Review

71

Gastrointestinal Infections

Received: 11.05.2013

Accepted: 24.01.2014
Available Online Date:
08.05.2014

Correspondence
Address:

ilker Devrim,

Dr.Behget Uz Cocuk
Hastaliklari ve Cerrahisi
Egitim ve Aragtirma
Hastanesi, Cocuk
Enfeksiyon Unitesi,
Izmir, Ttirkiye

Phone: +90 506 309 07 07
E-mail:
ilkerdevrim2003@yahoo.
com

©Copyright 2014 by
Pediatric Infectious Diseases
Society - Available online at
http://www.jpediatrinf.org

DOI:10.5152/ced.2013.1509

Zafer Kurugdéll, ilke.r Devrim?2
1Department of Pediatrics, Ege University Faculty of Medicine, (zmir, Turkey
2Pediatric Infection Unit, Dr. Behget Uz Pediatrics Surgery Training and Research Hospital, [zmir, Turkey

Abstract

Gastroenteritis is one of the most common reasons for physician visits worldwide. Annually, 2 or 3 billion
people are estimated to suffer from gastroenteritis. Children under 5 years old are reported to experience gas-
troenteritis 3.2 times a year. Gastrointestinal infections are more prominent in geographic regions with poor
sanitation and health systems. Acute gastroenteritis is generally defined as a decrease in the consistency of
stools (loose or liquid) and/or an increase in the frequency of evacuations (typically >3 in 24 h). Diarrhea typi-
cally lasts less than 7 days and not longer than 14 days. Viruses, bacteria, protozoa, helminths, and fungus
cause gastrointestinal system infections. Antibiotic treatment is indicated only for bacterial enteric infections
and indications. The most important step for treatment of gastroenteritis is rehydration and replacement ther-
apy for restoring fluid and electrolyte balance. In most of the cases, oral rehydration therapy is adequate for

the treatment.
(J Pediatr Inf 2014, 8: 71-81)

Keywords: Acute gastroenteritis, rotavirus, dehydration

Introduction

The gastroenteritis are one of the most fre-
quent reasons for visits to physicians all over
the world. Annually two or three billions of
people are estimated to suffer from gastroen-
teritis worldwide. The children under 5 years old
have been reported to experience gastroenteri-
tis 3.2 times a year. Gastrointestinal infections
are more prominent in the geographic regions
with poor sanitation and health system, and in
developing countries with insufficient infrastruc-
ture and food sanitation. While diarrhea inci-
dence in children under 3 years old in Europe is
0.5-1.9 per child, it may be one of the reasons
of mortality in childhood period in the develop-
ing countries. Gastroenteritis continues to be
one of the most reasons of mortality and mor-
bidity (1-6). According to the 2008 data of the
World health Organization, diarrhea is the most
frequent disease in the 1-59 month group with
1.25 billion cases. 68% (5,970) of under 5-year-
old mortality estimated to be around 8,795 mil-
lion is caused by infectious diseases, and pneu-
monia (18%, 1,575 million) and diarrhea (15%,
1,336) among the infectious diseases occupy

the top two places in the list (4). Most of this
mortality is prevalent in the developing coun-
tries.

Due to the fighting against the diseases pro-
gram and prevalence of oral fluid treatment
underway in Turkey for the last 15 year, diar-
rhea-related mortality has significantly dropped.
However, infant mortality occurs even today due
to diarrhea-related or complications caused by
diarrhea. According to the National Diseases
Load-Cost Effectivity Study carried out by the
participation of the Ministry of Health, gastroen-
teritis diseases are responsible for the 8.4% of
pediatric mortality in the 0-14 age group children
(7). Majority of this mortality occurs in the East
and Southeast regions of Turkey. Despite a drop
in diarrhea-related diseases, when compared
with previous years, it is clearly seen that there
has been no decline in the prevalence of diar-
rhea in Turkey. The prevalence of gastroenteritis
diseases has been similar to that of previous
years. According to the Turkish Population and
Health Research (TPHR), the 25% prevalence of
diarrhea in children under 5 year olds in 1993
had been continuing with a similar frequency of
23% in 2008 despite intervening 15 years (8).
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Table 1. Clinical characteristics of acute diarrhea (39)

Clinic Observation

Anatomic Issues

Potential Pagojens

Little, large stool

Small bowel related diarrhea

Vibrio cholerae, Enterotoxigenic E. coli, Shigella (early infection),
Giardia lamblia, Vibrio parahaemolyticus

Very small stool passage

Large bowel related diarrhea

Shigella, Salmonella, Campylobacter, diarrhoeagenic E. coli,
Yersinia enterocolitica, Entamoeba histolytica

Tenesmus, fecal pressure,
dysentery

Colitis

Shigella, Salmonella, enteroinvasive E. coli, enterohaemorrhagic
E. coli, Campylobacter, E. histolytica, V. parahaemolyticus (rare)

Main symptom is
vomiting

Gastroenteritis

Viral agents (rotavirus, calicivirus) or food intoxication
(Bacillus cereus, S. aureus)

Main symptom is fever

Mucosal invasion

Shigella, Salmonella, Campylobacter, enteroinvasive E. coli,
viral agents

Table 2. Diarrhea caused by viral infections (39)

Acute sporadic/endemic
diarrheas in adults and children

Epidemic diarrhea

Diarrhea in a host with
immune deficiency

Rotavirus (in children)

Calicivirus (in 90% of the cases)

Cytomegalovirus

Calicivirus Astrovirus Epstein-Barr virus
Astrovirus Rotavirus Adenovirus
Adenovirus Adenovirus Astrovirus
Torovirus Picornavirus

1. Acute gastroenteritis

Acute gastroenteritis is generally defined as a decrease
in the consistency of stools (loose or liquid) and/or an
increase in the frequency of stool (typically >3 in 24 h).

Fever and vomiting may accompany it. Diarrhea typi-
cally lasts less than 7 days and not longer than 14 days.
All the diarrhea and vomiting attacks lasting less than two
weeks are defined as acute gastroenteritis (4). Especially
in healthy individuals who receive sufficient rehydration
treatment, the disease limits itself and heals spontane-
ously. However, it may cause morbidity and mortality in
children and infants.

Viruses, bacterias, protozoans, helminths and fungus
cause gastrointestinal system infections. Infected agent-
related acute gastroenteritis and clinical features are
summarized in Table =1 (9). Acute gastroenteritis will be
analyzed etiologically in the following sections.

1. a. Viral gastroenteritis

Viral gastroenteritis comprises majority of the infec-
tions in this group and is one of the main reasons of
mortality especially in children under 5 year old. It is com-
monly known that enteric viruses cause systemic dis-
eases and fecal-oral way of infection is the common
feature of these viruses.

The most prevalent viral agent is rotavirus (Table 2).
Rotaviruses are the leading causes of diarrheas in infants
and children all over the world, the serious gastroenteritis
especially causing hospitalizations and infant mortality
(10). While rotaviruses cause morbidity in the developed
countries, they cause both morbidity and mortality in the

developing countries. Rotaviruses are responsible for the
daily deaths of 1600 children a day and for 500 thousand
children annually the world over (11). Before routine vac-
cination, rotaviruses in the United States of America
caused 60.00 hospitalizations and 37 deaths annually
(12). The studies carried out in Turkey revealed that rota-
viruses were responsible for the 30-50% of the diarrheas
in children under 5 years old (13). In 53 % of hospitaliza-
tions due to diarrhea indications, rotavirus was found (14-
15). In a recent study in Turkey, it was found that G1P [§]
(76%) was the most prevalent serotype, followed by the
types of G2, G4 and G9 (15). Similarly, in a study done in
2000-2001, G1 (75.1%) was reported to be the most
prevalent one (15). In a compiled study in 2001, it was
reported that G1P [8], G4P [8] and G2P [4] were the most
prevalent serotypes in Central and Eastern Europe (16).
Rotavirus diarrhea is primarily an acute infection for
children under 2 and is characterized by liquid stool and
vomiting. While rotavirus infections may progress asymp-
tomatically, it may also cause severe diarrheas. It was
higher mortality and morbidity in comparison to other
enteric viruses. Especially first rotavirus infection has a
severe course causing dehydration, acidosis and electro-
lyte imbalance. The following infections are usually milder
and progress asymptomatically in adolescents and
adults. While the first rotavirus infection is prevalent in
6-9 months in developing countries, it is prevalent in later
months (9-15 months) in the developed countries. The
incubation period varies between 1 and 5 days; however,
the onset of liquid stool and vomiting is shorter than 48
hours. Vomiting usually occurs in the first two days and
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low-grade fever is seen (17). Rotavirus diarrhea differs
from acute bacterial gastroenteritis with regards to early
occurrence of fever and vomiting, impacting of children
under 2 years old and its prevalence in cold weather (17).

