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Epidemiological and Microbiological Aspects of Acute Bacterial Diarrhea in
Children from Salvador, Bahia, Brazil

Daniel R. Diniz-Santos, José S. Santana Pediatric Gastroenterology and Hepatology Division
Junaura R. Barretto?, Maria Goreth M. Andrade? Professor Hosannah Oliveira Pediatric Center, School of
and Luciana R. Silvé Medicine, Federal University of Bahia; Laboratory of

Microbiology?, Hospital Alianca, Salvador, Bahia, Brazil

In the few cases of acute childhood diarrhea that require antimicrobial therapy, the correct
choice of the drug depends on detailed previous knowledge of local strains. In order to establish
such parameters in our city, we reviewed the results of all 260 positive stool cultures of children
between 0 and 15 years of age during two years at a pediatric tertiary care facility in Salvador,
Brazil. Bacterial strains had been presumptively identified by culturing in selective media and by
biochemical testing, and their antimicrobial susceptibility patterns were automatically detected
by the MicroScan Walkaway System. Data about patients’ sex and age, monthly distribution of the
cases, pathogens isolated and their antimicrobial resistance patterns were recorded. Males
corresponded to 55.4% of our sample, and most of our patients (42.7%) were between one and
four years of age Shigellawas the commonest pathogen, being found in 141 (54.3%) cultures,
while Salmonellawas found in 100 (38.4%) cultures and Enteropathogenl€. coliin 19 (7.3%).
Salmonellawas the main causal agent of diarrhea in children younger than five years old, whereas
Shigellawas the most frequent pathogen isolated from the stools of children between five and 15
years old. The peaks of incidence correspond to the periods of school vacati&hggellaspecimens
presented a very high resistance rate to trimethoprim-sulfamethoxazole (90.1%) and to ampicillin
(22.0%), whileSalmonellapresented very low resistance rates to all drugs tested. These data are
useful for practitioners and they reinforce the need for continuous microbiological surveillance.
Key Words: Diarrhea, antimicrobial, resistance, children, epidemiology.

Severe presentations of acute diarrhea constitutaultures take several days to provide adequate
one of the commonest challenges faced by the medicalformation about pathogens and their susceptibility
team in pediatric ambulatories and emergency roomsatterns, empirical treatment must be immediately
in the developing world. Supportive anti-dehydrationadopted in such cases. To guide the empirical choice
treatment is the cornerstone of therapy and must b# antibiotics, it is crucial to know both which pathogens
promptly started, but specific antimicrobial treatmentare most likely to be infecting the patient in a particular
may be required, depending on the severity of thgeographic area and the most effective antibiotics for
disease and on the risk of complications. As stodieating them.

All over the world, severe acute bacterial
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Some years ago, the World Health Organization
(WHO) suggested that bloody diarrheain children
should betreated with trimethoprim-sulfamethoxazole
(TMP-SMX) or ndidixicacid. However, antimicrobia
susceptibility patternsareever-changing and arehighly
variablefrom one geographic zoneto another. Cases
of bloody acute bacterial gastroenteritis have been
successfully treated with ampicillinor TMP-SM X for
along time, but reports of growing resistance have
limited theempirical use of those drugs, eventhough
they may havearoleintherapy guided by theresultsof
gool cultures. Ndidixicacidinitidly replaced ampicillin
and TMP-SMX satisfactorily, but as resistance
emerged and spread quickly [6] it hasno longer been
considered a mainstay of antimicrobial therapy of
bacterial diarrhea. Currently, third generation
cephal osporins and the newer quinolones, chiefly
ceftriaxone and ciprofloxacin, respectively, are
considered the most effective drugsfor the selected
casesof acuteinfectiousdiarrheainwhich antimicrobia
treatment is indicated. In spite of the profusion of
reportsfrom different parts of theworld concerning
trendsinantimicrobial resistance, few dataaddressing
such patternsin Brazil areavailable, especially for the
pediatric population.

Thisstudy wascarried out toidentify and to establish
the antimicrobial susceptibility pattern of the most
important pathogensinvolved in the epidemiol ogy of
acute diarrhea in children who sought medical
atendanceat apediatrictertiary carefacility in Savador,
Brazil. General demographic dataabout the patients
and the disease were al so recorded.

