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a  b  s  t  r  a  c  t

Background:  Streptococcus  pneumoniae,  Haemophilus  influenzae  and  Staphylococcus  aureus  are  all  poten-
tially  pathogenic,  which  frequently  colonize  the  nasopharynx  (NP)  prior  to  causing  disease.

We studied  bacterial  NP-colonization  in  321  HIV-infected  and  243  HIV-uninfected  children  vaccinated
with  7-valent  pneumococcal  conjugate  vaccine  (PCV7)  at 6, 10  and  14 weeks  of age.
Methods:  HIV-uninfected  infants  included  those  born  to  HIV-uninfected  (HUU)  and  HIV-infected  women
(HEU);  HIV-infected  children  with  CD4+  lymphocyte  ≥25%  were  randomized  to  initiate  antiretroviral
therapy  immediately  (ART-Immed)  or when  clinically  indicated  (ART-Def).  Nasopharyngeal  swabs  for
bacterial culture  were  taken  prior  to each  PCV7  dose  (Visits  1–3)  and  at 20, 39,  47  and  67  weeks  of
age  (Visits  4–7).  Swabs  were  cultured  by standard  methods  and  pneumococcal  serotyping  done  by  the
Quellung  method.
Results: Colonization  patterns  for pneumococcus,  H. influenzae  and  S. aureus  did not  differ  between  HUU
and  HEU  children;  and  were  also  generally  similar  between  ART-Def  and  ART-Immed  children.  Prevalence
of PCV7-serotype  colonization  was  similar  between  HIV-infected  and  HIV-uninfected  children,  however,
overall pneumococcal  and  specifically  non-vaccine  serotype  colonization  tended  to  be  lower  in HIV-
infected  children.  HIV-infected  children  also  had  a  44%  lower  prevalence  of  S. aureus  colonization  at

Visit-1  (p =  0.010);  and H. influenzae  colonization  was  also  lower  among  HIV-infected  than  HIV-uninfected
children  at Visit-2,  Visit-3,  Visit-6  and  Visit-7.

Conclusion:  Vaccine-serotype  c
children.  We,  however,  identi
nization  in  HIV-infected  childr
study.

� The results of this study were presented at the 7th International Society for Pneumoco
51.
�� ClinicalTrials.gov: NCT00099658.
∗ Corresponding author at: National Institute for Communicable Diseases/National Hea
frica. Tel.: +27 11 3866137; fax: +27 11 8821872.
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olonization  is similar  in  PCV-immunized  HIV-infected  and  HIV-uninfected
fied  a lower  prevalence  of  overall-pneumococcal  and  H. influenzae  colo-
en  post-PCV  vaccination,  the  clinical-relevance  of  which  warrants  further
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. Background

Nasopharyngeal colonization by Streptococcus pneumoniae
pneumococcus) and other potentially pathogenic bacteria such as
aemophilus influenzae and Staphylococcus aureus is a pre-requisite

or developing disease [1]. There are limited comparative studies
n the effect of HIV infection or HIV-exposure on pneumococcal
2–9], H. influenzae or S. aureus nasopharyngeal colonization [7].
urthermore, past studies in HIV-infected children were mainly
ross-sectional, involving children above one year of age, usually
ot receiving antiretroviral treatment (ART), nor immunized with
neumococcal conjugate vaccine (PCV) [2–6,9].

The prevalence of pneumococcal nasopharyngeal colonization
n HIV-infected children in previous studies was between 20% and
1% [4,7,8], and similar to HIV-uninfected children [3–6]. A longitu-
inal cohort study by Gill et al. [2] enrolling mainly HIV-uninfected
hildren born to HIV-infected mothers (HEU), suggested that HEU
hildren were 1.4-fold (95% confidence interval, [95% CI]: 1.0–1.9)
ore likely to be colonized by S. pneumoniae than children born

o HIV-uninfected mothers (HIV-unexposed). Furthermore, cotri-
oxazole prophylaxis has been associated with modest reduction

7%) of pneumococcal colonization without affecting any specific
erotypes [3–6]. Previous studies among HIV-infected children
ainly focused on pneumococcal nasopharyngeal colonization,

xcluding other potentially pathogenic bacteria such as H. influen-
ae and S. aureus.

PCV reduces the risk of nasopharyngeal colonization acqui-
ition by vaccine-serotypes in healthy HIV-uninfected children,
hilst increasing colonization by non-vaccine serotypes [10]. PCV

mmunization is associated with a temporal increase in S. aureus
olonization among children [11]. HIV-infected children have a
0-fold greater risk of invasive pneumococcal disease and 98-fold
reater risk of invasive S. aureus disease than uninfected children
12–14]. Therefore, comparing nasopharyngeal bacterial ecology in
CV-vaccinated HIV-infected and uninfected children could inform
he relative role of colonization in predisposing to developing inva-
ive disease.

The aim of this study was to determine the effect of HIV expo-
ure, HIV infection and timing of ART initiation on the dynamics
f S. pneumoniae, S. aureus and H. influenzae nasopharyngeal (NP)
olonization in infants vaccinated with 7-valent PCV (PCV7).

