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Abstract: Children are susceptible to a variety of respiratory infections. Wheezing is a common
sign presented by children with respiratory infections. Asthma, bronchiolitis, and bronchitis are
common causes of childhood wheezing disease (CWD) and are regarded as overlapping disease
spectra. Macrolides are common antimicrobial agents with anti-inflammatory effects. We conducted a
comprehensive literature search and a systematic review of studies that investigated the influences of
macrolide treatment on CWD. The primary outcomes were the impact of macrolides on hospitalization
courses of patients with CWD. Data pertaining to the study population, macrolide treatment, hospital
courses, and recurrences were analyzed. Twenty-three studies with a combined study population of
2210 patients were included in the systematic review. Any kind of benefit from macrolide treatment
was observed in approximately two-thirds of the studies (15/23). Eight studies were included in
the meta-analysis to investigate the influence of macrolides on the length of stay (LOS), duration
of oxygen demand (DOD), symptoms and signs of respiratory distress, and re-admission rates.
Although the benefits of macrolide treatment were reported in several of the studies, no significant
differences in LOS, DOD, symptoms and signs of respiratory distress, or re-admission rates were
observed in patients undergoing macrolide treatment. In conclusion, any kind of benefit of macrolide
treatment was observed in approximately two-thirds of the studies; however, no obvious benefits of
macrolide treatment were observed in the hospitalization courses of children with CWD. The routine
use of macrolides to improve the hospitalization course of children with CWD is not suggested.
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1. Introduction

Respiratory tract infections are common in children. Wheezing is a common sign of a respiratory
disease [1]. It is a result of inflammation and narrowing of the airways and is common in children
because of the immature nature of the anatomy of their respiratory tract and immune system. Asthma,
bronchiolitis, and bronchitis are leading causes of childhood wheezing disease (CWD) [2]. Children
with bronchiolitis have a significantly higher risk of subsequently developing asthma [3,4]. These
diseases share many overlapping similarities as it relates to pathophysiology, clinical manifestations,
treatment, and prognosis. They are regarded as a disease spectrum of different ages and stages. CWD
is an important health issue with a huge disease burden worldwide [5]. In the United States, the
prevalence of asthma was approximately 10% in 2010. Asthma was responsible for 10 hospital visits per
1000 children [6]. Although the prevalence of CWD varies in different areas, it remains an important
health threat worldwide.

Antibiotic use is not beneficial in treating viral infections and should not be administered to
patients with asthma, acute bronchiolitis, or bronchitis [7]. A macrolide is a polyketide antimicrobial
agent. Examples include erythromycin, clarithromycin, azithromycin, telithromycin, and fidaxomicin.
They are effective against atypical infections, such as Mycoplasma pneumoniae, Chlamydophila pneumoniae,
and pertussis [8,9]. In addition to their antimicrobial effects against atypical pathogens, the
anti-inflammatory properties of macrolides have been recognized. Various immunological reactions
are affected by macrolides [10-12]. Decreases in the number of neutrophils, interleukin (IL)-8, IL-6,
IL-1beta, tumor necrosis factor (TNF)-alpha, eosinophilic cationic protein, and matrix metalloproteinase
9 were observed in patients undergoing macrolide treatment [12]. Macrolides also cause a decrease in
the type 2 T helper (Th2) cell cytokines (IL-4, IL-5, IL-6) and have potential immunomodulatory roles
in treating chronic inflammatory diseases [12].

Inflammatory reactions play important roles in the pathophysiology of CWD. In patients with
asthma, Th2 dominates responses, and immune-mediated cytokine cascades are known to play crucial
roles [13]. Cytokine alterations were also observed in patients with bronchiolitis and bronchitis [14].
The immunomodulatory effects of macrolides on Th2 cell cytokines may decrease the inflammatory
reactions of CWD [15]. Furthermore, Mycoplasma infection is a common causative and triggering
pathogen of CWD [16,17]. Mycoplasma pneumoniae was found to account for 3.3-50% of acute
exacerbations of asthma [17]. Therefore, it is reasonable to treat CWD patients with macrolides.
Some studies have been conducted to explore the influence of treatment with macrolides on CWD
patients but the findings were inconsistent. Kew et al. performed a systematic review to investigate
the effects of macrolides on wheezing diseases in both adults and children. They found no significant
differences in the hospital courses between the macrolide-treated group and the control group [15].
However, the immune responses and physiological properties of adults and children are different
and the potential benefits of macrolides in treating CWD in children remain unclear. Therefore, we
conducted this systematic review and meta-analysis to evaluate the impact of macrolides on CWD,
and we focused on the influence of macrolides on the hospitalization courses.

2. Materials and Methods

2.1. Study Design and Study Selection

This study was approved by the Ethics Committee of the MacKay Memorial Hospital, Taiwan
(registry no.: 16MMHIS035e). Our systematic review and meta-analysis were conducted in accordance
with the Preferred Reporting Items for Systematic Review and Meta-Analysis Protocols [18]. The
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key terms used for the literature search were “asthma”, “bronchiolitis”, “bronchitis”, “wheezing”,
“macrolide”, “erythromycin”, “clarithromycin”, “azithromycin”, and “telithromycin”. Keywords
were combined using Boolean searches, and the searches were performed using keywords, Boolean
operators, and MeSH descriptors. The detailed search strategy is shown in Table S1. We performed a

systematic literature search in the following online databases: Embase; PubMed; the Cochrane Library;
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and the Cumulative Index to Nursing and Allied Health (CINAHL). All studies published as of August
2018 were eligible for inclusion. The Cochrane Collaboration Central Register of Controlled Clinical
Trials, Cochrane Systematic Reviews, and ClinicalTrials.gov databases were manually searched for
additional references. Two authors (S.-].L. and T.-L.Y.) conducted the searches independently, and
disagreements were resolved through discussion with the third author (C.-Y.L.).

After the initial search, two independent reviewers (W.-T.L. and C.-Y.L.) assessed the eligibility
of each paper. The inclusion criteria were (1) inclusion of a control group in the study design; (2)
administration of macrolides in one group; (3) children with a diagnosis of CWD; and (4) reporting of
at least one treatment outcome of hospitalization. We excluded the following: (1) articles irrelevant to
the topic; (2) duplicate publications; (3) trials with a crossover study design; (4) animal studies and
studies conducted in adults; and (5) case reports and studies that did not include a control group.

2.2. Data Extraction and Quality Assessment

Two authors (W.-T.L. and C.-Y.L.) independently evaluated the quality of all eligible articles
using the Cochrane Review risk of bias assessment tool. The adequacy of randomization, allocation
concealment, blinding methods, implementation of the intent-to-treat analysis, dropout rate, complete
outcome data, selective data reporting, and other potential biases were assessed for each publication.

The articles were scrutinized, and data pertaining to the following variables were extracted:
study population; macrolide regimen, dosage, and duration; length of stay (LOS); duration of oxygen
demand (DOD); chest indrawing or recession; crepitation, rhonchi, or crackles; cough; and admission
rates. Discrepancies between the two independent evaluations for potential articles were resolved
through discussion and consensus. Various kinds of influences have been reported in patients with
macrolide treatment, including alterations in clinical courses, reduction of steroid or bronchodilator
use, improvement of pulmonary function tests, laboratory tests and cytokine alterations, and changes
of bacterial profiles. We focused on the influences of macrolides on the hospitalization courses in
patients with CWD; therefore, the primary outcome of our study was LOS. The secondary outcomes
were clinical symptoms and signs of respiratory distress and admission rates after treatment.

2.3. Data Synthesis and Analysis

Details of hospitalization from all the studies were extracted, analyzed, and compared to
determine differences in the influences of macrolides on hospitalization courses. Because of the
significant (and expected) heterogeneity among the studies, a random effects model was employed [19].
The results are presented as point estimates with 95% confidence intervals (Cls). The heterogeneity
across studies was tested using I-square and Cochran’s Q tests. A p value of <0.10 for the chi-squared
test of the Q statistic or an I-square >50% was considered indicative of statistically significant
heterogeneity [20]. A sensitivity analysis was performed by repeating the analysis after sequential
exclusion of one study at a time, to observe the effect on the overall results. Potential publication bias
was assessed by observing the symmetry of funnel plots and by using Egger’s test [21]. Comprehensive
Meta-analysis software (version 3.0, Biostat, Englewood, NJ, USA) was used for our analyses.

