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Abstract

Background: Antibiotic misuse is a major cause of antimicrobial resistance.

Objectives: The present study aimed at determining the pattern of antibiotic usage in previously healthy children hospitalized for
common infectious diseases in a tertiary care children’s hospital.

Methods: This study was the second part of a previous study in which inpatient charts of children hospitalized from October 2013
to September 2014 were reviewed to determine the rationality of drug use. Data from the first study were analyzed to define the
antibiotic usage pattern in urinary tract infection, acute meningitis, community acquired pneumonia, fever without a localized
source and acute gastro-enteritis. The data were checked independently by two pediatric infectious disease specialists to assess the
appropriateness of prescribed antibiotics and in case of disagreement, rechecked by a third member.

Results: Hospital charts of 140 children were reviewed; 47 had been treated for urinary tract infection, 31 for pneumonia, 25 for acute
meningitis, 24 for acute gastroenteritis and 13 for fever without a localized source. One-hundred and fourteen children (81.42%) re-
ceived 208 prescriptions for antibiotics (1.82 antibiotics/patient). Nineteen different antibacterial drugs and 2 antivirals (acyclovir
and oseltamivir) were prescribed. Most frequently prescribed antibiotic was ceftriaxone. More than 25% of prescriptions for an-
tibiotics were needless. In 91.6% of the prescriptions the medications had been prescribed by generic names. Dosing errors were
observed in less than 7% and patients received the medication for prolonged duration, 25.6% of times.

Conclusions: Nonuniformity of antibiotic usage, a high rate of needless antibiotic prescriptions, and prolonged administration

found in this study call for stringent antibiotic stewardship.
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1. Background

The last decades have witnessed a rapidly escalating
bacterial resistance to most antimicrobials. Although var-
ious biologic or biochemical mechanisms may lead to bac-
terial resistance, ample evidence points to the fact that an-
timicrobial resistance is directly linked to antibiotic usage
(1-3).

While overuse and misuse of antibiotics have been
observed globally, both in industrialized and developing
countries, this problem has assumed immense propor-
tions in the latter, such that antibiotics are prescribed for
almost 50% of viral respiratory tract infections and viral
gastroenteritis cases (4, 5). With the emergence of mul-
tidrug resistant microorganisms together with a decline
in the development of new antibiotics, many researchers
fear that the word is heading towards a ‘postantibiotic era’
when human beings may die of common infectious dis-

eases that could have been effectively treated with easily
available antibiotics (1, 4, 6).

Antibiotic prescribing errors cover a wide range,
from prescribing antibiotics needlessly to prescribing the
wrong antibiotic or prescribing a broad spectrum antibi-
otic in situations where a narrow spectrum antimicrobial
was indicated, giving a wrong dose, using an inappropri-
ate route of administration or continuing the medication
for prolonged duration.

Studies on antibiotic usage for inpatients have demon-
strated that antibiotics may have been prescribed unnec-
essarily in almost one-third of hospitalized patients; most
authorities agree that effective surveillance of antibiotic
usage is essential for controlling unnecessaryand/or incor-
rect antibiotic administration to prevent antimicrobial re-
sistance (1,3, 6, 7).

This study addressed the issue of antibiotic usage in
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children hospitalized for common acute illnesses in a
university-affiliated tertiary care children’s hospital.

2. Methods

This study was the second part of a previous study in
which inpatient charts of children hospitalized from Oc-
tober 2013 to September 2014 were reviewed by trained
members of the study team to determine the rational-
ity of the drug use. This study was performed in a
university-affiliated tertiary care children’s hospital situ-
ated in Tehran. The previous data were analyzed to de-
fine the antibiotic usage pattern in previously healthy chil-
dren, who had been hospitalized with urinary tract infec-
tion (UTI), acute meningitis, pneumonia, fever without a
localized source and acute gastro-enteritis.

Case records of children with underlying chronic dis-
eases that would make them prone to repeated or serious
infections, immune deficiency and major congenital ab-
normalities were excluded. Recommendations from the
world health organization were followed in designing this
research. The WHO protocol DAP 93.1 was used to design
the questionnaire for this study; patients’ demograph-
ics, discharge diagnoses and hospital course were docu-
mented (8). Patients’ details included clinical manifes-
tations, laboratory and imaging results, duration of hos-
pitalization and discharge diagnoses. Particulars of the
prescribed antibiotics (type, dose, route of administration
and duration of administration, and any change in treat-
ment) were noted.

