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Abstract
Background—Inhabitants of slum settlements represent a significant proportion of the population
at risk for pneumococcal disease in developing countries.
Methods—We conducted a household survey of pneumococcal carriage among residents of a slum
community in the city of Salvador, Brazil.
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Results—Among 262 subjects, 95 (36%) were colonized with S. pneumoniae. Children <5 years
of age (OR, 8.0; 95%CI, 3.5-18.6) and those who attended schools (OR 2.7, 95%CI, 1.2-6.0) had
significantly higher risk of being colonized. Of 94 isolates obtained from colonized individuals, 51%
had serotypes included in the seven-valent pneumococcal conjugate vaccine. Overall, 10% (9 of 94
isolates) were nonsusceptible to penicillin and 28% (27 of 94 isolates) were resistant to
cotrimoxazole. BOX-PCR, PFGE and MLST analysis found that 44% of the carriage isolates
belonged to 14 distinct clonal groups. Strains of the same clonal group were isolated from multiple
members of 9 out of the 39 study households. Nineteen carriage isolates had genotypes that were the
same as those identified among 362 strains obtained from active surveillance for meningitis.
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Conclusions—The study's findings indicate that there is significant intra and inter-household
spread of S. pneumoniae in the slum community setting. However, a limited number of clones
encountered during carriage among slum residents were found to cause invasive disease.
Keywords
Streptococcus pneumoniae; nasopharyngeal carriage; pneumococcal conjugate vaccines; antibiotic
resistance; urban slums

