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Abstract

The macrolides are a well established group of antibacterials frequently used
in general practice. The most frequently used macrolides in paediatric patients
are erythromycin, a naturally occurring compound, and clarithromycin and
azithromycin, recently developed macrolides.

Overall adverse effect rates of 7 to 26% for erythromycin, 14 to 26% for
clarithromycin, and 6 to 27% for azithromycin have been described in children.
Adverse gastrointestinal effects, including nausea, vomiting, diarrhoea and ab-
dominal cramps, are the most common problems in children. Allergic reactions,
hepatotoxicity, ototoxicity and adverse effects involving the central and periph-
eral nervous systems have also been observed in children. Stevens-Johnson,
Schénlein-Henoch and Churg-Strauss syndromes have been rarely described in
children.

Treatment-related laboratory abnormalities have been recorded in 2 to 4% of
erythromycin- and in 0 to 1% of both clarithromycin- and azithromycin-treated
children. Elevation in liver function tests was the most common abnormality
cited.
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Increased macrolide use in children in recent years has resulted in a growing
potential for drug interactions between them and other pharmacologically active
agents via the inhibition of cytochrome P450 (CYP) microsomal enzymes. Drug
interactions with theophylline, cyclosporin, carbamazepine, terfenadine and war-
farin limit erythromycin use. Clarithromycin is a weak inducer of CYP and ex-
hibits fewer drug-drug interactions than erythromycin. However, its use with
theophylline, carbamazepine and terfenadine is contraindicated. In contrast, no
significant interactions have been reported with azithromycin to date.

Macrolides have been proven to be well tolerated in the treatment of upper
and lower respiratory tract infections, skin and soft tissue infections, and also in
less frequent infections occurring in paediatric patients. In addition, clar-
ithromycin and azithromycin have shown good tolerability profiles in im-
munocompromised paediatric patients.

In conclusion,macrolides antibacterials have proven to be well tolerated in
paediatric patients. Although the incidence of adverse effects is similar with the
use of erythromycin and the newer macrolides, drug interactions occur signifi-
cantly less when clarithromycin or azithromycin are administered.

The macrolides are a well established group ofhan erythromycin againstHaemophilus in-
antibacterials frequently used in general pracfluenzag'? These 2 drugs are also active against
tice[1:2 Erythromycin, a naturally occurring com- Borrelia burgdorferj Helicobacter pylorj Plas-
pound, is the most well known member of thismodium falciparumMycobacterium avium-intra-
group and is probably one of the better tolerate@ellulare complex,Cryptosporidiumspp. andlox-
antibacterials in common u&e¥l The 2 forms of Oplasma gondii*!l These agents may also provide
erythromycin used in paediatric practice are erythalternatives to erythromycin for the management
romycin ethylsuccinate and erythromycin estolateOf several other paediatric infections, including
which are both well tolerated. However, higherBordeteIIa perFussiinfection, trachoma and neo-
peak serum concentrations and half-lives for th&atalu. urealyticuni* Moreover, they have fewer

estolate form has been noted after administratiof'téractions with commonly used QrL@%]. _
of multiple dose$! Clinical findings suggest that Only erythromycin, clarithromycin and azithro-

erythromycin in both ethylsuccinate and estolatdNYCin have been selected for review in this article,

forms is the drug of choice for infants and c:hildrenthe former being the natural product and the latter

) . . : . __two being the most often used semisynthetic newer

with pertussis, lower respiratory tract infections
. ) products.
caused byMycoplasma pneumonia€hlamydia
pneumoniaendChlamydia trachomatjd_egion-
ellosis and enteritis caused b@ampylobacter
jejuni. They are also indicated for treatment of  pata from clinical trials conducted worldwide
syphilis; for streptococcal, staphylococcal andshow that macrolides are one of the most innocuous
pneumococcal infections; genital infections cause@ntibacterial classes in use. The relatively few stud-
by Ureaplasma urealyticupand for the prevention jes that compared different macrolides in the same
of rheumatic fever and endocarditis in patients whalinical conditions showed that erythromycin, clar-
are allergic t3-lactam antibacterial§.”] ithromycin and azithromycin are well tolerated and
The newer macrolides recently developed offefcan be used for the treatment of acute bacterial in-

advantages over the erythromycin forfh&!  fections in infants and children of all ages. Overall
Azithromycin and clarithromycin are more active adverse effect rates of 7 to 26% for erythromycin,

1. Overview of Tolerability
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Table I. Comparison of the incidence of treatment-related adverse effects of macrolides in paediatric patients

Reference Indication Treatment (days) No. of patients  Adverse effect [no. (%)]
gastrointestinal allergic reactions  others

Block et al.[!] CAP E 13.3 mg/kg tid (10) 110 29 (26.3) 0 0

CLR 7.5 mg/kg bid

(10 124 32(25.8) 1(0.8) 0
Roord et al.l*%] LRTI E 13.3 mg/kg tid (10) 40 6 (15) 0 0

AZM 10 mg/kg od

(3) 45 12 (26.6) 0 0
Weippli*4] PH E 10-16.6 mg/kg tid 47 6 (12.7) 0 0

(10)

AZM 10 mg/kgod 46 4(8.6) 0 12(2.1)

3
Principi et al.l'8l  CAP E 13.3-16.6 mg/kg 67 5(7.4) 1(1.4) 0

tid (10)

AZM 10 mglkgod 78 2(2.5) 0 0

(©)]
Treadway & URTI/LRTI/SSTI E 13.3 mg/kg tid (10) 270 18 (6.7) 4(1.4) 0
Pontanil*? CLR 7.5 mg/kg tid

(10) 7 0 0 0

AZM 10 mg/kg od

3) 2655 140 (5.4) 29 (1.1) 6°(0.2)
Arguedas et al.l'8l AOM CLR 7.5 mg/kg bid 47 10 (21.2) 1(2.1) 0

(10)

AZM 10 mglkgod 50 5 (10) 0 0

(3

a Headache.

b Headache, dizziness.

