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The Use of Oral Replacement Solutions
in the Treatment of Cholera and Other Severe

Diarrhoeal Disorders*
R. B. SACK, J. CASSELLS, R. MITRA, C. MERRITT, T. BUTLER,

J. THOMAS, B. JACOBS, A. CHAUDHURI & A. MONDAL

Despite the progress that has been made in the treatment of cholera, mortality rates
from this disease remain high in rural areas where intravenousfluids arenot readily available.
The authors have therefore conducted controlled studies into the efficacy of a simpler form
of maintenance therapy-the administration of glucose-containing electrolyte solutions by
mouth. The results obtained from the study of Si adult patients (36 with cholera and 15
with severe non-cholera diarrhoea) indicate that oral fluids are adequate for maintenance
therapy in cholera and severe diarrhoeal disease, and that there is no significant increase
in the duration of diarrhoea or in the stool volume in patients receiving such therapy.

The addition of a non-specific adsorbent, charcoal, to the fluid led to a significant
increase in the volume of diarrhoeal stools and to prolongation of vibrio excretion; its use
is therefore not recommended. The use of oral replacement solutions should result in
improvement of cholera treatment of adults in rural areas and in a reduction in the cost
of treatment.

In spite of recent improvements in therapy, the
mortality rate from cholera remains high in rural
areas where intravenous fluids are not readily
available. For adequate treatment to be effectively
delivered to these areas, a simpler and cheaper
method of fluid replacement is essential.
During the past six years, clinical studies have

demonstrated that cholera patients can absorb ade-
quate quantities of sodium chloride when this is
given by mouth in a glucose-containing solution
(Phillips, 1964; Love, 1965; Hirschhorn et al., 1968).
Studies at this centre over the past three years have
demonstrated the efficacy of such fluids in therapy
and have indicated what the optimum concentrations
of electrolytes and glucose should be (Pierce et al.,
1968, 1969). Studies in East Pakistan have also
demonstrated the usefulness of glucose-containing
electrolyte solutions in therapy, both in the hospital
and in a rural setting (Nalin et al., 1968, 1969).
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Research and Training, the Infectious Diseases Hospital and
the Calcutta School of Tropical Medicine, Calcutta, India.
This investigation was supported by US Public Health Service
Research Grant No. SR07TWO0141-08CIC and by funding
under US Public Law 480, Section 104 (c), Agreement 5x4317.

The present report is of a controlled study of
oral fluids as maintenance therapy in hospitalized
patients. In-addition to defining more accurately
the efficacy of oral treatment, it was performed in
such a way that the therapeutic effect of a non-
specific adsorbent, charcoal, could be determined.
The latter was felt to be of significance because
non-specific adsorbents have been advocated in the
treatment of cholera (Pollitzer, 1959) and have been
shown to bind cholera toxin effectively (Finkelstein,
1965).

MATERIALS AND METHODS

Patients
All patients were adult males (above the age of

15 years) admitted to the cholera wards of the
Infectious Diseases Hospital, Calcutta, during April,
May and June 1969. All had a history of watery
diarrhoea of less than 24 hours' duration, and none
had received antibacterial medication prior to hos-
pitalization. At the time of admission all patients
demonstrated severe saline depletion, with supine
systolic blood pressures less than 86 mm Hg, and
plasma specific gravities (PSG) above 1.032.
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On admission each patient was weighed to the
nearest 0.1 kg and placed on a "cholera bed"for
the separate collection of stools and urine. Measure-
ments of blood pressure, pulse, respiration, stool
volume and urine volume were made every hour
throughout the course of the study. The studies
were terminated with cessation of diarrhoea, which
was defined as having occurred when no liquid
stool was passed in a 12-hour period. During the
study, oral intake was limited to the fluids specified;
thereafter, food and liquids were given ad libitum.

Biochemical studies
On admission, before initiation of therapy, 20 ml

of femoral arterial blood were drawn into a hepari-
nized syringe for determination of pH, bicarbonate,
PSG, sodium, potassium and chloride. Immediately
after collection, blood pH was measured with a
Radiometer expanded-scale pH meter, Model 27,
with micro-electrode, and plasma bicarbonate con-
centration with a Van Slyke volumetric apparatus.
A temperature-corrected total solids meter (Ameri-
can Optical Company) was used to measure the PSG.
Plasma was frozen at -20°C for later determina-
tions of sodium and potassium with a Patwin flame
photometer, with internal lithium standard, and
chloride with a Buchler-Cotlove chloridometer.

Further arterial blood samples were taken 3 hours
after admission (at the time the patients were
assigned to treatment groups) and at 12-hour inter-
vals thereafter for as long as diarrhoea continued.

