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adaptive immune system, and has some homologies with
CRP: it is synthesized by hepatocytes, takes part in the
opsonophagocytosis of bacteria and initiates the comple-
ment cascade (via the lectin pathway). MBL has also been
suggested to act as an acute-phase reactant, and that heat
shock and proinflammatory cytokines could stimulate its
production 

 

in vitro

 

 [10,11]. The role of MBL in the risk of
developing bacterial infections has been studied with con-
flicting results. It seems that MBL gene mutations deter-
mine a susceptibility to infection in patients with systemic
lupus erythematosis and HIV infection, influence the sever-
ity of lung disease in patients with cystic fibrosis and
increase the number of episodes of acute respiratory infec-
tion in children [12–15]. Moreover, homozygotes for MBL
variants could be at increased risk of developing invasive
infections by 

 

S. pneumoniae,

 

 as has been demonstrated pre-
viously [16], although this relationship was not encoun-
tered in another published work [17].

The objective of the present study was to evaluate the role
of MBL in pneumococcal pneumonia by comparing the lev-
els of MBL and CRP, to determine whether MBL really acts as
an acute-phase reactant in this setting, and to establish
whether the severity of the disease correlates with lower MBL
levels. The latter issue gains in importance, as MBL therapy
could be a possible option to treat deficiency states, as has
been demonstrated in cystic fibrosis [18].

 

Materials and methods

 

The study was conducted in Son Dureta Hospital, a 900-bed
tertiary referral centre, and Son Llàtzer Hospital, a 350-bed
community centre (Mallorca, Spain).

 

Selection of patients and definitions

 

From 1 June 2003 to 30 June 2005 we studied all consecu-
tive adult patients (

 

>

 

 18 years old) with pneumococcal
pneumonia with clinical features and/or X-ray findings.
The microbiological criteria used to confirm the pneumo-
coccal aetiology were: (1) at least one blood or pleural
fluid culture positive for 

 

S. pneumoniae

 

, (2) one sputum
culture positive for the same bacteria in addition to a posi-
tive determination of rapid immunochromatographic
urinary antigen test or (3) in those cases in which bron-
choscopy procedures were carried out, a quantitative bacte-
rial recount of at least 10

 

3

 

 colony-forming units (CFU)/ml
for telescope catheter culture; 10

 

4

 

 CFU/ml for bronchoalve-
olar lavage or 10

 

5

 

 CFU/ml for bronchoaspirate were con-
sidered significant.

Patients were recruited from the emergency departments
of either of the two participant hospitals and a blood sample
(acute phase) was obtained immediately after the microbio-
logical diagnosis was confirmed. When a patient with a con-
firmed microbiological pneumococcal pneumonia did not
meet the criteria for hospital admission they were requested

by telephone to attend the out-patient clinic to provide a
blood sample. At least 4 weeks after the resolution of the
acute pneumococcal infection, the patients were requested to
visit the out-patient clinic to provide another blood sample
(recovery phase).

Demographic variables and comorbidities were collected
for each patient. In each episode the pneumonia severity
score was calculated and graded into a risk class of mortality
by using the Fine scale [19], considering three groups: low
risk (classes I, II and III), moderate risk (class IV) and high
risk (class V).

Patients with nosocomial infections, primary immunode-
ficiencies (routine immunological tests were carried out to
evaluate their immunological status), those who died before
the microbiological diagnosis was obtained, or who did not
turn up at the out-patient clinic during the acute phase and
those who refused to sign the informed consent were
excluded. For patients with recurrent pneumonia episodes,
only the first episode was considered.

 

Laboratory tests

 

Blood samples were collected aseptically into plain and eth-
ylenediamine tetraacetic acid (EDTA) tubes in the first 48 h
of hospital admission. For all samples, serum was separated
immediately and transferred into cryovials and preserved at

 

−

 

80

 

°

 

C for further testing. EDTA blood samples were used
for genomic DNA isolation. DNA isolation was carried out
using the proteinase K method.

CAP was determined by nephelometry (BNAII, Dade
Behring® Marburg, Germany) using a highly sensitive com-
mercial kit (Dade-Behring®). The cut-off point used to
detect abnormal values was 

 

>

 

 3 mg/dl, as suggested by the
CRP manufacturer.

Mannose-binding lectin (MBL) serum concentrations
were determined by enzyme-linked immunosorbent assay
(ELISA) performed in microwells coated with a monoclonal
antibody against the MBL carbohydrate-binding domain in
a commercial kit (oligomerized mannan-binding lectin;
AntibodyShop®, Gentofte, Denmark). MBL concentrations
in serum were expressed as ng/ml.

