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Abstract

Background: The association between the use of antibiotics and bacterial resistance has obviously been established and it seems to be a significant problem for public
health. It is clear that irrational use and high rates of antibiotic prescription are associated with increased bacterial resistance. As antibiotics are the class of drugs
commonly prescribed in neonatal and Neonatal Intensive Care Unit (NICU) wards, neonates are at high risk of opportunistic or nosocomial infections due to prolonged
hospitalization and immunosuppressed condition.

Objectives: It is essential for antibiotic prescription patterns to be evaluated periodically for rational use. Therefore, the present study was carried out to identify the
prescribing patterns of antibiotics in neonatal and NICU wards of 17 different Iranian hospitals.

Methods: The study was done during 1 calendar week between January and February 2014. All in-patients admitted to the NICU and neonatal units of 17 Hospitals in 15
Iranian cities were included. Relevant data of all neonates receiving an antibiotic at 8 am on the day of the study was collected by trained members of the study team; age
of the patients, type and number of administered antibiotics, route of administration, underlying disease, and indication for use were documented.

Results: The total number of neonatal in-patients was 366 on the day of the study. Mean age of infants was 9.2 = 3.9 days, with 54.4% being male. Overall, 264 patients
(721%) were being given one or more antimicrobials; the proportion of patients receiving antibiotics ranged from 21.4% to100% in different neonatal units. Most frequent
antibiotics used were ampicillin (25.6%), vancomycin (16.4%), amikacin (10.6%), and cefotaxime (9.74%). Parenteral route was used in 255 cases, (96.6%); 110 (41.7%) antibiotic
courses were prescribed for community-acquired infections, 29 (11 %) for hospital-acquired infections, 42 (15.9 %) for pre- or post-operative prophylaxis, and 83 (31.4 %) for
medical prophylaxis. Empirical antibiotics were administered to 255 newborns (96.6 %); 96.2% of patients received combination therapy.

Conclusions: High use of empirical and prophylactic antibiotics, overuse of vancomycin and third generation cephalosporins are of concern and contrary to recom-
mended therapies. Therefore, guidelines for the use of antibiotics in neonates are required and a larger number of studies are needed.
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1. Background

Antimicrobial resistance (AMR) is a serious worldwide
problem that has been named by the world health organi-
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zation (WHO), as a global crisis (1). Indiscriminate antibi-
otic consumption is recognized as the prime cause of esca-
lating bacterial resistance (2, 3).

Antibiotics are among the most common medications
prescribed for hospitalized patients, especially in children
and neonates, and it has been estimated that about 1% of
newborns in industrialized countries are administered an-
tibiotics (4). Although a global increase in the number of
resistant bacteria necessitates the use of potent antibiotics
to combat serious infections and the use of antibiotics is
necessary and lifesaving in ill infants and neonates, irra-
tional antimicrobial prescription in situations where an-
tibiotics are misused, is widespread globally, especially in
developing countries (5-7).

In order to promote rational antimicrobial prescrip-
tion and to prevent the emergence of resistant microor-
ganisms, it is crucial to determine the pattern of antibi-
otic prescription for inpatients and publish guidelines
for proper usage. Point-prevalence surveys (PPS) have
been used to estimate the total prevalence of healthcare-
associated infections and also to provide information
about antimicrobial use for acute care in hospitals (8,
9). Since 2006, the European surveillance of antimicro-
bial consumption (ESAC) has performed a number of PPS
on the use of antibiotics in hospitals from different Eu-
ropean and non-European countries (10-12). These stud-
ies were performed on adults. On the successful com-
pletion of these projects, a similar plan was developed
for children, surveying antimicrobial use in children and
neonates, with the name of “antibiotic resistance and pre-
scribing in European children” or “ARPEC” (13, 14).

The aim of the present study was to perform a point
prevalence survey on the rate and pattern of antibiotic pre-
scription in neonatal units of 17 hospitals from 15 cities of
Iran, to identify targets for quality improvements in an-
timicrobial prescription patterns.