Prescriptions had been ordered, approved or changed
by attending physicians (pediatric nephrologists, pedi-
atric neurologists, gastro-entrologists, or Infectious dis-
ease specialists). Study questionnaires were filled by a
third-year pediatric resident who had been trained to ex-
tract and document relevant data from the case notes and
checked independently by two pediatric Infectious disease
specialists (faculty members) to assess the appropriate-
ness of prescribed antibiotics and, in case of disagreement,
rechecked by a third member.

Reviewers considered the antibiotic prescription ap-
propriate if the type of antibiotics used, the dosage and
the duration of treatment were in accordance with in-
hospital protocols, which are in accordance with interna-
tional guidelines, recommended in pediatric texts, for ex-
ample, Nelson textbook of pediatrics.

All data were then transferred to IBM SPSS statistics
version 22 and percentage of antibiotics used for different
patients calculated along with the rationality of prescrip-
tions, dosing errors and treatment duration.

3. Results

Hospital charts of 140 children were reviewed. Forty-
seven children had been treated for UTI, 31 for pneumonia,
25 for acute meningitis, 24 for acute gastroenteritis and 13
for FWLS, (Table 1).

One-hundred and fourteen children, (81.42%) were
prescribed antibiotics; 208 prescriptions for antimicro-
bials had been written, making an average of 1.82 antibi-
otics/patient. Total of 19 different antibacterial drugs and
2 different antivirals, acyclovir and oseltamivir were pre-
scribed (Tables 2-5). Ceftriaxone was the most frequently
prescribed antibiotic (Table 6). No antibiotic was pre-
scribed in 26 patients; 44 children received 1 antibiotic, 70
children were given antibiotic combinations with 60 re-
ceived 2 antibiotics, 7 patients were administered 3 differ-
ent antibiotics; 4 received 4 different antibiotics and 1child
with acute meningitis was prescribed 6 different types of
antibiotics.

More than 25% of the prescriptions for antibiotics were
considered irrational or needless by the reviewing team
composed of pediatric infectious disease specialists. In
91.6% of the prescriptions, the medications had been pre-
scribed by generic names. Dosing errors were observed in
less than 7% of the participants and the patients received
the medication for prolonged duration in 25.6% (Table 6).
Appropriate route of administration had been used for the
prescribed drug in more than 93% of times.

4. Discussion

Overall 19 different antibiotics and 2 anti-viral medi-
cations had been prescribed for patient included in the
study, with more than 80% of the patients received antibi-
otics with a mean of 1.8 antibiotics per patient. Only a
small fraction, less than 9%, of antibiotic administrations
were oral; more than 90% of antibiotic treatments were
administered parenterally. As the children included in
this study had been hospitalized for treatment of infec-
tious diseases, substantial antibiotic usage was expected;
however, experts recommend switching from parenteral
to oral medication once the child is stable, or even initiat-
ing the treatment with oral antibiotics, especially in chil-
dren with UTI and pneumonia (9-11). Overuse of injections
leads to numerous adverse effects, including needle stick
injuries and transmission of blood-borne infections (12-14).
A point prevalence survey on antibiotic use in Croatia re-
ported an antibiotic prescription rate of 58.8% of hospi-
talized patients with more than 30% receiving the drug in
the oral form (15). A high rate of the parenteral antibiotic
therapy was also reported from a pilot study conducted by
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Table 1. Particulars of Antibiotic Treatment in Different Illnesses

Disease No. of Patients No. Not Given No. of Data Available No. of Different Antibiotics/Patient Rational

Antibiotics Antibiotic Antibiotics Prescription No.
Prescriptions (%)

UTL 47 0 78 78 8 1.66 49 (62.8)

Gastroenteritis 24 15 8 8 2 033 4(50)

FWLS 13 6 1 il 6 0.84 7(63.63)

Acute 25 0 64 64 1 2.56 62(97)

meningitis

Pneumonia 31 5 47 45 15 1.51 34(75.55)

Total 140 26 209 207 - 1.49 156 (75.36)

Abbreviations: FWLS, fever without localizing signs; UTI, urinary tract infection.

