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Surveillance of nasopharyngeal pneumococcus has proven to be a valuable tool for the monitoring
of antibiotic resistance. We reviewed the latest information on colonization rate and penicillin
resistance by making a MEDLINE search, using the terms “nasopharyngeal carriage” and “Streptococcus
pneumoniae”. Out of 225 articles found, data from 109 recent publications (89% from 1996-2003)
were analyzed. Data were reported from 41 countries of six continents. Individuals under the age of
five (64.3%) or 10 years (85.7%) were enrolled, including children attending day-care centers (32.1%)
or orphanages (3.6%), and healthy individuals (78.6%) or sick patients (43.6%); biological samples
were collected mainly by nasopharyngeal swabs (89.3%). The highest colonization rates were reported
from Africa (85-87.2%), where several authors did not find high rates of penicillin resistance. On the
other hand, studies conducted in North and Central America reported high-level penicillin resistance
at rates of approximately 20-30%. Great variation in the rates of pneumococcal colonization and
penicillin resistance were observed within regions or continents. There were also considerable
differences in similar populations located in different areas of the same country. Data regarding
pneumococcal colonization and penicillin resistance are not available from most countries. We also

!Department of Pediatrics, Faculty of Medicine, Federal
University of Bahia, *Faculty of Biochemistry, Federal University

examined the use of antibiotics to treat pneumococcal infections.
Key Words: Streptococcus pneumoniae, nasopharyngeal carriage, penicillin resistance

Penicillin-resistant Streptococcus pneumoniae is an
increasing problem worldwide [1]. Nonetheless, surveillance
of pneumococcal antibiotic resistance is hampered by the
relatively low number of invasive pneumococcal strains that
have been isolated [2]. Nasopharyngeal colonization plays
an important role in pneumococcal infections [3], and the
prevalence of individual clones among isolates from invasive
disease has been related to their prevalence in the nasopharynx
[4]. In addition, genetic relationships between invasive and
nasopharyngeal strains have been found [5].

Pneumococci are part of the normal microbial flora of the
nose and pharynx, particularly in young children; they are
easily transmitted, usually through droplet secretions, often
from an older sibling to a younger sibling and between
households within communities [6]. The acquisition of
pneumococcus in the nasopharynx occurs early in life, and
invasive disease is most likely to occur soon after
nasopharyngeal colonization with a newly-acquired strain
rather than after long duration of carriage of that strain [7].
Sentinel surveillance of nasopharyngeal pneumococcus has
proven to be valuable for the monitoring antibiotic resistance
[2] and colonization has been intensively studied in various
localities [8].
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Our aims in this review were to compile the most recent
colonization and penicillin resistance rates reported in each
region of the world and to examine the use of antibiotics to
treat pneumococcal infection in the face of antibiotic
resistance, based on the latest evidence of association of
antibiotic use with resistance and of effectiveness of penicillin
for the treatment of infection caused by penicillin-
nonsusceptible pneumococcus (PNSP). PNSP includes strains
with resistance to penicillin at an intermediate level (minimal
inhibitory concentration [MIC] 0.1010g/mL) as well as strains
with high-level resistance to penicillin (MIC >20g/mL) [2].

Search strategy, selection criteria and management of data

Data for this review were identified by searches of Medline,
considering articles published from the 1966 until December
2003. Primary search terms included “nasopharyngeal
carriage” and “Streptococcus pneumoniae”. All listed articles
had their abstracts read, and whenever colonization or
penicillin resistance rates were reported, the whole article was
read. The data regarding colonization and penicillin resistance
were extracted, along with the respective region and time of
publication and of performance of the study; the data were
analyzed with the statistical software (SPSS version 9-0). The
studies conducted within the same region or country were
ordered chronologically and the most recent were considered
for this analysis. Data regarding the number, age, and the
clinical diagnosis of enrolled individuals and biological sample
cultures were also collected. Data regarding association of
antimicrobial use and pneumococcal resistance to
antimicrobials were searched for in the articles selected for
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complete reading, including analysis of the references. Articles
reporting results about the effectiveness of penicillin use for
the treatment of penicillin-nonsusceptible pneumococcal
infections were also searched by using the terms
“Streptococcus pneumoniae” and “resistance” and
“treatment” in Medline and in the proceedings of international
meetings.