Treatment studies
For the first 3 hours after admission, all patients

received intravenous fluids (Lactofusol, Vifor; sodi-
um, 154 mEq/l; chloride, 103 mEq/l; lactate,
51 mEq/l) to replace the initial fluid deficit and
measured stool losses. At the end of 3 hours, each
patient was assigned on a strictly random basis by
the use of precoded envelopes to one of three
treatment regimens:

A. Control group. Intravenous fluids (Lactofusol) were
continued as replacement therapy throughout the course
of illness. Small measured amounts of oral water were
given ad libitum and recorded.

B. Oral treatment group. AUl stool losses were replaced
by an oral electrolyte solution taken by month. The
solution was given at the rate of 600 ml per hour during
the first 4 hours, then hourly in a ratio of 1.5 volumes of
oral fluid for every 1.0 volume of stool output.
C. Oral-charcoal treatment group. All stool losses were

replaced as in group B, except that activated charcoal
(Merck) 5.0 g/100 ml was added to the oral fluid for the

first 4 hours only of oral therapy. (Each patient thus
received 120 g charcoal during this period.) Thereafter
the patients were treated with oral fluids exactly as in
group B.

Oral tetracycline (Hoestocycline) therapy was
begun 3 hours after admission in all patients, in a
dose schedule of 500 mg every 6 hours for 8 doses.

Potassium replacement was not given during the
course of the studies.
Throughout the study period, venous blood sam-

ples were drawn every 3 hours after admission for
determination of PSG. If the PSG rose above 1.032,
additional intravenous fluids were given to correct
the saline depletion, and bring the PSG near the
normal range of 1.025.

Oral solution. Oral fluids were designed, based on
the previous year's study (Pierce et al., 1969) to be
nearly isotonic and to contain 120 mmol/l glucose.
The electrolyte concentrations (Na 90 mEq/l; Cl
60 mEq/l, HCO3, 30 mEq/l) were accordingly assigned
values approximately two-thirds of those in the
cholera stools. The excess free water in the solution
was felt to be more than adequate to replace sensible
and insensible water loss.

Oral fluids were prepared in 5-litre amounts by
weighing out the appropriate quantities of locally
obtained sodium chloride (3.50 g/l), sodium bicar-
bonate (2.52 g/l) and glucose (21.6 g/l) on a triple-
beam balance (Ohaus, Dec-o-gram) and dissolving
the material in deionized distilled water. Aliquots
from each 5-litre batch were used for determining
concentrations of sodium, chloride, glucose (by the
glucose-oxidase method) and osmolarity (measured
with a Fiske Osmometer). Appropriate amounts
of charcoal were added to the fluids not longer than
1 hour prior to use in group C patients.

Bacteriological studies

Liquid stools were collected on admission by a
sterile rectal catheter, and either plated directly, or
sent refrigerated to the central laboratory at the
Calcutta School of Tropical Medicine and plated
within 3 hours. Direct plating was done on TCBS
agar (Baltimore Biological Laboratories), bile salt
agar, Salmonella-Shigella (SS) agar (Baltimore Bio-
logical Laboratories), and McConkey agar (Difco).
Alkaline peptone water (pH 9.2) enrichment for
6 hours was followed by plating on TCBS agar and
bile salt agar. Selenite F broth (Difco) enrichment
was carried out for 24 hours, after which plating
was done on SS agar and McConkey agar. All
suspect colonies were identified by standard bio-
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chemical methods. All vibrios isolated were agglu-
tinated in group- and type-specific 0 cholera anti-
serum; polymyxin-B sensitivities were determined
with 50-IU discs (Difco).

Quantitative vibrio counts were made by plating
10-fold dilutions of stool in phosphate-buffered saline
on TCBS agar plates. Plating was done either by
the drop-plate technique (Miles & Misra, 1938),
using measured capillary pipettes, or by spreading
0.1-ml aliquots on the surface of the media.

Quantitative vibrio counts were done on admis-
sion, and at 15 and 27 hours after admission.
If liquid stools could not be obtained at these times,
qualitative cultures from rectal swabs were made.
Rectal swabs were thereafter cultured daily until
the patient had 3 cultures negative for Vibrio
cholerae.

Sodium balance studies

Twenty-four-hour sodium balance studies were

performed in 20 cholera patients, distributed among
the three treatment groups. Only patients whose
entire sodium intake during the 24 hours was by
a single route were studied; the balances were all
performed from the 3rd to the 27th hour after
admission. The patients' weights were taken at the
beginning and end of the period, and aliquots of
stool, urine, and vomitus passed during the interval
were measured for sodium content. The sodium
balance was calculated as the difference between
the total intake and output of sodium during this
time. Sodium losses in sweat were not measured.