INTRODUCTION
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Streptococcus pneumoniae is a major cause of severe infections such as meningitis, septicemia
and pneumonia worldwide. Risk groups for invasive pneumococcal disease are young children
under the age of 2 years, elderly people, and immunocompromised patients [1].
Nasopharyngeal carriage of pneumococci is likely to occur in all individuals at least once during
infancy [2]. Infants are an important reservoir for community-wide transmission, which for the
most part produces asymptomatic carriage [3]. Invasive pneumococcal disease is a relatively
rare outcome and originates from colonization with a homologous strain [4]. Although a
genetically-diverse population of pneumococcal clones are found in carriage, a limited number
of clones appear to produce invasive disease [5,6]. To distinguish between clones that are
capable of producing carriage or invasive disease, both clinical and nasopharyngeal isolates
from the same geographic region and time period need to be characterized.
Several studies have compared carriage and invasive disease isolates from the same
epidemiological setting [5-8]. A study performed in Oxford, England found that clones with
the same serotype had similar invasive potential indicating that serotype may be more important
than genotype in the ability of pneumococci to cause invasive disease [7]. In contrast, a study
from Sweden identified clones that belonged to the same serotype but had different abilities to
cause invasive disease. In addition, this study found that clones with different serotypes, which
were presumably generated due capsular switch phenomenon, had the same disease potential
[8].
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At present, 1 billion of the world's population resides in urban slums, most of which are situated
in developing countries [9]. Much of this marginalized population has not benefited from the
advances in prevention afforded by immunization with pneumococcal protein-capsular
conjugate vaccines [10]. Although underlying conditions of poverty presumably lead to high
rates of pneumococci carriage and invasive disease, little information is available with respect
to disease burden and transmission of S. pneumoniae within these communities. Salvador is
the third largest city in Brazil (population, 2.8 million inhabitants) in which more than 60% of
the population resides in slum settlements. Active surveillance in Salvador found that the
annual incidence for pneumococcal meningitis was 31.7 and 8 cases per 100,000 person-years
in children under one and five years of age, respectively [11]. The large majority (>80%) of
meningitis cases in the city were residents of slum communities (favelas). Children <2 years
had a significantly increased risk of acquiring penicillin-nonsusceptible (PNSP) isolates than
children >2 years. Furthermore, 50% of all the PNSP meningitis cases were caused by a single
serotype 14 clone, which has disseminated throughout Brazil [11,12]. We herein report the
findings of a cross-sectional study conducted in a slum community in Salvador, where ongoing surveillance for pneumococcal meningitis has been conducted, to identify the prevalence
and risk factors for S. pneumoniae nasopharyngeal carriage among community residents.
Furthermore, genotyping methods were used to determine the contribution of clones in the
transmission of S. pneumoniae within households and the community.
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METHODS
Study site and population
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The survey was carried out in the slum community (favela) of Nordeste de Amaralina in the
city of Salvador, Brazil between July 2000 and May 2001. According to the national census
bureau [13], 60% of the 2.6 million inhabitants of Salvador resides in slums such as Nordeste
de Amaralina. In 2000, the study community had a population of 23,980 inhabitants, distributed
within 18 census district in an area of 0.5km2 [14]. A representative census district was selected
as the study within this community. We randomly selected 39 (13%) of the 296 households
(1,338 inhabitants) which were identified during a census of the study site. The study team
performed house visits to identify eligible subjects, who were defined as residents living
continuously in the selected household during the month prior to recruitment. Subjects were
enrolled into the study according to written informed consent procedures approved by the
Oswaldo Cruz Foundation, Brazilian Ministry of Health.
Data collection
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Interviews were performed during the house visits to obtain information on demographics,
underlying medical conditions, hospitalizations, occurrence of an upper respiratory tract
infection (URTI) in the previous month, antibiotic therapy in the last month, childcare
arrangements, school attendance and habits such as smoking. Information for children was
obtained by interviewing the parent or legal guardian.
Isolation of pneumococci
Nasopharyngeal specimens were collected with calcium alginate swabs (Calgiswab type 1,
Spectrum USA) and immediately streaked onto agar plates with 5% sheep blood and 5.0 μg/
mL of gentamicin. Plates were incubated at 35°C in 5% CO2-enriched atmosphere for up to
48 hours. Three to five colonies exhibiting morphologic characteristics of S. pneumoniae were
isolated. Pneumococci were identified according to Gram-stain morphology, optochin
sensitivity and bile solubility.
Antimicrobial susceptibility testing
The disk-diffusion method was performed according to CLSI recommendations [15] to
determine susceptibility of isolates to oxacillin, cefotaxime, tetracycline, erythromycin,
clindamycin, cotrimoxazole, vancomycin, and chloramphenicol (BBL Microbiology Systems,
Cockeysville, USA). Isolates exhibiting an inhibition zone diameter <20 mm surrounding a
1μg oxacillin disk were tested for penicillin MIC by the E-test (AB Biodisk, Solna, Sweden).
Isolates with a penicillin MIC value ≥0.1μg/ml were defined as penicillin-nonsusceptible.
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Serotyping
The Quellung reaction was performed to determine the serotype of pneumococcal isolates. For
each study subject isolate, three to five colonies were picked from culture isolation plates and
serotyped.
Box Fingerprinting
The Box polymerase chain reaction (Box-PCR) typing method was performed as described by
Ko et al. [11]. The Gel Compar software version 4 (Applied Maths, Kortrijk, Belgium) was
used to analyze digitalized images of gel electrophoresis patterns. The gel bands were assigned
manually, according to analysis of densitometry curves and visual comparison with the
accompanying copy of photograph. Strains that differed by ≤3 bands were defined as being
related and assigned the same letter code. Within a group of related patterns, distinct, non
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identical patterns were assigned a numerical index. An isolate was defined to have a cluster
pattern if it had an identical gel pattern to one or more other isolates in the survey.
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Pulse-field gel electrophoresis (PFGE)
PFGE analysis was performed to confirm the genotypes assigned in the BOX-PCR analysis.
Chromosomal DNA fragments generated by SmaI digestion were prepared and analyzed as
described elsewhere [16]. A CHEF-DRII apparatus (Bio-Rad, Hercules, CA) was used for
running the gels. Interpretation of relatedness of isolates was performed according to the
Tenover criteria [17].
Multilocus sequence typing (MLST)
MLST was performed, according to the procedure of Enright et al. [18], for all isolates which
had cluster patterns by Box fingerprinting and a possibly-related pattern by PFGE and for a
randomly selected group of 10 isolates with unrelated PFGE patterns. The Applied Biosystems
Prism 3700 automated sequencer (PE Applied Biosystems) was used to sequence housekeeping genes (aroE, gdh, gki, recP, spi, xpt and ddl) from chromosomal DNA obtained from
pneumococcal isolates. Sequences were submitted to the online MLST database
(http://www.mlst.net), which in turn assigned alleles at each locus and a sequence type.

