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= Abstract =
Emergence of macrolide resistance and clinical use of macrolide antimicrobials in children
Eun Hwa Choi, M.D.

Department of Pediatrics, Seoul National University College of Medicine, Seoul, Korea

Macrolide antimicrobial agents including erythromycin, roxithromyein, clarithromycin, and azithromyecin are commonly used in
the treatment of respiratory tract infections in children. Newer macrolides that have structural modifications of older drug
erythromyein show improved change in the spectrum of activity, dosing, and administration. However, recent studies reported
that increasing use of macrolide antibiotics is the main force driving the development of macrolide resistance in streptococci
In particular, azithromycin use is more likely to select for macrolide resistance with Streptococcus pneumoniae than is clari-
thromyein use, a possible reflection of its much longer half life. Recently, erythromycin resistance rates of S. pneumoniae and
Streptococcus pyogenes are rapidly increasing in Korea. Two main mechanisms of acquired macrolide resistance have been
described, altered binding site on the bacterial ribosome encoded by the ermB gene and active macrolide efflux pump
encoded by the mef gene. Relationship between the susceptibility of S. pneumoniae and the response to macrolides has
been shown in studies of acute otitis media, but less clear in cases of pneumonia. This article reviews the spectrum of
activity, pharmacokinetic properties, mechanisms of action and resistance, and clinical implication of resistance on the
treatment of respiratory tract infections in children. (Korean J Pediatr 2008 51:1031-1037)
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Macrolidel #tAlE E5F7] 79 A0 ASAR = =
macrocyclic lactone ringe 233t 21°JA] macrolidesl &
A Bt Erythromycing macrolide Al @A 5 7%

1. &5t =t =2 7)™
S AL 2 Aol lom erythromycin® FZE W e
BN At Wle oFE &% I g Xo]Z HolE AES Macrolide 4l &4+ macrocyclic lactone ringS 7]¥ +%
macrolideZl &A1 ¢} ketolidedl &t Al(e.g. telithromycin) 7} 2 3}H, lactone ring® T=ol wel 147} (erythromycin,
M=ol AFEE AL Qi) o] oA AlZE macrolidedl &t clarithromycin, dmthromycm roxithromyecin), 1523 (azithro-
Ao 545 erythromycin® Yaste] g+t 283 W WA mycin), 2213 162+ (josamycin, midecamycin, rokitamycin,
717 D QAA Ao thaix] AWzt o) wak HE 97 spiramycin) &2 -‘:#%—{]Ur o] % rokitamycing A3 87}4]
e ofuE} o E Fagt AR FAea e dT dEo] HuUlo Al Al Foltt o] FollA AFHoRE &3] ALE
(Streptococcus pneumoniae)™ A AT (Streptococcus ¥+ oFAl= erythromycin, roxithromycin, clarithromycin 2
pyogenes)® erythromycin WAE <71 £ WA g5 7149 azithromycin®] i ©] 4 7}FA] <A 5 roxithromycin< 7] =] A]
= AlREA o A AT A= AlgH ot} Erythromycin
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W, azithromycin< macrolide Rt azalideZl A2 57
st Aol o Al Macrolides #54el e Aol
50S ribosome®l 7FH o2 AFEtS] transpeptidation, trans-
location, chain elongation®] ZA-& Walghozn FxHoR
Aol RNA o|&4 whil S oA ae”,

