) 11 (68.8 %) 42 (44.6 %)

Mean admission plasma protein (g/100 ml) 10.9 11.1 11.3 10.5 11.1 10.8

Duration of diarrhoea

Mean days 2.0 2.2 2.2 1.7 2.0 4.0

Mean 8-h periods 6.1 6.6 6.7 5.2 6.1 12.0

Diarrhoea 2 4 days 1 (2.7 %) 1 (8 %) 0 0 2 (12.5 %) 57 (60.6 %)

Clinical relapses 0 0 0 0 0 2

Mean total stool volume (I) 8.5 10.7 10.7 6.0 8.9 21.5

Mean days of positive culture 2.7 2.7 2.7 2.3 3.4 5.8

Bacteriological relapses 11 (29.7 %) 3 (25 %) 3 (23 %) 4 (8.7 %) 4 (25 %) 8 (8.5 %)
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therefore, will not necessarily eliminate the organism
from the body. In contrast, there were no clinical
relapses in any of the patients receiving tetracycline
for 2, 3, or 4 days.

Bacteriological resistance

The possibility that bacteriological and clinical
failures or recurrences could be due to the presence
or development of antibiotic-resistant vibrios was

investigated. In 15 antibiotic-treated patients who
had prolonged duration of positive culture usually
associated with therapeutic failure and bacterio-
logical or clinical relapse, vibrios from stool cultures
taken on admission and late in the course of the
illness were tested for quantitative in vitro sensitivity
to the antibiotic employed (Table 7). Though several
of the patients included in Table 7 were in the group
weighing less than 15 kg (to be analysed in a sub-
sequent paper), they are included here for purposes
of discussion in view of the similar findings in adults
and children. In every case the organisms were

originally sensitive to the antibiotic received by the
patient. Bacterial resistance developed in none;

the minimal concentrations of the relevant antibiotic
required to inhibit vibrio growth were similar in the
admission and late cultures in each of the cases.

Time of onset of therapeutic action
While the average cholera patient treated with

tetracycline given 6-hourly reaches the "end of
diarrhoea" in about 2 days, it would be of interest
to know how soon a beginning therapeutic effect is
manifest after antibiotic therapy is initiated. In
two studies on small groups of patients reported by
Carpenter et al. (1966), the first 24-hour stool
volumes were less in treated patients than in untreated
controls, though the differences were not statistically
significant. In order to obtain more information on

this question, a separate analysis was performed of
consecutive 8-hourly stool volumes of severely
dehydrated cholera patients admitted to our ward
over a period of one year. All patients with docu-
mented V. cholerae infection admitted in a pulseless
state and weighing over 15 kg in whom there was
reasonable certainty of separate collection of stool
and urine were included in the analysis. Two groups

TABLE 7
ANTIBIOTIC SENSITIVITIES OF VIBRIOS OBTAINED EARLY AND LATE IN THE COURSE OF THE DISEASE

Minimal inhibitory
Relapse antibiotic concentration

Patient Diarrhoea Days Antibiotic (p/ml)
No. > 4 days Bacte positive received

Bactpri- Clinical ~~~~~~~~~First-day Last positive
ological Inica culture culture

1686 + + 0 10 Tetracycline 0.625 0.625

1702 + + 0 5 Tetracycline 1.25 1.25

1366 + + 0 8 Chloramphenicol 0.625 0.625

1406 + 0 0 6 Chloramphenicol 1.25 1.25

1657 + + + 9 Chloramphenicol 1.25 1.25

1814 + + 0 6 Chloramphenicol 1.25 1.25

1386 + 0 0 6 Streptomycin 20 10

1388 + + 0 6 Streptomycin 20 20

1390 0 0 + 4 Streptomycin 10 10

1440 + 0 0 6 Streptomycin 20 20

1442 + 0 0 8 Streptomycin 20 20

1448 0 + 0 3 Streptomycin 20 20

1377 + 0 + 7 Paromomycin 10 10

1378 + + 0 7 Paromomycin 20 10

1427 + + + 9 Paromomycin 10 10
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FIG. 2
8-HOURLY STOOL VOLUMES OF UNTREATED AND TETRACYCLINE-TREATED CHOLERA PATIENTS
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were considered: 28 patients treated with 6-hourly
tetracycline for 72 or 96 hours, and 32 controls who
received no chemotherapy. There were no significant
differences between control and tetracycline groups
in sex, age, weight, duration of symptoms, and
severity of dehydration. Mean 8-hourly stool output
in the 2 groups after the first collection period is
expressed in ml/kg in Fig. 2. Since patients are
admitted at various times during a given 8-hour
collection of the ward routine, the first collection
period was less than 8 hours in most cases (mean of
4.3 hours for antibiotic-treated and 4.9 hours for
controls). There was no difference in the stool volume
between the 2 groups during this first period
(44 ml/kg as against 45 ml/kg; not shown in Fig. 2).
During the second collection period (i.e., a mean
of 5-13 hours after admission) the stool output was
less in the antibiotic-treated group (Fig. 2) though
the difference between the means was not statistically
significant (P> 0.10). During the third period (13-21
hours after admission) the difference was significant
(P <0.025), and became progressively greater with
time (Fig. 2; P <0.005 for the fourth period, and
P <0.001 for subsequent periods). These findings
suggest that the therapeutic effect of tetracycline
in cholera begins to be apparent within a few hours
of its administration.