AOM = acute otitis media; AZM = azithromycin; bid = twice daily; CAP = community-acquired pneumonia; CLR = clarithromycin; E =
erythromycin; LRTI = lower respiratory tract infection; od = once daily; PH = pharyngitis; SSTI = skin and soft tissue infection; tid = 3 times
daily; URTI = upper respiratory tract infection.

14 to 26% for clarithromycin and 6 to 27% for tions against the organisms usually associated with
azithromycin have been described for childtéA8!  the commonest bacterial infections encountered in
The majority of adverse effects were mild to mod-paediatric patients and a better microbiological
erate, and only rarely was therapy prematurely disprofile.[!218] A comparison of the incidence of
continued. In addition, it should be recalled thattreatment-related adverse effects of the different
adverse effect rates are always higher under thmacrolides in paediatric patients is shown in table
strict conditions of clinical trials than in daily prac- |.
tice. Treadway and PontdH treated 2655, 7 and
Data on the tolerability of erythromycin 270 children with azithromycin, clarithromycin
ethylsuccinate versus erythromycin estolate inand erythromycin, respectively. The incidence of
comparative paediatric trials are scanty; the ratesreatment-related adverse effects was 8.1% for
of occurrence of adverse effects with the 2 drugerythromycin, 0% for clarithromycin (there were
preparations seem to be similar. The incidence obnly 7 children studied) and 8.7% for azith-
adverse effects is similar with the use of erythro-romycin. In all treatment groups, the majority of
mycin and that of the other macrolides. Howeverthe adverse effects were classed as being of only
compared with both erythromycin forms, newer mild or moderate severity and were gastrointesti-
macrolides demonstrate an improved pharmacokinal in nature. Therapy was discontinued in 3% of
netic profile allowing less frequent administration, the erythromycin- and in 1.3% of the azithromycin-
increased and more consistent serum concentrareated children.

O Adis International Limited. All rights reserved. Drug Safety 1999; Jan 20 (1)
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In a review of 6655 patients aged 6 months tatering the drug with food or milk and drinking wa-
94 years, Hopkir&! confirmed these results com- ter every 15 minutes for 2 to 3 hours after each
paring the safety and tolerability of azithromycin dosel2! However, these measures may not be ef-
with that of other antimicrobials, including eryth- fective and may compromise therapy by reducing
romycin. There was no difference in safety and tolthe dose administered and/or absorbed, or by re-
erability between azithromycin and the compara-ducing compliance.
tive agents. The incidence of treatment-related
adverse effects was 8.4% for azithromycin and 1.2 Allergic Reactions
12.9% for the comparative agents considered all
together. Premature discontinuation due to adverse Allergic reactions, characterised by rash, fever,
effects was observed in 0.6% of azithromycin- andeosinophilia and joint pain, have been obseR#ets!
in 0.9% of erythromycin-treated children. However, in contrast to other antibacterial classes,

In several clinical studig$?17] erythromycin  especially the R-lactams, hypersensitivity to the
showed comparable tolerability and tolerance tomacrolides occurs rarely. The incidence of anaphy-
both clarithromycin and azithromycin. Moreover, laxis for erythromycin is less than 1 per million
it was shown that clarithromycin and azithromycin patients and newer macrolides have demonstrated
had similar tolerability profile&#! similar figured!?-18] However, other adverse ef-

Macrolide-related adverse effects can be classifects that might be associated with possible allergic
fied into 7 categories. Because of the scarcity ofeactions have been observed in 0 to 5% of children
studies comparing different macrolides, the inci-treated with erythromycin, clarithromycin and
dence of treatment-related adverse effects classpzithromycin12-18l Even this small incidence is
fied in each category can be drawn only from studfrobably spuriously high since no systematic
ies that have evaluated the tolerability of a singlesearch has been made for other causes of hypersen-
macrolide in comparison with antimicrobials of sitivity. Some of them might have been viral or due
other classes. to a response caused by the infection, rather than

the medicatiortt2-18]

1.1 Gastrointestinal Adverse Effects

) ) ) ) 1.3 Hepatotoxicity
Adverse gastrointestinal effects including nau-

sea, vomiting, diarrhoea and abdominal cramps, Macrolide-associated cholestatic hepatotoxic-
are the most common problems in patients receivity may produce mild to severe signs and symp-
ing macrolide theraph?-23l Gastrointestinal ad- toms, with the more severe symptoms mimicking
verse effect rates of 7 to 26% for erythromycin, 14acute cholecystitis. Altogether, cholestatic hepati-
to 26% for clarithromycin, and 3 to 27% for tisis a very rare event: all macrolide antibacterials
azithromycin have been obsen/ét!®l Gastroin-  have been associated with this adverse reaction, but
testinal intolerance may be related to a promotilityerythromycin is by far the most frequently impli-
effect of the macrolides on gastrointestinal smoottcated. In the past, the rate of occurrence of hepato-
muscle, caused by the macrolide acting as an agaexicity with erythromycin estolate was considered
nist at the motilin recept®? These gastrointesti- higher than with erythromycin ethylsuccinate; re-
nal complaints may occur more frequently whencent data indicate that the frequency of cholestatic
the medication is administered on an empty stomhepatitis is similar for the 2 paediatric forms of
ach and/or in excessive dosage. Several approachesythromycin29.26-30l However, for the paediatric

to reduce the incidence or severity of these effectage group as a whole, the risk of hepatic toxicity
have been proposed, such as temporarily reducingith macrolides is very small; after puberty, the
the daily dose, using the oral suspension formulafrequency of toxicity appears to increase mod-
tion in small doses at frequent intervals, adminis-estly[20:26-30]

O Adis International Limited. All rights reserved. Drug Safety 1999; Jan 20 (1)



