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Abstract

Background and aims. Community-acquired pneumonia (CAP) is a both
common and serious childhood infection. Antibiotic treatment guidelines help to
reduce inadequate antibiotics prescriptions.

Methods. We conducted a retrospective study at the Clinical Emergency
Hospital for Children, 3rd Pediatric Clinic, Cluj-Napoca and Dr. Gavril Curteanu
Clinical City Hospital, in Oradea. All patients discharged with a diagnosis of CAP
between December 1, 2014 and February 28, 2015, were included in the study.

Results. There were 146 cases discharged with pneumonia in Cluj-Napoca
center (mean age 4 years, range: 1 month — 16 years), and 212 cases in Oradea center
(mean age 0.9 years, range: 2 weeks — 8 years). All cases were analyzed. The analysis
made in Clinical Emergency Hospital for Children, 3rd Pediatric Clinic, Cluj-Napoca,
showed that the antibiotics used in children hospitalized with community-acquired CAP
are cefuroxime (43%), ceftriaxone (23%), macrolides (16%), ampicillin in association
with an aminoglycoside (6%) and other antibiotics. The same antibiotics were used in
Dr: Gavril Curteanu Clinical City Hospital of Oradea, where ampicillin in association
with aminoglycoside was utilized in younger children (mean age 1.3 years), while
ceftriaxone in older children (5.7 years) and children with high inflammation markers
(ESR, CRP). From 11 pleurisy cases, 9 received cefuroxime or cefiriaxone.

Conclusions. There was a wide variability in CAP antibiotic treatment across
university hospitals, regarding antibiotic choice and dosing. Antibiotic selection was
not always related to the clinical and laboratory characteristics of the patient. The
national guideline was not followed, especially in children aged one to three months.
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a leading cause of mortality, representing 15% of under-

Globally, community-acquired pneumonia (CAP)is  five years mortality and accounting for almost one million
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deaths in 2013 [1]. CAP is also a major cause of morbidity
in young children (120 million episodes worldwide in 2010
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hospitalization [3-5]. CAP accounts for more antibiotic use
than any other condition in children’s hospitals [6].

There are several published guidelines related to
CAP diagnosis and treatment in children [7-12], including
a Romanian one [13]. Despite existing guidelines, there is
a substantial variability in the empiric antibiotic therapy of
CAP across hospitals [6,14-16], the proportion of children
receiving treatments as recommended ranging from less
than 1% to more than 80% [6].

The goals of the present study were to assess the
antibiotic treatment, evaluate factors involved in the
antibiotic choice, and compare the prescriptions with
national (Romanian) and USA CAP guidelines in university
hospitals, namely children hospitalized with CAP.

Methods

We conducted a retrospective cohort study in
two university hospitals located in two different cities:
Clinical Emergency Hospital for Children, 3rd Pediatric
Clinic, Cluj-Napoca, Romania and Dr. Gavril Curteanu
Clinical City Hospital, Oradea, Romania. The study
included all children hospitalized in the two centers with
a diagnosis of radiologically confirmed CAP (alveolar
and interstitial), between December 1, 2014 and February
28, 2015. Data extracted from medical charts included
patient demographics, presence of respiratory distress
(tachypnea and/or recessions), laboratory data (ESR, CRP,
WBC), radiological signs of CAP (extended or interstitial
opacities), pleural effusion, and antibiotic therapy (drug
and dose in mg/kg/day). We compared antibiotic treatment
tonational [13] and USA [7] CAP guidelines. The data were
expressed as means and standard deviations or percentages.

Results
There were 146 cases discharged with pneumonia in
Cluj-Napoca center (mean age 4 years; range: | month — 16

Table I. Antibiotics used in the 3rd Pediatric Clinic, Cluj-Napoca.

years), and 212 cases in Oradea center (mean age 0.9 years;
range: 2 weeks — 8 years). All prescriptions were analyzed.
The most frequently used antibiotic in Cluj-Napoca was
cefuroxime (43%), followed by ceftriaxone and macrolides
(Table I). Patients treated with ceftriaxone were of older
age, presented respiratory distress, pleural effusion, ESR
and CRP (Table I). The most frequently used antibiotic
in Oradea was also cefuroxime (41%), but followed by
ampicillin or ampicillin associated with gentamicin (Table
II). Ceftriaxone was the third most common choice, and
macrolides were not used at all in Oradea (Table II). There
were no significant differences between patients treated
with cefuroxime vs. ceftriaxone.