For the MBL genotype, genotyping was perfomed by
polymerase chain reaction with sequence-specific primers
(PCR–SSP). Primers and conditions for amplification of
MBL mutations were used according to Steffensen 

 

et al

 

.’s
[20] method, with a personal modification of the tempera-
ture conditions for amplification of exon 1 with mix B (20 s
at 60

 

°

 

C instead of 58

 

°

 

C). Analysis was accomplished by sub-
jecting samples of genomic DNA from each individual to a
maximum of 17 PCR reactions carried out under three dif-
ferent PCR conditions with various MgCl2 concentrations.
The genotypes were determined by the presence or absence
of a specific band after electrophoresis in a 2% agarose gel
stained with ethidium bromide visualized by ultraviolet light
and photographically recorded (data not shown).
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Ethics

 

All the patients were required to sign an informed consent
and the study was approved by the Ethics Committee of the
Comunitat de les Illes Balears.

 

Statistical analysis

 

First, a descriptive analysis of the population of the study was
made. In the bivariate analysis, we used 

 

χ

 

2

 

 tests to compare
qualitative variables. Comparison of the quantitative vari-
ables was carried out using non-parametric tests (Mann–
Whitney test). For the correlation analysis we calculated
Pearson’s coefficient. Statistical significance was taken as a 

 

P

 

-
value less than 0·05. The risk of bacteraemia associated with
MBL genotypes was estimated using the calculation of odds
ratios (OR) with 95% confidence interval (CI). Statistical
power was at least 80%.

The analysis was carried out with 

 

spss

 

 12·0 and GraphPad
Prism4 software.

 

Results

 

One hundred patients (68 male, 32 female) with pneumococcal
pneumonia (53 with bacteraemia) were included. Fifty-one
patients had at least one comorbidity, mainly chronic obstruc-
tive pulmonary disease (COPD) (33 cases), and 15 subjects
were infected by HIV-1. Forty-three patients were classified
into the low-risk mortality class and 57 into the moderate–
high-risk classes. Forty-three patients’ samples of the recovery
phase were processed. Demographic and general characteris-
tics of the study population are summarized in Table 1.

Fifty patients presented the wild-type MBL genotype
(AA), 43 were heterozygous (AO) and four homozygous
(OO) for the MBL variants. In three cases it was not possible
to determine the genotype. The patients with the AA geno-

type showed higher levels of MBL than the two mutated
groups (AO/OO) considered together, in the acute
(

 

P

 

 

 

<

 

 0·001) and recovery phases (

 

P

 

 

 

<

 

 0·001). Non-statistical
differences were observed between the MBL genotype and
the levels of CRP (Table 2).

 

Table 1.

 

Demographic and general characteristics of the study 

population.

 

n

 

 

 

=

 

 100

Male/female 68/32

Age (years; mean/range) 58·27 (21–96)

Comorbidity 51

COPD 33

Diabetes 9

Cardiac failure 9

Hepatopathy 7

Corticosteroids/immunosuppressors 4

Neutropenia 2

Renal insufficiency 2

Solid neoplasm 2

HIV-1 infection 15

HAART 8

CD4 cell count/cell/

 

μ

 

l (median/range) 135 (36–500)

Smokers 46

Alcoholism 4

Drug abuse (active) 8

Bacteraemia 53

Mortality risk class (Fine)

Low I 15

Low II 11

Low III 17

Moderate IV 42

High V 15

COPD: chronic obstructive pulmonary disease; HAART: highly

active anti-retroviral therapy.

 

Table 2.

 

Mannose-binding lectin (MBL) and C-reactive protein (CRP) levels according to the MBL genotype. The number of patients, grouped by 

risk class, with very low levels of MBL in the acute phase is also shown.

Genotype AA Genotype AO/OO

 

P

 

-value

MBL acute (ng/ml)

Mean (s.d.) 4298·81 (2109·34) 863·83 (675·12)

 

<

 

 0·001

Median (range) 4225 (1150–10000) 700 (35–2500)

MBL recovery (ng/ml)

Mean (s.d.), 3576·19 (1246·25) 695·56 (523·37)

 

<

 

 0·001

Median (range) 4000 (1200–5750) 650 (35–2100)

MBL acute 

 

<

 

 500 ng/ml

Low-risk – 7 cases –

Moderate–high-risk – 6 cases

CRP acute (mg/l)

Mean (s.d.) 67·69 (105·28) 54·95 (70·37) n.s.

Median (range) 34 (1–578) 22 (1–265)

CRP recovery (mg/l)

Mean (s.d.) 10·12 (14·76) 12·50 (26·92) n.s.

