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Gastric abnormalities in cholera:
epidemiological and clinical considerations*
0. SCHIRALDI,1 V. BENVESTITO,2 C. DI BARI,$ R. MOSCHETIA,4 & G. PASTORE 3

The anatomofunctional status of the stomach was studied in cholera patients during the
outbreak in Bari, Italy, in 1973. Of a total of 70 patients examined, 24 were found to have
undergone gastric resection for ulcer in the past. Stomach secretions induced byfasting and
histamine stimulation were studied in 30 patients, the majority of whom showed achlorhy-
dria and other disturbances of gastric secretion. These abnormalities not only predisposed
the patients to cholera infection but shortened the incubation period. The clinical course
and severity of the disease were also related to the degree of gastric damage, the most
serious cases occurring in gastrectomized patients.

During the cholera epidemic in Bari, Italy, from
27 August to 16 September 1973, it was noted that a
very small number of the persons who had eaten
food presumably infected with the cholera vibrio had
contracted the disease. It was then found that 34%
of the patients had previously undergone gastric
resection for ulcer. These findings suggest that the
anatomofunctional status of the stomach might be
an important factor predisposing to cholera. In
addition to the gastrectomized patients, others had
histories of gastric trouble and some took antacids
regularly.

Little attention had previously been paid to these
aspects, and even recently it was stated that few data
were available on the normal level of gastric acid in
subjects contracting cholera (1). Sack et al. (2)
demonstrated achlorhydria in cholera patients in
India and suggested that the impairment of gastric
acid secretion rendered them susceptible to the
disease; another paper (3) also reported the presence
of gastrectomized subjects among cholera patients.

MATERIALS AND METHODS

During the epidemic 70 cholera patients, all from
the city and province of Bari, were admitted to the
Institute of Infectious Diseases. The diagnosis of
cholera was based on the clinical pattern and isola-
tion of the cholera vibrio (serotype Ogawa, biotype
El-Tor) in the faeces.
Of these 70 patients, 24 had undergone subtotal

gastrectomy for ulcer in the past. In 16 others a
study of gastric function was not carried out owing

to serious heart disease, disturbances of the nervous
system or poor general condition. In the remaining
30 patients the gastric juice was studied both before
and after stimulation. In every case the investigation
was performed at least 15 days after withdrawal of
antibiotics and when the patients' condition had
returned to normal. Some patients were investigated
as much as 4 months after discharge.
The gastric juice was drawn off with a Levin tube

1.20 m long and 0.5 cm in diameter; intubation was
in every case via the oropharyngeal tract. The in-
vestigation was carried out after an overnight fast
and in quiet and comfortable surroundings. The
placing of the tube in the stomach was controlled
radioscopically. The gastric juice was aspirated by
syringe every 3-5 min, and the samples used cor-
responded to the total amount of juice aspirated
every 15 min. The fasting secretion was studied for
1 h, and the secretions after histamine stimulation
(0.01 mg of histamine dihydrochloride per kg of
body weight, administered subcutaneously) for at
least 2 h.
The gastric juice was examined for its appearance

and colour, and for the presence of mucus. Every
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sample was evaluated for free and fixed acid with
Topfer's reagent and phenolphthalein, respectively,
and titrated using 0.1 N sodium hydroxide. The pH
was determined with Merck indicator strips (Acilit
pH paper 0.5-5.0 and Neutrolit pH paper 5.5-9.0).
The basal secretion volume, the maximum (post-
stimulation) secretion volume, the basal acid output
and the maximum acid output (4) were calculated
for each subject.

Illness was graded on clinical grounds into
3 classes: very severe disease characterized by copi-
ous diarrhoea, dehydration, and hypovolemic shock
requiring immediate intravenous therapy; severe

illness with serious diarrhoea but the patient not
collapsed; and mild illness with little diarrhoeal
discharge.
The clinical incubation period was also deter-

mined. The time from the ingestion of contaminated
food until the onset of the first symptoms was

calculated from reports made by the patients and
their relatives. The incubation period is expressed in
hours.

RESULTS

The 30 patients investigated were divided into
2 groups.

Group 1. This group comprised 14 patients with
achlorhydria both before and after histamine stimu-
lation (Table 1). No free hydrochloric acid could be
detected in any of the samples. The alkalinity values,
determined by the addition of 0.1 N hydrochloric
acid, lay between -120 mEq/litre and -60
mEq/litre. In one case there was very little gastric
juice even after histamine stimulation and it was
not titrated. The basal secretion volume, which is
normally around 50 ml, was between 4 and 82 ml
in these cases, with a mean of 31.3 ml. Similarly, the
maximum secretion volume was well below normal
values (between 5 and 85 ml, with a mean of
40.1 ml). The pH was consistently between 5 and 8.

Group 2. This group comprised 16 patients whose
gastric juice pH was between 1 and 5 (Table 2); after
histamine stimulation the gastric secretion was acid
owing to the presence of free hydrochloric acid.
Fourteen patients in this group had low basal acid
outputs, either because of low total secretion or a

reduced free acid content, and many patients showed
abnormal acid outputs after stimulation.
Of the 16 subjects not investigated, only one was

young. The others, mostly with serious disease, were
old (average age 66.6 years) and their gastric func-
tion was probably impaired (5).

Table 1. Achlorhydric
examination

patients: data on gastric juice

Volume of gastric juice
(ml)

Sex Age
basal after histamine

stimulation

M 55 58 84

F 52 32 28

F 27 82 71

M 54 19 21 a

F 49 10 -

M 29 60 70

M 65 43 55

M 52 22 33

F 38 58 72

F 65 9 7

F 60 12 5

M 62 22 24

F 50 31 37

F 66 10 24

a Total acidity 20 mEq/litre.

