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SUMMARY 

   
Gastrointestinal food allergy still poses a challenge to the clinician because of its variable 
symptomatology and lack of reliable diagnostic tests. Its prevalence is estimated at 2~5%, higher in 
children than in older age-groups. Allergy to food usually diminishes with advancing age. Although a wide 
variety of foods can cause allergic reactions, cow's milk is the most common cause of food allergy in 
infants and young children. Depending upon the speed of onset of symptoms, immediate and delayed 
types of food allergy have been described. Gastrointestinal symptoms in food allergy have been 
explained by alterations in transport across the intestinal wall (increased secretory and/or decreased 
absorptive functions), increased permeability, and motility of the intestine. The exact pathogenesis of food 
allergy is still not clear. However, immediate type of food allergy is believed to be mediated by type I 
hypersensitivity reaction, involving mast cells and food-specific IgE antibodies. The diagnosis of food 
allergy is based upon a favorable response to an elimination diet and a response to a challenge with the 
suspected food. The condition is treated by eliminating the allergenic food from diet for as long as 9-12 
months in case of cow's milk allergy. While exclusive breast-feeding for the initial four months or more 
reduces the chances of development of food allergy, the role of diet restrictions in the mother in reducing 
the incidence of food allergy in the infant is controversial. Data on food allergy from developing countries 
are limited. This may be due to lack of diagnosis or less attention given to the condition relative to other 
diseases including infectious diarrheas and acute respiratory infections. The role of cow's milk allergy in 
the pathogenesis of persistent diarrhoea, a major problem in the developing world, remains speculative. 
Frequent intestinal infections and reduced secretory IgA, which are associated with malnutrition, alter 
intestinal permeability and result in an increased uptake of food antigens. The increased antigenic load 
combined with factors such as an atopic predisposition may initiate an abnormal mucosal immune 
response resulting in chronic enteropathy.��
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INTRODUCTION 
  �

Due to controversies in definition, protean manifestations of the disease and lack of reliable diagnostic 
tests, gastrointestinal food allergy remains a challenging problem in paediatric practice. This review 
summarizes the literature on gastrointestinal food allergy. Food allergy is defined as an adverse clinical 
reaction due to any type of abnormal immune response resulting from the ingestion of a food or food 
additive (1). While over 140 different foods have been shown to produce allergic reactions in humans, 
foods most often documented as a cause of allergy are cow's milk, hen's eggs, legumes (especially 
peanuts), shrimp, oysters, tomato, chocolate, nuts, and seeds (2). The allergenicity of a particular food is 
influenced by the manner in which the food is prepared, processed, or stored. For example, heating of 
cow's milk denatures certain component proteins and alters its allergenicity (3). Denaturation may either 
reduce allergenicity or increase it by breaking down proteins and exposing epitopes not usually 
accessible in the intact protein.��
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Common Food Allergens��

Cow's milk: Cow's milk contains more than 25 proteins capable of inducing a specific antibody response 
in humans (4). The most allergenic component of cow's milk is b-lactoglobulin, followed by casein, a-
lactalbumin and bovine serum albumin (BSA) (Table) (5, 6). Immunoelectrophoretic analysis has shown 
that casein retains its antigenicity after being heated at 120 °C for 15 minutes, b-lactoglobulin and a-
lactalbumin retain theirs up to 100 °C, while BSA and gammaglobulin lose most of their antigenicity 
between 70 °C and 80 °C (7).  
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Hen's egg: Ovalbumin accounts for approximately 65% of the total protein content of hen's egg, and is the 
most allergenic of all egg proteins as demonstrated by radioallergosorbent test (RAST) studies and 
histamine release experiments (8). Ovalbumin is relatively heat-labile and, therefore, in patients reacting 
to cooked eggs, the heat-stable component ovomucoid may be the offending allergen (9).��

Table: Characteristics of main protein components of cow's milk�

Protein 
component�

Molecular 
weight 
(kD)�

Percent of 
total protein�

Allergenicity� Stability 
at 100 °C�

B-lactoglobulin� 18.3� 10� +++� ++�

Casein� 20-30� 82� ++� +++�

a-lactalbumin� 14.2� 4� ++� +�

Serum albumin� 67� 1� +� +�

Immunoglobulins� 160� 2� +� +�



Legumes: Peanut, known for its potential to elicit severe, life-threatening reactions, is highly heat-stable, 
maintaining its allergenicity even after being roasted at 145 °C for one hour (10). Peanut oil, containing 
only peanut lipid and hydrolyzed peanut protein, shows little or no allergenic activity (11). Soybean is a 
potent allergen which can cause anaphylaxis in sensitized subjects. Soybean oil, like peanut oil, is non-
allergenic to soybean sensitive individuals (12).��

 Fish and shellfish: Fish allergy usually causes urticaria, angioedema, asthma or a combination of these 
in sensitized subjects within minutes of ingestion. Allergy to fish is easier to diagnose than most other 
food allergies because of the immediacy of the reaction. The most completely characterized fish allergen 
is codfish allergen M. It is highly allergenic and cross-reacts with allergens found in other species of fish 
(13). Shrimp contains potent allergens, and a number of anaphylactic reactions to these allergens have 
been reported.��

Cereals: Wheat flour can result in wheat allergy upon ingestion and baker's asthma upon inhalation, while 
the gluten fraction is the cause of celiac disease or gluten intolerance. Sutton et al. determined that wheat 
allergy, baker's asthma, and gluten intolerance are each caused by different wheat protein components 
(14).��

Cross-Reactivity of Food Allergens��

Foods of the same biological family sometimes share identical or similar epitopes, and may induce cross-
reactions in sensitive subjects. Immunologic relationships exist between a-casein, b-lactoglobulin and a-
lactalbumin in cow's and goat's milk, which explain the cross-reactivity noted between the two types of 
milk (15). Cross-reactivity has also been observed between eggs of different birds (16), between different 
seafoods (17), and between pollens, vegetables and fruits (18).��

Epidemiology of Food Allergy��

The true prevalence of food allergy is unknown because we lack objective, reproducible methods for 
diagnosing this condition (19). A study from Finland has given a conservative estimate of a 2~5% 
prevalence in the population, with a higher prevalence (up to 27%) in children (20). Among adults in the 
general population, a prevalence of 0.2% has been estimated (21).��

Cow's milk is the most common food causing allergy in infants and young children (9). The estimated 
prevalence of cow's milk allergy (CMA) is between 0.5~7.5% (22, 23). CMA is primarily a disease of 
infancy and early childhood, although well-documented cases of CMA have also been described in 
teenagers and adults (24). CMA can also rarely occur after years of asymptomatic ingestion of cow's milk. 
As with other allergic disorders, a familial tendency has been observed (25). The high prevalence of CMA 
in infancy and childhood is probably due to a number of factors: (a) immaturity of the immune system as 
well as of the mucosal barrier of the gastrointestinal tract, (b) increased consumption of cow's milk relative 
to body weight by infants and children, and (c) strong allergenicity of cow's milk proteins (9). Because of 
its high prevalence, CMA has been the food allergy that has received the most attention from clinicians, 
researchers, and the general public.��

Clinical Types and Manifestations of CMA��

Depending upon the speed of onset of symptoms or signs following ingestion of cow's milk, two types of 
CMA have been defined: immediate and delayed (26, 27). In the immediate type, symptoms appear 
within one hour of ingestion of milk. If symptoms appear one to 48 hours later, then the CMA is of the 
delayed type. The former is easier to diagnose on the basis of clinical history and laboratory 
investigations, e.g. a raised titre of allergen-specific serum IgE antibody. By contrast, a diagnosis of 
delayed type CMA is difficult to establish because currently available investigations lack sensitivity. 
Further, the delay between ingestion and manifestations makes a cause and effect relationship difficult to 



establish (27). The immediate type of CMA is more common, as 40 to 65% of children with CMA show 
symptoms within one hour of ingestion of cow's milk (5,28).��

The most common symptoms of CMA are gastrointestinal, cutaneous or respiratory. The age of the infant 
at which symptoms start is largely influenced by the total duration of breast-feeding (22). When breast-
feeding is of short duration, symptoms usually appear during the first month of life (29), and in 90% by the 
age of three months (30). In a study of patients with chronic diarrohea due to CMA, the median age at 
first visit was three months (31). A brief account of the major manifestations of CMA is described below.��

Gastrointestinal manifestations: Diarrohea has been reported to occur in 25 to 75% of patients with CMA, 
while vomiting occurs in 25 to 50%, usually within one hour after ingestion of milk (4). Acute diarrohea is 
more common than persistent diarrhoea (diarrhoea for more than two weeks) (28), the former being more 
common in patients with the delayed-type CMA (32). CMA has been suggested to be a cause of infantile 
colic (33). Protein-losing enteropathy has also been ascribed to CMA (34). A recent study has suggested 
that CMA may be a cause of chronic constipation in children (35). Cow's milk restriction resulted in 
resolution of chronic constipation, which reappeared within 40 to 72 hours of milk ingestion. Specific 
gastrointestinal syndromes of CMA are cow's milk- sensitive enteropathy and cow's milk-sensitive colitis 
(26).��

Cow's milk-sensitive enteropathy: Onset of symptoms occurs within the first six months of life and is 
uncommon after three years of age. Enteropathy is more frequent in infants born into atopic families and 
in those exposed to cow's milk during the neonatal period (36). Affected infants have diarrhoea and 
vomiting which usually persist for many weeks. The infants may have other allergic manifestations, 
including atopic dermatitis, urticaria, or wheezing. Failure to thrive is a marked feature in certain children. 
The small intestine is mainly affected and an intestinal biopsy is usually abnormal with patchy lesions 
(37).��

Cow's milk-sensitive colitis: This syndrome is characterized by inflammatory changes in the colon and 
rectum as a result of immune-mediated reactions to ingested cow's milk proteins (38), and occurs almost 
exclusively in early infancy. Rectal bleeding is the most common sign. Symptoms of diarrhoea with blood 
and mucus usually appear within a few days or weeks after starting cow's milk or milk formula feeds. 
Unlike cow's milk-sensitive enteropathy, the large intestine is mainly involved (39). Cow's milk-free diet 
leads to dramatic improvement and is a good diagnostic and therapeutic tool. This condition has also 
been reported to occur in exclusively breast-fed infants (40), and is attributed to small amounts of bovine 
b-lactoglobulin present in the breast milk of certain mothers who drink cow's milk or eat cheese.��

Dermatologic manifestations:�In a study involving 100 infants with CMA, the most common dermatologic 
symptom was urticaria, which appeared on ingestion and in some instances upon skin contact with cow's 
milk (41). Angioedema, subcutaneous swelling caused by an IgE-mediated reaction, involving the larynx 
and pharynx, may lead to life-threatening upper airway obstruction (36). Atopic dermatitis (AD) has also 
been associated with CMA. In a double-blind randomized study of 20 children with AD, Atherton et al. 
found that 50% of the children benefited from cow's milk and egg avoidance (42).��

Respiratory Manifestations:�In one survey, one-third of children with CMA were found to have respiratory 
symptoms (28). All infants with immediate cutaneous manifestations had acute wheezing episodes after 
milk ingestion. However, another study using double-blind challenges with cow's milk was able to 
establish CMA in only 19% of children suspected to have wheezing due to CMA (43). Of those with 
predominantly delayed gastrointestinal symptoms, lower respiratory tract symptoms were found in more 
than half of the infants. In older children, bronchial asthma may occasionally be due to CMA (22). A 
particular variant of CMA, Heiner syndrome, is characterized by chronic lung disease with pulmonary 
hemosiderosis, anemia, growth failure and precipitins to cow's milk (44).��

 



Anaphylactic shock: The most extreme manifestation of the immediate type of CMA, anaphylactic shock 
results from a generalized IgE-mediated reaction to cow's milk. It can be caused by less than one milliliter 
of cow's milk, and begins with sneezing and itching, followed by generalized urticaria, bronchospasm, and 
vascular collapse, the whole episode occurring within minutes of milk ingestion. The frequency of 
anaphylactic reactions varies from none to one-third of cases in studies involving patients with 
gastrointestinal symptoms (40,45). Anaphylaxis is seen more frequently during clinical challenge after a 
cow's milk free period (5,40).��

Other Manifestations:�A variety of other symptoms have also been rarely ascribed to CMA, including 
irritability, hyperactivity, nocturnal enuresis, and insomnia. In a study of eight infants with insomnia, 
elimination of cow's milk cured all the patients, while a later challenge with cow's milk produced sleeping 
difficulties in four of them (46). All the infants had high plasma IgE levels, and four of the five tested also 
had IgE antibodies to b-lactoglobulin.��

Natural History��

Most food allergies diminish with advancing age. Allergy to cow's milk and eggs is more likely to be of 
shorter duration than allergy to fish, nuts, and peanuts (47). In a study by Esteban et al., 50% of children 
with CMA were tolerant by three years of follow-up, while 50% with egg allergy became tolerant after five 
years. In contrast, 80% of children initially allergic to fish remained allergic to fish after eight years of 
follow-up (48). In children with food allergy followed for seven years, tolerance developed in 44% of those 
who were younger than three years at the start of their signs and symptoms, but in only 19% of children 
older than three years at the beginning of the disease (47). Therefore, it appears that children who 
develop food allergy before the age of three years achieve tolerance earlier than children who develop 
food allergy at an older age.��

In a recent study involving 100 children with CMA diagnosed at a mean age of 16 months, cow's milk 
tolerance was demonstrated by two years of age in 28% of children, by four years in 56%, and by six 
years of age in 78% (49). The incidence of tolerance was greater among children with the delayed than 
with the immediate type of CMA. Only 25% were found to still be allergic to cow's milk alone at the end of 
follow-up. As many as 58% of the children had reactions to eggs, 47% to soy milk, and 34% to peanuts. 
These results should be interpreted with caution since the adverse reactions to foods other than cow's 
milk were not evaluated with challenge tests. The results, however, suggest that if children with CMA do 
not respond to dietary exclusion of cow's milk, there remains a possibility that they are reacting adversely 
to other food proteins. At final follow-up, 40% of patients had asthma, 21% atopic dermatitis, and 43% 
allergic rhinitis. Therefore, exclusion of cow's milk from the diets of cow's milk allergic children may not 
prevent further development of atopic disorders. From these observations it is not clear whether 
independent mechanisms control the development of cow's milk allergy and other atopic disorders.��

Pathology��

There are no pathological findings unique to CMA. Since the gastrointestinal system is commonly 
involved, pathological features of the two variants having mainly gastrointestinal manifestations are 
discussed.��

Cow's milk-sensitive enteropathy:�Small intestinal mucosal damage is an obvious finding in cow's milk- 
sensitive enteropathy (50). Although there are reports of normal mucosal findings in patients with cow's 
milk- sensitive enteropathy (51), this may be due to the patchy distribution of lesions. The enteropathy 
has been shown to be cow's milk sensitive by serial biopsies after withdrawal of, and subsequent 
challenge with, cow's milk (52). Histopathological findings in the jejunal biopsy specimens are similar to 
those found in celiac disease, although less severe. Usually there is patchy villous atrophy with crypt 
hyperplasia and inflammation both intraepithelially and in the lamina propria (53). The villous atrophy 
varies in degree from partial to subtotal. The number of intraepithelial lymphocytes is higher than in 
healthy subjects but not as high as in celiac disease (54). Ultrastructurally, the epithelial cells have short 



microvilli, abnormal nuclei and an abundance of lysozymes (52). The mucosal disaccharidase and 
alkaline phosphatase levels have been found to be depleted (37).��

Cow's milk-sensitive colitis:�On colonoscopy, the colonic mucosa is erythematous and friable with 
aphthoid ulcers. There is increased nodularity suggestive of lymphoid hyperplasia (38). Microscopically, 
the overall architecture of the mucosa is well maintained, without features of chronicity typical of 
inflammatory bowel disease, such as distorted or atrophic crypts, Paneth cell metaplasia, lymphoid 
aggregates, or diffuse plasmacytosis (55). The most striking histologic feature is the presence of focal 
infiltrates of eosinophils in the mucosa, particularly in the lamina propria, which resolves after elimination 
of cow's milk from the diet. Because of subtle similarities in histopathology, this disorder should be 
distinguished from inflammatory bowel disease on the basis of biopsy findings, clinical course including 
response to cow's milk elimination, and absence of systemic inflammatory changes (26).��

Pathophysiology��

The consequence of exposure to food allergens is a complex process that is still not well understood. 
Experiments in animal models have provided an excellent opportunity to study the effects of food allergen 
challenges, the results of which help in elucidating the mechanisms underlying CMA. Most of these 
studies have described the effects of exposure to food allergens in terms of transport across the intestinal 
wall, permeability, and motility of the intestine (56).��

Intestinal transport:�Alteration of intestinal transport (increased secretion and/or decreased absorption) 
contributes to the symptoms of CMA. Intragastric administration of b-lactoglubulin in mice passively 
sensitized with monoclonal IgE against b-lactoglobulin, resulted in fluid secretion in the lumen (57). 
Hooded Lister rats sensitized to egg albumin showed a significantly decreased absorption of Na+, Cl-, K+ 
and water after the antigen was added to a perfused segment of jejunum (58). These changes were 
accompanied by mucosal histamine depletion, increased histamine recovery from the perfusates, and 
villous edema (59). Prevention of these changes by doxantrazole, a mucosal mast cell stabilizer, 
suggested the involvement of mucosal mast cells (60).��

Permeability:�Increase in permeability to macromolecules is believed to be important in the 
pathophysiology of CMA. It may occur either as an increase in vascular permeability or in intestinal 
permeability. Challenge with egg albumin in sensitized Sprague-Dawley rats resulted in increased counts 
of 125I-labeled rat serum albumin in the gut wall and contents (61). Changes in vascular permeability were 
accompanied by increased intestinal secretions, goblet cell mucus, and histamine levels (62). In other 
studies, evidence of mucosal mast cell degranulation was also seen accompanying permeability changes 
(63), as well as gross damage to the enterocytes after challenge with food antigen in sensitized animals 
(64). Increased intestinal permeability to normally unabsorbable molecules has been documented in 
children with CMA (65).��

Motility:�Substances released from mast cells such as histamine, serotonin, prostaglandins, and 
leukotrienes cause smooth muscle contraction in sensitized animals��

upon challenge with food allergen (66). Altered intestinal motility patterns have been observed after 
jejunal challenge with food allergen in sensitized rats (67). As the changes were prevented by 
doxantrazole, the motility responses were attributed to mast cell involvement.��

 

 

 



Pathogenesis��

Two phases can be recognized in food allergic reactions (68). The first is the triggering phase, in which 
the food or its components interact with host cells or non-cellular systems. The second phase is the 
activation of the mediators of inflammation, which determines the nature and extent of the disease. 
Although the exact pathogenetic mechanisms in CMA are still not clear (69), it is believed that they may 
involve one or more of the four classic types of hypersensitivity reactions described by Gell and Coombs 
(70).��

Type I, Immediate hypersensitivity: The majority of allergic reactions to foods are thought to be mediated 
by immediate hypersensitivity, involving mast cells and food-specific IgE antibodies. The mucosal mast 
cell, by virtue of its location, mediator content, and IgE receptors, plays a major role in the pathogenesis 
of responses to allergens presented by the oral route (71). Compared to the other types of immune 
reactions, type I reaction is relatively well understood. It occurs in atopic individuals who produce 
excessive levels of total and specific IgE antibodies (72). The incidence of this type of reaction is highest 
in infancy and declines with age. It is characterized by the onset of clinical symptoms within minutes of 
ingestion of the food to which the individual is allergic.  