NIH-PA Author Manuscript

Data analysis
Epi-Info Version 6.04 software system (Center for Disease Control and Prevention, Atlanta,
GA) was used to create a database of epidemiological, microbiological and genotyping
information. SAS software (version 9.1; SAS Institute) was used to perform the statistical
analyses. Prevalence of pneumococci carriage and 95% confidence intervals were adjusted for
the household sampling design effect. Fisher's exact test or χ2 test was used to evaluate
significant associations for categorical data. The two-sample Wilcoxon rank-sum test was used
to compare differences for continuous variables. Logistic regression modeling was performed
with variables of age, sex and those that had a two-sided P value <0.05 in univariate analyses.
A backward elimination method was used to obtain a final model. Generalized estimating
equations were used to obtain odds ratios (OR) and 95%CI which were adjusted to account for
household sampling design effect. Associations with a two-sided P value <0.05 were defined
as being statistically significant. In order to determine whether carriage strains were related to
strains that caused invasive disease in Salvador, Brazil, sequence types for carriage strains were
compared to those from 362 isolates obtained during active surveillance study for
pneumococcal meningitis in the city of Salvador between 1996 and 2002 [19]. The OR for
clone-specific invasiveness was calculated as described by Brueggemann et al. [7].
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RESULTS
Prevalence and risk factors for S. pneumoniae carriage among slum residents
We identified 282 eligible subjects during visits of 39 households. The mean number of
inhabitants per households was 7 (range: 3 to 14). Mean monthly per capita household income
was US$ 73.00 (inter-quartile range, 39.8-98.4). Among 282 eligible subjects, 262 (93%) were
enrolled for the survey, of which 57% were female and median age was 16 years. Among the
39 study households, 14 (36%) and 31 (79%) had at least one child <2 and <5 years,
respectively.
The prevalence of S. pneumoniae nasopharyngeal carriage was 36% (95 of 262 subjects, 95%
CI 28-44%). Among study households, 25 (64%) had two or more inhabitants who had
pneumococcal carriage. The prevalence of carriage decreased significantly with increasing age
(Figure 1). The prevalence for children <5 and 5-17 years of age and adults >17 years of age
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was 66.6% (33 of 50 subjects; 95%CI 51.2-78.8%), 45.3% (43 of 95; 95%CI 35-55.8%), and
16.2% (19 of 117; 95%CI 10.1-24.2%), respectively.