The mean dose for ampicillin was at the lower limit
compared to the Romanian guideline recommendations [7],
and well below compared to the American guideline [8]
(Table III). In a significant proportion of patients, ampicillin
was below the minimum recommended dose (100 mg/kg/
day), in both centers. Regarding cefuroxime, the doses were
above the minimum recommended dose by the Romanian
guideline (Table III). The average dose of ceftriaxone was
above the recommended dose by the Romanian guideline,
but there were patients in Cluj-Napoca receiving doses well
below the recommended one (Table III).

Ininfantsaged 1 to 3 months, the preferred antibiotics
were ampicillin (associated or not with gentamicin) in
Cluj-Napoca and ampicillin or cephalosporins (2nd or 3rd
generation) in Oradea, while the Romanian guideline is
recommending a 3rd generation cephalosporin (Table IV).
In the 4 months to 4 years age group in Cluj-Napoca and
Oradea cefuroxime and ceftriaxone were preferred, and
this was according to the Romanian guideline (Table IV).
In children 5 years or above, cefuroxime, ceftriaxone or
macrolides were used in Cluj-Napoca; ceftriaxone, but no
macrolides, was used in Oradea (Table IV).

Ampicillin and

n =146 gentamicin Cefuroxime Ceftriaxone Macrolides Others

% (from n) 6 43 23 16 12

Age (years) 1.3 34 5.7 4.4 3.0
Respiratory distress (%) 37 27 35 22 44

Chest X-ray Extended opacities Extended opacities Extended opacities Interstitial opacities Interstitial opacities
Pleural effusion (%) 0 8 12 4 6

ESR (mm/h) 11 20 30 19 16

CRP 0.8 1.7 4.7 0.9 2.3
(mg/dL) 0.8 1.7 4.7 0.9 2.3
Leukocytes (x103/puL) 10.3 12.0 11.4 9.0 10.4

Values represent means, if not otherwise specified.
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Table II. Antibiotics used in Oradea Municipal Hospital.

Ampicillin £

n=212 Gentamicin Cefuroxime Ceftriaxone Macrolides Others

% (from n) 30 41 18 0 12

Age (years) 0.6 0.8 1.33 - 1.87

Respiratory distress (%) 28 40 31 - 36

Chest X-ray Interstitial opacities Interstitial opacities  Interstitial opacities - Interstitial opacities
CRP (mg/dL) 0.66 0.69 0.86 - 0.05

Leukocytes (x103/puL) 13.6 13.3 14.3 - 17.2

Values represent means, if not otherwise specified.

Table III. Antibiotics dosage - comparison between guidelines and dosage used in Cluj-Napoca and Oradea.

Antibiotic (mg/kg/day) Cluj-Napoca Oradea Romanian guideline, 2007[7] USA guideline,2011 [8]
Ampicillin

Mean 107 127 100-200 150-200!

Mean+2SD 70-145 69-185 300-400”

Cefuroxime

Mean 78 96 30-75 NA

Mean+2SD 47-110 63-124

Ceftriaxone

Mean 75 88 50 50-100!

Mean+2SD 30-121 57-120 100 2

'Sensitive Streptococcus pneumoniae; *Resistant Streptococcus pneumoniae; NA - not available

Table I'V. Comparison between practice and guidelines.

Cluj-Napoca'

Oradea’

Romanian guideline [7]

USA guideline [8]

Extended or disseminated opacities or pleurisy or sepsis on CXR

Presumed bacterial

1 -3 months | Ampicillin+gentamicin Ampicillin Cephalosporins 3° Not immunized
Cephalosporins for Hib and S.
4 months -4 | Cefuroxime Cefuroxime Cephalosporins 2°0r3° pneumontae, local
resistance of S.
years Ceftriaxone Ceftriaxone pneumoniae is
>5 years Cefuroxime Ceftriaxone Cephalosporins 2° or 3° significant: ceftriaxone
Ceftriaxone + Macrolides
OR
Macrolide
No extended or disseminated opacities, no pleurisy on CXR Presumed atypical
1 -3 months | Macrolides + ampicillin Ampicillin Macrolides + Macrolides
Cephalosporins cephalosporins 2° or 3°
4 months -4 | Macrolides or cephalosporins | Cephalosporins 3° Ampicillin or
years 2°r 3° amoxicillin/clavulanate
>5 years Macrolide s Cephalosporins 3° Macrolides