3. Results

3.1. Description of Studies and Quality Assessment

A flowchart schematic illustration of the literature search and study selection criteria is presented
in Figure 1. Finally, 23 publications were included in our qualitative synthesis and critical review
(Table 1) [22—44]. Of these studies, 8 were conducted in the USA, and 14 studies investigated children
younger than 5 years old. Azithromycin was used in most trials (13/23), while clarithromycin was used
in 6 trials. Exclusion of patients with obvious bacterial infection, pneumonia, or recent antibiotics use
was reported in 12 studies. Detection of causative pathogens was reported in 15 studies, and respiratory
syncytial virus (RSV) was the most detected pathogen, appearing in 8 studies [26,31,32,36-38,42,44].
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Evidence of Mycoplasma pneumoniae or Chlamydophila pneumoniae infection was reported in 5 studies
with a range of 0-53% [24,28,30,33,41]. The treatment dosage and duration differed in different studies
and concomitant inhaled corticosteroid use was reported in approximately one-third of the studies
(9/23). In total, 2210 patients were enrolled in these studies. Any kind of benefit of macrolide
treatment was observed in approximately two-thirds of the studies (15/23), including improvement
of hospitalization courses, reduction of steroid or bronchodilator use, pulmonary function tests,
laboratory tests, cytokine alterations, or bacterial profiles. Most of the included studies had a low
potential for bias, as shown by our quality assessment using the Cochrane assessment tool. The
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detailed quality assessment of each included study is shown in Table S2.

Articles identified from Articles identified from
Pubmed (n = 568) Embase (n=1363)

Articles identified (n =2431)

Articles after duplicates removed
(n=1492)

Full-text articles assessed for
eligibility (n = 55)

Studies included in qualitative
synthesis (1= 23)

Studies included in
meta-analysis (1=8)

[ Included ][Eligibility][ Screening }[Identiﬁcation]

Articles identified from Articles identified from
Cochrane (n = 440) CINAHL (= 60)

Duplicated records excluded (= 939)

Excluded by title and abstract (1 = 1437)

Articles excluded

1: study including antibiotics other than
macrolides

7: studies including patients aged more
than 18 years

8: studies without sufficient data for
pooled analysis

16: study non-randomized controlled
trial

Figure 1. Schematic illustration of the literature search and the study selection criteria. CINAH, the

Cumulative Index to Nursing and Allied Health.



J. Clin. Med. 2018, 7, 432

Table 1. Characteristics of enrolled trials investigating macrolide treatment for childhood wheezing disease (CWD).
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Study Study Severity, Exclude Detect Macrolide Dose, . Concomitant Benefits of
Author, Country Population Diagnosis Bacterial Pathogens? Age Used Interval Duration Medication Outcome Measure Macrolide?
Year [Ref] (M%: F%) 8 Infection? gens: :
Steroid dose reduction
Symptoms scores Y; increase steroid
250 mg QD i 1 tisol dose reduction and
Ball, 1990 15 Severe 8-18 Troleando- Methyl- morning plasma cortiso .
[22] USA (60:40) asthma N NR years mycin x 2 days the 14 days prednisolone concentration, FEV1, FEVC, decrease brqnchlal
QOD TGV, methacholine PCy, hyperresonswgness
eosinophil count after to methacholine
2 weeks
Steroid dose reduction, need
for extra prednisolone
Prednisolone, Symptoms scores 4
Kamada, USA 18 Severe NR NR 6-17 Troleando- 250 mg QD 12 weeks bronchodilator, PEER, pre—bronihodllator Y; increase steroid
1993 [23] (36:64) asthma years mycin or QOD weeks theophylline, FEV1, FEF25-75%, dose reduction
1CS methacholine PCy, morning
plasma cortisol concentration,
urinary cortisol excretion,
bone density
Serum/nasopharyngeal
aspirates: TNF-c, IFN-y,
IL-1B, IL-2, IL-4, IL-5, IL-6,
. - IL-8, IL-10, GM-CSF,
Fonseca- 3 Recurrent :&Sﬁfsh‘ljieth &evrtjs;;?;g 417 15 mg/ B2-agonist RANTES, eotaxin, MIP-1«, Y; decrease
Aten, 2006 USA wheezing, P . 4 . Clarithromycin it 5 days 8 MIP-1$3, MCP-1 nasopharyngeal
. (74:26) bacterial or C peumoniae: years kg/day, BID and/or ICS X X .
[24] ED . . o M pneumoniae, C pneumoniae cytokine levels
infection 53% P el
detection in nasopharyngeal
swabs/serologic test
Dyspnea, wheeze, cough,
asthma score
FEV1, FVC, FEF25-75%,
Y; None with bronchial Y; decrease
airway 10 mg/kg IcS hyperresponsiveness bronchial
Piacentini, 16 Hospitalized, infection in 13.9 . . QD for 3 . ~ 4 (expressed as the hyperresponsiveness
2007 [25] Italy (75:25) asthma the month NR years Azithromycin consecutive 8 weeks p2-agonist as dose-response slope of FEV1 and sputum
needed X . i
before and days/week fall after hypertonic saline neutrophil
during study inhalation, and percentage
induced sputum)
Primary outcome: LOS;
duration of need for O, IVF
Hospitalized, and (32-agonist
Tahan, 21 7 <7 . . 15 mg/k; ) . Y; decrease LOS,
2007 [26] * Turkey (5743) RSV NR Y; RSV months Clarithromycin Q]g) g 3 weeks 32-agonist Secondary Outcomes: DOD

bronchiolitis

changes in the IL-4, IL-8,
IFN-vy levels,
readmission rate
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Study Study . Exclude . . X
Author, Country Population ];E;ve;‘r:s);’s Bacterial Pag’:)teg:\s’ Age Maé:ghlde 13:::;1 Duration Cl\z:;?::tlit;ﬁt Outcome Measure &:‘zﬁﬁl;isd:f,
Year [Ref] (M%: F%) 8 Infection? gens: :
02 P f th t
rogress of the symptoms N: tatisticall
- years ; no statistically
zogg ?;;’] .  Bangladesh (726_ 38) I;f;fé;‘ﬁgﬁ;‘:/ N NR (80% Erythromycin NR ND 0, after 72f hours, progress of the significant
i below 6 signs after 72 hours, differences found
months) outcomes of bronchiolitis
moderate to Y, noM Primary outcome: time to
Strunk 55 severe pneumoniae, C 6-18 250 mg or inadequate asthma control N; no differences in
2008 [28] USA (58:42) persistent NR pneumoniae gfvas years Azithromycin 500 mg QD ND ICS M pne];{nu).nl‘ae/ C pneumoniae time to inadequate
asthma detected by detection in nasal washes: asthma control
PCR PCR assays
Symptoms/signs which were
Y; Exclude graded on a two—Poinlt ,
Kabir, Baneladesh 295 Hospitalized  patients with NR <24 Ervth . kl(/):{ng / 6 ND b In]ga:;? " fTecovery s'calg of . rapid’ and N; no differences
2009 [29] * anglades (73:27) bronchiolitis antibiotics months rythromyemn gh D?e ronchodiiator, _gradual ’ mdlca_tmg , among groups
use ourly 0, improvement within ‘four
days’ and ‘beyond four
days’, respectively
Primary outcome: days
without symptoms within
Y18 subsequent 12 weeks
rhino’virus/ 3 Secondary outcome:
Intermittent/ adenovirus, 2 Zy};npton;—fre/e days:taftefr 1st Y; increase
Koutsoubari, 40 mild M pneumoniae, 6-14 . R , umber/severity of symptom-free days
2012 [30] Greece (45:55) persistent NR 2 years Clarithromyein 15 mg/kg 3 weeks 1cs p_erlods with loss of control, and improve
asthma parainfluenza, time to 1§t lo_S? of contrpl, asthma control
1RSV, and no PEER variability, duration of
C preumoniae the index episode, FEV1,
Mean daily morning PEFR;
RT-PCR in nasal
wash samples
Y: exclude Primary outcomes: LOS,
Ct/\lamydia duration of O,
2 ‘bioti Other variables: antibiotic . ; ;
y s spp or Y; RSV, Antibiotics, > N; no differences in
I’m[f;],]ZP 12 Brazil ( 6})610) I};IOSP 1lt1a.hlz.fq ’ Bordetella influenza, and S%ch Azithromycin io;?ig/ 7 days Steroid, use, Pr(?ncho-dﬂators use, LOS, DOD,
: ’ ronchiolis pertussis parainfluenza months &/qay bronchodilator admission to the PICU, detected viruses
respiratory immunofluorescence for
infection adenovirus, parainfluenza,