NIH-PA Author Manuscript

Univariate analysis showed that age <17 years, school attendance and an upper respiratory
tract infection (URTI) in the previous month were associated with nasopharyngeal carriage of
S. pneumoniae (Table 1). Breastfeeding was associated with a decreased risk for pneumococcal
carriage among children less than or equal to 2 years. Multivariate analysis identified age <5
years old, URTI in the previous month and school attendance as independent risk factors for
pneumococcal carriage (Table 1).
Antimicrobial susceptibility and serotype distribution
Among the 95 subjects colonized, 44 (46%), 18 (19%) and 5 (5%) had isolates which had
decreased susceptibility to at least one, two and three antimicrobial agent classes, respectively
(Table 2). Of the 95 subjects, 21 (22%) and 9 (10%) were colonized with oxacillin-resistant
and penicillin-nonsusceptible isolates, respectively. The frequency of resistance to antibiotics
other than beta-lactams was 28% for cotrimoxazole, 15% for tetracycline, 3% for
chloramphenicol and 2% for erythromycin (Table 2). The 9 penicillin-nonsusceptible isolates
were also resistant to cotrimoxazole. Among subjects with penicillin-nonsusceptible (PNSP)
isolates, 5 (54% of 9) were isolated from children < 5 years old.
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The distribution of serotypes for 94 (99%) of 95 isolates is shown in figure 2. Evaluation of
multiple colonies from the same individual found that all colonies were of the same serotype.
Among the 29 serotypes identified, the most prevalent were 19F (13%), 6A (9%), 23F (8%)
and non-typeable (8%). Among the children <5, 5-17 years of age and adults >17 years of age,
36% (12 of 33), 28% (12 of 42) and 36% (7 of 19) had serotypes contained in the seven-valent
polysaccharide-protein conjugate vaccine (PCV7). Among subjects colonized with PNSP, 55%
(5 of 9) had serotypes represented in the PCV7.
Clonal relationships among carriage isolates
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Combined Box fingerprinting and PFGE analysis (Figure 3) found that 41 (44%) of the 94
isolates were distributed among 14 related patterns (Table 3). MLST found that the 14 Box/
PFGE clonal groups were distributed among 17 STs of which 11 were novel sequence types.
Among the 14 Box/PFGE clonal groups, 11 had isolates with identical MLST allelic profiles
and three isolates with related STs, for which the allelic profile of one isolate differed at a
single locus (Table 3). In total, 53 (66%) of the 94 isolates were found to have unrelated Box/
PFGE patterns. Analysis of 10 randomly-selected isolates with unrelated Box/PFGE found that
each had a unique ST, of which 6 were novel types. Antimicrobial resistance was not associated
with any specific clonal group. The 9 PNSP (Figure 3) were distributed among seven distinct
STs. In total, strains from 8 (57%) of the 14 clonal groups found in children 5-7 years of age
or adults >17 years of age were also isolated from children <5 years of age (Table 3).
Household clustering of S. pneumoniae clonal groups
Among the 39 households, 13 (33%) and 9 (23%) had more than one member who was
colonized with pneumococci of the same serotype and ST, respectively (Table 4). Among the
9 clonal groups which were isolated from members of the same household, six were also found
among subjects residing in other households. In 5 (13%) of the 39 households, children 5-17
years of age and adults >17 years were colonized with strains with the same ST as those found
in young children <5 years of age from the same households.
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Genotypic relationship between carriage and meningitis isolates
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Genotyping of carriage isolates obtained from individuals in the slum community and patients
with pneumococcal meningitis found that 19 (20% of 94) carriage isolates had identical or
closely-related PFGE patterns to those from strains isolated from meningitis cases (Figure 3).
Of these, 17 carriage isolates belonged to 6 of the 14 clonal groups whereas two isolates were
among the 53 carriage strains which did not belong to a clonally-related group. The 6 clonal
groups represented in both carriage and meningitis isolates accounted for 26% (94 of 362) of
the cases of pneumococcal meningitis identified during surveillance. S. pneumoniae from the
serotype 18C/21 ST 193 clonal group were isolated from 6% (6 of 94) of colonized subjects
and 6% (22 of 362) of meningitis cases (OR for clone-specific invasiveness 0.95, 95%CI
0.35-2.70). Serotype 3 ST180 and ST1024 clonal groups were recovered from 1% (1 of 94
subjects) of the carriage subjects and respectively, 5 and 4% (18 and 15 cases, respectively) of
the meningitis cases (OR, 95%CI; 4.87, 0.67-99.10 and 4.02, 0.55-82.65, respectively).
However, the odds ratio for serotype 3-specific invasiveness was 5.71, 95%CI 1.32-34.85 (11%
of meningitis subjects vs. 2% of carriage subjects).
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The international serotype 14 ST 66 clone was isolated from 2% (2 of 94) of the carriage
subjects and 9% (33 cases) of the meningitis cases (OR 4.61, 95%CI 1.05-28.35). Furthermore,
this clone accounted for 33 (55.9%) of the 59 cases of penicillin-nonsusceptible pneumococcal
meningitis during the study period. As found with serotype 3, serotype 14 was strongly
associated with the risk for acquiring invasive disease (OR, 8.78; 95%CI 2.05-52.97; 16% of
meningitis subjects vs. 2% of carriage subjects). The other ST types (ST2257, ST2259, ST776,
ST2258) accounted for 12% (11 of 94) of the carriage isolates and 2.8% (10 of 362) of the
meningitis cases (OR 0.21, 95%CI 0.08-0.56).

