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ABSTRACT 

To assess the prevalence, the antimicrobials resistance and to identify risk factors of nasopharyngeal colonization by 
Streptococcus pneumoniae in children with sickle cell disease (SCD) using prophylactic penicillin and immunized with 
7-valent pneumococcal conjugate vaccine. A total of 424 swabs were collected from the nasopharynx in 216 children 
with SCD and 109 samples from the control group, both from 2 to 60 months age range. Isolation and identification of 
pneumococci followed standard procedures. Minimum inhibitory concentration (MIC) for penicillin was determined by 
the E-test method. Prevalence of nasopharyngeal colonization by pneumococci in children with SCD was 17%, and 
11% in the control group. The risk factors for increased colonization in children with SCD were the presence of more 
than five people at home, daycare/school attendance and low prophylaxis compliance. The prevalence of strains with 
penicillin resistance was 57.5% in patients with SCD and 25% in the control group. Conclusions: Prevalence of pneu-
mococci nasopharyngeal colonization was similar among the study groups. Prophylactic use of penicillin may have in-
creased the prevalence of resistant strains. The vaccine did not decrease the colonization with penicillin resistant strains. 
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1. Introduction 

Children with sickle cell disease (SCD) have increased 
susceptibility to infections caused by Streptococcus 
pneumoniae, due to splenic ischemia that runs chroni- 
cally and determines the hypofunction of this organ, 
since the first months of life [1]. The prophylaxis with 
penicillinsignificantly reduces the risk of serious infec- 
tion by Streptococcus pneumoniae in children under five 
years old with SCD; one of the mechanisms involved 
was the reduction of the colonization of the nasopharynx 
[2]. 

The immunization with pneumococcal vaccines is an 
important tool in protecting these children. The 7-valent 
pneumococcal conjugate vaccine (PCV 7) was provided 
free of charge in Brazil by the Ministry of Health since  

2002, but only in special situations, including children 
under five years old with SCD [3]. In Brazil, this vaccine 
protects against 63% of the serotypes of S. pneumoniae 
isolated [4]. 

The 23-valent pneumococcal polysaccharide vaccine 
does not affect nasopharyngeal colonization [5,6], dif- 
fering from the PCV 7, which decreases the colonization 
by the vaccine serotypes [7,8].  

Despite the prophylactic use of penicillin and vaccines, 
pneumococcal infection remains an important cause of 
morbidity and mortality in these children [9,10]. Another 
major problem is that penicillin prophylaxis may select 
penicillin-resistant bacteria [11,12]. 

Today, studies indicate that after the introduction of 
PCV 7, there was a decrease in the incidence of invasive 
pneumococcal disease, as well as a change in the antim- 
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icrobial resistance profile [13,14],  reason why it is es- 
sential to monitor invasive and colonizing strains. 

In this study, the prevalence, the antimicrobials resis- 
tance and the risk factors for carriage of Streptococcus 
pneumoniae among children with SCD were evaluated 
using prophylactic penicillin and immunized with PCV 
7.  

2. Methods 

The cross-sectional epidemiological study was conducted 
from November 2007 to November 2008 in the Pediatric 
Hematology Division of the Federal University of São 
Paulo (UNIFESP) and approved by its Research Ethics 
Committee. The parents or legal guardians of the in- 
volved patients, received information and clarification 
about the purpose and possible risks of the study, and in 
accordance they signed an informed consent form. 

The study population consisted of patients with SCD 
(sickle cell anemia—HbSS; hemoglobinopathy SC—HbSC; 
or S-beta thalassemia—HbSβ+, HbSβ0), aged between 3 
and 60 months and who have attended to at least one 
consult at the UNIFESP Pediatric Hematology clinic dur- 
ing the period of the study. 

All eligible patients were taking prophylaxis for at 
least one month. Benzathine penicillin 50,000 UI/kg I.M., 
every 21 days or penicillin V 50,000 UI/kg/day, oral, 
every 12 hours were used for prophylaxis. As both drugs 
are effective for preventing pneumococcal infection in 
sickle cell disease, the treatment option was based on the 
preference of parents or guardians. All eligible patients 
also were immunized with PCV 7 according to the age. 
Patients who did not receive prophylaxis despite medical 
advice and those allergic to penicillin taking erythromy- 
cin did not participate in the study. 

