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Resumen
Objetivo. Analizar longitudinalmente la dinámica de colo-
nización por Streptococcus pneumoniae, determinar la prev-
alencia, los factores de riesgo potencial para la colonización
nasofaríngea con cepas de neumococo resistentes, deter-
minar los serotipos y el perfil de sensibilidad a varios fár-
macos antimicrobianos. Material y métodos. Estudio
prospectivo de una cohorte de niños de guardería, hecho
de septiembre de 1997 a septiembre de 1999 entre 53 niños
asistentes a la guardería del Hospital Infantil de México Fe-
derico Gómez, atendida por 20 empleados. Todos los parti-
cipantes fueron seguidos en forma prospectiva, tomándose
exudado nasofaríngeo cada cuatro meses. Los S. pneumo-
niae aislados se tipificaron y sometieron a pruebas de sen-
sibilidad a diversos fármacos. Las razones de momios y la
prueba exacta de Fisher o ji cuadrada se efectuaron a través
de tablas de contingencia; se utilizaron intervalos de con-
fianza a 95% para las razones de momios. Para el análisis se
empleó el programa estadístico EPI INFO, versión 6.04 a.
Resultados. S. pneumoniae se recuperó de 45/53 niños
en una o más de las tomas. Se aisló un total de 178 cepas. El
promedio de portador fue de 47%. Sólo siete adultos ad-
quirieron un neumococo durante el estudio. Los tipos 6, 14,
19 y 23 representaron 77% del total. Se encontró elevada
resistencia a la penicilina y eritromicina. Conclusiones. El
estado de portador nasofaríngeo de S. pneumoniae, es un
proceso dinámico. La colonización ocurre durante los
primeros meses de vida y comprende solamente unos cuan-
tos serotipos de neumococo. El estado portador disminuye
conforme avanza la edad. Se encontró alta proporción de
portadores con cepas resistentes de neumococo. Los niños
que recibieron varios cursos de antimicrobianos, fueron
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Abstract
Objective. To define epidemiologic relationships to deter-
mine the prevalence and potential risk factors for nasopha-
ryngeal colonization by antibiotic-resistant pneumococci,
their serotypes and their antibiotic susceptibility patterns
in children attending a daycare center (DCC). Material and
Methods. A prospective cohort study was conducted among
children (n=53) attending the DCC at Hospital Infantil de
México Federico Gómez, which is staffed by 20 employees.
Patients were enrolled in the study during a two-year pe-
riod from September 1997 to September 1999. All the par-
ticipants were followed prospectively, swabbing them every
four months. The strains recovered were typed and screened
for susceptibility to several antibiotics. The daycare records
were reviewed also. Odds ratios and fisher’s exact test:
or chi square test of significance were computed from
contingency tables as appropriate. Exact 95% confidence in-
tervals were computed for odds ratios. Data analysis was
performed using Epi statistics program version 6.04 a.
Results. Pneumococci were recovered from 45/53 of the
infants at one or more visits. A total of 178 isolates were
carried. The carriage rate was 47%. Only 7 adults acquired
pneumococci during the study. Types 6,14,19 and 23 were
prevalent and represented 77% of the total. Antibiotic-
resistant strains were higher to penicillin and erythromy-
cin. Conclusions. Children were frequent carriers of
pneumococci, the rate of carriage was high in infancy and
tended to decrease with age. The types commonly carried
by children were the same as those causing invasive disease.
There is a high proportion of carriers with antibiotic-re-
sistant S. pneumoniae strains. Children who have had fre-
quent antimicrobial courses are at particular risk. The English
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S treptococcus pneumoniae is a leading cause of a va-
riety of diseases including otitis media, bactere-

mia, pneumonia, meningitis, and other infections
among children, individuals with debilitating medi-
cal conditions, and the elderly.1-7 It is also found as part
of the normal nasopharyngeal flora in about 10 to 50%
of healthy children, with particularly high rates in those
attending daycare centers (DCC).8

Treatment of most infections remains empirical
due to the lack of suitable diagnostic specimens in ca-
ses of sinusitis, otitis, and pneumonia.4-6 Current treat-
ment regimens are based mainly on historical data and
on findings in studies of patients infected with fully
susceptible strains. However, the emergence of anti-
biotic-resistant strains of S. Pneumoniae complicates
the empirical management of infections.