DISCUSSION
This prevalence study performed in an urban slum community in Brazil found that 36% of the
residents were carriers of S. pneumoniae. Pneumococcal carriage rates vary significantly
depending on the geographic region and underlying socio-economic conditions [20-22].
However in this study, the high prevalence of pneumococcal carriage among children <5 years
old (65%) was similar to those reported in developing countries [23-25]. School attendance
was found to be an independent predictor for carriage, suggesting that the school setting may
have a role in transmission in slum communities. Although slum residents live in crowded
household conditions, we did not find the number of household contacts to be a risk factor for
pneumococci carriage.
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Significant geographical variations in the frequency of antibiotic resistance have been observed
in different countries and within the same country. Penicillin-nonsusceptible isolates were less
frequent in our study population (9%) than in the other regions of Brazil, such as northeast
(41%) and Central region (19%) [25,26]. However, among children <5 years old, 12% of
pneumococci were intermediately resistant, while 36% of the isolates were resistant to
cotrimoxazole. Cotrimoxazole is recommended for first-line outpatient treatment of
community-acquired pneumonia in developing countries [27]. In Brazil the widespread use of
this commonly prescribed antimicrobial agent in the outpatient setting has presumably
provided the selection pressure for cotrimoxazole resistant strains. Of note, 100% of the
penicillin-nonsusceptible carriage isolates were nonsusceptible to cotrimoxazole, suggesting
the potential for selection of penicillin-nonsusceptible strains with widespread community use
of cotrimoxazole.
As expected we found that the serotype distribution among nasopharyngeal isolates from the
cross-sectional study (19F, 6A, NT, 23F, 18C and 34) was significantly different from those
commonly found among invasive disease isolates both in Salvador [28], as well as other regions
J Infect. Author manuscript; available in PMC 2009 September 1.
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in Brazil [26]. Among carriage isolates from children <5 years of age, 36% had serotypes
represented in the PCV7 whereas 74% of the invasive isolates from children of the same age
group had vaccine serotypes [28]. The contribution of PCV7 serotypes in pneumococcal
carriage varies between geographical regions [29-31]. However, the proportion of carriage
isolates with PCV7 serotypes in children appears to be substantially lower than generally
observed in industrialized countries [20,29,32] Among PNSP from all ages, 44% were NVT,
highlighting the potential of serotypes which are not covered by PCV7 to develop penicillin
resistance. Together these findings may have important implications if conjugate vaccines will
be implemented in similar urban populations in the future.
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Several studies have systematically explored the transmission of pneumococci within
households and communities [29,33-36]. These studies, although performed in distinct
geographic regions, found that S. pneumoniae transmission within families occurs from
children to adults [29,33,37]. We did not observe that prevalence of carriage within households
was associated with the size of the household or numbers of contacts, which would suggest a
density-dependent within-household transmission phenomenon [35], albeit the study's crosssectional design and sample size may have limited the ability to adequately evaluate this
possibility. Attendance in child care centers is an important risk factor for pneumococcal
carriage in industrialized countries and may explain the variations in carriage observed between
communities in this setting [8,30,38]. In impoverished slum communities such as the study
population, access to child care centers is often limited or non-existent. However, we did find
that school attendance was an independent risk factor for pneumococcal carriage, suggesting
that these sites may be potentially important sources for transmission in slum communities.
Few studies have investigated the community transmission of pneumococci at level of clonal
composition [8,39]. In Israel, a study conducted in a closed community (a kibbutz) found that
strains carried by day care attendees were not isolated either from their parents or from other
adult members of the community [39]. This is the first study in an open community - i.e.,
enrolling child and adult family members as well as other individuals living in the vicinity. In
the community site where the study was performed, families have similar standards of living
and the relationship between carriage of pneumococci by young children and that found among
families and members of the community could be readily investigated.
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In this community-based study, 43% of the nasopharyngeal pneumococcal isolates belonged
to clonally-related groups. This finding suggests that there is enhanced spread of pneumococci
between households in the slum community. Moreover, we found that 11.9% and 31.6% of