IgE binds to Fc receptors on the cell membranes of mast cells. Mast cells have a large number of these 
receptors, 2~5 x 105 per mast cell, which have extremely high affinity for IgE binding (73). Upon exposure 
to allergen, the IgE molecules and their receptors are cross-linked, which acts as a signal for a cascade 
of cellular events leading to mast cell degranulation and mediator release. In the gut, mediator release 
leads to increased muscle tone, stimulation of pain fibers, increased mucus production, and increased 
permeability to macromolecules (Figure) (71). Local recruitment of inflammatory cells may also take 
place, with possible late phase reactions and inflammation. Tests that are usually positive in this type of 
reaction are skin tests, detection of specific IgE by RAST, and basophil histamine release (74).  
 

 



Since IgG4 antibodies can release mediators from mast cells, this subclass has also been implicated in 
the pathogenesis of immediate hypersensitivity (75). But individuals who have IgG4 antibodies to food 
antigens do not have symptoms or positive skin tests unless they also have specific IgE antibodies. On 
the contrary, a protective "blocking" role for IgG4 antibodies has also been implicated (76). IgG4 
antibodies are non-complement fixing, non-precipitating, and actually inhibit precipitation by IgG1 
antibodies. An initial IgG1 response (complement fixing and precipitating) to a food antigen may lead to 
immune complex disease. Therefore, a progressive change from IgG1 to IgG4 antibodies may reduce the 
harmful effects of continued exposure to the antigen.��

Type II, Antibody-dependent cytotoxic hypersensitivity: In this type of reaction, food allergens stick to the 
surface of cells and are later bound by specific IgG or IgM antibodies. The cells are injured or destroyed 
by the activation of complement or the release of cytotoxic substances from activated killer cells. Milk-
induced thrombocytopenia is probably mediated by this type of reaction (77).��

Type III, Immune complex-mediated hypersensitivity: Immune complex reactions usually involve IgG or 
IgM antibodies that combine with the antigen and form circulating immune complexes to which 
complement is fixed. When these complexes reach small blood vessels, especially the post-capillary 
venules, an Arthus-like reaction occurs resulting in vasculitis and tissue damage (4). Based on histologic 
and immunofluorescent findings in intestinal biopsies, there is evidence that the Arthus-type reaction is 
involved in the pathogenesis of cow's milk sensitive colitis (78). The finding of immune complex deposits 
in lung biopsy specimens taken from patients with Heiner syndrome implicates this type of reaction in the 
pathogenesis of the syndrome (79).��

Type IV, Cell-mediated delayed hypersensitivity: Delayed hypersensitivity lesions mediated by CD4+ T-
cells are the cause of tissue damage in various diseases, classically in tuberculosis. The reaction is 
based on the interaction of antigen with endogenous receptors on the surface of primed T-cells. 
Cytokines are released as a result, which stimulate other types of cells and produce inflammatory 
changes. A sub-population of T-cells may also be stimulated to become directly cytotoxic (80). The effects 
of these events are usually delayed and may not be manifested before 24 to 72 hours after antigen 
exposure. Circumstantial evidence suggests that T-cell-mediated hypersensitivity may play a role in 
response to food antigens, especially in the delayed type of reactions (81). Recent studies provided 
inconclusive results as to whether lymphocyte proliferation occurs in response to cow's milk protein 
antigens in CMA (82).��

Recent in vitro studies suggest that cytokines, released by cow's milk protein-stimulated lymphocytes of 
patients with CMA, may be responsible for the intestinal dysfunctions. Hill et al. reported that peripheral T-
lymphocytes from patients with the delayed-type CMA produced more interferon gamma (IFN-g) than 
those from patients with the immediate type (83). This finding indicates a tendency towards a Th1 type of 
response in the delayed type. Heyman et al. found that peripheral lymphocytes from infants with CMA, 
when cultured in the presence of cow's milk proteins, released more tumor necrosis factor (TNF-a) than 
those from control infants (84). Supernatants of lymphocyte cultures from patients altered intestinal 
barrier capacity, as evident from the decrease in electrical resistance and the increase in horseradish 
peroxidase, (14C) mannitol, and 22Na+ fluxes. These results indicate that during CMA the high levels of 
TNF-a released by lymphocytes increase intestinal permeability.��

Diagnosis��

In the past, diagnosis of CMA was based upon clinical criteria described by Goldman et al. (5): (a) 
development of symptoms which subside after elimination of milk from diet; (b) recurrence of symptoms 
within 48 hours of milk challenge; (c) reactions to three such challenges should be positive and have 
similar onset, duration, and clinical features. The criterion of having three positive challenges is now 
considered impractical for routine diagnosis, particularly in small infants who are more at risk of having 
acute anaphylaxis (85). The immediate type of CMA is relatively easier to diagnose with a challenge test, 
because the amount of food antigen required to produce symptoms is small, and the reaction is rapid and 
clear. In the delayed type, reactions often appear slowly after a challenge and may require a large 



amount of antigen (27). Based on these considerations, the two important diagnostic points are a 
response to an elimination diet and a response to a food challenge (27, 85).��

1. Response to an elimination diet��

This is an absolute criterion for the diagnosis of food allergy, and includes both clinical and laboratory 
observations. There should be relief of all symptoms and gain in weight if there had been loss of weight 
due to the disease.��

2. Response to a food challenge��

At present, a single challenge test with food remains the standard for the diagnosis of food allergy. Only 
natural food (for example, cow's milk but not the isolated proteins) should be used in challenge, because 
processing may alter allergenicity. The end point of the positive challenge test should be an objective 
observation, such as vomiting, diarrhoea, colic, erythema, etc. The test should not be done in young 
infants with severe symptoms because of the danger of anaphylaxis.��

Immunological tests��

The skin prick test with standardized food extracts, and measuring circulating specific IgE antibodies are 
sensitive methods which help in the diagnosis of immediate type of allergy (86). The usefulness of these 
tests is poor in the delayed type of allergy. Moreover, allergen-specific IgE antibodies may persist even 
when the child has achieved tolerance. Studies evaluating the usefulness of IgG and IgA antibodies to 
food antigens have yielded contradictory results (28,87,88).��

Diagnosis of delayed-type CMA��

Because of the delay in appearance of symptoms, the diagnosis of this type of food allergy, i.e. cow's 
milk- sensitive enteropathy or colitis, can be done on the basis of typical clinical findings, morphologic 
changes in the intestinal mucosal biopsy specimens, and favoorable response to elimination of cow's milk 
from diet. Since the danger of anaphylactic reactions is particularly high in this type, a challenge test 
should be performed late, preferably 9 to 12 months after the beginning of elimination diet (89).��

Treatment��

The treatment of CMA is based on the elimination of cow's milk and of products containing cow's milk 
proteins. Elimination should continue for 9 to 12 months. Cow's milk allergic patients with chronic 
diarrhoea and malnutrition may require prolonged parenteral nutrition because severe intestinal damage 
may not allow oral feeding for several weeks. For oral feeding, breast milk is best for young infants. 
Special formulae based on hydrolyzed casein can be given, although they may also cause allergy (90). 
Children aged more than one year generally do not need special formulae.��

Prevention��

Interventions, including exclusive breast-feeding, maternal avoidance of allergic foods, and use of 
"hypoallergenic" formulae, have been attempted to reduce the development of atopic disease in children 
(91). In a five-year follow-up study, Chandra has shown a significantly reduced incidence of atopic 
diseases, like eczema, asthma, and food allergy, in infants breast-fed for ³4 months, compared to infants 
fed cow's milk formula until 6 months of age (92). During 18 months of follow-up, Magnusson et al. found 
no difference in the incidence of food allergy and other atopic diseases between infants whose mothers 
avoided cow's milk and eggs during the last trimester of pregnancy, and those whose mothers did not 
(93). In another study, maternal avoidance of cow's milk, eggs and fish during the first three months of 
lactation resulted in a lower incidence of IgE antibodies to cow's milk and eggs, and also a lower 



incidence of atopic dermatitis in infants during the first six months of life (94). Because of conflicting 
results from studies evaluating the role of diet restrictions in the mother in reducing the incidence of atopic 
disease in the infant, maternal avoidance of food allergens should still be considered investigational (91).��

ROLE OF FOOD ALLERGY IN THE PATHOGENESIS OF OTHER DISEASES �

Inflammatory bowel diseases��

Although infectious agents, genetic and psychogenic factors, and dietary influences have all been 
implicated, the pathogenesis of inflammatory bowel diseases (IBD) is still unclear. Several observations 
suggest that allergic reactions may contribute to the inflammatory process. Taylor and Truelove initially 
raised the possibility of CMA as a pathogenetic factor by observing milk precipitins in the sera of patients 
with ulcerative colitis (95). Increased numbers of mast cells have been observed in the intestinal biopsy 
samples from patients with IBD (96). Further, a history of CMA in infancy has been found with increased 
frequency in patients with ulcerative colitis (97). Exclusion of food allergens by giving elemental or semi-
elemental diets can induce clinical remission in patients with Crohn disease (98). However, some of these 
observations have been refuted by subsequent studies, and the role of food allergy in the pathogenesis of 
IBD remains poorly defined (82).��

Insulin-Dependent Diabetes Mellitus (IDDM)��

Epidemiological studies suggest an association between cow's milk consumption and the incidence of 
IDDM in childhood (99, 100). Animal studies have also shown that the addition of cow's milk proteins to 
rat feeds increases the incidence of diabetes in diabetes-prone BB rat (101). Over the last six years, 
several studies have reported increased levels of circulating IgG or IgA antibodies to cow's milk, b-
lactoglobulin, and BSA in children with IDDM (102, 103, 104, 105). BSA has been implicated as a 
possible trigger of the autoimmune response that destroys pancreatic beta cells in genetically 
predisposed individuals, causing IDDM (106). BSA shares a common epitope with p69, a pancreatic beta 
cell surface protein, 69 kD in size. The anti-BSA antibodies found in the sera of patients with IDDM bind 
to p69, giving rise to a cross-reactive immune response.��

Gastrointestinal Allergy to Food in��

Developing Countries��

Most of the literature on gastrointestinal allergy to food comes from developed countries, and data from 
developing countries are scarce. Whatever data there are from the developing world, come mostly from 
South-east Asia (37,53,107). Till date, there is no published data about the prevalence of food allergy in 
Bangladesh. The lack of data may be due to under-diagnosis and less attention given to food allergy 
relative to other killer diseases, such as acute respiratory infections and diarrhoea.��

Persistent diarrhoea and malnutrition are mostly encountered in children of developing countries. The 
pathogenesis of persistent diarrhoea, which accounts for about ten percent of all diarrhoea episodes but 
is associated with 30 to 50% of all diarrhoeal deaths, is still not clear (108, 109, 110). CMA has been 
attributed to be one of the probable causes of persistent diarrhoea. As a result of frequent intestinal 
infections and reduction in secretory IgA, which are associated with malnutrition (111), the intestinal 
permeability is altered and there is increased uptake of food antigens (112). The increased antigenic load 
combined with factors such as an atopic background and age at weaning may initiate an abnormal 
mucosal immune response resulting in chronic enteropathy and persistent diarrhoea. Much more remains 
to be known about this important issue. �
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ABSTRACT 

One of the intriguing aspects of the acute infectious diarrhoeas is that, while resulting from an infection of 
the intestinal tract, they only last from a few hours to a few days. The study of the interactions between 
infectious agents and intestinal epithelium has allowed a better understanding of the cellular and 
molecular mechanisms that cause the sudden loss of water and electrolytes, the hallmark of acute 
diarrhoea. These interactions have also led to formulating oral rehydration solutions used worldwide now. 
They do not, however, allow understanding the short course of most intestinal infections. For that, one 
has to consider the intestinal epithelium as part of an anatomical and functional system that, including the 
many types of cells present in the lamina propria, constitutes the intestinal mucosa. Infectious agents 
interact with the whole of the mucosa, including the cells of the lamina propria. This leads, among other 
things, to a change in the functions of the epithelial cells and accelerates their turnover. The 
pathophysiology of the intestinal mucosa leads to better understand the short and benign course of most 
intestinal infections. It also leads to better understand the physiology of the intestinal mucosa, and the 
interactions between the body and its nutritional environment.��
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INTRODUCTION 

One of the intriguing aspects of the acute infective diarrhoeas is that, while resulting of an infection of the 
intestinal tract, they only last from a few hours to a few days. At first sight, it is easier to understand the far 
more rare persisting infectious diarrhoeas with their complications than the much more frequent acute 
diarrhoeas from which most patients recover spontaneously and quickly , without sequels. Hence, 
understanding the pathophysiology of diarrhoeas requires an understanding how the body attempts, 
mostly with success, to fight intestinal infections. This understanding is needed to develop appropriate 
therapeutic strategies, even if these have to take into account other considerations, including 
symptomatic, sociological and economical ones (1-8).�

The infectious agents, viruses, bacteria, or parasites, entering the intestinal tract act directly on the 
luminal side of the enterocytes. The study of the ensuing interactions has allowed to understand 
mechanisms of the induction of diarrhoea, and the loss of water and electrolytes resulting in dehydration. 
This has led to the formulation of oral rehydration solutions (ORS), now used world-wide (9,10). It does 
not, however, allow to explain the brief course of most intestinal infections. To achieve this, one must 
consider the intestinal epithelium as part of one anatomical structure, i.e., the intestinal mucosa which 
includes the intestinal epithelium and the many types of cells of the lamina propria adjacent to the 
enterocytes lining the gut. The intestinal mucosa as a whole must be considered as a functional unit, able 
to react very quickly to many stimuli.��

       The study of the pathophysiology of diseases as common as the acute infectious diarrhoeas has led 
to the rediscovery of the intestinal mucosa as an integrated organ. This, in turn, is at the origin of new 
insights in the role of the intestine as an exchange system between the body and its nutritional 
environment.  
_____________________________________________________  
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1. The circulation of water in the intestine��

The disturbances of the entero-systemic cycle of water explain the signs and symptoms of diarrhoea (Fig. 
1) (11-13). Schematically, the enterocytes covering the intestinal wall can present two types of 
disturbances. Either do infectious agents stimulate secretion to such an extent that it exceeds the re-
absorptive capacity for water and electrolytes, or the re-absorption capacity is diminished and becomes 
unable to cope with the amounts secreted. The first mechanism is that of the secretory diarrhoeas, 
caused e.g. by the toxins of Vibrio cholerae or Escherichia coli (14). The second one implies destruction 
of the enterocytes and their increased regeneration, as seen in rotavirus infections (15,16). Overall, these 
perturbations of the entero-systemic cycle of water allow to understand the dehydration caused by 
diarrhoea. They also explain at least in part the fast resolution of infectious diarrhoeas: the infectious 
agent is diluted and rapidly eliminated by the water flux. 