influenza, RSV.
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Study Study . Exclude . . X
Author, Country Population ];:"‘everlt)f, Bacterial P ?‘etect » Age Macrohlde IDose,l Duration Cl\c;)[n;(.)ml.tant Outcome Measure Iaeneﬁlt.s dof,
Year [Ref] (M%: F%) iagnosis Infection? athogens? Use nterval edication acrolide?
1 Primary endpoints: LOS,
Y: exclude duration of O,
L - Y; RSV, -
Australian/ patients with rhinovirus, z Othgr outcomleb. Sny N; no differences in
McCallum, N 96 Hospitalized, macrolide - <1 Azith . 30 X Sinele d Antibioti respiratory relate LOS. DOD, and
2013 [32] * W (68:32) bronchiolitis treatment or  TCIAPREUMOVIIUS, 1o zithromycin mg/kg ngle dose ntibiotics readmissions in 6 months of , DL, an
Zealand diagnoses of corona virus, discharge, identification of re-admission rates
pneumonia and bacteria respiratory viruses and
bacterial pathogens
(RT-PCR/culture)
1. Asthma Control
Chiong- FEV1 <80% Y; 1 (4.8%) 15me/ Test questionnaires V improved asthma
Manaysay, ~ Philippines 23 before NR positive for M Children  Clarithromycin 8/ 3 weeks NR 2. Spirometry (FVC, FEV1, s Imp:
2014 [33] treatment pneumoniae kg/day bid FEV1/EFVC, FEF25-75% and control and FEV1
PEFR) prior medication and
after the study period
. N; significant
é%lizsg 4?’ Greece ( 4?% 6) P:f;:::t NR NR lelz;rss Clarithromycin 15 Iéligd/kg 8 weeks 62};3’“ st 1 FEY] ; decrease of
o 2 ¥ g 2. Eosinophils neutrophils
Y; exclude p;&‘;l;:ils 1. gl%iinaryt outcome: nu:nber of
patients were detected S 1Ot Progressing 1o a
. - o, severe LRTI (prescription of
received in 47% of . s .
. recurrent, P B oral corticosteroids) Y, lower risk to
Bacharier, 443 antibiotics children 12-71 . . 12mg/ .
2015 [35] * USA (62:38) severe within the in the months Azithromycin kg/day 5 days 32-agonist 2. Secondary outcome: numbers progress to severe
wheezing past month azithromycin of urgent care/ED visits, LRTI
for any group and hospitalizations. Symptom
indication 43%in the scores, albuterol use, time to
placebo group 2nd RTL
1. Primary outcomes: serum
and nasal lavage IL-8 levels,
proportion of participants
Y; treatment with >2 additional wheezing Y; decrease of nasal
with any 10mg/ episodes after treatment lavage IL-8 levels
) Hospitalized, a‘r\gbiotics kg/day x 7 2. Secondary outcomes: but not serum IL-8

Beigelman, USA 3 RSV within past 2 Y; RSV 1-18 Azithromycin ~ days then 5 14 days Antibiotic proportion of participants levels.

2015 [36] (59:41) bronchiolitis weeks (4 months mg/kg/day with >3 wheezing episodes, >2 gddmgnal
weeks for %7 days with diagnosed asthma, wheezing episodes
macrolide 4 being-prescribed with ICS, after treatment: not
antibiotics) the time to 2nd and 3rd different

episode, the number of, ED
visits for
respiratory symptoms
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Study Study . Exclude . . X
Author, Country Population ];E;ve;‘r:s);’s Bacterial Pag’:)teg:\s’ Age Maé:ghlde 13:::;1 Duration Cl\z:;?::tlit;ﬁt Outcome Measure &:‘zﬁﬁl;isd:f,
Year [Ref] (M%: F%) 8 Infection? gens: :
Y; exclude
patients with
treatment
Beigelman 39 Hospitalized, avrtti:l?i(??y‘ 1-18 kgl/%:;gi 7 i azithrom c;‘n-tr ated
geiman, USA RSV mntiblotics Y: RSV Azithromycin ~ days then 14 days Antibiotic RSV'load in nasal Zithromycin-tre
2015 [37] (59:41) b S within past 2 months lavage samples group had lower
ronchiolitis 5mg/kg/day
weeks (4 <7 davs RSV clearance
weeks for Y
macrolide
antibiotics)
Y; exclude
Feitelie\l:et; grima'ry er}ci)poi;\t: Lzols'l. ical Y; no differences of
macrolides Y: RSV (42%), ur,a“"‘(‘) 0f &, day 21 clinica LOS, DOD and
Australia/ L. within last rhinovirus 30 mg/ . review, L. readmission.
McCallum, 219 Hospitalized, o <24 . . Non-macrolide months readmission;
. New . R seven-days, (37%), Azithromycin kg/dose 3 weeks S o , Nasopharyngeal
2015 [38] (62:38) bronchiolitis . : months antibiotics Microbiology: X
Zealand or a primary adenovirus weekly BY: bacteria were less
pneumonia; (7%), etc. Nasopharyngeal swabs for common in
non-macrolide VIl{r"l]"l; /CbI?;terlla azithromycin group
antibiotics: (RT- culture)
43%
Y; readmission was
D’Azevedo s Wheezing and not different but
Silveira, Brazil 91 Eﬁfgﬁgﬁ;’i’ NR NR m(frljhs Azithromycin ND 7 days NR hospitalization in a follow up azithromycin group
2016 [39] 1,3 and 6 months had lower recurrent
wheezing
: . Primary outcome: duration of
recurrent \2'4;{,}); v;'\us episodes of troublesome Y; azithromycin
asthma-like bacteruia; (67}1/ lung symptoms shortened the
symptoms, Y; exclude H influenzae E’ Secondary outcomes: time symptomatic period
Stokholm, Denmark 72 trZub}I)esom/e patients with newmoniae, M 1-3 Azithromycin 10mg/ 3 days ICs, from treatment to the next and the duration of
2016 [40] (65:35) lung signs of fu tarrhalis); ot years 4 kg/day Y Montelukast episode of troublesome lung B2 agonist use.
symptoms pneumonia modif); symptoms, episodes that Time to next
>3 days treatment turned into severe AE, and episode was not
= aay effects the duration of 32 agonist different.
use after treatment.
Y; positive M
pneumoniae:
58.3% for IgG Y; improve
Mild and 41.7% for Childhood asthma control pulmonary function
Wan, 2016 . 56 . IgM in the 5-16 . . 5mg/ test, FEV1, FEF25-75%, FeNO, and decrease
[41] Taiwan (63:37) Pae;:}];t::t NR study group, years Clarithromycin kg/day 4 weeks 1Cs total IgE, absolute eosinophil eosinophilic
and 65.0% for count, ECP level inflammation and
IgG and 35.0% disease severity
for IgM in the

control group
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Study Study . Exclude . . X
Author, Country Population ];:}‘everlt)f, Bacterial P ?‘etect » Age Macrohlde IDose,l Duration Cl\c;)[n;(.)ml.tant Outcome Measure Iaeneﬁlt.s dOf,
Year [Ref] (M%: F%) iagnosis Infection? athogens? Use nterval edication acrolide?
Y; exclude
patients with
fre{iﬁment 10 mg / Recul;lent wheezing: assessed Y: the relative
Zho 39 Hospitalized, aVr:,tlibig?y‘ Y; RSV and 1-18 kg/day x 7 ;nﬁnt Y Ovhe ra ygalr isod abundance of
2016 [3/2] USA (59:41) RSV within ;‘:2 bacteria months Azithromycin days then 5 14 days Antibiotic orlowing the initia episode Moraxella
. bronchiolitis weekz (Z (Moraxella) mg/kg/day Mlcroblome sequencing => decreased
x 7 days Cl?angefs in nasal lalvgge significantly
Weeksl_‘gr microbial communities
macrolide
antibiotics)
Primary outcome: time (days)
to respiratory
Y; exclude K 19;? /a ¢ symptoms resolution
Mandhane 2 Wheezin, patients with 12-60 dag 1 then'5 Ics, Secondary outcomes: the
P Canada & antibiotics NR Azithromycin 4 5 days - number of days children used N
2017 [43] (72:28) ED in th months mg/kg/day {32-agonist ay:
use In the X 4 days a SABA during the 21 day
past 30 days (day 2-5) follow-up, time to disease
exacerbation during the
following 6 months
Y; subsequent
wheezing was
: il LOS, identification of s omifi
Pinto, 2017 . Hospitalized, 12 . . 4 ficant reduced.
m [3/4] 0 Brazil 83 bf;ﬁéh?;ﬁgs’ NR Y; RSV m;nths Azithromycin ND 7 days NR respiratory viruses, recurrent SI_lg;l; lrceaarélr;?ss?si

wheezing/hospital readmission

rate was not
different.