2. ¥=sty EZ(Pharmacokinetic Properties)

ox

Macrolide AlA|E v]szgh &t He e} 248 7]|dS 247
Aoz okFshs EAd= 2o)rt gtk FERAQ1 WEtE
o] A Z& macrolide AA+= erythromycinel Hldte] o #g
5 EAL 7HA A itk Erythromycine A3 pHelA]
ol FE7] Wi AT A o] &-F (bioavailability) o] &
TrARBEAL AAS] el wet xfolzt vk evh, M2 ma-
crolide AlAl= 4toll ©f QA oelm AJA|o]&E | clarithromycin
55%, azithromycin 37% %= 4= AT Y. 2k macrolide A4
13] &% ARGl W& 5tz E4ole R 7HA] Aol itk
(Table 1). A, azithromycin® #i 8% §%Z+ clarithro-
mycin®l| H]&te] ¢F 5u) = vty Z1#fu azithromycin®] Al
¥ 9 23 U TZ+ clarithromycinel Hlske] o =t 4,
azithromycin® W75 oF 70A170.2 wlg- ZA7] wjFo] 1Y
13] &9Ho] 7Fs3dl, clarithromycin 19 23] €3S o=
sich AlA o A clarithromycin (60-70%)°] azithro-
mycin (7-50%)° wlate] o wrf >0,

Macrolide AAE A&l 1544 0]7] wimol AR 24
of sFHAsHAl Ex 3} Clarithromycine Z32 W s%=7F 8%
Y s=d v]gte] 2-208) A= ¢ =31, azithromycin< %32 U
FE7FEA W szl Hlske] 10-1000 B T mobAl, $lolA
AF e vk} azithromycin® %2 Ul #3257}t o] =} A
£ wpAH Folalal 24A)3ke] AHe & A AIAEE S
Ao Aol o] F 742 Ao FrE A s 200 F&
olH HE tIAAE YelAe 3 Fxo Y3t clarithromy-
cin®] 4009, azithromycin®] 8008 = =vtx H 1=k 1
i, o] F ZEA] oRAle] AU BE| Apol7h AR AR

o,

[«
-
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Table 1. *Comparative Pharmacokinetics of Macrolide Anti-
microbials

Parameter Erythromycin Azithromycin Clarithromycin
Bioavailability 25 37 55

Cmax (mg/L) 0.3-0.9 0.4 21-24
Tmax (h) 3_4 2 2

Ty (h) 2-3 40-68 3-5
AUC (mg/L xh) 8 34 19

"Mean values after a single 500-mg oral dose

Abbreviations: AUC, area under plasma concentration time
curve, Cmax, peak serum concentration; Thax, time to peak
serum concentration; Ti», serum half-life.

Table adopted from Zuckerman JM. Infect Dis Clin N Am
2004;18:621-49.7
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Clarithromycin< 7Fol Al cytochrome P-450 3A4 (CYP3A4)
el 95t tiAbE o] #4 diAES] 14-hydroxyclarithro-
mycins At A Fo7e] 30-50%7F ALE A 22
A A e FEE Ao widE L U A7t 5o s v
A¥t) Azithromycine W gHoR wjdsa Ao )

AEe &2 3] gor, clarithromycin®= @2 cytochrome

P-450 &A4Aete] A argol gk
3. & Hel

Clarithromycin@} azithromycin®] National Committee for
Clinical Laboratory Standards (NCCLS) A F oA 744 7]
+ol 3 HAIAF=(minimal inhibitory concentration,
MICO)E =% 2l #39 A9 clarithromycin MIC
0.25 mg/L ©°l3}, azithromycin< MIC 0.5 mg/L°]3tE 754
7102 il clarithromycin® MIC 1 mg/L °)%, azithro-
mycin< MIC 2 mg/L ol’4S WY 7[Eo 2 e x59
1 (Staphylococcus aureus)®ll W3lA= F 7} <A 25 MIC
2 mg/L °18tE 744, MIC 8 mg/L ol’dS e 7eo=
A=tk Hemophilus sppfl a4+ clarithromycine MIC 8
mg/L ©l3}, azithromycin= MIC 4 mg/L °l3t& A 71%
o2 a1 clarithromycine MIC 32 mg/L °l4S WAl ¢l 715
o7 2=t @ 74A FA18 " MIC breakpointE A e
azithromycin< ZAW =5 7|£22 A39 oM clarithro-
mycin< 8% F¥EE 7|Fo® Atk T3 clarithromycin
& #4389l 14-hydroxy metabolited] &S ZAH3F Ao
otlng A o o] AART A HEAS T
o] At} Table 20 F23F Aol et erythromycin, clari-
thromycin 2 azithromycin®l in vitro #4 A3E ¥t
t}. Clarithromycin< 2% &A1l tste] erythromycind Hl