. Methods

This study addressed a secondary-objective in a cohort of
IV-infected and HIV-uninfected children in whom the immuno-
enicity of a three dose primary series of PCV7 (i.e. Prevnar®;
yeth Vaccines, NJ, USA), administered at 6, 10 and 14 weeks of

ge was evaluated [15,16]. Briefly, PCV7 was administered con-
urrently with other recommended childhood vaccines in South
frica, including H. influenzae type-b conjugate vaccine (HibCV).

nfants were enrolled in Soweto (Gauteng) and Tygerberg (West-
rn Cape) in South Africa from April 2005 to June 2006. Participants
ncluded HIV-infected infants with CD4+ T-lymphocyte cells ≥25%
andomized to initiate ART immediately (ART-Immed); or when
linically (CDC Stage C or investigator-selected severe Stage B)
nd/or immunologically indicated as per then WHO  recommen-
ations for CD4+ depletion (ART-Def). A convenience sample of
IV-infected children with CD4+ percentage <25% at enrolment and
nitiated on immediate ART (HIV+/CD4 < 25%), were also included.
ll HIV-infected children were co-enrolled in the Children with
IV Early Antiretroviral (CHER) study, in which the first line ART

egimen used was zidovudine, lamivudine and lopinavir/ritonavir
17]. Children in the ART-Immed group were randomized to
3 (2015) 2662–2669 2663

interrupt ART if clinically and immunologically stable at either one-
or two-years of age [18].

Furthermore, 125 infants born to HIV-infected mothers who
tested negative for HIV (HEU) and 125 born to HIV-uninfected
mothers (HIV-unexposed) were also enrolled. Details of verifica-
tion of the HIV-infection status of the infants and mothers have
been described, including repeat testing of the HEU to confirm their
HIV-uninfected status [15]. HIV-infected children received daily
trimethoprim-sulfamethoxazole (cotrimoxazole) prophylaxis until
at least 12 months age and HEU infants until 6 months of age. Adher-
ence to cotrimoxazole prophylaxis was monitored at scheduled
study-visits.

Nasopharyngeal swabs were collected prior to each of the three
doses of PCV, which were scheduled for between 6–12 weeks
(Visit-1), 9–18 weeks (Visit-2) and 12–24 weeks (Visit-3), respec-
tively. Thereafter, swabs were repeated at 3–6 weeks after the third
PCV dose (Visit-4) at 38–42 weeks (Visit-5), 44–52 weeks (Visit-
6) and at 64–76 weeks of age (Visit-7). Dacron-tipped swabs on
a flexible aluminum shaft (Cat# 151D, Medical Wire Equipment
Co. Ltd.; Wiltshire, England) were inserted gently though a nos-
tril and then inoculated into skim milk tryptone-glucose-glycerol
transport media (STGG) and stored at −70 ◦C until processing at
the National Institute for Communicable Diseases (NICD) labo-
ratory as described [7]. Standard microbiologic tests were used
for culture and identification of S. pneumoniae, H. influenzae and
S. aureus as described [7]. Serotyping was performed with the
Quellung method (Statens Serum Institute, Copenhagen, Denmark)
and serotypes 4, 6B, 9V, 14, 18C, 19F or 23F categorized as PCV7
vaccine-serotypes and the rest as non-vaccine serotypes. Serotype
6A isolates were further tested by polymerase chain reaction to
discriminate between serotype 6A and 6C as described [19].

2.1. Statistical analysis

Comparisons and adjusted odds ratios of colonization between
groups were performed using logistic regression adjusted for study
center, gender, race, receiving cotrimoxazole prophylaxis and for
study-group when comparing HIV-infected (including ART-Def,
ART-Immed and HIV+/CD4 < 25% groups) to HIV-uninfected chil-
dren. To minimize confounding between the groups, children were
only included in the analysis at the analyzed time-point if PCV vac-
cination and the study-visits occurred within the protocol defined
window periods. To assess statistical significance, p-values are
adjusted for multiple comparisons using a method which con-
trols the false discovery rate. Adjusted p-values are reported and
compared to alpha = 0.05 [20]. All analyses were performed in
R (R Foundation for Statistical Computing; Vienna, Austria).

2.2. Ethics considerations

The study was approved by the Human Subjects Research
Committees of the University of the Witwatersrand, Stellenbosch
University, the Medicine Control Council of South Africa and Clinical
Science Review Committee of the Division of AIDS. Signed informed
consent was obtained from the parents of the children. The clinical
trials registry reference number for the study is ClinicalTrials.gov
NCT00099658.

3. Results
Overall, 527 infants were enrolled, including 244 (46.3%) males
and 480 (91.1%) Black-Africans. The mean age at time of NP swabs
did not differ between groups, being 7.4 (Standard Deviation; S.D.:
1.2), 11.4 (S.D.: 1.2), 15.5 (S.D.: 1.4), 19.5 (S.D.: 1.3), 39.4 (S.D.:
1.1), 47.4 (S.D.: 1.8) and 67.4 (S.D.: 2.0) weeks at Visit-1 though to
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Table 1
Demographic features at various study visits when analyzed for nasopharyngeal bacterial colonization in HIV-infected and -uninfected children vaccinated with pneumococcal
conjugate vaccine.