Norovirus-group viruses (previously defined as
Norwalk-like agents) and other human caliciviruses cause
sudden-onset, and transient vomiting and diarrhea (18).
Diarrhea without vomiting or vomiting without diarrhea is
possible. In studies done in developing countries revealed
that the fact that specific antibodies were prevalent
against these viruses leads one to think that these infec-
tions are prevalent in children under 1 year old. The incu-
bation period for Norwalk disease on average is 24-48
hours. The diseases progresses slowly and lasts 1-3 days
(19). Myalgia, headache, lack of apatite, fever and abdom-
inal cramps may accompany (20). It is impossible to dif-
ferentiate it from other viral acute gastroenteritis with
clinical picture. It is reported that noroviruses are respon-
sible 2/3 of food-related gastroenteritis epidemics and 23
million cases are prevalent in the United States of America
(21, 22). Risk-groups are children, the elderly, immune-
system suppressed patients, those travelling frequently,
cruise passengers, military personnel, nursing homes and
hospitalized patients (23). When compared with rotavirus
infections, the impacted population is older. Norovirus-
related gastroenteritis epidemics have been reported in
Turkey as well (24). In a pediatric study done in 2006-2007
in central Anatolia, norovirus infections were found 17%
(25). The most frequent Gllb/Hilversum strain was estab-
lished via sequence analysis (25).

Astrovirus infections usually impact infants; however,
patients with immune deficiency and hospitalized patients
are under risk. Especially in AIDS patients, they are among
the significant reasons of diarrhea (26). They cause infec-
tions in children under one year old in developing countries
(20). In a Turkish study, it was found that astrovirus fre-
quency in pediatric diarrheas was 3.7% (27). They usually
cause minor diarrheas in individuals with a normal immune
system. The disease lasts 2-5 days. When compared with
calicivirus infections, vomiting is less prevalent. Fever,
anorexia, vomiting and abdominal pains may occur. In
comparison to rotavirus infections, dehydration in infants is
less severe; however, the symptoms in patients with
immune deficiency may last longer (28).

Enteric adenoviruses are the second group of viruses
requiring hospitalization after rotaviruses. There are six
groups of adenoviruses existing and enteric adenovirus-
es belong to F group. Two serotypes (40 and 41) stand
out in diarrhea cases (29). The diseases occur at the end
of 8-10-day incubation period and is characterized liquid
diarrhea lasting 10 days. It impacts children under 2
years old especially in developing countries. In adenovi-
ruses gastroenteritis, seasonal distribution is prevalent.

Vomiting and fever may occur; however, they progress
mildly. Secondary lactose malabsorption may develop. In
a Turkish study, it was reported that adenovirus was
positive in 10.5% of children with diarrhea; in other
words, adenoviruses follow rotavirus infections with
regards to prevalence (27).

1. b. Diagnosis of treatment of viral gastroenteritis

The viral gastroenteritis is diagnosed by showing the
virus in the stool via electron microscopy or molecular
tests or by ELISA (especially for rotavirus) and other
immunological tests.

Adequate rehydration constitutes the main treatment
of viral gastroenteritis (29). Oral rehydration is sufficient in
mild and medium-severity cases; however, the treatment
should be comprised of liquids able to supply for the
patients’ loss of liquid and electrolyte (30). Early applica-
tion of oral rehydration therapy (ORT) enables less hospi-
talization and mortality (31). According to Cochrane
2010, it was found that in the comparison made by
assessments such as rehydration failure, death, gaining
weight, hospitalization period, hypernatremia, hyponatre-
mia, diarrhea duration, total liquid intake, Na intake and
its level and complication, it was found that there was no
significant clinical difference between the ORT treatment
and parented treatment. Due to slow and balanced elec-
trolyte absorption, lack of complication such as vascular
access and phlebitis in IV treatment, the lack of risks
such as fluid load and electrolytic irregularity, need for
fewer personnel and its affordability, ORT should be pre-
ferred in mild-medium, even in severe oral dehydrated
cases. When they are used in cases where electrolytes
cannot be measured, it is the other superiority of ORT to
self-determine the level of thirst based on the children’s
level of thirst. ORT should start with 50 mL/kg/3-4 hour
in mild dehydration; 100 mL/kg/3-4 hour in medium level
dehydration; and 100-150 mL/kg/3-4 hour in severe
dehydration. The child should be assessed after 4 hours;
if the child is calm, there is urine discharge and turgor is
back to normal, feeding should be started. In mainte-
nance treatment, 100 mL/kg/24 hour ORT is recom-
mended until the diarrhea stops in children with medium
level dehydration. Practically, regarding the giving ORT
equal stool, if it cannot be calculated, adding 10-15 mL/
kg ORT/hour for every stool is recommended.

In the case of severe dehydration, fluid may be given
intravenously; however, giving fluid is not an obstacle for
the start of OFT (30). Intravenous rehydration may be
used in children with persisting vomiting. Parenteral fluid
treatment indications are summarized in Table 3.

The aim of the parenteral fluid treatment is stop hypo-
volemia, repair electrolyte irregularity or maintain it in bal-
ance, met the normal daily fluid requirement, meet the
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Table 3. Parenteral fluid treatment indications

Those with a loss of the consciousness

With severe dehydration

¢ In shock

¢ Aged <6 month and premature

¢ Under 3 months and fever>38C, 3-36 months and
fever >39C

¢ Bloody stool

¢ With no good urination,

With no sufficient oral fluid intake

e Stool volume 10 mL/kg/hour, persistent vomiting

e Suspicion of ileus
Despite fluid intake; 25/1
e cannot put on weight

¢ lose weight

With monosaccharide intolerance

Severe dehydration

Y

20 mL/kg 0.9% Nacl IV within 10-30 minutes
(Can be repeated 3 times if necessary)

‘Overall condition of the child improved ‘ ‘ Overall condition of the child did not improve ‘

Think about other diseases
(Septic shock, metabolic,
cardiac, neurological disease...)

If taken orally: CRS 100
mL/kg every 4 hours

If unable to take orally, IV treatment should continue;
5% Deksitose 0.45% NaCl + KCl 20 mEg/L (loss + maintenance)

Figure 1. Management of severe diarrhea cases

previous or current losses of fluid and provide the required
calories. In severe dehydrated cases, 20 mL/kg %0.9 NaCl
should be given within 10-30 minutes. If necessary, the
procedure can be repeated three times. The management
of severe dehydrated cases is summarized in Figure 1.
There are some common beliefs especially in devel-
oping countries regarding the neglect of other nutrients
such as breast milk for children with diarrhea; this is in
fact a factor that increases malnutrition and eventually
mortality and morbidity (31). Only in children with heavy
lactose intolerance, oral intake may be reduced one level
until the intestinal mucosa improves itself (31). Especially
the antimotility drugs, antidiuretic agents, antisecretory
agents and adsorbents should be used. There are many
studies in the relevant literature regarding vitamin A and
recently the use of probiotics in the treatment of diarrhea.
Despite the fact that vitamin A support was reported to
have decreased diarrhea-related mortality in 6-59 months
32%, it was revealed that it did not have any impact on

diarrhea morbidity (32). Routine vitamin A is not recom-
mended for the treatment of acute diarrhea. WHO and
UNICEF, for the treatment of acute diarrhea in low social-
economic regions, recommend 10 mg/day zinc given
orally to children under 6 months, and 20 mg/day to
children older than 6 months for 10-14 days (33).
However, in studies done in European countries, since it
was proved that zinc did not have any impact in previ-
ously healthy children without malnutrition over duration
and severity of diarrhea, zinc therapy can be recom-
mended for children with malnutrition (34).

