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Background and purpose: To evaluate the impact of 23-valent polysaccharide pneumococcal vaccine on
Streptococcus pneumoniae colonization in the upper airway of patients with human immunodeficiency virus
(HIV)–1 in Taiwan.
Methods: 302 HIV-infected patients aged 15 years or older underwent swab cultures of the posterior pharynx
and tonsils for S. pneumoniae between June 1, 2000 and June 30, 2002. 198 patients (65.6%) had received
23-valent polysaccharide pneumococcal vaccine with a median interval of 420 days (range, 27-634 days) before
cultures were performed. Clinical characteristics and laboratory findings were analyzed to determine the factors
associated with S. pneumoniae colonization in the upper airway.
Results: Twenty patients (6.6%) had colonization with S. pneumoniae: 15 of 198 patients (7.6%) who had received
23-valent polysaccharide pneumococcal vaccine and 5 of 104 patients (4.8%) who had not received the vaccine
(p = 0.37). According to the multivariate analysis, smoking was the only factor that was statistically significantly
associated with S. pneumoniae colonization (adjusted odds ratio, 4.03; 95% confidence interval, 1.04-15.64;
p = 0.04); pneumococcal vaccination was not statistically significantly associated with S. pneumoniae colonization.
Conclusions: Among HIV-infected patients, smoking was the only factor significantly associated with a higher
prevalence of upper airway colonization by S. pneumoniae. As previous receipt of 23-valent polysaccharide
pneumococcal vaccine was not associated with a lower prevalence of S. pneumoniae colonization, a better
vaccination strategy, in addition to smoking cessation, may be needed to reduce S. pneumoniae colonization in
HIV-infected adults.
Key words: Acquired immunodeficiency syndrome; Antiretroviral therapy, highly active; HIV infections; HIV-1;
Pneumococcal vaccines; Streptococcus pneumoniae

Introduction
Patients with human immunodeficiency virus (HIV)
infection are at higher risk for invasive infections due
to Streptococcus pneumoniae than people without HIV
infection. Rates of invasive pneumococcal infections
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among HIV-infected patients may be as high as 46-fold
greater than among people without HIV [1]. Although
observational and case-control studies have shown that
pneumococcal vaccination and highly active antiretroviral therapy (HAART) are associated with decreased
risk for invasive pneumococcal infections among HIVinfected patients [2-5], whether pneumococcal vaccination decreases S. pneumoniae colonization among
HIV-infected adults receiving HAART remains unclear.
Nearly all of the studies investigating pneumococcal
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colonization among HIV-infected patients were conducted among children who had not received vaccination or HAART [6-9], or in adults who had received
pneumococcal vaccination but not HAART [10,11]. The
only study conducted in HIV-infected adults receiving
HAART did not show a reduced risk for S. pneumoniae
colonization in patients who had received pneumococcal vaccination. However, only 27% of the participants
had received pneumococcal vaccination [12]. In this
cross-sectional survey, the association between receipt
of 23-valent polysaccharide pneumococcal vaccine and
S. pneumoniae colonization in the upper airway was
evaluated among HIV-infected patients treated at the
National Taiwan University Hospital, Taipei, Taiwan,
the largest referral hospital for HIV inpatient and outpatient care in Taiwan.

Methods
Study population
308 consecutive non-hemophiliac HIV-infected
patients aged 15 years or older who received medical care at the National Taiwan University Hospital
underwent surveillance swab cultures of the posterior
pharynx and tonsils using a dry sponge swab (EZ
Culturette; Becton Dickinson, Sparks, MD, USA). Between June 1, 2000 and June 30, 2002, the 23-valent
polysaccharide pneumococcal vaccine (Pneumovax®
23; Merck & Co, Inc, Whitehouse Station, NJ, USA)
was administered to HIV-infected patients after their
informed consent was obtained. All patients were
informed of the updated results of clinical studies
regarding pneumococcal vaccination among HIVinfected patients. Patients who agreed to be vaccinated
(recipients) and those who refused to be vaccinated
(non-recipients) received the same standards of HIV
medical care. The study was approved by the Institutional Review Board of the hospital.