the older children and adolescents (5-17 years of age) and adults, respectively were colonized
with the same clonal groups of strains carried by the younger children in the same household.
Intra-household spread of S. pneumoniae may therefore be an important mode of transmission
in this epidemiological setting.
We found that within the community site, the survey of nasopharyngeal carriage isolates of S.
pneumoniae reflects the antibiotic susceptibility pattern of meningitis isolates found in the
same time period for most antibiotics. However the serotype distribution and molecular
analysis of PNSP showed that carriage isolates are more diverse and represent distinct clonal
groups, most of which were not identified during meningitis disease surveillance. Studies of
isolates from patients with invasive disease in Brazil [11,12] found that a high proportion of
PNSP isolates are restricted to a few clonal groups, of which ST66 is predominantly represented
[12]. In this study, ST66 accounted for 22% of the penicillin-nonsusceptible carriage isolates
whereas it was the cause of 56% of the cases of PNSP meningitis in the city during the same
time period.
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As observed in other studies which have compared carriage and invasive isolates [6-8],
different clonal groups identified in this study had different potentials for causing invasive
disease. Among major clonal groups isolated from meningitis patients, the serotype 14 ST66
clone had significantly increased potential (OR 4.61, 95%CI 1.05-28.33) for causing invasive
disease. This association was not observed for the other 7 STs which were found in both carriage
and meningitis isolates. Although serotype 3 clones (ST180 and ST1024) and serotype 18C/
21 clones (ST193/2981) did not demonstrate significantly increased invasiveness, the presence
of serotype 3 capsule was associated with increased invasiveness (OR 5.71, 95%CI
1.32-34.85), suggesting that this phenotype, independent of or in addition to genotype, may be
a factor in promoting disease invasiveness after colonization. These findings support those
reported previously that invasive potential of the isolate may be related to its capsular [7], yet
the small numbers of isolates in our study limited the ability to evaluate significant independent
inferences.
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In contrast to findings from other studies [6-8] our findings suggest that in this study
community, the majority of carriage genotypes may not cause invasive disease. Among
carriage isolates, 78% had genotype patterns not found among meningitis isolates obtained
during the surveillance period. A caveat in interpreting these results is the small number of
carriage isolates and collection of isolates at a single time-point. Furthermore, the
nasopharyngeal carriage study was conducted in one of a large number of slum communities
in the city. However, the study community has a similar demographic and socio-economic
profile to other slum communities in Salvador and Brazilian urban centers, indicating that the
study's findings may be generalizable to these situations. The study was also limited in that
comparisons were made with isolates that were obtained from cases with meningitis and did
not include other forms of invasive pneumococcal disease. Finally, it was difficult to address
the question of whether differences in the invasive potential relates to the serotype or clonespecific properties of pneumococcal strains due to the limited number of clonal groups within
a serotype.
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Major initiatives are being made by governments through support from PneumoADIP and the
GAVI Alliance to extend the public health benefits afforded by PCV7 to developing countries
[10]. A large proportion of the population in these countries resides in slum settlements, and
the world's slum population is expected to double within the next 20 years [9]. Serotype shift
and replacement, together with clonal expansion of pneumococci with non-vaccine serotypes,
have become major considerations with the use of polysaccharide conjugate vaccine [40]. Our
study's findings indicate that S. pneumoniae spread efficiently in slum settings as evidenced
by the carriage of related clones within and between households. This could thereby facilitate
clonal dissemination of non-vaccine serotypes if conjugate vaccines were to be implemented
in these communities. In developed countries where conjugate vaccines have been used,
immunization with PCV7 effectively reduces carriage from S. pneumoniae with vaccine
serotypes [37,38], yet studies, have documented the increase in carriage and invasive disease
of some non-vaccine serotypes [30,38,41]. The importance of non-vaccine serotypes
circulating in developing countries and their ability to cause invasive disease is still not clear.
Further research is therefore needed to determine whether the repertoire of non-vaccine
serotypes and clones associated with carriage in this study have invasive disease potential. This
will be an important consideration for the eventual introduction of conjugate vaccines in slum
communities in developing countries.
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Figure 1.