Colonization and penicillin resistance studies

Two-hundred-twenty-five articles were found, out of which
216 (96.0%) were published in English, three (1.3%) in French,
two (0.9%) in Italian, and one each (0.45%) in Spanish,
Japanese, Swedish and Hebrew; the first of those studies was
published in 1977. One-hundred-nine articles reported new
data about pneumococcal colonization and resistance to
penicillin from 41 countries of six continents; 88.9% of the
studies were published as of 1996. The number of studies
conducted in each country and the respective frequency were:
USA 17 (15.7%), Israel 12 (11.1%), France nine (8.3%), Italy six
(5.5%), Finland five (4.6%), India, Brazil four each (3-7%),
Australia, Greece, Japan, South Africa, Sweden, and Gambia
three each (2.8%), Canada, China, Iceland, Portugal, Taiwan,
Turkey, and the United Kingdom two each (1.8%), and
Argentina, Bangladesh, Central Africa Republic, Central and
Eastern Europe, Chile, Colombia, Costa Rica, Ecuador, Estonia,
Ghana, Indonesia, Malawi, Mexico, Romania, Russia,
Switzerland, The Netherlands, Uganda, Vietnam and Zambia,
one each (0.9%). The most recent data from each region of the
world reported in 56 studies are shown in Tables 1-5; 64.3%
and 85.7% of these studies recruited individuals under the
age of five or 10 years and 32.1% and 3.6% enrolled children
attending day care centers or orphanages, respectively.
Biological samples were collected from nasopharyngeal swabs
alone (89.3%), oropharyngeal swabs alone (1.8%) or
nasopharyngeal aspirates alone (1.8%), nasopharyngeal swab
or aspirate (1:8%), or naso or oral aspirates (5.3%). 42.8% of
the studies enrolled ill patients including pneumonia (7-3%),
upper respiratory infection (10.9%), acute otitis media (3.6%),
and HIV-infected (1.8%). Healthy individuals were studied in
78.6% of the investigations. The median interval between
collection of samples and publication of results was three
years (mean 3 + 1.2 years).

Data about pneumococcal carriage and penicillin resistance
have not been published for most countries. When data from
different countries or regions in the same continent were
compared, we found great variation in the pneumococcal
carriage and penicillin resistance rates. In South America, the
colonization rates varied from 10.0% (southeast region of Brazil,
2001) [9] to 66.0% (Quito, Ecuador, 2002) [10] (Table 1); overall
penicillin-resistance rates varied from 1.4% (north region,
Brazil,2001) [9] t0 49.0% (Fortaleza, Brazil, 2002) [ 11] and high-
level penicillin resistance rates varied from 0% (Brazil, 2001)
[9,12] to 38.8% (Santa F¢é, Argentina, 1997) [13] (Table 1). In

Asia, high-level penicillin resistance was not detected in
Blantyre, Malawi, 1997 [17], on Lombok island, Indonesia,
2001 [18] or in Kumamoto, Japan, 2002 [19], whereas it varied
from 26% to 40% in Hanoi, Vietnan, 2002 [20], Hong Kong,
China, 2001 [21] and Taipei, Taiwan, 2003 [22] (Table 2). The
highest colonization rates were reported by studies conducted
in Africa [23-26], where several authors have not detected
high-level penicillin resistance [ 1, 27-29] (Table 3). In Europe,
most of the most-recent studies reported high-level penicillin
resistance at a very low frequency, but this was not the case
in North and Central America (Tables 4 and 5). The tables
summarize the most recent data regarding resistance to
penicillin among pneumococcal carriers worldwide. By
observing the results from studies in which individuals living
in different but nearby cities were assessed, it is also possible
to observe differences: in children 0 to 2 years of age, 42%
were colonized with S. pneumoniae in Santiago compared to
14% in Temuco, both of which are Chilean cities [15]; S.
pneumoniae was isolated from 129 of 187 (69%) outpatient
children in Gaborone and from 53 of 62 (85%) children in
Francistown, two cities in South Africa; this difference was
significant (P<0.01) [30]. Therefore, large differences can exist
in similar populations located in different regions of the same
country.