Comparative Tolerability of Macrolides in Paediatrics 29

Individuals experiencing hepatic adverse ef-sensorineural hearing loss documented by au-
fects from macrolides complain of abdominal pain,diological assessments. Because of azithromycin
nausea and vomiting; acholic stools and dark urinetotoxicity, Wallace et df3 treatedVl. aviumwith
have also been described. Fever occurs in approx 3-drug regimen of clarithromycin, clofazimine,
imately 50% of patients; jaundice and pruritus areand ethambutol. None of the 26 patients on clar-
prominent in 20%. Hepatic enlargement may oc-ithromycin who were followed for 2 to 12 months
cur, and various pleomorphic rashes are occasioneported any ototoxicity.
ally observed. Eosinophilia is present in at least Itis unclear whether deafness may also be pos-
two-thirds of patients and serum bilirubin and al- sible in paediatric patients receiving long term high
kaline phosphatase levels are increased in aboutose macrolide therapy. However, children receiv-
half of affected individuals, whereas transaminasesng macrolides on a long term basis should be mon-
are uniformly elevated. This reaction, which usu-itored for hearing problems.
ally occurs after 10 to 21 days of treatment (sooner
on rechallenge), is thought to occur by a combined 1.5 Reactions Limited to Parenteral Products

LS - F20.28-30]
hypersensitivity-toxicity mechanisf Thrombophlebitis secondary to intravenous ad-

ministration of erythromycin is a significant ad-

verse effect that may be reduced in incidence or

Reversible sensorineural bilateral hearing Iossseverity by decreasing the infusion rate and/or the
drug concentration in the infusd#el Another ad-

which is most likely to occur at high doses in pa- froct in infant d child that b
tients with decreased renal function, has also beel€'S€ EMect In infants and chiidren that may be
related to the intravenous route of administration

reported31-33] Typical findings include moderate — _ . .
P yp J of erythromycin is cardiotoxiciti?* manifested

perceptive hearing loss with greater impairmen : ) _
above 4000Hz and low-pitched tinnitus. The oto- y bradycardia, hypotension, cardiac arrest and
torsade de pointes (polymorphous ventricular

toxic symptoms usually appear within the first )
days of drug administration and recovery of hear_tachycardla). There have been case reports of new-

ing generally begins almost immediately once thegOrn and fltnfan_t tmortallty d'.“'e. tot_cardl?c dltsr':ur-
drug is withdrawn. Macrolide ototoxicity results ances after intravenous injection ot erythro-

. ; . inI35.36] '
from excessive drug serum concentrations and ighycin: _ Consequently, Fhe_ Intravenous
thought to involve central auditory pathwd§s3! administration of erythromycw_] is not recom-
Haydon et al3l] reported 22 cases of ototoxicity mended to premature babies, infants and young

due to erythromycin. All occurred among adults,Ch'Idren'
who had a median age of 61 years. The youngest
patients were 2 young women aged 17 and 18
years, and both were experiencing renal failure. Of As would be expected with any medication that
the 22 reported cases, most had received erythras commonly prescribed, a number of adverse ef-
mycin intravenously; in 2 instances the drug hadfects have been reported on rare occasions which
been added to peritoneal dialysate. Defective exare almost certainly spurious. In most instances,
cretion of erythromycin has been found to be a mathese changes were part of the natural history of
jor factor in the production of deafnd3s. the disease that was being treated or occurred when
Hearing loss has also been described in HIVthe drug was administered but the underlying dis-
positive adults receiving long term daily regimensease was still unrecognised.
of azithromycin33! Of 21 patients treated for dis-  Adverse effects involving the central and pe-
seminatedVlycobacterium aviunmfection with a  ripheral nervous systems have been observed (with
regimen containing azithromycin, clofazimine, an incidence of 0.2 to 1.3% for all macrolides, pre-
and ethambutol, 14% developed transient bilateratlominantly manifesting as headache, insomnia

1.4 Ototoxicity

1.6 Miscellaneous Adverse Effects

O Adis International Limited. All rights reserved. Drug Safety 1999; Jan 20 (1)
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and/or dizzinesd§2-18] Stevens-Johnson, Schonlein- have been reported between macrolides and other
Henoch and Churg-Strauss syndromes have alswidely used or widely available compounds. Con-
been described in association with macrolidesequently, all patients have to be questioned care-
usel37-39] fully and cautioned before antibacterials are pre-
Clinically insignificant abnormalities in lab- scribed#-44l Macrolide drug interactions that may
oratory tests have been reported, with treatmenteause clinical symptoms in children are shown in
related laboratory abnormalities recorded in 2 totaple IIl.
4% of erythromycin- and in 0 to 1% bbth clar- Erythromycin has been noted for a wide range
ithromycin- and azithromycin-treated partici- of interactions with other therapeutic agents. Many
pantsi#-1840 Elevation in liver function tests have of these interactions can be severe and have re-
been the most commonly reported (table Il). All syjted in erythromycin's use being restricted
laboratory values were found to return to normal algmong certain patient groups receiving concomi-
follow-up [#-18.40] tant therapies. Drug interactions with theophylline,
cyclosporin, carbamazepine, terfenadine and war-
farin limit erythromycin usé?41-44]

Increased macrolide use in recent years has re- Children receiving concurrent therapy with
sulted in a growing potential for drug interactions €Ythromycin and theophylline were found to have
between these agents and other drugs. Most dparkedly increased serum concentrations of theo-
these interactions involve inhibition of drug meta- Phylline, and this was often associated with bouts
bolism via cytochrome P450 (CYP) microsomal ©f vomiting [3! Parish et al*®! reported a case of a
enzymes. This occurs via the induction of 1 or morechild who was taking carefully monitored doses of
CYP enzymes that in turn convert the macrolide tdtheophylline for chronic asthma and who experi-
a nitrosalkalane metabolite that forms a stable in€nced seizure activity when she was placed on
active complex with the iron of CYP. Interactions erythromycin therapy for bronchitis.

