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Abstract

For reasons of antibiotic resistance and side effects, macrolides should be prescribed with care in the pediatric population. We
evaluated the adherence to Dutch guidelines of macrolide prescription in children and estimated the risk of Mycoplasma
pneumoniae—associated pneumonia based on Fischer’s decision tree. In this retrospective study, we included children aged 0—
18 years who were treated with azithromycin or clarithromycin for pulmonary disease in four settings from general practice to
hospital ward for (1) the prescriptions not in accordance with the guideline of the Dutch Association of Pediatrics and (2) the risk
of M. pneumoniae in patients with community-acquired pneumonia (CAP) according to Fischer’s decision tree. The latter
suggests that children older than three years with a fever lasting more than two days are at high risk for M. pneumoniae and
that it is therefore justified to treat them with macrolides. In total, 189 macrolide prescriptions from 2015 until 2017 were
analyzed: 139 children used macrolides for a pulmonary indication (75%); 18% (n=25) of the prescriptions were not in
accordance with Dutch guidelines. Only 9.1% of patients with CAP were classified as having a high risk of M. preumoniae
according to Fischer’s decision tree. A significant proportion of macrolide prescriptions for Dutch children with a pulmonary
disease appears not to be in accordance with the guidelines. Most patients with CAP treated with a macrolide actually had a low
risk of having M. pneumoniae according to Fischer’s decision tree. Both observations suggest overuse of macrolides in children.
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Introduction 85,700 children under 15 years of age and to another 59,537
teenagers and young adults under 25 [1], accounting for 29%
of all macrolide prescriptions in The Netherlands in that year
[2]. Such large-scale use of macrolides can give rise to several
side effects. One of the most important and potentially dan-
gerous side effects is prolongation of the QT interval, which,
on rare occasions, results in the occurrence of life-threatening
arrthythmias. The risk of prolongation of the QT interval is
much less studied in children than in adults and is still incon-
clusive [3—13], although azithromycin seems to be safer than
clarithromycin and erythromycin in this respect [14-17].

Macrolide antibiotics are frequently prescribed to children in
The Netherlands. In 2015, oral macrolides were prescribed to
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Furthermore, worldwide extensive macrolide use has
led to an increase in the prevalence of macrolide-resistant
Mycoplasma pneumoniae. Resistance rates range from 97%
in China to 0-2% in Northern Europe [18].

There are several indications for prescribing macrolide an-
tibiotics to children [19]. In pediatric care, the majority of
macrolides are applied to treat respiratory infections
[18-24]. Other indications include neonatal chlamydia infec-
tions, acute otitis media, eradication of Helicobacter pylori
infection, prophylaxis after tick bite or erythema migrans,
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and cystic fibrosis [19, 25]. Besides antibacterial effects,
macrolides may have immune-modulatory effects [26, 27].
For this reason, numbers of prescriptions are increasing in
the treatment of wheezing illness and asthma, although not
yet recommended in the Dutch guidelines [20, 26, 28-34].

Community-acquired pneumonia (CAP) is a clinical diag-
nosis in children presenting with a fever in combination with
increased respiratory rate and breathing effort. Children with a
clinically evident CAP should receive antibiotics according to
the Dutch Association of Pediatrics [35]. This guideline rec-
ommends amoxicillin as the first-choice treatment for CAP,
since it is generally well tolerated and effective against the
majority of CAP-associated pathogens in children in
The Netherlands [35]. Macrolides are recommended in case
of (1) amoxicillin allergy/intolerability, (2) proven or strong
clinical suspicion of infection with M. pneumoniae or
Chlamydia pneumoniae, and (3) in addition to amoxicillin in
case of insufficient response to initial therapy [35]. The use of
oral macrolides for CAP in Dutch children is basically con-
fined to azithromycin and clarithromycin, as these two agents
are more stable, better absorbed, and better tolerated than
erythromycin [12, 19].

The use of macrolides in case of an atypical CAP is
based on clinical suspicion, and therefore empirical.
Since symptoms and radiological signs are not specific
for M. pneumoniae infection, and PCR and serologic
reactions cannot discriminate between acute M. pneumoniae
infection or chronic carriage, it is very difficult to differentiate
between a typical and atypical CAP [18, 36]. Previous re-
search by Fischer et al. shows that especially children older
than three years with more than two days of fever are at risk
for an atypical pneumonia by M. pneumoniae (Fig.. 1a). Using

a

this simple clinical decision rule could help physicians (most-
ly pediatricians and general practitioners) in their choice to
empirically start macrolide treatment. Fischer et al. advise to
initially treat only these “high-risk” children with macrolides
[18, 37, 38].