Variable Overall HUUa HEUb ART-Immedc ART-Defd HIV+/CD4 < 25%e

Total number of subjectsf 527 114 122 193 88 10
Male  sex (%) 244 (46.3) 62 (54.4) 66 (54.1) 80 (41.5) 32 (36.4) 4 (40.0)
Race:  Black African (%) 480 (91.1) 85 (74.6) 114 (93.4) 185 (95.9) 87 (98.9) 9 (90.0)
Mixed  ancestry (%) 47 (9.9) 29 (25.4) 8 (6.8) 8 (4.1) 1 (1.1) 1 (10.0)
Mean  age (SD) weeks at Visit-1; n 7.4 (1.2); N = 527 7.0(1.0); n = 114 7.4 (1.0);

n = 122
7.5 (1.2);
n = 193

7.3 (1.2);
n = 88

8.6 (1.6);
n = 10

Mean  age (SD) weeks at Visit-2; n 11.4 (1.2); N = 524 11.1 (1.1); n = 116 11.5 (1.0); n = 120 11.6 (1.3);
n = 192

11.4 (1.3);
n = 86

12.7 (1.8);
n = 10

Mean  age (SD) weeks at Visit-3; n 15.5 (1.4); N = 518 15.2 (1.2); n = 114 15.6 (1.1); n = 121 15.7 (1.6);
n = 189

15.5 (1.3);
n = 84

16.6 (1.7);
n = 10

Mean  age (SD) week at Vist-4
[1-month post 3rd PCV dose]f; n

19.5 (1.3); N = 483 19.2 (1.2); n = 113 19.5 (1.0); n = 119 19.6 (1.3);
n = 170

19.8 (1.5);
n = 71

20.6 (1.6);
n = 10

Mean  age (SD) weeks at Visit-5
[38–42 weeks age]f; n

39.4 (1.1); N = 446 38.8 (0.8); n = 108 39.2 (0.9); n = 115 39.5 (1.2);
n = 154

39.9 (1.3);
n = 61

40.3 (1.4);
n = 8

Mean  age (SD) weeks at Visit-6
[44–52 weeks]f; n

47.4 (1.8); N = 402 46.9 (1.9); n = 100 47.3 (1.9);
n = 96

47.6 (1.4);
n = 150

47.8 (1.8);
n = 49

48.1 (1.4);
n = 7

Mean  age (SD) weeks at Visit-7
[64–76 weeks]f; n

67.4 (2.0); N = 447 66.6 (1.4); n = 108 67.1 (2.2); n = 114 67.8 (1.8);
n = 153

68.4 (2.6);
n = 63

68.0 (1.5);
n = 9

a HUU: HIV-uninfected children born to HIV-uninfected mothers.
b HEU: HIV-uninfected children born to HIV-infected mothers.

troviral treatment (ART) at time of first dose of PCV7.
 of PCV7 that were started on ART based on clinical or immunological indications.
ated on immediate ART.
dow periods.
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c ART-Immed: HIV-infected children with CD4+ cell count ≥25% started on antire
d ART-Def: HIV-infected children with CD4+ cell count ≥25% at time of first dose
e HIV+/CD4+ <25%: HIV-infected children with CD4+ <25% at enrolment and initi
f Include subjects who received all three PCV doses within protocol-defined win

isit-7, respectively (Table 1). The first three study visits coincided
ith PCV7 vaccination.

The median CD4+ T-lymphocyte cell count and percent in HIV-
nfected infants at Visits 1, 3–7 are indicated in Supplementary
able 1. Generally, CD4+ cell count and CD4+ percent were higher
n the ART-Immed compared to ART-Def group from Visit-3 until
ist-6, whilst similar at Visit-7. The proportion of children receiving
otrimoxazole prophylaxis ranged from 95% to100% in ART-Immed
nd ART-Def children between Visit-1 and Visit-5 and decreased
ubsequently to 52–56% by Visit-7 (Supplementary Table 1). Also,
4% to 76% of HEU were receiving cotrimoxazole prophylaxis
etween Visit-1 and Visit-4, decreasing to 24% and less from Visit-5
nward.

.1. Colonization in HIV-unexposed compared to HEU children

Among HEU children, being on cotrimoxazole prophylaxis
as not associated with any difference in prevalence of colo-
izing organisms throughout the study (data not shown). The
revalence of overall pneumococcal, vaccine-serotype and non-
accine serotype colonization did not differ between HEU and
IV-unexposed children, throughout the study; Table 2. Vaccine-

erotype colonization increased from 6.4% among the composite
roup of HIV-uninfected children (i.e. HIV-unexposed and HEU)
t Visit-1 to 14.7% one-month following the third dose of PCV
Visit-4; p = 0.008) and remained similar thereafter (range from
7.6% to 21.4%); Fig. 1 and Supplementary Table 2. Colonization by
on-vaccine serotypes was at least two-fold greater than vaccine-
erotype colonization in HIV-uninfected children (p < 0.002 for all
ime-points), including being 18.9% at Visit-1 and increasing to
pproximately 40% from Visit-5 (9 months of age) onward (Fig. 1
nd Supplementary Table 2).