Increased nasopharyngeal carriage of antibiotic-
resistant pneumococci strains has been documented in
children attending DCC.9-21 Upper respiratory tract and
invasive infections caused by such strains have in-
creased. Antibiotic-resistant pneumococci were more
common in isolates from children in DCC than in iso-
lates from patients admitted at a tertiary care hospital
–a group of patients presumably at increased risk of
infection by resistant strains.12,13,20

This paper presents the results of the Institutional
Surveillance System for Pneumococcal Infections dur-
ing 1997-1999. The objectives of the present study were
to determine the prevalence and potential risk factors
for nasopharyngeal colonization with antibiotic-resis-
tant pneumococci, and to describe its serotypes and
its antibiotic susceptibility patterns.

Material and Methods
The study group consisted of children between 3 and
48 months of age, attending the DCC at Hospital In-
fantil de México Federico Gómez (Children’s Hospital
of Mexico). This DCC is staffed by 20 employees (de-
fined as adults in the paper). Children were divided
into three age subgroups in three rooms: infants
from 3 to 17 months (n=14); toddlers from 18 to 36

months (n=16); and nursery children from 37 to
48 months (n=23).

Children stayed at the center an average of eight
hours a day, five days a week, and around 45 weeks
per year. Approximately 85% (45/53) of the children
and 75% (15/20) of the adults were followed through-
out the study. Every child who for any reason quit
attending the DCC was replaced by another infant of
the same age. Therefore, we selected for the study all
53 children (24 males and 29 females) and the 20 adult
caretakers (all females, with a median age of 34 years)
who were at the daycare center between September 1,
1997 and September 30, 1999.

Informed consent was obtained from parents
whose children were enrolled in the study to provide
routine medical care and to obtain nasopharyngeal
specimens for culturing.

Date of birth, gender, and use of antibiotics in the
previous 15-30 days were recorded for each child en-
rolled in the study. A research nurse reviewed the
daycare records every day. Children who had taken
antibiotics within two weeks prior to the culture were
not included at the time of swabbing and were sched-
uled for later swabbing.

Investigation of risk factors, demographics, and
medical history including antibiotic use, infections, and
hospitalizations, were recorded during the study pe-
riod. Medical records were reviewed to document
infection events in study children. All information
was collected without knowledge of the child’s carrier
state.

A carrier was defined as a person from whom a
strain of S. pneumoniae was isolated by nasopharyn-
geal swab culture on one or more occasions during the
study period. Acquisition of pneumococci was defined
as the recovery of any pneumococcal type for the first
time, or by the recovery of a type not previously iso-
lated in a given child. Reacquisition of a previously
carried type was defined by the identification of one
or more cultures negative for that type, in the absence
of antibiotic therapy at the time of culture, and an in-
terval of more than three months before its reap-
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pearance. Duration of carriage was calculated from the
date of acquisition to the date of the last consecutive
culture positive for a given pneumococcal type.

Data on demographic characteristics and medical
history, including antibiotic use, infections, and hos-
pitalizations, were collected during the study period
and records were reviewed to complete the documen-
tation of infection events in children. All information
was collected without knowledge of the child’s carrier
state.

Laboratory procedures. During the study period,
all the S. pneumoniae strains isolated from naso-
pharyngeal swabs of enrolled children and adults were
collected prospectively and stored frozen (70º C).

Specimen collection and identification of
S. pneumoniae

The first swab specimens from children and adults
were taken in September 1997 and every 4 months
thereafter until September 1999. All the samples
were obtained by a single investigator who used a cot-
ton swab placed 1 to 1.5 inches into the nasopharynx.
Specimens were initially processed in the same labo-
ratory within two hours after collection. Swabs were
placed on nonselective 5% sheep blood-agar and incu-
bated at 34-35º C in a 5 to 7% CO2 atmosphere for 24 to
48 hours. Alphahemolytic colonies were evaluated by
bacterial morphology, optochin disk susceptibility,
Gram-stain smear, and bile solubility tests to identify
S. pneumoniae.22

The swelling test using omniserum pools and
type/group-specific antisera were used (Statens Seru-
minstitute, Copenhagen, Denmark) for serotyping.