Currently, the number of macrolide prescriptions per
indication in The Netherlands is unclear. In patients suf-
fering from CAP, the diagnostic uncertainty about
M. pneumoniae, as previously discussed, can lead to
inappropriate antibiotic prescribing [36]. Considering
the current evidence concerning antibiotic resistance
and QT prolongation, limited use of macrolide in chil-
dren seems wise. For this reason, we assessed the treat-
ment indications for macrolide prescriptions in four dif-
ferent pediatric settings (general practice, emergency de-
partment, outpatient department, and pediatric ward), in
order to identify potential unwarranted macrolide pre-
scription in pulmonary pediatric care. Also, we assessed
the frequency of the parameter “high risk of M. pneumoniae
infection” according to Fischer’s decision tree in children with
CAP treated with a macrolide antibiotic (Fig. 1a).

Materials and methods

Patients

In a retrospective study, we included children aged 0—18 years
treated with azithromycin or clarithromycin in the period from
January 2015 until January 2017. All children who received

azithromycin or clarithromycin were identified from the fol-
lowing: Department of Pharmacy, Canisius Wilhelmina

b
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Fig. 1 a Clinical decision tree proposed by Fischer et al. (2002) for ruling
out M. pneumoniae infection in children with community-acquired
pneumonia [37]. Fischer et al. advise to initially treat only the “high-

@ Springer

risk” children with macrolides. b Risk of M. pneumoniae infection
according to Fischer’s decision tree in 66 patients with CAP



Eur J Clin Microbiol Infect Dis (2019) 38:675-681

677

Hospital (CWZ); Department of Clinical Pharmacy, CWZ; an
emergency pharmacy in Nijmegen; and a local pharmacy in
Groesbeek. Based on electronic medical records, patients
were included in the study if antibiotics were prescribed for
a pulmonary reason. Three of the four pediatric settings were
in a Dutch primary hospital in Nijmegen (CWZ): the pediatric
ward (n =94, 68%), outpatient department (n = 20, 14%), and
emergency department (n=11, 7.9%). Children from the
fourth setting got their prescription from one of six prescribing
general practitioners (GPs) in the village of Groesbeek (n =
14, 10%).

Data collection

Based on the antibiotic prescriptions from the four phar-
macies, we collected data from electronic medical files
(from CWZ and from six GPs). We collected informa-
tion on the following variables: gender, age, comorbid-
ity (including atopy), medication use, laboratory results
(blood count, minerals, CRP), radiological imaging, and
spirometry results.

Medical files were analyzed for two purposes. First,
we wanted to determine whether macrolide treatment
was in accordance with the Dutch guidelines [33, 34].
The judgment was done by two pediatricians (E.C. and
J.Z.-V., acknowledging contributors), independent of one
another. The pediatricians were not involved in either
patient care in CWZ or the Groesbeek GPs, to ensure
their independence. If the judgment of these pediatri-
cians deviated (which occurred in 18 cases), consensus
was reached in a separate meeting.

The second outcome was the number of children with
CAP having the parameter “high risk of M. pneumoniae
infection” according to Fischer’s decision tree, i.e., chil-
dren with CAP being older than three years with more than
two days of fever.

Statistical analyses

Data were collected using the eCRF software Castor.
Statistical analyses were performed with IBM SPSS version
20. Continuous variables were analyzed for significant differ-
ences in the four different settings by ANOVA test in the case
of'a normal distribution. When variables did not meet the one-
way ANOVA normality assumption, Kruskal-Wallis test
was performed. Categorical variables were analyzed by
Pearson’s chi-squared test or, in the case of small num-
bers, Fisher’s exact test. For associations with unjusti-
fied prescriptions, a multivariate logistic regression analysis
containing the univariate significant variables (p <0.10)
was used, and odds ratios were determined for the ef-
fect size. Inter-rater agreement was measured by interobserver
kappa.