Based on the results of the stool cultures, the
patients have been divided into two clinical groups

for analysis: "cholera" and "non-cholera"; the
latter group includes those patients harbouringNAG
vibrios.

Composition of oral fluids
A summary of the chemical analyses of the oral

fluid administered is given in Table 1. It should be
noted that the chemically determined chloride and
glucose were both slightly less than the calculated
amounts.

COMPOSITION
TABLE I

OF ORAL ELECTROLYTE SOLUTION

No. of 5-litre Mean value
batches analysed' Component (± 95 %

I ~~~~~~confidence limits)

77 Sodium (mEq/l) 90.0 ± 1.0

77 Chloride (mEq/l) 56.3 ± 0.6

Bicarbonate (mEql1) 30 a

78 Glucose (mmolIl) 115.0 ± 0.8

65 Osmolarity (mOsmIl) 303.2 ± 2.4

a Calculated value.

To determine the effect of charcoal on the fluid
composition, 10 separate assays were done, before
and after the addition of charcoal. The charcoal-
containing fluid was kept at room temperature for
30 minutes, centrifuged, and the supernate assayed
as described. Table 2 indicates that the addition of

RESULTS

Fifty-eight patients were admitted to the study.
There was no mortality.

Bacteriological diagnoses

Stool cultures indicated that 41 patients harboured
cholera vibrios, 11 non-agglutinable vibrios (NAG),
and 1 an Aeromonas organism. From the remaining
5 patients no organisms recognizable as potential
pathogens were recovered.
On the Vibrio cholerae strains isolated, 16 were

of Inaba and 25 of Ogawa serotypes. All were of
the El Tor biotype, as indicated by resistance to
polymyxin-B (Gan & Tjia, 1963); they were also
chick-cell positive and phage-IV-resistant. Of the
NAG vibrios isolated, 8 were of Heiberg Group I,
and 3 of Heiberg Group VII (Smith & Good-
ner, 1965).

TABLE 2
EFFECT OF CHARCOAL ON THE COMPOSITION

OF ORAL FLUIDS

Mean values'(+ SD) for 10 lots
analysed

Component
Before addition After addition

of charcoal of charcoal a

Sodium (mEq/l) 89.8 ± 0.5 89.2 ± 0.6

Potassium (mEq/1) 0 9.7 b ± 0.4

Chloride (mEq/l) 57.7 t 1.0 57.5 + 0.6

Glucose (mmol/l) 121.2 + 0.9 97.2 b : 0.5

Osmolarity (mOsmIl) 298 ± 1.4 287 b [± 1.0

a Assays done 30 minutes after mixing, following centrifuga-
tion.

b Significantly different (P <0.05) from paired value.
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COMPARISON OF TREATMENT
TABLE 3

GROUPS OF CHOLERA PATIENTS ON ADMISSION

Mean values (and SE)

Patients later
A. Control B. Oral C. Oral-charcoal eliminated from study(n=14) (n=13) (n=9) (n=5)

Age (years) 35.9 (3.7) 41.2 (2.9) 42.8 (3.7) 49.8 (8.2)

Weight (kg) 39.0 (1.0) 39.2 (1.5) 39.9 (1.6) 38.0 (2.8)

Duration of symptoms before
admission (h) 10.4 (0.9) 11.3 (1.2) 8.5 (1.1) 13.4 (3.7)

Systolic blood pressure (mm
Hg) 57 (9) 66 (4) 64 (4) 41 (17)

Blood pH 7.20 (0.021) 7.19 (0.028) 7.16 (0.026) 7.23 (0.024)

Plasma specific gravity 1.041 (0.0006) 1.040 (0.0006) 1.039 (0.0010) 1.038 (0.0013)

Plasma sodium (mEq/l) 136 (1.1) 137 (1.2) 138 (1.4) 137 (4.5)

Plasma potassium (mEq/l) 5.5 (0.3) 5.5 (0.3) 4.8 (0.4) 5.5 (0.5)

Plasma chloride (mEql1) 105 (1.7) 104 (1.1) 105 (1.8) 105 (2.3)

Plasma bicarbonate (mEq/l) 7 (0.7) 8 (1.2) 10 (1.5) 10 (2.1)

charcoal (a) significantly added potassium to the given in Tables 3 and 4. No significant difference
solution, (b) adsorbed a significant amount of glu- between the groups was noted in any of the
cose, and (c) decreased the total osmolarity by about parameters measured.
15 mOsm/l. Patients eliminatedfrom the study