The prevalence of H. influenzae colonization did not differ
etween HIV-unexposed and HEU children at any time-point
Table 3). S. aureus prevalence was higher in HIV-unexposed

nfants at Visit-2 through Visit-4 (44.3%, 43.0% and 34.8%, respec-
ively) compared to HEU infants (25.0%, 23.1%, 17.9%, respectively;

 = 0.002 for all), albeit similar thereafter (Table 3). The higher
revalence of S. aureus colonization in HIV-unexposed compared
o HEU infants at Visits-3 and 4 was evident independent of
Fig. 1. Pneumococcal colonization prevalence in HIV-infected and HIV-uninfected
infants during the first 18 months of life.

whether the HEU infants were receiving cotrimoxazole prophylaxis
(data not shown). Among the composite group of HIV-uninfected
children, the prevalence of H. influenzae colonization increased
steadily from 27.1% at Visit-1 to 59.5% at Visit-7 (chi square for trend
p < 0.001), whilst conversely the prevalence of S. aureus declined
from 52.8% at Vist-1 to 12.7% at Visit-7 (p < 0.001) (Fig. 2 and Sup-
plementary Table 2).

3.2. Colonization in HIV-infected children managed with either
early or deferred antiretroviral treatment

Colonization patterns for pneumococcus, H. influenzae and S.
aureus were similar between ART-Def and ART-Immed children;
Tables 2 and 3. The only exceptions being a lower overall pneumo-
coccal colonization at Visit-6 in the ART-Def (46.7%) compared to
ART-Immed group (69.4%; p = 0.042), due to a lower prevalence of

non-vaccine serotype colonization (15.6% vs. 37.4%, respectively;
p = 0.023), Table 2. Cotrimoxazole prophylaxis was  not associated
with any difference in colonization in ART-Def and ART-Immed
infants at Visit-6 and Visit-7 (Supplementary Table 3).
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Table  2
Prevalence of nasopharyngeal (NP) colonization by Streptococcus pneumoniae stratified by vaccine-serotypes and non-vaccine serotypes in HIV-infected and -uninfected
children vaccinated with pneumococcal conjugate vaccine.

Study time-point NP
swab analyzed for
pneumococcal
colonization

HIV-uninfected children HIV-infected children

HUUa HEUb p-Valuec ART-Defd p-Valuee ART-Immedf p-Valueg p-Valueh

Visit-1 N = 114 N = 122 N = 88 N = 193
Overall Pnci 33;28.9% (21.4–37.9) 31;25.4% (18.5–33.8) 0.826 22;25% (17.1–35) 0.834 49;25.4% (19.8–32.0) 0.826 0.93
VT-Pncj 7;6.1% (3.0–12.1) 8;6.6% (3.4–12.4) 0.982 9;10.2% (5.5–18.3) 0.555 27;14% (9.8–19.6) 0.150 0.560
NVT-Pnck 23;20.2% (13.8–28.5) 21;17.2% (11.5–24.9) 0.876 11;12.5% (7.1–21.0) 0.426 22;11.4% (7.6–16.7) 0.181 0.888

Visit-2  N = 116 N = 120 N = 86 N = 192
Overall Pnc 54;46.6% (37.7–55.6) 49;40.8% (32.5–49.8) 0.698 21;24.4% (16.6–34.5) 0.014 61;31.8% (25.6–38.7) 0.063 0.446
VT-Pnc 17;14.7% (9.4–22.2) 15;12.5% (7.7–19.6) 0.816 12;14% (8.2–22.8) 0.982 36;18.8% (13.9–24.9) 0.560 0.570
NVT-Pnc 34;29.3% (21.8–38.2) 30;25.0% (18.1–33.4) 0.816 8;9.3.0% (4.8–17.3) 0.010 22;11.5% (7.7–16.7) 0.003 0.826

Visit-3  N = 114 N = 121 N = 84 N = 188
Overall Pnc 61;53.5% (44.4–62.4) 55;45.5% (36.9–54.3) 0.543 25;29.8% (21–40.2) 0.018 64;34.0% (27.6–41.1) 0.018 0.724
VT-Pnc 18;15.8% (10.2–23.6) 17;14% (9.0–21.4) 0.828 14;16.7% (10.2–26.1) 0.888 30;16.0% (11.4–21.9) 0.970 0.876
NVT-Pnc 42;36.8% (28.6–46.0) 37;30.6% (23.1–39.3) 0.610 9;10.7% (5.7–19.1) 0.002 30;16.0% (11.4–21.9) 0.002 0.364
Visit-4  N = 113 N = 119 N = 70 N = 170
Overall Pnc 63;55.8% (46.6–64.6) 59;49.6% (40.8–58.4) 0.626 25;35.7% (25.5–47.4) 0.058 68;40.0% (32.9–47.5) 0.056 0.826
VT-Pnc 17;15% (9.6–22.8) 17;14.3% (9.1–21.7) 0.826 8;11.4% (5.9–21) 0.682 29;17.1% (12.1–23.4) 0.876 0.555
NVT-Pnc 45;39.8% (31.3–49) 38;31.9% (24.2–40.8) 0.560 15;21.4% (13.4–32.4) 0.071 37;21.8% (16.2–28.6) 0.014 0.993