The inequality of availability of data regarding
pneumococcal colonization and penicillin resistance
worldwide is noteworthy (Tables 1-5). In addition to the data
presented here, it is well known that resistance to penicillin
is very frequent in Spain and Hungary, based on
investigations that studied invasive strains [31,32]. Risk
factors for pneumococcal colonization have been recognized:
these include young age (< 2 years old), attending a daycare
center, having a lower respiratory tract infection [33,34], as
well as risk factors for carriage of S. pneumoniae resistant
to penicillin: young age (< 2 years old), and antibiotic use
within the previous month [35]. Most (85.7%) of the studies
included in this report enrolled children and several of them
were conducted in daycare centers (32.1%) or orphanages
(3.6%).

Almost all children carry S. pneumoniae at some time, but
only 15% of all colonized children become infected; this
generally occurs within a month of acquisition [7]. For reasons
that are not yet completely understood, the balance between
the host and these bacteria can be disrupted, resulting in
infection [34]. Pneumococcal infection is age-associated, being
relatively common in newborns and infants up to two years of
age, and much less so in teenaged children and young adults,
again increasing in adults older than 65 years [35]. As in most
pneumococcal infection cases, antibiotic treatment is initiated
empirically, while culture results are pending or even when
antibiotic cultures are not feasible; the sentinel surveillance
of nasopharyngeal pneumococcus can be used to decide on
the first choice of empirical antibiotic treatment for each
pneumococcal illness.

www.bjid.com.br



295

Penicillin Resistance Among Pneumococcal Strains

; 10 (August)

BJID 2006

1SLAINOS = S “YINOS = § “ISLIAYUON = N YHON = N
payodar jou = u
[w/3n 7 < DIl [2A9] YSTH 4 Ioue) are) Aed = DOA
[w/3n 1-71°0 (DIN) uonenuaouo)) AI03qIUu] [BWIUIJA] [9AS] JJBIPOULIdIU] uonoayu] A1ojendsay ooy = v
[o1]
qems —wuwﬁkhﬁ-—momﬁz %:a_ﬁvm 01¢ Ju Ju Ju 099 ow()9-7 camzo Jopendyy U 00T Jm JPPWeH
qems [edSuireydoseN  euowrndug we 0°LL 09 011 0Ty sIfg>  ejodog  eIqUIO[OD)  p66I-E661 L66T [CIAM ] Lo |
00a/:21ed fLov/tooz 1091 sinpe  odnuid, [s1] “1ee
qems [eagulieydoseN  [edIpowr SuDIIS / =20T 0°8¥ 0'8 0°0¥ /£0°09/:0°9T  s1fgT>  joSenues  dMYD 96615661 8661 vzonsouy
FAIRNEE
qems [edasulieydoiQ 20d L86 au au au b4l 4 owy/-8 deqne], zeag 8661 €002 IYOSAdIBINT]
opneg [c1]
qems [eadulaeydoseN v 00v 091 00 091 0S¢ sIfg-omg  oBS nzeag 8661 1002 QCRELAICRREY: |
qems [edulreydoseN  IAWedy/ . 1AV 6Th/-I8F 0°6¥ (184 0S¥ 0°sS sIAG>  ezofeyIo  [izeag 8661 7002 (1] “1e 10 Koy
08
‘be-ex
Stps ‘brost  “ig'6 0 Sosbscr  S81‘boor §S ‘bas
qems [eagulieydoseN 20d TSOELELE  WbT VD00 I86HT  ILOIS8I sIAS>  TAN‘:N  [Zead 00076661 1007 [6] “Te 121880y
[a] e
qems eadulreydoseN  IApedy/. AV £89/:0S% 0'8p 8'8€ 6 ILvVsbe siAs>  djvjueg  vUPRUISIV  S661-€661 L661 eaanbag
o301 £2[9A9] [9A9]
suammads jo s[enpIAIpur USIH  djeIpaurijug el uo1doy ©IEP  uopearqnd
: SISougeIp [ednur) s dy % Anuno) o uopdIN[0d Apms
UO0I)II[0I JO POYIA Jo J_dquun uoneziuojo) 10 A)ID JO auax

9)e.d ADUE)SISAL UI[IIUdJ

Jo porg

BOLIOWY IN0S urt ayepdn (g & :00ueISIsaI ulf[ioruad pue uoneziuo[od [eddodownaud uo sarpnis Juadal Jsow Ay [, °T d[qel,

www.bjid.com.br



; 10 (August)