gk Fro] gyt a5 A} 18 azithromycine 1%

Aatell st st E37) erythromycin®l Blske] 2-48) A%
2 FoF BRuHALE F 7HA oAl B methicillin U4
ol= &7} §lem erythromycinel WA<! strepto-
cocci®t staphylococci® clarithromycin®} azithromycin®l ©
A= FA S ERATE A Z2 macrolide AlAE H.
influenzae®| sl o] £ S HAvk AAl clarithro-
mycin< erythromycin® B8t FEo] g3/t AvE &4
AFE Q] 14-hydroxyclarithromycin® Z35 3sle] AYzhsict
W Asadrt 971w MICE 2-481 A%E 9% 2102 A
by zote] WE AWel F8 9AQ Chlamydia pneu-
moniae$t Mycoplasma pneumoniae®l W3l AE erythromycin
oy A2 macrolide AA] &7} B5F vls=shy | A4 A
5 A9 Aol gle AR AzHr
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Table 2. Comparative In Vitro Activities of Macrolide Antimicrobials”

Organism Erythromycin Azithromycin Clarithromycin
Gram-—positive aerobes
Streptococcus pyogenes
(erythromycin susceptible) 0.06-0.12 0.12-0.25 0.06-0.12
(ermA resistance) 1-32 16-32 2-16
(ermB resistance) >64 >64 >64
(mefA resistance) 8-16 8 8-16
Streptococcus pneumoniae
(erythromycin sensitive) 0.03-0.12 0.06-0.25 0.03-0.12
(erythromycin resistant ermB) =32 =64 =64
(erythromycin resistant mefA) 8-16 8-16 8
Gram-—negative aerobes
Haemophilus influenzae 8 2-4 4-16
Moraxella catarrhalis 0.125-0.25 0.06-0.12 0.12-0.25
Legionella pneumophila 0.12-2 0.25-2 0.06-0.25
Neisseria gonorrhoeae 0.5 0.25
Other pathogens
Chlamydla pneumoniae 0.06-0.25 0.125-0.25 0.03-0.06
Mycoplasma pneumoniae <0.015-0.06 =<0.015 <0.015-0.03

“Values expressed as MICy (mg/L); ranges are caused by the different values reported in references
Table adopted from Zuckerman JM. Infect Dis Clin N Am 2004;18:621-49.”
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Macrolidedl] 3t WA &5 7112 2A F 7= WA
o A= A ermB Akl 93t Y% methylase”t
Aol grelrzgo daArt dfshe F-95 WA JE
Ue WAeR dutdgon 1% o w RAAT ermB 74
Aol o3k %A F-9]o WatE A3 WAL erythromycin, azi-
thromycin # clarithromycin® 22 =% macrolide ¥5F o}Y
2}, lincosamide®} streptogramin B A= BF YIS B
olm=2 MLSBHEolgtn H27]% 3}t 4% mef (macrolide
efflux) @Akl 98] Y= macrolide efflux pumpell <]
Mo m vy F5me] WAL deg 0 ol2d F 71
NAE A, RS B vE Ay 2 giiEe] a%
FAol 3k A 5 rdem Aydn olgd A I5
7143 Y Z2H OS2 Enterobacteriaceae, Pseudomonas spp %
Acinetobacter spp o< WAA W& Holet, ol ol Al
9] outer cell envelope®] F#/do] v7] wiitel A7} &
=R Zet7] wWzolt), Al & macrolide Al ZﬂL erythromycin
o vlsle] a7 FAdrel digk FFHSIE o 9-5Ekr] wE
erythromycin®l WA ¥ & 3= M ZE macrolide AA|
of st A4S 1Y = 9k