* studies included in meta-analysis. Abbreviations (in alphabetical order): AB: acute bronchiolitis, AE: acute exacerbation, AGE: acute gastroenteritis, BHR: bronchial hyper-responsiveness,
BID: twice per day, C: control, C pneumoniae: Chlamydophiliia pneumoniae, DRS: dose-response slope, ECP: eosinophil cation protein, ED: emergency department, ELISA: enzyme-linked
immunosorbent assay, F: female, FEV1: forced expiratory volume in one second, FVC: forced vital capacity, FeNO: exhaled nitric oxide levels, FEF25-75%: forced expiratory flow between
25% and 75% of vital capacity, ICS: inhaled corticosteroids, I: intervention, IVF: intravenous fluid, IL: interleukin, GM-CSF: granulocyte-macrophage colony stimulating factor, IFN:
interferon, ICU: intensive care unit, LABA: long-acting inhaled (3-agonists, LOS: length of stay, LRTI: lower respiratory tract infection, LTRA: leukotriene receptor antagonist, M: male,
Methacholine PCyy: concentration of methacholine required to induce a 20% decrease in FEV1, Nil: none, MIP: macrophage inflammatory protein, MCP: monocyte chemoattractant protein,
M pneumoniae: Mycoplasma pneumoniae, N: No, NR: not reported, PEFR: peak expiratory flow rate, QD: every day, QOD: every other day, RSV: Respiratory syncytial virus, RTI: respiratory
tract infection, RR: respiratory rate, RI-PCR: real-time polymerase chain reaction, SpO2: saturation of peripheral oxygen, SABA: short-acting beta agonist, SD: standard deviation, TGV:
thoracic gas volume, Y: Yes.
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3.2. Data Synthesis and Meta-Analysis

Although any kind of benefit of macrolide treatment was observed in approximately two-thirds of
the studies in our systematic review, we focused on the influences of macrolides on the hospitalization
courses. Data pertaining to hospitalization courses including LOS, oxygen demand, and symptoms
and signs of respiratory distress were extracted for further meta-analysis. Studies with different
outcome measurements were excluded, such as steroid use, pulmonary function tests, laboratory tests,
cytokine alterations, or bacterial profiles. Ultimately, eight studies—with a combined study population
of 1357 patients—were included in our meta-analysis [26,27,29,31,32,35,37,38]. Two publications with
the same study population were regarded as one trial [36,37]. Detailed data pertaining to our specific
outcomes regarding LOS were not available for 14 studies; therefore, these studies were not eligible for
the meta-analysis.

Among the eight enrolled studies, five were hospitalized patients with bronchiolitis, two were
hospitalized patients with RSV bronchiolitis, and one was recurrent wheezing. No significant
differences were noted regarding LOS in the macrolide treatment group (—0.051 days, range: —0.377 to
0.274 days, p = 0.756, I* = 76.8%, Figure 2A). A subgroup analysis by macrolide category showed similar
results, except for a longer LOS in the erythromycin-treated group (erythromycin: 0.444 days, range:
0.183-0.704 days, p = 0.001, I> = 0%; azithromycin: —0.038 days, range: —0.207 to 0.131 days, p = 0.658,
I? = 0%; Figure 2B). Another subgroup analysis by disease category also showed no significant
differences (figure not shown). The DOD was similar in both groups (—0.333 days, range: —0.868 to
0.201 days, p = 0.221, 12 = 84%, Figure 3). No significant differences in chest indrawing/recession were
observed between the two groups (OR: 1.292, 95% CI: 0.428-3.899, p = 0.649, I?> = 29%, Figure 4A).
The observed crepitation, rhonchi, and crackles were not significantly different (OR: 1.134, 95% CI:
0.295-4.357, p = 0.855, I> = 78%, Figure 4B). Cough symptoms were similar in both groups (OR: 1.138,
95% CI: 0.471-2.75, p = 0.775, I? = 41%, Figure 4C). Finally, there was no significant difference in
re-admission rates after this event (OR: 0.965, 95% CI: 0.541-1.72, p = 0.904, 12 = 36%, Figure 5). The
funnel plots were also assessed.

(A)

Study name Statistics for each study Std diff in means and 95% CI

Std diff Lower  Upper Relative

inmeans  limit limit p-Value weight
2007 Tahan -2.107  -3.181 -1.034 0.000 6.39 —
2008 Rasul, C. H. 0.407 -0.256  1.070 0.229 11.23 ——
2009 Kabir 0.450 0.167  0.734 0.002 18.15 —.—
2012 Pinto 0.000 -0.289 0.289 1.000 18.05 —.—
2013 McCallum -0.136  -0.537  0.265 0.505 15.95 ——
2015 McCallum 0.000 -0.265 0.265 1.000 18.47 s B
2015 Beigelman -0.192  -0.821  0.437 0.550 11.77 —ii—

0.051 -0.377 0274  0.756 <
Favor Macrolides Favor Placebo

Figure 2. Cont.
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(B)

Group by Study name Statistics for each study Std diff in means and 95% CI
Type of Macrolides

Std diff Lower Upper Relative

inmeans  limit  limit p-Value weight
a. Clarithromycin 2007 Tahan -2.107 -3.181 -1.03¢  0.000  100.00 S
a. Clarithromycin -2.107 -3.181 -1.034 0.000 <
b. Erythromycom 2008 Rasul, C. H. 0407 -0.256 1.070 0.229 15.47 —_—
b. Erythromycom 2009 Kabir 0450 0.167 0.73¢  0.002 84.53 —-
b. Erythromycom 0.444 0.183 0.704 0.001 ‘
¢. Azithromyein 2012 Pinto 0.000 -0.289 0.283  1.000 34.21 ——
¢. Azithromycin 2013 McCallum -0.136 -0.537 0.265 0.505 17.81 —_—
c. Azithromycin 2015 McCallum 0.000 -0.265 0.265  1.000 40.75 ——
¢. Azithromyein 2015 Beigelman -0.192 -0.821 0.437 0.550 7.23 —_—
c. Azithromycin -0.038 -0.207 0.131 0.658 ’

Favor Macrolides Favor Placebo

Figure 2. Forrest plot of the LOS in the macrolide-treated and placebo groups. (A) Overall
meta-analysis; (B) subgroup analysis by macrolide category. CI: confidence interval; Std diff:
standardized difference.

Study name Statistics for each study Std diff in means and 95% CI
Std diff Lower Upper Relative
inmeans limit limit p-Value weight

2007 Tahan -2.381 -3.506 -1.256 0.000 13.38 —

2012 Pinto 0.000 -0.289 0.289 1.000 29.97

2013 McCallum -0.225 -0.627 0.176 0.271 27.71

-0.333 -0.868 0.201 0.221

-

_._

2015 McCallum 0.164 -0.179 0507  0.348 28.94 —-
e

Favor Macrolides Favor Placebo

Figure 3. Forrest plot of the duration of oxygen demand (DOD) in the macrolide-treated and placebo

groups.
(A)
Study name Statistics for each study Odds ratio and 95% CI
Odds Lower Upper Relative
ratio limit limit p-Value weight
2008 Rasul 0.933 0.230 3.781 0.923 39.95 —] —
2009 Kabir 2.612 0.790 8.634 0.115 48.31 —-—
2015 McCallum 0.216 0.010 4.552 0.324 11.74 i
1.292 0.428 3.899 0.649 ’

Favor Macrolides Favor Placebo

Figure 4. Cont.
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(B)
Study name Statistics for each study Odds ratio and 95% CI
Odds Lower Upper Relative
ratio limit limit p-Value weight
2008 Rasul 0.809 0.177 3.690 0.784 27.96 —
2009 Kabir 3.462 1.397 8.578 0.007 36.24 —-—
2015 McCallum 0.477 0.186 1.222 0.123 35.79 —.—
1.134 0.295 4.357 0.855 -‘-
Favor Macrolides Favor Placebo
©)
Study name Statistics for each study Odds ratio and 95% CI
Odds Lower Upper Relative
ratio limit limit weight p-Value
2008 Rasul 0.809 0.177 3.690 23.69 0.784 ——
2009 Kabir 3.133 0.822 11.945 28.07 0.094 ——
2015 McCallum 0.746 0.337 1.651 48.23 0.470 —-—
1138  0.471  2.750 0.775 <
Favor Macrolides Favor Placebo

Figure 4. Forrest plot of the symptoms and signs of respiratory distress in the macrolide-treated and
placebo groups. (A) Chest indrawing/recession; (B) crepitation, rhonchi, and crackles; (C) cough.