Determinations of plasma human
immunodeficiency virus RNA load and CD4 count
Plasma HIV RNA load (PVL) was quantified using
real-time polymerase chain reaction (RT-PCR; Amplicor, version 1.5; Roche Diagnostics, Branchburg, NJ,
USA) with a detection limit of 400 copies/mL (2.60
log10). CD4 counts were determined using FACFlow
(Becton Dickinson). In those patients who were newly
diagnosed as having HIV infection, baseline laboratory
data were defined by values obtained within 1 month
of the date of enrolment.
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Streptococcus pneumoniae isolation and
identification
Swab samples of the pharynx and tonsils were maintained at room temperature, transported to the laboratory, and plated on solid media within 24 h. The
swabs were plated on sheep blood agar plates (BBL
Microbiology System, Cockeysville, MD, USA) and
incubated at 35°C with 5% carbon dioxide overnight.
For each patient, 3 α-hemolytic colonies suspected to
be S. pneumoniae were checked separately for optochin
(Taxo P disc, BBL Microbiology System) susceptibility
following the manufacturer’s instructions. After overnight incubation at 35°C, bile solubility was performed
on the colonies from the growth on the optochin plate
following the standard microbiology protocol. Isolates
that were both optochin susceptible and bile soluble
were reported as S. pneumoniae. Isolates that were optochin resistant but bile soluble were resolved using the
MicroSeq 16S rDNA microbial identification system
(Applied Biosystems, Foster City, CA, USA). There
were no optochin-susceptible bile-insoluble isolates.

Antimicrobial susceptibility testing
Minimal inhibitory concentrations (MICs) were
determined using the broth microdilution method
following the guidelines of the Clinical and Laboratory Standards Institute (CLSI) [13] using standard
hepatic, pancreatic, and biliary tract panels (Sensititre,
Trek Diagnostic Systems Ltd, East Grinstead, UK).
Quality control was performed on each day of the
test with S. pneumoniae American Type Culture
Collection (ATCC) 49619, Escherichia coli ATCC
25922, Staphylococcus aureus ATCC 29213, and
Hemophilus influenzae ATCC 49247. Penicillin susceptibility was defined according to the latest revised
interpretative criteria of non-meningitis isolates as
susceptible when the MIC was ≤2.0 μg/mL, intermediate when the MIC was 4.0 μg/mL, and fully resistant
when the MIC was ≥8.0 μg/mL [14].

Streptococcus pneumoniae serotyping
Serotyping was performed following the manufacturer’s
instructions (Statens Serum Institut, Copenhagen,
Denmark). Briefly, a bacterial suspension in phosphate
buffered saline was prepared from the overnight blood
agar plate. A drop each of the suspension was placed at 2
places on a glass slide, and a drop of the antiserum was
added to 1 of the drops and mixed, then both drops were
cover slipped. The mixture was examined under a phase
contrast microscope to look for capsule by comparing the
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antiserum-mixed drop with the control. The isolates were
first checked using omni serum, which reacts with all 90
known S. pneumoniae types, followed by pooled sera,
then factor sera. The pooled and factor sera used were
suitable for the 23 serotypes present in the 23-valent
polysaccharide pneumococcal vaccine only.

Definitions
Pneumococcal disease was defined as isolation of
S. pneumoniae from a normally sterile site, or from a
sputum or bronchial specimen in a patient with clinical
symptoms and radiographic findings of pneumonia.

Statistical analysis
All statistical analyses were performed using the SAS
statistical software (Version 8.1; SAS Institute Inc.,
Cary, NC, USA). Categorical variables were compared
using chi-squared or Fisher’s exact test, and noncategorical variables were compared using Wilcoxon
rank sum test. The Cox-proportional hazards model
was used to assess the effect of the pneumococcal vaccination on S. pneumoniae colonization with adjustment for age, sex, HIV transmission route, smoking,
living with children younger than 10 years, category
of baseline CD4+ count (<200 × 106/L, 200-350 ×
106/L, ≥350 × 106/L), PVL ≥5 log10 copies/mL, baseline acquired immunodeficiency syndrome–defining
opportunistic illnesses [15], use of antimicrobials
with potential activities against S. pneumoniae, such
as penicillins, cephalosporins, fluoroquinolones, macrolides, and trimethoprim-sulfamethoxazole, hospital
admission within 3 months of the culture being taken,
and use of HAART. Odds ratios (ORs) and 95%
confidence intervals (CIs) were calculated for logistic
regression analyses. All tests were 2-tailed. A p value
of <0.05 was considered significant.