Ethics

The regional Medical Ethical Committee Nijmegen-
Arnhem waived the need for ethical approval, according
to the Dutch Medical Research Involving Human
Subjects Acts, since only patient chart data were collect-
ed. The study has been conducted in accordance with
the Personal Data Protection Act.

Results and discussion
Patients, prescriptions, and indications

A total of 189 macrolide prescriptions were analyzed. The
indications for macrolides in children showed a large variation
in the four settings (p < 0.05, Fig. 2).

In 59% of all prescriptions, CAP was (one of) the reason(s)
for prescribing the antibiotic. In 22% of prescriptions, a com-
bination of indications (in differential diagnosis) was reason to
start the macrolide antibiotic. In the majority of cases, it con-
cerned viral wheeze in combination with CAP, and asthma
exacerbation in combination with CAP (both n =13, 32%).
One hundred thirty nine children used azithromycin or
clarithromycin for one of the following pulmonary indications
(75%): CAP, pertussis, viral wheeze, asthma exacerbation,
upper respiratory tract infection, or a combination. When
focusing on these indications, some baseline character-
istics were significantly different between the four set-
tings (Table 1). For instance, younger children were
more frequently admitted to the hospital than older chil-
dren. Of all 139 prescriptions for a pulmonary indication, 108
concerned azithromycin (78%) and 31 clarithromycin (22%).
The distribution of azithromycin and clarithromycin pre-
scriptions did not differ significantly by pediatric setting
(p=0.380).

Outcomes
Adherence to Dutch pediatric guidelines

Table 2 shows the conclusions of the reviews of the two
pediatricians assessing the patient files of all patients
with a pulmonary indication for azithromycin or
clarithromycin (n=139). The interobserver kappa was
0.587. In total, 25 (18%) prescriptions were not in ac-
cordance with the guidelines, according to the two
reviewing pediatricians (for example, there was no evi-
dent suspicion of an atypical microorganism, or no ev-
ident CAP). Four of these 25 prescriptions (16%) were
written because of viral wheeze (n = 2) or asthma exacerbation
(n=2), aiming at the possible immune-modulatory effect of
macrolide antibiotics [11, 12].
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Fig. 2 All indications for
azithromycin and clarithromycin
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The highest proportion of unwarranted macrolide prescrip-
tion was seen in general practice: 64% (9 of 14) of prescrip-
tions by GPs for pulmonary diagnoses was not in accordance

with Dutch guidelines (p < 0.001). This suggests that actions
to improve inappropriate macrolide prescription should pri-
marily aim at prescribing customs in general practice.

Table 1  Baseline characteristics of children with a pulmonary indication for azithromycin or clarithromycin
Prescriptions Setting
General Emergency Outpatient Pediatric Total Sign.
practitioner department department ward
n =14 (10%) n=11 (8%) n =20 (14%) n =94 (68%) n=139 (100%)
Patient characteristics
Male sex 4 (29%) 2 (18%) 12 (60%) 44 (47%) 62 (45%) 0.083
Mean age (years) 6.1 (43) 7.1(5.6) 7.4 (4.8) 39@3.7) 49 3.7 0.003
Medical history
Atopy* 7 (50%) 2 (18%) 10 (50%) 27 (29%) 46 (33%) 0.098
Asthma 1(7.1%) 2 (18%) 12 (60%) 16 (17%) 31 22%) <0.001
Amoxicillin allergy/intolerance™* 1(7.1%) 2 (18%) 0 (0.0%) 6 (6.4%) 9 (6.5%) 0.274
Prescription information
Azithromycin (vs. clarithromycin) 11 (79%) 7 (64%) 18 (90%) 72 (77%) 108 (78%) 0.380
Macrolide prescribed at first presentation 7 (50%) 8 (73%) 16 (80%) 37 (39%) 68 (49%) 0.003
Days to prescription after first presentation 8.7 (6.9) 3.72.1) 16.5 (10.5) 2.3 2.3) 5.6 (16) 0.001
Another antibiotic first 4 (29%) 7 (64%) 2 (10%) 32 (34%) 45 (32%) 0.021
Culture result known 1(7.1%) 0 (0.0%) 3 (16%) 9 (9.8%) 13 (9.6%) 0.093