Study name Statistics for each study Odds ratio and 95% CI
Odds Lower Upper Relative
ratio limit limit p-Value weight

2007 Tahan 0.114 0.010 1.295 0.080 5.23 —_—

2013 McCallum 0.925 0.346 2474 0.877 23.29

——
2015 McCallum 1455 0790 2678  0.229 39.81 B
2015 Bacharier 0846 0393 1822  0.669 3166 -

0965 0541 1.720 0.904

Favor Macrolides Favor Placebo

Figure 5. Forrest plot of the re-admission rates after this event in the macrolide-treated and placebo
groups.

4. Discussion

The attractive antimicrobial properties against atypical pathogens and anti-inflammatory effects
of macrolides may be beneficial in treating CWD, and our systematic review found that any kind
of benefit from macrolide treatment was observed in approximately two-thirds of enrolled studies
(15/23), including improvement in hospitalization course, steroid or bronchodilator use, pulmonary
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function, laboratory tests, cytokine alterations, or bacterial profiles. However, from the point of
view of hospitalization course, no significant benefits in terms of LOS, DOD, symptoms and signs
of respiratory distress, or re-admission rates were observed between macrolide-treated and control
groups. Routine use of macrolides in treating patients with CWD to improve hospitalization course is
therefore not recommended.

CWD may be triggered or aggravated by infectious pathogens [4,17,45,46]. In patients with
previously diagnosed asthma, Mycoplasma pneumoniae was found to be the causative agent in 20%
of those with acute exacerbations [16]. It accounted for 3.3-50% of acute exacerbations of asthma in
other reports [17]. Pertussis was a factor in up to 21% of patients with a chronic cough in a Taiwanese
population [47]. Macrolides are effective against these atypical pathogens and may improve the
treatment course of CWD [48]. In our systematic review, exclusion of patients with obvious infection,
pneumonia, or recent antibiotics use was reported in 12 studies, and detection of pathogens was
performed in 15 studies. Evidence of Mycoplasma pneumoniae or Chlamydophila pneumoniae infection
was reported in five studies with a broad range of 0-53%, and these five studies were not included in
our meta-analysis. We did not have adequate evidence to confirm the influence of the antimicrobial
properties of macrolides. Furthermore, the pathophysiology of CWD is complex, and the Th1/Th2
hypothesis is an important theory of asthma [13,49]. Th2 predominant reactions and cytokines were
cardinal findings observed in patients with asthma [14,50,51]. Elevation of IL-4, IL-5, IL-9, and
IL-13 was noted in asthma cytokine alterations [51]. In contrast, macrolides are found to inhibit
Th2 cytokines, such as IL-4 and IL-5, and modulate extracellular signal-regulated kinase 1/2 and
transcription factors in patients undergoing macrolide treatment [10-12]. Increasing evidence of the
immune-modulatory effects of macrolides has been observed, and macrolides have been applied to
treat some chronic inflammatory diseases [9,52]. Because of their antimicrobial and anti-inflammatory
effects, the application of macrolides may be promising for the treatment of CWD [53]. However, no
definite conclusion was made in previous studies. Our systematic review and meta-analysis concluded
that although benefits of macrolides were reported in several studies, the evidence of the beneficial
effects of macrolides in the treatment of CWD was not statistically significant regarding the LOS,
DOD, symptoms and signs of respiratory distress, and re-admission rates. Routine use of macrolides
in treating patients with CWD to improve hospitalization courses is therefore not supported by the
current evidence.

Macrolides have both antimicrobial and anti-inflammatory effects, but increasing antimicrobial
resistance (AMR) may affect the potential benefits of macrolides [54]. AMR is an important health threat
worldwide and is associated with higher rates of treatment failure and poor prognosis. Recent studies
have also noted increasing AMR of atypical pathogens. The resistance of Mycoplasma pneumoniae to
macrolides was reported to be approximately 8.2% in the United States and up to 90% in some Asian
countries [54-56]. In our systematic review, benefits of macrolides were observed in all reviewed
studies published before 2007 (Table 1). Increasing AMR may contribute to the conflicting results
of studies after 2007. Furthermore, vaccination may change the distribution of causative or trigger
pathogens of CWD. Widespread vaccination against pertussis has been implemented in many countries
for several decades. Although the effectiveness of current vaccination is not satisfactory, a dramatic
decline in infections with pertussis was found in the last two decades [57]. Changes in the epidemiology
of atypical pathogens may affect the contributing causative pathogens of CWD and decrease the
potential benefits of treating CWD with macrolides.

RSV infection is common and severe in young infants with bronchiolitis [58]. Airway
inflammation and hyper-responsiveness were found in patients with RSV infection. Macrolides
may inhibit the inflammatory processes and improve the clinical course [59]. In our systematic review,
RSV was found to be the most prevalent pathogen in eight studies. Three studies investigating
patients with RSV bronchiolitis who were subsequently treated with macrolides were identified in
our systematic review [26,36,37]. Benefits of macrolide use were reported in two studies [26,37].
Interestingly, two proof-of-concept studies with the same study population were conducted by Dr.
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Beigelman [36,37]. They found that macrolides could decrease the nasal lavage fluid levels of IL-8 and
prolong the time to a third wheezing episode [37]. However, the RSV viral load was not decreased by
macrolide treatment [36]. The influences, detailed mechanisms, and long-term effects of macrolide
treatment require further studies.

Our study had some limitations. First, much heterogeneity was observed with respect to
the study design, study participants, enrolled diagnoses, macrolide treatment, and the outcomes.
CWD comprises several similar overlapping diseases, but the detailed pathophysiology and disease
phenotypes may be different. Among the eight enrolled studies, five were hospitalized patients with
bronchiolitis, two were hospitalized patients with RSV bronchiolitis, and one was recurrent wheezing.
Hospitalization was common in young infants with bronchiolitis but relatively uncommon in older
children with asthma. We performed a subgroup analysis of different age groups and diagnoses,
but no significant conclusions could be made. Detection of causative pathogens and reporting of
atypical infections were not performed in every study, and the role of the antimicrobial properties
of macrolides remained largely unclear. Currently, the importance of individualized health care is
reinforced, and the responses to macrolide treatment may be different in different individuals. Our
systematic review was consistent with this concept, and regular use of macrolides in patients with
CWD to improve hospitalization course is therefore not recommended. Additionally, the choices
of macrolides and treatment duration and dosage were not the same among studies. There was no
consensus regarding the optimal macrolide or the dosage and duration; thus, further studies are
warranted. Furthermore, laboratory data, including cytokine alterations and detection of causative
pathogens, were not available in all studies. A comparison of cytokine alterations after macrolide
treatment is valuable in evaluating the inflammatory properties of macrolides. An analysis of causative
microorganisms will contribute to elucidating the antimicrobial effects of macrolides. Finally, we
focused on the impact of macrolides on the hospitalization courses of children with CWD. The
potential long-term benefits of macrolide treatment were not investigated. Further studies are required
to clarify the overall effect of macrolide treatment.

5. Conclusions

Macrolides have both antimicrobial and anti-inflammatory effects, and any kind of benefit from
macrolide treatment was observed in approximately two-thirds of enrolled studies in our systematic
review. However, from the point of view of hospitalization courses, our study suggests that macrolide
treatment is not associated with the LOS, DOD, symptoms and signs of respiratory distress, or
re-admission rates of CWD based on the currently available data. Therefore, routine treatment with
macrolides to improve the hospital courses of children with CWD is not recommended. However,
the potential long-term benefits of macrolide adjuvant treatment remain largely unclear, and possible
benefits of macrolide treatment may exist in specific individuals. Further studies are warranted to
elucidate the influence of macrolides on individual patients.

Supplementary Materials: The following are available online at http://www.mdpi.com/2077-0383/7/11/432/
s1, Table S1: Detailed search strategy of our literature review, Table S2: Detailed quality assessment of each
included study.

Author Contributions: All authors have read and approved the final manuscript. C.-Y.L., T-L.Y., S.-J.L. and
W.-T.L. formed the methodology; S.-].L., H.-H.L., Y.-].C., H-H.H. and M.-C.T. collected the data; C.-Y.L., T-L.Y.,
S.-J.L., J-M.L. and W.-T.L. designed the study, conducted the research, analyzed the data, and performed the
validation of the results; C.-Y.L. and W.-T.L. wrote the first draft; C.-Y.L., T.-L.Y. and W.-T.L. extracted the data;
C.-Y.L. had primary responsibility for the final content.