Studies proved that prebiotics, the fashionable drug
of recent years, were effective and reliable agents in
reducing the duration of infectious diarrhea and stool
frequency. Prebiotics (Lactobacillus GG vand
Saccharomyces boulardii) were proved to be effective in
antibiotic-related diarrhea. Major institutions such as
ESPGHAN (European Society for Pediatric
Gastroenterology, Hepatology, and Nutrition) and ESPID
(European Society for Pediatric Infectious Diseases) rec-
ommend the use of Lactobacillus GG vand S. boulardii
together with OFT for the treatment of acute diarrhea in
children (35). However, it should be remembered that
their beneficial effects are strain-specific and dose-
dependent. It is not yet known which type/types are
effective and most beneficial dose is. It was proved that
their effectivity was related to the start of the diseases at
an early stage. A prebiotic strain effective on its own may
lose its effectivity within a combination. Likewise, the
practical significance of few hours or few days shortening
accomplished by the prebiotics in the duration of diar-
rhea is not clear. Cost efficiency should be debated.
Because of all these reasons, apart from the antibiotic
diarrheas, it will be more reasonable to use probiotics not
routinely, but based on individual assessment of patients.

Sanitation, improving the hygiene conditions, prevent-
ing the human wastes from mixing into the domestic or
drinking water and habituation of hand washing are the
AGE- preventive factors. Two new rotavirus vaccines
(monovalent human rotavirus vaccine [Rotarix,
GlaxoSmithKline] and pentavalent human-bovine reas-
sortant rotavirus vaccine [RotaTeq, Merck]) obtained
license as of 2006 and went into use in many countries (13).
The WHO recommended the addition of rotavirus vaccines
into the routine vaccination schemas of all countries.

2. Enteric Bacterial Infections

Shigella is one of the most important frequent reasons
of bacterial dysentery. Shigella is divided into 4 main
serogroups: Shigella dysenteriae, Shigella flexneri,
Shigella boydii and Shigella sonnei. There are annually
164 million shigellosis and shigellosis-related 1.1 million
deaths (36) all over the world. In some developing coun-
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tries, in 60% of children applied with the diagnosis of
bloody diarrhea, S. flexneri was isolated (37). Ratio of
case fatality may rise as high as 20% (38). Shigella types
belong to enterobacteriaceae family and are closely
related with Escherichia coli. They are immotile gran
negative bacillary and have specific biochemical fea-
tures. Humans are natural hosts and infected dose may
be in amounts as low as 10 to 100. The disease is preva-
lent especially in crowded households, bad sanitation
and insufficient water sources. Following 1 to 5-day incu-
bation in shigellosis patients, diarrhea may occur (39).
This period may be as long as 6-8 day with S. dysenteria
type 1. S. flexneri ve S. dysenteriae may cause more
severe diseases in comparison to S. sonnei and S. boydii
(the most prevalent type in developed countries). Two
enterotoxins were proved to be small bowel secretion
and watery diarrhea (40). An important feature of dysen-
tery is to invade large bowel walls and grow, thus causing
cell death in mucosal epithelial cells. Toxemia, exhaus-
tion, abdominal cramps, tenesmus and bloody diarrhea
are followed by the first diarrhea attack. Vomiting and
attacks are prevalent in children. S. dysenteriae type 1
causes epidemics especially via shiga toxin and compli-
cations of the diseases. Shiga toxin is related with A:B5
subunit exotoxin hemorrhagic enterocolitis and hemolytic
uremic syndrome (HUS) (41, 42) . In a Turkish study in
which 198 shigella gastroenteritis children were exam-
ined, S. sonnei (83.3%) was isolated most frequently;
other serotypes were reported as S. flexneri (10.1%), S.
dysenteria (5.1%), S. boydii (1.5%) (43).

Escherichia coli (E. coli) is a member of enterobacte-
riaceae family; although they are in the normal intestinal
flora, they have some diarrhea-causing strains.
Hemorrhagic colitis may be common in relation to watery
diarrhea, dysentery and HUS. These syndromes are fre-
quently related with some strains and the differences
between them may vary on molecular level and expressed
virulence genes (39).

Eteropathogenic E. coli (EPEC) is the reason for primer
acute diarrhea affecting children under 6. Infection is fecal-
oral (38). It is usually characterized acute diarrhea and
extended diarrhea is rare. Vomiting and low level fever is
frequent. Diarrhea is watery and mucus. Sudden dehydra-
tion is prevalent. It usually improves on its own (39).

Eteropathogenic E. coli (ETEC) usually causes travel
diarrhea and diarrhea in infants who are no longer breast-
fed and fed on supplementary nutrients (42). The disease
begins in a short period and diarrhea usually has watery
diarrhea consistency without blood, mucus and leuko-
cyte. Fever and vomiting is prevalent in only few patients.
Diarrhea can be mild and self-limiting but excess stool
may also be seen typical of cholera. It is the most fre-
quently isolated bacterial enteropathogen in children

under 5 years old in developing countries and it is esti-
mated that it causes nearly two hundred million diarrhea
cases and nearly 380.000 fatalities (43-45).

Enteroinvasive E. coli (EIEC) invades the colon muco-
sa and is characterized by abdominal cramps, fever,
exhaustion, watery diarrhea and toxemia. Dysentery is
prevalent in 10% of the patients and little blood and
mucus is present. Epidemics are usually food and water-
originated (45). Incubation period is between 3 and 4
days. Mild cases are difficult to differentiate from other
etiologic agent-related diarrhea cases; however, EHEC
shiga toxin and abdominal cramp cause bloody diarrhea
accompanied by severe hemorrhagic colitis. Hemolytic
uremic syndrome is more prevalent in children and pres-
ents itself with disseminate intravascular coagulation,
hemolytic anemia, thrombocytopenia and renal failure
(46, 47). In developing countries, it cannot be clinically
separated from S. dysenteriae type 1-related HUS. The
most widespread strain is O157:H7 and used its bacte-
rial fimbriae for attachment (48); when infection is detect-
ed with especially O157: H7, there is no preventative
measure to stop HUS development (49).

Enteroagresive E. coli (EAgQEC) is a frequent factor in
developing countries as well as developed countries.
Diarrhea usually presents itself in the form of watery mucoid
secretory diarrhea; vomiting and fever are also prevalent.
Bloody diarrhea was reported in 33% of the cases (39).

Salmonella typhi and non- typhoidal salmonellas
(NTS) belong to the same type and include different sero-
types of Salmonella enterica. Typhoid (enteric fever) is
composed of S. typhi, gram negative bacilli. It is a world-
wide social public health problem and may have a high
incidence rate of 1000 per 100,000 people especially in
developing countries (50). Extended fever may initially
improve on its own, but in time may be permanent.
Besides, headache, exhaustion, lack of appetite and
coughing may be prevalent in acute and non-complicat-
ed cases (50). While constipation is prevalent in adults,
diarrhea is more common in children. “Spot rose” is seen
in 25% of the patients and is in the form of localized
lesions especially on the body. The disease progresses
severely through complications in 10% of the patients
with acute diseases. While massif melena is prevalent in
3% of the patients, occult blood is present in 10-20% of
the patients. Intestinal perforation may occur together
with peritonitis. Impaired mental state is related with high
fatality speed. Hepatitis, myocardia, pneumonia, dis-
seminated intravascular coagulation and hemolytic ure-
mic syndrome may be common together with typhoid
fever. In an article published in 2009, it was reported that
when children with bloody diarrhea and anemic watery
diarrhea are assessed, salmonella species were the most
frequently isolated (51). In another study done in Turkey,
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clinical samples taken from different regions were exam-
ined, S. enteritidis (47.7%) was the most frequently iso-
lated strain out of 620 S. enterica isolates (52). The other
strains were reported to be S. typhimurium (34.7), S.
paratyphi B (6%), S. typhi (2.9%), S. paratyphi A (0.2%),
serogroup C1 (6.1%) and serogroup C2 (2.4%) (52).