Median (range) 4·50 (1–67) 3 (0–125)
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The relation between MBL genotypes and the presence or
absence of bacteraemia is shown in Table 3. Patients with the
AA genotype showed a higher risk of developing bacter-
aemia, OR 2·74 (95% CI 1·01–7·52, 

 

P

 

 

 

=

 

 0·02). No statistical
differences were found between risk class of mortality (Fine
scale) and MBL genotypes (Table 3). Thirteen patients with
the AO/OO genotype presented MBL levels lower than
500 ng/ml (seven in the low- and six in the moderate–high-
risk groups) in the acute phase, but no differences were

detected when compared with those having the MBL acute
level above that value.

Although the mean and median of the MBL levels, both in
acute and in recovery phases, were higher for the moderate–
high-risk group, these differences did not reach statistical
significance. The mean values of CRP in acute phase were
similar for both groups, and only the CRP level in the
recovery phase was statistically higher (

 

P

 

 

 

=

 

 0·005) in the
moderate–high-risk group (Table 4). When we compared
the MBL levels with the severity group for each of the gen-
otypes (AA 

 

versus

 

 AO/OO) in the acute and recovery phases,
these differences remained non-significant (Table 4).
Figure 1 represents the individual MBL and CRP concentra-
tions of the 43 patients with two paired samples (acute and
recovery phases). Fifty-four patients were lost to follow-up,
28 were AA and 26 were AA/OO, without differences in com-
parison with patients whose paired samples were obtained.

At each phase, the mean levels of MBL of the patients
with bacteraemia were higher than those with negative
blood cultures [acute: 3038·49 (s.d. 2218·70) ng/ml 

 

versus

 

2532·17 (s.d. 2590·70) ng/ml; recovery: 2751·94 (s.d.
1781·36) ng/ml 

 

versus

 

 1923·12 (s.d. 1751·47) ng/ml] but

 

Table 3.

 

Mannose-binding lectin (MBL) genotypes in relation to 

bacteraemia and risk class of mortality (Fine scale).

Genotype

AA

Genotype

AO/OO Total

Blood cultures*

(a) Positive 32 18 50

(b) Negative 13 20 33

Risk class*

(a) Low 18 22 40

(b) Moderate–high 32 15 47

*In 14 episodes blood cultures were not performed and in three

cases MBL genotypes were not performed.

 

Table 4.

 

Mannose-binding lectin (MBL) and C-reactive protein (CRP) concentrations in the acute and recovery phases in accordance with the 

mortality risk group (Fine scale) for the whole study population. MBL concentration in each phase and risk group for the different MBL genotypes.

Low-risk* Moderate–high-risk**

 

P

 

-value

The whole study population

MBL acute (ng/ml)

Mean (s.d.) 2380·69 (2174·29) 2990·00 (2451·03) n.s.

Median (range) 1450 (35–7250) 2600 (90–10000)

MBL recovery (ng/ml)

Mean (s.d.) 1988·57 (1536·02) 2391·20 (1871·05) n.s.

Median (range) 1850 (100–5250) 2400 (35–5750)

CPR acute (mg/l)

Mean (s.d.) 68·29 (113·11) 57·04 (70·94) n.s.

Median (range) 22 (1–578) 31 (1–294)

CRP recovery (mg/l)

Mean (s.d.) 4·24 (6·36) 15·77 (26·19) 0·005

Median (range) 2 (0–25) 6 (1–125)

Restricted to AA genotype

MBL acute (ng/ml)

Mean (s.d.) 4525·00 (1745·95) 4185·71 (2291·04) n.s.

Median (range) 4500 (1400–7250) 3750 (1150–10000)

MBL recovery (ng/ml)

Mean (s.d.) 3107·14 (1316·06) 3810·71(1188·43) n.s.

Median (range) 2400 (1700–5250) 4000 (1200–5750)

Restricted to AO/OO genotypes

MBL acute (ng/ml)

Mean (s.d.) 835·47 (704·97) 897·50 (659·16) n.s.

Median (range) 675 (35–2500) 750 (90–2200)

MBL recovery (ng/ml)

Mean (s.d.) 870·00 (678·60) 584·55 (393·06) n.s.

Median (range) 720 (100–2100) 580 (35–1300)

*Includes: I, II and III Fine categories. **Includes: IV and V Fine categories.
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without statistical significance. In the acute phase, the levels
of CRP were significantly higher in the subjects with posi-
tive blood cultures [79·53 (s.d. 106·93) mg/l 

 

versus

 

 36·68
(s.d. 63·77) mg/l (

 

P

 

 

 

=

 

 0·003)], but in the recovery phase
these differences disappeared [6·03 (s.d. 7·58) mg/l 

 

versus

 

12·78 (s.d. 17·02) mg/l].
The levels of CRP in the recovery phase remained higher

in the group of patients with an underlying disease in
comparison with the previously healthy ones [20·12 mg/l
(s.d. 31·90) 

 

versus

 