Acknowledgments: The authors would like to thank Enago (www.enago.tw) for the English language review.

Conflicts of Interest: The authors declare no conflict of interest.


http://www.mdpi.com/2077-0383/7/11/432/s1
http://www.mdpi.com/2077-0383/7/11/432/s1
www.enago.tw

J. Clin. Med. 2018, 7, 432 150f18

References

1.

10.

11.

12.

13.
14.

15.

16.

17.

18.

19.

20.

21.

Asher, M.I; Montefort, S.; Bjorksten, B.; Lai, C.K; Strachan, D.P.; Weiland, S.K.; Williams, H. Worldwide
time trends in the prevalence of symptoms of asthma, allergic rhinoconjunctivitis, and eczema in childhood:
Isaac phases one and three repeat multicountry cross-sectional surveys. Lancet (London, England) 2006, 368,
733-743. [CrossRef]

Subbarao, P.; Mandhane, PJ.; Sears, M.R. Asthma: Epidemiology, etiology and risk factors. CMA] Can. Med.
Assoc. J. 2009, 181, E181-E190. [CrossRef] [PubMed]

Backman, K.; Piippo-Savolainen, E.; Ollikainen, H.; Koskela, H.; Korppi, M. Increased asthma risk and
impaired quality of life after bronchiolitis or pneumonia in infancy. Pediatr. Pulmonol. 2014, 49, 318-325.
[CrossRef] [PubMed]

Muglia, C.; Oppenheimer, ]. Wheezing in infancy: An overview of recent literature. Curr. Allergy Asthma Rep.
2017, 17, 67. [CrossRef] [PubMed]

Asher, I; Pearce, N. Global burden of asthma among children. Int. J. Tuberc. Lung Dis. 2014, 18, 1269-1278.
[CrossRef] [PubMed]

Nath, ].B.; Hsia, R.Y. Children’s emergency department use for asthma, 2001-2010. Acad. Pediatr. 2015, 15,
225-230. [CrossRef] [PubMed]

Spurling, G.K.; Fonseka, K.; Doust, J.; Del Mar, C. Antibiotics for bronchiolitis in children. Cochrane Database
Syst. Rev. 2007, Cd005189.

Steel, H.C.; Theron, A ].; Cockeran, R.; Anderson, R.; Feldman, C. Pathogen- and host-directed anti-inflammatory
activities of macrolide antibiotics. Med. Inflamm. 2012, 2012. [CrossRef] [PubMed]

Parnham, M.].; Erakovic Haber, V.; Giamarellos-Bourboulis, E.J.; Perletti, G.; Verleden, G.M.; Vos, R.
Azithromycin: Mechanisms of action and their relevance for clinical applications. Pharmacol. Ther. 2014, 143,
225-245. [CrossRef] [PubMed]

Kanoh, S.; Rubin, B.K. Mechanisms of action and clinical application of macrolides as immunomodulatory
medications. Clin. Microbiol. Rev. 2010, 23, 590-615. [CrossRef] [PubMed]

Altenburg, J.; de Graaff, C.S.; van der Werf, T.S.; Boersma, W.G. Immunomodulatory effects of macrolide
antibiotics—Part 1: Biological mechanisms. Respiration 2011, 81, 67-74. [CrossRef] [PubMed]
Zimmermann, P.; Ziesenitz, V.C.; Curtis, N.; Ritz, N. The immunomodulatory effects of macrolides—A
systematic review of the underlying mechanisms. Front. Immunol. 2018, 9, 302. [CrossRef] [PubMed]
Chatila, T.A. Innate immunity in asthma. N. Eng. |. Med. 2016, 375, 477-479. [CrossRef] [PubMed]

Kim, C.K,; Kim, S.W.; Park, C.S.; Kim, B.L; Kang, H.; Koh, Y.Y. Bronchoalveolar lavage cytokine profiles in
acute asthma and acute bronchiolitis. J. Allergy Clin. Immunol. 2003, 112, 64-71. [CrossRef] [PubMed]

Kew, K.M.; Undela, K.; Kotortsi, I.; Ferrara, G. Macrolides for chronic asthma. Cochrane Database Syst. Rev.
2015, Cd002997. [CrossRef] [PubMed]

Biscardi, S.; Lorrot, M.; Marc, E.; Moulin, F; Boutonnat-Faucher, B.; Heilbronner, C.; Iniguez, J.-L.;
Chaussain, M.; Nicand, E.; Raymond, J.; et al. Mycoplasma pneumoniae and asthma in children. Clin. Infect.
Dis. 2004, 38, 1341-1346. [CrossRef] [PubMed]

Hong, S.-J. The role of mycoplasma pneumoniae infection in asthma. Allergy Asthma Immunol. Res. 2012, 4,
59-61. [CrossRef] [PubMed]

Liberati, A.; Altman, D.G.; Tetzlaff, ].; Mulrow, C.; Gotzsche, P.C.; loannidis, J.P.; Clarke, M.; Devereaux, PJ.;
Kleijnen, J.; Moher, D. The prisma statement for reporting systematic reviews and meta-analyses of studies
that evaluate healthcare interventions: Explanation and elaboration. BMJ 2009, 339, b2700. [CrossRef]
[PubMed]

Higgins, ].P.; Thompson, S.G. Quantifying heterogeneity in a meta-analysis. Stat. Med. 2002, 21, 1539-1558.
[CrossRef] [PubMed]

Higgins, ].P.T.; Thompson, S.G.; Deeks, ].J.; Altman, D.G. Measuring inconsistency in meta-analyses. BM]J
2003, 327, 557-560. [CrossRef] [PubMed]

Egger, M.; Davey Smith, G.; Schneider, M.; Minder, C. Bias in meta-analysis detected by a simple, graphical
test. BMJ 1997, 315, 629-634. [CrossRef] [PubMed]


http://dx.doi.org/10.1016/S0140-6736(06)69283-0
http://dx.doi.org/10.1503/cmaj.080612
http://www.ncbi.nlm.nih.gov/pubmed/19752106
http://dx.doi.org/10.1002/ppul.22842
http://www.ncbi.nlm.nih.gov/pubmed/23836681
http://dx.doi.org/10.1007/s11882-017-0737-7
http://www.ncbi.nlm.nih.gov/pubmed/28895039
http://dx.doi.org/10.5588/ijtld.14.0170
http://www.ncbi.nlm.nih.gov/pubmed/25299857
http://dx.doi.org/10.1016/j.acap.2014.10.011
http://www.ncbi.nlm.nih.gov/pubmed/25596899
http://dx.doi.org/10.1155/2012/584262
http://www.ncbi.nlm.nih.gov/pubmed/22778497
http://dx.doi.org/10.1016/j.pharmthera.2014.03.003
http://www.ncbi.nlm.nih.gov/pubmed/24631273
http://dx.doi.org/10.1128/CMR.00078-09
http://www.ncbi.nlm.nih.gov/pubmed/20610825
http://dx.doi.org/10.1159/000320319
http://www.ncbi.nlm.nih.gov/pubmed/20733281
http://dx.doi.org/10.3389/fimmu.2018.00302
http://www.ncbi.nlm.nih.gov/pubmed/29593707
http://dx.doi.org/10.1056/NEJMe1607438
http://www.ncbi.nlm.nih.gov/pubmed/27518667
http://dx.doi.org/10.1067/mai.2003.1618
http://www.ncbi.nlm.nih.gov/pubmed/12847481
http://dx.doi.org/10.1002/14651858.CD002997.pub4
http://www.ncbi.nlm.nih.gov/pubmed/26371536
http://dx.doi.org/10.1086/392498
http://www.ncbi.nlm.nih.gov/pubmed/15156467
http://dx.doi.org/10.4168/aair.2012.4.2.59
http://www.ncbi.nlm.nih.gov/pubmed/22379599
http://dx.doi.org/10.1136/bmj.b2700
http://www.ncbi.nlm.nih.gov/pubmed/19622552
http://dx.doi.org/10.1002/sim.1186
http://www.ncbi.nlm.nih.gov/pubmed/12111919
http://dx.doi.org/10.1136/bmj.327.7414.557
http://www.ncbi.nlm.nih.gov/pubmed/12958120
http://dx.doi.org/10.1136/bmj.315.7109.629
http://www.ncbi.nlm.nih.gov/pubmed/9310563