Visit-5  N = 108 N = 115 N = 59 N = 154
Overall Pnc 70;64.8% (55.4–73.2) 67;58.3% (49.1–66.9) 0.762 28;47.5% (35.3–60) 0.198 88;57.1% (49.2–64.7) 0.610 0.481
VT-Pnc 24;22.2% (15.4–30.9) 19;16.5% (10.8–24.4) 0.570 15;25.4% (16.1–37.8) 0.727 40;26.0% (19.7–33.4) 0.621 0.993
NVT-Pnc 44;40.7% (31.9–50.2) 47;40.9% (32.3–50.0) 0.888 12;20.3% (12–32.3) 0.060 44;28.6% (22–36.2) 0.187 0.481

Visit-6  N = 100 N = 96 N = 45 N = 147
Overall Pnc 69;69.0% (59.4–77.2) 55;57.3% (47.3–66.7) 0.221 21;46.7% (32.9–60.9) 0.056 102;69.4% (61.5–76.3) 0.982 0.042
VT-Pnc 24;24.0% (16.7–33.2) 18;18.8% (12.2–27.7) 0.680 11;24.4% (14.2–38.7) 0.910 44;29.9% (23.1–37.8) 0.481 0.834
NVT-Pnc 41;41.0% (31.9–50.8) 36;37.5% (28.5–47.5) 0.632 7;15.6% (7.7–28.8) 0.012 55;37.4% (30.0–45.5) 0.603 0.023

Visit-7  N = 108 N = 114 N = 54 N = 150
Overall Pnc 70;64.8% (55.4–73.2) 75;65.8% (56.7–73.9) 0.826 34;63.0% (49.6–74.6) 0.960 84;56.0% (48.0–63.7) 0.560 0.555
VT-Pnc 18;16.7% (10.8–24.8) 21;18.4% (12.4–26.5) 0.888 14;25.9% (16.1–38.9) 0.371 30;20.0% (14.4–27.1) 0.689 0.624
NVT-Pnc 47;43.5% (34.6–52.9) 48;42.1% (33.4–51.3) 0.982 16;29.6% (19.1–42.8) 0.289 51;34.0% (26.9–41.9) 0.364 0.820

a HUU: HIV-unexposed, uninfected children.
b HEU: HIV-uninfected infant born to HIV-infected mother.
c p-Value comparing HEU to HUU.
d ART-Def: HIV-infected children with CD4+ cell count ≥25% at time of first PCV-7 dose that were started on antiretroviral treatment (ART) based on clinical or immunological

indications.
e p-value: comparing ART-Def to HUU.
f ART-Immed: HIV-infected children with CD4+ cell count ≥25% started on ART at the time of first dose of PCV-7.
g p-Value: comparing ART-Immed to HUU.
h p-Value: comparing ART-Def to ART-Immed.
i Overall Pnc: all Streptococcus pneumoniae serotypes.
j VT-Pnc: 7-valent pneumococcal conjugate vaccine serotypes (i.e. 4, 6B, 9V, 14, 18C, 1
k NVT-Pnc: serotypes not included in pneumococcal conjugate vaccine. Number in the

parenthesis are 95% confidence intervals. All p-values have been adjusted for multiple co

Fig. 2. Staphylococcus aureus and Haemophilus influenzae colonization prevalence in
HIV-infected and HIV-uninfected infants during the first 18 months of life.
9F, 23F).
 cell refers to number of positive observations, percentage of the total and value in
mparisons.

3.3. Pneumococcal colonization in HIV-infected compared to
HIV-uninfected children

Compared to HIV-unexposed children, ART-Def and ART-Immed
infants had a lower prevalence of overall pneumococcal coloniza-
tion from Visit-3 to Visit-4 (as well as Visit-2 and Visit-6 in ART-Def
group), which was specifically evident for non-vaccine serotypes;
Table 2. At Visit 6, the lower prevalence of non-vaccine serotype
colonization among ART-Def children was  driven by receipt of cot-
rimoazole prophylaxis (aOR: 0.177; p = 0.001), however, this was
not evident in the ART-Immed group (Supplementary Table 3).