In gastroenteritis generated by non-typhoidal salmonel-
las, congestive agent is present in animals and especially
in domesticated animals such as chickens, turkeys, pigs,
cattle and horses and eggs. These animals may be infected
through the immediate environment or contaminated food.
Infection developed especially with the intake of contami-
nated food and water (53). These organisms generate
nosocomial infections and epidemics (54). Gastroenteritis
occurs 6-82 hours after the intake of contaminated food
and water, and is characterized by sudden stomach ache,
mucus and watery diarrhea involving blood. Vomiting and
nausea are very frequent, but rarely severe. Fever is around
38-39 degrees. In non-complicated cases, acute period
starts within 48 hours. However, fever may rarely continue
at a low degree for 10-14 days. Symptoms progress
severely in infants, the elderly and people with an underly-
ing disease. Therefore, these groups with a high risk of
being able to invade and produce bacteria have a higher
level of mortality compared to other groups (55). Moreover,
NTS may spread to the whole body and cause localized
abscesses. Especially, those with HIV infection have as
high as 23-47% of mortality (56, 57).

Campylobacter jejuni is one of the most frequent fac-
tors of contaminated water and food-related diarrheas in
infants in developing countries. Incidence rate in children
under 5 years old was reported to be between 40,000
and 60,000 in 100,000. This rate is as low as 300 in
100,000 in developed countries (58). Especially domestic
animals, chicken coops and other animal barn-related
infections are prevalent and uncooked food and non-
pasteurized milk consumption are ways of infection.
Human strains in developing countries have 71% similar-
ity with the strains of domestic animals living nearby (59).
The inoculum amount needed to generate enteritis is low
(between 50 and 100) and this amount drops even more
in the presence of food increasing the stomach ph. The
average incubation period is three days and at the end of
three days, the main symptoms of stomachache and
diarrhea are prevalent. It has a wide spectrum such as
watery, anemic, non-inflammatory diarrhea as well as
severe inflammatory diarrhea. Fever, shivering, headache
and exhaustion are common. It is more prevalent espe-
cially in weak and malnourished children (60). 25% of
Campylobacter jejuni infections progress asymptomati-
cally (60). Together with this, post-infectious complica-
tions such as Guillain-Barre syndrome and Reiter syn-
drome have been defined (39).

In a Turkish study, 400 children with enteritis were
examined in terms of C. jejuni and after shigella, it was in
the second place in etiology with 8.3% rate (61). It was
reported that the most prevalent symptoms were stom-
achache (51.5%), vomiting (36.4%) and fever (30.3%) (61).

Cholera is among the important epidemic diseases in
tropical climates (62). It is estimated that as of 2010,
cholera has affected 3-5 million people worldwide and
caused between 100,000 and 130,000 deaths (63). It is
among the diseases with international obligation to
report together with yellow fever and plague. Cholera
agent is Vibrio cholera bacillus that is gram negative,
active and does not produce sport. Especially two sero-
groups V. cholerae O1 and V. cholerae 0139 are related
with epidemic diseases. V. cholerae O1 has an identified
serotype (Ogawa, Inaba and Hikojima). Hikojima is divid-
ed into biotypes as biochemical and epidemiologic, and
as classic and El Tor (63). It was revealed that majority of
the patients were infected with classic V. cholerae O1 and
V. cholerae O1 El Tor. Especially V. cholerae O1 El Tor is
responsible for the last pandemia and has replaced the
classic V. cholerae O1 in many geographic regions (64).

Transmission usually occurs with the intake of water
and food contaminated V. cholerae O1 and V.cholerae
0139 (62). In a study done with the inclusion of volun-
teers, it was revealed that the number of particles infect-
ed with cholera was between 106 and 1011 (65).
Especially in regions where cholera is endemic, it reaches
its seasonal peak point warm summer months and drops
in winter months. The disease occurs via A:B5 subunit-
toxin and causes gastrointestinal lumen active secretion
of electrolyte and water. Eventually, intensive, watery
anemic diarrhea occurs. While subunit B is attached to
subunit small bowel epithelial cells, subunit A is an active
one and increases the cyclic adenosine monophosphate
by activating the intracellular adenylate cyclizine (CAMP).
As a result, an intensive electrolyte release and later
osmotic loss of water occur (66-68). Incubation period of
cholera varies between hours and 5 days depending on
inoculum number. While a short prodromal period is
characterized by appetite, stomachache and basic diar-
rhea in patients, a great deal of watery stool may be com-
mon. Vomiting occurs just few hours after the onset of
diarrhea. In cholera gravis cases, the patient may lose
one liter water every hour and eventually tachycardia,
hypertension and death are common. The stool in the
typical form of “rice-water” is associated with severe
diarrhea and common only in a very small group of
patients (62). Non-cholera strains may cause gastroen-
teritis. These are V. cholerae non-O1, non-0139, V. mim-
icus, V. parahaemolyticus, V. fluvialis and V. Furnisii. V.
parahaemolyticus may cause epidemics via the contami-
nated sea food (64).
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Bacterial gastroenteritis diagnosis

Cholera diagnosis is made via the isolation of V. chol-
erae from patient’s stool. Especially fresh sample should
be added to the appropriate selective and non-selective
culture average and the sample should be carried in the
place of cary-blair food carriage. V. cholera may be car-
ried for weeks in this way. It is not necessary to take the
culture of every patient, but culture may be taken to ana-
lyze the intermittent continuation of V. cholerae’s pres-
ence, the presence of other agent and antimicrobial
resistance. Quick tests (dipstick) may be used especially
in clinics, but confirmation via culture may be required
(89). Furthermore, in addition to triplex PCR method that
is able to differentiate toxigenic and non-toxigenic V. chol-
erae (69); the quick immunochromatographic dipstick kit
to be used in epidemics has been developed (70).

In shigellosis, polymorphonuclear cells and red blood
cells may be common in the stool microscopy. Specific
diagnosis may be made via the culture. Fresh sample is
the most appropriate, but it this is not possible, cary-blair
or buffered glycerol saline carriage medium should be
used. Culture should be added to the appropriate selec-
tive medium such as xylene lysine deoxycholate (XLD)
and Hektoen enteric (HE) agar. Salmonella-shigella (SS)
agar is not appropriate for the isolation of S.dysenteriae
type 1. Serotyping is done via specific antiserum and a
different serogroup and type is defined (39).

Diagnosis of E. coli diarrhea is made through stool
culture and phenotypic and genotypic characterization.
Especially for characterization of E. coli causing diarrhea,
specific tests such as immunoassay, molecular diagnosis
methods and HEp-2 cell adherence (71). For E. coli 0157
causing the EHEC disease, MacConkey Agar should be
used and sorbitol-negative colonies should be preserved
for serotyping (39).

Diagnosis of typhoid fever is made through the isola-
tion of S. typhi (from the blood, bone marrow or a spe-
cific anatomic region). Blood cultures especially should
be added to the appropriate medium and should be trans-
ferred on time. Its biochemical features are quite benefi-
cial in the differentiation of S. typhi, but definite diagnosis
should be made through the analysis of suspicious iso-
lates O:9 (somatic), H:d (flagellas) and Vi (capsule) anti-
bodies. Moreover, as multiple drug-resistant S. typhi has
increased in recent years, an antibiotic sensitivity test
should definitely be made. Widal test is a common diag-
nosis method, especially in developing countries and
measures the antibodies agglutinant against S. typhi O
and H antigen. However, the fact that it is 30% negative
in culture-positive cases generates the disadvantage of
low level of sensitivity and specificity (72). It causes cross-
reactivity especially in such diseases as malaria, cirrhosis
and typhus. Therefore, the cut-off values in the society

should be known and the test should be assessed two
times, on in the acute and convalescence periods. In
addition to culture, the most promising diagnosis tech-
nique is to perform PCR-based DNA amplification from
the blood of enteric fever patients, but this technique is
not available in every hospital (73). It was revealed in a
study that culture positivity in enteric fever cases with
especially the history of antibiotic use was lower and
Widal tests were not sufficient in diagnosing these
patients (74). However, there is a need for more studies
for the effectivity of PCR-dependent tests. Non-typhoidal
salmonellas may be isolated from infected food and stool.