Cyclosporin is extensively metabolised by the
CYP system and so, as with theophylline, there is

1.7 Pharmacological Drug Interactions

Table Il. Liver function abnormalities occurring during macrolide

therapy considerable potential for interaction with erythro-
Erythromycin®)  Clarithromycin?2 - Azithromycint mycin. This is particularly important because,

AST/ALT since immunc.)supplressant-s reduge the ability of the
No. of 166 1101 598 body to fight infection, antibacterial therapy is of-
patients ten required.
evaluated A b f f b . toxicit
No. (%) with 7 (4.2) 5(0.4) 3(05) number of cases of carbamazepine toxicity
values ONL have been described in children with epilepsy who
Alkaline phosphatase were alsq receiving -erythromycm. Signs of toxic-
No. of 166 1676 486 ity, including confusion, somnolence, ataxia, ver-
patients tigo, nausea and vomiting started shortly after be-
evaluated X . . .

. ginning erythromycin therapy and disappeared
No. (%) with 6 (3.6) 0 2(0.5) ) . . )
values ONL rapidly on withdrawal of the antibacteri&?:>2
Total bilirubin Thus_, if av0|da_n_ce (_)f this drug combln:?mon is not
No. of 166 1077 489 possible, modification of carbamazepine dosage
patients and/or monitoring blood concentrations is desir-
evaluated ablel50.52]
No. (%) with 3 (1.8) 1(0.09) 1(0.2) . . )
values ONL Terfenadine, when administered with erythro-
ALT = alanine aminotransferase (SGPT); AST = aspartate amino- mycin, may accumulate and serious cardiovascular
transferase (SGOT); ONL = outside normal limits . adverse effects may occur. These reactions include

O Adis International Limited. All rights reserved. Drug Safety 1999; Jan 20 (1)
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Table Ill. Pharmacological drug interactions of macrolides: clinical Modifications of the macrocyclic lactone ring
effects observed in children structure and of the substituent groups in erythro-
Macrolide Interacting drug  Clinical effect Reference mycin have resulted in macrolide compounds with
E, CLR Theophylline Nausea, vomiting, 44-47 diff d . . 'dFSM]

convulsions, ifferent drug interaction potentidfs?

supraventricular Clarithromycin is a weak inducer of CYP and
. rosoor E‘Chylcf“,‘l"a 4640 exhibits fewer drug-drug interactions than erythro-

yclosporin enal fallure y . . . .

E, CLR Carbamazepine Nausea, vomiting, ~ 50-52 myCIr.]' However, its uge W!th theophy”_me’ carbam-
confusion, azepine and terfenadine is contraindicétgéf.52
52:‘;32'6”‘39' ataxia, There have been no reports of clarithromycin inter-
vertl

i i 157,58

E, CLR Terfenadine Ventricular 53 actlng Wlth_ gyclo;pornﬁ’? . ]
arrhythmias, No significant interactions have been reported
torsd"_‘de de pf:'”;eslth with azithromycin to dat&3-44 These data may be
caraiac arrest, deal . . . .

£ Warfarin Haemorrhage a4 explalned py the absence of CYP mterac_tlons with

E Corticosteroids ~ Myopathy, 4454 azithromycin. Consequently, azithromycin can be
nervousness, administered to patients receiving theophylline,
g‘;‘;’:;éi;sis’ carbamazepine, terfenadine and warfarin without
osteonecrosis need for dosage adjustmé##44 However, a sin-

E Digoxin Atrial or ventricular 55 gle recent case report showed a marked increase in
arrhythmias, . .
cardiac arrest, serum concentrations of cyclosporln 2 days gfter
death, nausea, the start of a 5-day course of azithromycin in a
xg;“é:{;?{ed'a"hoea’ renal transplant recipient. Monitoring of serum

£ Ergotalkaloids  Nausea, vomiting, 44,56 cyclosporm co_ncentratlons |s_therefore recom-
hypoaesthesia, mended in patients who receive both dri#§s.
paraesthesia Data on interactions between azithromycin and

E B di i N iti 44,56 . . . . .

ittt digoxin or ergot derivatives are unavailable at
somnolence, ataxia, present. Therefore, serum digoxin concentrations
vertigo should be monitored in patients who are prescribed

CLR =clarith inE= h in. . . . . .
clarithromyain; £ = erythromycin azithromycin together with digoxin and concurrent

administration of azithromycin and ergot deriva-

) ] ) tives are not recommended because of the theoret-
ventricular arrhythmias, torsade de pointes, Carieal risk of ergotisnis6.60]

diac arrest and deal#! Erythromycin can also de- Although the absorption of the capsule formu-
crease warfarin clearance and consequently capyion of azithromycin is significantly reduced by
markedly increase prothrombin time. In patientscoagministration with food, the paediatric oral sus-
receiving concomitant therapy it is recommendedsension and tablet formulations are not, and can be
that prothrombin time is monitord#! taken without regard to medf4!

There are also several reports of erythromycin |nterestingly, interactions have been observed
interacting with a range of other drugs including petween azithromycin and aluminium/magnesium
corticosteroids, bromocriptine, digoxin, ergot al- combination antacids. Although the mean maxi-
kaloids and benzodiazepiné$>354lin the case of mum serum concentrations of azithromycin were
digoxin, the interaction is thought to occur via en-significantly reduced by concurrent antacid admin-
hancement of the bioavailability of the drug sec-istration, the extent of total azithromycin absorp-
ondary to inhibition of digoxin-metabolising bac- tion was unaffected. This finding probably has lit-
teria in the large bowét?! tle clinical implication as the activity of

O Adis International Limited. All rights reserved. Drug Safety 1999; Jan 20 (1)
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azithromycin is not directly dependent on serumdren with upper respiratory tract infections is
concentratior??! shown in table IV.