 5·77 mg/l (s.d. 7·42) (

 

P

 

 

 

=

 

 0·01)].
There was no correlation between the levels of CRP and

MBL either in the acute phase (

 

P

 

 

 

=

 

 0·87) or in the recovery
phase (

 

P

 

 

 

=

 

 0·53). Finally, no correlation was observed
between the pneumonia severity score at hospital admission
and the acute values of CRP (

 

P

 

 

 

=

 

 0·78) or MBL (

 

P

 

 

 

=

 

 0·21).
One patient died, in relation to the pneumococcal pneu-

monia. She was an elderly woman with chronic hepatopathy
and cardiac failure, classified at admission as high risk. She
presented the AO genotype, and the values of CRP and MBL
in acute phase were 138 mg/l and MBL 215 ng/ml, respec-
tively. Four additional patients died in the 3 months follow-
ing the acute episode, two with exacerbated COPD, one with
a non-Hodgkin lymphoma and one with diffuse pleural car-
cinomatosis. When we compared the levels of CRP and MBL
in the acute phase of the deceased cases with the remaining
95 surviving subjects no statistical differences were detected.

The previously exposed statistical analysis was repeated
excluding the 15 patients with HIV-1 infection, also exclud-
ing the 51 patients with comorbities, and the results obtained
were comparable with those of the whole population (data
not shown).

 

Discussion

 

The properties of MBL as an acute-phase reactant have
been studied in different scenarios since the first descrip-
tion [10], that MBL synthesis is induced as a part of the
acute response. Neth 

 

et al

 

. observed a higher MBL con-
centration in children with malignancy than in healthy
individuals [21]. Two other studies have analysed the
behaviour of MBL in patients undergoing major surgery,
with discordant results. In the first study, in sequential
blood samples of 11 patients after major hip surgery,
increases in MBL concentration between 1·5 and threefold
were observed [22]. In the same study, a rise in MBL lev-
els was observed in five patients after a malaria attack. In
another study including patients who underwent gas-
trointestinal resections for malignant disease, the MBL lev-
els did not rise immediately after surgery, but lower MBL
levels were associated with the occurrence of postoperative
infections [23]. However, although both studies were con-
ducted in the postoperative setting the population analy-
sed was different, and in the second study the observation
period  was  shorter,  with  only  two  blood  samples  tested
(1 and 3 days after the surgery).

A study of critically ill patients admitted to an intensive
care unit (ICU) concluded that, even though the MBL levels
on day 5 of admission and on the last day of the ICU stay
were higher in the non-survivors, these levels were not
related to the outcome in the multivariate analysis when
adjusted for all risk factors upon admission [24]. The
authors observed that the MBL concentration increased dur-
ing the ICU stay; however, no correlation was observed with
CRP levels at any point. In another study including patients
with severe infection and proven sepsis (bloodstream infec-
tion or community-acquired pneumonia), MBL concentra-
tions behaved as an acute-phase reactant, defined as a 25%
increase or decrease from baseline levels, in 31·3% and
27·3% of the cases, respectively, with 41·4% of the patients
exhibiting steady-state levels throughout the study period.
The authors concluded that the MBL concentrations dem-
onstrated a variable acute-phase response [25].

The present study has failed to establish a correlation
between MBL levels and the severity of pneumococcal pneu-
monia, evaluated with a well-validated scale. Moreover, no
differences between MBL levels during the acute episode and
in the recovery phase were detected, and no correlation was
observed with the CRP levels at any of the time-points. So,
we agree with the conclusions reached in the previous study
[25], that MBL does not act uniformly in all patients as an
acute-phase reactant. Furthermore, in the group of patients

 

Fig. 1.

 

The mannose-binding lectin and C-reactive protein concentra-

tions of each of the 43 patients with two paired samples in the acute and 

recovery phases.
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with underlying disease the CRP concentration in the recov-
ery phase remained significantly higher, probably indicating
a persistent inflammatory state. The same was not observed
for MBL levels, supporting the absence of parallelism
between both proteins.

As expected [26–28], MBL concentrations were lower for
patients with the mutated MBL genotype. In our study it was
not possible to establish a relationship with the severity of
the pneumonia, nor for the subgroup of cases with very low
levels of MBL, although the number of patients in this situ-
ation was limited. Although levels below 500 ng/ml have
been observed more frequently among non-survivors, these
differences disappeared when corrected for the risk factors at
admission [24].