Comparability of treatment groups Seven of the 58 patients admitted to the study
The comparison of clinical parameters among the were later excluded for various reasons. Two

three treatment groups at the time of admission is patients had been given incorrectly prepared oral

TABLE 4
COMPARISON OF TREATMENT GROUPS OF NON-CHOLERA PATIENTS

ON ADMISSION

Mean values (and SE)

A. Control B. Oral C. Oral-charcoal
(n= 6) (n=4) (n=5)

Age (years) 38.3 (5.2) 25.8 (2.8) 39.8 (5.9)

Weight (kg) 43.2 (1.3) 43.8 (2.5) 39.8 (2.3)

Duration of symptoms before
admission (h) 7.3 (1.3) 11.3 (3.4) 8.6 (3.1)

Systolic blood pressure
(mm Hg) 63 (6) 76 (5) 58 (5)

Blood pH 7.27 (0.034) 7.26 (0.006) 7.25 (0.042)

Plasma specific qravity 1.036 (0.0016) 1.039 (0.0016) 1.037 (0.0014)

Plasma sodium (mEq/l) 136 (1.8) 136 (1.1) 138 (0.4)

Plasma potassium (mEq/l) 4.6 (0.2) 5.1 (0.6) 4.7 (0.6)
Plasma chloride (mEq/l) 107 (1.3) 106 (1.8) 104 (2.5)
Plasma bicarbonate (mEq/l) 10 (1.2) 7 (1.9) 7 (2.1)
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fluids (one patient was from the cholera, oral
group, and the other was from the non-cholera,
oral-charcoal group). Two patients (both from the
cholera, oral-charcoal group) were found uncoopera-

tive in maintaining stool collections. Two patients
(also both from the cholera, oral-charcoal group)
refused to take oral fluids. One patient (non-cholera,
oral group) who demonstrated a phenomenon in
which stool output seemed to be regulated only by
a high oral intake, will be discussed later in detail.
That the 5 cholera patients among this group did
not differ clinically from the others studied is
indicated by the values found on admission, shown
in Table 3 (the values for the 2 non-cholera patients
are not given separately but did not differ signifi-
cantly from the other groups).

Therefore only 51 patients (36 cholera and 15 non-

cholera) were studied satisfactorily throughout their
course of illness, and the results from these patients
will be presented in detail.

Effectiveness of oral therapy in cholera patients

A comparison of blood pH, PSG and electrolyte
concentrations at 3, 15, 27 and 39 hours after

admission for all three treatment groups is given
in Table 5. As can be noted, normal fluid and
electrolyte balance was equally well maintained in
the different cholera treatment groups during this
period of time.
Although the mean values showed no significant

differences, there were 3 " treatment failures " that
require comment.

Patient 114 (oral group) was poorly responsive
early in the course of his illness, and temporarily
refused to take oral fluids. His PSG increased to
1.034 and he was given 3.0 litres of additional
intravenous fluids over a 6-hour period. Thereafter
he was successfully maintained on oral fluids alone
while drinking a total of 18 litres.

Patient 131 (oral-charcoal group) was unable to
drink the charcoal-containing fluid because of exces-

sive vomiting. His PSG rose to 1.036 and he was

given 4.0 litres of supplemental intravenous fluid.
Thereafter he was able to drink 19 litres of oral
fluid (not containing charcoal) and to maintain
hydration adequately.

Patient 153 (oral-charcoal group) had moderate
saline depletion at the end of the first 3 hours. He

TABLE 5

COMPARISON OF ARTERIAL BLOOD FINDINGS DURING THE COURSE OF ILLNESS IN CHOLERA PATIENTS

1Treatment Mean values (and SE) at indicated time after admission b
group a 3 hours 15 hours | 27 hours 39 hours

Blood pH A 7.36 (0.010) [13] 7.41 (0.010) [13] 7.38 (0.011) [13] 7.38 (0.011) [8]
B 7.38 (0.018) 7.39 (0.015) 7.39 (0.014) 7.39 (0.031) [7]
C 7.35 (0.012) 7.36 (0.012) 7.37 (0.015) 7.35 (0.012) [4]

Plasma specific gravity A 1.027 (0.0006) 1.027 (0.0003) 1.026 (0.0003) 1.026 (0.0006) [9]
B 1.026 (0.0005) 1.026 (0.0007) 1.026 (0.0003) [12] 1.026 (0.0003) [7]
C 1.027 (0.0007) 1.026 (0.0005) 1.025 (0.0004) 1.026 (0.0002) [5]