Among the composite group of all HIV-infected children, the
prevalence of vaccine-serotype colonization increased from 12.7%
at Visit-1 to 24.9% at 9-months of age (Visit-5; chi square for
trend p < 0.001) and remained similar thereafter up until Visit-7

(chi square for trend p = 0.197). There was  a similar prevalence of
vaccine-serotype compared to non-vaccine serotype colonization
among HIV-infected children from Visit-1 through Visit-6, although
this trended to being lower for vaccine-serotype at Visit-7 (21.6% vs.
31.9%; p = 0.059) (Fig. 1 and Supplementary Table 2). The prevalence
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Table 3
Prevalence of nasopharyngeal colonization by Staphylococcus aureus and Haemophilus influenzae in HIV-infected and -uninfected children vaccinated with pneumococcal
conjugate vaccine.

Study time-point
and organism

HIV-uninfected children HIV-infected children

HUUa HEUb p-valuec ART-Defd p-valuee ART-Immedf p-valueg p-valueh

Visit-1 N = 114 N = 122 N = 88 N = 193
S.  aureusi 63;55.8% (46.6–64.6);

N = 113
61;50% (41.3–58.7) 0.269 30;34.5% (25.3–44.9);

N = 87
0.005 49;25.4% (19.8–32) <0.001 0.198

H.  influenzaej 38;33.3% (25.3–42.4) 26;21.3% (15.0–29.4) 0.187 14;15.9% (9.7–25.0) 0.059 36;18.7% (13.8–24.7) 0.056 0.820

Visit-2  N = 116 N = 120 N = 86 N = 192
S.  aureus 51;44.3% (35.6–53.5);

N = 115
30;25.0% (18.1–33.4) 0.002 17;19.8% (12.7–29.4) 0.001 35;18.3% (13.5–24.4);

N = 191
<0.001 0.820

H.  influenzae 41;35.3% (27.2–44.4) 37;30.8% (23.3–39.6) 0.809 14;16.3% (10.0–25.5) 0.027 28;14.6% (10.3–20.3) 0.002 0.834

Visit-3  N = 114 N = 121 N = 84 N = 188
S.  aureus 49;43.0% (34.3–52.2) 28;23.1% (16.5–31.4) 0.002 20;24.1% (16.2–34.3);

N = 83
0.006 47;25.5% (19.8–32.3);

N = 184
0.002 0.876

H.  influenzae 55;48.2% (39.3–57.3) 54;44.6% (36.1–53.5) 0.950 17;20.2% (13.0–30.0) 0.006 34;18.1% (13.2–24.2) <0.001 0.826

Visit-4  N = 113 N = 119 N = 70 N = 170
S.  aureus 39;34.8% (26.6–44.0);

N = 112
21;17.9% (12.0–25.9);
N = 117

0.002 24;34.8% (24.6–46.6);
N = 69

0.481 43;27.2% (20.9–34.6);
N = 158

0.067 0.560

H.  influenzae 50;44.2% (35.4–53.4) 42;35.3% (27.3–44.2) 0.446 21;30.0% (20.5–41.5) 0.187 37;21.8% (16.2–28.6) 0.002 0.452

Visit-5  N = 108 N = 115 N = 59 N = 154
S.  aureus 18;16.8% (10.9–25.0);

N = 107
13;11.4% (6.8–18.5);
N = 114

0.342 13;22.0% (13.4–34.1) 0.706 18;12.3% (7.9–18.6);
N = 146

0.496 0.125

H.  influenzae 56;51.9% (42.5–61.0) 58;50.4% (41.4–59.4) 0.940 13;22.0% (13.4–34.1) 0.005 41;26.6% (20.3–34.1) 0.002 0.866

Visit-6  N = 100 N = 96 N = 45 N = 147
S.  aureus 12;12.2% (7.1–20.2);

N = 98
14;14.7% (9.0–23.2);
N = 95

0.783 13;26.5% (16.2–40.3);
N = 49

0.080 23;15.9% (10.8–22.7);
N = 145

0.557 0.173

H.  influenzae 49;49.0% (39.4–58.7) 45;46.9% (37.2–56.8) 0.930 8;17.8% (9.3–31.3) 0.010 45;30.6% (23.7–38.5) 0.047 0.165

Visit-7  N = 108 N = 114 N = 54 N = 150
S.  aureus 15;14.0% (8.7–21.8);

N  = 107
13;11.5% (6.8–18.7);
N = 113

0.528 12;19.7% (11.6–31.3);
N = 61

0.834 27;18.1% (12.8–25.1);
N = 149

0.878 0.910

H.  influenzae 64;59.3% (49.8–68.1) 68;59.6% (50.5–68.2) 0.834 17;31.5% (20.7–44.7) 0.018 54;36.0% (28.8–43.9) 0.011 0.762

a HUU: HIV-unexposed, uninfected children.
b HEU: HIV-uninfected infant born to HIV-infected mother.
c p-Value: comparing HEU to HUU.
d ART-Def: HIV-infected children with CD4+ cell count ≥25% at time of first PCV-7 dose that were started on antiretroviral treatment (ART) based on clinical or immunological

indications.
e p-Value: comparing ART-Def to HUU.
f ART-Immed: HIV-infected children with CD4+ cell count ≥25% started on ART at the time of first dose of PCV-7.
g p-Value: comparing ART-Immed to HUU.
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h p-Value: comparing ART-Def to ART-Immed.
i S. aureus:  Staphylococcus aureus.
j H. influenzae:  Haemophilus influenzae. Number in the cell refers to number of po

ntervals. All p-values have been adjusted for multiple comparisons.

f vaccine-serotype colonization was similar between HIV-infected
nd HIV-uninfected children (Fig. 1 and Supplementary Table 2).
on-vaccine serotype colonization was generally higher in HIV-
ninfected than HIV-infected children from Visit-2 to Visit-3, and

 similar trend observed thereafter (Fig. 1 and Supplementary
able 2).