2. Methods

The study was conducted during one calendar week be-
tween January and February 2014, in 17 Iranian hospitals.
The analyses were restricted to hospitals with neonatal
and NICU wards. Medical records of neonatal in-patients,
aged less than one month, were reviewed by members of
the study team, comprised of pediatricians or pediatric in-
fectious disease specialists. All neonates recruited in this
studywere admitted to the hospital atleast 24 hours before
the survey and were in-patients at 8 am on the day of the
survey. The following information was collected from in-
fantsreceiving antimicrobials on the day of the survey, age,
antibioticagentand itsindication, underlying disease, em-
pirical or targeted base on cultures, route of administra-

tion, therapeutic or prophylactic use of antibiotics. Usage
of more than one antibiotic for patients was considered
as combination therapy. All outpatient neonates and chil-
dren with an age of over one month were excluded from
this study. Administration of prophylactic antimicrobials
in the previous 24 hours for surgical patients was recorded
as a single dose, multi-dose in one day, and administration
of antibiotic for more than one day.

3. Results

A total of 366 newborns from 17 hospitals were in-
cluded in the study from 15 Iranian cities. All hospitals
were public and equipped with neonatal and NICU wards.
Among17 hospitals, there were 6 pediatric hospitals, two of
which were equipped with pediatric surgical wards. Eleven
out of 17 hospitals were general hospitals with medical,
surgical, and maternity wards. Mean age of infants was
9.2 + 3.9 days, with 54.4% being male. Two-hundred and
sixty-four patients (72.1%) were given one or more antimi-
crobials. The proportion of patients receiving antibiotics
ranged from 21.4% to 100% at different neonatal units.

The number of admitted patients, in all neonatal and
NICU wards of 17 Iranian hospitals, is shown on Figure
1. The most frequent antibiotics used were ampicillin
(25.6%), vancomycin (16.4%), amikacin (10.6%), and cefo-
taxime (9.74%) (Figure 2). Parenteral route was used for
administration of the antibiotics in 255 cases (96.6%). Of
the 264 antimicrobial prescriptions, 110 (41.7%) were pre-
scribed for community-acquired infections, 29 (11%) for
hospital-acquired infections, 42 (15.9%) for pre- or post-
operative prophylaxis, and 83 (31.4%) for medical prophy-
laxis on admission to the neonatal unit. Two-hundred and
fifty-five newborns (96.6%) were administered empirical
antibiotics and 9 (3.4%) received targeted antibiotic ther-
apy based on cultures; 96.2% of the patients received com-
bination therapy and 3.8% were prescribed a single antibi-
otic (Table1). Out of 264 neonates that received antibiotics,
54 patients (20.4%) had no underlying diseases while the
rest either had a history of respiratory problems (33.3%),
maternal risk factors, such as premature rupture of mem-
branes (7.9%), or other congenital or acquired underlying
co-morbidities (Figure 3).

4. Discussion

The major aim of this study was to evaluate prescrip-
tion patterns of antibiotics to avoid irrational use of an-
timicrobials as they have been identified as a risk factor for
resistant pathogens (12).

This point prevalence survey (PPS) of 17 hospitals in 15
cities revealed a wide variation of antibiotic use, of 21.4%
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to 100% at different neonatal units. Discrepancy in the
rate of antibiotic usage could be explained by the fact that
higher figures are reported from neonatal intensive care
units (NICUs) as almost 100%, thereby admitting very sick
infants, many of whom need respiratory support. Point
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Table 1. Distribution of Neonates by Antimicrobial Prescription Characteristics in 17
Iranian Hospitals

Description Frequency (%)
Gender

Male 199 (54.5%)

Female 167 (45.6%)
Acquired infection from the society 110 (41.7%)
Acquired infection from the hospital 29 (11.0%)
Surgical prophylaxis 42 (15.9%)
Medical prophylaxis 83 (31.4%)
Route of administration

Parenteral 255 (96.6%)

Oral 9 (3.4%)
Type of Treatment

Combination therapy 254 (96.2%)

Monotherapy 10 (3.8%)
Antibiotic prescription

Empiric 255(96.6%)

Targeted 9(3.4%)

Pre-term neonates 117 (44.3%)
Ventilated neonates

Invasive 44 (16.7%)

Non-invasive 4(1.5%)

prevalence surveys done for pediatric and neonatal pa-
tients from other areas have also reported a wide variance
between different regions and also at different wards of
the same hospital (11, 15). A widespread PPS performed in
50 European and 23 non-European hospitals of 23 coun-
tries (14 European and 9 non-European countries) revealed
a very high use of broad spectrum antibiotics in pediatric
and neonatal in-patients from non-European countries as
compared to Europe (11). A PPS performed on 6 newborn
units in Australia reported that 46% of inpatients were ad-
ministered at least 1 antibiotic, (16). In another study per-
formed at a level III NICU, on 1607 infants during a period
of 14 months, 72% of neonates were given 1or more courses
of antibiotics; these figures are comparable to the current
study (17).