Plasma sodium (mEq/l) A 137 (1.2) 139 (1.0) 137 (1.1) 139 (1.1) [9]
B 139 (1.1) 137 (1.2) 134 (1.5) [11] 135 (2.2) [7]
C 140 (1.4) 138 (1.6) 136 (2.1) 137 (1.8) [5]

Plasma potassium (mEq/l) A 3.6 (0.1) 3.4 (0.2) 3.2 (0.1) 3.3 (0.1) [9]
B 3.4 (0.1) 3.1 (0.1) 3.0 (0.1) [11] 2.8 (0.2) [7]
C 3.6 (0.1) 3.0 (0.1) 3.0 (0.2) 3.0 (0.2) [5]

Plasma chloride (mEq/l) A 102 (1.3) 101 (1.2) 103 (1.2) 103 (1.4) [9]
B 102 (1.7) 100 (1.1) 100 (2.6) [11] 97 (4.0) [7]
C 107 (2.5) 100 (2.2) 100 (1.9) 100 (1.0) [5]

Plasma bicarbonate (mEq/l) A 17 (0.8) 21 (1.1) 22 (0.7) 21 (1.3) [9]
B 18 (0.9) 21 (1.4) 23 (0.9) [12] 20 (1.8) [7]
C 19 (0.6) 21 (0.8) 21 (1.0) 19 (1.3) [5]

a A = Control group (14 patients); B = oral treatment group (13 patients); C = oral-charcoal treatment group (9 patients).
b Numbers in square brackets indicate number of patients studied for determination of the value shown, when that number

is less than the entire group.

355



R. B. SACK AND OTHERS

had passed 2.0 litres of stools during this time and
his specific gravity was still 1.030. He was unable
to take the charcoal-containing fluid over the next
several hours because of excessive vomiting, and his
PSG increased to 1.037. He was given 3.5 litres
intravenously to correct the fluid deficit, and there-
after drank 29 litres of oral fluids (not containing
charcoal) without difficulty.
A summary of the total stool output and fluid

replacement given in the different cholera treatment
groups is shown in Table 6. There were no differences
in the duration of diarrhoea between the groups.
Neither was there a significant difference in total
stool output between the control group and the
oral group, or between the oral and oral-charcoal
groups; the stool output in the oral-charcoal group,
however, was more than twice as great as the control
group, a statistically significant difference (P<0.05).

TABLE 6
SUMMARY OF COURSE OF ILLNESS AND TREATMENT

IN THE THREE GROUPS OF CHOLERA PATIENTS

Mean values (and SE)

A, Control B. Oral C. Oral-
(n=14) (n=13) charcoal

Course of illness:

Duration of stool 30.7 (3.6) 32.1 (4.0) 35.0 (4.6)
after admission(h)

Stool output (kg) 4.55 (0.75) 6.12 (1.27) 9.59 (2.23)

Vomiting:
No. patients/total 0/14 3/13 5/9

Volume (I) of vomit - 1.08 0.73

Fluid therapy:

Intravenous (I) a 8.37 (0.69) 3.86 (0.33) 4.53 (0.68)

Oral (1) 1.42 b (0.23) 9.38 (1.56) 3.60 (2.77)

a All patients were given intravenous fluid therapy on
admission to counteract shock.

b Drinking-water in the case of the control group.

Vomiting occurred only in patients receiving oral
fluids, and was most marked in the group receiving
oral fluids containing charcoal.
The intravenous fluid given to both oral treatment

groups was approximately the same (4 litres), a sig-
nificantly smaller amount than that used in the
control group. More oral fluids were given to the
oral-charcoal treatment group than to the oral
group, because of the increased stool output in the
former.
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TABLE 7
COMPARISON OF BLOOD FINDINGS DURING THE COURSE OF ILLNESS

IN NON-CHOLERA PATIENTS

Mean values (and SE) at Indicated time
Treatment after admission
group a

3 hours 15 hours 27 hours

Blood pH A 7.39 (0.026) 7.41 (0.018) 7.38 (0.012)
B 7.36 (0.032) 7.37 (0.017) 7.39 (0.013)
C 7.38 (0.028) 7.40 (0.023) 7.40 (0.032)

Plasma specific gravity A 1.025 (0.0006) 1.025 (0.0006) 1.025 (0.0003)
B 1.025 (0.0006) 1.024 (0.0007) 1.025 (0.0008)
C 1.026 (0.0017) 1.025 (0.0008) 1.024 (0.0005)