Campylobacter types can be visible directly from the
fresh stool through dark microscopy or phase-contrast
microscopy. Stool culture requires an enriched environ-
ment eliminating the flora and isolation conditions. The
organisms grew within 72 hours (39).

Bacterial gastroenteritis treatment

Antimicrobial treatment in bacterial gastroenteritis is
summarized in Table 4. In non-complicated bacterial
gastroenteritis, antibiotics are rarely indicated.

Shigellosis treatment depends on the condition of the
patient, clinical picture and symptoms. In non-complicat-
ed diarrheas, only rehydration will be sufficient. Specific
antimicrobial treatment is especially recommended in
case of bloody diarrhea (39). It was reported that in a
meta analyses antibiotics such as ciprofloxacin (for the
appropriate age group) and ceftriaxone reduced the dys-
entery symptoms and clinical and bacteriologic findings
(75). However, the resistance that has recently been
increased starts to pose a significant problem (76). It was
reported that resistance developed against former fre-
quently used antibiotics such as ampicillin, cotrimok-
sazole, tetracycline and nalidixic acid (77-79). In recent
years, fluoroquinolones in appropriate age children have
become important. In a study done in Turkey, shigellas
isolated between 1987-1994 and 1995-2002 were com-
pared in terms of resistance; and it was concluded that
the resistance of trimethoprim/ sulfamethoxazole rose
from 39% to 70%; and the resistance of ampicillin
dropped from 41% to 23% (79). However, it was found
that especially the resistance of S. flexneri against ampi-
cillin was high (72.9%). In this study, ciprofloxacin resis-
tance was not found and the ratio of multiple drug resis-
tance was 24% (79). In another Turkish study, it was
reported that in many of the shigella types, there was
trimethoprim/ sulfamethoxazole resistance (90.4%); how-
ever, ampicillin sensitivity ratio was high (86.4%) (80). In
another study done in 2008, while ampicillin resistance
was 20%, all were reported to be sensitive towards
gentamycin, ceftriaxone, imipenem, nalidixic acid and
sparfloxacin (81).
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Table 4. Antimicrobial treatment in bacterial gastroenteritis (39)

Infection, Antimicrobial
Treatmenti

Pediatric Dose

Adult Dose

Ampicillin

From 50 mg/kg/dose to 4 doses, 3 days

Trimethoprim-sulfamethoxazole
(Cotrimoxazole)

From 8 mg TMP, 40 mg SMX/kg/dose
to 2 doses, 3 days

160 mg TMP, 800 mg SMX
2 doses, 3 days

Furazolidone

From 5 mg/kg/dose to 4 doses, 3 days

100 mg, 4 doses, 3 days

Doxycycline 7 mg/kg (max 300 g) 300 mg
Erythromycin From 50 mg/kg/dose to 3 doses, 3 days 250 mg, 4 doses, 3 days
Ciprofloxacin* 30 mg/kg (max 1 g) 1g

Non-complicated bacterial
gastroenteritis

Antibiotic rarely indicated

Antibiotic rarely indicated

Bacterial dysentery

Ampicillin

100 mg/kg/dose, 4 doses, 5 days

1 g, 4 doses, 5 days

Trimethoprim-sulfamethoxazole
(Cotrimoxazole)

10 mg TMP, 50 mg SMX/kg/dose,
2 doses, 5 days

160 mg TMP, 800 mg SMX
4 doses, 5 days

Nalidixic acid

60 mg/kg/dose, 4 doses, 5 days

1 g, 4 doses, 5 days

Ciprofloxacin

10 mg/kg/dose, 5 days

500 mg, 2 doses, 5 days

Ceftriaxone 50 mg/kg/dose, 5 days 19, 2 doses, 5 days
Typhoid
Ampicillin 100 mg/kg/dose 4 doses, 14 days 1 g, 4 doses, 14 days

Chloramphenicol

75 mg/kg/dose, 4 doses, 14 days

500 mg, 4 doses, 14 days

Trimethoprim-sulfamethoxazole
(Cotrimoxazole)

8 mg TMP, 40 mg SMX/kg/dose,
2 doses, 14 days

160 mg TMP, 800 mg SMX
2 doses, 14 days

Ciprofloxacin®

10 mg/kg/dose, 5-7 days

500 mg 2 doses 5 days

Ceftriaxone

50-70 mg/kg/dose, 5 days

1-2 g 2 doses 5 days

Azithromycin

10 mg/kg/dose, 7 days

500 mg 7 days

Campylobacter

Erythromycin

30-50 mg/kg/dose, 4 doses, 7 days

250 mg, 2 doses, 7 days

Ciprofloxacin

500 mg, 2 doses, 7 days

Azithromycin

250 mg, 2 doses, 7 days

Campylobacter jejune infections limit themselves and
recovery lasts 2 to 6 days. Dispersion in untreated patients
may last for week and months, but long-term carriage is
especially limited to immune system. Antibiotic treatment
is not indicated, but erythromycin is still effective against
resistance development (39). Ciprofloxacin is indicated at
appropriate ages, but resistance was common.

The main therapy in cholera is rehydration treatment.
Given the fact that diarrhea heals itself, the failure to
ensure sufficient rehydration in the world is still a signifi-
cant cause of mortality. Therefore, rehydration therapy
should start at an early period. Mortality rate with early
therapy has a course of less than 1% (39). Despite the
fact that antibiotics were not used in a previous cholera
epidemic in Africa, mortality rate with appropriate rehy-
dration was as low as 0.2%. It was found that antibiotic
use diminished the period and volume of V. choler-relat-
ed diarrhea, but failed to show that it decreased the

mortality rate (39). V. cholerae did not show any reaction
to antibiotics for a long time, but this has changed in
recent years (82). Especially broad spectrum beta lacta-
mase production in isolated strains in the world, ability to
have multiple drug efflux pump activity, plasmid-mediat-
ed quinolon and fluoroquinolone resistance, and chro-
mosomal mutations constitute the resistance mecha-
nisms (82). There was resistance to the drug such as
ampicillin, cotrimoxazole, tetracycline (doxycycline) and
erythromycin that were previously first step treatment
drugs. Fluoroquinolones are also effective, but the fact
that resistance developed against nalidixic acid in some
parts of the world generated concern that resistance
could be developed against this antibiotic as well (76-78).
Therefore, antibiotic should be chosen according to the
result of culture test.

Antimicrobial treatment in non-complicated children
who suffered E. coli-related diarrhea is not necessary.
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Table 5. Conditions increasing bacteremia risk in salmonella
gastroenteritis cases

Neonatal and under 3-month infants

AIDS, chronic granulomatous disease or immune
deficiencies

Cancer (especially leukemia and lymphoma)

Immunosuppressive and corticosteroid treatment intake

Hemolytic anemia and crescent-cell anemia

Malaria and schistosomiases

Collagen vascular diseases

Inflammatory bowel disease

Gastrectomy or gastroenterostomy

Achlorhydria or antacid drug use

Reduced bowel movement

Malnutrition

However, resistance development in E. coli strains
ETEC’s leading the way, has become all the more impor-
tant. Antibiotics should be used especially in dysentery.
In many diarrhea cases, appropriate rehydration treat-
ment together with prognosis is acceptable and diarrhea
limits itself (39). In a study in Peru involving 1000 neonatal
cases, it was reported that E.coli that had diarrhea agent
resistance against ampicillin (85%), cotrimoxazole (79%)
and tetracycline (65%) (83).