Material and M ethods
Patients

Wereviewed theresultsof al stool culturesthat
presented bacterial growth that were taken from
children between 0 and 15 years of agefrom January
2002 to December 2003 at a pediatric tertiary care
facility in Salvador, Brazil. Dataabout patients sex and
age, monthly distribution of the cases, pathogens

isolated and their antimicrobid resi stance patternswere
recorded. During that period, 1,991 patientshad their
stool s cultured and 260 sampl es presented bacterial
growth.

Bacteriology

All bacteriologica examinationswereperformed at
theHospital Aliancamicrobiology |aboratory. Briefly,
freshfeceswerecollected from diarrhoedl patientsand
sent to the laboratory for immediate culture. The
specimenswereinoculated into selenite broth and on
MacConkey, Salmonella-Shigella(SS) and Karmali
agars.

MacConkey and SS agar plateswereincubated at
35° Cfor 1810 24 hours, and selenite broth at 35° C
for 12-18 hours. After incubation, selenite broth was
inoculated in SS agar at 35° C for 18 to 24 hours.
Suspected colonieswereinoculated in EPM-MILI-
Citrate medium at 35° C for 18 to 24 hours for
biochemicd testing and presumptiveidentification. After
biochemical testing, coloniesweretested for serum
agglutination with polyval ent sera (Probac) against
Shigella sonnei, Shigella flexneri, Shigella boydii
and Shigella dysenteriae, classic enteropathogenic E.
coliA, B and C, enterecinvasiveE. coli A and B, and
flagellar and somatic Salmonella antigens.

Karmali agar plates were incubated under
microaerophiliaat 42° C. After 48 hours, any colonies
found were assessed for Campylobacter spp. by
Gramdaining.

Shigella, Salmondlaand E. coli coloniesidentified
onserum aggl utination hed their identification confirmed
andtheir antimicrobia susceptibility patternsestablished
by microdilution in aWalkAway-96 machine (Dade
Behring, West Sacramento, California, USA).
Standardization and quality control tests were
performed every week using E. coli ATCC25922, as
currently recommended by the Nationa Committeefor
Clinical Laboratory Standards(NCCLS) [7]. We used
the Neg BP Combo 12 panel (B1017-131, Dade
Behring, West Sacramento, California, USA). The
antibioticstested for susceptibility and their respective
concentrationswereasfollows ampicillin (8 ug/mL and
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16 ug/mL ), ampicillin+ sulbactam (8/4 ug/mL and 16/
8 ug/mL), aztreonan (8 ug/mL and 16 ug/mL),
ceftazidime (8 ug/mL and 16 ug/mL), ceftriaxone (8
ug/mL and 32 ug/mL), ciprofloxacin (1 ug/mL and 2
ug/mL), imipenem (4 pug/mL and8ug/mL), piperacillin
(16 pwg/mL and 64 pug/mL), and trimethoprim +
sulfamethoxazole (2/38 ug/mL ). Strainswereeva uated
for extended spectrum beta-lactamase (ESBL)-
production by the MicroScan System and those
described as possible ESBL -producerswere further
tested by thedoubledisk synergy testin Mudler-Hinton
agar, asrecommended by NCCLS[7].

Results

During the two-year period, the stools of 1,991
diarrhoeal patientsaged 0to 15 yearswere cultured
and 260 (13.1%) samples presented bacterial growth
and wereincluded inthe study. Of these patients, 144
(55.4%) weremale, whilethe other 116 (44.6%) were
fermaes. Only nine (3.5%) of them wereyounger than
oneyear, while 111 (42.7%) were between one and
four yearsof age, 81 (31.1%) were between fiveand
nineyearsand 59 (22.7%) between 10 and 15 years
(Figurel).

Shigellaspp. wasthe most frequent pathogen, being
foundin 141 (54.3%) cultures (113, or 80.1%, were
S. sonnel and 28, or 19.9%, were S. flexneri), while
Salmonella spp. wasfound in 100 (38.4%) cultures
and E. coli was found in 19 (7.3%). No typhoidal
Salmonella spp. specimens were isolated. The age
digtribution datareved ed that Salmondllawasthemain
causal agent of diarrhea, bothin children younger than
oneyear andin those between oneand four years-old,
whereas Shigella was the most frequent pathogen
isolated from the stool s of children between fiveand
nineyears-old and between 10 and 15 yearsold (Table
1). E. coli wasan uncommon cause of diarrheain our
sample, occurring mostly in children between oneand
four yearsold.