Plasma sodium (mEq/1) A 137 (2.1) 136 (1.6) 139 (1.9)
B 141 (1.1) 137 (1.6) 140 (1.8)
C 141 (1.9) 138 (2.0) 136 (1.3)

Plasma potassium (mEq/1) A 3.8 (0.2) 3.6 (0.2) 3.6 (0.2)
B 3.1 (0.1) 3.1 (0.2) 3.3 (0.2)
C 4.1 (0.5) 3.7 (0.3) 3.8 (0.3)

Plasma chloride (mEq/1) A 107 (1.2) 104 (1.6) 106 (1.1)
B 104 (2.8) 101 (2.3) 101 (1.6)
C 104 (1.6) 101 (3.5) 101 (2.6)

Plasma bicarbonate (mEq/l) A 19 (0.7) 22 (1.3) 22 (0.7)
B 21 (1.1) 24 (0.8) 24 (0.9)
C 19 (1.5) 23 (1.0) 21 (1.1)

A control group (6 patients); B = oral treatment group (4 patients); C
treatment group (5 patients).

= oral-charcoal

It should be noted that the control patients took
about 1.4 litres of drinking-water ad libitum during
the course of their illness.
The course of illness in the three cholera treatment

groups as measured by decreasing stool output is
given in Fig. 1. There were no significant differences
in stool output over the first 6 hours. It should be
noted that during the 6-12-hour period, however,
the stool rate of the oral-charcoal group was signifi-
cantly greater (P<0.O1) than that of the other
two groups. Thereafter the differences in stool
rates were not significant, and the regression lines
of the three groups were similar.
The results of the 24-hour sodium balance studies

in the cholera patients are shown in Fig. 2. All the
patients had either positive or only slightly negative
sodium balances, indicating adequate sodium absorp-
tion in the patients receiving oral fluid.

Effectiveness oforal therapy in non-cholera patients
A comparison of blood pH, PSG and electrolyte

concentrations in the non-cholera patients at 3, 15,
and 27 hours after admission is given in Table 7.
All groups were maintained equally well during this

time and there were no " treatment failures " in these
patients.
A summary of the clinical course of illness in

the non-cholera patients is given in Table 8. The
total stool output and the duration of illness were
markedly less in these patients than in those with
cholera, although at the time of admission these
patients were clinically indistinguishable from cholera
patients.
The duration of diarrhoea was not different among

the three groups, and the control and two oral
groups passed stool volumes not significantly dif-
ferent from each other. Vomiting was noted only
in the group receiving charcoal.

Patient 150 (oral non-cholera group) was excluded
from the summary data presented-although he was
maintained well on oral fluids, while putting out a
total of slightly more than 20 litres of stool-because
his stool output was noted to be directly related to
his oral intake. By the 13th hour of admission he
was passing over 1 litre of stool per hour, and
between the 15th and 20th hours he put out 13.2 litres
while drinking 12.7 litres in the same time. During
this time his PSG remained unchanged at 1.025.
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TABLE 8
SUMMARY OF COURSE OF ILLNESS AND TREATMENT
IN THE THREE GROUPS OF NON-CHOLERA PATIENTS

Mean values (and SE)

A. Control B. Oral C. Oral-
(n= 6) (n= 4) charcoal

Course of illness:

Duration of stool
after admission (h) 18.0 (5.5) 19.0 (3.3) 21.0 (6.7)

Stool output (kg) 1.57 (0.60) 1.32 (0.22) 2.97 (1.00)

Vomiting:
No. patients/total 0/6 0/4 4/5

Volume (I) of vomit - - 0.33 (0.17)

Fluid therapy:

Intravenous (I) a 5.36 r (0.85) 3.69 (0.50) 3.40 (0.31)

Oral (I) 0.72 b (0.15) 3.08 (0.13) 5.87 (1.60)

a All patients were given Intravenous fluid therapy imme-
diately on admission to counteract shock.

b Drinking-water in the case of the control group.

Urine output was only 350 ml during the first
24 hours of illness. His oral fluids were abruptly
stopped at the end of the 20th hour, and subsequently
his diarrhoea markedly diminished and stopped
completely in 3 hours.

Bacteriological findings
Table 9 summarizes the stool culture results in

the cholera patients. The mean vibrio count in the
stools on admission was similar in the three groups.
(One of the patients in the control group had a
negative culture on admission and a positive one at
15 hours; this was later discovered to be the result
of an error in technique during the first culturing.)
At 15 and 27 hours after admission, the majority

of the oral-charcoal patients continued to be vibrio-
positive, whereas those in the other two groups
were almost entirely vibrio-negative; these differ-
ences are statistically significant (P<0.05).1 All the
patients who received charcoal were vibrio-negative
by the 4th day.
Table 10 summarizes the NAG vibrio excretion

in 10 non-cholera patients. (One other patient

1 The antibiotic sensitivities of the Vibrio strains that
persisted despite tetracycline treatment were not measured,
but tetracycline-resistant V. cholerae strains are extremely
rare in Calcutta and, in view of the random allocation of
patients to treatment groups, the possibility that only the
oral-charcoal group harboured such strains can be discounted.