There is mostly no need for microbial treatment in
salmonella enteritis. It was reported that antimicrobial
treatment was not affective, removal of salmonella via
stool could be extended (84) and the risk of chronic risk
carriage increased. Even though antibiotic treatment in
Salmonella gastroenteritis is not recommended in healthy
individuals, as was summarized in Table 5, it should only
be used in cases where there is the risk of complication
development. If it is not treated, antibiotic treatment
should definitely be implemented for the enteric fever
picture that has complication risk and high mortality rate.
However, antibiotic resistance has been gradually
increasing both in Turkey and in the world. In the case of
resistant microorganisms existence in children, ampiric
treatment with ceftriaxone or cefotaxime is appropriate
until antibiogram results are obtained. It was reported
that as an addition to the antibiotic treatment, dexameth-
asone treatment (initially 3 mg/kg and in the follow-up 1
mg/kg in 6 hours for 2 days) helped to increase the rate
of survival in the presence of shock, stupor and coma.
Fluid and electrolyte balance of the patient should be
maintained and supplement treatment, if necessary,
should be provided through vasopressor agents.

While typhoid fever-related mortality rates were around
40% before antibiotic use, this rate dropped after antibi-
otic use. Therefore, antibiotic use is a must, but antibiotic
choice should be made with regards to regional resistance

patterns. Multiple-drug resistant strains have been report-
ed in the World. Resistance was reported to be against
especially first step drugs such as ampicillin, cotrimoxa-
zole and chloramphenicol. Fluoroquinolones, third genera-
tion cephalosporins or azithromycin can be used in alter-
native treatment. In case of non-complicated diarrheas not
related to non-toroidal salmonellas, there is no need for
the use of antibiotics; only rehydration will be sufficient
(54). Therapy should especially be given only to children
with dysentery and underlying disease like HIV that disor-
ders the immune system. Since plural resistance may be
common in NTSs with especially S. enterica serotype
tymphimurium leading the way, the resistance status of
the salmonella infections in that region should be assessed.
The resistance mechanism usually occurs through broad
spectrum beta lactamase. Especially for the abscesses
sites, surgical drainage, in addition to antibiotic use, may
be necessary (39).

The most important step in the treatment of gastroen-
teritis is the rehydration and replacement therapy in order
to maintain the fluid and electrolyte balance of the child.
Oral rehydration is sufficient in most of the patients.
Since the drugs minimizing intestine motility may inhibit
pathogenic bacteria and toxic cleansing, they are never
recommended for pediatric use.

Peer-review: Externally peer-reviewed.

Author Contributions: Concept - Z.K.; Design - Z.K.,
I.D.; Supervision - Z.K.; Funding - Z.K, i.D.; Materials -
Z.K., 1.D.; Collection and/or Processing - Z.K., i.D.;
Analysis and/or Interpretation - Z.K, I.D.; Literature
Review - Z.K., I.D.; Writing - Z.K., i.D.; Critical Review -
Z.K., i.D.; Other - Z.K., i.D.

Conflict of Interest: No conflict of interest was dec-
lared by the authors.

Financial Disclosure: The authors declared that this
study has received no financial support.

References

1. Kosek M, Bern C, Guerrant RL. The global burden of diarrhoe-
al disease, as estimated from studies published between 1992
and 2000. Bull World Health Organ 2003; 81: 197-204.

2. King CK, Glass R, Bresee JS, Duggan C; Centers for Disease
Control and Prevention. Managing acute gastroenteritis among
children: oral rehydration, maintenance, and nutritional the-
rapy. MMWR Recomm Rep 2003; 52: 1-16.

3. Guarino A, Albano F, Ashkenazi S, et al. European Society for
Paediatric Gastroenterology, Hepatology, and Nutrition;
European Society for Paediatric Infectious Diseases. European
Society for Paediatric Gastroenterology, Hepatology, and



80

Kurugdl et al.
Gastrointestinal Infections

J Pediatr Inf 2014; 8: 71-81

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Nutrition/European Society for Paediatric Infectious Diseases
evidence-based guide- lines for the management of acute gast-
roenteritis in children in Europe. J Pediatr Gastroenterol Nutr
2008; 46: 81-122. [CrossRef]
Black RE, Cousens S, Johnson HL, et al. Global, regional, and
national causes of child mortality in 2008: a systematic analysis.
Lancet 2010; 375: 1969-87. [CrossRef]
Black RE, Morris SS, Bryce J. Where and why are 10 million
children dying every year? Lancet 2003; 361: 2226-34. [CrossRef]
Parashar U, Hummelman E, Bresee J, Miller M, Glass R. Global
ll- ness and deaths caused by rotavirus disease in children.
Emerg Infect Dis 2003; 9: 565-72. [CrossRef]
T.C. Saglik Bakanligi Refik Sydam Hifzishha Merkez Baskanligi
(RSHMB). National Burden of Disease and Cost Effectiveness
Project. Burden of Disease Final Report, Ankara (2004).
http://www.hips.hacettepe.edu.tr/tnsa2008/data/TNSA-2008_
ozet_Rapor-tr.pdf (Erisim Tarihi: 05.02.2014)
Bandres J, DuPont HL. Approach to the patient with diarrhoea. In:
SL Gorbach, JG Bartlett, NR Blacklow. (Eds). Infectious Diseases,
2nd Ed. WB Saunders Company, Philadelphia USA, 1998.p.691-4.
Bresee JS, Parashar UD, Widdowson MA, Gentsch JR, Steele
AD, Glass RIl. Update on rotavirus vaccines. Pediatr Infect Dis J
2005; 24: 947-52. [CrossRef]
Parashar UD, Hummelman EG, Bresee JS, Miller MA, Glass RI.
Global illness and deaths caused by rotavirus disease in children.
Emerg Infect Dis 2003; 9: 565-72. [CrossRef]
Ficher TK, Vibaud C, Parashar U, et al. Hospitalizations and
Deaths from Diarrhea and Rotavirus among Children <5 Years of
Age in the United States, 1993-2003. J Infect Dis 2007; 195:
1117-25. [CrossRef]
WHO. 5th Anual Global Immunization Meeting. February 2, 2010,
Geneva, Switzerland.
Kurugdl Z, Geylani S, Karaca Y, et al. Rotavirus gastroenteritis
among children under five years of age in izmir, Turkey. Turk J
Ped 2003; 45: 290-4.
Ceyhan M, Alhan E, Salman N, et al. Multicenter prospective study
on the burden of rotavirus gastroenteritis in Turkey, 2005-2006: a
hospital-based study. J Infect Dis 2009; 200: 234-8. [CrossRef]
QOgilvie I, Khoury H, El Khoury AC, Goetghebeur MM. Burden of
rotavirus gastroenteritis in the pediatric population in Central and
Eastern Europe: serotype distribution and burden of illness. Hum
Vaccin 2011; 7 : 523-33. [CrossRef]
Amercan Academy of Pediatrics (Rotavirus). In: Pickerling LK,
Baker CJ, Kimberlin DW, Long SS,eds. Red Book: 2009 Report
of the Committee on Infectious Diseases. 28th ed. Elk Grove
Vilage, IL: American Academy of Pediatrics; 2009: p.576-9.
Amercan Academy of Pediatrics(Norovirus). In : Pickerling LK,
Baker CJ, Kimberlin DW, Long SS,eds. Red Book: 2009 Report
of the Committee on Infectious Diseases. 28t ed. Elk Grove
Vilage, IL: American Academy of Pediatrics; 2009: p. 241-2.
Goodgame RW. Viral causes of diarrhoea. Gastroenterol Clin N
Am 2001; 30: 779-95. [CrossRef]
Midthun K, Black RE. Viral diarrheas. In: GT Strickland. (Ed.)
Hunter’s Tropical Medicine and Emerging Infectious Diseases, 8th
Ed. WB Saunders Company, Philadelphia USA, 2000: p.220-6.
Bresee JS, Widdowson MA, Monroe SS, Glass RI. Foodborne
viral gastroenteritis: challenges and opportunities. Clin Infect Dis
2002; 35: 748-53. [CrossRef]
Mead PS, Slutsker L, Dietz V, et al. Food-related illness and death
in the United States. Emerg Infect Dis 1999; 5: 607-25. [CrossRef]

283.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.
39.