Sepsis was a major cause of death in newborns, dur-
ing year 2013; out of 2.8 million reported neonatal deaths,
0.42 million were attributed to neonatal sepsis (18). Since
signs of sepsis are non-specific in neonates, empirical an-
tibiotics are usually started in newborns admitted with
suspected sepsis; duration of therapy depends not only on
culture results, but also on clinical assessment of the pa-
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tient. Even if the culture results are negative, physicians
may continue administering empiric treatment if the gen-
eral condition of the patient and/or other laboratory in-
vestigations suggests the possibility of an ongoing infec-
tious process. However, administering empiric antibiotics
is not innocuous and may be associated with serious ad-
verse effects that include alteration of gut micro biota, col-
onization with antibiotic resistant bacteria, late-onset sep-
sis, necrotizing enterocolitis, invasive candidiasis, and in-
creased risk of mortality (17-19). In the current study, al-
most all antimicrobial prescriptions (> 96%) were empir-
ical on the day of the survey while less than 4% were tar-
geted therapy for specific proven infections; these figures
are similar to another study, in which only 5% of antimi-
crobials were given for culture-proven infections (17). Since
the current studywas a point prevalence study, the authors
do not know if empiric antibiotics initiated for suspected
sepsis were continued for prolonged periods or stopped
within 48 to 72 hours, if the culture results were nega-
tive; other studies have reported varying figures of contin-
ued antibiotic use, despite negative culture results, espe-
cially in preterm infants (17, 19). Most frequently used an-
tibiotics in the surveyed neonatal units were ampicillin,
vancomycin, amikacin and cefotaxime, gentamicin, and
meropenem and ceftazidime, in the mentioned order. An-
tibiotic prescriptions in different countries or even in dif-
ferent NICUs in the same country may be widely variable
as to the type of prescribed antibiotics, depending on the
prevalent bacterial flora in the unit, antibiotic resistance
patterns, age of the neonate (EOS vs. LOS), origin of in-
fection, (community- acquired vs. hospital acquired), and
physician preferences. The World Health Organization rec-
ommends intravenous ampicillin together with gentam-
icin, as an initial empirical treatment for neonatal sepsis,
while third generation cephalosporins are used if the pa-
tient does not respond within 48 hours (18). Penicillin, gen-
tamicin, and ampicillin were the most frequently used an-
tibiotics for neonates in many studies; vancomycin, how-
ever, was not used often and was administered only in 1%
of patients in one of the studies. Moreover, meropenem
and cefotaxime were among the least-used antibiotics (16,
17, 20). There is a paucity of randomized controlled trials
to approve the most optimal antibiotic regimens for the
treatment of neonatal sepsis, yet most experts recommend
the empirical use of ampicillin together with an aminogly-
coside for EOS and anti-staphylococcal penicillin together
with an aminoglycoside for LOS. Vancomycin should be re-
served for treatment of Methicillin Resistant Staphylococci
(MRSA), in unstable newborns from areas where MRSA is
prevalent, or in the case of proven sepsis with coagulase-
negative staphylococci (CoNS) (4, 21). These recommen-
dations hold true for most industrialized countries, how-

ever, most deaths from neonatal sepsis occur in develop-
ing countries where the epidemiology of the bacteria caus-
ing neonatal infections are not clear, thus, the choice of
empiric therapy needs to be individualized for different
regions (15). It has been stated that empirical use of cefo-
taxime for neonatal sepsis may lead to increased bacterial
resistance, and also increased risk of mortality (4, 19). An-
tibiotic stewardship has been proven as a successful strat-
egy to curb irrational antibiotic usage for inpatients, stew-
ardship needs to focus on regular surveillance of antibi-
otic usage, correct antibiotic choices (narrow spectrum vs.
broad spectrum antibiotics), and prevention of prolonged
continuation of antibiotics when cultures are negative in
a well-looking infant (17). This survey reveals widespread
use of broad-spectrum antibiotics and vancomycin in the
neonatal units of Iranian hospitals and highlights the need
for stringent antibiotic stewardship at these units.
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