All strains were routinely screened for suscepti-
bility to penicillin with a 1.0 mg oxacillin disk (BBL
Microbiology Systems, Mexico) using the Kirby-Bauer
disk diffusion method.23 A zone of inhibition ≥20 mm
indicated that the strain was susceptible, while those
strains with a zone of inhibition £19 mm were suscep-
tible to penicillin.24

All antibiotics were supplied as laboratory
powders of known potency and stocks were made as
recommended by the manufacturer. The antimicro-
bials used were : penicillin G potassium, erythromy-
cin, ceftriaxone, and vancomycin.

The Minimal Inhibitory Concentration (MIC) was
determined by the broth microdilution method, in
Mueller-Hinton broth (Difco, Mexico) supplemented
with 10 mg of MgCl/l, 20 mg of CaCl2/l and 5% lysed
equine red blood cells. The plates were visually read.
These agents and their breakpoint concentrations

(mg/mL), were classified as susceptible (S), interme-
diate (I), or resistant (R) to each drug tested : Penicillin
(S) ≤0.06 ; (I) 0.12–1.0; (R) ≥2.0; erythromycin (S) ≤0.25;
( I ) 0.5; (R) ≥1.0 ; ceftriaxone (S) ≤0.5; (I) 1.0 ; (R) ≥2.0,
and vancomycin (R) ≥1.0.

The results of susceptibility testing for these anti-
microbials were defined according to the 1997 guide-
lines of the National Committee for Clinical Laboratory
Standards (NCCLS).24

For statistical analysis odds ratios and Fisher´s
exact or chi square tests of significance were comput-
ed from contingency tables. Exact 95% confidence in-
tervals were computed for odds ratios. Data analysis
was performed using the Epi Info statistics program
(version 6.04a, CDC, Atlanta, GA. 1994.)25

Results
DCC isolates – A total of 53 children younger than 4
years and 20 DCC employees participated two-year
during the two-year follow-up study.

The 53 children in this study were seen on a total
of 378 occasions, an average of seven visits per child.
Pneumococci were recovered from 45 of 53 (85%) of
the infants at one or more visits. A total of 178 pneu-
mococcal isolates were found in carriers. Thus, the car-
riage rate based on the number of strains recovered
for the total number of visits was 47%. Pneumococci
were recovered four times per child on average (three
to five consecutive cultures). Children not cultured
were either absent from the DCC or their parents re-
fused to have their cultures taken.

All 53 infants acquired pneumococci during the
study period: 25 acquired one type; 14, two types; 9,
three types; and 5, four types. These acquisitions ac-
counted for 100 of the 178 pneumococcal strains that
were carried in total. Acquisitions were documented
in 368 of the 378 swabbing specimens.

Isolates in adults

There was a high level of work shif rotation among the
20 employees; 15 were followed for ≥6 months, 10 for
≥12 months and 7 for more than 18 months. Only se-
ven of the adults acquired pneumococci during the
study period; one of them with serotype 7 (June 1998);
not all adult infections were related with strains from
children at that time. Five pneumococcal strains were
acquired in September 1998 and were related to those
of children; two with type 19F and the other three with
type 6B, 10, and 11 respectively. The last strain reco-
vered in September 1999 was of type 3.
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Table I shows the serotype distribution of all
strains carried; data are arranged to show the over-
all frequency of isolation, the number of infants who
carried a given type on at least one occasion, and the
mean number of visits at which these infants carried
that given type. Types 19F (65), 6A (32), 6B (24), ac-
counted for 68% of the strains. If we add types 23F,
19A, and 14, the six types represented 77% of the total.
The more frequent isolation of these six types was par-
tially explained by their longer duration of carriage.
Table II shows the distribution of serotypes, the number
of children swabbed, and the number of strains reco-
vered during the study period.

Age of acquisition

The mean age at which infants acquired their first
pneumococci was five months, with a range of two to
seven months. Acquisition of a second strain occurred
in 14 children, at four months on average after the first
strain, around nine months of age. Strains of a third
type in nine children were acquired three months
after the last acquisition (at 12 months of age). Strains
of a fourth type in five children were acquired at the
age of eighteen months. The overall mean age for all
140 acquisitions of pneumococci was 8.4 months. There
was a trend toward an increased risk for carriage with
increasing age until 12 months of age, after which ac-
quisition diminished.