Results
The clinical characteristics of 302 HIV-infected patients who underwent swab cultures are shown in
Table 1. Most of the patients acquired HIV through
sexual routes; only 2.0% of the patients were injection drug users. The median baseline CD4 count was
155 cells/µL (range, 0-1226 cells/µL) when they first
sought HIV care at the National Taiwan University
Hospital. Nearly 80% of the patients were receiving
HAART and their median CD4 count had increased
to 250 cells/µL (range, 0-1259 cells/µL) when swab
cultures were performed. Approximately 46% and
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20% of the patients had received antibiotics or been
admitted to hospital, respectively, within 3 months of
the swab cultures (Table 1).
Twenty patients (6.6%) were colonized with S.
pneumoniae: 15 of 198 patients who had received
23-valent polysaccharide pneumococcal vaccine (7.6%)
and 5 of 104 who had not received vaccine (7.6%)
[p = 0.37]. By univariate analysis, patients with S.
pneumoniae colonization were more likely to be
present or past smokers (76.9% vs 44.7%; p = 0.05)
and to have pneumococcal disease before swab culture
(10.0% vs 0.4%; p = 0.01). By multivariate analysis,
smoking was the only significant predictive factor of
S. pneumoniae colonization; the adjusted OR was 4.03
(95% CI, 1.04-15.64; p = 0.04). Patients with pneumococcal vaccination did not have a lower colonization
rate than non-vaccinated patients (Table 1).
For the 198 patients (65.6%) who received
23-valent polysaccharide pneumococcal vaccine, the
median interval between vaccination and swab culture
was 420 days (range, 27-634 days). The characteristics of the vaccine recipients and non-recipients are
shown in Table 2. Compared with non-recipients, the
recipients had a higher proportion of acquisition of
HIV infection through heterosexual transmission, and
had significantly higher median CD4 count and better
virologic suppression at the time of the swab culture.
Subsequent follow-up revealed 1 episode of S. pneumoniae bacteremia in the vaccine recipients with elapse of
711 days from vaccination and 1 episode of pneumonia
caused by S. pneumoniae in the non-vaccine recipients.
Of the 20 isolates of S. pneumoniae, 7 (46.7%) from
the 15 vaccine recipients and 3 (60.0%) from the 5 nonvaccine recipients who had S. pneumoniae colonization
were included in 23-valent polysaccharide pneumococcal vaccine serotypes; the serotype distribution did not
differ significantly between the 2 groups (Table 3).
Using the CLSI 2008 interpretative criteria for nonmeningitis isolates, 17 isolates (85%) were penicillin
susceptible and 3 (15%) were penicillin non-susceptible,
17 (85%) were resistant to clarithromycin, and 13
(65%) were resistant to trimethoprim-sulfamethoxazole.
Previous antibiotic use was not associated with reduced
susceptibility of S. pneumoniae isolates to penicillin and
trimethoprim-sulfamethoxazole (Tables 4 and 5).

Discussion
In this study, the prevalence of S. pneumoniae colonization
among HIV-infected patients was low (6.6%) compared
© 2009 Journal of Microbiology, Immunology and Infection
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Table 1. Characteristics of patients with human immunodeficiency virus undergoing swab cultures of the pharynx and tonsils
for Streptococcus pneumoniae.
		
		
Characteristic
		
		
Patients
Age (years) [median (range)]
Sex
Male
Female
Risk factor for HIV infection
Heterosexual
Homosexual/bisexual
Intravenous drug use
Others
CD4 at baseline (cells/μL) [median (range)]
<200
200-349
≥350
CD4 at swab culture (cells/μL) [median (range)]
<200
200-349
≥350
PVL at baseline (log10 copies/mL) [median (range)]
≥5
<5
<400
PVL at swab culture (log10 copies/mL) [median (range)]
≥5
<5
<400
HAART at swab culture
Pneumococcal vaccination
Interval from vaccination to swab culture (days)
[median (range)]
Interval ≥6 months
Smoking
Children at home
Antibiotic use at or before swab cultureb
Hospital admission before swab culture
Hospital admission before swab culture due to
respiratory tract disease
Subsequent pneumococcal disease
Pneumococcal disease before swab culture

Patients with
Streptococcus
pneumoniae
colonization (A)
No. (%)

Patients without
All patients
Streptococcus
No. (%)
pneumoniae		
colonization (B)
No. (%)

pa

20 (6.6)
39 (28-52)

282 (93.4)
37 (21-78)

302
37 (21-78)