We observed apeak of incidencein the summer:
20 cases (7.7%) in January, 33 (12.7%) in February
and 24 (9.2%) inMarch and another inthewinter, in

June (36 cases, or 13.8%) and July (29 cases, or
11.1%). Shigdla spp. wasthe pathogen with the highest
impact ontheepidemiology of acute bacteriad diarrhea
inthesechildren, Sinceit wasrespons blefor most cases
during most months of theyear, especially during the
peak monthsof incidence (Table2).

Considering all 260 pathogens isolated, 135
(51.9%) werefound to beresistant to TMP-SM X and
40 (15.4%) to ampicillin, while 22 (8.5%) were
resistant to ampicillin + sulbactam and 18 (6.9%) to
piperacillin. Low resistance rates were found to
ciprofloxacin among Shigella (0.7%) and Salmonella
(2.0%) isolates. None of the 260 i solateswas found
to beresistant to ceftriaxone or to aztreonan, and no
ESBL -producing strain wasisol ated.

Inaseparate assessment of antimicrobia resstance
patterns, Shigella specimens presented avery high
resistance rate to TMP-SMX (90.1%). Among S.
sonnei isolates, TMP-SM X resistancerateswere as
high as 94.7%, while it reached 71.4% among S.
flexneri isolates. These Shigellaisolatesa so presented
significant resistanceratesto ampicillin, either alone
(22.0%) or in combination with sulbactam (9.9%).
Thiswasespecialy truefor S flexneri isolates, which
presented resi stanceratesashigh as60.8% (ampicillin
alone) and 14.3% (ampicillin + sulbactam) (Table 3).
Otherwise, Salmonellaisolates presented very low
resistancerates, varying from 1to 5%, toal thedrugs,
including TMP-SMX (2.0%). E. coli isolates
presented high resistance ratesto ampicillin (both
aone and associated with sulbactam), piperacillinand
TMP-SMX.

Discussion

Giventheimportance of acareful characterization
of thelocd epidemiology of diarrheato guide specific
antimicrobia therapy, we reviewed the results of 260
stool culturesfrom children aged Oto 15yearsoldin
which enteropathogenswere detected. We detected a
discretely higher propensity of malesto suffer from
bacterid gastroenteritisand alow incidenceduring the
first year of life, apeak of incidence between oneand
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Figure 1. Distribution of patients with diarrhea according to age range
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Table 1.Distribution of the pathogens in diarrheal stools according to patients’ age

Shigellaspp.  Salmonellaspp. E. coli Total
<1yr-old 0 7 (77.8%) 2 (22.2%) @100%)
1-4 yr-old 33 (29.7%) 61 (54.6%) 17 (15.7%) 111 (100%)
5-9 yr-old 61 (75.3%) 20 (24.7%) 0 81 (100%)
10-15 yr-old 47 (79.7%) 12 (20.3%) 0 59 (100%)
Total 141 100 19 260

Table 2.Monthly distribution of acute bacterial gastroenteritis according to the pathogenic agent

Jan Feb Mar Apor May Jun Jul Aug Sep Oct Nov Dec

Shigella spp. 6 20 13 6 8 24 22 11 9 11 7 4
Salmonellaspp. 11 13 9 9 7 9 6 3 10 3 14 7
E. coli 3 0 2 2 0 3 1 2 1 o 3 1
Total 20 33 24 17 15 36 29 16 20 14 24 12
% 7.7 127 9.2 65 58 138 111 6.2 7.7 54 92 46

four years of age (the period when children’s contagtnvironment or it is associated with more severe
with environmental pathogens increases dramaticallyjresentations, as patients with more severe disease are
and decreasing incidence levels in older children (Figunaore likely to seek medical help. Indeed, most patients
1). with shigellosis require immediate hospitalization [4].
More than half of the cases were caused byalmonellavas also commonly found in our patients,
Shigellaspp., reinforcing the importance of this but no typhoidal specimens were isolated. In our
pathogen in the epidemiology of bacterial childhoodsampleE. coliwas the least frequent causative agent
diarrhea in developing countries. Most of8égella  of acute diarrhea; however, it is more important to the
associated cases (80.1%) were du&.t@onnegi  epidemiology of diarrhea in poorer areas [10,11]. No
indicating that eithe®. sonnes more common inour cases offampylobactemassociated diarrhea were
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Table 3.Antimicrobial resistance of the bacterial specimens isolated from diarrheal stools

