profound dehydration) and acidosis (due to loss of bicarbonate) follow.
Although perturbation of the adenylate cyclase pathway is the primary
mechanism by which cholera toxin causes excess fluid secretion, cholera toxin also enhances intestinal secretion via prostaglandins and/or
neural histamine receptors.
The V. cholerae genome comprises two circular chromosomes.
Lateral gene transfer has played a key role in the evolution of
epidemic V. cholerae. The genes encoding cholera toxin (ctxAB)
are part of the genome of a bacteriophage, CTXФ. The receptor for this
phage on the V. cholerae surface is the intestinal colonization factor
TCP. Because ctxAB is part of a mobile genetic element (CTXФ), horizontal transfer of this bacteriophage may account for the emergence of
new toxigenic V. cholerae serogroups. Many of the other genes important for V. cholerae pathogenicity, including the genes encoding the
biosynthesis of TCP, those encoding accessory colonization factors,
and those regulating virulence gene expression, are clustered
together in the V. cholerae pathogenicity island. Similar clustering of
virulence genes is found in other bacterial pathogens. It is believed
that pathogenicity islands are acquired by horizontal gene transfer.
V. cholerae O139 is probably derived from an El Tor O1 strain that
acquired the genes for O139 O-antigen synthesis by horizontal gene
transfer.

TREATMENT

Figure 193-2 Rice water cholera stool. Note floating mucus and
gray watery appearance. (Courtesy of Dr. A. S. G. Faruque, International
Centre for Diarrhoeal Disease Research, Dhaka; with permission.)
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Cholera

Death from cholera is due to hypovolemic shock; thus treatment of
individuals with cholera first and foremost requires fluid resuscitation and management. In light of the level of dehydration (Table 193-1)
and the patient’s age and weight, euvolemia should first be rapidly
restored, and adequate hydration should then be maintained to
replace ongoing fluid losses (Table 193-2). Administration of oral
rehydration solution (ORS) takes advantage of the hexose-Na+ cotransport mechanism to move Na+ across the gut mucosa together
with an actively transported molecule such as glucose (or galactose). Cl– and water follow. This transport mechanism remains intact
even when cholera toxin is active. ORS may be made by adding safe
water to prepackaged sachets containing salts and sugar or by adding 0.5 teaspoon of table salt and 6 teaspoons of table sugar to 1 L
of safe water. Potassium intake in bananas or green coconut water
should be encouraged. A number of ORS formulations are available,
and the WHO now recommends “low-osmolarity” ORS for treatment
of individuals with dehydrating diarrhea of any cause (Table 193-3).
If available, rice-based ORS is considered superior to standard ORS
in the treatment of cholera. ORS can be administered via a nasogastric tube to individuals who cannot ingest fluid; however, optimal
management of individuals with severe dehydration includes the
administration of IV fluid and electrolytes. Because profound acidosis (pH <7.2) is common in this group, Ringer’s lactate is the best
choice among commercial products (Table 193-4); it must be used
with additional potassium supplements, preferably given by mouth.

Cholera and Other Vibrioses

DIAGNOSIS
Cholera should be suspected when a patient ≥2 years of age develops
acute watery diarrhea in an area known to have cholera or when a
patient ≥5 years of age develops severe dehydration or dies from
acute watery diarrhea, even in an area where cholera is not known
to be present. The clinical suspicion of cholera can be confirmed
by the identification of V. cholerae in stool; however, the organism must be specifically sought. With experience, it can be detected
directly by dark-field microscopy on a wet mount of fresh stool,
and its serotype can be discerned by immobilization with specific
antiserum. Laboratory isolation of the organism requires the use of
a selective medium such as taurocholate-tellurite-gelatin (TTG) agar
or thiosulfate–citrate–bile salts–sucrose (TCBS) agar. If a delay in
sample processing is expected, Carey-Blair transport medium and/or
alkaline-peptone water-enrichment medium may be used as well. In
endemic areas, there is little need for biochemical confirmation and
characterization, although these tasks may be worthwhile in places
where V. cholerae is an uncommon isolate. Standard microbiologic
biochemical testing for Enterobacteriaceae will suffice for identification of V. cholerae. All vibrios are oxidase-positive. A point-of-care
antigen-detection cholera dipstick assay is now commercially available
for use in the field or where laboratory facilities are lacking.

CHAPTER 193

CLINICAL MANIFESTATIONS
Individuals infected with V. cholerae O1 or O139 exhibit a range of
clinical manifestations. Some individuals are asymptomatic or have
only mild diarrhea; others present with the sudden onset of explosive
and life-threatening diarrhea (cholera gravis). The reasons for the
range in signs and symptoms of disease are incompletely understood
but include the level of preexisting immunity, blood type, and nutritional status. In a nonimmune individual, after a 24- to 48-h incubation period, cholera characteristically begins with the sudden onset
of painless watery diarrhea that may quickly become voluminous.
Patients often vomit. In severe cases, volume loss can exceed 250 mL/
kg in the first 24 h. If fluids and electrolytes are not replaced, hypovolemic shock and death may ensue. Fever is usually absent. Muscle
cramps due to electrolyte disturbances are common. The stool has a
characteristic appearance: a nonbilious, gray, slightly cloudy fluid with
flecks of mucus, no blood, and a somewhat fishy, inoffensive odor. It
has been called “rice-water” stool because of its resemblance to the
water in which rice has been washed (Fig. 193-2). Clinical symptoms

parallel volume contraction: at losses of <5% of normal body weight, 1063
thirst develops; at 5–10%, postural hypotension, weakness, tachycardia, and decreased skin turgor are documented; and at >10%,
oliguria, weak or absent pulses, sunken eyes (and, in infants, sunken
fontanelles), wrinkled (“washerwoman”) skin, somnolence, and coma
are characteristic. Complications derive exclusively from the effects
of volume and electrolyte depletion and include renal failure due to
acute tubular necrosis. Thus, if the patient is adequately treated with
fluid and electrolytes, complications are averted and the process is selflimited, resolving in a few days.
Laboratory data usually reveal an elevated hematocrit (due to hemoconcentration) in nonanemic patients; mild neutrophilic leukocytosis;
elevated levels of blood urea nitrogen and creatinine consistent with
prerenal azotemia; normal sodium, potassium, and chloride levels; a
markedly reduced bicarbonate level (<15 mmol/L); and an elevated
anion gap (due to increases in serum lactate, protein, and phosphate).
Arterial pH is usually low (~7.2).
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