.4. S. aureus colonization in HIV-infected and HIV-uninfected
hildren

Compared to HIV-unexposed children, ART-Def and ART-Immed
nfants had a lower prevalence of colonization by S. aureus
rom Visit-1 to Visit-3, which was however similar thereafter,
able 3. Overall, HIV-infected children had a lower prevalence of S.
ureus colonization (29.7%) than HIV-uninfected children (52.8%;

 = 0.010) at Visit-1, which did not however differ significantly

hereafter (Fig. 2; Supplementary Table 2). At Visit-6 and Visit-7, the
revalence of S. aureus colonization in both groups of HIV-infected
hildren on cotrimoxazole prophylaxis was similar to those not
n prophylaxis; as well as compared to HIV-unexposed children
Supplementary Table 2).
 observations, percentage of the total and value in parenthesis are 95% confidence

3.5. H. influenzae colonization in HIV-infected compared to
HIV-uninfected children

The prevalence of H. influenzae colonization was  consistently
lower in ART-Def and ART-Immed children from Visit-1 up until
Visit-7, compared to HIV-unexposed infants, with the exception of
Visit-4 in ART-Def; Table 3. The prevalence of H.  influenzae colo-
nization in HIV-infected children steadily increased from 17.2% at
Visit-1 to 33.3% (chi square for trend p < 0.001) at Visit-7. H. influen-
zae colonization was, however, greater in the overall groups of
HIV-uninfected than HIV-infected children at Visit-2, Visit-3 Visit-6
and Visit-7, with a similar trend observed at the other visits (Sup-
plementary Table 2). At visits 5 and 6, the lower prevalence of H.
influenzae colonization among the HIV-infected groups compare to
HIV-unexposed children trended to be more evident in those who
remained on cotrimoxazole prophylaxis, than in those in whom
prophylaxis had been discontinued (Supplementary Table 3).
4. Discussion

To our knowledge, this is the first longitudinal study to detail
the dynamics of nasopharyngeal colonization by three potentially
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athogenic bacteria in HIV-infected and HEU children vacci-
ated with PCV. Our findings suggests that a three dose primary
eries of PCV have a similar effect against vaccine-serotype col-
nization in HEU, HIV-infected and HIV-unexposed children in
he first 18 months of life. There were, however, differences
bserved in nasopharyngeal ecology between HIV-infected and
IV-uninfected children. There was a lower overall prevalence of
neumococcal colonization among HIV-infected children predom-

nantly attributable to a lower prevalence of non-vaccine serotype
olonization. There was also a lower prevalence of H. influenzae
rom Visit-2 onward in HIV-infected compared to HIV-uninfected
hildren; as well as a lower prevalence of S. aureus colonization in
IV-infected children at Visit-1.

The HIV-infected children in our study differ from previous stud-
es on bacterial colonization interactions [7,21], as they were either
nitiated on antiretroviral treatment immediately upon diagnosis
f HIV infection or within the first year of life. Previous studies in
RT naïve HIV-infected children suggested that the synergistic rela-

ionship observed among healthy children between pneumococcal
nd H. influenzae colonization and negative association between
neumococcal and S. aureus colonization [22,23], were not evident
mong HIV-infected children [7,21]. In contrast, in our study, the
ower overall prevalence of pneumococcal colonization was associ-
ted with a lower prevalence of H. influenzae and higher prevalence
f S. aureus colonization in HIV-infected than HIV-uninfected chil-
ren. Therefore, while host adaptive immune factors may have
ontributed to the lack of association between these bacteria in the
arlier studies on HIV-infected children, we observed these inter-
ctions in the relatively immunocompetent HIV-infected children
n our study.

The biological mechanism for the interactions between pneu-
ococcus, H. influenzae and S. aureus and possibly other bacteria, as
ell as respiratory viruses was recently reviewed by Bosch et al. [1].
hilst the complexity of bacterial–bacterial, viral–bacterial and

iral–viral interactions is increasingly being explored, a number
f mechanisms have been proposed for the interactions between
. pneumoniae, H. influenzae and S. aureus. This includes S. pneu-
oniae producing hydrogen peroxide which inhibits S. aureus and
. influenzae colonization and immune-mediated cross-reactive
ntibody between S. pneumoniae and S. aureus [24–26]. Also, the
xpression of phosphorylcholine by both S. pneumoniae and H.
nfluenzae and neuraminidase produced by S. pneumoniae may  con-
ribute to competitive in vitro effects between these species [1].
urthermore, pilus-island containing pneumococcal species has
een negatively associated with S. aureus colonization [27].