Macrolidel &t A o] AR&-o] F7hgtel] wet vids 53
w7y Z7vekEd], olHdt A 2249 o) AAE AAAE
oz & 529 ofF WA 2ok dx Ao AFeA gl
A wal R up Aok ARt Al Z2F azithromycin, clari-
thromycin % $19& Fo3tx AF dFdA ZE A7

FoJ3t7] A A7) macrolide
o H]&te] azithromycin? clari-
thromycin< macrolide W &S 7 A =, & A A8 4-
Y utel UgEe] Hare] datglon fokro] AE Ml Hst
o] 49 F7F3 Aol vlste] FHAZ AL ol = 50% St
A, = 44 gtAl F azithromycing AFEE A-$ U4
Eo| tl ®ol 7t gtk oleist AF= olvl% azithromycin
o] W7F A4 Y A7) vl Ao Azdith

&S A gHAE 7
k

WA &S 26-309%01 Tt $1oFT

3

5. HT22| macrolide L1} A= o]0

1) HTZ2 macrolide WA

H o] macrolideo] W WS &531= ]xd% 9]l A
A ek npe} ke T 7x] Wbl 93t} ermB ARkl 2]
A 5§89 @] BisltE gk YA Aol & erythromycin®l
e MIC >64 pg/mLe] %= Wde yehliv, FatAe] &3
& S7kete] FRE =9 std g ® 23 gl slow AzE
ol mef Akl g WAl Ag-oll= tisl MIC <16 pg/mL
AEo ¥ YAS Helth o]2H o R E effluxE FEE 5 9l
S AR A §FE FTHIA ALEEE mef FHA TEel
28t W2 macrolideZ% A& 7}s8H, B3t clarithromycin
I} azithromycin®l erythromycin®l Bl3lo] @ F-Fol o3t St
w27 A 8] Wikl o] 7FAl FAI7Y in vivooll A=
745 vepd ez AZEn a8y, mef FAAE T
o] MIC7F A B =EJE w572 MIC Hste] A}
F7V8he FA017] wWiEell macrolide®] X =0l tiste] s
1Y JHsAe] AL Aew HA} olsxla

rlr }:01'
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oy g F 7k Ul 1ol KA Bx= 7 vekeh Al
2o Wl HE gl whel xpel 7 lek 2000-20031 A
ole] ol A ¥ ¥ 2] macrolide W ES <F 29% A
L2 BRuEE, o] 5 1/3 (A 79 8%)= ermB f3