19		
1		

259		
23		

278		
24

1.00

(20.0)
(75.0)
(5.0)
(0)
(0-660)
(61.1)
(22.2)
(16.7)
(53-1259)
(40.0)
(40.0)
(20.0)
(2.60-5.88)
(44.4)
(55.6)
(27.8)
(2.60-5.43)
(10.0)
(90.0)
(75.0)
(80.0)
(75.0)
(171-628)

104
166
5
7
156
151
47
62
258
99
72
87
4.51
108
165
107
2.60
24
248
192
223
183
403

(36.9)
(58.9)
(1.8)
(2.5)
(0-1226)
(58.1)
(18.1)
(23.8)
(0-1045)
(38.4)
(27.9)
(33.7)
(2.60-5.88)
(39.6)
(60.4)
(39.2)
(2.60-5.88)
(8.8)
(91.2)
(70.6)
(79.1)
(64.9)
(27-634)

108
181
6
7
155
162
51
65
250
107
80
91
4.57
116
175
112
2.60
26
266
207
239
198
420

(35.8)
(59.9)
(2.0)
(2.3)
(0-1226)
(58.3)
(18.3)
(23.4)
(0-1259)
(38.5)
(28.8)
(32.7)
(2.60-5.88)
(39.9)
(60.1)
(38.5)
(2.60-5.88)
(8.9)
(91.1)
(70.9)
(79.1)
(65.6)
(27-634)

0.21

(92.9)
(76.9)
(7.7)
(25.0)
(30.0)
(15.0)

133
80
36
133
54
28

(72.2)
(44.7)
(20.0)
(47.2)
(19.1)
(9.9)

146
90
37
138
60
31

(73.8)
(46.8)
(19.3)
(45.7)
(19.9)
(11.0)

4
15
1
0
112
11
4
3
248
8
8
4
4.82
8
10
5
2.60
2
18
15
16
15
568
13
10
1
5
6
3

0 (0)
2 (10.0)

2 (0.7)
1 (0.4)

2 (0.7)
3 (1.0)

0.93

0.46
0.80

0.81
0.40

0.17
0.81
0.46
0.56
0.70
0.80
1.00
0.37
0.12
0.15
0.05
0.49
0.06
0.27
0.68
0.88
0.01

a

p values for A versus B.
Antibiotics used included penicillins, cephalosporins, macrolides, fluoroquinolones, and trimethoprim-sulfamethoxazole.
Abbreviations: HIV = human immunodeficiency virus; HAART = highly active antiretroviral therapy; PVL = plasma human
immunodeficiency virus RNA load.
b

with that of previous studies performed among HIVinfected adults or children in the pre-HAART era,
regardless of pneumococcal vaccination [6-8,10,11].
Among HIV-infected children without HAART or
© 2009 Journal of Microbiology, Immunology and Infection

pneumococcal vaccination, the colonization rate
ranged from 19% to 86% [6-8]. Among HIV-infected
adults not receiving antiretroviral therapy or pneumococcal vaccination, Janoff et al found that the rate
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Table 2. Characteristics of patients with human immunodeficiency virus who did and did not receive vaccination with
23-valent capsular polysaccharide pneumococcal vaccine.
Characteristic
		

Vaccine recipients (n = 198)
No. (%)

Non-vaccine recipients (n = 104)
No. (%)

Age (years) [median (range)]
37 (21-78)
36 (21-64)
Sex ratio					
Male
180		
98
Female
18		
6
Risk factor for HIV infection
Heterosexual
81 (40.9)
27 (26.0)
Homosexual/bisexual
108 (54.5)
73 (70.2)
Intravenous drug use
5 (2.5)
1 (1.0)
Others
4 (2.0)
3 (2.9)
CD4 at baseline (cells/μL) [median (range)]
176 (2-978)
154 (0-1226)
<200
107 (59.4)
55 (56.1)
200-349
36 (20.0)
15 (15.3)
≥350
37 (20.6)
28 (28.6)
CD4 at vaccination (cells/μL) [median (range)]
222 (2-1080)
NA
<200
58 (41.4)
200-349
46 (32.9)
≥350
36 (25.7)
CD4 at swab culture (cells/μL) [median (range)]
297 (4-1259)
135 (0-960)
<200
51 (26.7)
56 (64.4)
200-349
66 (34.6)
14 (16.1)
≥350
74 (38.7)
17 (19.5)
PVL at baseline (log10 copies/mL) [median (range)]
4.43 (2.60-5.88)
4.37 (2.60-5.88)
≥5
77 (40.7)
39 (38.2)
<5
112 (59.3)
63 (61.8)
<400
81 (42.9)
31 (30.4)
PVL at vaccination (log10 copies/mL) [median (range)]
2.60 (2.60-5.88)
NA
≥5
6 (3.3)
<5
174 (96.7)
<400
132 (73.3)
PVL at swab culture (log10 copies/mL) [median (range)]
2.60 (2.60-5.26)
3.34 (2.60-5.88)
≥5
5 (2.6)
21 (21.2)
<5
188 (97.4)
78 (78.8)
<400
167 (86.5)
40 (40.4)
HAART initiated
162 (81.8)
77 (74.0)
Streptococcus pneumoniae colonization
15 (7.6)
5 (4.8)
Subsequent pneumococcal disease
1 (0.5)
1 (1.0)
Subsequent pneumococcal bacteremia
1 (0.5)
0 (0)