In all routine visits, the parents or legal guardians of 
the patients with SCD were interviewed to obtain data 
regarding: 
 Child: age, sex, race, SCD genotype (HbSS, HbSC, 

HbSβ), frequency in day care centers or schools, and 
living conditions. 

 Prophylaxis: age of onset of prophylaxis, type of 
medication, and compliance. The report by the par- 
ents of delay of benzathine penicillin for a period 
longer than five days or not daily use of penicillin V 
(whether occurring in general or just prior to the ma- 
terial collecting) was considered irregular compli- 
ance.  

 Vaccination: the status in relation to PCV 7 was con- 
firmed by the patient’s vaccination card. A child was 
considered as age appropriately vaccinated if at the 
time of sampling had received all recommended 
doses, according to the age: three doses in the first 
year of life (two, four and six months) and a booster 

dose between 12 to 15 months of age, two doses for 
children who started immunization between seven 
and eleven months of age, with a booster at 15 
months, and two doses for children under five years 
who started immunization after 12 months of age. 

Those with fewer doses than recommended by age 
were defined as partially vaccinated. 

The control group consisted by children from 2 to 60 
months of age, both sexes, all races and who were under 
monitoring at the Pediatric Hematology clinic of UNI- 
FESP, with diagnosis of other hematological diseases 
which do not determine increased risk for pneumococcal 
infection, taking no antimicrobial prophylaxis or any 
antimicrobials at the time of collecting and had not re- 
ceived the PCV 7. 

Children with SCD underwent nasopharyngeal sam- 
ples collections in all routine visits during the period of 
the study, with a minimum interval of 30 days, while 
patients in the control group underwent only one collec- 
tion throughout the study. 

The samples were collected with a small flexible swab 
(Transwab plain medium, Medical Wire & Equipment 
Co, England). After the collecting, the swab was immers- 
ed directly in the transport medium (Amies-Medical 
Wire & Equipment Co, England), and sent within 1 - 3 
hours, at ambient temperature, to the Bacteriology Labo- 
ratory of UNIFESP, where the material was inoculated 
on 5% sheep blood agar plates. The plates were then in- 
cubated at 35°C ± 1°C with CO2 tension of 5% to 10% in 
atmosphere produced by candle jar for 24 to 48 hours. 
The presence of a gray-green zone around the colonies 
(α-hemolysis) was presumptive of Streptococcus pneu- 
moniae. Confirmation of the agent was performed by 
optochin susceptibility and bile solubility assays. Isolates 
were frozen and stored at −70˚C. 

Assessment of antimicrobial resistance was performed 
and interpreted according to the recommendations of the 
Clinical and Laboratory Standards Institute (CLSI), 2008 
[15]. Penicillin susceptibility was assessed by the oxacil- 
lin disc diffusion method (1 µg), with an inhibition zone 
≥ 20 mm considered indicative of susceptibility to peni- 
cillin, and a halo ≤ 19 mm, as resistance to penicillin [15]. 
To confirm the strains resistant to penicillin was deter- 
mined the minimum inhibitory concentration (MIC) for 
penicillin by the E-test, only in pneumococcal strains 
resistant to oxacillin (halo ≤ 19 mm). 

The MIC for penicillin was interpreted according to 
CLSI recommendations, 2008 [15], taking into account 
that the strains were obtained from the nasopharynx 
(colonizing strains) and the antimicrobial agent was oral 
penicillin V, as: sensitive ≤ 0.06 µg/mL; intermediate = 
0.12 to 1 µg/mL; and resistant ≥ 2.0 µg/mL. For ceftri- 
axone MIC was considered: sensitive ≤ 1 µg/mL; inter- 
mediate = 2 µg/mL; and resistant ≥ 4 µg/mL [15]. Bacte- 
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rial resistance was also tested for: erythromycin, cotri- 
moxazole, levofloxacin and vancomycin. 

For categorical variables analysis were applied: chi- 
square test with Yates correction or Fisher’s exact test. 
The evaluation of risk factors for pneumococcal infection 
in children with sickle cell disease was made considering 
the patient as a sampling unit and after univariate analy- 
sis. To test the importance of risk factors with p-value < 
0.10 we applied the logistic regression technique with the 
stepwise method of variable selection. Descriptive level 
(p) <0.05 or 5% was considered statistically significant, 
rejecting the hypothesis of equality. 