"Most used treatment(s); CXR - chest X-ray; Hib - Haemophilus influenzae type b; 2° - second generation; 3° - third generation
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Discussion

The present retrospective cohort study showed a
substantial variability of antibiotic treatment in the two
hospitals, despite cefuroxime being preferred in both
centers. In Cluj-Napoca, the second choice was ceftriaxone,
while macrolides were used in 16% of the patients, whereas
in Oradea the second choice was ampicillin (associated or
not with gentamicin), and macrolides were not used at all.
Cefuroxime, the preferred choice in the two centers, is
still recommended for treatment of CAP by the Romanian
guideline [13], but not by the USA guideline [7]. In the
UK guideline, it is recommended for severe CAP, but the
statement has the lowest grade, i.e. D [8]. Gentamicin was
used in both centers (more often in Oradea), mainly in 1-3
months aged infants. The Romanian guideline recommends
aminoglycoside only in neonates (0-3 months old) [13],
and the USA and the UK guideline are not recommending
aminoglycosides (including gentamicin) [7,8]. The
antibiotic choice was not always related to the clinical and
laboratory characteristics of the patient. The guidelines
were not followed especially in children aged one to three
months.

Significant variability in antibiotic treatment of
CAP was observed in other studies [14-18]. In one study
the prescription rate of 3rd generation cefalosporins
varied across hospitals from 10.5% to 81.5% [16]. There
are significant differences in the choice of antibiotics in
community hospitals vs. children’s hospitals [16]. Even
after adjustments for patient demographics (e.g., age) and
severity of disease substantial variability was observed in
the use of first-line recommended antibiotics for children
with CAP [6,15]. In the USA, cephalosporins were the
most common used antibiotics in children with CAP
before the publication of American guideline in 2011 [15].
Penicillin G or aminopenicillins were rarely used [15].
After guideline publication, the use of cephalosporins
decreased significantly, and the use of penicillin G and
aminopenicillins increased [19, 20]. The publication of the
British CAP guideline led to the increase of amoxicillin
prescriptions and shortening hospitalization period [21].

The strengths of the present study were that it
was performed on a significant number of cases in two
university centers, both having students and residents in
training. The academic setting may be the major driver
of differences between these practice locations, because
teaching sites may be more likely to follow guidelines, and
requires additional study [17].

There are several limitations of the present study.
First, it was a retrospective cohort analysis, and, therefore,
unmeasured confounding factors may be present that affect
the choice of treatment prescribed. Second, additional
characteristics that can influence antibiotic choice were not
measured such as the baseline knowledge of each physician
[17]. Thirdly, there may be differences in the radiological
definition of CAP between centers, and because of this, it is

difficult to compare results.

Clinical practice guidelines are designated to
enhance the quality of medical care by assisting prescribing
practice that reflects the best evidence available [22-24].
The main results obtained with the implementation of
guidelines were the improvement of medical care and a
decrease in using resources [23-25]. Guidelines targeting
antimicrobial prescribing can be an important tool for
reducing unnecessary and inappropriate antibiotic use in
the effort to enhance clinical outcomes while decreasing
the development of antimicrobial resistance [19]. Multiple
studies have shownthatadherence to guidelines for treatment
of community-acquired CAP in adults is associated with
improved clinical outcomes and reduced costs [26-29].
However, elaboration and publication of guidelines alone
do not ensure adherence of physicians to recommendations
[30,31]. There are several explanations for not following
the guidelines: (1) lack of information about guideline
publication; (2) inertia of previous medical practice; (3)
negative attitudes of doctors toward standardization; (4)
disagreements with guidelines recommendations; (5) false
perception that the guidelines are not effective [23]; (6)
some of the guideline recommendations are not based on
solid evidence; and [7] lack of financing and dedicated
personnel to implement the guideline [32]. Writing
guidelines in close collaboration with the specialists
involved, representing a consensus view, making guidelines
available online, active dissemination and promotion will
improve compliance with guideline recommendations
[33,34]. Also, local implementation efforts have enhanced
guideline adoption [20,35].

Conclusions

In conclusion, there is a wide variability in CAP
antibiotic treatment across university hospitals, regarding
antibiotic choice and dosing. Antibiotic selection was not
always related to the clinical and laboratory characteristics
of the patient. The national guideline was not observed,
especially in children aged one to three months. Updating
the CAP national guideline and active dissemination will
increase the guideline adoption.