Reacquisition, persistence and antibiotic
therapy

According to our operational definitions, 27 such reac-
quisitions occurred in 22 of the 53 children. Reacquired

Table I
SEROTYPE DISTRIBUTION OF STRAINS OF S. PNEUMONIAE

CARRIED AMONG 53 HEALTHY CHILDREN LESS THAN 4
YEARS OF AGE. MÉXICO, 1997-1999

Type/group No. of isolations* (%) No. of carriers

19F 65 (36.5) 38
6A 32 (17.9) 27
6B 24 (13.4) 21
23F 7 (3.9) 7
14 6 (3.3) 6
19A 6 (3.3) 6
15 4 (2.2) 4
9A 3 (1.6) 3
16 3 (1.6) 3
18 3 (1.6) 3
8 2 (1.1) 2
9V 2 (1.1) 2
11 2 (1.1) 2
19B 2 (1.1) 2
42 2 (1.1) 2
Not typable 5 (2.8) 5
Others‡ 10 (5.6) 10

Total 178 –

* Includes multiple types isolated
‡ 1,2,3,4,5,13,17,22,23A,31

Table II
DISTRIBUTION OF S. PNEUMONIAE ISOLATES FROM CHILDREN ATTENDING AT THE HOSPITAL INFANTIL

DE MEXICO FEDERICO GOMEZ DAYCARE CENTER. MÉXICO, 1997-1999

Aspect Sep. 97 Dic. 97 Mar. 98 Jun. 98 Sep. 98 Dic. 98 Mar. 99 Jun. 99 Sep.99

No. of children 52 46 43 56 42 47 40 38 44
Streptococcus pneumoniae 5 (9.6)* 13 (28.2) 20 (46.5) 27 (48.2) 25 (61) 23 (49) 30 (75) 19 (50) 16 (36.6)
Serotype 6A (1) 1 (1) 6A (1) 4 (1) 3 (1) 6A (6) 6A (13) 6A (4) 6B (4)

6B (2) 2 (1) 6B (1) 6A (2) 6A (5) 6B (2) 6B (3) 6B (5) 16 (1)
Serogrup 9A (1) 5 (1) 8 (1) 6B (3) 6B (4) 16 (2) 9A (1) 11 (1) 18 (1)

19A (1) 14 (2) 9V (1) 8 (1) 9V (1) 19F (12) 15 (1) 13 (1) 19F (6)
15 (1) 14 (3) 9A (1) 11 (1) NT (1) 18 (1) 15 (2) 42 (1)
17 (1) 19B (1) 19B (1) 14 (1) 19A (3) 19A (1) NT (3)
19A (1) 19 F (10) 19F (16) 18 (1) 19F (7) 19F (3)
19F (1) 22 (1) 23F (2) 19F (10) NT (1) 31 (1)
23F (4) 23F (1) 23A (1) 42 (1)

* (%)

Distribution of carriage types

Twenty-five pneumococcal serotypes were found
among the 178 pneumococcal strains cultured; five
strains were not typeable. Two different types were
found simultaneously in 23 occasions; three in 9 occa-
sions and four on 5 occasions.
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strains were predominantly ( > 80%) the common types
19F, 6A, 6B, 23F, and 14. Eighteen out of 27 reacqui-
sitions occurred after an intervening course of anti-
biotics. There were 79 courses (most of them in winter
months), often with oral antimicrobial agents given to
infants carrying pneumococci. Most of those children
had upper respiratory infections (sinusitis, otitis me-
dia, pharyngitis, and common cold ). Carriers of the
antibiotic-resistant strains were more likely than non-
carriers to have received three or more courses of an-
timicrobial therapy in the preceding two months
(18/27 carriers vs. 7/26 non-carriers) (OR 6.98; 95% CI,
1.8-29 ). Unfortunately, both qualitative and quantita-
tive antibiotic use was not assessed due to insufficient
dosing and prescribing data in the medical records. All
the antimicrobials were prescribed without knowledge
of the presence of pneumococcal infection. Antibiotics
commonly used for this purpose were amoxicillin, tri-
methoprim-sulfamethoxazole, and erythromycin.