3. Results 

The study enrolled 216 of the 221 patients with SCD in 
the elected age group attended during the time of selec- 
tion. Five patients were excluded, two of them due to 
penicillin allergic reaction and three for not agreeing 
with the use of prophylaxis. The age of the patients 
ranged from 3 to 60 months old, mean and standard de- 
viation of 25.8 ± 17.8 months and median of 22.5 months. 
The control group comprised 109 children, aged 2 to 60 
months old, mean and standard deviation of 29 ± 18.8 
months and median of 30 months. 

Pneumococci was isolated from the nasopharynx of 37 
among the 216 children with SCD (colonization = 17%) 
and from 12 of the 109 control patients (colonization = 
11%).  

More than one sample was obtained from 138 of 216 
children with SCD (64%), totalizing 424 samples. 40 of 
424 samples (9.4%) were positive for pneumococci, with 
three patients showing two positive samples. For this 
study 533 nasopharyns samples were collected (Table 1).  

There was no difference between the rate of nasophar- 
yngeal colonization by Streptococcus pneumoniae among 
patients with SCD 37/216 (17.1%) and the control group 
12/109 (11%) (p = 0.196).  

The evaluation of risk factors for colonization among 
children with SCD is demonstrated in Table 2. The risk 
factors were: irregular prophylaxis use, participation in 
day care centers or schools and more than five people 
living at home.  

Thirty one of the 40 strains isolated (77.5%) in the 
SCD group and five of the 12 strains isolated (41.7%) in 
the control group exhibited resistance to screening with 
oxacillin discs. The results of the MIC evaluation con- 
firmed that 23 of the 40 (57.5%) strains tested in the 
SCD group and three of the twelve (25%) strains isolated 
in the control group really exhibited penicillin resistance. 
Pneumococcal profile resistance to penicillin and others 
antibiotics tested is given in Table 3. 

The proportion of nasopharyngeal colonization by 
penicillin-resistant pneumococci was higher in children 

Table 1. Frequency and number of samples obtained from 
the nasopharynx of children with sickle cell disease and the 
control group. 

Frequency of samples 
collection 

SCD (n = 216) Controls (n = 109)

1 78 (36%) 109 (100%) 

2 82 (38%)  

3 43 (20%)  

4 12 (5.5%)  

5 1 (0.5%)  

Total of samples (533) 424 109 

n = number of patients with sickle cell disease and controls. 
 
with SCD 21/216 (9.7%) than in controls 3/109 (2.8%) (p 
= 0.04).  

It was found that 66.7% of patients with SCD in regu- 
lar use of penicillin prophylaxis were colonized by peni- 
cillin-resistant strains (p = 0.03) and that the PCV 7 did 
not interfere in the isolation of resistant strains (p = 1.0) 
(Table 4). 

4. Discussion 

In 1984, Anglin et al.[16] published the first study evalu- 
ating the effect of penicillin prophylaxis on nasopharyn- 
geal colonization, and found a prevalence of 11.1% in 
patients with sickle cell anemia and 37.1% in control 
group without prophylaxis. Other authors found coloni- 
zation rates among children with SCD taking penicillin 
ranging from 8% to 15.5% [11,17,18]. In the Brazilian 
study published in 2005, we found similar results, with a 
colonization rate of 13.3% [6]. In none of these studies, 
patients received the PCV 7. 

Alexander et al. [19] assessed the nasopharyngeal car- 
riage rate of pneumococci in children with SCD before 
and after the introduction of PCV 7, founding a coloniza- 
tion rate of 21% and 9% respectively. We found in this 
study a different result, 11% of colonization rate in the 
control group and 17% in the SCD group. Suggesting, as 
in other studies, that the rate of colonization did not 
change after introduction of PVC 7 by replacement of the 
serotypes not presented in the vaccine [11,20]. 

It was expected that the control group without prophy- 
laxis and vaccination would present higher colonization, 
but this has not been observed. This prevalence may have 
been underestimated, because children in the control 
group underwent a single evaluation only; moreover, 
among children with SCD was a higher prevalence of 
penicillin-resistant strains, despite prophylaxis. 