p
0.14
0.38

0.03

0.21
0.28

<0.001
<0.001

0.92
0.71
0.04

<0.001
<0.001
<0.001
0.14
0.37
0.69
0.66

Abbreviations: HIV = human immunodeficiency virus; PVL = plasma human immunodeficiency virus RNA load; HAART = highly active
antiretroviral therapy; NA = not applicable.

of S. pneumoniae colonization was 14%, which was
not significantly higher than that of HIV-uninfected
controls (9%) [10]. In this study, the colonization rate
did not differ between HIV-infected patients with and
without HAART (6.7% vs 6.3%; p = 0.97) or patients
with and without pneumococcal vaccination (7.6% vs
4.8%; p = 0.37). However, the nasal carriage rates of
S. pneumoniae in HIV-uninfected adolescents and
adults in Taiwan before the wide implementation of
pneumococcal vaccination were recently reported to
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be as low as 1.4% and 0%, respectively [16]. Hence,
the lower rate of S. pneumoniae colonization in
this study may result from different prevalences of
S. pneumoniae colonization in the population.
The prevalence of S. pneumoniae colonization was
not lower in patients administered 23-valent polysaccharide pneumococcal vaccination, which is similar
to the findings of Rodriguez-Barradas et al [11], who
investigated the rate of S. pneumoniae colonization
in HIV-infected patients with 2 categories of CD4
© 2009 Journal of Microbiology, Immunology and Infection
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Table 3. Serotype distribution of colonizing Streptococcus pneumoniae among patients with human immunodeficiency virus
who did and did not receive vaccination with 23-valent capsular polysaccharide pneumococcal vaccine.
		
Serotype
		

Vaccine recipients with Streptococcus
pneumoniae colonization (n = 15)
No. (%)

Vaccine serotype
3
6B
19F
23F
Non-vaccine serotype
6A
Not typeable

7
2
1
2
2
8
1
7

Non-vaccine recipients with Streptococcus
pneumoniae colonization (n = 5)
No. (%)

(46.7)
(28.6)
(14.3)
(28.6)
(28.6)
(54.3)
(12.5)
(87.5)

3
0
2
1
0
2
0
2

(60.0)
(0)
(66.7)
(33.3)
(0)
(40.0)
(0)
(100)

p
0.65

Table 4. Relationship between penicillin susceptibility of Streptococcus pneumoniae isolates and previous antibiotic use
among patients with human immunodeficiency virus with Streptococcus pneumoniae colonization.
			
Characteristic
			
			

Penicillin-susceptible
Streptococcus pneumoniae
(n = 17)
No. (%)

Minimal inhibitory concentration of penicillin
≤0.06
0.12-1
2		
4		
≥8
Antibiotic use at or before swab culture
Number of patientsa
Antibiotics used
		 Trimethoprim-sulfamethoxazole
		 Penicillins
		 Cephalosporins
		 Fluoroquinolones
		 Macrolides
a

4 (23.5)
13 (76.5)
0		
0		
0 (0)

Penicillin–non-susceptible
Streptococcus pneumoniae
(n = 3)
No. (%)
0
0
0
3
0

(0)
(0)
(0)
(100)
(0)

5 (29.4)			
3
1
1
1
1

(17.6)
(5.9)
(5.9)
(5.9)
(5.9)

0
0
0
0
0

p

0.80

(0)
(0)
(0)
(0)
(0)