TABLE 9
COMPARISON OF VIBRIO CHOLERAE EXCRETION

IN THE THREE TREATMENT GROUPS a

Time [A. Control 1 B. Oral C Oali

Admission 13/14 13/13 9/9

(5.3; 2.0-9.2)b (5.2;1 .0-8.6)b (6.0; 1 .-8.8)b

15 hours 1/14 3/13 7/9 c

27 hours 0/14 0/13 6/9 c

2nd day 1/12 0/11 3/9

3rd day 0/13 0/13 1/9

4th day 0/11 1/9 0/7

5th day 0/2 0/2 0/6

a Results expressed as no. positive/total no. examined.
b Figures in parentheses indicate the mean vibro count

(log.) and the range.
c Significantly different from other two groups; P<0.05.

TABLE 10
COMPARISON OF NON-AGGLUTINABLE VIBRIO

EXCRETION IN THE THREE TREATMENT GROUPS a

I-C. Oral-Time A. Control B.Oral charcoal

Admission 4/4 2/2 4/4

(4.4; <1.0-7.2)b (1.2; <1.0-2.2)b (5.2; <1.0-8.5)b

15 hours 1/4 0/2 4/4

27 hours 0/4 0/2 2/4

2nd day 1/4 - 2!4

3rd day 0/4 0/2 1/3

4th day 0/3 - 1/2

a Results expressed as no. positive/total no. examined.
b Figures in parentheses indicate the mean vibrio count

(log ,o) and the range.

harboured an NAG vibrio in the stools but was
eliminated from the study as noted earlier.) It should
be noted that the oral-charcoal treatment group
became free ofNAG vibrios at a significantly slower
rate than the other two groups.

DISCUSSION

In the treatment of cholera there is no substitute
for the correction of hypovolaemic shock with
intravenous fluids. The present study clearly indi-
cates, however, that once this has been accomplished,
the majority of adults with severe cholera-like diar-
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rhoeal disease can be maintained in normal fluid
balance with oral glucose-containing electrolyte
solutions.
The cholera patients in group B (who received

oral fluids without charcoal) were kept in normal
hydration and acid-base balance, comparable to the
control group receiving intravenous fluid. The large
volumes of oral fluid did not significantly increase
the duration or volume of the stools. The single
treatment failure in this group was due to the
patient's temporary lack of co-operation in drinking
the required large quantities of fluid.
Although cholera patients in group C (who

received oral fluids containing charcoal) were also
maintained in normal fluid balance, they exhibited
(a) frequent vomiting, (b) a significant increase in
total stool output, and (c) a prolongation of vibrio
excretion. The two treatment failures in the group
were due to excessive vomiting of the charcoal solu-
tion, which was not found palatable by the patients.
The increase in stool volume was demonstrated only
during the 6th to 12th hours of therapy; at other
times the stool output was not significantly different
from that of the control patients. From these
observations it is postulated that a significant effect
of charcoal was to absorb tetracycline, thereby pro-
longing the vibrio's residence in the intestine. This
may have then led to an increased severity of
disease. Alternative explanations for the increased
stool output in this group would be (a) an effect of
the slight change in composition of the fluid follow-
ing the addition of charcoal, or (b) a non-specific
effect of charcoal on fluid absorption by the small
bowel. There are not enough data to provide a
full explanation of the effect of charcoal, but such
data as there are do indicate that charcoal, as used
in this study, has effects which adversely influence
the objectives of therapy, and therefore that it
should not be used.