Interestingly, the patients with the wild-type MBL geno-
type had a greater risk of developing bacteraemia. When the
total study population was considered, in patients with pos-
itive blood cultures the MBL levels tended to be higher,
although without reaching statistical significance. To explain
this finding, which seems to render bloodstreams more sus-
ceptible to invasion, it can be speculated that, as has been
reported [29], the N-acetylglucosamine of the cell wall of
Gram-positive bacteria is a biologically relevant ligand for
MBL and that MBL inhibits peptidoglycan-induced produc-
tion of proinflammatory cytokines, suggesting that MBL
may down-regulate macrophage-mediated inflammation
and, furthermore, that MBL enhances phagocyte recruit-
ment, thus hypothetically favouring the bloodstream
entrance of the bacteria by proper cell-surface anchoring.

CRP levels in the acute phase did not correlate with the
severity of the pneumonia; the data were not concordant
with those reported previously [8]. Some factors can justify
these differences: our study was restricted only to episodes of
well-documented pneumococcal pneumonia attended at
hospital emergencies, and the CRP level was determined not
immediately after admission, but only when a microbiolog-
ical confirmation was obtained; because the plasma half-life
of CRP is about 19 h [30], the stimulus for its increased pro-
duction could have ceased after the antibiotic treatment was
initiated, thus not reflecting the real values at admission.
However, patients with pneumococcal bacteraemia pre-
sented higher CRP values in the acute phase than those with
negative blood cultures, a circumstance that has also been
emphasized by other authors [5].

There are some possible limitations to our study. As it was
conducted in the ambit of hospital emergencies, less severe
episodes of pneumonia attended normally in the primary
care setting could not be included, although 43 of the epi-
sodes were grouped into the low-risk classes, with an esti-
mated risk of mortality under 1%. We used restrictive
criteria to warrant the aetiology of the pneumonia, excluding
other possible pneumococcal episodes such as those without
a confirmed microbiological diagnosis, with an isolated pos-
itive urinary antigen or an isolated sputum smear. Determi-
nation of MBL and CRP levels was made when the

microbiological confirmation was obtained. This delay, as
commented above, could have influenced the drop in the
CRP concentrations, but probably did not affect the MBL
concentrations because the half-life of circulating MBL, as
observed from infusion studies in MBL-deficient humans,
has been estimated to be as long as 5–7 days [31].

Although 42 and 15 patients in our series were grouped
into moderate- and high-risk classes (estimated risk of mor-
tality 9·3% and 27%, respectively) only one patient died in
relation to the acute episode, so the analysis was extended to
cover mortality within the following 3 months. It is possible
that some patients with pneumococcal pneumonia could not
be included because they died before a microbiological diag-
nosis was obtained.

In summary, with the data presented here we cannot con-
clude that the MBL acts as an acute phase reactant in pneu-
mococcal pneumonia. Although the study was not designed
to decide the need for hospitalization of patients with
community-acquired pneumococcal pneumonia, it seems
that MBL cannot be used for this purpose, as the levels of this
lectin do not correlate with the severity of the pneumonia.
The role of MBL could be different in pneumonias of
another aetiology or in other clinical situations (i.e. immuno-
suppressed patients), as the antimicrobial mechanism of
MBL will depend on the nature of the infecting organism
and the immunological state of the host.
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M A J O R A R T I C L E

Effectiveness of Polysaccharide Pneumococcal Vaccine
in HIV-Infected Patients: A Case-Control Study

Maria Peñaranda,1 Vicenç Falco,4 Antoni Payeras,2 Queralt Jordano,3 Adria Curran,4 Antoni Pareja,2

Gloria Samperiz,1 David Dalmau,3 Esteve Ribera,4 and Melcior Riera1

1Hospital Son Dureta, 2Hospital Son Llatzer, and 3Mutua de Terrasa, Palma de Mallorca, and 4Hospital Vall d’Hebron, Barcelona, Spain

Background. Polysaccharide pneumococcal vaccine (PPV) is recommended among human immunodeficiency
virus (HIV)–infected patients, although its effect in reducing the incidence of pneumonia or invasive pneumococcal
disease is not well established. Our objective was to determine the effectiveness of 23-valent PPV in HIV-infected
adults and the risk factors for pneumococcal pneumonia or invasive pneumococcal disease.

Methods. We performed a retrospective case-control study in 4 Spanish hospitals for the period from January
1995 through December 2005 using the HIV database from each hospital to identify case patients with Streptococcus
pneumoniae disease and control subjects without a history of pneumococcal infection.