The data presented in references 41 to 60 high- It has been shown that phenoxymethylpenicillin
lighted that an advantage of the newer macrolidegpenicillin V) and macrolides are both well toler-
is their lower incidence of drug interactions thanated in upper respiratory tract infectidfisé3! Still
erythromycin. However, it is important to remem- et all%1l compared clarithromycin and phenoxy-
ber that investigations on possible drug interacmethylpenicillin potassium (penicillin VK) sus-
tions are usually conducted in healthy volunteerspensions. It was observed that the 2 drugs were
so that experimental conditions are controlled andequally well tolerated. The incidence and nature of
confounding factors are avoided. Clinical practiceadverse effects were similar in the clarithromycin
can present a different picture. There are severadnd penicillin groups, except for gastrointestinal
groups of patients in whom the risks of interactionscomplaints reported in 14% of the clarithromycin
are greater, and it is important that the medicalecipients compared with 5% in the penicillin re-
community is first alerted to a potential interaction cipients (p <0.01). There were no significant

through a case report. In particular, it is importantchanges in haematological or serum chemistry pa-
to carefully observe immunocompromised patientSgmeters in either group.

who are at increased risk of antibacterial-related In a multicentre trial, Hamif2! compared az-

interaqtions pecause they receive a}ggressive a”tffhromycin once daily for 3 days with phenoxy-
bacterial regimens as therapy for d'ﬁ'cu“'to'treatmethylpenicillin 4 times daily for 10 days in chil-

pathogens. dren with acute pharyngitis or acute tonsillitis.
Only 2 patients (4%) in the azithromycin group
2. Macrolide Tolerability in Different complained of adverse effects. One patient had
Clinical Conditions moderate headache and dizziness, and vomited

In vitro susceotibility testing has demonstrated®"c€ (4 weeks after the end of treatment): this event
P y 9 - was unlikely to be related to the study treatment.

tivity of li inst - - . .
a good activity of macrolides against Gram-posi The second patient had moderate diarrhoea on the

tive and Gram-negative pathogens, as well as atyp- . g
ical organisms involved in the aetiology of upperHaStday of treatment, but this resolved.W|th|n 1 day.
No adverse effects were reported in the group

and lower respiratory tract infections and skin and

soft tissue infections. Moreover, newer macrolidest€ted with phenoxymethylpenicillin. Laboratory

have proven to be useful for therapyHflicobac- test abnormalities were observed in 13% and in 9%
ter pyloriinfections, mycobacterial and odontoge- azithromycin- and phenoxymethylpenicillin-treated

nic infections and prophylaxis against chloroquine-Pati€nts, respectively, but none was judged to be
resistant strains d?lasmodium falciparurf$-11 clinically significant. Most of the abnormalities re-
corded were haematological (low neutrophil count,

elevated white blood cell count); in 1 patient liver
enzymes were elevated but no follow-up was re-

The group A3-haemolytic streptococcuSirep- quired. It was concluded that the shorter azithro-
tococcus pyogengsemains an important cause of mycin course was as well tolerated as the standard
acute pharyngitis, especially among school-aged.0-day penicillin course. Other studies have
children. Parenteral or oral penicillins are the drugsyielded similar resultg!63]
of choice in the treatment of this disease; macro- Apart from pharyngitis, one of the commonest
lides are considered the most useful alternativénfectious diseases in childhood is acute otitis me-
agents except in countries where the frequency oflia. It is predominantly of bacterial aetiology:
erythromycin-resistars. pyogenestrains is rele-  Streptococcus pneumoni@&ethe most frequently
vant[-2.10] The tolerability of macrolides in chil- recognised pathogens, followed byaemophilus

2.1 Upper Respiratory Tract Infections
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Table IV. Tolerability of macrolides in children with upper respiratory tract infections

Diagnosis Dosage (mg) Treatment No. of evaluable  Adverse Overall gastrointestinal  Reference
duration (days) patients events (%) problems (%)

Comparisons with phenoxymethylpenicillin [penicillin V (PV)]

PG CLR 7.5 mg/kg bid 10 176 52 142 61
PV 13.3 mg/kg tid 10 191 46 5

PG AZM 10 mg/kg od 3 49 4 0 62
PV 125-250 mg qid 10 47 0 0

PG AZM 10 mg/kg od 3 160 14 NA 21
PV 18 mg/kg tid 10 160 9 NA

PG AZM 10 mg/kg od 3 93 8.6 75 63
PV 14 mg/kg tid 10 90 55 4.4

Comparison with amoxicillin (AMX)

AOM CLR 7.5 mg/kg bid 7-10 27 25.6 15.4 64
AMX 20 mg/kg bid 7-10 20 17.5 12.5

AOM AZM 10 mg/kg od 3 7 3 3 65
AMX 10 mg/kg tid 10 77 4 4

AOM prevention AZM 5-10 mg/kg od 180 74 0 0 75
AMX 20 mg/kg od 180 74 0 0

Comparison with amoxicillin-clavulanic acid (AMC)

AOM CLR 7.5 mg/kg bid 10 161 31.12 21.12 66
AMC 13.3 mg/kg tid 10 177 41.8 36.7

AOM CLR 7.5 mg/kg bid 10 90 322 20?2 67
AMC 13.3 mg/kg tid 10 90 51 51

AOM AZM 10 mg/kg od 3 197 11.72 7.62 68
AMC 13.3 mg/kg tid 10 192 224 18.7

AOM AZM 10 mg/kg od 3 215 452 3.28 69
AMC 13.3 mg/kg tid 10 198 8.3 5.8

AOM AZM 5-10 mg/kg od 5 85 3.52 3.5 70
AMC 13.3 mg/kg tid 10 84 31 28.6

AOM AZM 5-10 mg/kg od 5 341 8.82 7.92 71
AMC 13.3 mg/kg tid 10 336 30.8 28.7

AOM AZM 5-10 mg/kg od 5 263 7.22 6.12 72
AMC 13.3 mg/kg tid 10 263 17.1 14.8

Comparison with cefaclor (CEC)