BJID 2006

Penicillin Resistance Among Pneumococcal Strains

296

[w/3n 7 < DIA [9A9] YSTH 44

pauodarjou = Ju

uonodju] A1ojendsay teddn = NN

T30 1 - Z1°0 DTN [9A9] QJRIpOTIONT,,

9sBOSI(] SNONOYU[-UON = (IN

I0ue)) a1e) e = DDA

[od “Te10
qeas [eadulireydoseN nin au 0°6€ 097 0°€l Au SIAG> Touey URUPRIA  6661-L661T 2007 yEey
JIUI[D dUIIBA SIAp
qems [eadukieydoseN 10 sassaupr QIN 8LY S'68 00 S'6p 661 -our| rdrey, uemIel,  6661-8661 €007 [Z] “rereoy
Sqems Jeoay) [L1]
pue [eadufieydoseN  dIuIp duIRA 002 07 00 02T S'LYy sifg>  ufyuelg  IMERIN S661 L661 “Te 30 owox
[a] e
qems [eaduaeydoseN 20a 951 909 00 909 €09 sifg-ow] ojowewny  ueder 6661 7002 epnsej
puejst [81]“Te10
qems [edduireydoseN Aypesy 114 00 00 00 08t owsz>  Yoquio]  eIsSuoOpu| L661 10027 ofu3imaog
yaoiq [szl
qems [eadulieydosey Ayypeaq vov v'e Iu Iu IvoL/x6cs  owfg,z  weyeN elpuf 66618661 7007 “Ie 1989[0D
Sud)Ie3IIpury [1z2l
qeas [eaduiieydoseN /20d 8L61 T'8S 1’97 e v6l sIf9-z  Suoy Suoy  eury) 00076661 1002 “leroniyg)
hzd|
qems [easulieydoseN Ayesq 6£87 0L 90°0 ¥6'9 0Ly SIAG> eyeqq@  ysopejsueg 00076661 €007 “Ie Jo eyes
xd
qems [easuiieydoseN 20da 0ST 0'ST 0's 00T 0TS S1hp> UIMIE(Q  BlEnSOY L661 6661 “leRmys
T AR [9A9] +[9A9]
suawrads s[enprAIpur YSIH  dpeipauLdIu] el uo13oy “IEP woyeonqnd
0 UOI)II[0J JO POYId ssouseIp [eau) 0 JdquIn uoneBZIuojo, 2By 10 L1 Anunod - yo uoyaa(10d Apms
JO U0PII[0d JO POYPA Jo _qunyN 1nezIuoj0) no jopoLag 30 T€OX

JJB.1 IIUE)SISAI UI[[IIIUIJ

BIUBOD() PUE BISY Ul 9)epdn ()7 © :00ue)sIsal urfioruad pue uoneziuo[od [eododownoud uo SoIpnys Juddal 30w Y[, *g qEL

www.bjid.com.br



297

Penicillin Resistance Among Pneumococcal Strains

; 10 (August)

BJID 2006

[w/3n 7 < DI [PA9] YSTH 44

[w/3n | - 21°0 DI [9A9] SJBIPIULIAU] pauodar jou = 1u

[82]
qems [eaguireydoseN ot yuanedyng 097 €v1L 00 €Y 61L SIK9> eyesny eiquiez v661 L661 T 10 UOSF[00A\
qems [eadudieydoseN Lyyesy 161 S'€8 0’0 S'€8 079 sake> eeduey| epuesn S661 1007 [&] “1e 1weqoror

sdonoead SIAS BILYY [z€]
qess [eadulieydoseN dLneIpad €0€ v'sy 4! 0°€e 0°0¥ ow| 3inqssuueyor  yynog au 0002 “[e 1019uqony
Teydsoy torst fumoyspuery ey [1€]
qems [eadudreydoseN pwurpjudneding  $79/:L8T  /£097 AU Iu 10°s8/:0'69  s1ls>  /,ouoloqe) ynog L661 8661 “[e 10.09uqany
ey [od “1e1e
qems [eagukieydoseN pazijendsoy €LS 0l au au 0'1€ SIATI> ueq.nq ynos 1861 861 JuUMOoIG-SUIqOY
JTUIP dUIBA
qems [eaSudreydoseN 10 UIP[IYD YIS 453 0°LT 00 0°LT v'is owzy-9 Isewnyy eueyn 9661 2007 [1] “Te 10 oumDQ
owgh [97]
qems [edgduiieydoseN Ayyedy 01 au au au LS -Sp JIATY JAdd eiquen au 1002 “|e 108[0q33pY
snqnday
BLYY
qems [eaduireydoseN I ILE 88 00 88 €EL owe6s-7 m3ueg [enua) S661 0007 (2] “Te 10 amoy
[es0L #x[9A9] #=[9A9]
suowads s[enpiarpur USIH  djerpaurdyuf e ejep uonedqnd
o E:Bo:cu. 0 PO sIsougerp [edmuI) o goﬂ._z._sz wonEzZIO[0) 98y  uoI3ay 10 A1) Anuno) Jo uordd[od Apms
Jo uor ¥ ¥ ezt 10 poLIRg Jo aBdx