  

 � �

2. The role of the enterocytes �

Diarrhoea can be considered as a disturbance of the enterocyte transport systems. More particularly, 
there is an increased Cl— secretion (Fig. 2, panel 2) and a decreased absorption of NaCl (Fig. 2, panel 3). 
These two mechanisms have an additive effect, causing an accumulation of water and electrolytes in the 
intestinal lumen. Important to note is that the glucose-driven sodium absorption is usually conserved (17) 
(Fig. 1, panel 1). It decreases, however, in rotavirus or cryptosporidium infections (18-20) and may 
increase in cholera (1). This system is at the basis of the development and the effectiveness of ORS 
(9,11,21). At the level of the colon it should be possible to stimulate sodium absorption by the short chain 
fatty acids produced by the fermentation of carbohydrates (22-26).��

3. The secretory immunoglobulins barrier��

An infection of the intestine quickly gives rise to the recognition of microbial antigens by the mucosa-
associated lymphoid tissue (MALT) present in the Peyer’s patches of the small intestine. Activated 
specific lymphocytes and memory cells spread all over the intestinal mucosa. The resulting mature 
plasmocytes produce immunoglobulin A (IgA) that binds to a specific receptor, the secretory piece, 
derived by proteolytic cleavage from the basal membrane of the enterocytes. The tetravalent dimeric 
secretory IgA enters the gut and binds specifically to the infecting micro-organisms in the intestinal lumen 
and the mucus covering the enterocytes. This leads to a very efficient "immunological exclusion" 
preventing the contact between microbial antigens and enterocytes. Daily, more than 3 gram of IgA reach 
the mucosal secretions (27), blocking the massive entry of pathogens in the body. There is experimental 
proof in vivo that IgA alone can protect the gut from bacterial colonisation and the ensuing diarrhoea. For 
example, the induced secretion of a monoclonal IgA directed against a glycosylated epitope of the 
surface lipopolysaccharide of V. cholerae protects infected mice from diarrhoea and death (28). These 
studies underscore the powerful protective effect on the intestinal mucosa of specific IgA, if present in 
sufficient amounts. This has been convincingly demonstrated in rotavirus infection (29-31).��



 

Fig. 2. Main transport systems in acute infectious diarrhoeas  
 
All these systems  use as source of energy the Na+ electrochemical gradient produced by Na+, K+ ATPase. They are 
transmembrane proteins, located either at the luminal or the basolateral side of the enterocytes. Their specific 
distribution explains the absorptive or secretory fluxes through the epithelium. The genes coding for the 
transmembrane  proteins have been identified. They are SGLT1 for the glucose-Na+ cotransporter, CFTR for the Cl– 
channel, BSC for the 2Cl–/Na+/K+ cotransporter and NHE3 for the Na+/H+ exchanger. The different mechanisms 
used for the entry of electrolytes through the luminal side and their excretion through the basolateral side explain 
absorption (panels 1, 3 and 4). Secretion involves a basolateral entry mechanism and a luminal excretion mechanism 
(panel 2).��

4. Infectious agents act directly on the epithelium��

Despite the protective systems of the mucosa, infectious agents can directly lock on to the enterocytes. 
This results in changes of the concentrations of intracellular messengers that, in turn, acting on 
phosphorylation mechanisms, modify the concentration or the activity of the transport systems of the 
cellular membrane (32,33).��

       The study of cholera toxin has been the model for all other interactions between pathogens and 
enterocytes. Indeed, the B-subunit of cholera toxin binds to the GM1 gangliosides of the luminal 
membranes of the enterocytes. It allows the A-subunit to enter the cell and stimulate adenylate cyclase, 
an enzyme of the basolateral cell membrane. This causes a rise of cyclic AMP and an increased 
phosphorylation by protein kinase of the transport proteins located in the luminal membrane.��

 
       The transport proteins include CFTR protein and NHE3 protein. The former activates the selective Cl– 
secretion channel, and the latter inhibits active coupled NaCl absorption from the mucosal to the serosal 
side of the gut (Fig. 2).��

       Beside V. cholerae, all other infectious agents that act directly on the enterocytes use similar 
mechanisms, though the membrane receptors are not necessarily GM1 gangliosides and the intracellular 
messengers include cyclic GMP, cytosolic Ca++ or IP3, all of which modulate the expression of the cellular 
transport systems (14,34-42).  
 ��



 
 
Fig. 3. Functions of the intestinal mucosa  
 
The epithelium separates the intestinal content from the rest of the body. Pathological substances act on the 
functions of this selective barrier by directly interacting with the epithelial cells and indirectly with the cells of the 
lamina propria. There, numerous messengers are set free that also act on the rest of the body. It is probable that in 
the absence of intestinal infections, the molecules in the lumen and the lamina propria might play a physiological role: 
the intestinal mucosa allows man to adapt to his nutritional environment��
 
 
5.Infectious agents also act on the enterocytes by way of the cells of the lamina propria�
 
One of the most striking aspects of the pathophysiology of acute infectious diarrhoeas is that the 
infectious agents act not only directly on the enterocytes and their secretion and absorption of water and 
electrolytes. They also act on the complex structures of the lamina propria surrounding the intestinal 
epithelium. The lamina propria consists of a great variety of cells, including nervous and neuro-endocrine 
cells, lymphocytes, polymorphonuclear and eosinophilic leukocytes, macrophages, mastocytes, and 
myofibroblasts. Once stimulated, all these cells interact and influence the function of the enterocytes. 
Moreover, they also act on other parts of the body, so that infectious diarrhoeas must be considered a 
generalised disease rather than a localised one. In this sense, it is more correct to consider e.g., a 
rotavirus infection as rotavirus disease rather than rotavirus diarrhoea.  
 
       Taking into account the multiple interactions between the infectious agents and the whole intestinal 
mucosa (enterocytes and cells of the lamina propria), one can divide the pathophysiological mechanisms 
of diarrhoeas in 4 broad categories (33). They are the action of enterotoxins, the action of cytotoxins, the 
adherence of infectious agents on the enterocytes, and the invasion of, and effect on, the lamina propria 
through the epithelium. Each of these mechanisms exerts their actions directly on the enterocytes and 
indirectly on the lamina propria.��

�

        
 
 
        



       For example, V. cholerae and enterotoxic E. coli toxins (LT and ST) act directly on the luminal side of 
the enterocytes, but also cause the rare endocrine cells located between the epithelial cells to secrete 
serotonin into the lamina propria (43-45). There, serotonin acts not only on the enterocytes, but also 
activates the cells of the nervous system, the macrophages, and the mesenchymal cells. Also, cholera 
toxin causes, at least in the animal, an immunological reaction with a transitory loss of tolerance to foreign 
proteins (46).��
 
       The three other mechanisms also as well affect both the enterocytes (directly) and the lamina propria 
cells (indirectly). The latter produce many mediators acting on their own environment, on the enterocytes 
and, at a distance, on other parts of the organism. These mediators include neuro-mediators, such as 
serotonin and acetylcholine, vasoactive intestinal polypeptide (VIP), the arachidonic acid cascade, i.e. 
prostaglandins, thromboxanes and leukotrienes, and cytokines, such as TNFa and interferon g , free 
radicals, nitrogen monoxide (NO), and many other mediators of inflammation. The latter substances also 
might have a still imperfectly known trophic effect on the intestinal mucosa.��
 
6. Dynamic aspects��
 
One of the remarkable features of the small intestinal epithelium is that the enterocytes covering this 
considerable surface – when the microvilli are included it has been estimated at not less than 340,000 
square cm for a one year old child -- are renewed on average every 72 hours. This is a result of the 
cellular cycle of the stem cells, located at the bottom of the crypts, and, at least in part, driven by 
substances secreted by cells of the lamina propria. They include cytokines, such as TNFa and IL-6, 
growth factors, such as epidermal growth factor, (EGF) and hormones, such as norepinephrine and tri-
iodothyronine. Immunological diseases, e.g. coeliac disease and host-versus-graft reaction, influence the 
structure and speed of renewal of the enterocytes. Similar changes occur in acute diarrhoeas. This has 
been observed in transmissible gastro-enteritis (TGE) of piglets that has many similarities with rotavirus 
infections in children (18,20). There is a partial destruction of the villi with an accelerated renewal of the 
enterocytes. The result is a decrease of the absorptive surface, and a reduction of the absorption of 
sodium-coupled glucose and amino acids, and NaCl. These anomalies are not caused by a direct action 
of the virus on the enterocytes, but by stimulation of lamina propria cells. Also, in cryptosporidiosis, which 
is not considered an invasive infection, there are morphological and functional lesions, resembling an 
inflammatory infiltrate in the lamina propria (19). �
 

 
CONCLUSION�

���

The above sketch of the response of the intestinal mucosa to an infection allows to re-evaluate the 
physiological role of the intestine when it is exposed to nutrients. After a meal, the digestion of food 
proteins yields amino acids and oligopeptides that are absorbed by the intestinal epithelium. Beside their 
nutritional value, alimentary proteins may also have a functional role. Indeed, irrespective of age, minute 
amounts of proteins (estimated at 1 ng per hour per square cm) pass unchanged through the intestinal 
mucosa. Except for that, proteins and peptides are internalised by endocytosis through the luminal 
surface of the enterocytes and further degraded into amino acids or processed into smaller peptides (47-
50). These pass through the basolateral surface of the enterocytes into the lamina propria. There are 
reasons to believe that the enterocytes directly present antigenic peptides to T lymphocytes (51).�
Other protein fragments, or even very small amounts of intact proteins can directly activate the different 
cells of the lamina propria. For example, a peptide sequence of cow’s milk b -casein, produced by 
hydrolysis in the intestinal lumen, can pass through the epithelium to exert an action similar to that of 
metenkephalin in the lamina propria (52,53).��
 
      Thus, the role of the intestinal mucosa is to permanently control the exchange of nutrients, water, and 
electrolytes between the content of the digestive tract and the body proper. This control depends on two 
major regulation systems -- one at the level of the mucosa and the other at the level of the body as a 
whole.��



       At the level of the intestinal mucosa, nutrients taken during a meal, or microbial agents causing an 
intestinal infection, act directly on the epithelium, which is the exchange organ. They also act directly or 
indirectly on the cells of the lamina propria which control the expression of the transport systems and the 
speed of renewal of the enterocytes. The result is a constant adaptation of the exchange systems. It is 
the fast restoration of the mucosa that most probably explains the usually quick recovery after an 
intestinal infection.��
 
       At the level of the body as a whole, the regulation of the mucosal function acts through the many 
types of cells present in the lamina propria. For example, afferent and efferent nervous fibres participate 
in the control of the epithelial functions via neuro-hormonal synapses that are transitorily disturbed during 
acute diarrhoeas (54).��
 
       Finally, from a pathophysiological viewpoint, the concept of the intestinal mucosa as an organ with 
multiple cellular interactions allows a better understanding of certain pathological situations, such as the 
chronicity of cow’s milk allergy or other inflammatory conditions (55,56). It should also stimulate 
pharmacological research aimed at protecting or repairing the intestinal mucosa during infections (57).��
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ABSTRACT 
 

Awareness and knowledge of oral rehydration therapy (ORT) and preparation abilities of salt-sugar 
solution (SSS) were investigated by means of focus group discussions and complemented by a 
structured questionnaire survey of mothers in rural and urban areas of north-eastern Nigeria. ORT 
awareness was high with some intra-regional variations. Perception of ORT function was, however, 
grossly unrealistic, with a third to four-fifth of mothers expecting ORT to stop diarrhoea. At least one 
quarter of mothers lacked adequate SSS preparation abilities and the materials and ingredients required 
for its preparation. Re-evaluation of the content and method of imparting health education messages in 
ORT promotion is recommended. Such messages should emphasise the function of ORT. It is also 
recommended that standardised cups for water, salt and sugar measurements be provided to households 
as a ready means of ensuring the correct preparation of SSS in the home-based management of 
diarrhoea.  
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INTRODUCTION 

The use of home-made fluids is pivotal to the WHO/CDD programme for the appropriate home 
management of diarrhoea and the prevention of dehydration and related deaths (1). To achieve this goal, 
the salt-sugar solution (SSS) is recommended for home use in Nigeria (2,3) as in other developing 
countries (4). The choice of SSS is based on the presumed availability of materials for its preparation, the 
ease with which the preparation skills can be imparted to mothers and the preference to avoid packaged 
materials, which might come to be regarded as drugs by mothers (5).�

       The safety of user-prepared SSS is of prime importance (6,7) and there is an expected decline in 
preparation skills in the absence of continuous reinforcement. Also, perceptions of the functions of oral 
rehydration therapy (ORT) are relevant to its use (1). These factors underscore the need for frequent re-
appraisals of users' knowledge of SSS preparation abilities and their expectations of treatment with ORT. 
The aims are to ensure the safety of SSS and to determine new areas in need of emphasis in health 
education programmes.�

       In an earlier study in north-eastern Nigeria (8), about one year after the launching of the nation-wide 
ORT programme in 1986, 20% of mothers had forgotten how to prepare SSS correctly and another 14% 
lacked the materials required for its preparation. Since 1986, public education campaigns have tried to 
promote ORT awareness, preparation and use. From March 1993 to April 1994, we evaluated ORT 
knowledge and SSS preparation abilities and "readiness" in communities in north-eastern Nigeria, using 
focus group discussions (FGDs) and a survey of mothers, as an assessment of the success of ORT 
promotion campaigns in the region.  
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SUBJECTS AND METHODS�

Study population�

The Kanuris and Buras, two of the major ethnic groups in north-eastern Nigeria, formed the study 
population. The Kanuris are predominantly Muslims and have a low formal literacy level (9). In contrast, 
the Buras, a mixed Christian/Muslim group, have a higher literacy level and have also had a longer period 
of contact with Western education and medicine (9). Members of both ethnic groups frequently practise 
polygamy and are mostly farmers, although commercial activities are also undertaken in their towns and 
cities.�

Study site�

The study was conducted in Bama (a rural Kanuri settlement), in Hawul (a rural settlement of the Buras) 
Local Government Areas (LGAs) and in Maiduguri, the Borno State capital and the main urban settlement 
of both ethnic groups. FGDs among rural Kanuris were held in Banki and Kumshe villages in Bama LGA 
and among rural Buras in Chuung and Shaffa villages of Hawul LGA. In the Maiduguri urban area, FGDs 
among the Kanuris were held in Gwange and Hausari wards, and in Wulari ward for urban Buras. The 
wards are relatively ethnically homogenous.�

 



       Maiduguri has a teaching hospital, a specialist hospital (with two annexes) as well as private clinics 
and hospitals, maternity homes, health centres, pharmacies, and patent medicine shops (chemists). 
Bama LGA has one general hospital and a comprehensive health centre, dispensaries, chemist shops 
and a few pharmacies. Hawul LGA has one general hospital, Christian missionary clinics, dispensaries, 
one pharmacy, and chemist shops.�

Data collection methods�

Both FGDs and a structured questionnaire-based survey were used in data collection. Each FGD took 
approximately 45 minutes to one hour and was conducted by Kanuri and Bura facilitators and note-takers 
(postgraduate and graduate students in sociology or anthropology, fluent in the respective languages). 
Information was sought in FGDs on participants' knowledge of the preparation of SSS (in terms of ratio of 
salt to sugar, volume of water used, and duration of use of a freshly prepared solution), administration of 
SSS and knowledge of the function of ORT. Sixteen FGDs were held, four for each ethnic group, in both 
urban and rural settings. Each focus group consisted of 6 to 8 participants of the same age and sex 
(younger mothers <35 years, older women/grandmothers >35 years, younger fathers <35 years and older 
men/grandfathers >35 years). The FGDs were held in the village hall, chief's residences, or school 
compounds, as dictated by circumstances of availability and convenience.�

       Qualitative data from the FGDs were analysed by transcribing FGD audio tapes that were then 
translated into English, coded and subjected to content analysis of common/recurrent themes across 
FGDs to identify majority as well as minority points of view. The results are presented in narratives.�

       Two hundred and sixty respondents from each ethnic group, i.e., 130 from urban and 130 from rural 
areas, were interviewed in the survey. The sample size of 130 per ethnic group per locale was calculated 
on the basis of a diarrhoea incidence rate of 6 episodes per child per year in northern Nigeria (10) to 
obtain an adequate number of children in each group who were likely to have had diarrhoea in a recall 
period of 2 weeks. There were 3 non-responders in the urban areas but none in the rural areas.�

       A multistage sampling technique was used in the survey. Each LGA was successively stratified into 
districts, villages and wards, and proportional random samples of "households" were then drawn from the 
wards; proportional random samples were drawn from the wards in the urban settlements. A household 
was defined as a family unit consisting of the father, mother(s), children, co-residing unmarried relatives 
and helpers (if any), and grandmothers (if any). The wife or head wife (in a polygamous family) was the 
respondent in a sampled household; usually, the first or head wife in a polygamous family in the 2 ethnic 
groups is responsible for the supervision of domestic activities, including the care of children, hence she 
was chosen as the respondent in these households.�

       The survey was conducted during the non-farming period. It used both open-ended and closed 
questions in a pre-tested and validated structured questionnaire. The questionnaire was administered in 
both urban and rural areas during a face-to-face interview of respondents by trained female interviewers. 
Interviewers were selected from among female secondary school graduates, and female teachers, 
resident in the study areas. Ten interviewers, five resident in the urban areas and five resident in the rural 
areas, were selected and trained per ethnic group. The questions were administered to the respondents 
in their languages. The training reference manual for interviewers contained a checklist of materials 
recommended for the preparation of SSS in Nigeria (a 3-mL teaspoon, coke bottle [300 mL] or beer bottle 
[600 mL], clean bowl, sugar [granulated or in cube form], and table salt) (3), as well as the steps involved 
in SSS preparation (hand-washing, preferably with soap and water), measurements of water, sugar and 
salt (including levelling of the teaspoon measures with the little finger, and mixing and tasting of the 
solution). The respondents’ answers were compared to the correct ones. The proper way of preparing 
SSS as advocated by the Nigerian CDD programme is to wash the hands with soap and water and dry 
them with a clean napkin or towel; measure out the water (2 full Coca-Cola bottles [2 x 300 mL] or 1 full 
beer bottle [1 x 600 mL]) into the clean bowl; measure out the salt and sugar into the water (1 level 
[levelled to the edge] 3 mL teaspoon of salt and 10 level 3 mL teaspoons of sugar or 5 cubes of sugar); 
mix thoroughly the solution of salt and sugar with a long spoon or ladle until all particles are dissolved and 



taste the solution after completing the preparation (if it tastes more salty than tears, pour away and start 
again); and make a fresh solution every day.�

The following definitions were used in data analysis: 
 ��

(1) SSS readiness: Availability of materials and ingredients required for the preparation of SSS in 
the home and ability to present all the materials required in the preparation of SSS for on-the-spot 
inspection; 

(2) Correct preparation of SSS: Ability to describe the sequence of preparation of SSS correctly;�

(3) Duration of use of freshly prepared SSS: Respondent's answer is judged as appropriate if she 
indicates 24 hours (one day) or less;�

(4) Knowledge of the purpose of ORT: Answers, such as ORT "replaces water, salt", or "gives 
energy" were considered appropriate, and answers, such as "don't know" or "stops diarrhoea" 
inappropriate.�

These definitions were based on an assessment of the answers to questions, including "what is the 
purpose of giving ORT/SSS to children with frequent stools?", "how do you prepare SSS?", "how long do 
you keep SSS after its preparation?", and "can you please show me the materials that you have for 
preparing SSS?". These were open-ended questions and the interviewer either wrote the response 
verbatim or compared it with the description in the training manual in judging the response appropriate or 
not, depending on what the instruction to the interviewer was in relation to each question in the training 
manual. When the respondent's answer was judged inappropriate by the interviewer, she noted the 
respondent's incorrect responses, indicated which steps were missed in the preparation of SSS, or in the 
case of materials for the preparation of SSS, the missing items. 