The complexity of this bacterial–bacterial interplay is, however,
urther manifest in that while in vitro studies indicate a negative
ssociation between S. pneumoniae and H. influenzae coloniza-
ion, an opposite synergistic association was observed in healthy
hildren but not so among immunocompromized HIV-infected
hildren [7,28]. This underscores, the possible additional role of
he host, including adaptive immune factors, which may  contribute
o the interaction of potentially pathogenic bacteria and possibly
ommensal bacteria in the nasopharynx. Recent observations at
ur site support adaptive immune factors as synergistic interaction
etween S. pneumoniae and H. influenzae and negative competitive
ssociation between S. pneumoniae or H. influenzae and S. aureus
bserved in children, were not evident in adults [28].

We speculate that the reason for the differences observed
n prevalence of pneumococcal and H. influenzae colonization
etween the PCV-vaccinated HIV-infected and HIV-uninfected

hildren in our study, may  be due to receipt of cotrimoxazole pro-
hylaxis in HIV-infected children. Previous studies in HIV-infected

ndividuals have documented a lower prevalence of pneumococcal
olonization in those on cotrimoxazole prophylaxis [3–6], which in
urn could result in lower prevalence of H. influenzae (which acts
3 (2015) 2662–2669 2667

synergistically with S. pneumoniae colonization) and higher preva-
lence of S. aureus colonization (for which negative association with
pneumococcal colonization has been established). Our study was,
however, limited in exploring whether cotrimoxazole prophylaxis
was responsible for the lower prevalence of non-vaccine serotype
and H. influenzae colonization during the earlier study visits (Visits
1–5), as the majority of HIV-infected children were on prophy-
laxis. Also, whereas there was  a trend toward stronger association
of the ART-Def an ART-Immed children who were on cotrimoxa-
zole prophylaxis being less likely to be colonized by H. influenzae
at Visit-6 and Visit-7, for the non-vaccine serotypes this was only
evident among the ART-Def group. Similarly, there was  a lower
prevalence of S. aureus colonization among the HIV-infected groups
compared to HIV-unexposed children from Visit-1 to Visit 3, which
again we were unable to evaluate if this was  due to cotrimoxazole
prophylaxis since the majority of HIV-infected children were on
cotrimoxazole at this stage.

The lower prevalence of colonization by non-vaccine serotypes
and H. influenzae,  nevertheless bode well for HIV-infected children,
premised on their disease-causing potential being similar in HIV-
uninfected children when early ART is initiated. Also, the similarity
in S. aureus colonization prevalence between HIV-infected and HIV-
uninfected children in our study, indicates that they could be less at
risk of severe S. aureus invasive disease compared to that previously
observed in ART naïve HIV-infected children [12,14].

Previous studies in healthy children have attributed an increase
in S. aureus colonization to PCV immunization [11], having
also established an inverse association between colonization by
vaccine-serotypes (but not non-vaccine serotypes) and S. aureus
[29]. Although our study did not include a PCV unvaccinated control
group of unvaccinated children, the prevalence of S. aureus colo-
nization at 9 and 15 months of age was  similar to that observed
in a separate parallel cohort of PCV-unvaccinated HIV-uninfected
children [28].

Limitations of our study include the absence of PCV-
unvaccinated control groups, as PCV was  already licensed in South
Africa at the time of the study, although not yet available in the
public immunization program. Consequently, we  compared the
dynamics of bacterial nasopharyngeal colonization in our study to
a referent group of HUU PCV-vaccinated infants. An earlier study
in the same community had previously observed a 50% reduction
in vaccine-serotype colonization among HIV-uninfected children
6-months (approximately equivalent to Visit-5 in our study) fol-
lowing the primary three-dose series of PCV [30]. Also, our study
has not yet analyzed for antibiotic susceptibility of the colonizing
isolates, to determine what effect this may  have on colonization
patterns in the context of HEU and HIV-infected infants receiving
cotrimoxazole prophylaxis.

Although bacterial nasopharyngeal colonization is not a mea-
sure of disease, it is increasingly advocated as an additional measure
of the potential efficacy of different PCV formulations [31]. Also,
there is a strong association between the dominant pneumococcal
serotypes colonizing the nasopharynx, detected by culture method,
and those serotypes causing pneumococcal disease. Furthermore,
examining the ecology of the nasopharynx may also contribute
to understanding whether the increased risk of invasive disease
in immunocompromized individuals, including HIV-infected chil-
dren, is a function of innate impairment of immunity or because of
an increased risk of nasopharyngeal acquisition and colonization
by specific bacteria.

Our findings indicate that the increased risk of pneumococ-
cal disease in HIV-infected children including in the era of PCV
immunization [32], is unlikely due to an increase in preva-

lence of pneumococcal colonization, but rather due to other
immunosuppressive mediators which predispose to pneumococcal
disease.
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