3).1 IUR)ISISAI UI[[IUJ

eOLIJY U1 9)epdn 007 © :00UL)SISAI UI[[Io1Udd pue UoILZIu0[0d [292000wNdUd U0 SOIPNIS JUIOAT JSOUW AT, *€ I[qEL,

www.bjid.com.br



; 10 (August)

BJID 2006

Penicillin Resistance Among Pneumococcal Strains

298

[w/3n 7 < DI [9A] USTH 44

Tu/3n 1 - 210 DI [9A9] 2JRIpAULIAU,

payuodor jou = 1u

uonoajuy Arojendsey 10ddn = N

I1u0)) are) Aed = DDA

ed [&] <1210
qes [eaduiieydoseN  [[OM J0 JISIA OIS (48 (X 061 0L 092 SIKL> uojsoq vsn 1002 €007 ur)spYuL]
uoneaidse [eseu
puE SqeMms [e10 ‘TeseN I/ -AUNEIH 16¥/:66 au au au 10°01/x0'1y  sunpe eIaISaIA vsn 00076661 €002 (@] e 1D
[w] e
qems [eadudieydoseN uonendog €011 0°s€ 07T 0°€l 0°€€ sage [V eyse[y vsn 0007-8661 7002 Assouudy
O'd lo#d "1 %0
qeas [padufieydoseN Lyyreoy 6L1 0'8h | M 4 697 067 sifg-owp uoyurysesy vsn p661 9661 yoydareq
le€]
qems [eadulieydoseN N 91T 00t 0°02 002 0Ly s1£9> siyduwdA] vsn ¥661 9661 “Ie Jopouly
Ayunod
I(eana) 19udd UOS[ON [8¢€]
qems [edduiieydoseN  Y[EIH/=DDA i78/:8S1  0°€S 0°€E 00t §Ts owgg-g  :AYomudd| vsn €661 S661 “leurydang
[L€]
qeAs [gadufieydoseN  OIUID dUIIBA N ¢4 S'9¢ 601 95T (177 s149> ArAyYseN vsn €661-7661 S661 “le P IuudZ
[o€]
qeas [padufieydoseN 20d (I4} 0'1L 00 011 0'6€ owgg-¢ u0jSnoy vsn 6861 661 “le 129140
[€] 1810
i9mpe ojaLreg
qeas [eadufieydoseN 20da 107/:€8 (X34 011 08¢ 10°s€/+0'Ly  Owgp-€ M ONXIA  OIXIN  6661-L66] 2007 Z3woy
1aky (¥l
qems [padulieydoseN pryd wioq Ay f9s¢/«€1p AU au Iu rer/s1¢ -your| [easHng By ¥IS0D 76618861 L66T “[ 19 SAAIA
[g]“e0
qeAs [eadufreydoseN 20a el 0°LL 0 (1§41 [N 24 owrg[> ojuo.0], epeue) 96615661 6661 RELI 1B |
oy, +PAI <19A9]
suoumads s[enpIAIpur YSIH  jeIpaurauy Ier uoiSoy viep uonednqnd
0 UO0I)Id 3. 0 poy)d ssouserp [earui) (RG] .:.:- . uoneziuojo, By ,S.% I Anunod - yo uoyadjod Apms
JO U0Nd3[03 Jo POy Jo roquny neziuo[o) n jopong  Joaeax

9).1 IUB)SISAT UI[IIUdJ

BOLIOWY [BJ)UD)) PUE YLION Ul djepdn () € :ooue)sisal urf[roruad pue uoreziuo[od [eod0downaud uo SOIpmIs JU90I JSOW oY I, *f d[qeL

www.bjid.com.br



299

Penicillin Resistance Among Pneumococcal Strains

; 10 (August)