40.
41.
42.

43.

44,

Koo HL, Ajami N, Atmar RL, DuPont HL. Noroviruses: The leading
cause of gastroenteritis worldwide. Discov Med 2010; 10: 61-70.
Uyar Y, Carhan A, Ozkaya E, Ertek M. Evaluation of laboratory
diagnosis of the first norovirus outbreak in Turkey in 2008.
Mikrobiyol Bul 2008; 42: 607-15.

Altindis M, Banyai K, Kalayci R, et al. Frequency of norovirus in
stool samples from hospitalized children due to acute gastroen-
teritis in Anatolia, Turkey, 2006-2007. Scand J Infect Dis 2009; 41:
685-8. [CrossRef]

Walter JE, Mitchell DK. Astrovirus infection in children. Curr Opin
Infect Dis 2003; 16: 247-53. [CrossRef]

Ozdemir S, Delialioglu N, Emekdas G. Investigation of rotavirus,
adenovirus and astrovirus frequencies in children with acute gast-
roenteritis and evaluation of epidemiological features. Mikrobiyol
Bul 2010; 44: 571-8.

Wilhelmi I, Roman E, Sanchez-Fauquier A. Viruses causing gast-
roenteritis. Clin Microbiol Infect 2003; 9: 247-62. [CrossRef]
King CK, Glass R, Bresee JS, Duggan C; Centers for Disease
Control and Prevention. Managing acute gastroenteritis among
children: oral rehydration, maintenance, and nutritional therapy.
MMWR Recomm Rep 2003; 52: 1-16.

Duggan C, Lasche J, McCarty M, et al. Oral rehydration solution
for acute diarrhea prevents subsequent unscheduled follow-up
visits. Pediatrics 1999; 104: e29. [CrossRef]

Sandhu BK. Practical guidelines for the management of gastroenteritis
in children. J Pediatr Gastroenterol Nutr 2001; 33: 36-9. [CrossRef]
Hossain S, Biswas R, Kabir |, et al. Single dose vitamin A treat-
ment in acute shigellosis in Bangladeshi children: randomized
double blind controlled rial. BMJ 1998; 316: 422—6. [CrossRef]
WHO/UNICEF Joint Statement:Clinical Managemet of Acute
Diarrhae, May 2004.

Piescik-Lech M, Shamir R, Guarino A, Szajewska H. Review artic-
le: the management of acute gastroenteritis in children. Aliment
Pharmacol Ther 2013; 37: 289-303. [CrossRef]

Guarino A, Albano F, Ashkenazi S, et al. European Society for
Paediatric Gastroenterology, Hepatology, and Nutrition/European
Society for Paediatric Infectious Diseases evidence-based guidelines
for the management of acute gastroenteritis in children in Europe:
executive summary. J Pediatr Gastroenterol Nutr 2008; 46: 619-21.
Peng J, Yang J, Jin Q. Research progress in Shigella in the post-
genomic era. Sci China Life Sci 2010; 53: 1284-90. [CrossRef]
Ahmed F, Clemens JD, Rao MR, Ansaruzzaman M, Haque E.
Epidemiology of shigellosis among children exposed to cases of
Shigella dysentery: a multivariate assessment. Am J Trop Med
Hyg 1997; 56: 258-64.

Shears P. Shigella infections. Ann Trop Med Parasit 1996; 90: 105-14.
Keddy K, Goldsmid JM, Frean J. Tropical Gastrointestinal
Infections. Australasian College of Tropical Medicine. Primer of
tropical medicine 6.1-6.24 (Erisim Tarihi: 05.02.2014)

Niyogi SK. Shigellosis. J Microbiol 2005; 43: 133-43.

Motarjemi Y, Kaferstein F. Global estimation of foodborne disea-
ses. Wid Hith Statist Quart 1997; 50: 5-11

Torres AG. Current aspects of Shigella pathogenesis. Rev
Latinoam Microbiol 2004; 46: 89-97.

Karacan C, Tavil B, Topal Y, Zorlu P, Tayman C. Evaluation of
shigellosis in a Turkish children's hospital. Pediatr Int 2007; 49:
589-92. [CrossRef]

Wenneras C, Erling V. Prevalence of enterotoxigenic Escherichia
coli-associated diarrhoea and carrier state in the developing
world. J Health Popul Nutr 2004; 22: 370-82.


http://dx.doi.org/10.1097/MPG.0b013e31816f7b16
http://dx.doi.org/10.1016/S0140-6736(10)60549-1
http://dx.doi.org/10.1016/S0140-6736(03)13779-8
http://dx.doi.org/10.3201/eid0905.020562
http://dx.doi.org/10.1097/01.inf.0000186295.18969.e6
http://dx.doi.org/10.3201/eid0905.020562
http://dx.doi.org/10.1086/512863
http://dx.doi.org/10.1086/605056
http://dx.doi.org/10.4161/hv.7.5.14819
http://dx.doi.org/10.1016/S0889-8553(05)70210-7
http://dx.doi.org/10.1086/342386
http://dx.doi.org/10.3201/eid0506.990625
http://dx.doi.org/10.1080/00365540903071342
http://dx.doi.org/10.1097/00001432-200306000-00011
http://dx.doi.org/10.1046/j.1469-0691.2003.00560.x
http://dx.doi.org/10.1542/peds.104.3.e29
http://dx.doi.org/10.1097/00005176-200110002-00007
http://dx.doi.org/10.1136/bmj.316.7129.422
http://dx.doi.org/10.1111/apt.12163
http://dx.doi.org/10.1007/s11427-010-4089-y
http://dx.doi.org/10.1111/j.1442-200X.2007.02425.x

J Pediatr Inf 2014; 8: 71-81

Kurugdl et al.
Gastrointestinal Infections

81

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.
65.

Nataro JP, Kaper JB. Diarrheagenic Escherichia coli. Clin Micro
Rev 1998; 11: 142-201.

Effler P, Isaécson M, Arntzen L, et al. Factors contributing to the
emergence of Escherichia coli O157 in Africa. Emerg Infect Dis
2001; 7: 812-9. [CrossRef]

Levine MM, Nataro JP. Diarrhea caused by Escherichia coli. In:
GT Strickland. (Ed.) Hunter’'s Tropical Medicine and Emerging
Infectious Diseases, 8th Ed. WB Saunders Company, Philadelphia,
USA, 2000: p.334-8.

Renddén MA, Saldafia Z, Erdem AL, et al. Commensal and patho-
genic Escherichia coli use a common pilus adherence factor for
epithelial cell colonization. Proc Natl Acad Sci U S A 2007; 104:
10637-42. [CrossRef]

Pennington H. Escherichia coli O157. Lancet 2010; 376: 1428-35.
[CrossRef]

World Health Organisation. Background document: the diagno-
sis, treatment and prevention of typhoid fever. WHO, Geneva,
2008.

Kuskonmaz B, Yurdakok K, Yalgin SS, Ozmert E. Comparison of
acute bloody and watery diarrhea: a case control study. Turk J
Pediatr 2009; 51: 133-40.

Erdem B, Hascelik G, Gedikocglu S, et al. Salmonella enterica
serotypes and Salmonella infections: a multicenter study covering
ten provinces in Turkey. Mikrobiyol Bul 2004; 38: 173-86.
Hohmann EL. Nontyphoidal salmonellosis. Clin Infect Dis 2001;
32: 263-9. [CrossRef]

Mason CJ, Longfield RN. Nontyphoidal Salmonella infections. In:
GT Strickland. (Ed.) Hunter’s Tropical Medicine and Emerging
Infectious Diseases, 8t Ed. WB Saunders Company, Philadelphia,
USA, 2000: p. 484-91.