References

1.LiuL, Oza S, Hogan D, Perin J, Rudan I, Lawn JE, et al. Global,
regional, and national causes of child mortality in 2000-13, with
projections to inform post-2015 priorities: an updated systematic
analysis. Lancet. 2015;385:430-440.

2. Rudan I, O’Brien KL, Nair H, Liu L, Theodoratou E, Qazi S, et
al. Epidemiology and etiology of childhood pneumonia in 2010:
estimates of incidence, severe morbidity, mortality, underlying
risk factors and causative pathogens for 192 countries. J Glob
Health. 2013 Jun;3(1):010401. doi: 10.7189/jogh.03.010401.

3. Keren R, Luan X, Localio R, Hall M, McLeod L, Dai D, et
al. Prioritization of comparative effectiveness research topics in
hospital pediatrics. Arch Pediatr Adolesc Med. 2012;166:1155-
1164.

Clujul Medical Vol. 91, No. 1, 2018: 53-57



Original Research

4. Griffin MR, Zhu Y, Moore MR, Whitney CG, Grijalva CG. U.S.
hospitalizations for pneumonia after a decade of pneumococcal
vaccination. N Engl J Med. 2013;369:155-163.

5. Nair H, Simoes EA, Rudan I, Gessner BD, Azziz-Baumgartner
E, Zhang JS, et al. Global and regional burden of hospital
admissions for severe acute lower respiratory infections in young
children in 2010: a systematic analysis. Lancet. 2013;381:1380-
1390.

6. Gerber JS, Kronman MP, Ross RK, Hersh AL, Newland JG,
Metjian TA, et al. Identifying targets for antimicrobial stewardship
in children’s hospitals. Infect Control Hosp Epidemiol.
2013;34:1252-1258.

7. Bradley JS, Byington CL, Shah SS, Alverson B, Carter ER,
Harrison C, et al. The management of community-acquired
pneumonia in infants and children older than 3 months of age:
clinical practice guidelines by the Pediatric Infectious Diseases
Society and the Infectious Diseases Society of America. Clin
Infect Dis. 2011;53:e€25-e76.

8. Harris M, Clark J, Coote N, Fletcher P, Harnden A, McKean
M, et al. British Thoracic Society guidelines for the management
of community acquired pneumonia in children: update 2011.
Thorax. 2011;66 Suppl 2:ii1-ii23.

9. Grant GB, Campbell H, Dowell SF, Graham SM, Klugman KP,
Mulholland EK, et al. Recommendations for treatment of childhood
non-severe pneumonia. Lancet Infect Dis. 2009;9:185-196.

10. WHO. Handbook: IMCT integrated management of childhood
illness. Geneva: World Health Organization, 2005, Available from:
http://apps.who.int/iris/bitstream/10665/42939/1/9241546441.
pdf

11. World Health Organization. Guidelines for the management of
common childhood illnesses. 2nd ed. Geneva: WHO, 2013.

12. Tapiainen T, Aittoniemi J, Immonen J, Jylkka H, Meinander
T, Nuolivirta K, et al. Finnish guidelines for the treatment of
community-acquired pneumonia and pertussis in children. Acta
Paediatr. 2016;105:39-43.

13. Nanulescu MV. Pneumonia comunitara. Ghid de diagnostic si
tratament. Pediatru.ro 2007;3:15-32.

14. Ambroggio L, Tabb LP, O’Meara T, Sheffler-Collins S,
McGowan KL, Shah SS. Influence of antibiotic susceptibility
patterns on empiric antibiotic prescribing for children hospitalized
with community-acquired pneumonia. Pediatr Infect Dis J.
2012;31:331-336.

15. Brogan TV, Hall M, Williams DJ, Neuman MI, Grijalva
CG, Farris RW, et al. Variability in processes of care and
outcomes among children hospitalized with community-acquired
pneumonia. Pediatr Infect Dis J. 2012;31:1036-1041.

16. Leyenaar JK, Lagu T, Shich MS, Pekow PS, Lindenauer
PK. Variation in resource utilization for the management
of uncomplicated community-acquired pneumonia across
community and children’s hospitals. J Pediatr. 2014;165:585-591.
17. Handy LK, Bryan M, Gerber JS, Zaoutis T, Feemster KA.
Variability in antibiotic prescribing for community-acquired
pneumonia. Pediatrics. 2017 Mar 7. pii:e20162331. doi: 10.1542/
peds.2016-2331. [Epub ahead of print]

18. Hicks LA, Taylor TH Jr, Hunkler RJ. U.S. outpatient antibiotic
prescribing, 2010. N Engl J Med. 2013;368:1461-1462.

19. Ross RK, Hersh AL, Kronman MP, Newland JG, Metjian
TA, Localio AR, et al. Impact of Infectious Diseases Society of
America/Pediatric Infectious Diseases Society guidelines on
treatment of community-acquired pneumonia in hospitalized

children. Clin Infect Dis 2014;58:834-838.