DISCUSSION

These controlled studies of the effect of antibiotic
therapy on cholera, conducted on a large series of

consecutive patients admitted to hospital under
epidemic conditions, confirm and extend the findings
of recent pilot investigations on smaller numbers of
selected patients (Greenough et al., 1964; Carpenter
et al., 1966). Orally administered tetracycline given
in brief courses for 2, 3, or 4 days has again been
shown to reduce markedly the duration of diarrhoea,
stool volume, intravenous fluid requirement, and
duration of positive culture in comparison with
control patients who received no antimicrobial
therapy. In addition, similar results have been
obtained in adults receiving chloramphenicol.
Streptomycin was found to exhibit a definite thera-
peutic effect, but significantly less than that obtained
with either tetracycline or chloramphenicol. The
course of cholera in patients treated with paromo-
mycin did not differ significantly from that in
patients who received no antibiotic.

Analysis of the data obtained also indicated a
significant relationship between certain factors (age
and severity of dehydration at admission) and dura-
tion of illness. The effect of age was apparent only
in patients treated with antibiotics. Older patients
receiving tetracycline or chloramphenicol tended to
have more prolonged diarrhoea (Table 4). Similar
effects of age have been noted in other infections,
such as pneumococcal pneumonia, where the mor-
tality rate in penicillin-treated (as well as in un-
treated) patients increases progressively with increas-
ing age (Dowling & Lepper, 1951). None the less,
in our study antibiotic therapy significantly affected
the course of illness in patients in all age-groups,
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and with varying degrees of initial dehydration. The
beneficial effect of tetracycline was apparent within
a few hours of initiation of therapy. Similar thera-
peutic results were obtained in patients treated with
tetracycline for 2, 3, or 4 days, and with total daily
doses of Ig, 2g, or 3g.
During the cholera epidemics in Dacca in 1964-65

and 1965-66, the mean duration of diarrhoea in
patients not receiving antibiotics was 3.96 days in
1964-65, and 4.06 days in 1965-66, an average of
4.01 days for the entire series. In patients receiving
tetracycline or chloramphenicol, the mean duration
of diarrhoea was approximately half that seen in the
controls (Fig. 1 and Table 1). However impressive
these mean values may be, they do not indicate
whether all antibiotic-treated patients responded to
therapy. Therefore, the concept of " therapeutic
failure ", or diarrhoea lasting 4 days or more (i.e.,
equal to or longer than the duration in the average
untreated patient) was introduced. Such therapeutic
failures were seen in 33 % of those treated with
paromomycin, 27% of those given streptomycin,
4.5% of those given chloramphenicol, and 3.2% of
those given tetracycline. Thus, even with the latter
two antibiotics, which gave generally excellent results,
there were a few patients who had prolonged and
copious diarrhoea (in the most striking-instance, a
patient treated with 500 mg of tetracycline 6-hourly
for 48 hours had diarrhoea lasting 7.3 days, with a
total stool volume of 84.3 litres), The 7 patients
receiving chloramphenicol or tetracycline who had
diarrhoea for 4 days or longer were all severely
dehydrated on admission, and 6 of the 7 were
30 years of age or more. These therapeutic failures
were not associated with resistant bacteria (Table 7).
It is possible that the duration of therapy employed
(2 to 4 days) was inadequate to control the infection
in these cases, and that more prolonged therapy
should be considered in patients in the older age-
groups presenting with severe dehydration.
Another unsatisfactory feature of the therapeutic

regimens used was the high frequency of bacterio-
logical relapse in all the antibiotic-treated groups
(Table 2). That this is related to antibiotic therapy
is indicated by the significantly lower frequency of
bacteriological relapse in the control patients and
by the pattern of relapse. In the typical patient with
bacteriological recurrence, stool cultures became
negative on the second or third day of antibiotic
therapy, and became positive again 1-3 days after
cessation of antibiotic treatment. In most, cultures
were positive for 1 or 2 days after relapse, and

persistently negative thereafter, although occasional
patients remained positive until the 10th hospital
day. These findings suggest that the organisms may
have been suppressed rather than eradicated by the
short courses of therapy given in this study. Pro-
longed excretion of vibrios has also been noted by
other observers in patients receiving abbreviated
courses of antibiotics (Pollitzer, 1959; Kobari, 1965;
Uylangco et al., 1965; Carpenter et al., 1966; Gan-
garosa et al., 1966). In our experience with tetra-
cycline and chloramphenicol, bacteriological relapEe
was not associated with clinical relapse. Therefore
the significance of bacteriological relapse is related
to its potential public health implications. Thus if
patients are discharged from hospital after "end
of diarrhoea" following short-term antibiotic
therapy, some of them will shed vibrios again after
their return home, possibly contributing to the
further spread of cholera. It is unknown, however,
whether prolonged treatment with antibiotics will
reduce or eliminate the phenomenon of recurrent
positive cultures, or whether, as with typhoid fever,
infection in some patients cannot be eradicated
despite prolonged, intensive antimicrobial therapy.