AOM CLR 7.5 mg/kg bid 10 199 15.1 1.4 73
CEC 10 mg/kg bid 10 180 17.2 13.3

AOM AZM 10 mg/kg od 3 125 5 5 74
CEC 6.6 mg/kg tid 10 134 6 5

a p<0.05 versus comparator agent.
AOM = acute otitis media; AZM = azithromycin; bid = twice daily; CLR = clarithromycin; NA = not available; od = once daily; PG = pharyngitis;
gid = 4 times daily; tid = 3 times daily.

influenzae and Moraxella catarrhalis Therapy catarrhalisandH. influenzaere creating concerns
with an appropriate antibacterial, coupled with regarding the use of amoxicillin as traditional first
clinical follow-up, remains the cornerstone of ef- line empiric therapy for acute otitis media. Thus,
fective therapy. The recent emergence of penicil-alternative agents have been employed.
lin-resistantS. pneumoniaand the increasing fre- Newer macrolides have proven to be clinically
guency of R—lactamase-producing straindvbf and bacteriologically equivalent to amoxicillin,
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amoxicillin-clavulanic acid, or cefaclor for the between azithromycin and amoxicillin-clavulanic
treatment of acute otitis media in children, with aacid in terms of tolerability were statistically sig-
comparable safety profile and low incidence of ad-nificant: treatment-related adverse effects were re-
verse effectf4-75] corded in 4.5% of azithromycin recipients and in
Pukander et df4 showed that clarithromycin 8.3% of amoxicillin-clavulanic acid recipients. No
and amoxicillin, both twice daily for 7 to 10 days, patients in the azithromycin-treatment group were
were similarly effective and well tolerated for the withdrawn from treatment, whereas 6 amoxicillin-
treatment of acute otitis media in children. No sig-clavulanic acid—treated patients, including two pa-
nificant differences in the incidence rates of ad-tients who were <2 years of age, discontinued treat-
verse effects and laboratory abnormalities werenent prematurely because of moderate
found. In both treatment groups gastrointestinalgastrointestinal disturbances (p < 0.05).
disorders were the most common complaint. Com- In 11 of 243 azithromycin-treated patients, a to-
parable tolerability was also observed betweertal of 14 adverse effects that may or may not have
azithromycin and amoxicilliff®! been treatment related were recortf&dOf these
Mohs et al®®! compared azithromycin once 14 effects 11 involved the digestive system as fol-
daily administered for 3 days with amoxicillin ad- lows: 4 cases of mild and 2 of moderate diarrhoea;
ministered 3 times daily in the treatment of acute2 cases of moderate vomiting; 1 case of mild ab-
or recurrent otitis media. Both drugs were well tol-dominal pain; 1 case of mild dyspepsia; and 1 case
erated by the children, with no discontinuationsof moderate jaundice. Nongastrointestinal adverse
due to adverse effects in either group. All adverseeffects consisted of moderate rash in 1 patient with
effects were gastrointestinal in nature. moderate diarrhoea, moderate anorexia in 1 child,
Randomised, multicentre trials have also com-who also experienced mild vomiting and diarrhoea,
pared the safety and efficacy of clarithromycin andand mild cough in 1 patient.
azithromycin with that of amoxicillin-clavulanic In 20 of 240 amoxicillin/clavulanate-treated pa-
acid in the treatment of acute otitis media in chil-tients a total of 30 adverse effects that may or may
drenl®6-721 Data have indicated that the efficacy of not have been treatment related were recol@fed.
clarithromycin oral suspension was comparableOf these, 24 involved the digestive system as fol-
with that of amoxicillin-clavulanic acid oral sus- lows: 13 cases of diarrhoea, 7 cases of vomiting, 3
pension; however, clarithromycin was better toler-cases of nausea and 1 case of mild dyspepsia. Other
ated with a lower incidence of gastrointestinal ad-adverse effects included 2 cases of moderate and 1
verse effect$6.671 Also, azithromycin was as case of mild abdominal pain, and moderate rash
effective as amoxicillin-clavulanic acid both clini- and moderate facial oedema in 1. No significant
cally and bacteriologically, but was significantly difference was detected between treatment groups
better toleratetf8-72 Neither drug caused serious in the proportion of patients with laboratory abnor-
adverse effects, and no patients were withdrawmmalities or abnormal liver function tests when all
from therapy as a result of laboratory test abnorpatients or the subgroup who were <2 years old
malities in any study. Of note, however, azithro-were considered.
mycin was associated with a significantly lower Other studies have confirmed that azithromycin
incidence of adverse effects in the comparative triis as effective as amoxicillin-clavulanic acid but
als, as well as a markedly lower incidence of with-produces a significantly lower incidence of adverse
drawals because of adverse effects than ameffectsl®8.70-72]
oxicillin-clavulanic acid®8-72 Moreover, no statistically significant differ-
In an nonblind multicentre stul#§! carried out ences were observed between clarithromycin or a
in 484 children between the ages of 6 months an@-day regimen of azithromycin and cefaclor sus-
12 years with acute otitis media, the differencespension in the treatment of acute otitis media in
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children!73.741Gooch et al’3! showed that adverse 2.2 Lower Respiratory Tract Infections

effects associated with the digestive system were

the most frequently reported among treatment Practitioners have developed a functional algo-
groups: diarrhoea was the most common gastroinithm, based on limited data from past studies,
testinal complaint in the clarithromycin treatment @bout the most important organisms by age group
group, whereas vomiting was the most commorOf €mpiric treatment of community-acquired
gastrointestinal complaint in the cefaclor group.Pneéumonia in children. These causative organisms
No clinically significant differences in laboratory 2'€ Pelieved to be mainly respiratory viruses and

values were observed between the 2 treatment: PN€umoniaén young children anc. pneu-
groups. moniag M. pneumoniaeand C. pneumoniaén

Rodrigue¥4 performed an nonblind, multi- olde_r childreri/®! When the diagn_osis . pneu-
centre study involving 259 children between g Moniaepneumonia seems to be likely, macrolides

months and 13 years of age to assess the effica e not recommended due to the high resistance

and tolerability of azithromycin and to compatre it . te to these antibacterials amdﬂgpneumon_lae
: - ._ isolates. On the other hand, whdn pneumoniae
with cefaclor as treatment of acute otitis media.