Hanes D. Nontyphoid Salmonella. In: MD Miliotis, JW Bier (Eds).
International Handbook of Foodborne Pathogens. Marcel Dekker,
New York, USA. 20083: p. 137-49. [CrossRef]

Graham SM, Walsh AL, Molyneux EM, Phiri AJ, Molyneux ME.
Clinical presentation of non-typhoidal salmonellosis in Malawian
children. Trans R Soc Trop Med Hyg 2000; 94: 310-4. [CrossRef]
Gordon MA, Banda HT, Gondwe M et al. Non-typhoidal salmo-
nella bacteraemia among HIV-infected Malawian adults: high
mortality and frequent recrudescence. AIDS 2002; 16: 1633-41.
[CrossRef]

Coker AO, Isokpehi RD, Thomas BN, Amisu KO, Obi CL. Human
campylobacteriosis in developing countries. Emerg Infect Dis
2002; 8: 237-43. [CrossRef]

Oberhelman R, Gilman RH, Sheen P et al. Campylobacter trans-
mission in a Peruvian shantytown: a longitudinal study using strain
typing of Campylobacter isolates from chickens and humans in
household clusters. J Infect Dis 2003; 187: 260-9. [CrossRef]

Hu L, Kopecko DJ. Campylobacter species. In: MD Miliotis, JW
Bier (Eds). International Handbook of Foodborne Pathogens.
Marcel Dekker, New York, USA 2003: p. 181-98.

Uysal G, Dogru U, Aysev D, Karabiber N. Campylobacter jejuni
gastroenteritis in Turkish children. Infection 1997; 25: 159-62.
[CrossRef]

Reidl J, Klose KE. Vibrio cholerae and cholera: out of the water and
into the host. FEMS Microbiol Rev 2002; 26: 125-39. [CrossRef]
Cholera vaccines. A brief summary of the March 2010 position
paper" (PDF). World Health Organization.

Shears P. Cholera. Ann Trop Med Parasit 1994; 88: 109-22.
Bennish ML. Cholera: pathophysiology, clinical features, and tre-
atment. In: Vibrio cholerae and Cholera: Molecular to Global

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

Perspectives (Wachsmuth KI., Blake PA and Olsik O Eds.).
American Society for Microbiology, Washington, DC. 1994, p.
229-55. [CrossRef]

Fishmann PH. Mechanism of action of cholera toxin. In: ADP-
ribosylating Toxins and G Proteins (Moss J and Vaughan M, Eds.)
American Society for Microbiology, Washington, DC. 1990.p.127-37.
King CA, van Heyningen WA. Deactivation of cholera toxin by a
sialidase-resistant monosialosylganglioside. J Infect Dis 1973;
127: 639-47. [CrossRef]

Pierce NF. Differential inhibitory effects of cholera toxoids and
ganglioside on the enterotoxins of Vibrio cholerae and Escherichia
coli. J Exp Med 1973; 137: 1009-23. [CrossRef]

Chua AL, Elina HT, Lim BH, Yean CY, Ravichandran M, Lalitha P.
Development of a dry reagent-based triplex PCR for the detection
of toxigenic and non-toxigenic Vibrio cholerae. J Med Microbiol
2011; 60: 481-5. [CrossRef]

Mukherjee P, Ghosh S, Ramamurthy T, et al. Evaluation of a rapid
immunochromatographic dipstick kit for diagnosis of cholera
emphasizes its outbreak utility. Jpn J Infect Dis 2010; 63: 234-8.
Renddén MA, Saldafia Z, Erdem AL, et al. Commensal and patho-
genic Escherichia coli use a common pilus adherence factor for
epithelial cell colonization. Proc Natl Acad Sci USA 2007; 104:
10637-42. [CrossRef]

Olopoenia LA, King AL. Widal agglutination test - 100 years later: still
plagued by controversy. Postgrad Med J 2000; 76: 80-4. [CrossRef]
Wain J, Hosoglu S. The laboratory diagnosis of enteric fever. J Infect
Dev Ctries 2008; 2: 421-5.

Devrim |, Ergunay K, Kara A, et al. The comparison of cultures, widal
agglutination test and polymerase chain reaction as a diagnostic tool
in typhoid fever. Centr Eur J Med 2008; 3: 470-4. [CrossRef]

Traa BS, Walker CL, Munos M, Black RE. Antibiotics for the treat-
ment of dysentery in children. Int J Epidemiol 2010; 39: 70-4.
[CrossRef]

Materu SF, Lemu OE, Mukunza HM, Dhiambo CG, Carter JY.
Antibiotic resistance patterns of Vibrio cholerae and Shigella cau-
sing outbreaks of diarrhoea in the eastern Africa region: 1994-
1996. East Afr Med J 1997; 74: 193-7.

Tupasi TE. Quinolone use in the developing world. Drugs 1999;
58: 55-9. [CrossRef]

Kariuki S, Hart CA. Global aspects of antimicrobial resistant ente-
ric bacteria. Curr Opin Infect Dis 2001; 14: 579-86. [CrossRef]
Ozmert EN, Goktirk B, Yurdakok K, Yalgin SS, Gur D. Shigella
antibiotic resistance in central Turkey: comparison of the years
1987-1994 and 1995-2002. J Pediatr Gastroenterol Nutr 2005;
40: 359-62. [CrossRef]

Karacan C, Tavil B, Topal Y, Zorlu P, Tayman C. Evaluation of
shigellosis in a Turkish children's hospital. Pediatr Int 2007; 49:
589-92. [CrossRef]

Akcali A, Levent B, Akbas E, Esen B. Typing of Shigella sonnei
strains isolated in some provinces of Turkey using antimicrobial
resistance and pulsed field gel electrophoresis methods.
Mikrobiyol Bul 2008; 42: 563-72.

Ghosh A, Ramamurthy T. Antimicrobials & cholera: are we
stranded? Indian J Med Res 2011; 133: 225-31.

Ochoa TJ, Ruiz J, Molina M, et al. High frequency of antimic-
robial drug resistance of diarrheagenic Escherichia coli in
infants in Peru. Am J Trop Med Hyg 2009; 81: 296-301.
Cleary TG. Salmonella. In: Feigin RD, Cherry JD, Demmler GJ
and Kaplan SL (eds), 5th edition: Textbook of Pediatric
Infectious Diseases. Saunders, Philadelphia, 2004, p.1473-87.


http://dx.doi.org/10.3201/eid0705.017507
http://dx.doi.org/10.1073/pnas.0704104104
http://dx.doi.org/10.1016/S0140-6736(10)60963-4
http://dx.doi.org/10.1086/318457
http://dx.doi.org/10.1201/9780203912065.ch9
http://dx.doi.org/10.1016/S0035-9203(00)90337-7
http://dx.doi.org/10.1097/00002030-200208160-00009
http://dx.doi.org/10.3201/eid0803.010233
http://dx.doi.org/10.1086/367676
http://dx.doi.org/10.1007/BF02113604
http://dx.doi.org/10.1111/j.1574-6976.2002.tb00605.x
http://dx.doi.org/10.1128/9781555818364.ch15
http://dx.doi.org/10.1093/infdis/127.6.639
http://dx.doi.org/10.1084/jem.137.4.1009
http://dx.doi.org/10.1099/jmm.0.027433-0
http://dx.doi.org/10.1073/pnas.0704104104
http://dx.doi.org/10.1136/pmj.76.892.80
http://dx.doi.org/10.2478/s11536-008-0052-8
http://dx.doi.org/10.1093/ije/dyq024
http://dx.doi.org/10.2165/00003495-199958002-00011
http://dx.doi.org/10.1097/00001432-200110000-00012
http://dx.doi.org/10.1097/01.MPG.0000153006.38363.7E
http://dx.doi.org/10.1111/j.1442-200X.2007.02425.x