       Survey data were analysed, using the Epi Info statistical programme (11); p values less than 0.05 for 
chi-squared test with Yates' correction were considered statistically significant.�

 
RESULTS 

Focus group discussions�

The opinions described in the results are majority or consensus opinions. The Kanuris and Buras are 
considered together, but we comment on marked differences between them when present. In general, 
knowledge of ORT/SSS and patterns of use were better in the urban areas than in the rural areas, and 
better among the Buras than the Kanuris in both the FGDs and survey.�

Awareness, acceptability and perceptions of ORT/SSS�

In all but one of the FGDs, all the participants had heard of ORT/SSS; the only exception was in the only 
group containing both men and women (of all ages) in Hawul LGA in which all 4 men present were 
unaware, whereas, all 5 women were aware. There were otherwise no differences in awareness related 
to age or sex or domicile (rural versus urban). Participants in rural Kanuri settlements said that they were 
informed mainly through public demonstrations. All other groups learned about ORT/SSS at formal health 
facilities; the Church was also described as an important source of information among Buras in the rural 
areas. Neither ethnic group had a terminology for ORT separate from that for SSS, hence ORT/SSS is 
used frequently without distinction in the presentation. The Kanuris call SSS nji manda, while the Buras 
call it yimir una or yimir suga, which, literally translated, means "sugar water."�



       ORT/SSS was generally well accepted among both ethnic groups. Rural Kanuris noted that "we have 
accepted SSS as a medication prescribed for us by the doctor." Urban Kanuris noted that SSS is "cheap 
and simple to mix" and is "readily available unlike other medicines which are costly." Bura participants 
noted that "SSS is the first thing you prepare before taking the child to the hospital" and that "this 
treatment is helping many people these days and it may be so effective that there is no need to visit the 
hospital." Two of the 6 young urban Bura men in FGD also noted that SSS is capable of "stopping 
diarrhoea without the need to give other medicines."�

       Rural Kanuris were unlikely to use SSS without the advice of a health worker. In contrast, several 
participants in FGDs among urban Kanuris and both rural and urban Buras reported using SSS on their 
own before visiting a health facility. Two young rural Bura women noted that, when a child with diarrhoea 
was taken to the hospital, health workers at the government and mission health facilities usually asked if 
SSS had been administered at home. However, about half of the participants in FGDs among urban 
Kanuris noted that whereas SSS was suitable for natural diarrhoea (yerta allaye), it was not suitable for 
teething diarrhoea (yerta kellinye) and diarrhoea associated with rectal prolapse (dankanama). The types 
of diarrhoea described by the Kanuris include natural or general diarrhoea (yerta allaye), teething 
diarrhoea (yerta kellinye), diarrhoea associated with anal protrusion (dankanama), diarrhoea due to 
hunger (suro de), diarrhoea due to whooping cough (kukkuwu), diarrhoea due to exposure to the sun 
(yerta soro zan kausoye) and breast-milk diarrhoea (yerta chambe). Types of diarrhoea described by the 
Buras include diarrhoea associated with measles (zhola), tonsillitis or "long uvula disease" (belu belu), 
teething, onset of the rains (yabwong), stomach pain (kitir kuta), worms (jum jum) and (hyinna): the child 
is "sick-looking, has stools with a bad smell and has a rash between the thighs." The inter-ethnic 
variations in the perceptions and treatment of diarrhoea in the study area have been described more fully 
elsewhere (12).�

       Generally, the Kanuris had minimal knowledge of the purpose of ORT/SSS. Only in the FGD 
involving older women in the urban area did 3 of 6 participants adequately describe the function of SSS, 
stating that it "stops the body water from finishing" and "prevents loss of strength" when a child has 
diarrhoea; one participant even noted that "SSS functions in the same way as the drips given in hospital 
when given to a child with diarrhoea." Participants in the rural areas simply noted that they had not been 
told by health care workers what the purpose of ORT/SSS and that "we do not know what this is for, that 
is for the doctor to bother with."�

       In contrast, the Buras, urban or rural, generally knew what the purpose of ORT/SSS was and used 
descriptions, such as "it replaces the salt and water lost from the body." However, an urban participant 
also noted that SSS "reduces diarrhoea" and another that "another medicine is used at times to stop 
diarrhoea," while a younger woman in the rural area stated that herbal remedies were needed to "help 
stop diarrhoea." A younger female participant in the rural area who disagreed with this latter opinion noted 
that some people describe SSS as ineffective, because "the preparation is not made correctly" and "some 
fail to understand that SSS only replaces the lost water of the body."�

Survey��

In the survey, 199 (77%) of the 258 Kanuri mothers (there were two non-responders) and 218 (84%) of 
the 260 Bura mothers were aware of ORT/SSS; the difference in awareness approached statistical 
significance (uncorrected c2=3.72; p=0.054). There was no significant difference between the two ethnic 
groups in the proportion of respondents who received their ORT/SSS awareness from formal health 
facilities, but a higher proportion of Buras gained their awareness from other sources, including religious 
meetings (Table I).�

       Perception of the function of ORT/SSS by those respondents who knew about ORT is shown in the 
Table II. A significantly lower proportion of the Bura respondents expected ORT to stop diarrhoea and a 
higher proportion expected it to give energy.�



       One hundred seventy-nine (90%) of the 199 Kanuri and 184 (84%) of the 218 Bura mothers 
(uncorrected c2=2.84; p=0.092) who were ORT/SSS-aware reported experience with it. Of these, 199 
Kanuri mothers, 183 (92%), and 208 (95%) of the 218 Bura mothers (uncorrected c2=2.12; p=0.145) said 
that they would use SSS in future when their child had diarrhoea. One hundred fifty-one (84%) of the179 
Kanuri mothers and 144 (78%) of the 184 Bura mothers (uncorrected c2=7.34; p=0.007) who reported 
experience with SSS had found it effective. The reasons given for thinking that SSS was effective are 
listed in Table III, and included cessation of diarrhoea in 96 (64%) of the 151 Kanuri and 41 (29%) of the 
144 Bura mothers; these proportions are strikingly different (uncorrected c2=36.52; p<0.00001).�

 
 
Among the 363 mothers (both groups joined) who had reported experience with ORT/SSS, the majority 
(80%) liked SSS. The others had complaints about its taste or smell, the need for frequent preparation of 
the solution, and dislike by children (Table IV). Only the Bura mothers complained of the need to prepare 
SSS frequently.�

Preparation and administration of SSS�

Knowledge of the preparation of SSS as expressed in FGDs among the Kanuris was generally limited 
and it was only in the FGD involving older women in the urban area that the participants correctly 
described SSS preparation. The several recipes given for SSS preparation were descriptions of over-
dilute or over-concentrated solutions. Three of the 8 older men/grandfathers and 1 of the 6 older 
women/grandmothers in the rural areas even described different recipes for adults and children. Ten of 
the 28 participants in the rural areas did not state the sizes of the recipients and spoons to be used in 
measuring salt, sugar and water. While in the urban areas, the recipes were nearer to recommended (3) 
quantities of sugar and salt, they were still largely inadequate (inaccurate quantity of water, no description 
of levelling of salt and sugar in the spoons). Knowledge of administration of SSS was also limited in the 
rural areas, with for example 2 of the 6 younger men stating that SSS should be given "one teaspoon 
thrice daily."�

       In contrast to the Kanuris, all Bura participants in FGDs, except 2 of the 6 urban younger men who 
described incorrect measurements of water, correctly described the preparation of SSS, including 
levelling of the teaspoon measurements of salt and sugar. Overall, knowledge of administration of SSS 
was also more appropriate among the Buras. The Bura women noted that SSS was to be given 



"whenever the baby vomits or passes watery stools or feels thirsty." However, an urban younger man said 
that SSS was given "3 to 4 times a day."�

       In the survey, about one-quarter of the ORT/SSS-aware respondents from both ethnic groups either 
described an incorrect method of SSS preparation or stated that they did not know its preparation (Table 
V); there was no significant difference between the two ethnic groups in the proportion of the ORT/SSS-
aware respondents who described an incorrect method. Among those who gave incorrect descriptions, 
about half to two-thirds (depending on the ethnic group) missed several steps (Table V). The incorrect 
steps among the Kanuris involved lack of hand washing in three cases, and incorrect measurements of 
water in 12 cases, of salt in 17 cases, and of sugar in 26 cases (multiple responses were allowed). 
Among the Buras, the incorrect steps involved lack of hand washing in two cases, lack of tasting of the 
solution in one case, and incorrect measurement of water in 10 cases, salt in 22 cases, and sugar in 33 
cases. One hundred fifty-eight (79%) of the 199 ORT/SSS-aware Kanuri mothers and 170 (78%) of the 
218 ORT/SSS-aware Bura mothers (c2=0.12; p=0.725) said that a fresh solution was to be made every 
day, while others stated longer periods of use.�

 

�

The availability of materials and ingredients for SSS preparation in the ORT/SSS-aware households is 
described in Table VI. Among the Kanuri and Bura mothers, 76% and 79%, respectively, (c2=0.38; 
p=0.537), were able to present the materials for inspection, while the remainder lacked one or more items 
(Table VI). Among the Kanuris, 26 mothers lacked bottles, four lacked bowls, 19 lacked teaspoons, 28 
lacked sugar, and 13 lacked salt. Among the Buras, 22 mothers lacked bottles, 8 lacked bowls, 16 lacked 
teaspoons, 13 lacked sugar, and 7 lacked salt.�

 

DISCUSSION 

 In the wake of the nation-wide launching of the Nigerian ORT programme in 1986 (8), ORT/SSS-
awareness achieved in the region we studied has apparently been sustained. However, awareness has 
not been translated into an expected level of use (2) and knowledge of purpose of ORT/SSS is largely 



inaccurate. Also, there is a potential for those having unrealistic expectations of SSS to discontinue its 
use or use it with antidiarrhoeal drugs. In addition, SSS preparation abilities need to be improved. 

 
 
       The gap between mothers' knowledge and SSS preparation abilities may be related to gaps in health 
education techniques, especially those that do not give mothers the opportunity to prepare and mix ORT 
themselves (4) or those that do not provide for reinforcement of skills after training. One Kanuri participant 
in an FGD indicated that "it has been a long time that the officials taught us how to prepare SSS".�

       Opportunities to reinforce skills in making SSS/ORT are needed, either through a network of village 
health workers or through training of community leaders/ members or voluntary bodies, such as church 
groups and market-women organisations in the village.�

       Because most people learn of ORT/SSS at the health facility, one approach might be to train 
community representatives in SSS preparation. These representatives could train in the communities in 
collaboration with hospital staff, and subsequently practise as trainers for their communities under 
periodic supervision. The results of a recently concluded study in Borno State, Nigeria (13), suggest that 
this approach is a very useful way of promoting ORT/SSS use and knowledge in rural communities.�

       It would appear from the results of this study that a significant proportion of the Kanuri and Bura 
populations is using SSS. However, how these populations are using SSS (what quantities are given to 
children having diarrhoea, whether SSS is commenced at the first sign of diarrhoea or after several days, 
how long it is used during the diarrhoeal illness, etc.) is not known. Further studies are needed to address 
these questions.�

       Reported ORT use in our study was similar to use reported in Pakistan (14), and in rural South Africa 
after health education campaigns (15). Reported rates of use in our study population may be greater than 
the actual rates. Indeed, courtesy, to please the interviewer, might introduce considerable bias. Still, the 
rates are believable because of governmental and non-governmental agencies' involvement in health 
education and ORT/SSS campaigns in north-eastern Nigeria. Perhaps, ORT promotion campaigns 
should shift focus from simply promoting awareness to addressing specific aspects of this awareness, 
such as knowledge of function of ORT/SSS, appropriateness of use, readiness for use, etc. For example, 



more than one-quarter of the respondents in the survey could not correctly describe the preparation of 
SSS and were not SSS "ready" which means that the home management of diarrhoea would be largely 
inappropriate in many homes in the study area. Similar conclusions have been reached in other areas of 
Nigeria (7,16). We join other authors (4,17) in urging national and regional ministries of health to provide 
standardised cups for the measurement of water, salt and sugar to all homes country-wide to avoid the 
dangers that can result from the use of incorrectly prepared SSS. At current prices, it would require about 
US$0.25 (20 Naira) to provide a household with a measuring cup and spoon. For the Nigerian population, 
currently estimated at about 100 million, there would be about 1.7 million households, assuming an 
average of 6 persons per household (but the actual number could be considerably lower, because 
polygamy is common and the number of children per household tends to be much higher than 4). Thus, 
about US$425,000 (34 million Naira) would be required to provide measuring materials to every 
household. This amount is arguably not prohibitive, considering the potential savings in cost of 
hospitalisation, caretakers' time, etc. that could be made if the appropriate home management of 
diarrhoea were widely practised.�

       Lack of knowledge of its purpose can be an impediment to ORT use (1,4,5). It is alarming that 
approximately 40 to 80% of the respondents in the survey either had no idea of ORT or have an 
inappropriate perception of the function of ORT. Inappropriate expectations of ORT as an antidiarrhoeal 
drug leads to misuse of, and disappointments about oral rehydration (1,5).�

       A large proportion of mothers seeks treatment for diarrhoea in formal health facilities. Not 
surprisingly, it is there that many learned about ORT. The high user rate of health facilities in the study 
areas may be attributed to the erstwhile provision of free health services. In spite of extensive use of 
these facilities, many respondents lacked adequate SSS preparation skills, and readiness, and had 
inappropriate perceptions of the function of ORT. The ready recourse to the use of formal health facilities 
in the management of diarrhoea should be encouraged, because it is an important occasion for imparting 
ORT knowledge and preparation skills, but the methods of instruction appear to need improvement.�

       A few other observations in this study require to be commented on. The differences between the two 
ethnic groups in aspects of ORT/SSS-awareness and knowledge can be explained by the inter-ethnic 
differences in literacy level (Western education) and length of contact with Western medicine (9). We 
have no ready explanation as to why older women/grandmothers in FGDs among the Kanuris had a 
better knowledge of ORT/SSS than the younger women. Perhaps it is because of lesser restriction of the 
movement and interaction of the former compared to the latter which would consequently expose them to 
more sources of information.�

       The proportion of mothers who said that they would use SSS again was unexpectedly greater than 
the proportion that found it effective in a previous occasion. Perhaps this is because the reluctance from 
personal experience is balanced by the urge from promotional messages and campaigns; the introduction 
of bias from the respondents trying to please the interviewers may also be a factor.�

       Although one of the ideas behind the promotion of SSS was the need to discourage expectations of 
the ORS package as a drug (5), it is obvious that users also sometimes consider SSS as a drug. The 
problem with this perception is that it may lead to inappropriate use as indicated by one FGD participant 
who described the administration of SSS as "one teaspoon thrice daily." This aspect would also need 
more attention in health education programmes.�

       In summary, ORT awareness is high in the north-eastern region of Nigeria. Yet, knowledge of the 
purpose of ORT is grossly inadequate in all the study locations. SSS preparation abilities and "readiness" 
are also inadequate in an important proportion of the study population. We recommend re-evaluation of 
health education techniques and messages relating to ORT/SSS use, to incorporate knowledge of ORT 
function, details of preparation and appropriateness of use. There is also the need to emphasise with 
more vigour the need of adequate SSS preparation abilities and of keeping the required ingredients at 
hand.�
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ABSTRACT 

   
A total of 2,400 stool samples comprising 1,200 from patients with diarrhoea (600 each from urban and 
rural area) and 1,200 similarly divided controls were obtained from school children and clinic attendants of 
government and private clinics around three designated study centres of Edo, Lagos and Cross River 
states, Nigeria. These were screened for the prevalence of bacteria that could cause diarrhoea. 
Diarrhoea cases in urban areas had a high prevalence rate for Campylobacter spp. (28%), followed by 
enteropathogenic Escherichia coli (22%), Salmonella spp. (17%), Shigella spp. (14%), Aeromonas spp. 
(5%), and Yersinia enterocolitica (4%), whereas in rural areas E. coli was the most frequently 
encountered pathogen (18%), followed by Salmonella spp. (16%), Aeromonas spp. (15%), Shigella spp. 
(9%), Campylobacter spp. (8%), and Plesiomonas shigelloides (8%). A similar distribution but with lower 
rates was noted for controls in both urban and rural areas, however, no P. shigelloides was isolated. 
Results highlight a possible difference between the prevalence of enteric bacteria in rural and urban 
areas and reveals the strong association of Aeromonas and Plesiomonas species with cases of diarrhoea 
in Nigeria.��

 Key words: Diarrhoea; Bacteria; Aeromonas; Plesiomonas��

 
INTRODUCTION 

Diarrhoea is responsible for high morbidity and mortality in children and adults in developing countries 
(1,2). Globally, an estimated four million children and adults die annually of infectious diarrhoeas (3). In 
Nigeria, diarrhoea is the second major cause of morbidity among the notifiable diseases (4). According to 
the Federal Statistic Bulletin (5), more than 300 children die every day as a result of dehydration and 
malnutrition caused by diarrhoea. These statistics are likely to be underestimated as many patients do not 
have access to the limited number of hospitals and health centres that are available (6). Enteric bacteria 
account for a substantial proportion of diarrhoea episodes worldwide (29). However, studies on the 
spread of these enteric bacteria in urban and rural areas have received only cursory attention in Nigeria.�

Recent reports from different parts of the world show varying frequencies of bacterial agents of diarrhoea, 
such as Salmonella, Shigella, Campylobacter, Aeromonas, Escherichia coli, and Yersinia spp. (2-14). In 
China (8) and India (10), pathogenic Escherichia coli strains were the most frequently detected pathogens 
in diarrhoea cases, whereas in one study in Egypt (9) Campylobacter was the leading pathogen. In 
Nigeria, studies on bacterial aetiology of diarrhoea have either not been updated within the last ten years 
(2) or are restricted to only urban areas (2,6). We, therefore, decided to conduct a cross-sectional study 



to determine which Gram-negative bacteria were present in stool samples obtained from patients with 
diarrhoea and controls without diarrhoea in urban and rural regions of Nigeria. �
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SUBJECTS AND METHODS 

Patient population and controls  

Stool samples from 2,400 consecutive patients were collected for the study. Of this number, 1,200 were 
from patients with diarrhoea (600 each from urban and rural areas) and another 1,200 were obtained from 
patients without diarrhoea (controls) also equally divided between urban and rural areas. The main 
occupation of the villagers (rural people) is farming (cash crop or subsistence) and occasionally fishing. 
The stool samples were collected from school children and clinic attendees (ages: 1 to 45 years) of 
government and private clinics around the designated study areas of Lagos, Edo and Cross River states. 
Specimens were then submitted to the screening centres at the Departments of Medical Microbiology, 
Universities of Edo State, Lagos, and Calabar, Nigeria. Diarrhoea in this study was defined as passage of 
watery stools, three times or more daily. Patients who were attending the clinic for routine examinations or 
for evaluations of non-diarrhoeal illness were selected as controls if they had had no diarrhoea three 
weeks prior to the collection of specimens. The patients and controls and the rural and urban group were 
examined over a 12-month period (February 1993 to February 1994). The age distribution of the two 
groups (controls and patients) was similar.��

Specimen transport��

Stool samples from patients and controls from rural and urban areas of the three designated study 
centres in Edo, Lagos, and Cross River states were put in Cary-Blair transport medium (manufactured 
within 5 to 10 hours) and cultured for Salmonella spp., Aeromonas spp., Shigella spp., Campylobacter 
spp., Plesiomonas spp., Vibrio spp., E. coli, and Yersinia spp., at the following specific institutions: 
Microbiology Laboratory, Department of Microbiology, Edo State University, Ekpoma, Department of 
Medical Microbiology and Parasitology, College of Medicine, University of Lagos, Lagos State, and 
Microbiology Laboratory, Department of Medical Microbiology, University of Calabar Teaching Hospital, 
Calabar, Cross River State, Nigeria.��

Culture media��

Primary isolation media comprised Campy blood agar (CBA), Skirrow's medium (SM), MacConkey's agar 
(MCA), xylose desoxycholate citrate agar (XDCA) and sheep blood agar containing ampicillin, 15 m g/mL 
(ABA). Others were thiocitrate bile salts-sucrose agar (TCBS) and Kligler's iron (KIA). These media are 
recommended for the isolation of specific diarrhoeagenic agents from specimens (11,12). The media 
(MCA, CBA, XDCA, KIA) were prepared from commercial bases (Difco Laboratories Detroit, Michigan, 
USA) according to the manufacturer's instructions. ABA was prepared as previously described (15). Also, 
appropriate enrichment broths and alkaline peptone water (pH 8.6) were used for enhancing the isolation 
of the organisms (16).��

 

 



Microbiological methods��

For the isolation of Campylobacter jejuni from stools, Skirrow's and Butzler's media were used as 
previously described (16,17). Briefly, the plates were incubated at 42 ° C under microaerophilic conditions 
for 72 hours in a candle jar. Organisms were considered to be Campylobacter if they were S-shaped 
Gram-negative bacteria, motile, oxidase-positive, grew at 42 ° C, but not at 25 ° C and were sensitive to 
nalidixic acid. For the isolation of Aeromonas and Plesiomonas spp., specimens were plated onto XDCA 
and ABA, incubated at 37 ° C for 24 hours. Non-xylose-fermenting colonies on XDCA and all colonies on 
ABA were screened for oxidase production (16,18). Oxidase-positive colonies were further confirmed as 
belonging to Aeromonas or Plesiomonas shigelloides using an established protocol (19). For the isolation 
of other enteropathogens, the methods fully described by Ogunsanya et al. (6) and Alabi and Odugbemi 
(16) were employed to allow for some degree of comparability with their data. In brief, inoculations of 
faecal specimens were on appropriate media, such as MCA, DCA, and TCBS. Specimens were also 
inoculated into enrichment broths, such as selenite-F broth, to enhance the isolation of Salmonella and 
Shigella spp., whereas alkanine peptone water (APW) pH 8.6 was employed for the enrichment of Vibrio 
cholerae, Plesiomonas and Aeromonas spp. (6). Cold enrichment was used for Yersinia spp. in 
Dulbecco's phosphate buffered saline (PBS) at 4 ° C and subcultured onto MacConkey agar and DCA 
after 10 days and incubated at room temperature (6). The APW was subcultured onto TCBS agar, and 
XDCA and selenite broth cultures were subcultured onto DCA and SS agar as previously reported (6). All 
inoculated media (enrichment and subculture) were incubated at 37 ° C for 24 hours. Biochemical tests 
previously described (10) were employed for definitive identification. Slide agglutination with specific 
antisera (Wellcome Reagents Ltd., Wellcome Research Laboratories, Beckenham) were used for 
serological diagnosis (16). Strains of enteropathogenic E. coli (EPEC) were identified as previously 
described (16). Strains of enterotoxigenic E. coli (ETEC), enteroinvasive E. coli (EIEC), and 
enteroadherent E. coli (EAEC) were not sought.��

Statistical methods��

Data on demographic characteristics of patients and controls and results of stool bacteriology were coded 
and entered into a database in Epi Info. Differences in the proportion of urban and rural subjects with the 
various types of bacteria cultured from stool were compared using the chi-square test. Since the same 
subjects were compared multiple times, the probability of obtaining a significance by chance was 
decreased to 0.0064 (p=0.05/number of comparisons) (21).��

RESULTS 
  �

The frequencies with which potentially pathogenic bacteria were isolated from individuals with and without 
diarrhoea, in urban and rural areas of Nigeria, are presented in Table I. There were higher rates of 
isolation of all the diarrhoeagenic agents studies from patients with diarrhoea than in controls (p<0.0063). 
For patients with diarrhoea, Campylobacter spp., Y. enterocolitica, and Shigella spp. were significantly 
more frequently isolated from urban patients than rural patients, while P. shigelloides and Aeromonas 
spp. were more frequently isolated from rural patients. In controls, a similar pattern in their rates of 
occurrence was observed in urban and rural areas except that no P. shigelloides or V. cholerae were 
isolated from controls in either urban or rural areas. Single pathogens were isolated from most stool 
samples positive for diarrhoea as well as from controls in both urban and rural areas. Some patients and 
controls were infected with more than one pathogen, but data on these are not shown, because the 
pathogens were recorded independently of other co-existing pathogens in such a way that isolates, 
whether multiple or single, were recorded separately. The age and sex distribution for all enteric flora in 
patients with diarrhoea are shown in Table II.��

 
 



 
DISCUSSION 

  �

Our results indicate a changing pattern in the potential bacterial pathogens that may be associated with 
diarrhoea in urban areas of Nigeria as compared with previous studies (2,6,22). The trend reported in this 
study implicates Campylobacter spp. as the most frequently encountered enteropathogen associated with 
diarrhoea cases in urban areas. This was followed in decreasing order by Escherichia coli, Salmonella 
spp. and least for V. cholerae. These potential pathogens occurred more frequently in patients with 
diarrhoea than in controls (p<0.0063) and this agrees with previous reports (2,6-14,22). However, our 
data on the trend of these potential agents of diarrhoea contradict previous reports (2,22) in Nigeria. 
Those studies did not use methods to detect Aeromonas and Plesiomonas species, whereas our results 
now show a potential pathogenic role for both organisms in cases of diarrhoea at a frequency comparable 
to other established bacterial agents of diarrhoea. Dosunmu-Ogunbi et al. (2) reported Shigella spp. as 
the most predominant enteropathogen associated with acute enteric infections in Lagos, Nigeria (41%). 
This was closely followed by E. coli (24%), while V. cholerae accounted for only 2% of the isolates. In a 
related study in Benin City, Nigeria (22), Salmonella spp. accounted for up to 47% of the enteric 
pathogens isolated, while Staphylococcus aureus (1%) was the least encountered pathogen. In China, 
Kain et al. (8) reported ETEC as the most frequently detected pathogen in individuals with diarrhoea, 
accounting for 20% of the cases, while Salmonella, Shigella, Campylobacter and Vibrio spp. accounted 
for 12%, 3%, 2%, and 0.5% respectively.�



 

In rural areas, we identified EPEC as the leading bacterial agent of diarrhoea, accounting for 18% of the 
total isolates. This was followed in decreasing frequency by Salmonella spp., Aeromonas spp., and Y. 
enterocolitica. We are unaware of any report on the distribution of these enteric organisms among 
diarrhoea cases in rural areas of Nigeria. Our data suggest divergence in the distribution patterns of 
enteric bacterial flora in both urban and rural areas and clearly reveal the possible association of the 
potential pathogens Aeromonas and Plesiomonas spp. with diarrhoea in rural settings. These seemingly 
high isolation rates observed for Aeromonas spp. and P. shigelloides in rural areas could be related to 
environmentally acquired isolates from steams, lakes, ponds, wells or consumption of contaminated 
water, as previously suggested (23). In Nigeria, contact with these sources is more frequent in rural 
areas. Holmberg et al. (24) found a clear association between the drinking of untreated water and the 
occurrence of chronic gastroenteritis in adults and acute gastroenteritis in children due to Aeromonas 
spp.��



 

For the control subjects screened in this study, a similar pattern in the rates of occurrence of these enteric 
bacteria was noted in both urban and rural areas. However, we isolated Salmonella spp., Shigella spp., 
and Y. enterocolitica from controls in both urban and rural areas, whereas Eko and Utsalo (25) failed to 
isolate these enteric bacteria from controls in their study. These divergent results may, however, be 
related to the season of collection and the media used for isolation. In agreement with previous studies in 
urban areas (16,25), we also found a 0% prevalence rate for P. shigelloides and V. cholerae among 
control patients in both urban and rural areas. However, Arai et al. (23) found P. shigelloides in the faeces 
of only 3 (0.01%) of 38,454 normal subjects in Japan. Echeverria et al. (26) and Pitarangsi et al. (27) 
found no difference in the isolation of P. shigelloides from normal controls and patients with diarrhoea in 
Thailand. As in previous studies (2,8,12,25,29), it was equally interesting to note that the isolation rates of 
all the pathogens encountered in this study were observed to be independent of age in both urban and 
rural areas. It must be mentioned that the big difference in the isolation rates between urban (565/600) 
and rural (479/600) may not be truly biological; a chi-square as high as 54.49 (p<10-6) evokes other 
factors. A longer transportation time for the rural specimens may partly explain this, and this might have 
influenced the isolation rate of one species more than that of another one. For example, Campylobacter 
species may show poor growth after a longer transportation time.��

We conclude that the frequency of isolation of Gram negative potential pathogens, which could be a 
cause of diarrhoea in urban areas, is changing and that in both urban and rural areas another group of 
such potential bacterial pathogens has emerged. We, therefore, recommend further study of types of 
media for transportation and isolation; improvement of isolation techniques to determine the extent of 
involvement of Aeromonas and Plesiomonas spp. as potential pathogens; and a continuing search for 
other possible potential bacterial agents of diarrhoea that have not been previously reported in Nigeria.��
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LETTER TO THE EDITOR �

 

Mechanism of Purgative Effect of Magnesium Sulphate on Mouse Colon��

 

 Sir:��

Magnesium sulphate belongs to the class of saline laxatives that act by simple osmotic extraction of fluid 
into the gut lumen (1). Recently, a role for nitric oxide in the mechanism of action of magnesium sulphate 
has been postulated. Inhibitors of nitric oxide synthesis seem to block the laxative action of this 
compound (2). There is evidence to show that even castor oil acts through the release of nitric oxide (3). 
We have demonstrated that methylene blue, a guanylate cyclase inhibitor, blocks the effect of castor oil 
indicating the involvement of the enzyme in the chain of actions that finally lead to diarrhoea (4). The 
question asked here is whether guanylate cyclase is also involved in the action of magnesium sulphate.��

To answer this question, experiments were conducted on mice implanted with intra-caecal cannulae. 
Male Swiss albino mice weighing 25 to 30 g were used for this study. Details of the method of cannulation 
and induction of diarrhoea have been described earlier (5). Briefly, one end of a thin polyethylene tube 
(PE 50, Clay Adams, ID 0.58 mm and OD 0.95 mm), measuring 6 cm in length, was introduced into the 
tip of the caecum brought out through a small incision on the ventral abdominal wall on the left side. The 
caecum was pushed back into the abdominal cavity, and the wound was closed. The other end of the 
tube was brought out through the nape of the neck after traversing the distance subcutaneously.��

A week after recovery, six animals were used for each experiment. Introduction of 0.2 mL of a 30% 
solution of magnesium sulphate into the caecum produced copious diarrhoea within ten minutes. We 
compared this effect with that obtained after prior administration of indomethacin (a cyclooxygenase 
inhibitor), methylene blue (a guanylate cyclase inhibitor), 5-aminosalicylic acid (a lipoxygenase inhibitor), 
and anthracene-9-carboxylic acid (a chloride channel blocker). After having received the different 
compounds, the animals were placed in individual cages with floor lined by blotting paper. The time taken 
for the onset of passage of stools, in minutes, was noted in each animal. On the basis of stool 
consistency, a numerical score was assigned as follows: 1 = normal stool, 2 = semi-solid stool, 3 = watery 
stool. The faecal output index (FOI) is defined as the sum of the consistency scores of all the motions 
passed within the observation period of 3 hours. An animal, passing a stool of score 2 at least once, is 
counted as suffering from diarrhoea.  
 ��



The Table indicates that except anthracene-9-
carboxylic acid none of the agents employed was able 
to significantly decrease the diarrhoeal response 
induced by administration of magnesium sulphate. 
Methylene blue, when given in similar concentration 
and by the same route of administration, was 
successful in curtailing diarrhoea caused by castor oil 
(4) or acidified sodium nitrite (5). Release of nitric 
oxide and activation of guanylate cyclase (2,4,5) are 
thought to be involved in the mechanism of these 
actions. Failure of methylene blue to reduce diarrhoea 
induced by magnesium sulphate indicates that the 
enzyme guanylate cyclase may not be involved in the 
action of magnesium sulphate on mouse colon. 
Indomethacin and 5-aminosalicylic acid were also 
ineffective in controlling the laxative response to 
magnesium sulphate. Hence the products of 
cyclooxygenase and lipoxygenase are probably not 
involved in the mediation of action of magnesium 
sulphate.��

The ability of anthracene-9-carboxylic acid to 
significantly decrease diarrhoea induced by 
magnesium sulphate indicates that at least a part of 
the diarrhoeal response is due to the opening of 
chloride channels. In combination with glucose, 
anthracene-9-carboxylic acid was found to be effective 
in controlling the secretory response of small intestine 
induced by dibutyryl cyclic AMP (6).��

It is possible that the osmotic changes in the colon 
caused by the introduction of magnesium sulphate 
may induce volume changes in the colonic crypt cells. 
Such volume changes are known to cause opening of 
the chloride channels in other cells (7,8). However, 
further experimentation is needed to investigate if 
similar changes occur in colonic epithelium on 
exposure to magnesium sulphate.��

���
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Table I. Effect of pre-treatments on 
magnesium sulphate-induced diarrhoea �

Sl. 
No.�

Pre-treatment� Time of 
onset 
(min)�

FOI�

1� Control� No stools� No 
stools�

2� Saline� 9± 1� 33± 2�

3� Indomethacin� 17± 1� 40± 3�

4� Methylene blue � 8± 1� 32± 2�

5� 5-
aminosalicyclic 
acid�

8± 1� 41± 3�

6� Anthracene-9-  

carboxylic acid�

8± 1� 20± 1�

All values are means ± SEM of 6 experiments. 
All agents were given through the intracaecal 
route, 30 minutes prior to the administration of 
magnesium sulphate (0.2 mL of a 30% solution). 
The following dosages were given in a volume of 
0.2 mL: indomethacin 120 m M/kg; methylene 
blue 0.65 m M/kg; 5- aminosalicylic acid 280 m 
M/kg; anthracene 9-carboxylic acid 6.75 m 
moles/kg. The control group received saline 
instead of the secretagogue. Only anthracene-9-
carboxylic acid caused a significant reduction in 
FOI (p<0.01) when administered prior to 
magnesium sulphate.�
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LETTER TO THE EDITOR   

 �
Comparison of Main Features in Children with Cholera O1 and O139 in Yangon, 

Myanmar, 1996 

���

Dear Sir:  
 ��

Vibrio cholerae O139 strains were first isolated in our community in February 1994 (1). In endemic areas, 
older individuals are usually partly or completely immune to V. cholerae O1, as a result of repeated 
exposure. Children and infants are more vulnerable (2). On the contrary, in Bangladeshi patients with V. 
cholerae O139 infections there was a higher proportion of adults (3). This study on cholera O1 and O139 
in children in Yangon, Myanmar, was carried out in 1996.��

���

��

��

��

��

��

��

��

  
*95% confidence limits - the relative risks apply to the V. cholerae 0139 patients compared with the 01 ones  
**Two-tailed Fisher's exact probability test 

Rectal swab samples were collected from 2534 patients passing rice-water stools and admitted for 
treatment to the Infectious Diseases Hospital, Yangon, during January to July 1996. Among them V. 
cholerae was isolated from 794 (31%) of which 475 (60%) were V. cholerae O1 and 319 (40%), V. 
cholerae O139. There were 101 V. cholerae O1 and 26 V. cholerae O139 cases in children under 10 
years. These are the subjects of this study.��

Table. Numbers (%) of patients with cholera and main features
Numbers (%)  

and main features�

V. cholerae serotypes c 2� Probability Relative risk  
95% CL*�

 � O1� O139�  �  �  �
Total number of 
patients�

475 
(100%)�

319 (100%)  �  �  �

Number of patients 
< 10 years�

101 
(21%)  
(100%)�

26 (8%)  
(100%)�

24.2 <10-6� 0.26 – 0.33 – 0.58�

Reported number 
of stools   
< 1   
1 to 5   
6 to 10 

 

36 (36%)  
52 (52%)  
13 (13%)�

 

0  
17 (67%) 
9 (33%)�

 
   

11.2

 
   

0.0008�

 
   

1.34 – 1.55 – 1.80�

Vomiting� 85 (84%)� 26 (100%)� -� 0.041**� 1.09 – 1.19 – 1.29�
Abdominal pain� 52 (52%)� 17 (67%)� 1.6� 0.20� 0.91 – 1.27 – 1.78�
Fever� 12 (12%)� 11 (42%)� -� 0.014**� 1.38 – 2.91 – 6.16�
Dehydration   

Mild to 
moderate Severe 

 

88 (88%)  
13 (12%) 

 

11 (42%) 
15 (58%)�

 

24.2 
12.9

 

<10-6  
0.0004�

 

0.31 – 0.49 – 0.77  
1.61 – 2.65 – 4.34�



We compared differences in proportions with the c 2 test or the Fisher exact probability test. Fever was 
defined as a body temperature >36.8° C.��

The table shows the numbers of patients and the frequency of the main signs and symptoms in children 
with cholera O139 compared with O1 patients.��

In our community, the proportion of children less than 10 years old was much lower in patients with V. 
cholerae O139 than in those with V. cholerae O1. This confirms the poor herd immunity of adults against 
the recently emerged germ. On the other hand, children with the new V. cholerae strain had significantly 
higher reported purging rates and a higher frequency of abdominal pain, fever and severe dehydration. 
Our findings are in keeping with data from Bangladesh showing that adult V. cholerae O1 patients were 
more often hypothermic (oral temp. <36 degree Celsius) (p<0.001) and less often had abdominal pain or 
cramps (p=0.035) than did patients infected with V. cholerae O139 [4]. We found no significant difference 
in the frequency of vomiting. Overall, cholera O139 was the more severe of the two diseases.��

All of the isolated strains of V. cholerae O1 and O139 were susceptible to chloramphenicol, gentamicin, 
tetracycline, and co-trimoxazole, and resistant to ampicillin. Thus tetracycline and co-trimoxazole were 
still the drugs of choice in treating cholera patients in this study. �
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LETTER-TO-THE-EDITOR �

Glucose-based and Rice-based ORS�

�Sir:��

The authors of the paper "Acceptability of Rice-based or Flavoured Glucose-based Oral 
Rehydration Solutions: A Randomized Controlled Trial" (1) conclude that there was "no clear 
advantage of rice-based or flavoured solutions over standard glucose ORS. This observation 
lends support to the continued recommendation of glucose ORS as standard therapy." The study 
was well designed and, within the limits of variability of four comparison groups with a n=76 to 
105 in the different cells no differences were noted between the several ORT preparations 
investigated with respect to the variables that were measured. It is gratifying to note that the 
solutions were prepared accurately and that ORT was used by 79 to 87% of mothers with feeding 
occurring in the majority of children.��

However, the conclusion that "rice-based ORS shows no clear advantage of rice-based over 
standard glucose ORS lends support to the continued recommendation of glucose ORS as 
standard therapy" is overly broad and extends well beyond the scope of the data gathered. The 
two most important effects of ORS are first to save lives threatened by volume depletion and 
second to improve growth and development with consistent use in all episodes of diarrhoea. In 
this paper, the population studied was not dehydrated or at risk of dying from volume depletion, 
and no nutritional follow-up was included in the design. The only valid conclusion from this study 
would then be only that in children with mild diarrhoea and little or no dehydration there was no 
distinguishable difference between rice and glucose-based ORS. In this four-way comparison of 
relatively small groups, the limits of error should also have been stated as these would be 
substantial, and differences of clinical importance could have been obscured by variation.��

Rice-based ORS has been shown to decrease volume loss in severe dehydrating diarrhoea (2) 
and shortens the course of both watery and dysenteric diarrhoea (3). Furthermore, with 
consistent use cereal-based ORS has performed better that glucose ORS in promoting improved 
growth and development (4,5).��

There should not be a bias against improved ORS solutions on the basis of a lack of advantage 
over standard glucose ORS in mild disease. Preventing death and/or hospitalization and 
promoting growth are surely more important goals.��
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From the Internet . . .  . . .�

�Medical journals on the Internet��

A growing number of medical journals are appearing on the Internet. The differences between the printed 
and electronic versions are also considerably increasing rapidly.��

�

 The online version of the prestigious Journal of Clinical Investigation illustrates the features that make 
some, but not all, electronic journals superior to their printed copies (see box on the next page).��

eBMJ and The Lancet Interactive��

These two prestigious journals have upgraded their Internet sites in April 1998. The electronic British 
Medical Journal (eBMJ), has features similar to those of the JCI online. This is not surprising: both 
journals (as many other ones) have sought assistance from Stanford University High Wire Press. All 
articles are available in their full-text version. Clicking on the "Search" field of the eBMJ opens a search-
and-browse panel, similar to that of the JCI online. It is shown here.  
   
 ��



���

���

���

���

���

���

���

���

Immediate availability.� The JCI online appears on the Internet before it can arrive by postal 
mail. This is the more true the greater the distance between the 
subscriber and the printer. The difference can be weeks or, for 
developing countries scientists, even months.�

Free of charges.� Access to the JCI is free; no payment, no registration and no 
username or password are required.�

Full contents� The full contents are available, with the choice between summary or 
full-text of each article. The latter includes tables and figures.�

PDF version� PDF files (portable document format) can be downloaded. They make 
it possible to print an exact copy of what appears in the paper copy of 
the JCI.�

PubMed citation and related 
articles�

Not only does a hypertext link leads to the Medline summaries of the 
articles (with the option of two formats), but one click suffices to see 
on the screen a printable list of the Medline references to papers on 
the same topic as the original one. Each of these references leads 
again to related articles.�

References with hypertext� Hypertext links again allow seeing more details about each reference. 
The possibilities are, depending on the source journal, summary or full 
text or Medline citation. �

Download to Citation Manager� Those who keep their references in a database can download each 
paper in the JCI online to specialised reference libraries, including 
Citattion Manager, and Endnote. �

Search Medline� Medline indexed articles by any of the authors of the article can be 
directly accessed via Medline using a hypertext link.�

Archive and Search� Earlier issues of the JCI are accesible online, and there JCI articles 
can be searched for by author’s name or keyword.�

TOC� One can ask to receive the TOC, or tables of contents, by e-mail.�



It is a powerful and flexible search engine, with full text search-and-retrieval capacity. Still, it requires 
some care. For example, a simple search with "breast-feeding" yields zero articles. Suggestions are 
offered for , but with suggestions about how to improve the search. The reason is that, while "breast-
feeding" is spelled with a hyphen in all main British and American dictionaries, the BMJ spells it as two 
separate words. Searching the eBMJ for "breast feeding" on April 24, 1998, retrieved no less than 241 
references of all kinds: full papers, editorials, letters, news features. One can check all references of 
interestone wants to have a better look at, and get a list of all checked abstracts. Another nice feature is 
that one can repeat one’s search in a broad selection of other journals (but I guess spelling might cause 
problems). It is truly impressive. The eBMJ home page gives also direct access to Medline. As the JCI 
online, it has little boxes that invite you to have a look at other online medical journals such as Applied 
and Environmental Microbiology, Infection and Immunity, and Science. The list is probably very long and 
these "invitations" might well change frequently – and free access to them might only be temporary. For 
the time being, access to the eBMJ is free of charge. I hope it will remain so.��

The Lancet Interactive has an renewed (?? upgraded???) website. It is also more commercial: only 
subscribers to the printed edition get access to the full-text version. For others there is limited access. A 
username and password is required in both cases.��



 
 ��

Full access allows to see the Journal (current issue, supplements, back issues from December 6, 1997, 
and press releases), Discussion Groups (a forum to debate material published in The Lancet, limited to 
subscribers), and to use Search (including the possibility to download complete indexes of the printed 
journal since July 1995). Accessible to everyone is the Information for Authors. TheseIt includes the 
useful Uniform Requirements of the International Committee of Medical Journal Editors, and the also 
useful Consort Guidelines (for preparing reports on randomised clinical trials).��

The Lancet editors, like many others, expect much from electronic publishing. In a short commentary they 
say: "As a medium for academic publishing the Internet now offers opportunities unimaginable in paper. 
The Lancet Interactive website (http://www.thelancet.com) is a step forward in our challenge…Rapidly 



updated readers’ comments form an integral part of the site, and we look forward to publishing research 
supported by video and sound." To have all the letters to the editors grouped together is certainly easier 
than having to search through a unknown number of printed issues of a journal. Whether readers and 
contributors will consider it important to have sound and moving pictures as parts of a scientific article is a 
matter for discussion. Unfettered access to electronic journals might be more important.��

�

The "knows" and the "know-nots"��

In his Prosperity and Upheaval – The World Economy 1945-1980, Herman Van der Wee writes: "Even if a 
redistribution of income, based on a satisfactory compromise with the principle of efficiency, should prove 
able to eliminate or considerably reduce the conflict between the ‘haves’ and the ‘have-nots’, problems 
will still remain. In the complex economy of the late twentieth century a new conflict is growing, that 
between the ‘knows’ and the ‘know-nots’. This is a new source of frustration and alienation, one that 
cannot be resolved by a better distribution of material gains." The Internet may well fulfil its promises for 
the easier and faster distribution of medical knowledge. If so, it might further increase the stark 
differences between health professionals in developing countries and their colleagues in the industrialised 
world in the means to access that knowledge, and hence to contribute to it. The BMJ of April 11, 1998 
addresses this question in one of its News features. Professor Subbiah Arunachalam from the Indian 
Institute of Technology in Madras and the M S Swaminathan Foundation is quoted as saying: "The 
internet may eventually be a great equaliser for research scientists around the world, but in the early days 
it will widen the gap".��

This is an ominous prediction; all those involved in the further growth of medical information on the 
Internet should do all they can to prove it wrong.��

R. Eeckels 
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"To find reasons for the recent decline of Vibrio cholerae O139 Bengal cholera in Bangladesh, 
phenotypic and genotypic changes in O139 isolates obtained from patients with cholera from 
1993 to 1996 were studied. The isolates were tested for the presence of ctx and tcpA genes, 



hemagglutinin/ protease (HA/P), capsule, D-mannose-sensitive hemagglutinin (MSHA), L-fucose-
sensitive hemagglutinin (FSHA), tube test (tube) and CAMP test (CAMP) hemolytic activities, 
resistance to 2,4-diamino-6,7-diisopropyl pteridine (0/129) and trimethoprim-sulfamethoxazole 
(TMP-SMX), and genotype by pulsed-field gel electrophoresis (PFGE). All isolates possessed ctx 
and tcpA genes, HA/P, and a capsule. Most isolates were negative for FSHA, but although the 
majority of the isolates were positive for MSHA, no discernible trend in the activity was found 
during the study period. All early isolates were CAMP hemolysin positive and resistant to the 
vibriostatic compound 0/129 and TMP-SMX, the two properties that could be used for the 
presumptive diagnosis of O139 cholera. However, subsequently, isolates that were CAMP 
hemolysin negative and susceptible to TMP-SMX and 0/129 were increasingly encountered, with 
all the 1996 isolates being so, which suggested that these properties can no longer be used for 
the presumptive diagnosis of O139 cholera. V. cholerae O139 isolates that were CAMP 
hemolysin positive and resitant to 0/129 and TMP-SMX produced a disease of greater severity 
than that caused by the CAMP hemolysin-negative and susceptible isolates on the basis of the 
lengths of stay of the hospitalized patients. The study period witnessed the evolution of four 
different genotypes by PFGE. All of these data suggested that the V. cholerae O139 isolates 
have undergone changes in some properties. However, how these changes influenced their 
prevalence relative to that of V. cholerae O1 in human infection is not clear. Studies of the 
environmental factors will provide the key for an understanding of the relative abundance of these 
vibrios."��
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"A clinical trial was conducted in order to prove the efficacy of a solution containing 50 g/l  
of plantain flour and 3.5 g/l of sodium chloride (NaCl) for the rehydration of children with 
acute diarrheal diseases. 121 children were given WHO-ORS (Group A) and 117 a 
plantain flour-based solution (Group B). Rehydration was successful in 85.9% in Group A 
and 88.0% in Group B (p=0.634). Rehydration was completed in 5.28 h (SD 1.99) in 
Group A and in 4.88 h (SD 2.11) in Group B (p=0.132). The average solution intake for 
rehydration was 24.56 ml/kg/h (SD 10.12) in Group A and 21.17 ml/kg/h (SD 9.35) in 
Group B (p=0.00782). The mean stool output during rehydration was 8.45 g/kg/h (SD 
9.72) in Group A and 4.69 g/kg/h (SD 4.98) in Group B (p=0.00053). Decrease in blood 
levels of sodium and potassium occurred in some children in group B. The plantain flour-
based solution proved effective for the treatment of dehydration due to acute diarrheal 
diseases and should be considered as an alternative when standard WHO-ORS is not 
available."�
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Centre for Diarrhoeal Disease Research, Bangladesh, GPO Box 128, Dhaka 1000, Bangladesh�

"We reviewed data during 1991-94 from a systematic 4 per cent subsample of all patients 
who presented with diarrhoea to our facility, in which there were 1949 cases of acute 
diarrhoea in children between the ages of birth to 59 months. Cryptosporidia oocysts 
were detected in the stools of 68 (3.5 per cent) of these children. A case-control study 
was designed using surveillance data which included the 68 children with stool positive 
for Cryptosporidium as cases. Two hundred and four children who did not have 
Cryptosporidium were randomly selected to serve as controls. The most common 
presentations were watery diarrhoea (91 per cent), dehydration (81 per cent), and 
vomiting (71 per cent), and Cryptosoprodium was detected throughout the year, but was 
most frequently isolated during April to October. Lowest rates of detection were observed 
in the months of November, December, and January. Age below 2 years, non-
breastfeeding, and stunting were significantly associated with Cryptosporidium infection. 
In multivariate analysis of our study we found that only stunted (P=0.031) and non-
breastfed children (P=0.022) had a greater risk of having Cryptosporidium infection."  
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"The recovery pattern and outcome were analysed in 261 consecutive children (age 6-36 
months) with persistent diarrhoea who underwent inpatient nutritional rehabilitation with a 
rice-lentil (Khitchri) and yoghurt-based diet. Overall, 217 (83%) recovered successfully, 
as judged by a reduction in stool output and weight gain for a consecutive 3 d. Failures 
were more commonly febrile at admission [odds ratio (OR) 2.3. 95% confidence interval 
(Cl) 1.1-4.8] and a greater number had culture-proven sepsis (Fisher's exact test, 
p<0.001). Logistic regression analysis identified significantly increased risk of treatment 
failure with several admission characteristics, including stool frequency >5 d-1 (OR 2.9, 
95% Cl 1.6-5.2), vomiting (OR 2.5, 95% Cl 1.1-5.7) and sepsis (OR 2.8, 95% Cl 1.1-7.5). 
Survival analysis revealed significantly longer time-to-recovery among children with stool 
frequency >5 d-1 at admission (p<0.001), suspected sepsis necessitating intravenous 
antibiotics (p<0.001) or oral candidiasis (p<0.05). These findings suggest that severity of 
diarrhoea and coexisting systemic infections key determinants of the response to 
nutritional therapy in children with persistent diarrhoea."  
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1;315(7116):1122-5. 11 ref, Eng. Department of Social and Preventive Medicine, 
Medical School, University of Queensland, Herston, Queensland 4006, Australia��

"Objective: To evaluate the effect of a nutrition improvement project based on home 
garden production and nutrition education on morbidity from acute respiratory infection 
and diarrhoeal disease in preschool children. Design: The morbidity survey comprised 
five data collections undertaken by trained interviewers to ascertain the incidence and 
severity of respiratory infections and the incidence of diarrhoeal disease in children in two 
communes. Setting: A project commune and a control commune in Vietnam. Subjects: 
Preschool children to 6 years of age living in the project commune Khai Xuan (average 
469 children) and the control commune Ching Cong (average 251 children). Main 
outcome measures: Differences between the two communes over time in the incidence 
and severity of respiratory infections and the incidence of diarrhoeal disease. Results: In 
Khai Xuan there was a significant reduction (P<0.0001) in the incidence of respiratory 
infections (from 49.5% to 11.2%) and diarrhoeal infections (18.3% to 5.1%); the incidence 
of pneumonia and severe pneumonia was also significantly reduced (P<0.0001). In Ching 
Cong there was no significant change in the incidence and severity of respiratory disease 
nor in the incidence of diarrhoeal disease. Conclusions: These findings emphasise the 
successful health outcome of a nutrition project based on household food production and 
nutrition education and the value of evaluating nutrition projects by reference to 
measurable health outcomes."�

355. Fallarino A, Mavrangelos C, Stroeher UH, Manning PA*. Identification of additional 
genes required for O-antigen biosynthesis in Vibrio cholerae O1. J Bacteriol 1997 
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356. Faruque SM, Ahmed KM, Siddique AK, Zaman K, Alim ARMA, Albert MJ. Molecular 
analysis of toxigenic Vibrio cholerae O139 Bengal strains isolated in Bangladesh between  
1993 and 1996: evidence for emergence of a new clone of the Bengal vibrios. J Clin 
Microbiol 1997 Sep;35(9):2299-2306. 41 ref, Eng. International Centre for Diarrhoeal Disease 
Research, Bangladesh, GPO Box 128, Dhaka 1000, Bangladesh�

"Vibrio cholerae O139 Bengal emerged in 1992 and rapidly spread in an epidemic form, 
in which it replaced existing strains of V. cholerae O1 in Bangladesh during 1992 and 
1993. The subsequent emergence of a new clone of V. cholerae O1 of the El Tor biotype 
that transiently displaced the O139 vibrios during 1994 to 1995 and the recent 
reemergence of V. cholerae O139 and its coexistence with the El Tor vibrios 
demonstrated temporal changes in the epidemiology of cholera in Bangladesh. We 
studied clonal diversity among V. cholerae O139 strains isolated from cholera patients 
and environmental surface water since their first appearance until their transient 
disappearance in 1994 as well as the O139 strains that reemerged during 1995 to 1996 
and were isolated in the capital Dhaka and four rural districts of Bangladesh to 
investigate the origin of the reemerged strains. Analysis of restriction fragment length 
polymorphisms in genes for conserved rRNA and cholera toxin (CT) (ctxA) or in DNA 
sequences flanking these genes revealed four different ribotypes and four different ctx 
genotypes among the 93 strains of V. cholerae O139 studied. Ribotypes I and II and ctx 
genotypes A through C were shared by strains isolated from the epidemic outbreak 
during 1992 and 1993 in Bangladesh and India, ribotype III was represented by a single 
CT-negative O139 strain from Argentina, and 16 to 27 (59.2%) of the reemerged strains 
isolated during 1995 and 1996 belonged to a new ribotype of O139 vibrios designated 
ribotype IV. All 16 strains belonging to ribotype IV also belonged to a new ctx genotype 
(genotype 4). These results provide evidence for the emergence of a new clone of 
toxigenic V. cholerae O139 in Bangladesh. Further analysis of the rfb gene cluster by 
PCR revealed the absence of a large region of the O1-specific rfb operon and the 
presence of an O139-specific genomic region in all O139 strains. The PCR amplicon 
corresponding to the rfaD gene of a CT-negative O139 strain from Argentina was smaller 
in length than those of the toxigenic O139 strains but was identical to those of seven non-
O1 and non-O139 strains. All O139 strains except the CT-negative strain carried 
structural and regulatory genes for CT and toxin-coregulated pili (ctxA, tcpA, tcpI, and 
toxR). These results suggest that the O139 Bengal strains possibly emerged from an El 
Tor strain but that the CT-negative non-Bengal O139 strain might have emerged from a 
non-O1, non-O139 strain. Thus, strains belonging to the 0139 serogroup may have 
emerged from similar serotype-specific genetic changes in more than one progenitor 
strain of V. cholerae".  
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"To evaluate the epidemiological significance of HEp-2 cell-adherent Escherichia coli 
isolates in diarrheal disease, we performed a study with 513 Venezuelan infants with 
diarrhea and 241 age-matched controls to determine the prevalence of enteropathogenic 
E. coli (enteroadherent E. coli, enterotoxigenic E. coli, enteroinvasive E. coli, and 
enterohemorrhagic E. coli) and their correlation with O:H serotypes. E. coli isolates 
exhibiting localized and aggregative adherence in the HEp-2 cell assay were significantly 
more frequently isolated from the patients (8.5 and 26.9%, respectively) than from the 
controls (1.7 and 15%, respectively). This difference was significant for the group O to 2 
months of age but not for older infants. Regardless of age, E. coli isolates with diffuse 
adherence were found at similar frequencies in both the patients and the controls. A 
striking correlation between classic O serogroups and localized adherence was also 
observed. These findings confirm the pathogenic role of E. coli with localized and 
aggregative adherence in diarrheal disease, as well as the epidemiological importance of 
O:H serotyping for characterizing localized-adhering E. coli."�
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"Analysis of IgA, IgM, and IgG antibodies against Escherichia coli O6, its 
lipopolysaccharide (LPS), and Shigella flexneri were performed in the milk of moderately 
undernourished Guatemalan women receiving either a low or a high calorie supplement, 
using SDS-PAGE. As expected, the immunostaining analysis of milk antibodies showed 
that IgA was the predominant isotype in both groups. Concerning the other Igs, 
antibodies against O6 LPS were mainly of the IgM isotype, whereas IgG antibodies were 
more prominent than IgM against the bacterial whole cell preparations. Seven to nine 
distinct bands, ranging in molecular mass from 13.5 to 109 kD were selected for each 
antigen to compare the milk antibodies between the two groups of women. After a 20-wk 
supplementation period, the IgA and IgG antibodies to the E. coli, O6 LPS, and S. flexneri 
were not found negatively affected by a low calorie intake. A significantly lower 
immunostaining intensity was, however, obtained for the low calorie intake group 
regarding the IgM antibody activity against four high molecular mass bands of the E. coli 
whole cell preparation. A decreased immunostaining intensity was also found in the same 
group for IgM antibodies against two bands of E. coli O6 LPS when analyzing paired 
samples collected at d O and wk 20. No differences were found for IgM antibodies 
against any of the S. flexneri antigens. In conclusion, the results suggest that low calorie 
intake does not significantly affect the production of milk IgA antibodies to E. coli and S. 
flexneri antigens in these women. Still, IgM antibodies against certain proteins and LPS 
molecules of E. coli may be decreased. IgG antibodies, although also present in milk, 
seemed to the directed mainly against bacterial proteins and not to LPS."  
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Medicine, Karl-Franzens University, Auenbruggerplatz 15, A-8036 Graz, Austria 

"Objectives: Acetorphan is an orally administered inhibitor of enkephalinase in the wall of 
the digestive tract. It prevents inactivation of endogenous opioid peptides released by 
submucosal and myenteric neurons. The aim of this study was to examine the effect of 
acetorphan on jejunal water and electrolyte transport in healthy volunteers under basal 
conditions and in a state of intestinal secretion induced by a bacterial enterotoxin. 
Design: Ten volunteers in two groups were studied in an open trial. For the experimental 
design an intestinal perfusion technique was used. Methods: Cholera toxin was used to 
induce intestinal secretion in a model employing segmental perfusion of the human 
proximal jejunum. Acetorphan was given orally prior to intrajejunal administration of 
cholera toxin; its effect on intestinal transport was measured over a period of four hours 
after exposure to cholera toxin. Serum levels of methylthioether of thiorphan as the main 
metabolite were measured throughout three experiments to assure sufficient drug 
absorption. Results: Acetorphan had no influence on basal water and electrolyte 
absorption (133 vs. 140 ml/30 cm.h). In a control group with cholera toxin alone, 
significant water secretion was induced (131 ml/30 cm.h). Acetorphan completely 
prevented this secretion by leaving an absorption rate of 27 ml/30 cm.h. Intestinal 
electrolyte transport was also significantly changed towards absorption by acetorphan. 
Conclusion: Acetorphan can prevent jejunal water and electrolyte secretion induced by 
cholera toxin. Enkephalins may thus protect the small intestine from enterotoxin-induced 
secretion."  

368. Inward CD, Varagunam M, Adu D, Milford DV, Taylor CM*. Cytokines in haemolytic 
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Arch Dis Child 1997 Aug;77(2):145-7. 12 ref, Eng.*Department of Nephrology, Birmingham 
Children's Hospital, Ladywood Middleway, Birmingham B16 8ET, UK  
 
 
 



369. Iredell JR, Manning PA*. Outer membrane translocation arrest of the TcpA pilin 
subunit in rfb mutants of Vibrio cholerae O1 strain 569B. J Bacteriol 1997 Mar;179(6):2038-
46. 63 ref, Eng.*Department of Medicine, QE2 Jubilee Hospital, Coopers Plains, Brisbane Qld. 
4108, Australia��
 
370. Islam D, Veress B, Bardhan PK, Lindberg AA, Christensson B. In situ characterization 
of inflammatory responses in the rectal mucosae of patients with shigellosis. Infect Immun 
1997 Feb;65(2):739-49. 71 ref, Eng. International Centre for Diarrhoeal Disease Research, 
Bangladesh, GPO Box 128, Dhaka 1000, Bangladesh�

"Shigella species cause bacillary dysentery in humans by invading epithelial cells of the 
colonic mucosa leading to colonic epithelial cell destruction and inflammation. For further 
analysis of local gut inflammation, morphological changes and the potential involvement 
of mediators in regulatory mechanisms of cell activation and cell proliferation were 
studied immunohistochemically in rectal mucosal biopsies taken from patients during the 
acute phase of shigellosis and at convalescence. Rectal biopsies from 25 Shigella 
dysenteriae-1 and 10 Shigella flexneri-infected patients and from 40 controls were 
studied. The frequencies of proliferative cells (Ki67-positive cells), p53-immunostaining 
cells, and cells coexpressing Ki67 with CD3 or with p53 were analyzed. Immunostaining 
for the inducible nitric oxide synthase (iNOS) and the endothelial NOS was assessed. In 
addition, the frequencies of apoptotic cells and CD68+ cells that engulf apoptotic cells 
were assessed. By morphological grading, 20% of the patients had advanced 
inflammation (grade 3) in the acute phase; mild inflammation (grade 1) was seen in 37% 
of the patients at convalescence as well as in 10% of the controls. The findings in the 
present study suggest that in the acute phase of shigellosis inflammation is characterized 
by increased cell turnover in the lamina propria (LP) and the epithelium, increased iNOS 
expression in the surface epithelium, and apoptosis, which seems to be associated with 
LP macrophages. The findings also suggest that neither p53 nor iNOS are important 
factors for the induction of apoptosis in shigellosis. Expression or p53 may be related to 
early cell activation in crypt epithelium. Moreover, there is an indication of an active, low-
level inflammatory process at convalescence. The results thus indicate that Shigella-
induced inflammation is associated with a complex series of cellular reactions in the 
rectal gut mucosa which persist long after clinical symptoms have resolved."�

371. Islam D, Veress B, Bardhan PK, Lindberg AA, Christensson B. Quantitative 
assessment of IgG and IgA subclass producing cells in rectal mucosa during 
shigellosis. J Clin Pathol 1997 Jun;50(6):513-20. 43 ref, Eng. International Centre for 
Diarrhoeal Disease Research, Bangladesh GPO Box 128, Dhaka 1000, Bangladesh 

"Aims-To assess quantitatively both the morphological changes in the rectal mucosa and 
the changes in the relative frequency of IgA and IgG subclass producing cells found in 
the rectal mucosa during the acute phase of shigellosis and at convalescence. Methods-
Rectal biopsies from 25 Shigella dysenteriae 1 infected patients, 10 Shigella flexneri 
infected patients, and 40 uninfected controls were studied. Morphological changes in the 
mucosa were graded. The frequency of IgA and IgG subclass producing cells was 
assessed. In addition, immunostaining for secretory component in epithelial cells was 
analysed. Results-Using morphological grading, 20% of the 35 patients studied had 
advanced inflammation (grade 3) in the acute phase of the disease. At convalescence, 
grade 1 inflammation was seen in 37% of the patients and in 10% of the controls. In the 
acute phase, as well as at convalescence, the number of IgAi, IgA, and IgGi positive cells 
was significantly higher than in the controls. The results were related to the 
histopathological degree of inflammation. Conclusions-In shigellosis, there is evidence for 
a prolonged humoral response residing in the mucosa long after the clinical symptoms 
have resolved, suggesting that shigellosis induces persisting mucosal humoral immune 
and inflammatory responses, remaining at least until 30 days after the infection."  



372. Itoh Y, Nagano I, Kunishima M, Ezaki T. Laboratory investigation of enteroaggregative 
Escherichia coli O untypeable: H10 associated with a massive outbreak of gastrointestinal 
illness. J Clin Microbiol 1997 Oct;35(10):2546-50. 24 ref, Eng. Department of Microbiology, 
Gifu University School of Medicine, Tsukasa-machi 40, Gifu 500, Japan  
 
373. Klee SR, Tzschaschel BD, Timmis KN, Guzman CA*. Influence of different rol gene 
products on the chain length of Shigella dysenteriae type 1 lipopolysaccharide O antigen 
expressed by Shigella flexneri carrier strains [note]. J Bacteriol 1997 pr;179(8):2421-5. 38 
ref, Eng.*Division of Microbiology, GBF-National Research Centre for Biotechnology, 
Mascheroder Weg 1, 38124 Braunschweig, Germany��
 
374. Kudva IT, Hatfield PG, Hovde CJ*. Characterization of Escherichia coli O157:H7 and 
other shiga toxin-producing E. coli serotypes isolated from sheep. J Clin Microbiol 1997 
Apr;35(4):892-9. 47 ref, Eng.*Department of Microbiology, Molecular Biology, and Biochemistry, 
University of Idaho, Moscow, ID 83843, USA��
 
375. Lima AAM, Sidrim JJC, Lima NL, Titlow W, Evans ME, Greenberg RN*. Molecular 
epidemiology of multiply antibiotic-resistant Shigella flexneri in Fortaleza, Brazil. J Clin 
Microbiol 1997 May;35(5):1061-5. 20 ref, Eng.*MN-68A, Chandler Medical Center, 800 Rose 
St., Lexington, KY 40536-0084, USA�

"In northeastern Brazil, strains of Shigella flexneri resistant to multiple antibiotics are 
often found in patients in both urban areas and community hospitals. This study used 
pulsed-field gel electrophoresis (PFGE) and plasmid analysis to further analyze the 
molecular epidemiology of Shigella flexneri strains isolated from hospitals and an urban 
community in Fortaleza, Brazil. Twenty-six strains of S. flexneri from three distinct areas 
in the city of Fortaleza, Brazil, were examined: 14 strains from people with diarrhea who 
lived in an urban community of 2,000 persons, 5 strains from patients in the university 
hospital, and 7 strains from children in a pediatric hospital. PFGE identified six unique 
groups of S. flexneri circulating among patients during the 45-month study. Seven strains 
were further studied for antibiotic resistance plasmid profiles. Three unique antibiotic 
resistance plasmid profiles were found. Strains collected from the hospitalized patients 
demonstrated the variety of PFGE and antibiotic resistance patterns in the area. Strains 
collected from the patients living in the urban community setting demonstrated the 
persistence of certain PFGE patterns as well as the acquisition of multiple antibiotic 
resistance plasmids. Effective interventional strategies for such geographic locations as 
Fortaleza, Brazil, will be more complex than those for single-strain outbreak situations."  

376. Lima AAM, Silva TMJ, Gifoni AMR, Barrett LJ, McAuliffe IT, Bao Y, Fox JW, Fedorko 
DP, Guerrant RL. Mucosal injury and disruption of intestinal barrier function in HIV-
infected individuals with and without diarrhea and cryptosporidiosis in northeast Brazil. 
Am J Gastroenterol 1997 Oct;92(10):1861-6. 46 ref, Eng. Clinical Research Unit, Federal 
University of Ceara, P.O. Box 3229, Porangabussu, CEP 60.436-160, Fortaleza, CE, Brazil 

"Objectives: To determine the relative effects of AIDS-related diarrhea with or without 
cryptosporidiosis and microsporidiosis on intestinal function and injury. Methods: We 
studied 40 HIV-infected patients (20 with and 20 without diarrhea) and 13 healthy 
volunteers, using the differential urinary excretion of ingested lactulose and mannitol as 
respective markers of barrier disruption and overall villous surface area. We also 
examined them for fecal leukocytes, lactoferrin, and a1-antitrypsin. Fasting subjects drank 
test solution containing lactulose (5 g) and mannitol (1 g). Urine was collected for 5 h and 
tested for sugars by higher-performance liquid chromatography with pulsed amperometric 
detection. Results: HIV-positive patients with diarrhea had a 2.8-fold higher 
lactulose:mannitol excretion ratio (L:M) than HIV-positive patients without diarrhea 
(p=0.01) and 10.4-fold higher than healthy volunteers (p=0.004). This was accounted for 



by a 1.5- to 3.1-fold higher rate of lactulose excretion by HIV patients with diarrhea than 
by those without diarrhea or by healthy volunteers. Mannitol excretion was 32-55% less 
in patients with diarrhea than in those without diarrhea or in healthy volunteers. Patients 
with cryptosporidial diarrhea had a nearly 6-fold higher L:M ratio than those without 
diarrhea (P<0.001) and nearly 3-fold higher than those with non-cryptosporidial diarrhea 
(p=0.02). One patient with microsporidial infection had a nearly 3-fold higher L:M ratio 
than controls without diarrhea. a1-antitrypsin was positive in 40% of HIV-positive patients 
with cryptosporidial infections and none of 12 HIV-positive patients with non-
cryptosporidial diarrhea. Fecal lactoferrin or leukocytes were increased in all HIV patients 
with diarrhea. Conclusion: HIV infection is associated with intestinal dysfunction and 
injury, even in patients who do not have diarrhea. However, those with diarrhea, 
especially with cryptosporidiosis or microsporidiosis, have even greater disruption of 
intestinal barrier function with potentially important nutritional consequences."  
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diarrheic samples. J Clin Microbiol 1997 Oct;35(10):2568-72. 28 ref, Eng.*Molecular Biology 
Unit, Virus Reference Division, Central Public Health Laboratory, 61 Colindale Ave., London NW9 
5HT, UK  
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Department of Public Health, University of Helsinki, PO Box 41, 00014, Finland��
 
379. Mache A, Mengistu Y, Cowley S. Shigella serogroups identified from adult diarrhoeal 
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East Afr Med J 1997 Mar;74(3):179-82. 22 ref, Eng. Department of Medical Microbiology, 
Jimma Institute of Health Sciences, PO Box 378, Jimma, Ethiopia��
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Kenya. Trans R Soc Trop Med Hyg 1997 Sep-Oct;91(5):541-3. 14 ref, Eng. Department of 
Preventive Medicine and Biometrics, Uniformed Services University of the Health Sciences, 
A1040N, 4301 Jones Bridge Road, Bethesda, MD 20814, USA��
 
381. Mamun KZ, Tabassum S, Hussain MA, Shears P*. Antimicrobial susceptibility of 
Shigella from a rural community in Bangladesh. Ann Trop Med Parasitol 1997 Sep;91(6):643-
7. 16 ref, Eng. *Department of Microbiology, Institute of Postgraduate Medicine and Research, 
Shahbagh, Dhaka, Bangladesh��
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383. Materu SF, Lema OE, Mukunza HM, Adhiambo CG, Carter JY. Antibiotic resistance 
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region: 1994-1996. East Afr Med J 1997 Mar;74(3):193-7. 12 ref, Eng. African Medical and 
Research Foundation, PO Box 30125, Nairobi, Kenya�

"Between March 1994 and December 1996, 1797 rectal swabs were transported to the 
AMREF laboratory from sites in six countries in the eastern Africa region: 1749 were 
cultured for Vibrio cholerae and 48 for Shigella/Salmonella. Culture, isolation, 
identification and antibiotic susceptibility testing were performed using standardized 
techniques. The isolates were categorized as sensitive or resistant based on 



standardized zones of inhibition. The rate of isolation of V. cholerae from rectal swabs 
increased progressively from less than 20% to more than 45% between 1994 and 1996. 
80-100% of isolates of V. cholerae from Kenya and south Sudan, and 65-90% from 
Somalia were sensitive to tetracycline, although in 1995 isolates from Mogadishu showed 
only 44% sensitivity. All isolates from Tanzania and Rwanda were 100% resistant to 
tetracycline. In Kenya and Somalia, the percentage of isolates sensitive to 
chloramphenicol and cotrimoxazole reduced markedly from 85% in 1994 to <10 in 1996. 
100% of isolates from Rwanda and Tanzania were resistant to chloramphenicol and 
cotrimoxazole while in south Sudan >70% of isolates were sensitive. Nalidixic acid and 
erythromycin retained >75% sensitivity in all areas. Shigella dysenteriae and Shigella 
flexneri were recovered from dysentery specimens in northern Kenya. Both species 
showed similar antibiotic sensitivity patterns and were sensitive only to nalidixic acid and 
furazolidone. Due to variations of resistance patterns within countries in the region, 
antibiotic sensitivity testing should be performed at the start of an outbreak, and antibiotic 
use should be restricted to severe cases of V. cholerae and Shigella infection."�

384. Mermel LA, Josephson SL, Dempsey J, Parenteau S, Perry C, Magill N. Outbreak of 
Shigella sonnei in a clinical microbiology laboratory (note). J Clin Microbiol 1997 
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385. Mills M, Payne SM*. Identification of shuA, the gene encoding the heme receptor of 
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Microbiology and Immunology, Uniformed Services University of the Health Sciences, Bethesda, 
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386. Mirza NM, Caulfield LE*, Black RE, Macharia WM. Risk factors for diarrheal duration. 
Am J Epidemiol 1997 Nov 1;146(9):776-85. 50 ref, Eng.*Department of International Health, 
The Johns Hopkins University School of Hygiene and Public Health, 615 North Wolfe Street, 
Baltimore, MD 21205, USA�

"To identify child feeding behavior and household hygiene practices that are risk factors 
for prolonged diarrheal illness, a longitudinal community study was conducted over a 14-
month period among 920 children aged 3-37 months who lived in an urban slum 
settlement in Nairobi, Kenya. Morbidity surveillance was done by home visits every third 
day in the absence of diarrhea and daily during diarrheal illness until termination of the 
episode. In-home observations were made to characterize maternal hygiene, cooking, 
and child feeding practices. Overall, 1,496 episodes of diarrhea were detected. The 
average diarrheal incidence was 3.5 episodes/child-year, and the incidence of diarrhea 
>14 days was 3 episodes/100 child-years. Cox regression was used to examine the 
independent effects of convariates on time to recovery from a diarrheal episode. Adjusted 
behavioral factors that were observed to influence recovery from diarrhea included: 
uncovered water containers (rate ratio (RR)=0.77, 95% confidence interval (Cl) 0.64-
0.94); giving no fluids (as opposed to oral rehydration solutions (ORS)/sugar salt 
solutions (SSS) (RR=1.42, 95% Cl 1.14-1.77); and administration of diluted cow's milk 
during the first 3 days of an episode (RR=1.23, 95% Cl 1.00-1.52). These associations 
remained significant after adjusting for diarrheal severity. The authors recommend, 
among other measures, improvement of water storage and promotion of continued 
feeding with cereal-milk mix during diarrhea."  