Patients with severe non-cholera diarrhoeas were
also maintained adequately with oral fluids. Recent
studies ' have demonstrated that severely dehydrated
non-cholera patients have a small intestinal transport
defect (as measured by perfusion studies) similar to
that in cholera patients, though of considerably
shorter duration. In the present study, although the
non-cholera patients as a group were slightly less
dehydrated (as measured by PSG) and less acidotic
on admission, they were clinically indistinguishable
from the cholera patients. In spite of the severe

I Banwell, J. G.-personal communication.

clinical disease on admission the subsequent diar-
rhoea was of short duration and small quantity.
Oral therapy was completely effective in these
patients; no supplemental intravenous fluids were
necessary in either of the oral treatment groups.
The non-cholera patients receiving charcoal also
had a larger stool output than the other two groups,
although the differences are not statistically sig-
nificant. Moreover, the charcoal-treated patients
harbouring non-cholera vibrios continued to excrete
these organisms significantly longer than the control
groups, also suggesting that charcoal was interfering
with the action of tetracycline.
No potassium was included in the oral fluid

(except for that present in the charcoal) since it
has previously been shown that tetracycline-treated
adult cholera patients can be treated successfully
without potassium supplements (Carpenter et al.,
1966). In the present study, serum potassium levels
decreased to about 3.0 mEq/l during the course of
illness in both oral treatment groups, but no recog-
nizable morbidity was observed.
A potential hazard in the use of oral fluids is

that of "volumogenic" diarrhoea seen in one of
the non-cholera patients. The patient received more
than 2 litres of oral fluid per hour, while putting out
a similar amount of stool. Abruptly discontinuing
the oral fluids terminated the diarrhoea. Although
faecal glucose was not measured in this patient,
it seems reasonable to postulate that glucose absorp-
tion may have been defective, thus leading to this
unusual form of diarrhoea. Although not necessarily
harmful in itself, it should be recognized as a possible
complication of therapy.

In well-equipped hospitals, cholera can be treated
adequately with intravenous fluids, making an alter-
native form of therapy unnecessary. In rural areas,
however, intravenous fluids are not readily available,
and oral maintenance therapy would seem to be a
reasonable alternative. In this study, oral therapy
reduced the intravenous fluid requirements by almost
50%, to 4 litres per patient. By initiating oral
therapy earlier in the course of the disease, intra-
venous fluid requirements may be decreased even
further (Nalin et al., 1968). In patients who are
less severely dehydrated and not in shock, it is
possible that oral fluids alone might provide adequate
therapy.
The logistic and economic advantages of this form

of therapy are considerable. The preparation of oral
fluids requires only a means ofmeasuring appropriate
quantities of water (which may be from almost any
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source) and weighing dry chemicals (which can be
locally purchased). Even simple household measures,
which would vary with the locality, could be used.
For West Bengal, the following measures are based
on the commonly used teaspoons:

NaCl, 3.5 g= 1 level teaspoonful
NaHCO3, 4 x 2.52 g=3 level teaspoonfuls
Glucose, 21.6 g=5 level teaspoonfuls

Thus to make 4 litres of oral fluid, one would need
4 teaspoonfuls of sodium chloride, 3 of sodium
bicarbonate, and 20 of glucose.

It should be pointed out that the present study
was performed in adults, and the results and recom-
mendations apply only to therapy in adults. Studies
of oral therapy in children with cholera are at present
being planned.

RtSUME

ADMINISTRATION DE LIQUIDES DE REMPLACEM ENT PAR VOIE ORALE POUR LE TRAITEMENT
DU CHOLERA ET D'AUTRES AFFECTIONS DIARRHEIQUES GRAVES

La mortalit6 par cholera reste elevee dans les regions
rurales oiu la mise en pratique du traitement par injections
intraveineuses de liquides de remplacement rencontre des
difficultes. Cette constatation a conduit a 6valuer l'effica-
cite d'une therapeutique d'entretien plus simple bas6e sur
l'administration par voie orale de solutions d'electrolytes
contenant du glucose.

Les r6sultats d'essais contr6les menes sur 51 malades
adultes, dont 36 atteints de cholera et 15 pr6sentant un
syndrome diarrh6ique grave d'origine non cholerique,
indiquent qu'un tel traitement d'entretien fait preuve
d'une efficacit6 satisfaisante, et n'entraine aucune aug-
mentation notable de la dur&e d'emission et du volume
des selles, ni aucun allongement de la duree d'excretion
des vibrions. L'adjonction a la solution de remplacement

de charbon de bois comme adjuvant non specifique a
pour effet d'accroltre dans une proportion non negligeable
les vomissements et l'importance des phenomenes
diarrheiques et de prolonger la dur6e d'excretion des
vibrions. Aussi cette pratique ne peut-elle 8tre conseill6e.
Le seul obstacle a la rehydratation par voie orale reside
dans un manque eventuel de cooperation du malade en
ce qui regarde I'absorption des grandes quantit6s de
liquide necessaires.
La r6hydratation par voie orale est possible partout

oii l'on dispose des quelques substances chimiques
simples qui sont indispensables. Son application
devrait entrainer une efficacite accrue du traitement
antichol6rique dans les zones rurales et une reduction
de son cofut.
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