BJID 2006

panodal jou = 1u
[w/3n. 7 < DTN [9A9] USTH 44
[wW/3n [ - 2170 DTN [9A] JRIPSULISIUL

UOISNIFF YNM BIPIA SUTIQ OTUOIYD = FINOD
BIPIAL SINIQ ANDY JUILINIAI = INOV I
Iud)) a1e) Ao = DDA

qems [eadulaeydoseN  IS[I/.SIonU0)  £0S1/:0ST pse LT LTE I€eh/0'0¢  si1fgowmg  eaeyuy Sovpany, L661 0002 [1] “1e YD
eruowrnaud A1nunod [z]
qems [eadulieydoseN 10 WOV 69LT 0°€lL 4 <01 9Ty SIALY > d[oym PUBLIRZIMS 66618661 €007 “Te JouueuR[YNIA|
AdudSrauwry
qems [eagulieydoseN JLyeIpad 99p €'€T ST 81T 87T sIkz>  uogsry [esmuod  0002-L661 £007 [15] “Te 10090N
qesms [eddulieqdoseN Ayyreoy LIE 98 0 98 €81 SaKL-1 ueg Arey 0002 €007 lod e 10 €80\
bstonuod bss o8 lbos bote l6v]
qems [eagulieydoseN  IHINOY/-INOVL  I€11/xS8 f0°81/x0%T bi:0 10°81/:0vT  f0°0L/x0°Sy sikL-owg  uep Aear 000Z-8661 £007 “[& 100ISIYIIE Al
(8y]
qems [eagulieydoseN 20da 019 8'81 Tl 9Ll 6'v1 owg9-g awoy | 6661 2002 “[e 1o0[Is0dg
yun (] 1210
qems [eadukieydoseN  daed Arewinig 6l¥ T'LE 00 I'LE LTS SIKQ> PrRIsp [Peast 1002 €002 Aeya0x 4330y
wyIneg [#] “1e 10
qems [eagukieydoseN payddasun 8PHe 091 $'9 96 0'1E owgz-7 [enu) EREEY 15 666T-L66T 2002 sqnodouuer3oifg
speardse 0a igsg sowgLIew
[eaduiaeydoseN [xTOPUIW PIIYD  I86T/xSET  /+S°TS Ju jsout ILvS/x0'pE  owgg-9 sadry Ruely 00026661 €007 (9] “JesesteUng
[sv]
qems [eaduiieydoseN JgeueydiQ IL S'v6 0°9¢ S'8S VLS owyg> sLed ueay 9661 0002 “le 10 puowey
o100, #x[9A9]  x[9A9] 9
smourmdads s[enpIAIpuI YSI  yerpaurId)uy ex uordoy BIEP woneonqng .
: sIsougeIp [earur) v By Anuno)  jo wondIN[0d Apmgs
JO UONIII0I JO POYPRN : Jo JdqunN uoneziuo[0) 10 A1) 10 poLRg 0 18X

9)B.1 9IUB)SISII UI[[ITIIJ

odomg ur oyepdn (0 & :00UL)SISAI UI[[Io1Ud PUE UOILZIUO[0S [899000WNdUd UO SOIPN)S JUIOAI JSOW Y, *S I[qEBL

www.bjid.com.br



10 (August)