387. Mochizuki M, Nakagomi T, Nakagomi O*. Isolation from diarrheal and asymptomatic 
kittens of three rotavirus strains that belong to the AU-1 genogroup of human rotaviruses 
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University School of Medicine, 1-1-1 Hondo, Akita 010, Japan  
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stage dependent. Infect Immun 1997 Feb;65(2):774-82. 55 ref, Eng.*Unité de Pathogénie 
Microbienne Moléculaire and Unité INSERM U389, Institut Pasteur, 28 rue de Dr. Roux, F-75724 
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MM. Evaluation of Teknaf enteric agar (TEA): a modified MacConkey's agar for the 
isolation of Shigella dysenteriae type 1 and Shigella flexneri. J Trop Pediatr 1997 
Oct;43(5):307-10. 20 ref, Eng. International Centre for Diarrhoeal Disease Research, 
Bangladesh, GPO Box 128, Dhaka 1000, Bangladesh�

"To develop a better and selective medium for the isolation of Shigella spp., 
MacConkey's Agar (MAC) was modified by adding position tellurite (K2TeO3) at a 
concentration of 1 µg/ml. The formulation designated Teknaf Enteric Agar (TEA) was 
studied for the inhibitory effect of potassium tellurite on the growth of different enteric 
bacteria, and as a medium for isolating Shigella spp. from clinical stool samples 
(n=3125). We observed that the growth of E. coli was effectively inhibited on TEA with no 
effect on the growth of S. dysenteriae type 1 and S. flexneri. A total of 2019 shigellae 
were isolated through the combined use of TEA, MAC, and Salmonella-Shigella agar 
(SS). On TEA, 1921 S. dysenteriae type 1 and S. flexneri were isolated as compared to 
1765 from the combined use of MAC and SS. A total of 194 of S. dysenteriae type 1 and 
S. flexneri were exclusively isolated from TEA as compared to 38 which were only made 
from MAC and SS. We conclude that TEA significantly increased the overall isolation rate 
of Shigella spp. as compared to the combined use of MAC and SS (P<0.0001), although 
it is not suitable for the isolation of S. sonnei."  
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ref, Eng. Department of Medical Microbiology and Parasitology, University of Khartoum, P.O. Box 
102, Khartoum, Sudan  
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of Periodontics, University of Texas Health Science Center at San Antonio, 7703 Floyd Curl Dr., 
San Antonio, TX 78284, USA��
 
392. Nurko S, Garcia-Aranda JA, Fisbbein E, Perez-Zuniga MI. Successful use of a chicken-
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prospective, randomized study. J Pediatr 1997 Sep;131(3):405-12. 29 ref, Eng. Pediatric 
Gastroenterology, Children's Hospital, 300 Longwood Ave., Boston, MA 02115, USA��
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Eng. King Fahad Hospital, National Guard Health Affairs, Primary Health Care Directorate, PO 
Box 22490, Riyadh 11426, Kingdom of Saudi Arabia�

"A cross-sectional study involving 771 children under the age of one year, was carried out 
in a traditional area of urban Ilorin, Nigeria, to determine how socio-economic conditions 
and feeding practices relate to diarrhoeal disease among infants. After adjustment has 
been made (through logistic regression) for covariates, five factors had significant 
association with diarrhoeal disease. These are the age of the child, parity, mother's 
education, availability of household kitchen and the feeding of semi-solid food to the 
infants. The lowest diarrhoeal rate occurred in infants aged 0-3 months while the highest 
rate occurred among infants seven to nine months old (Odds Ratio=4.2). Children who 
were of the fifth or higher birth order had significantly higher risk of diarrhoea compared 
with children of illiterates (OR=1.9;P<0.05). Households that had no kitchen had 
significantly higher risk of infantile diarrhoea than households with kitchen facilities 
(P<0.01). Finally, infants receiving semi-solid food had higher risk of diarrhoea compared 
to those children not receiving semi-solid food (P<0.05). Diarrhoeal disease awareness 
campaign to educate mothers on the dangers of childhood diarrhoea and how to prevent 
it, through proper hygiene, especially, food hygiene, is advocated."�

396. Orrett FA. Drug resistance and plasmid profile of Shigella organisms from different 
outbreaks in Trinidad and Tobago in 1994. East Afr Med J 1997 Mar;74(3):43-6. 23 ref, Eng. 
Department of Microbiology, Faculty of Medical Sciences, University of the West Indies, St. 
Augustine, Trinidad, West Indies 

"The plasmid profiles of 16 Shigella species isolated from cases of bacillary dysentery 
from different areas of Trinidad and Tobago during one calendar year, and their 
resistance pattern to eight antibiotics were analysed. All isolates except one S. sonnei 
strain, were multiple resistant. Two strains (both S. sonnei) had none plasmid bands 
which were the maximum found. There were several plasmid bands common among 
resistant strains with multiple or single resistant profiles. Resistance to ampicillin and 
sulphonamide were the most common (93.8%), followed by trimethroprim (25.0%), and 
tetracycline (6.25%). The results indicate that the outbreaks may not be related."  

397. Osawa RO, Okitsu T, Sata S, Yamai S. Rapid screening method for identification of 
cholera toxin-producing Vibrio cholerae O1 and O139. J Clin Microbiol 1997 Apr;35(4):951-
3. 15 ref, Eng. Department of Bacteriology and Pathology, Kanagawa Prefectural Public Health 
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Jul;106:7-12. 20 ref, Eng.*Department of Gastrointestinal Sciences, Christian Medical College, 
Vellore 632004, India�

"A diarrhoeal epidemic in a village close to Vellore was investigated in January 1996. 
Faecal samples were obtained from 20 subjects with diarrhoea and from 11 individuals 
without diarrhoea (controls) and were examined for bacterial, viral and parasitic 
enteropathogens. Water samples from all sources in the village were analysed. The 
epidemic affected all age groups (overall attack rate 15%). The mean duration of 
diarrhoea was 11 days. Individuals who consumed water exclusively from a borewell had 
a lower relative risk (RR) of disease (0.14, 95% Cl 0.02-1.01) compared to users of two 
open wells (RR 6.93, Cl 0.99-48.66 and RR 7.81, Cl 1.02-59.79, respectively). No 
conventional bacterial enteropathogens were isolated from the stool samples 
enteroaggregative Escherichia coli (EAggEC) were identified in the stool of 11 of 20 
subjects with diarrhoea, and in 1 of 11 control samples (P=0.02). All the EAggEC isolates 
from the patients had identical antibiotic sensitivity patterns and produced a toxin in 



ussing chamber studies. Serotyping indicated that all the EAggEC from individuals with 
diarrhoea belonged to one or other of two serotypes. All water samples had high coliform 
counts and E. coli were cultured from the two open wells but not from the borewell. The 
evidence suggests that EAggEC was responsible for this outbreak of diarrhoea. EAggEC 
should be considered as a possible pathogen in unexplained diarrhoeal outbreaks in 
developing countries."  
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"Vibrio cholerae O139 has recently emerged as the second etiologic agent of cholera in 
Asia. A study was carried out to evaluate the induction of specific immune responses to 
the organism in V. cholerae O139-infected patients. The immune responses to V. 
cholerae O139 Bengal were studied in patients by measuring antibody-secreting cells 
(ASC), as well as vibriocidal and antitoxic antibodies in the circulation. These responses 
were compared with those in patients with V. cholerae O1 disease. Strong 
immunoglobulin A (IgA) and IgM ASC responses were seen against the homologous 
lipopolysaccharide or serogroup of V. cholerae. The magnitude and isotype of the 
responses were similar in O139- and O1-infected patients. Vibriocidal antibody 
responses were seen against bacteria of the homologous but not heterologous 
serogroup, and these responses reflect the lack of cross-protection between the 
infections caused by the two serogroups. The two groups of patients showed comparable 
cholera toxin-specific ASC responses, with the IgG isotype dominating over the IgA 
isotype, as well as comparable antitoxic immune responses in plasma. These results 
suggest that despite having a polysaccharide capsule, V. cholerae O139 induces 
systemic and intestine-derived ASC responses in peripheral blood comparable to those 
seen in patients with V. cholerae O1 disease."  
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"Objectives. This study compares incidence and hospitalization rates for shigellosis 
between Indians and the rest of the population in Manitoba, Canada. It examines the 
relationship between shigellosis and environmental conditions on reservices. Methods. 
Rates were calculated with surveillance data and a survey of environmental infrastructure 
was done. Results. Indians had shigellosis incidence and hospitalization rates that were 
29 and 12 times as high, respectively, as those of the rest of the population. Household 
crowding, lack of piped water, and inadequate sewage disposal were significantly 
associated with an increased incidence of shigellosis on reserves. Conclusions. Many 
cases of shigellosis may be prevented by improving living conditions on Indian reserved."�
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"Entamoeba histolytica is a significant cause of morbidity and mortality worldwide. The 
serine-rich E. histolytica protein (SREHP) is a surface-expressed trophozoite protein that 
includes multiple hydrophilic tandem repeats. A purified fusion protein between the 
dodecapeptide repeat of SREHP and cholera toxin B subunit (CTB) has previously been 
shown to be immunogenic in mice after oral inoculation when cholera toxin is 
coadministered as an immunoadjuvant. We engineered a live attenuated El Tor Vibrio 
cholerae vaccine strain, Peru2, to express the SREHP-12-CTB fusion protein to the 
supernatant from either a plasmid [Peru2 (pETR5.1)] or from a chromosomal insertion 
(ETR3). Vector strains were administered orally to germfree mice that were subsequently 
housed under nongermfree conditions; mice received one (day 0) or two (days 0 and 14) 
inoculations. No immunoadjuvant or cholera holotoxin was administered. Mice that 
received two inoculations of Peru2 (pETR5.1) had the most pronounced antiamebic 
systemic and mucosal immunologic responses. Less marked, but significant, anti-SREHP 
serum immunoglobulin G antibody responses were also induced in mice that received 
either one or two oral inoculations of strain ETR3. Anti-V. cholerae responses were also 
induced, as measured by the induction of serum vibriocidal antibodies and by serum and 
mucosal anti-CTB antibody responses. These results suggest that V. cholerae vector 
strains can be successful delivery vehicles for the SREHP-12-CTB fusion protein, to 
induce mucosal and systemic antiamebic and anti-V. cholerae immune responses. The 
magnitude of these responses is proportional to the amount of SREHP-12-CTB produced 
by the vector strain."  
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Health at Emory University, Atlanta, GA 30322, USA�

"A community-based, randomized trial was conducted to evaluate a locally available diet 
for the management of acute diarrhea (n=99 episodes) in 90 Guatemalan children, 4-42 
months of age. The Test Diet (TD), a combination of a semi-solid pap (maize flour, black 
bean, oil) and a liquid gruel, Incaparina (maize flour, cotton seed flour, sugar), in addition 
to breast-milk and other home foods (group TD, n=45 episodes) was offered for 14 d and 
compared to usual home feeding (group HF, n=54 episodes). Diarrhea episodes after 
admission were significantly shorter for group TD (median 2.0 d) than group HF (median 
4.4 d, p=0.003) after adjusting for potential confounders. Weight gains did not differ 
significantly between groups. We conclude that community-based dietary management of 
acute childhood diarrhea using energy-dense, locally available foods is feasible and may 
shorten diarrhea duration. This may encourage mothers to follow recommendations for 
continued feeding during diarrhea in developing country environments."�
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Peru. Infect Immun 1997 Sep;65(9):3852-6. 22 ref, Eng. Center for Vaccine Development, 
University of Maryland School of Medicine, Baltimore, Maryland 2120, USA�

"To provide optimum protection against classical and El Tor biotypes of Vibrio cholerae 
O1, a single-dose, oral cholera vaccine was developed by combining two live, attenuated 
vaccine strains, CVD 103-HgR (classical, Inaba) and CVD 111 (El Tor, Ogawa). The 
vaccines were formulated in a double-chamber sachet; one chamber contained 
lyophilized bacteria, and the other contained buffer. In the first study, 23 U.S. adult 
volunteers received CVD 103-HgR at 108 CFU plus CVD 111 at 108, 107,or 108, 107, or 
106 CFU, CVD 111 alone at 107 CFU, or placebo. In the second study, 275 Peruvian 
adults were randomized to received CVD 103-HgR at 109 CFU plus CVD 111 at 109 or 
108 CFU, CVD 111 alone at 109 CFU, CVD 103-HgR alone at 109 CFU, or placebo. 
Three of 15 U.S. volunteers who received CVD 111 at 107 or 108 CFU developed mild 
diarrhea, compared to none of 4 who received CVD 111 at 106 CFU and 1 of 4 who 
received placebo. Twelve (63%) of 19 vaccine recipients shed the El Tor vaccine strain. 
All but one volunteer developed significant Ogawa and Inaba vibriocidal antibody titers. 



Volunteers who received CVD 111 at 107 CFU had geometric mean Ogawa titers four to 
five times higher than those of volunteers who received the lower dose. In the second 
study, all dosage regimens were well tolerated in Peruvians. About 20% of volunteers 
who received CVD 111 at the high dose excreted the El Tor organism, compared to 7% 
in the low-dose group. CVD 111 was detected in the stools of two placebo recipients, 
neither of whom had symptoms or seroconverted. In all vaccine groups, 69 to 76% 
developed fourfold rises in Inaba vibriocidal antibodies. Among those who received the 
bivalent vaccine, 53 to 75% also developed significant rises in Ogawa vibriocidal 
antibodies. We conclude that it is feasible to produce a single-dose, oral bivalent vaccine 
that is safe and immunogenic against both biotypes (El Tor and classical) and both 
serotypes (Inaba and Ogawa) of cholera for populations in both developed and 
developing parts of the world."  
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mediated immune deficiency and acute upper respiratory infections in rural Bangladeshi 
children. Acta Paediatr 1997 Sep;86(9):923-7. 30 ref, Eng. International Centre for Diarrhoeal 
Disease Research, Bangladesh, GPO Box 128, Dhaka 1000, Bangladesh�

"A community-based longitudinal study conducted in rural Bangladesh investigated the 
association between nutritional status, cell-mediated immune status and acute upper 
respiratory infections (URI). A total of 696 children aged 0-59 months was followed 
prospectively for 1 y yielding 183865 child-days' observation. Trained field workers visited 
each child every 4th d and collected morbidity data on symptoms suggesting URI (cough, 
fever, nasal discharge) for the preceding 3 d by recall. On the day of visit they examined 
each child reporting cough and/or fever to record the temperature, presence of nasal 
discharge, rate of respiration and presence of chest indrawing. Anthropometry for all 
children was conducted monthly. Cell-mediated immune competence was assessed by a 
multiple antigen skin test at baseline and thereafter every 3 months. The incidence of URI 
was 5.3 episodes per child-year observed. Approximately three-quarters of the study 
children were below - 2 Z-score weight for age and height for age, and a quarter below - 
2 Z-score weight for height. During different test periods 9-21% of the study children did 
not respond to any of the test antigens. In a regression model children < -2 Z-score for 
weight for height had 16% [odds ratio (OR) 1.16, 95% confidence interval (Cl) 1.03-1.31, 
p-0.01] higher risk of developing URI. Anergic children had 20% higher risk (OR 1.20, Cl 
1.05-1.38, p=0.009) of URI than immunocompetent children. The study demonstrated 
that wasting and depressed cell-mediated immunity (CMI), but not stunting, were 
associated with the incidence of URI among rural Bangladeshi children."  
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1997 Aug;35(2):109-15. 31 ref, Eng.*Department of Aquaculture, National Taiwan Ocean 
University, 2, Pei-Ning Road, Keelung, Taiwan 202, Republic of China 

"An outbreak of serious mortality among the cultured groupers Epinephelus coioides, 
characterized by a swollen intestine containing yellow fluid, occurred in the summer of 
1993 in Taiwan. A motile strain EmI82KL was isolated from the intestinal yellow fluid of 
the moribound groupers with tryptic soy agar supplemented with 2% NaCl and/or 
thiosulfate citrate bile salt sucrose agar. This strain was characterized and identified as 
Vibrio carchariae and was susceptible to chloramphenicol, doxycycline-HCl, nalidixic 
acid, oxolinic acid, oxytetracycline, and sulfonamide while resistant to ampicillin and 
penicillin G. In addition, the strain was neither auto-agglutinating nor hemagglutinating, 
but it was hemolytic against erythrocytes from sheep, rabbit, tilapia, and grouper. The 
bacteria could be reisolated from kidney, liver, and the transparent yellow fluid of swollen 
intestine of moribound groupers after bacterial challenge and re-identified as the same 
species. The LD50 value was 2.53 x 107 colony forming units/g grouper body weight."  
   

 