Shigella spp(141)  Salmonella sp(100) E. coli(19) Total (260)

Ampicillin+ 14 (9.9%) 5 (5.0%) 3 (15.8%) 22 (8.5%)
sulbactam
Ampicillin 31 (22.0%) 4 (4.0%) 5 (26.3%) 40 (15.4%)
Aztreonan - - - -
Ceftazidime - 1(1.0%) - 1 (0.4%)
Ceftriaxone - - - -
Ciprofloxacin 1(0.7%) 2 (2.0%) - 3 (1.2%)
Imipenen 1(0.7%) 1 (1.0%) 1 (5.3%) 3 (1.2%)
Piperacillin 12(8.5%) 2 (2.0%) 4 (21.0%) 18 (6.9%)
Trimethoprim + 127(90.1%) 2 (2.0%) 6 (31.6%) 135 (51.9%)
sulfamethoxazole

detected. A low incidence @ampylobactehad that were isolated. We detected high resistance rates
already been reported in Brazil [12], while it is muchto TMP-SMX, ampicillin, ampicillin associated with
more common in other countrigs-15]. sulbactam and piperacillin8higella sppstrains. Thus,

Our data point t&almonellaas the mostimportant we do not recommend any of these drugs for the
causative agent of diarrhea in children younger thaempirical treatment of acute bloody diarrhea in children.
five years. Children younger than one year, howevem very severe cases, with evidence of dissemination
are not expected to preseBhigellaassociated of disease, intravenous ceftriaxone is the best choice
diarrhea, in contrast to a many children aged one tfor many, while other drugs can be adequate choices
five years-old. These observations have importarfor the empirical treatment of severe acute diarrhea in
clinical implications, sinc&almonellaspp.were  children (Table 2). Obviously, as soon as the results of
characteristically multi-susceptible, in contrast tostool cultures are available, the therapy can be altered
Shigellaspp.andE. coli(Table 3). to a safer and/or cheaper drug based on the

The highest levels of incidence were during theantimicrobial susceptibility pattern.
summer and the winter, when school vacations allow Separate assessment of antimicrobial resistance
children to increase their exposure to environmentgbatterns indicates thahigellais more difficult to treat
pathogens and to contaminated food. Consequentlgnd requires careful consideration at the choice of
we attribute the unexpected low incidence found irantimicrobial therapy. Howeveéhigellaresistance has
December to the habit of traveling out of town duringnot reached the alarming multi-resistance rates reported
this month. in other countries, where resistance to ciprofloxacin

In spite of the relatively small size of the sample, weand to ceftriaxone is a reality [16-18]. While we
believe that our data provide useful information aboutletected high resistance rates to TMP-SMX, ampicillin,
antimicrobial resistance. In order to help practitionerampicillin associated with sulbactam and piperacillin,
to choose an adequate antimicrobial drug to stario resistance to ceftriaxone was detected and only one
empirical therapy in a patient with severe diarrheaut of 141 (0.7%$¥higellaisolates was resistant to
without knowledge of a specific pathogen, we assessagibrofloxacin.Shigellasonneisolates presented the
the antimicrobial resistance patterns of all the pathogefisghest resistance rates to TMP-SMX: 94.7%,
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compared to 71.4% f&. flexnerand 51.9% for all spread of resistant strains, the use of nalidixic acid is
bacteria isolatedShigella flexnerpresented a high  still recommended by the World Health Organization
rate of resistance to ampicillin compare®tsonnei guidelines for the management of acute bloody
(60.8% and 12.4%, respectively). We found that theliarrhea in children [27], and it may remain an
Salmonellastrains were multi-susceptible, as high ratesmportant option for the treatment of acute infectious
of resistance were not found against any of the drugdiarrhea, especially in services that cannot afford far

Interestingly, 2.0% of those strains were found to benore expensive drugs.

resistant to ciprofloxacin. While the possibility of a false

result should be considered because of the automated

testing method, resistance to ciprofloxacin among norReferences
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