Patients were randomised to receive either azithro?ndc' pneumoniaare believed to be the aetiolo-

mycin 10 mglkg once daily for 3 days or Cefaclorgical agents of lower respiratory tract infections,
40 mg/kg daily in divided doses every 8 hours formacrolldes are considered to be the therapy of

choicel’”]
10 days. The results showed that the 2 treatments . . .
In these infections there are only comparative

?alld cgl_”lr?tpara_?rl]e chmca}! ;a;ncatc):y W'thdcog]parablfclinical trials of tolerability between different mac-
olerability, with none ot the observed adverse el ,;qoq and not between macrolides and antimicro-

fec'T_s_cor?s“de;)red to bedsevere. Morec:jv_er, no a]Emhortiials of other classes. All the macrolides appear to
mallities in laboratory data were noted in any of the,,, \ el tolerated.

evaluable patients. Block et al”! found that clarithromycin and

It is also well known that, because of po_s_s'bleerythromycin were similarly effective for the treat-
short and long term sequelae of recurrent otitis Merent of radiographically proven, community-ac-

dia, prevention is desirable. Among the various aquuired pneumonia in children older than 2 years.

proaches which have been proposed, chemoprerpe majority of adverse effects were mild to mod-
phylaxis has been considered the first option.grate and related to the gastrointestinal tract; these
Azithromycin, with its good activity against patho- effects occurred in 24% of clarithromycin- and
gens that commonly cause acute otitis media ang 3o, of erythromycin-treated patients. The major-
its peculiar pharmacokinetic properties, if given ity of nongastrointestinal adverse effects reported
periodically, is theoretically as effective as antibac-yere thought to be secondary to concurrent condi-
terials traditionally recommended if given contin- tions related to the patients’ pneumonia and not
uously. We performed a study in which a 6-monthcaused by the study drug therapy. Clinically insig-
course of once-weekly azithromycin 5 or 10 mg/kgnificant asymptomatic elevations in liver function
was compared with that of once-daily amoxicillin tests, which did not require a change in therapy,
20 mg/kgl”>! We observed that both drugs were were observed in 1 patient in each treatment group
well tolerated and no laboratory or clinical adversebut all laboratory values returned to normal at fol-
effects were observed. Although in our study nolow-up visits.

substantial modification of the nasopharyngeal In children with community-acquired pneumo-
flora was noted at the end of prophylaxis in bothnia[15.18] azithromycin 10 mg/kg/day once daily
antimicrobial groups, accurate selection of chil-for 3 days was compared to erythromycin 40 to 50
dren eligible for prophylaxis is mandatory to avoid mg/kg/day 3 times/day for 10 days. It was observed
the risk of emergence of resistant straifk. that azithromycin was well tolerated and had a
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Table V. Tolerability of macrolides in children with skin and soft tissue infections

Reference Diagnosis  Dosage (mg/kg) Treatment No. of evaluable Adverse Overall gastrointestinal
duration (days) patients events (%) problems (%)
Hebert et al.[81] SSTI CLR 7.5 bid 10 118 15.3 1
CFR 15 bid 10 113 19.5 15
Montero!®2 SSTI AZM 10 od 3 100 3 0
CEC 6.6 tid 10 100 2 0
Rodriguez-Solares ~ SSTI AZM 10 od 3 30 4 4
etal % DCX 3-6 gidor FCX 7 30 4 4

125-400mg qid
AZM = azithromycin; bid = twice daily; CEC = cefaclor; CFR = cefadroxil; CLR = clarithromycin; DCX = dicloxacillin; FCX = flucloxacillin; od
= once daily; gid =4 times daily; SSTI = skin and soft tissue; tid = 3 times daily.

more rapid onset of action than the comparator An nonblind, multicentre studd?! was carried
drug. Most adverse effects were gastrointestinabut in 200 paediatric patients between 6 months
complaints (diarrhoea, abdominal discomfort andand 12 years of age with skin and/or soft tissue
vomiting) in both treatment groups. The shorterinfections (mild-to-moderate dermatological con-
treatment course of azithromycin, however, mightgitions and abscesses) to compare the efficacy and
have an additional beneficial effect on compliance.safety of azithromycin and cefaclor oral suspen-
sions. Patients were randomly assigned to receive
2.3 Skin and Soft Tissue Infections either azithromycin 10 mg/kg once daily for 3 days
or cefaclor 20 mg/kg/day in 3 divided doses for 10
Skin and soft tissue infections are common in-days. The clinical efficacy and the tolerability pro-
fections, usually caused §taphylococcusind  file of both treatments were comparable. In partic-
Streptococcusspeciesd’® 79 Many antibacterials ular, the incidence of adverse effects was low (3%
have been used to treat these infections, but thein the azithromycin group and 2% in the cefaclor
success has been limited by drug resistance or byroup) and no patient in either treatment group
adverse reactions. Newer macrolides have showqithdrew from the study because of adverse ef-
improved tolerability and efficacy profiles, but op- fects. There were, however, significant differences
timal therapy has not yet been defif@Results iy the treatment regimens of both antibacterials,
of paediatric multicentre trials, in which macro- yith advantages in favour of azithromycin because
Ilde_s have been stucﬁed for skin and soft tissue iNgf the once-daily dosing and the short duration of
fections, are shown in table V. treatment.
_ Hebert e_t aléll reported results (_)faml_JIt_lcentre Rodriguez-Solares et 8! in an nonblind,
;g‘?llgf dcéagt?(;ocn;?{g'rgnogciagrr%)gkzwdsrqg"lsgeriirrandomised multicentre trial compared azithro-
with infec)t/ions of the skingnd skin structures. élar_?nycm 10 mg/kg/day once daily, over 3 days with