Table 2. List of Antibiotics Prescribed in 47 Patients With Urinary Tract Infection

Drug Times Prescribed Generic Name, No. Rational Correct Dose, No. Approved Approved Route,
(%) (%) Prescription, No. (%) Duration, No. (%) No. (%)
(%)
Ceftriaxone 31(78.7%) 28(90.32) 27(87.1) 29(93.55) 28(90.32) 31(100)
Amikacin 27(57.4%) 27(100) 9(33.33) 26(96.3) 14 (51.85) 27(100)
Cefotaxime 10 (21.2%) 10 (100) 9(90) 10 (100) 9(90) 10 (100)
Ceftazidime 4(8.5%) 4(100) 3(75) 4(100) 3(75) 4(100)
Ciprofloxicin 2(4.25%) 2(100) 0(0) 1(50) 0(0) 2(100)
Imipenem 2(4.25%) 2(100) 0(0) 1(50) 0(0) 2(100)
Cefixime 1(2.13%) 1(100) 1(100) 1(100) 1(100) 1(100)
Penicillin 1(2.13%) 1(100) 0(0) 1(100) 0(0) 1(100)
Total 78 73(93.58) 49 (62.8) 73(93.58) 55 (70.51) 78 (100)

Table 3. List of Antimicrobials Prescribed for Patients Admitted with Fever Without Localizing Signs

Drugs Times Prescribed Generic Name, No. Rational Correct Dose, No. Approved Approved Route,

(%) (%) Prescription, No. (%) Duration, No. (%) No. (%)

(%)

Ceftriaxone 5(38.46) 4(80) 3(60) 5(100) 3(60) 5(100)
Cefotaxime 2(15.38) 2(100) 1(50) 2(100) 1(50) 2(100)
Ceftazidime 1(7.69) 1(100) 1(100) 1(100) 1(100) 1(100)
Vancomycin 1(7.69) 1(100) 1(100) 1(100) 1(100) 1(100)
Cefixime 1(7.69) 1(100) 0(0) 1(100) 0(0) 1(100)
Acyclovir 1(7.69) 1(100) 1(100) 1(100) 1(100) 1(100)
Total 11(84.61) 10 (90) 7(63.63) 11(100) 7(63.63) 11(100)

Gupta et al. at a medical emergency unit in India, where  unnecessary usage in 23%; their rate of antibiotic usage and
most patients received parenteral antibiotics (16). their figures about needless prescriptions were compared
broadly with ours (7).
A critical evaluation of antibiotic use in a Turkish Uni-
versity hospital reported a rational antibiotic usage in 77% In our study, although one single drug, namely cef-
of their patients with a figure of 1.8 antibiotics/patient, and triaxone has been administered most frequently, we ob-
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Table 4. List of Antibiotics Prescribed in Patients with Acute Meningitis

Drugs Times Prescribed Generic Name, No. Rationality, No. Correct Dose, No. Approved Approved Route,
(%) (%) (%) (%) Duration, No. (%) No. (%)
Ceftriaxone 24(96) 23(95.83) 24(100) 24(100) 23(9.83) 24(100)
Vancomycin 25(100) 23(92) 25(100) 23(92) 20(80) 25(100)
Cefotaxime 3(12) 3(100) 3(100) 2(66.6) 2(66.6) 3(100)
Ceftazidime 2(8) 1(50) 2(100) 2(100) 2(100) 2(100)
Ampicillin 2(8) 1(50) 2(100) 2(100) 2(100) 2(100)
Chloramphenicol 1(4) 1(100) 1(100) 1(100) 1(100) 1(100)
Gentamycin 1(4) 1(100) 1(100) 1(100) 1(100) 1(100)
Meropenem 1(4) 1(100) 1(100) 1(100) 1(100) 1(100)
Rifampin 2(8) 2(100) 1(50) 2(100) 1(50) 2(100)
Amoxicillin 1(4) 1(100) 1(100) 1(100) 1(100) 1(100)
clavulanate
Acyclovir 2(8) 2(100) 1(50) 2(100) 1(50) 2(100)
Total 64 59(92.2) 62(97) 61(95.3) 55 (86) 64 (100)