5

BJID 2006

300

Jw/3n 7 < DI [9A9] YSTH 44 [w/3n | - 21°0 DIIN [2A9] 9)eIPAULIAIU 4 pawodar jou = 1u uonodjuy Arojenrdsay Aoy = Yy 19ua)) a1e) e = DDA
§1opuim
b rowuns
ipajeupesuou  §(I881--€4T) §CE0'Tr=b"cp) [©] “1e0
qems [eaguireydoseN xpajeurodes (971 0ST) Iu L IN /b0 LTwLvD)  sIhsT [o)stig N 10020007 €002 ueurysyey
uoneaidse [eseu SPUBLIdYIN [o9 “1e 30
pue sqeams [e10 ‘[eseN  I[0DU0d/. DDA  19LT/+6ST $T0 au AN 10°L€/x0°8S  ow9g-¢  UEpPI)SWY L, 6661 7007 SUI00q139 g
[6¢]
qems [eaduiieydoseN Ayyreoq 079 9 00 9 6°'1S owgy 810qa309 UIPIMS L661-9661 0002 “Ie 1o saa10g
isympe ., [s] 180
qeams [eaguireydoseN 20da igoe/=6711  10/x8'0 00 80 10°¢/-8'9€  uwdIppYD  wOY¥20)S uIpaMg S661 L661 uosud)SLIYD)
(5] R0
qems [eaguiieydoseN 20d €EL S'L 0 SL 6°SS SIKL> SN € essny au 000T Disunoydens
I+AIH/+ATH [9¢]
qems eaguireydoseN :a3eueydiQ Tov/=91 0°66 0bL 0°ST 10°0€/x0°08  ow9QI-1 Ise[ eIuRwoy| 9661 6661 I 10 BIAOQIO]
20da [s¢]
qems [eaguiieydoseN Arumuwuio) €hL '8 €0 8L LIS s1K9-1 SN § puePd| 8661 2002 “[e P uosery
drdwe],
sajeaidse ‘gaae [ps]
/qems [eadulieydoseN LA V/xAWedH 6T€ 16°€/-T1 I2€0  19°€/x6°0 10°€v/x06 oulpz-  BJUBARH puequiy S661+661 1002 “[e Jouduelikg
1Ayor 139
qems eaguireydoseN 20d 96€ 88 0 8’8 0°9% SIAL-T  ‘uleL ‘nyael,  euo)sy 00026661 0002 “Ie 10.09qeEeN
20d adoany adoanyg
yinouw eIA a0 Ajjeseusdd /syudanedynQ wjsey wid)sey [m] “1R 10
rqems [eagduiieydoseN /pazifendsoy ¥S6 €0y jsow AN 0LT SIAG>  pue [BNUI) Ppuk DU  H66I-€661 9661 umeqpddy
¥ «[9A9]
eyol,  PAdL vyep
suowrdads S[enpIAIpur Sy YEipouLRu el uorday uonedlqnd
0 UO0I)II[0D JO POYId sisouserp fearu) 0 J3quin o uonezIuo|o BV 10 A1 Anunod - yo uonddn0d Apms
J0 10pII[03 JO POYPIIN Jo _quInN neziuojo) £10 jopouag 3O 18X

9).1 DUEB)SISIA UI[[IUd

panunuo) ‘g AqeL

www.bjid.com.br



BJID 2006; 10 (August)

Penicillin Resistance Among Pneumococcal Strains 301

Figure 1. The most recent data regarding frequency of overall and high-level resistance to penicillin* among nasopharyngeal

pneumococcal isolates
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Antimicrobial use and antimicrobial resistance

Various studies have demonstrated that the frequency of
antibiotic use in a community is associated with the frequency
of penicillin resistance among pneumococcal strains; the
penicillins were the antibiotics that were least associated with
this event [36,37-39]. In Iceland, Arason and colleagues [36]
studied the prevalence of nasopharyngeal carriage of penicillin-
resistant pneumococci in children aged under seven years in
relation to antimicrobial use (penicillins, cephalosporins,
erythromycin and trimethoprim/sulfamethoxazol) in five
different communities and found that antimicrobial use, taking
into account both individual use and total antimicrobial
consumption in the community, was strongly associated with
nasopharyngeal carriage of penicillin-resistant pneumococci
in children. Hyde and colleagues [37] studied the epidemiology
of invasive pneumococcal strains isolated in the USA between
1995 and 1999; they also collected data about the use of
macrolides between 1993 and 1999 in the USA; the increase in
the rate of resistance to macrolides was correlated with the
frequency of macrolide use, those data differed in children aged
<versus> 5 years. Kastner and colleagues [38] studied, once a
week, during six weeks, the resistance of pneumococcal
nasopharyngeal strains in children before and after receiving
different macrolides, in an open, prospective and randomized
investigation; they found that in the first week after treatment
90% of the patients were colonized by resistant strains and the
resistance rates returned to baseline numbers by the sixth week

for the subgroups that received erythromycin, clarithromycin,
roxithromycin and josamycin, but this was not the case for the
group that received azythromycin (P<0.005). Garcia-Rey and
colleagues [39] studied 1,684 pneumococcal strains isolated
from patients with community-acquired respiratory infection;
they collected data about the frequency of use of different
antimicrobials from distinct communities in Spain and found a
correlation between antimicrobial use and pneumococcal
resistance. When different antimicrobials were examined
separately by multivariate analysis, aminopenicillins,
cephalosporins and macrolides were found to be correlated
with resistance at increasing rates, respectively.