ithromycin oral suspension appeared to be a Wel?' 7LO);§C'”'3 estedr.s, dIC|0X-a?I||ItI’.'I 125 t(.)t 25d
tolerated and effective alternative to cefadroxil for "9/K9/day, depending upon inféction severity, ad-

the treatment of paediatric skin and skin structuregninistered in 4 equal doses daily over 7 days, and
infections. Adverse effects were mild or moderatefucloxacillin 500 to 1000 mg/day for patients aged
and were reported in 25% of clarithromycin and in2 t0 10 years, and 1000 to 2000 mg/day for patients
35% of cefadroxil patients (p > 0.05). In both aged >10years, administered in 4 equal doses daily
groups adverse effects involved primarily the di-over 7 days. Azithromycin was shown to be at least
gestive tract. The most common gastrointestinal efas effective and well tolerated as alternative treat-
fects event in both treatment groups was vomitingments. Adverse effects, all of which affected the
No significant laboratory changes were noted.  gastrointestinal system, were all rated as mild and
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occurred in 4% of the children in each treatmentover doxycycline. Firstly, azithromycin may be

group. better tolerated than doxycycline prophylaxis be-
cause gastrointestinal complaints are reported
2.4 Other Infections more frequently with the latter drug. Secondly, the

long half-life of azithromycin suggests effective-

The antimicrobial spectrum of clarithromycin ness when given once or twice a week, whereas
and azithromycin has suggested a number of furdoxycycline has a short half-life of 18 hours and
ther uses for these newer macroliées! must be taken every day to prevent malaria.

It has been observed that a 1-week course of Clinical data are unavailable for some diseases
treatment with colloidal tripotassium dicitrato caused by organisms that are susceptitigtro to
bismuthate (bismuth subcitrate), combined withnewer macrolides such & pertussi$8® How-
metronidazole and clarithromycin, can eradicateever, because of their ease of administration, newer
H. pylori infection in children and is well toler- macrolides might be of value for therapy or pro-
ated[® Among the 22 children who entered into phylaxis of cases and contacts of whooping cough.
the study, 15 noted no adverse effects apart from

black stools, which was expected due to the inclu-
sion of a bismuth-containing compound in the reg-
imen. Two children (9%) had significant adverse
effects. One of these children complained of mul- In the last 20 years, more than at any time in the
tiple symptoms, including a burning sensation ofpast, the practice of medicine has had to face the
the tongue, vomiting for 1 day, persistent diar-challenge of infections in the immunocom-
rhoea, and nightmares. A second child vomited opromised host. With the onset of ablative chemo-
spat out approximately 10 doses of elixir, and wagherapy, the widespread use of immunosuppressive
noted to be irritable during the period of treatment.regimens, and the occurrence of the AIDS epi-
Milder adverse effects were observed by 5 chil-demic, illnesses unknown to prior generations
dren. Four (18%) complained of a bad taste othave been seen. Depletion of CD4+ lymphocytes
burning sensation on the tongue. The fifth childprevents the host from activating monocytes and
was nauseated for 2 days. None of children withmacrophages and, as a consequence, a variety of
drew from the study due to adverse effects. opportunistic pathogens become capable of caus-
Safety data are also available from asi#flin  ing disease. Antibacterials which accumulate
paediatric patients receiving clarithromycin plus within the cell can serve to compensate for this
rifabutin for the treatment of nontuberculous my- deficit in phagocytic functiof!
cobacterial lymphadenitis. This drug combination In addition to their activity against Gram-posi-
was associated with a good tolerability profile andtive and a number of Gram-negative pathogens,
caused resolution of discharge and chronic sinusewer macrolides are effectiire vitro and in ani-
formation. mal model¥1-%] againstCryptosporidium parvum
Azithromycin and spiramycin were compared T. gondii P. carinii, Rhodococcus equBartonella
in the treatment of odontogenic infections in an(Rochalimae species and th#ycobacterium
nonblind, randomised studf?! Both drugs were avium-intracellularcomplex. The combination of
well tolerated; azithromycin, however, was signif- these drugs’ broad antibacterial spectra and their
icantly more effective than spiramycin in reducing proclivity to concentrate within infected cells
the numbers of anaerobic bacteria in the oramakes them particularly attractive agents for use in
microflora. Moreover, azithromycin has antimalar- therapy of the immunocompromised pati&rif!
ial activity and favourable pharmacokinetic prop- The activity of azithromycin and clarithromy-
erties as a prophylactic antimalarial ag€h®8l  cin in the treatment of HIV-seropositive children
Prophylactic azithromycin may offer advantagesinfected withMycobacterium avium-intracellular

3. Tolerability in Selected
Groups of Patients
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complex has recently been descriltdt.Both likely patient compliance with, and completion of,
drugs were well tolerated: adverse effects that wer¢he administration regimen.
sometimes described included diarrhoea, nausea, In conclusion,macrolides represent a class of
vomiting, abdominal pain, headache, dizziness, seantibacterials characterised by a good tolerability
rum aminotransferase elevations and ototoxicity. profile. Erythromycin still plays an important role
In an experimental study RePd found in the therapeutic approach of infections in chil-
azithromycin to be the most effective macrolide indren. Although the incidence of adverse effects is
decreasing the parasitic load in the ileum of im-similar with the use of erythromycin and that of the
munosuppressed experimental animals infecteshewer macrolides, drug interactions occur signifi-
with Cryptosporidium These data have been con- cantly less frequently when clarithromycin or
firmedin vivo by Vargas et dP%l who observed, in  azithromycin are administered. These advantages,
2 children with cancer and cryptosporidiosis, thatcoupled with the better compliance of the latter
administration of azithromycin 40 mg/kg once drugs, should be considered in the choice of anti-
daily for 21 days was followed by prompt clinical bacterial treatment for paediatric patients.
improvement.
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