J. Clin. Med. 2018, 7, 432 16 of 18

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Ball, B.D.; Hill, M.R.; Brennor, M.; Sanks, R.; Szefler, S.J. Effect of low-dose troleandomycin on glucocorticoid
pharmacokinetics and airway hyperresponsiveness in severely asthmatic children. Ann. Allergy 1990, 65,
37-45. [PubMed]

Kamada, AK,; Hill, M.R,; Ikle, D.N.; Brenner, A.M.; Szefler, S.J. Efficacy and safety of low-dose
troleandomycin therapy in children with severe, steroid-requiring asthma. J. Allergy Clin. Immunol. 1993, 91,
873-882. [CrossRef]

Fonseca-Aten, M.; Okada, PJ.; Bowlware, K.L.; Chavez-Bueno, S.; Mejias, A.; Rios, A.M.; Katz, K.; Olsen, K,;
Ng, S.; Jafri, H.S,; et al. Effect of clarithromycin on cytokines and chemokines in children with an acute
exacerbation of recurrent wheezing: A double-blind, randomized, placebo-controlled trial. Ann. Allergy
Asthma Immunol. 2006, 97, 457-463. [CrossRef]

Piacentini, G.L.; Peroni, D.G.; Bodini, A.; Pigozzi, R.; Costella, S.; Loiacono, A.; Boner, A.L. Azithromycin
reduces bronchial hyperresponsiveness and neutrophilic airway inflammation in asthmatic children: A
preliminary report. Allergy Asthma Proc. 2007, 28, 194-198. [CrossRef] [PubMed]

Tahan, F; Ozcan, A.; Koc, N. Clarithromycin in the treatment of RSV bronchiolitis: A double-blind,
randomised, placebo-controlled trial. Eur. Respir. J. 2007, 29, 91-97. [CrossRef] [PubMed]

Rasul, C.H.; Kabir, A.RM.L.; Rashid, A.K.M.M.; Mahboob, A.A.; Hassan, M.A. Role of antibiotic in the
outcome of bronchiolitis. Pak. J. Med. Sci. 2008, 24, 707-711.

Strunk, R.C.; Bacharier, L.B.; Phillips, B.R.; Szefler, S.J.; Zeiger, R.S.; Chinchilli, V.M.; Martinez, F.D.;
Lemanske, R.E, Jr; Taussig, L.M.; Mauger, D.T.; et al. Azithromycin or montelukast as inhaled
corticosteroid-sparing agents in moderate-to-severe childhood asthma study. J. Allergy Clin. Immunol.
2008, 122, 1138-1144. [CrossRef] [PubMed]

Kabir, A.RM.L,; Mollah, A.H.; Anwar, K.S.; Rahman, A K.M.E,; Amin, R.; Rahman, M.E. Management of
bronchiolitis without antibiotics: A multicentre randomized control trial in Bangladesh. Acta Paediatr. 2009,
98, 1593-1599. [CrossRef] [PubMed]

Koutsoubari, I.; Papaevangelou, V.; Konstantinou, G.N.; Makrinioti, H.; Xepapadaki, P.; Kafetzis, D.;
Papadopoulos, N.G. Effect of clarithromycin on acute asthma exacerbations in children: An open randomized
study. Pediatr. Allergy Immunol. 2012, 23, 385-390. [CrossRef] [PubMed]

Pinto, L.A.; Pitrez, PM.; Luisi, F,; de Mello, P.P.; Gerhardt, M.; Ferlini, R.; Barbosa, D.C.; Daros, I.; Jones, M.H.;
Stein, R.T.; et al. Azithromycin therapy in hospitalized infants with acute bronchiolitis is not associated with
better clinical outcomes: A randomized, double-blinded, and placebo-controlled clinical trial. J. Pediatr. 2012,
161, 1104-1108. [CrossRef] [PubMed]

McCallum, G.B.; Morris, P.S.; Chatfield, M.D.; Maclennan, C.; White, A.V.; Sloots, T.P.; Mackay, IL.M.;
Chang, A.B. A single dose of azithromycin does not improve clinical outcomes of children hospitalised with
bronchiolitis: A randomised, placebo-controlled trial. PLoS ONE 2013, 8. [CrossRef] [PubMed]
Chiong-Manaysay, K.; Andaya, A. Effectiveness of macrolide (clarithromycin) treatment on pediatric patients
with mild-moderate persistent asthma: A randomised controlled study. Allergy Eur. J. Allergy Clin. Immunol.
2014, 69, 291.

Youssef, D.; Elbhedy, R.; Salah, H. P83-asthma inflammatory subtype specific treatment; a randomised
clinical study. Clin. Transl. Allergy 2014, 4, 135. [CrossRef]

Bacharier, L.B.; Guilbert, T.W.; Mauger, D.T.; Boehmer, S.; Beigelman, A.; Fitzpatrick, A.M.; Jackson, D.J.;
Baxi, S.N.; Benson, M.; Burnham, C.A.D,; et al. Early administration of azithromycin and prevention of
severe lower respiratory tract illnesses in preschool children with a history of such illnesses a randomized
clinical trial. JAMA 2015, 314, 2034-2044. [CrossRef] [PubMed]

Beigelman, A.; Bacharier, L.B.; Baty, J.; Buller, R.; Mason, S.; Schechtman, K.B.; Sajol, G.; Isaacson-Schmid, M.;
Castro, M.,; Storch, G.A. Does azithromycin modify viral load during severe respiratory syncytial virus
bronchiolitis? . Allergy Clin. Immunol. 2015, 136, 1129-1131. [CrossRef] [PubMed]

Beigelman, A.; Isaacson-Schmid, M.; Sajol, G.; Baty, J.; Rodriguez, O.M.; Leege, E.; Lyons, K.; Schweiger, T.L.;
Zheng, J.; Schechtman, K.B.; et al. Randomized trial to evaluate azithromycin’s effects on serum and upper
airway IL-8 levels and recurrent wheezing in infants with respiratory syncytial virus bronchiolitis. J. Allergy
Clin. Immunol. 2015, 135, 1171-1178. [CrossRef] [PubMed]


http://www.ncbi.nlm.nih.gov/pubmed/2195921
http://dx.doi.org/10.1016/0091-6749(93)90345-G
http://dx.doi.org/10.1016/S1081-1206(10)60935-0
http://dx.doi.org/10.2500/aap.2007.28.2958
http://www.ncbi.nlm.nih.gov/pubmed/17479604
http://dx.doi.org/10.1183/09031936.00029206
http://www.ncbi.nlm.nih.gov/pubmed/17050564
http://dx.doi.org/10.1016/j.jaci.2008.09.028
http://www.ncbi.nlm.nih.gov/pubmed/18951618
http://dx.doi.org/10.1111/j.1651-2227.2009.01389.x
http://www.ncbi.nlm.nih.gov/pubmed/19572992
http://dx.doi.org/10.1111/j.1399-3038.2012.01280.x
http://www.ncbi.nlm.nih.gov/pubmed/22433020
http://dx.doi.org/10.1016/j.jpeds.2012.05.053
http://www.ncbi.nlm.nih.gov/pubmed/22748516
http://dx.doi.org/10.1371/journal.pone.0074316
http://www.ncbi.nlm.nih.gov/pubmed/24086334
http://dx.doi.org/10.1186/2045-7022-4-S1-P138
http://dx.doi.org/10.1001/jama.2015.13896
http://www.ncbi.nlm.nih.gov/pubmed/26575060
http://dx.doi.org/10.1016/j.jaci.2015.06.011
http://www.ncbi.nlm.nih.gov/pubmed/26215052
http://dx.doi.org/10.1016/j.jaci.2014.10.001
http://www.ncbi.nlm.nih.gov/pubmed/25458910

J. Clin. Med. 2018, 7, 432 17 of 18

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

McCallum, G.B.; Morris, P.S.; Grimwood, K.; Maclennan, C.; White, A.V.; Chatfield, M.D.; Sloots, T.P;
Mackay, L.M.; Smith-Vaughan, H.; McKay, C.C.; et al. Three-weekly doses of azithromycin for indigenous
infants hospitalized with bronchiolitis: A multicentre, randomized, placebo-controlled trial. Front. Pediatr.
2015, 3, 32. [CrossRef] [PubMed]

D’Azevedo Silveira, V.; Roza, C.A.; Luisi, F; Pitrez, PM.; Stein, R.T.; Pinto, L.A. Azithromycin therapy
in infants with bronchiolitis reduces recurrent wheezing 3 months after hospitalization: A randomized,
placebo-controlled trial. Pediatr. Pulm. 2016, 51, S9.