Table 5. List of Antimicrobials Prescribed in Patients with Discharge Diagnosis of Pneumonia

Drugs Times Data Available Generic Name, Rationality, Correct Dose, Approved Approved
Prescribed (%) Number (%) Number (%) Number (%) Duration, Route, Number
Number (%) (%)
Ceftriaxone 21(67.74) 20 14(70) 14 (70) 16 (80) 13(65) 18 (90)
Amikacin 1(3.22) 1 1(100) 1(100) 1(100) 1(100) 1(100)
Cefotaxime 1(3.22) 1 1(100) 1(100) 1(100) 1(100) 1(100)
Ceftazidime 2(6.45) 2 2(100) 1(50) 2(100) 1(50) 2(100)
Imipenem 1(3.22) 1 1(100) 0(0) 1(100) 0(0) 1(100)
Vancomycin 3(9.67) 3 3(100) 2(66.6) 3(100) 2(66.6) 3(100)
Azithromycin 8(25.80) 7 6(85.71) 6(85.71) 7(100) 6(85.71) 6(85.71)
Clindamycin 1(3.22) 1 1(100) 1(100) 1(100) 1(100) 1(100)
Gentamycin 1(3.22) 1 1(100) 1(100) 1(100) 0(0) 1(100)
Amoxicillin 1(3.22) 1 0(0) 1(100) 1(100) 1(100) 1(100)
clavulanate
Meropenem 1(3.22) 1 1(100) 1(100) 1(100) 1(100) 1(100)
Ampicillin 3(9.67) 3 3(100) 3(100) 3(100) 3(66.7) 3(100)
Metronidazole 1(3.22) 1 1(100) 0(0) 1 0 1
Cotrimoxazole 1(3.22) 1 1(100) 1(100) 1(100) 1(100) 1(100)
Oseltamivir 1(3.22) 1 1(100) 1(100) 1(100) 1(100) 1(100)
Total 47 45 37(82.2) 34(75.55) 40(88.8) 32(71.1) 41(91.1)
served the usage of a wide range of different antibiotics for Likewise, ceftriaxone or other broad spectrum
treatment of common infectious diseases, which may indi- cephalosporins have been cited as the most frequently

cate the lack of a uniform antibiotic prescription policy in used antibiotics in several other studies (15-18). Extensive
the study center. Usage of a wide range of antimicrobials  use of the third generation cephalosporins has led to the
has been reported from other centers as well (7, 16).

emergence of extended beta-lactamase-(ESBL) producing
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Table 6. Data of 19 Prescribed Antibiotics in 140 Patients

Name Times Data Available Generic Name, Antibiotic Correct Dose, Correct Approved
Prescribed No. (%) Needed, No. (%) No. (%) Duration, No. Route, No. (%)
(%)
Ceftriaxone 87 86 75(87.2) 70 (81.4) 78(90.7) 70 (81.4) 84(97.7)
Vancomycin 31 31 29(93.5) 28(90.3) 29(93.5) 24(77.4) 31(100)
Amikacin 28 28 28(100) 9(32) 27(96.4) 14 (50) 28(100)
Cefotaxime 16 16 15(93.7) 14 (87.5) 15(93.7) 13(81.2) 16 (100)
Ceftazidime 9 9 9(100) 7(77.7) 9(100) 7(77.7) 9(100)
Ampicillin 5 5 4(80) 5(100) 5(100) 5(100) 5(100)
Imipenem 3 3 3(100) 0(0) 3(100) 0(0) 3(100)
Gentamycin 2 2 2(100) 2(100) 2(100) 2(100) 2(100)
Meropenem 2 2 2(100) 2(100) 2(100) 2(100) 2(100)
Ciprofloxicin 2 2 2(100) 0(0) 1(50) 0(0) 2(100)
Chloramphenicol 1 1 (100) (100) (100) (100) 1(100)
Metronidazole 1 1 (100) 0(0) (100) 0(0) 1(100)
Clindamycin 1 1 (100) (100) (100) (100) 1(100)
Penicillin 1 1 1(100) 0(0) 1(100) 0(0) 1(100)
Oral
Antibiotics:
Azithromycin 8 7 6(85.71) 6(85.71) 7(100) 6(85.71) 7(100)
Rifampin 2 2 2(100) 1(50) 2(100) 1(50) 2(100)
Amoxicillin 2 2 1(50) 2(100) 2(100) 2(100) 2(100)
clavulanate
Cefixime 2 2 2(100) 1(50) 2(100) 1(50) 2(100)
Cotrimoxazole 1 1 1(100) 1(100) 1(100) 1(100) 1(100)
Total 204 202 186 (92) 151(74.7) 190 (94) 151(74.7) 190 (94)