Results. A total of 184 case patients and 552 control subjects were identified. The factors associated with
pneumococcal disease in bivariate analysis were active injection drug use (odds ratio [OR], 3.33; 95% confidence
interval [CI], 2–5.55), alcoholism (OR, 3.03; 95% CI, 1.86–4.91), chronic obstructive pulmonary disease (OR,
2.58; 95% CI, 1.3–5.1), cirrhosis (OR, 6.05; 95% CI, 3.2–11.4), antiretroviral therapy (OR, 0.23; 95% CI, 0.16–
0.32), trimethoprim-sulfamethoxazole prophylaxis (OR, 0.66; 95% CI, 0.45–0.97), viral load !5000 copies/mL
(OR, 0.38; 95% CI, 0.26–0.54), and previous PPV (OR, 0.39; 95% CI, 0.24–0.65). Risk factors for pneumococcal
disease in multivariate analysis were cirrhosis (OR, 5.64; 95% CI, 2.53–12.53), chronic obstructive pulmonary
disease (OR, 2.90; 95% CI, 1.21–6.94), and alcoholism (OR, 2.15; 95% CI, 1.11–4.19), whereas protective factors
were receipt of antiretroviral therapy (OR, 0.23; 95% CI, 0.14–0.36) and receipt of pneumococcal vaccine (OR,
0.44; 95% CI, 0.22–0.88), even in patients with CD4 lymphocyte counts !200 cells/mL.

Conclusions. Antiretroviral therapy and PPV have a significant, independent protective effect against pneu-
mococcal disease, regardless of CD4 lymphocyte count; thus, all patients with HIV infection should be vaccinated
with PPV to prevent pneumococcal disease.

In the HAART era, cases of bacterial pneumonia still

occur in HIV-infected patients [1, 2]. As it is in the

general population, Streptococcus pneumoniae is the

most common cause of bacterial pneumonia among

HIV-infected adults, who have rates of bacteremia that

are higher than those observed in non–HIV-infected

subjects [3–6].

Although some studies have reported a decrease in

the incidence of invasive pneumococcal disease among

HIV-infected patients after the widespread introduction

of HAART [3, 7–10], other studies did not find this
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tendency [11, 12]. Nevertheless, even in the former

studies, the incidence of invasive pneumococcal disease

among HIV-infected adults is still higher than the in-

cidence among similarly aged non–HIV-infected adults

[5, 6, 10]. Several factors, such as injection drug use,

chronic liver disease, alcohol abuse, cigarette smoking,

and poor adherence to antiretroviral therapy, have been

associated with the risk of pneumococcal disease [7,11].

For these reasons, 23-valent polysaccharide pneumo-

coccal vaccine (PPV) is currently recommended for

HIV-infected patients, particularly those with CD4 lym-

phocyte counts 1200 cells/mL [8, 13, 14]. However, the

evidence supporting this recommendation is contro-

versial, and the case-control studies [7–9, 13, 15, 16]

and the only published randomized study [17] to have

investigated the effect of this vaccine in preventing in-

vasive pneumococcal disease produced conflicting

results.

The aim of our study was to determine the effec-
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tiveness of the 23-valent PPV in preventing pneumococcal

pneumonia or invasive pneumococcal disease among HIV-in-

fected adults. Secondary objectives were to investigate the risk

factors for pneumococcal disease among HIV-infected adults.

PATIENTS AND METHODS

Study population. A retrospective case-control study includ-

ing HIV-infected adults with previous pneumococcal disease

was performed during the period from 1 January 1995 through

31 December 2005 in 4 Spanish hospitals: Hospital Son Dureta

(a 900-bed tertiary care teaching hospital that treats 2000 HIV-

infected patients; Palma de Mallorca, Spain), Hospital Vall d’

Hebron (a 1200-bed tertiary care teaching hospital that treats

1700 HIV-infected patients; Barcelona, Spain), Fundació Son

Llatzer (a 350-bed secondary care teaching hospital that treats

500 HIV-infected patients; Palma de Mallorca, Spain), and Mu-

tua de Terrasa (a 580-bed secondary care teaching hospital that

treats 400 HIV-infected patients; Palma de Mallorca, Spain).

Case patients and control subjects. Case patients were

identified from the databases of HIV-infected patients for each

hospital. Case patients were defined as HIV-infected adults (age,

�18 years) with a previous diagnosis of pneumococcal pneu-

monia or invasive pneumococcal disease from 1995 through

2005. Case patients for whom the CD4 lymphocyte count was

unknown at the time of diagnosis or within 3 months before

the diagnosis were excluded.

Three patient groups were defined: (1) the definite pneu-

mococcal pneumonia group, which included patients with clin-

ical symptoms and radiological signs of pneumonia and S.

pneumoniae isolation from blood, pleural fluid, or sputum cul-

tures with positive urinary pneumococcal antigen test results

or �103 cfu/mL in bronchoalveolar lavage samples obtained

from fiberoptic bronchoscopy; (2) the presumptive pneumo-

coccal pneumonia group, which included patients with clinical

symptoms and radiological signs of pneumonia and S. pneu-

moniae isolation from sputum culture or a positive urinary

antigen test result; and (3) the other pneumococcal infections

group, which included patients with S. pneumoniae isolation

from normally sterile sites.