DISCUSSION

The anatomical and functional status of the
stomach has long been regarded as important in
predisposing people to cholera. It is almost impos-
sible to induce cholera in healthy subjects because
gastric acid easily destroys the vibrios ingested (1);
only under certain experimental conditions and by
neutralizing the acidity of the stomach is it possible
to induce the disease (6).

Interesting observations on the action of the
gastric juice were made by Napier and Gupta (7),
who noted that cholera vibrios survived for up to
370 h when added to gastric juice from subjects with
hypochlorhydria, but were rapidly killed if placed in
gastric juice from hyperchlorhydric subjects. It was
also found that achylia or gastric hypochlorhydria
favours the condition of the healthy vibrio carrier
(8, 9).

This study confirms the role of gastric conditions
in susceptibility to cholera infection, since most of
the cholera patients had anatomic or functional
disorders of the stomach. The fact that many pa-
tients lacked free hydrochloric acid in the basal
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Table 2. Normochlorhydric patients: data on gastric
juice examination

Volume of gastric Acidity Acid output
juice (ml) (mEq/litre) (mEq/litre/h)

Sex Age after

basal histamine free total basal maximal
stimulation

F 27 59 127 56 96 0.67 3.00

M 49 16 45 86 104 0.19 2.03

F 21 38 99 90 100 0.00 6.64

F 70 22 34 86 104 0.11 1.74

F 71 35 55 106 114 1.48 1.23

F 75 10 201 204 206 0.53 19.08

F 54 63 143 162 180 1.13 18.90

M 30 50 90 120 134 1.87 8.52

F 22 44 156 60 78 0.00 4.65

M 24 71 116 62 78 0.14 4.08

M 27 40 113 80 84 0.40 5.67

M 27 37 230 94 104 0.49 13.24

F 62 18 25 72 72 0.28 0.81

M 71 66 230 94 108 1.32 7.73

M 27 157 100 70 78 1.35 4.05

M 54 18 50 42 54 0.00 0.80
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Fig. 1. Relation between gastric conditions and
incubation period. Squares represent patients regularly
taking antacids, triangles represent patients with a low
basal acid output.

secretion is important because in this region of Italy
the incriminated food (clams and small fish) is eaten
raw as an appetizer.
Another interesting point is a possible relationship

between gastric status and incubation period. In the
cases in which calculation was possible, the incuba-
tion period differed (Fig. 1). In the gastrectomized
patients it was very short, from a few hours to
2 days, with an average of less than 24 h. In the
subjects with achlorhydria it was also short, with an

average of 37 h. In the normochlorhydric patients,
however, the average was 72 h. The greater the
gastric damage, the shorter was the incubation
period.

It is difficult to understand why the incubation
period was only a few hours in the patients with
gastrectomy. The arrival en masse of vibrios in the
small intestine is not enough to explain this. Altera-
tions of the intestinal flora and of the intestinal wall,
which occur frequently in this type of patient, may be
important factors.
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Fig. 2. Relation between gastric conditions and
severity of illness.
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The clinical course of cholera was, apparently,
also influenced by the status of the stomach (Fig. 2).
The majority (18/24) of the gastrectomized patients
had a very severe infection, 5 others had a fairly
severe infection, and only 1 had a mild form. Much
the same applied to the patients with achlorhydria.
Most of these had severe or very severe attacks; only
2 had mild attacks. Of the 14 patients with normal
acid levels, 6 were very severely ill, 4 were severely ill,
and 4 had mild attacks. The factors used to explain
differences in the incubation period probably also
influence the course of the disease.

Abnormalities of gastric anatomy and function
not only predispose such people to cholera infection
but may condition the seriousness and course of the
disease It is odd that such a high percentage of
gastrectomized patients among cholera victims has
been observed only in epidemics in Jerusalem, Israel,
and in Bari whereas there is apparently no evidence
of such findings in countries where cholera is en-
demic or liable to become epidemic. This may show
that western peoples contract the disease only when
unusual circumstances prevail.

RtSUMt

ANOMALIES GASTRIQUES ET CHOLERA: CONSIDERATIONS tPIDtMIOLOGIQUES ET CLINIQUES

Durant 1'epidemie de cholera de 1973 A Bari (Italie),
on a constate que sur 70 patients hospitalis6s pour cette
affection, 24 (34%.) avaient subi anterieurement une gas-
trectomie pour ulcere. II semblerait que l'etat anato-
mique et fonctionnel de l'estomac joue un r8le important
dans la r6ceptivit6 au cholera.

On a etudie la fonction gastrique chez 30 malades.
Chez 14 d'entre eux, l'achlorhydie 6tait complete, avant
et apres stimulation par l'histamine. Chez les 16 autres,
la secr6tion normale etait faiblement acide et l'injection
d'histamine n'a d6clenchM qu'une augmentation limit6e
de la secr6tion d'acide chlorhydrique. Cette etude

confirme le role de l'hypoacidite gastrique dans la recep-
tivite a l'infection chol6rique.
On a not6 une corr6lation entre 1'6tat de la fonction

gastrique et la dur6e d'incubation du cholera. Chez les
malades gastrectomises, cette duree a ete tres courte, attei-
gnant 24 heures en moyenne et ne d6passant pas quelques
heures dans certains cas. La p6riode d'incubation a et6
moins longue chez les sujets presentant de l'achlorhydie
que chez les sujets a acidite gastrique normale. II semble
aussi que l'evolution clinique du chol6ra soit influencee par
1'6tat de la fonction gastrique: tres grave chez la ma-
jorite des malades gastrectomises, elle a ete relativement
benigne chez les sujets a s6cretion gastrique normale.
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