Stokholm, J.; Chawes, B.L.; Vissing, N.H.; Bjarnadéttir, E.; Pedersen, T.M.; Vinding, R K.; Schoos, AM.M.;
Wolsk, H.M.; Thorsteinsdéttir, S.; Hallas, H.W.; et al. Azithromycin for episodes with asthma-like symptoms
in young children aged 1-3 years: A randomised, double-blind, placebo-controlled trial. Lancet Respir. Med.
2016, 4, 19-26. [CrossRef]

Wan, K.S;; Liu, Y.C.; Huang, C.S.; Su, Y.M. Effects of low-dose clarithromycin added to fluticasone on
inflammatory markers and pulmonary function among children with asthma: A randomized clinical trial.
Allergy Rhinol. 2016, 7, 131-134. [CrossRef] [PubMed]

Zhou, Y.; Bacharier, L.B.; Isaacson-Schmid, M.; Baty, ].; Schechtman, K.B.; Sajol, G.; Wylie, K.; Storch, G.A.;
Castro, M.; Beigelman, A. Azithromycin therapy during respiratory syncytial virus bronchiolitis: Upper
airway microbiome alterations and subsequent recurrent wheeze. . Allergy Clin. Immunol. 2016, 138,
1215-1219. [CrossRef] [PubMed]

Mandhane, PJ.; Paredes Zambrano De Silbernagel, P.; Nwe Aung, Y.; Williamson, J.; Lee, B.E.; Spier, S.;
Noseworthy, M.; Craig, W.R.; Johnson, D.W. Treatment of preschool children presenting to the emergency
department with wheeze with azithromycin: A placebo-controlled randomized trial. PLoS ONE 2017, 12,
e0182411. [CrossRef] [PubMed]

Pinto, L.A.; Jones, M.H.; Pitrez, PM.; Stein, R.T. Azithromycin administered at the time of severe bronchiolitis
has a protective effect on subsequent wheezing in infants. Pediatr. Pulm. 2017, 52, S165-5166.

Jartti, T.; Gern, J.E. Role of viral infections in the development and exacerbation of asthma in children.
J. Allergy Clin. Immunol. 2017, 140, 895-906. [CrossRef] [PubMed]

Unger, S.A.; Bogaert, D. The respiratory microbiome and respiratory infections. J. Infect. 2017, 74, S84-S88.
[CrossRef]

Hu, J.J.; Lu, C.Y,; Chang, L.Y.; Huang, C.H.; Chou, C.C.; Huang, FY.; Lee, C.Y.; Huang, L.M. Survey of
pertussis in patients with prolonged cough. J. Microbiol. Immunol. Infect. 2006, 39, 54-58. [PubMed]
Marchello, C.; Dale, A.P; Thai, T.N.; Han, D.S.; Ebell, M.H. Prevalence of atypical pathogens in patients with
cough and community-acquired pneumonia: A meta-analysis. Ann. Fam. Med. 2016, 14, 552-566. [CrossRef]
[PubMed]

Pinto, R.A.; Arredondo, S.M.; Bono, M.R.; Gaggero, A.A.; Diaz, P.V. T helper 1/T helper 2 cytokine imbalance
in respiratory syncytial virus infection is associated with increased endogenous plasma cortisol. Pediatrics
2006, 117, €878-e886. [CrossRef] [PubMed]

Kips, J.C. Cytokines in asthma. Eur. Respir. ]. 2001, 34, 24s-33s. [CrossRef]

Barnes, P.J. The cytokine network in asthma and chronic obstructive pulmonary disease. J. Clin. Investig.
2008, 118, 3546-3556. [CrossRef] [PubMed]

Friedlander, A.L.; Albert, R K. Chronic macrolide therapy in inflammatory airways diseases. Chest 2010, 138,
1202-1212. [CrossRef] [PubMed]

Wong, E.H.; Porter, ].D.; Edwards, M.R.; Johnston, S.L. The role of macrolides in asthma: Current evidence
and future directions. Lancet Respir. Med. 2014, 2, 657-670. [CrossRef]

Blyth, C.C.; Gerber, J.S. Macrolides in children with community-acquired pneumonia: Panacea or placebo?
J. Pediatr. Infect. Dis. Soc. 2018, 7, 71-77. [CrossRef] [PubMed]

Yamada, M.; Buller, R; Bledsoe, S.; Storch, G.A. Rising rates of macrolide-resistant mycoplasma pneumoniae
in the central united states. Pediatr. Infect. Dis. . 2012, 31, 409-411. [CrossRef] [PubMed]

Principi, N.; Esposito, S. Macrolide-resistant mycoplasma pneumoniae: Its role in respiratory infection.
J. Antimicrob. Chemother. 2013, 68, 506-511. [CrossRef] [PubMed]

Kline, ].M.; Lewis, W.D.; Smith, E.A.; Tracy, L.R.; Moerschel, S.K. Pertussis: A reemerging infection. Am. Fam.
Physician 2013, 88, 507-514. [PubMed]


http://dx.doi.org/10.3389/fped.2015.00032
http://www.ncbi.nlm.nih.gov/pubmed/25954737
http://dx.doi.org/10.1016/S2213-2600(15)00500-7
http://dx.doi.org/10.2500/ar.2016.7.0168
http://www.ncbi.nlm.nih.gov/pubmed/28107143
http://dx.doi.org/10.1016/j.jaci.2016.03.054
http://www.ncbi.nlm.nih.gov/pubmed/27339392
http://dx.doi.org/10.1371/journal.pone.0182411
http://www.ncbi.nlm.nih.gov/pubmed/28771627
http://dx.doi.org/10.1016/j.jaci.2017.08.003
http://www.ncbi.nlm.nih.gov/pubmed/28987219
http://dx.doi.org/10.1016/S0163-4453(17)30196-2
http://www.ncbi.nlm.nih.gov/pubmed/16440124
http://dx.doi.org/10.1370/afm.1993
http://www.ncbi.nlm.nih.gov/pubmed/28376442
http://dx.doi.org/10.1542/peds.2005-2119
http://www.ncbi.nlm.nih.gov/pubmed/16618789
http://dx.doi.org/10.1183/09031936.01.00229601
http://dx.doi.org/10.1172/JCI36130
http://www.ncbi.nlm.nih.gov/pubmed/18982161
http://dx.doi.org/10.1378/chest.10-0196
http://www.ncbi.nlm.nih.gov/pubmed/21051396
http://dx.doi.org/10.1016/S2213-2600(14)70107-9
http://dx.doi.org/10.1093/jpids/pix083
http://www.ncbi.nlm.nih.gov/pubmed/29096010
http://dx.doi.org/10.1097/INF.0b013e318247f3e0
http://www.ncbi.nlm.nih.gov/pubmed/22209916
http://dx.doi.org/10.1093/jac/dks457
http://www.ncbi.nlm.nih.gov/pubmed/23169891
http://www.ncbi.nlm.nih.gov/pubmed/24364571

J. Clin. Med. 2018, 7, 432 18 of 18

58. Bacharier, L.B.; Cohen, R.; Schweiger, T.; Yin-Declue, H.; Christie, C.; Zheng, J.; Schechtman, K.B.; Strunk, R.C.;
Castro, M. Determinants of asthma after severe respiratory syncytial virus bronchiolitis. ]. Allergy Clin.
Immunol. 2012, 130, 91-100. [CrossRef] [PubMed]

59. Asada, M.; Yoshida, M.; Suzuki, T.; Hatachi, Y.; Sasaki, T.; Yasuda, H.; Nakayama, K.; Nishimura, H.;
Nagatomi, R.; Kubo, H.; et al. Macrolide antibiotics inhibit respiratory syncytial virus infection in human
airway epithelial cells. Antivir. Res. 2009, 83, 191-200. [CrossRef] [PubMed]

® © 2018 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http:/ /creativecommons.org/licenses/by/4.0/).



http://dx.doi.org/10.1016/j.jaci.2012.02.010
http://www.ncbi.nlm.nih.gov/pubmed/22444510
http://dx.doi.org/10.1016/j.antiviral.2009.05.003
http://www.ncbi.nlm.nih.gov/pubmed/19463856
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Study Design and Study Selection 
	Data Extraction and Quality Assessment 
	Data Synthesis and Analysis 

	Results 
	Description of Studies and Quality Assessment 
	Data Synthesis and Meta-Analysis 

	Discussion 
	Conclusions 
	References