Three control subjects without pneumococcal infection or

bacterial pneumonia of unknown etiology were selected for

each case patient and matched for the following variables: sex,

age (age of the case patient at the time of pneumococcal disease

years), CD4 lymphocyte count (CD4 lymphocytediagnosis � 5

count of the case patient at the time of pneumococcal disease

cells/mL; if the CD4 lymphocyte count of thediagnosis � 50

case patient was 1500 cells/mL, control subjects were selected

from among HIV-infected adults with CD4 lymphocyte counts

1500 cells/mL), and , HIV infection risk factor (divided into

injection drug use and other, including male-male sex, hetero-

sexual sex, receipt of a blood transfusion, and unknown trans-

mission mechanism).

To identify the matched control subjects for each case patient,

we divided the HIV databases from each hospital into different

groups according to sex, CD4 lymphocyte count interval, and

transmission mechanism. We then selected 3 control subjects

for each case patient. For each stratum, we selected control

subjects who followed the case patient in alphabetical order.

Information about vaccination status was not visible at the

moment of control subject selection.

Study variables. Once case patients and control subjects

were identified, we reviewed clinical records and collected the

following variables: age, sex, 23-valent PPV administration

(Pneumo23; Sanofi Pasteur), date of vaccination (before the

pneumococcal disease diagnosis for case patients and at any

time during the study period for control subjects), risk factor

for HIV infection, active injection drug use, current smoking

(cigarettes), and active alcohol abuse (180 g of alcohol ingested

per day), CD4 lymphocyte count, HIV load, AIDS-defining

illnesses, receipt of trimethoprim-sulfamethoxazole (TMP-

SMZ) prophylaxis, and macrolide prophylaxis, antiretroviral

therapy (ART), hepatitis B virus and hepatitis C virus coinfec-

tion, presence of underlying diseases (such as chronic obstruc-

tive pulmonary disease [COPD], sickle cell anaemia, or cir-

rhosis), date of pneumococcal infection diagnosis for case

patients, type of infection (definite pneumococcal pneumonia,

presumptive pneumococcal pneumonia, or other pneumococ-

cal infection), and results of blood or sputum cultures and

urinary antigen tests.

Statistical analysis. Variables were analyzed with the sta-

tistical software package SSPS, version 11.0 (SPSS). First, we

performed an analysis of the characteristics of the entire study

population and separately performed another description in

which the study population was analyzed in 2 groups: case

patients and control subjects. We then conducted a bivariate

analysis using x2 test with a significance level of .05 and a

multivariate analysis using a forward-conditional binary logistic

regression method that incorporated the variables associated

with pneumococcal infection in the bivariate analysis.

RESULTS

From 1 January 1995 through 31 December 2005, 736 subjects

were included in the study (184 case patients and 552 control

subjects). The 23-valent PPV was administered to 151 (20%)

of the 736 study subjects (20 [11%] of 184 case patients and

131 [24%] of 552 control subjects).

The characteristics of case patients and control subjects are

summarized in table 1. Among the case patients, there were

117 definite pneumococcal pneumonia (64%), 44 presumptive

pneumococcal pneumonia (24%) and 23 other pneumococcal

infections (12%). In 127 (69%) of the case patients, there was
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Table 1. Baseline characteristics of case patients and control subjects.

Variable
Case patients

(n p 184)
Control subjects

(n p 552) P

Age, median years 38 38 1
Male sex 134 (73) 402 (73) 1
Smoking 137 (75) 235 (72) .43
Alcohol abuse 36 (19.6) 41 (7.4) !.001
Active injection drug use 37 (26.4) 41 (9.8) .03
CD4 lymphocyte count, median cells/mL 204 210 .60
CD4 lymphocyte count �200 cells/mL 95 (51.6) 291 (52.7) .79
HIV load, median log copies/mL 4.5 2.8 .04
HIV load, !5000 copies/mL 60 (37.7) 309 (61.4) !.001
AIDS-defining illness 70 (38) 190 (34) .37
TMP-SMZ use 43 (23.4) 174 (31.5) .04
Macrolide use 0 4 (0.7) .24
ART use 79 (42.9) 422 (76.6) !.001
HBV infection 15 (8.2) 33 (6) 1
HCV infection 130 (70.7) 390 (70.7) 1
COPD 16 (8.7) 19 (3.6) .005
Cirrhosis 29 (15.8) 16 (3) !.001
Receipt of 23-valent PPV 20 (10.9) 131 (23.8) !.001

NOTE. Data are no. (%) of patients, unless otherwise indicated. ART, antiretroviral therapy;
COPD, chronic obstructive pulmonary disease; HBV, hepatitis B virus; HCV, hepatitis C virus; PPV,
polysaccharide pneumococcal vaccine; TMP-SMZ, trimethoprim-sulfamethoxazole.