microorganisms; it has been noticed that this trend could
be reversed by substituting these medications by using
a combination of extended-spectrum penicillins and an
aminoglycoside instead of cephalosporins (16).

In addition to the evolving bacterial resistance,
cephalosporins and specifically ceftriaxone have been
reported to cause a wide variety of adverse events ranging
from urolithiasis, and hemolytic anemia to severe morbid-
ity and mortality (19-21). In a 10-year study from Iran that
extracted data from Iranian Pharmaco-vigilance database
from 1998 to 2009, ceftriaxone was recognized as the most
common antibiotic responsible for patient death. The
authors recognized a history of allergic reactions to beta
lactams, rapid injection of the drug, and off-label usage as
risk factors for serious or even fatal reactions (19).

Children admitted with a discharge diagnosis of pneu-
monia had been prescribed 14 different antibiotics in
our study, with ceftriaxone as the most frequently ad-
ministered antibiotic. Although textbook references rec-
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ommend the use of the third generation cephalosporins
for severe community acquired pneumonia in locations,
where children are not immunized against pneumococ-
cus and H. influenzae type B and where there is a high
prevalence of penicillin resistant pneumococci, authors of
arecent Cochrane review about the management of com-
munity acquired pneumonia (CAP) suggest that children
with severe or very severe pneumonia could be treated
with penicillinfampicillin plus gentamicin or coamoxi-
clavunalic acid and cefuroxime (13, 22). Only 3 of our pa-
tients with CAP received ampicillin and 1 child was given
an amoxillin-clavulanic acid, while ceftriaxone was pre-
scribed for 21 patients. Guidelines from the pediatric
infectious disease society and infectious disease society
of America recommend narrow-spectrum antibiotics for
most children admitted for treatment of CAP (18). A large
study in the United States, which compared the outcome
in children hospitalized with CAP and treated either with
narrow-spectrum or broad spectrum antibiotics (ampi-
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cillin/penicillin vs. ceftriaxone/cefotaxime) found no ap-
preciable difference in a length of hospital stay, admission
to the intensive care unit or readmission between the two
groups, however, the cost of treatment in those receiving
broad spectrum antibiotics was higher (17).

A qualitative study on the use of antimicrobials in the
medical department of a teaching hospital reported need-
less administration of antibiotics in about 23% of the cases
while overprescribing of broad-spectrum antibiotics in sit-
uations, where a narrow-spectrum antimicrobial would
have been sufficient was identified as the most common
prescribing error (23).

It has been acknowledged that prescribing errors for
in-patients can be minimized through a proper antibiotic
stewardship, which combines health staff education with
regular audits of prescription practices (24). Health au-
thorities in industrial countries advocate obligatory an-
timicrobial stewardship in health care centers and rec-
ommend installation of electronic prescription systems in
hospitals together with feedback of compliance as an es-
sential part of any quality improvement program (25).

Results of this study identified the most common flaws
in antibiotic prescriptions as follows: utilization of many
different antibiotics for common infectious diseases, high
usage of broad spectrum cephalosporins, especially ceftri-
axone, needless and/or prolonged administration of an-
tibiotics in more than 25% of the patients.

The present study had some limitations; the informa-
tion was gathered from case notes, there is a possibility
thatimportant data about a patient’s worsening condition
that might have prompted the use of a broad spectrum or
unusual antibiotic may not have been documented in the
case note. However, because the case notes are written by
the house staffand periodically checked by the senior staff,
we regard that possibility as remote.

Findings of the study highlight an urgent need for reg-
ular point prevalence surveys of antibiotic usage and im-
plementation of an efficient antibiotic stewardship.
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