More than five residents at home and attending day 
care or schools were in our study greater risk factors for 
colonization, showing that the contact favors the spread 
of pneumococci [21]. 
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Table 2. Analysis of risk factors for nasopharyngeal colonization by Streptococcus pneumoniae of 216 children with sickle cell 
disease. 

Risk factor n (%) Colonized (n = 37) No colonized (n = 179) p* Multivariate Analysis** 

≤24 (n = 107) 18 (16.8%) 89 (83.2%) 
Age group (months) 

>24 (n = 109) 19 (17.4%) 90 (82.6%) 
0.905  

Female (n = 116) 19 (16.4%) 97 (83.6%) 
Gender 

Male (n = 100) 18 (18.0%) 82 (82.0%) 
0.752  

White (n = 57) 11 (19.3%) 46 (80.7%) 
Race 

No white (n = 159) 26 (16.4%) 133 (83.6%) 
0.612  

Hb SC/S+ (n = 97) 22 (22.7%) 75 (77.3%) 
Genotype 

Hb SS/S0 (n = 119) 15 (12.6%) 104 (87.4%) 
0.050  

Pen benzatin (n = 120) 18 (15.0%) 102 (85.0%) 
Prophilaxis 

Penicillin V (n = 96) 19 (19.8%) 77 (80.2%) 
0.353  

Irregular (n = 27) 9 (33.3%) 18 (66.7%) 
Prophilaxis Compliance 

Regular (n = 189) 28 (14.8%) 161 (85.2%) 
0.027 

p = 0.007 
3.72 [1.42; 9.71] 

Complete (n = 158) 26 (16.5%) 132 (83.5%) 
7-valent vaccine for age 

Incomplete (n = 58) 11 (19.0%) 47 (81.0%) 
0.664  

No (n = 162) 21 (13.0%) 141 (87.0%) 
Day care center/school 

Yes (n = 54) 16 (29.6%) 38 (70.4%) 
0.004 

P = 0.003 
3.28 [1.49; 7.20] 

No (n = 172) 29 (16.9%) 143 (83.1%) Children under 5 years at 
home Yes (n = 44) 8 (18.2%) 36 (81.8%) 

0.835  

No (n = 162) 21 (13.0%) 141 (87.0%) More than 5 residents at 
home Yes (n = 54) 16 (29.6%) 38 (70.4%) 

0.004 
p= 0.004 

3.14 [1.44; 6.88] 

p* = Univariate analysis; **Logistic regression by stepwise method and odds ratio with 95% confidence interval. 
 
Table 3. Resistance profile of 52 strains of Streptococcus 
pneumoniae isolated from the nasopharynx of patients with 
sickle cell disease and the controls. 

ANTIBIOTIC 
Patients samples 

(n = 40) 
Controls samples  

(n = 12) 

Penicillin 
R intermediate 

R elevated 

23 
21 (52.5%) 

2 (5%) 

3 
3 (25%) 

0 

Ceftriaxone 6 (15%) 2 (16.7%) 

Erythromycin 6 (15%) 1 (8.3%) 

Cotrimoxazole 26 (65%) 6 (50%) 

Levofloxacin 0 0 

Vancomycin 0 0 

R = resistance. 
 

Some studies suggest that the age of the child inter- 
feres with the prevalence of colonization by Streptococ- 
cus pneumoniae, with more colonization among children 
under two years [22,23]. Evaluating children with SCD, 
some authors have also obtained the same result [6,17], 
but in this study, the age of 24 months was not a risk 
factor for nasopharyngeal colonization. 

Patients with HbSC and HbSβ+ should demonstrate 
better preserved splenic function in the first five years of 

Table 4. Resistance of Streptococcus pneumoniae isolated 
from the nasopharynx of patients with SCD according to 
prophilaxis compliance and vaccination status. 