Antimicrobial resistance and treatment with antimicrobials

Several investigators have given evidence that high doses
of amoxicillin [40] or penicillin G [41] are effective for the
treatment of respiratory infections caused by high-level
penicillin resistant pneumococcal strains [40,41]. Piglansky
and colleagues [40] evaluated by tympanocentesis, at
enrollment and on days four to six of therapy, 50 culture-
positive patients aged 3-22 months with acute otitis media
(AOM); the patients received amoxicillin (80 mg/kg/day) and
susceptibility to penicillin was assessed by the E-test. Twenty-
four isolates of S pneumoniae were recovered, out of which
18 were nonsusceptible to penicillin (two of 18 were highly
resistant to penicillin). Eradication was achieved in 92% of
the patients with pneumococcal AOM. The authors concluded
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that the overall clinical efficacy of amoxicillin was good.
Moreover, the predominant pathogens isolated from children
with AOM failing high dose amoxicillin therapy were beta-
lactamase-producing organisms; specifically Haemophilus
influenzae. In a study conducted by Agosti and colleagues
[71],269 children aged 3-59 months were hospitalized due to
severe pneumonia caused by S. pneumoniae recovered from
blood or pleural fluid; each of those patients received
intravenous penicillin (200,000 [U/kg /day). The pneumococcal
isolates were classified as susceptible (131), intermediate
resistant (66), highly resistant (53) or unknown (19) to
penicillin; there was no association between pneumonia
caused by nonsusceptible pneumococcus and failure of
penicillin treatment. Various experts have recommended the
use of penicillin to empirically-treat pneumococcal infections
that do not compromise the central nervous system [42-45].
In the case of pneumococcal meningitis, it is clear that penicillin
treatment is contraindicated for isolates with intermediate or
high-level resistance [45]. A number of clinical studies of
pneumococcal pneumonia have assessed the treatment
outcomes following infection by drug resistant
pneumococcus, compared with the course of infection by
drug-susceptible pneumococcus isolates in the same
population [45]. Echoing the results of previous studies, older
age and underlying disease, but not drug resistance in the
isolate, were found to be the most important predictors of
mortality from pneumococcal pneumonia [45].

In a recent cross-sectional study conducted in St. Louis,
USA, S. pneumoniae was isolated from the nasopharynx of
85 (40%) of 212 patients younger than seven years who had
AOM, nonspecific upper respiratory infection, cough, acute
sinusitis, or pharyngitis; 41 (48%) of 85 isolates were PNSP
and 6 (7%) were nonsusceptible to amoxicillin (NSSP-A), and
among the 212 study patients the prevalence of PNSP was
19% and of NSSP-A was 3%. Carriage of NSSP was increased
in child-care attendees compared with nonattendees; based
on these data the authors recommended to treat most children
who have uncomplicated AOM with standard-dose amoxicillin,
while children who attend child care centers or who have
recently been treated with antibiotics may require treatment
with high —doses of amoxicillin [46].

Global containment of antimicrobial resistance is a matter
of concern for authorities, as spread of resistance may be
influenced by interpersonal contact promoted by travelers
crossing national boundaries [47]. Based on the foregoing
evidence, we propose that pneumococcal infection that does
not compromise the central nervous system be treated
empirically by using penicillin, worldwide [42,46,48]. This
routine may reduce the frequency of pneumococcal penicillin
resistance and therefore minimize the problem of treating severe
pneumococcal infection caused by resistant strains, especially
when the central nervous system is compromised.
Conclusion

Pneumococcal penicillin resistance varies considerably
from one region to another around the world. The penicillins
have been the antibiotics least associated with pneumococcal

antibiotic resistance [36,37-39]; there is no evidence of failure
of penicillin treatment at high doses in resistant pneumococcal
infections that do not compromise the central nervous system
[41,46,48]. Therefore, it is possible that the routine use of
penicillin to treat pneumococcal infections that does not
compromise the central nervous system will diminish the
frequency of pneumococcal penicillin resistance.
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