No children at the DCC had pneumococcal bac-
teremia, pneumonia, or meningitis during the study
period. Acute otitis media occurred in 10 of 18 persis-
tent carriers (average 12 months) and in 6 of 32 non-
carriers (OR=7; 95% CI, 1.6-30 ). Most of the strains
recovered from 14 to 18 of those carriers were non-
susceptible to penicillin, compared with 12 of 35 strains
recovered in the first or second acquisition (OR=10, 95%
CI, 2.5-46; RR=3.0, 95% CI, 1.8-5.0).

Persistence of the carrier strain in the upper respi-
ratory tract was documented in 18 cases, including the
same serotypes 19F, 6A, 6B, and 23F. Treatment for 13
of 18 persistent carriers failed to eradicate the carrier
strain, mainly 19F.

Duration of carriage

 A pneumococcal strain was recovered in one and to
five consecutive swabbing events for a given child.
Termination of carriage was recorded regardless of
antibiotic therapy. The duration of carriage ranged
from 3 to 12 months. In general, the younger the infant
was at the time of acquisition, the longer a strain likely
to be carried. Regardless of type, the first strain
acquired was consistently carried longer than the se-
cond, third, or fourth strain. Again the groups 19F, 6A,
6B, and 23F, was carried significantly longer (mean 6.1
months versus 3.3 months, p< 0.01 ) than other types.
Of the four types carried for a longer period of time,
23F was the least common and its average duration of
carriage was the shortest (3 months).

In adults, according to the definition of acquisi-
tion and carriage, strains recovered at only one swab-
bing were assumed to have a carriage duration of four
months.

Seasonal pattern of pneumococcal
acquisition and carriage

Pneumococcal acquisition and carriage were related to
both age of the infant and season of the year. The ac-
quisition rate followed a seasonal pattern, with major
peaks falling during the winter time (January through
March of 1998 and 1999). The carriage rate was strong-
ly age-related, increasing steadily with age during the
first year. Carriage also fluctuated seasonally, with
highest peaks in March, June, September, and Decem-
ber (Table II). There was no seasonal pattern of pneu-
mococcal acquisition in adults.

Antibiotic susceptibility patterns

The susceptibility data to four antimicrobials tested
against 178 isolates of S. pneumoniae are presented in
Table III, with their individual numbers and percen-
tages of susceptibility stratified by penicillin suscep-
tibility. Twenty of 178 strains (11%) were resistant to
the four antimicrobials tested and were classified as
multiresistant strains. From the seven strains recovered
from adults, four were susceptible to all antimicro-
bials (types 3,7,10, and 11), and the other three (2 types
19F, and one 6B) were multiresistant.

Table III
SUSCEPTIBILITY* TO ANTIBIOTICS IN 178 STRAINS

OF STREPTOCOCCUS PNEUMONIAE  ISOLATED

IN A DAYCARE CENTER. MÉXICO, 1997-1999

Drug and  mic  (mg/ml) No. (%) of strains

Pnicillin

S ≤0.06 91 (51)

I 0.12-1.0 68 (38)

R ≥2.0 19 (11)

Erythromycin

S ≤0.25 102 (57)

I 0.5 43 (24)

R ≥1.0 33 (19)

Ceftriaxone

S ≤0.5 158 (88)

I 1.0 14 (8)

R ≥2.0 6 (4)

Vancomycin

R ≥1.0 0

References  23, 24
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Discussion
This study prospectively surveyed the nasopharyngeal
colonization of children attending a single DCC. Very
high rates of carriage of penicillin-resistant Strepto-
coccus pneumoniae are documented. Our findings sup-
ports earlier studies from similar centers over the last
decade.9-21 Recent research established daycare atten-
dance as an important factor influencing the epide-
miology of many infectious diseases.26-28 A number of
studies have demonstrated a strong association be-
tween daycare attendance and increased carriage of S.
pneumoniae, especially of resistant strains.13,28,29 Study
findings demonstrated that daycare attendance and
patterns of antibiotic use may be important factors
influencing the epidemiology of antibiotic-resistant
bacteria.