Proportion of slum residents (N=262) with nasopharyngeal carriage of S. pneumoniae,
according to age group and antimicrobial susceptibility. Proportion are shown for individuals
colonized with pneumococci (black bars), colonized with cotrimoxazole non-susceptible
isolates (gray bars), colonized with oxacillin resistant isolates (dotted bars), and colonized with
penicillin-nonsusceptible isolates (white bars).
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Figure 2.

Serotype distribution of 94 nasopharyngeal carriage Streptococcus pneumoniae isolates.
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Figure 3.

Pulse-field gel electrophoresis of SmaI-restricted chromosomal DNA of Streptococcus
pneumoniae isolates from subjects with nasopharyngeal carriage; and meningitis patients. Lane
1 show a Lambda marker; lanes 2 through 10 digests of penicillin non-susceptible
nasopharyngeal carriage isolates; Lanes 11, 15, 17 and 19 digests of isolates from meningitis
patients; and lanes 12 - 14, 16 and 18 digests of penicillin-susceptible nasopharyngeal carriage
isolates. Serotype, PFGE and MLST types, and the origin of the isolate (C, nasopharyngeal
carriage, M, meningitis), are shown at the top of the figure.
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Table 1

Univariate and multivariate analysis of risk factors for pneumococcal carriage among urban slum residents.
Characteristics

Pneumococcal carriage

NIH-PA Author Manuscript

Yes(N=95)

No (N=167)

No (%)
Age

<2 yrs

10(11)

2-4 yrs
5-17 yrs
>17 yrs

Multivariate analysisa

Univariate analysis

OR (95% CI)
5(3)

7.9 (2.2-28.7)

14.1(5.2-38.2)

23 (24)

12(7)

8.9(4.1-19.4)

8.0(3.5-18.6)

43 (45)

52 (31)

4.7 (2.6-8.7)

1.5(0.6-3.8)

19 (20)

98 (59)

1.0

1.0

Male gender

48(51)

65 (39)

1.4(1.0-2.0)

1.1(0.7-1.8)

Chronic underlying illness

13 (14)

31 (19)

0.7(0.3-1.4)

URTI in the last month

40 (42)

38 (23)

2.1(1.3-3.6)

Antibiotic use in the last month

11(12)

15(9)

1.1(0.5-2.6)

4(4)

4(2)

0.1(0.02-0.7)

8(8)

2(1)

1.3 (0.3-5.3)

39 (41)

41 (24)

2.1 (1.4-3.0)

Breastfeeding
Day care attendance
School attendance
Smoking

NIH-PA Author Manuscript

4(4)

17(10)

0.6(0.2-1.5)

43 (45)

69 (41)

1.1(0.5-2.3)

7(7)

14(8)

1.0

5-10

58 (61)

99 (59)

1.1(0.5-2.6)

>10

30 (32)

54 (32)

1.0(0.4-2.7)

< 5 yrs

69 (73)

129 (77)

0.7(0.3-1.4)

< 10 yrs

89 (94)

149 (89)

1.7(0.5-4.6)

86(91)

148 (89)

1.2(0.5-3.1)

Household contact who is a smoker
No. of household
contacts

Household
contact with age

Household
contact with
pneumococcal
carriage

<5

1.6(0.9-2.8)

0.2(0.05-1.0)

2.7 (1.2-6.0)

NOTE: URTI, upper respiratory tract infection. Odds ratio and 95%CI adjusted for household sampling design effect and weighted for number of household
members.
a

Final best-fit model includes age, sex, at least one episode of URTI in the last month, breastfeeding and school attendance.
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Table 2

Antimicrobial resistance in Streptococcus pneumoniae nasopharyngeal carriage isolates.
Antimicrobial agenta

NIH-PA Author Manuscript

Children <5 yrs (n
= 33)

Children 5-17 yrs (n
= 43)

Adults >17 yrs (n =
19)

Total (n = 95)

No (%) of isolates
Oxacillin

13 (39)

8 (19)

1 (5)

22 (23)

Penicillinb

5 (15)

3 (7)

1 (5)

9 (9)

Erythromycin

1 (3)

1 (2)

0 (0)

2 (2)

Tetracycline

8 (24)

4 (9)

2 (10)