Some patients received more than 1 antibiotic.

counts (≥200 cells/µL and <200 cells/µL) and in HIVuninfected controls who received 23-valent polysaccharide pneumococcal vaccine or conjugated pneumococcalvaccine. The rates of S. pneumoniae colonization
changed from 20% to 22% in HIV-infected patients
with CD4 count ≥200 cells/µL and from 7% to 23% in
patients with CD4 count <200 cells/µL 6 months after
vaccination. In HIV-uninfected control patients, the colonization rate decreased from 10% to 0%. In this study,
vaccine recipients had significantly higher CD4 counts
and lower plasma viral loads at swab culture than nonvaccine recipients, which could be partly explained by
more vaccine recipients receiving HAART, while no association was demonstrated between these 2 laboratory
parameters and pneumococcal colonization in multivariate analysis. These results are consistent with a
© 2009 Journal of Microbiology, Immunology and Infection

recent cross-sectional study examining risk factors for
pneumococcal carriage among mostly unvaccinated
HIV-infected individuals in Brazil, that found that CD4
count and plasma viral load were not significantly associated with pneumococcal carriage [12].
The results of the multivariate analysis were in
agreement with previous studies [9,12], in that smoking
was the most significant factor associated with S. pneumoniae colonization. A recent study that examined the
phagocytic capacity of alveolar macrophages in HIVinfected patients concluded that, while HIV infection
alone does not impair phagocytic function, if combined with cigarette smoking, a significant depression
in the phagocytic capacity can be demonstrated [17].
Although cigarette use is a largely modifiable risk factor, nearly half of the study participants were smokers,
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Table 5. Relationship between trimethoprim-sulfamethoxazole susceptibility of Streptococcus pneumoniae and previous
antibiotic use among patients with human immunodeficiency virus with Streptococcus pneumoniae colonization.
			
Characteristic
			
			

Trimethoprim-sulfamethoxazole–
susceptible Streptococcus
pneumoniae (n = 7)
No. (%)

Trimethoprim-sulfamethoxazole–
non-susceptible Streptococcus
pneumoniae (n = 13)
No. (%)

7 (23.5)
0 (0)
0 (0)

0 (0)
2 (15.4)
11 (84.6)

3 (42.9)

2 (15.4)

2
0
1
1
1

1
1
0
0
0

Minimal inhibitory concentration of
trimethoprim-sulfamethoxazole
≤0.05
1-2
≥4
Antibiotic use at or before swab culture
Number of patientsa
Antibiotics used
		 Trimethoprim-sulfamethoxazole
		 Penicillins
		 Cephalosporins
		 Fluoroquinolones
		 Macrolides
a

(28.6)
(0)
(14.2)
(14.2)
(14.2)

p

0.41

(7.7)
(7.7)
(0)
(0)
(0)

Some patients received more than 1 antibiotic.

so smoking cessation needs to be more aggressively
pursued for prevention of pneumococcal colonization and subsequent pneumococcal diseases in HIVinfected patients.
The fact that more vaccine recipients acquired
HIV infection through the heterosexual route than nonvaccine recipients was unexplained in this study, but
is consistent with a previously published study [4]. As
all patients were informed of the updated results of
clinical studies regarding pneumococcal vaccination,
the disparity in the acceptance of vaccination between
different risk groups probably results from disproportionate concerns about the vaccine (for example,
fear of side effects and/or increasing viremia). Former
intravenous drug use was reported to be an independent
risk factor for pneumococcal colonization in one study
[12]. Whether different sexual risk may impact S. pneumoniae colonization is doubtful. The results showed no
association between risk factors of HIV infection and
pneumococcal colonization by multivariate analysis.
A recent study by Nicoletti et al examining S. pneumoniae carriage among HIV-infected adults (31% with
a CD4 count <200 cells/µL at performance of swab culture) demonstrated the benefit of HAART for ≥1 year in
decreasing the rate of S. pneumoniae colonization [12].
The lack of benefit of HAART in this study, despite
increases of CD4 counts, may be related to the fact
that the patients had depleted CD4 counts when HIV
infection was first diagnosed. The CD4 count remained
<200 cells/µL in more than 40% of the patients after
HAART. The recovery of immunity may be limited and
240