A= 7HA A oA clindamycinoll & WAAS BT A 2/3
TFE mefA A5 LA mefA FHAE E3H8 7

e r

ol e nlste] Frksk= FAIQ1H], ©]F macrolide®] Aol
Z7Veel webd yepd @gom olsjEnt? Y wsza A17]9)
1998-2002 el 2=#H oA 2l #F2] macroldie W&
< =y BRE o ermB AR 93 WAdo] o]
AH?. 2000-2001% Abole] ofalol el A FelH ATl
erythromycin W& AAH R 55%0| A=, HETe] 92
%, FEvEE 81% A= vy, SEvet 28 759 ery-
thromycin WA &S ¢ & Ao yepdo?, 1991-19934
A Agustao]deo] g dol A XSS Aol At HAZH
B 2aF #7179 erythromycin WSS 52%09om!” 1
0]% 1995-2005A7FA] 22 7]3hol| A A 5HIE 54 w]RE Ao}
o] I HAA ElE FHF 183 wFoAE FF dFo
erythromycin 40l a, UHA] #5F+ EF YA o=2 g
Wtk el A BF 5 mefA ¥4 16%, ermB F43 48.9%,
mefASt ermB B A 495% =, A2l FEQ 7} ery-
thromycmoﬂ e 1% yWAaS Yehle Aoz gedan? o
718 A EglE dtat T Fe A% erythromycinol Hg U
o] 24 mIRk Zrofel|A] 93.3%, 2-154] ZrofellA] 81.5% = 1}
s Ul A B2 #Ht e erythromycin WA ES -
H, 53] ofd AEe] LollA] ZElE dAFE WA El
& g 5 oAn
) Macrolide WM X2 HE
H 779 macrolide WA} A8 A
= &olo] FA Foldd AL F
o] Fol Atk Aot H4 Fold Asdle thFe A7t AL
S5y e A AFolA B-lactam¥} macrolide @t A|7}F
w4 FoldY Amel & olzte ARES xS 17
o] A 9 Y] e R o g3E sk
3, ARJATEE FTHE F AT AP digk vAESA A8 A
o2 g3is %”é?l 73—‘%% ujg- =8 2y, 54 Folg $
& glole A om sHYes AHE
7] el 1 %}6]'0] Moz ais F7hsk 2 A7l
A gAY g3rF AR Ho) JrrE 5 o, Al
Tiol wE A= &) Aolrt Qv stHutE HAEA B
T At Dagan 52 84 o9 &olE S E amoxicillin/
clavulanate (45/6.4 mg/kg/day, 10¥ 2%)®} azithromycin
(10 mg/kg 1Y, 5 mg/kg 2-5¢) o2 A 83t Y4 &3} Al
Wby gHE vust Ay Mues X5 JdFECl H influen-
zae®l 34 amoxicillin/clavulanate 89%, azithromycin 39%
S. pneumoniae®l W3 242t 90%9F 68% HOZ HI1dlo

Hir dr L oox rln
o odo jo & nqm

Ao Aol wek AT
2
=)

4
=
=

Alet Apdell tidt &3 amoxicillin/clavulanate’t © $-573}
Ao, =, amthromycmoi A58t9S W MIC <05 pg/mL
2 e A del ofgk Folde] A= Aol MIC >2
ug/mLOZ © 7& s7betd o 7 el e el Hlsk
ol f $5% A9 wef FAGY, N APS wigow 1
Fo| A& azithromycin®l A1 Fl7twtel &g 4 Fold
o] A7 &S 9B%olu, UAdQl Ao A=&2 20% Bttt
2 ®aatel™ # G macrolide WA A= F4 Fold A
= Azl = ZA% Aol e R R®elrh 2004 v
Fold A5 AFHAE macrolide A
kA2 AFE A gFom, B-lactam Al ¥
Alell AN #HINkgo] QIS w A AR ABEE A

INF

>4

HH@el g macrolide W] FaF2 A FAL3] &5 #H
A5 AAe gigt ATolA FE o]FolH e, o= HFo|
AqAts] G5 Aol Fag dlolr] “H-“%C’]E} e Aol A
clarithromycin® azithromycin® A 9A}3] 85 HHS g3}
o2 Agsgrhn Bastgdo® ), aey, olE oAz Ao
AAg FHlEo] ol HiuHom Xz A FHEelA

azithromycin X5 230} in vitro W2 A&gde] doka 1w
2 AFEo] AU P F FA Feldvis gl AN
macrolide WA A& A9 dgdo] WA &2 AAH
Bt} o] ol X 9AL3] E5 A S HE gl
-7} 31, macrolide” A7 13+ kAl B -lactam 7l
FrAloke] M aow Auld 23} oFAR AMEE Y] Wi
A3E B4l 2ekd olfel 71de e Ao YA
upehA], flelA] AEe WES T o, SEvetlA
= #7479 erythromycin WAAES U A7t ul$ =30
macrolide W el 54 Fold, 4 FHlsd ® AFAt3] g5
Hho] AE Ao F&Fs v shsgdol E7] Wi HFt ol
T8 Al 54 Fol d FHled B A A3 g5 b
Holl A #Fwe] AEE H4 22 macrolide AAE 13+ St A
2 desths 32 vEAsHA g o2 AztEr