14 (15)

Chloramphenicol

2 (6)

0 (0)

1 (5)

3 (3)

16

15

7

38

Cotrimoxazole
Intermediate

4 (12)

5 (12)

2 (10)

11 (11)

Resistant

12 (36)

10 (23)

5 (26)

27 (28)

≥ 2 agentsc

11 (33)

4 (9)

3 (16)

18 (19)

≥ 3 agentsd

3 (9)

0 (0)

2 (10)

5 (5)

NOTE. Breakpoints (μg/ml) used to define susceptibility categories were those recommended by the Clinical and Laboratory Standards Institute (5). Disk
diffusion method was used to determine susceptibility to all drugs tested except to penicillin.

NIH-PA Author Manuscript

a

Includes intermediate and resistant strains.

b

The E-test method was used to determine penicillin MICs for all oxacillin resistant isolates. All isolates had intermediate-level of resistance to penicillin.

c
Resistance to 2 or more classes of antimicrobial agent.
d

Resistance to 3 or more classes of antimicrobial agent.
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5 (4)

4 (2)

3 (2)

3 (2)

3 (3)

3 (2)

3 (3)

2 (2)

2 (2)

2 (2)

2 (1)

2 (1)

2 (1)

53 (28)

810

771

812

2315/2982

821

2257

820/439

62

66

2260

766

2258

2259

Non-cluster

20

2

-

1

1

1

-

2

-

-

1

2

1

3

1

23

-

1

-

1

-

2

-

1

2

2

-

2

2

2

5-17 yrs

9

-

1

1

-

1

-

-

2

1

1

1

-

3

>17 yrs

No. carriers by age group
<5 yrs

14

-

23F

16F

15B

19A

-

SXT

-

SXT

-

SXT/P

-

23Bc
11A

SXT/P

23F

-

P/CLO

NTb
6A

SXT/CLO

6A

-

SXT/P

34

SXT

19Fa/6A

ABX-NS

18C/21

Serotype

-

15

25

43

2

2

2

1

16

13

8

7

5

7

8

aroE

-

9

59

5

5

8

5

8

8

5

37

5

15

60

10

gdh

-

4

4

4

29

2

29

9

9

9

9

9

6

67

2/4

gki

-

21

1

10

12

4

12

2

2

50

12

1

1

5

16

recP

-

30

1

36

13

6

16

6

6

74

2

13

9

6

1

spi

c
One isolate was penicillin-nonsusceptible.

One isolate was nonsusceptible.

Two isolates were penicillin-nonsusceptible.

b

a

NOTE: MLST, multi-locus sequence typing; ABX-NS, antimicrobial agent nonsusceptible; SXT, cotrimoxazole; P, penicillin; CLO, chloramphenicol; NT, nonserotypeable; and dash indicates not
applicable.

6 (4)

No Carriers (Households)

193/2981

Cluster
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MLST type

NIH-PA Author Manuscript
Table 3

-

10

80

3

3

1

3

4

4

14

28

1

14

14

26

xpt
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Distribution of clonal groups of Streptococcus pneumoniae as identified by Box fingerprinting, PFGE and MLST analysis.

-

14

14

74

6

1

14

117/6

6

14

224/59

8

14

14

1

ddl
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Table 4

Distribution of clonal groups of Streptococcus pneumoniae nasopharyngeal isolates among children and adults from
the same household.

NIH-PA Author Manuscript

No. carriers by age group
Household No.

No. of residents

> 5yrs

5-17yrs

< 17yrs

Serotype (ABX-NS)

MLST type

2

11

1

1

4

8

1

-

1

34

771

1

15B (SXT)

766

6

14

1

19

7

-

-

1

18C(SXT)

193

1

1

23F

2257

22

14

1

1

29

8

-

1

-

NT

2315

1

16F

2258

30

10

2

-

38

12

1

1

1

6A (SXT/CLO)

812

-

19F (SXT)

810

39

3

2

-

-

23F (SXT)

2259

NOTE: ABX-NS, antimicrobial agent non-susceptible; CLO, chloramphenicol; SXT, cotrimoxazole; NT, nonserotypeable.
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