 
Pen S 

(n = 17) 
Pen I/R 
(n = 23) 

p*

Regular (n = 33) 11 (33.3%) 22 (66.7%)Prophilaxis 
Compliance Irregular (n = 7) 6 (82.7%) 1 (14.3%)

0.03

Complete (n = 30) 13 (43.3%) 17 (56.7%)7-valent 
vaccine for 

age Incomplete (n = 10) 4 (40%) 6 (60%) 
1.0

p* = Fisher’s exact test; Pen = penicillin; S = sensitive; I = intermediate 
resistance; R= resistant. 
 
life than patients with HbSS and HbSβ, determining a 
better immune response, and therefore, lower risk of in- 
vasive pneumococcal disease [24]. Verifying if coloniza- 
tion rate could also be different according to genotypes, 
we found no difference in the multivariate analysis, 
which was also observed in previous studies [6,17]. 

Comparing the influence of the type of prophylaxis on 
colonization, we found no statistical difference, similarly 
to what we observed previously [6], suggesting that ben- 
zathine penicillin seems to be as effective as penicillin V 
in reducing pneumococcal colonization. 

Analyzing the influence of adherence to antimicrobial 
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prophylaxis on the prevalence of colonization, we found 
that irregular adherence to prophylaxis increased 3.7 
times the child susceptibility to colonization, which was 
expected, once the period without medication would in- 
crease the chances of colonization, since prophylaxis re- 
duces it [2,11,16]. 

We observed an increase of pneumococcal penicillin- 
resistant strains in children with SCD (57.5%) compared 
to the control group (25%), similarly to other studies [16, 
17]. From 2002 to 2003, we observed in children with 
SCD using prophylactic penicillin and not immunized 
with the PCV 7, that only 21.4% of the strains showed 
resistance [6], indicating that in five years the isolation of 
resistant strains had a significant increase, despite the 
introduction of PCV 7. 

As immunization with PCV 7 decreases the coloniza- 
tion by the vaccine serotypes [7,8], these patients could 
be colonized by non-vaccine serotypes and with a high 
prevalence of penicillin resistance caused by the impact 
of the prophylaxis. 

We found that the regular use of prophylactic penicil- 
lin in patients with SCD may be related to increased 
colonization by penicillin-resistant strains. 

All these data suggest that the prophylactic use of 
penicillin can collaborate to increase the colonization by 
resistant strains to this antimicrobial. Thus, in the future, 
a change in the pneumococcal prophylaxis might be nec- 
essary for these patients, although further studies evalu- 
ating the resistance of invasive strains are essential in this 
matter. 

In 2011, McCavit et al.[10] published a retrospective 
analyze of invasive Streptococcus pneumoniae infections 
in children with SCD since pneumococcal conjugate vac- 
cine licensure and seen a recent increase in the frequency 
of invasive pneumococcal disease which is caused by 
non-vaccine serotypes. Ten cases were reported and one 
isolated strains (10%) was penicillin intermediate resis- 
tant, the others strains were sensitive. However, it is 
worth remembering that the breakpoints of resistance to 
penicillin are different for colonizing and invasive strains 
[15]. 

We observed no difference regarding ceftriaxone in 
resistance between patients and the control group, but 
there was an increased resistance compared with our pre- 
vious study, which showed none ceftriaxone-resistant 
strains [6]. 

In our study, 85% of isolated pneumococcal strains 
were sensitive to erythromycin, however, it’s noteworthy 
that pneumococcal resistance to macrolides is increasing 
worldwide [25-27], and erythromycin appears to be a 
good option for pneumococcal prophylaxis in children 
with SCD, although is currently used only for those al- 
lergic to penicillin. 

The monitoring invasive strains in children with SCD 
immunized with pneumococcal conjugate vaccines are 
essential for an epidemiological perspective and for 
comparison with current surveillance data of colonizing 
strains. Only with these data, we can assess whether the 
use of penicillin or ceftriaxone in the febrile episodes of 
these patients remains appropriate. It’s also important to 
conduct further studies to assess the minimum time re- 
quired for prophylaxis after the introduction of PVC 7. 

Due to the ease process of obtaining samples and the 
possibility of representing at least a part of invasive dis- 
ease profile, monitoring the pneumococcal resistance 
profile through samples obtained from the nasopharynx 
of children with SCD must be constantly made. 

We concluded that the prophylactic use of penicillin 
may have increased the prevalence of resistant strains. 
The vaccine did not decrease the colonization with peni- 
cillin resistant strains.  
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