o rlr

0

6
B-8384 A9 penicillin WA TFE o} 7FA] A
Koz RuE vl gloy erythromycin WAES ATA 7],
= o7 Fad Ao A 2 A= WP
&9, erythromycin AFHE%F Sl ‘WE} t}2t}. Seppala 52
1988-1990d7kA] AF =0 A #Fa)d 9] erythromycin WA
B2 20%2 Bt n”, ool A% 1990-1993 0= ery-
thromycin W4 57F 10% 717HE8.2-8.8%) ] AARF 1994 d ]l
= 162%% F71An®.
At A9 WA £H Y2 erythromycin® clindamycin®]
°]% tz=AH(double disc method)ell <3| T4 B (constitu-
tive), =% (inducible) @ Moz EFHTHTable 3). Ery-
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Table 3. Mechanisms of Acquired Macrolide Resistance in Streptococcus pneumoniae and Streptococcus pyogenes

Mechanism Gene Organism Phenotype
Alteration of binding site ermB S. pvogenes Constitutive MLSg (R)
MIC to EM >64 ug/mL
Inducible EM (R), clindamycin (S)
Positive double disc test
S. pneumoniae High level resistance MLSg (R)
MIC to EM >64 ug/mL
Macrolide efflux pump mef S. pvogenes M phenotype EM (R), clindamycin (S)

S. pneumoniae

Negative double disc test

Low level resistance MIC to EM <16 ug/mL

Abbreviations : R, resistant; S, susceptible; MLSg, macrolide-lincosamide-streptogramin B; EM, erythromycin, MIC, minimal inhi-

bitory concentration

thromycin WA T@EY B 7R} v g2 )
T4 erythromycin® clindamycin®l Z=WAS Holal M
2 erythromycin®l 5% % WAolx clindamycin®l 343 ¢]
th 532 clindamycindll #H/d o1 ARE WA o] FEHT) o
23t erythromycin® W/ 713 JA] A G o} F7teic) 2 A
RuFEc Auct 2L AYeA EE" S pyogenes?
erythromycin WA 7112 M3 70%, 53 27%, 7438 3%
24 748 WAL v$ =2AT”. BlSel A 2002-2003 A
ol BE=EAY S pyogenes? macrolide WAEL erythro-
mycin 6.8%, azithromycin 6.9%, clarithromycin 6.6%6%= XL
stlon, o5 g W e U HEFS 7Y 9%, =Y
47%, M¥ 44% = S AT, S-etetol i 1994d9] 2
H S. pyogenes?] erythromycin A E°] 2% 2 A7 1998
doll = 16% 2 2as 1™, 20000 A3k e A9 ZololA]
By #3739 erythromycin WA S 14.2% =2 UehGT?,
1Al 2001-2002 300 N+ Aof 125 ¥ F3544 253
2§ 98 o] o1F HANA Hel® AT AT erythromycin®
WA ES 489%= e, W4 Fe THY 497F(45
%), M8 607T(55%) ] o1, HolE= 5
AATHY. w54 1990-1999
2d¥2 MF 368%, 53 31.6%,
A Aol 2olE B YF o)A Al
Hjste]l 748 HHEF o] Frlehe el
2o AFENAd AT AT macrolide
crolideAl &#] AME-9] S7keh dA gtk de
= 19719 2%°1d WA E<] 197549 62% = 57
WAl S7hs Al71A 22 erythromycin®l A
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A=, °l= macrolided A AMEEF FAavF Fag
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7. Mycoplasma pneumoniae®|| CHgt LA
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a7t ) Table 391 f.9kd wke} 9] M. pneumoniaes
HE ofAlel tgk MIC7F A4ds] vt7] el ¥4 &3Fo=2 4
T FoEde w gl Jg AR dF M, macrolide &
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