rapid loss of antibodies after pneumococcal vaccination
may occur [18]. Whether institution of pneumococcal
vaccination in patients with higher baseline CD4 counts
will have any significant impact on S. pneumoniae
colonization deserves further study.
Pneumococcal colonization plays a key role in
pneumococcal disease and pneumococcal spread. Part
of the preventive strategy for pneumococcal disease
focuses on decreasing nasopharyngeal colonization
by vaccination to reduce horizontal spread among the
vaccinated community, especially among children
[19]. Recently, a cohort study of 260 HIV-infected and
HIV-uninfected Zambian women demonstrated that
HIV infection significantly increased the risk of pneumococcal colonization [20]. Increased pneumococcal
colonization may partly explain the higher rates of invasive pneumococcal disease in HIV-infected patients.
The 23-valent polysaccharide pneumococcal vaccine
is currently recommended for HIV-infected patients by
the US Centers for Disease Control and Prevention [21],
but studies have shown controversial results for the
benefit of pneumococcal vaccination in this population.
Although retrospective studies from Europe and North
America have shown that pneumococcal vaccination
protects against pneumococcal disease among HIVinfected patients [2-5], the only randomized, doubleblind, placebo-controlled trial that studied the efficacy
of the 23-valent polysaccharide pneumococcal vaccine
among HIV-infected patients in Uganda not only
failed to demonstrate benefit from vaccination, but
also suggested increased risk of all-cause pneumonia
© 2009 Journal of Microbiology, Immunology and Infection
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in the group of vaccinated patients [22]. In this study,
the benefits of pneumococcal vaccination for protection against invasive pneumococcal disease were not
demonstrated (0% vs 0.7%; p = 1.00). The discrepancy
between the Uganda study and other studies may be
explained by the use of HAART. However, lack of efficacy of the 23-valent polysaccharide pneumococcal
vaccine in the reduction of pneumococcal colonization
in this population may also contribute to the conflicted
results. The results of this study also found that the
distribution of vaccine and non-vaccine serotypes of S.
pneumoniae that colonizes the upper airway of HIVinfected patients did not differ significantly between
vaccine recipients and non-vaccine recipients. A better
strategy, such as more immunogenic and efficacious
vaccines, is needed for prevention of pneumococcal
colonization and invasive pneumococcal disease in
HIV-infected adults.
There are several limitations to this study. First,
sampling was performed using oropharyngeal swabs
instead of nasopharyngeal swabs. Nasopharyngeal
sampling is preferable to oropharyngeal sampling in
children [23], but there are inconsistent results for
studies that examined the sensitivity of oropharyngeal
and nasopharyngeal swabs among adults [23-28]. In
some studies, nasopharyngeal sampling was superior to
oropharyngeal sampling for identifying S. pneumoniae
colonization in adults [23-25], while other studies either
did not demonstrate differences between the 2 methods
[26] or found a clear advantage to oropharyngeal swabs
[27,28]. However, none of the studies were conducted
among HIV-infected adults. Therefore, the optimal
sampling site for detecting S. pneumoniae colonization
remains unclear for this population. Second, this was
a single-center study and the number of patients with
S. pneumoniae colonization was small. Finally, the
patients were provided with 23-valent polysaccharide
pneumococcal vaccine, and the results may not be
generalized to pneumococcal conjugate vaccine. Pneumococcal conjugate vaccine has been demonstrated to
decrease colonization by vaccine serotypes, but to increase colonization with non-vaccine serotypes in children [29]. The direct effect of pneumococcal conjugate
vaccine on S. pneumoniae colonization among HIVinfected adults remains unknown. A strategy combining
a prime 7-valent pneumococcal conjugate vaccine
followed by a boost with the 23-valent polysaccharide
vaccine has been shown to improve immunogenicity
against S. pneumoniae polysaccharides in HIV-infected
adults [30]. Further studies are needed to investigate
© 2009 Journal of Microbiology, Immunology and Infection

the impact of conjugate vaccine alone or with a primeboost strategy for S. pneumoniae colonization in HIVinfected adults.
In conclusion, this study found that, in HIV-infected
patients, vaccination with a 23-valent polysaccharide
pneumococcal vaccine was not associated with a lower
prevalence of S. pneumoniae upper airway colonization, while smoking was associated with a higher rate
of S. pneumoniae colonization. As S. pneumoniae
colonization plays a crucial part in the pathogenesis
and prevention of pneumococcal infections, a better
vaccination strategy, in addition to smoking cessation,
may be needed to reduce S. pneumoniae colonization in
HIV-infected adults.
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