Data are n (%) or mean (SD). *Allergic rhinitis, atopic dermatitis, or asthma in medical history. **Not necessarily proven allergy, but
when it is seen as reason not to treat with amoxicillin. Pearson’s chi-squared test, Fisher’s exact test, ANOVA test, and Kruskal-Wallis test

were performed where appropriate
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Table 2 Prescription justification
Setting
General practitioner Emergency department ~ Outpatient department ~ Pediatric ward ~ Total
Justification ~ Not according to guidelines* 9 (64%) 2 (18%) 6 (30%) 8 (9%) 25 (18%)
According to guidelines* 5 (36%) 9 (82%) 14 (70%) 86 (91%) 114 (82%)
Total 14 11 20 94 139

Data are n (column%). *Indication for macrolide prescription is (not) according to the guideline

When performing a univariate logistic regression analysis,
unjustified prescription was associated with the variables
“setting” (p <0.001), “comorbidity” (p =0.050), and “chest
X-ray performed” (p =0.045). The highest odds ratios were
seen in children in the GP setting, with any comorbidity, and
in whom chest X-rays were not performed. In multivari-
ate logistic regression analysis, only the variable
“setting” remained significant (p <0.001). Prescription
in general practice had an OR of 14.6 compared with
pediatric ward (p <0.001, CI 3.4-62.2), the setting with
the lowest risk of unjustified prescription. The OR of
the outpatient department (compared with the pediatric
ward) was 3.8 (p=0.038, CI 1.1-13.2). No significant
difference occurred for the emergency department, as com-
pared to the pediatric ward (p = 0.268).

Risk of M. pneumoniae infection according to Fischer’s
decision tree

Sixty-six prescriptions in patients with CAP remained,
when excluding patients who first used amoxicillin
without clinical effect and patients with an amoxicillin
allergy or intolerance (n =26 and n =7, respectively). In 14%
(n=9) of all prescriptions, the decision tree could not be used
because of missing data on duration of fever. From the remain-
ing 57 prescriptions, only 6 patients (9.1%) had high risk for
M. pneumoniae according to the decision tree of Fischer et al.,
13 patients (20%) had moderate risk, and 38 (58%) had low
risk (Fig. 1b). This suggests that the Dutch guidelines for
macrolide prescribing result in too many children with CAP
being treated with macrolide antibiotics. On the other hand, it
is important to realize that Fischer’s algorithm is based on a
relatively small study. Fischer et al. found a M. pneumoniae
infection in only 32 patients (from a population of 253 chil-
dren, 13%), of which only 23 (72%) fell into the high-risk
group according to the decision tree. In addition, the authors
based their 72% sensitivity on antibody testing in paired
serum samples (at baseline and 4-week follow-up),
which might not be adequate for diagnosing infection
(vs. carriage) [4, 22]. So either the Dutch guidelines are not
strict enough regarding macrolide prescription or the algo-
rithm of Fischer is not valid.

Discussion

Our study has several limitations. First, the retrospective study
design reduced the reliability of prescribing criteria. To over-
come this limitation, we had the justification assessment per-
formed by two independent pediatricians. Nevertheless, the
justification was dependent on the written text in the medical
files, which is sometimes concise, especially in the GP setting.
Another limitation of this study is the small sample size, with
small prescribing numbers in three of the four groups (GP,
emergency department, and outpatient department).

Despite its limitations, several conclusions can be drawn
from this study. The highest percentage of inappropriate
macrolide prescription was seen in general practice. In chil-
dren with CAP, the Dutch guidelines advise to prescribe a
macrolide in case of suspected infection with an atypical mi-
croorganism. No clear guidance is given, however, when to
suspect an atypical infection. When applying Fischer’s deci-
sion tree, the vast majority of patients using a macrolide do not
meet the criteria for high risk of M. pneumoniae.

To conclude, a significant part of macrolide prescriptions
(18%) for Dutch children is not in accordance with the guide-
lines. Most patients with CAP treated with a macrolide had a
low risk of having M. pneumoniae according to Fischer’s
decision tree. Both observations suggest overuse of
macrolides in children. In view of antibiotic stewardship, we
advise a more critical consideration of indications to re-
strict the use of a macrolide antibiotic in case of
suspected infection with M. pneumoniae. In addition,
we feel that improved diagnostic tools for a M. pneumoniae
infection would be very helpful to reduce the number of inap-
propriate prescriptions for a macrolide antibiotic in pediatric
practice.
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