Every child in the study acquired a pneumococ-
cus strain. Carriage occurred in 47% of children cul-
tured. We found that the carriage rate increased with
age, reflecting an increase in the number of types ac-
quired. At baseline, it was observed that group 6 (A
and B) was prevalent as an endemic strain, and re-
mained as a clone thereafter. Type 19F appeared in the
second culture and increased to become the domi-
nant strain (Table II). Type 14 and groups 6,19, and 23,
showed a disproportionately high incidence among
children under four years of age. Persistent carriage
was more frequent with these types. On the other hand,
persistent nasopharyngeal carriage of single strains
was serotype-dependent6, 14, 19, 23 and occurred more
commonly between 5 and 8 months of age. The dura-
tion of carriage decreased with the carriage of succes-
sive pneumococcal serotypes and hence was inversely
correlated with age. A previously carried type was iso-
lated simultaneously with a new type acquired. The
very low carriage rate of S. pneumoniae in daycare cent-
er personnel, suggests that these adults are less suscep-
tible or had a lower rate of exposure to pneumococci
than the children attending the DCC. The lower colo-
nizing rate and the shorter duration of carriage in the
adults studied, may be correlated with the prevalence
of serum antibodies to the colonizing types of pneu-
mococci, whereas children had low or undetectable
levels of these antibodies.27,28

The rate of carriage of penicillin-nonsusceptible
S. pneumoniae strains isolated from the nasopharynx
of children in the DCC studied, was extraordinarily
high (49%) in the study children. Our findings are less
impressive than ones reported by Chiou and cols.30 Our
results also confirm the decreased susceptibility of
antibiotic-nonsusceptible strains of pneumococci to

other β-lactam drugs, on the other hand the resistence
of these strains to erythromycin was 43%.

High prevalence rates of antibiotic-resistant pneu-
mococcal strains in children in the community are of
concern, because epidemiologic studies suggest that a
high prevalence of antibiotic-resistant isolates in the
community results in increased clinical disease due to
these resistant organisms.30 Thus, prevalence of antibio-
tic-nonsusceptible pneumococci continued to be high
and was significantly higher in daycare centers, where
resistant strains may become endemic and difficult to
eradicate, as was the case for types 6,14,19, and 23.

Close contact among members of the group in a
daycare center increases the probability that resistant
organisms will spread among the attendees.28,29 Thus,
the frequent use of antimicrobial agents to treat upper
respiratory infections, a common illness in children in
daycare centers, and the close contact of large num-
bers of young children that commonly occurs in
daycare settings, could facilitate the emergence of an-
tibiotic-resistant bacteria. In our study, most of the
courses of antibiotics for these children (68/79) were
prescribed during the winter time (December-Janua-
ry). On the other hand, 7 of 18 children with recurrent
acute otitis media were shown to have persistent car-
riage of pneumococci (longer than 18 months), as has
been reported in other studies.31,32

Extensive use of antibiotics to treat respiratory
infections in children in daycare centers, may pro-
mote selection of antibiotic-resistant microorganisms.
The special epidemiological characteristics of the day-
care center environment could permit the spread of
resistant strains that have been either selected or in-
troduced in this setting. Children who acquire these
organisms in DCC may subsequently spread them to
susceptible hosts in the general community. The pre-
sence of multiply-resistant pneumococcal strains
among children at a DCC and in household members
and members of the surrounding community is of
substantial importance because of the potential of these
strains to cause invasive disease.6,9-16

This study also demonstrates that the risk of car-
rying multiply-resistant strains of pneumococci is
directly related to the administration of antimicrobial
therapy in the preceding three to four months. In set-
tings in which a strain is resistant to multiple antimi-
crobial agents, prevalent antibiotic therapy can result
in increased risk of carriage of the drug-resistant strain.

The resistant strains isolated in this study are res-
ponsible for the majority of serious pneumococcal dis-
eases in children attending our hospital, who acquired
the infection in the community. The characteristics of
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carriage isolates could serve as an indicator of the pre-
valence of resistant strains in the community.

Future interventions for reducing the high preva-
lence of pneumococcal carriage in young children, par-
ticularly in those attending daycare centers should
include the active immunization against S. pneumoni-
ae. Large studies have shown that a pneumococcal con-
jugate vaccine is immunogenic and reduces invasive
disease in infants and children.33-35
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