It must be emphasized that antibiotics, while
shortening the course of clinical illness and thereby
reducing the total amount of intravenous fluid
required, act as an adjunct to, rather than a substitute
for, intravenous fluid and electrolyte replacement.
The average patient treated with tetracycline or
chloramphenicol required approximately 12 litres
of intravenous fluid (Table 2) to match faecal and
insensible losses. Whether or not antimicrobial
agents are given, the dehydrated patient with cholera
requires parenteral fluids until watery diarrhoea has
ceased or has become markedly reduced in quantity.

CONCLUSIONS

As a result of these and previous studies, our
present understanding of the antibiotic therapy of
cholera in adults may be briefly summarized. Excel-
lent results have been obtained with the oral admi-
nistration of tetracycline or chloramphenicol for 48
hours or longer. Similar results are seen with low-
and high-dosage therapy. A minority (3 %-5 %) of
patients treated with these antibiotics for 2-4 days
will have prolonged diarrhoea, and a greater number
(about 250%) will have recurrence of positive stool
culture after antibiotics are stopped.

In an epidemic situation where supplies of anti-
biotics or financial resources are limited, 95% of

881



882 J. LINDENBAUM, W. B. GREENOUGH & M. R. ISLAM

patients can be successfully managed clinically with
48 hours of tetracycline or chloramphenicol admin-
istration. We would recommend that therapy be
continued beyond 48 hours until the end of diarrhoea
in those patients who still are actively purging after
48 hours of treatment. In situations in which these
antibiotics are not available in sufficient quantity,
streptomycin may be used. Paromomycin is not
recommended. Sulfaguanidine has been shown to
be of no value in a recent study (Lindenbaum
unpublished). Further evaluation is required of

other drugs active against vibrios, such as erythro-
mycin and the nitrofurantoins, reported in recent
brief communications to be effective in small series
of cases (Kobari, 1965; Chaudhuri et al., 1965).
Whether or not prolonged therapy (for 7-10 days

or more) with agents such as tetracycline or chloram-
phenicol will eliminate bacteriological recurrence is
uncertain. It is clear from these and previous studies
that several practical regimens of antibiotic therapy
of cholera have been proven to be effective, but the
ideal, or optimal, regimen is yet to be established.
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RtSUMt

De recents essais cliniques menes a Dacca (Pakistan
oriental) et A Calcutta (Inde) ont demontre l'efficacite de
la tetracycline en tant que traitement d'appoint du
cholera completant les mesures therapeutiques destinees
A pallier la deshydratation et la perte d'electrolytes.
L'enquete actuelle, portant sur 318 cas de cholera avere
survenus durant les epidemies de 1964-1965 et de 1965-
1966, etudie l'action de quatre antibiotiques donnes par
voie orale suivant differents schemas.

L'administration de tetracycline ou de chloramphenicol
pendant 48 heures ou plus abrege de fagon significative la
duree de la diarrh&e; en outre, le volume des selles est
davantage reduit, la positivite des cultures est moins
tenace et il faut injecter moins de liquide de remplacement
que chez les sujets temoins traites uniquement par
rehydratation. L'activite therapeutique de la strepto-
mycine est egalement appreciable, mais moins nette que
celle des deux autres antibiotiques. La paromomycine n'a
quasiment aucune action.
On note une correlation franche, independante de

l'administration d'antibiotiques, entre la gravite de la
deshydratation au moment de l'admission du malade et
la duree de la diarrhee. Cette derniere, chez les patients
traites par antibiotiques, est d'autant plus persistante
que le sujet est plus age. L'administration de doses de

tetracycline deux a trois fois superieures aux doses habi-
tuelles, de meme que la prolongation du traitement pen-
dant 4 jours (au lieu de 2) n'ameliorent pas les resultats
therapeutiques. L'action de la tetracycline se manifeste
dans les quelques heures qui suivent l'instauration du
traitement.
Une minorite (3 a 5 %) des malades traites par la

tetracycline ou le chloramphenicol pendant 2 it 4 jours
ont presente de la diarrhee pendant 4 jours ou plus.
D'autre part, dans environ 25 % des cas, les cultures de
selles sont redevenues positives apres l'interruption du
traitement; ces rechutes bacteriologiques n'etaient pas
dues a I'apparition de germes resistants, comme l'ont
montre les epreuves de sensibilite in vitro.

Les auteurs estiment que si une epidemie de cholera
survient alors que les ressources financieres ou l'approvi-
sionnement en medicaments sont limites, on peut traiter
efficacement 95% des malades en leur administrant de Ia
tetracycline ou du chloramphenicol pendant 48 heures.
Lorsque la diarrhee persiste apres 48 heures, l'emploi
des antibiotiques doit etre poursuivi jusqu'a la disparition
du sympt6me. Si les antibiotiques de choix font defaut,
on peut utiliser la streptomycine. Quant au schema
optimal d'administration des antibiotiques, il reste encore
a definir.
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