20. Williams DJ, Hall M, Gerber JS, Neuman MI, Hersh AL,
Brogan TV, et al. Impact of a national guideline on antibiotic
selection for hospitalized pneumonia. Pediatrics 2017 Mar
8;pii:e20163231. doi: 10.1542/peds.2016-3231. [Epub ahead of print]
21. Elemraid MA, Rushton SP, Thomas MF, Spencer DA, Eastham
KM, Gennery AR, Clark JE, North East of England Paediatric
Respiratory Infection Study Group. Changing clinical practice:
management of paediatric community-acquired pneumonia. J
Eval Clin Pract 2014;20:94-99.

22. Chassin MR. Practice guidelines: best hope for quality
improvement in the 1990s. J Occup Med. 1990;32:1199-1206.
23. Cabana MD, Rand CS, Powe NR, Wu AW, Wilson MH,
Abboud PA, et al. Why don’t physicians follow clinical
practice guidelines? A framework for improvement. JAMA.
1999;282:1458-1465.

24. Cabana MD, Flores G. The role of clinical practice guidelines
in enhancing quality and reducing racial/ethnic disparities in
paediatrics. Paediatr Respir Rev. 2002;3:52-58.

25. Davis DA, Taylor-Vaisey A. Translating guidelines into
practice. A systematic review of theoretic concepts, practical
experience and research evidence in the adoption of clinical
practice guidelines. CMAJ. 1997;157:408-416.

26. Gleason PP, Kapoor WN, Stone RA, Lave JR, Obrosky DS,
Schulz R, et al. Medical outcomes and antimicrobial costs with the
use of the American Thoracic Society guidelines for outpatients
with community-acquired pneumonia. JAMA. 1997;278:32-39.
27. Mortensen EM, Restrepo M, Anzueto A, Pugh J. Effects of
guideline-concordant antimicrobial therapy on mortality among
patients with community-acquired pneumonia. Am J Med.
2004;117:726-731.

28. Frei CR, Restrepo MI, Mortensen EM, Burgess DS. Impact
of guideline-concordant empiric antibiotic therapy in community-
acquired pneumonia. Am J Med. 2006;119:865-871.

29. McCabe C, Kirchner C, Zhang H, Daley J, Fisman DN.
Guideline-concordant therapy and reduced mortality and length
of stay in adults with community-acquired pneumonia: playing by
the rules. Arch Intern Med 2009;169:1525-1531.

30. Lomas J, Anderson GM, Domnick-Pierre K, Vayda E, Enkin
MW, Hannah WJ. Do practice guidelines guide practice? The
effect of a consensus statement on the practice of physicians. N
Engl J Med. 1989;321:1306-1311.

31. Coco A, Vernacchio L, Horst M, Anderson A. Management of
acute otitis media after publication of the 2004 AAP and AAFP
clinical practice guideline. Pediatrics. 2010;125:214-220.

32. Hersh AL, Beekmann SE, Polgreen PM, Zaoutis TE, Newland
JG. Antimicrobial stewardship programs in pediatrics. Infect
Control Hosp Epidemiol. 2009;30:1211-1217.

33. Williams JG, Cheung WY, Price DE, Tansey R, Russell IT,
Duane PD, et al. Clinical guidelines online: do they improve
compliance? Postgrad Med J. 2004;80:415-419.

34. Mol PG, Wieringa JE, Nannanpanday PV, Gans RO, Degener
JE, Laseur M, et al. Improving compliance with hospital antibiotic
guidelines: a time-series intervention analysis. J Antimicrob
Chemother. 2005;55:550-557.

35. Kreitmeyr K, von Both U, Pecar A, Borde JP, Mikolajczyk
R, Huebner J. Pediatric antibiotic stewardship: successful
interventions to reduce broad-spectrum antibiotic use on general
pediatric wards. Infection. 2017 Apr 10. doi: 10.1007/s15010-
017-1009-0. [Epub ahead of print]

Clujul Medical Vol. 91, No. 1, 2018: 53-57

57