Table 2. Microbiological data for HIV-infected patients with
pneumococcal disease.

Test Result

Sputum culture 42/94 (44.7)
Urinary antigen test 36/46 (78)
Blood culture 127/162 (78.4)
Pleural fluid culture 1/1
BAL culture 10/12
CSF culture 5/5
Ascitic fluid culture 4/4

NOTE. Data are expressed as no. of patients with positive result/no. of
patients tested (%). BAL, bronchoalveolar lavage.

an associated bloodstream infection. The percentage of patients

with positive microbiological test results is shown in table 2.

Factors associated with pneumococcal infection in bivariate

analysis were active injection drug use (OR, 3.33; 95% CI, 2–

5.55), active alcohol abuse (OR, 3.03; 95% CI, 1.86–4.91),

COPD (OR, 2.58; 95% CI, 1.3–5.1), cirrhosis (OR, 6.05; 95%

CI, 3.2–11.4), receipt of antiretroviral therapy (OR, 0.23; 95%

CI, 0.16–0.32), receipt of TMP-SMZ prophylaxis (OR, 0.66;

95% CI, 0.45–0.97), viral load !5000 copies/mL (OR, 0.38; 95%

CI, 0.26–0.54), and previous receipt of 23-valent PPV (OR,

0.39; 95% CI, 0.24–0.65 ). There was no relation between pneu-

mococcal infection and sex, cigarette smoking, Centers for Dis-

ease Control and Prevention HIV infection stage, CD4 lym-

phocyte count, and hepatitis B virus or hepatitis C virus

coinfection. Results are shown in table 3.

Factors associated with an increased risk of pneumococcal

disease in the multivariate analysis were cirrhosis (OR, 5.64;

95% CI, 2.53–12.53), COPD (OR, 2.90; 95% CI, 1.21–6.94),

and active alcohol abuse (OR, 2.15; 95% CI, 1.11–4.19),

whereas protective factors were current receipt of HAART (OR,

0.23; 95% CI, 0.14–0.36) and having received 23-valent PPV

(OR, 0.44; 95% CI, 0.22–0.88) (table 3).

When the study population was stratified by CD4 lympho-

cyte count (�200 cells/mL vs. !200 cells/mL; median CD4 lym-

phocyte count, 325 cells/mL vs. 89 cells/mL), the 23-valent PPV

was protective in both groups and achieved a stronger protec-

tive effect for pneumococcal infection in the group with a CD4

lymphocyte count !200 cells/mL (OR, 0.15; 95% CI, 0.46–0.50),

compared with those with a CD4 lymphocyte count �200 cells/

mL (OR, 0.55; 95% CI, 0.31–0.99). The protective effect of

vaccination with PPV was observed in all vaccinated patients

independently of the time of vaccination, not only in those

vaccinated �5 years earlier (OR, 0.36; 95% CI, 0.17–0.77) but

also in those vaccinated 15 years earlier (OR, 0.55; 95% CI,

0.34–0.98).

DISCUSSION

Although some studies have found a decrease in the incidence

of pneumococcal disease in HIV-infected patients since the

widespread use of HAART [3, 5, 9, 18], it remains one of the
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Table 3. Risk factors related to pneumococcal disease in HIV-infected adults.

Risk factor

Bivariate analysis Multivariate analysis

OR (95% CI) P OR (95% CI) P

Male sex 1 (0.68–1.45) 1
Smoking 0.84 (0.56–1.28) .43
Alcohol use 3.03 (1.86–4.91) !.001 2.15 (1.11–4.19) .02
Active injection drug use 3.33 (2–5.55) .03 .46
CD4 lymphocyte count 1200 cells/mL 1.04 (0.75–1–46) .79
HIV load !5000 copies/mL 0.38 (0.26–0.54) !.001 .24
CDC HIV infection stage 0.85 (0.60–1.20) .37
TMP-SMZ use 0.66 (0.45–0.97) .04 .80
Receipt of ART 0.23 (0.16–0.32) !.001 0.23 (0.14–0.36) !.001
HBV infection 0.71 (0.38–1.35) .30
HCV infection 1 (0.69–1.44) 1
COPD 2.58 (1.3–5.1) !.001 2.90 (1.21–6.94) .02
Cirrhosis 6.05 (3.2–11.4) !.001 5.64 (2.53–12.53) !.001
Receipt of 23-valent PPV 0.39 (0.24–0.65 ) !.001 0.44 (0.22–0.88) .02

NOTE. ART, antiretroviral therapy; CDC, Centers for Disease Control and Prevention; COPD, chronic ob-
structive pulmonary disease; HBV, hepatitis B virus; HCV, hepatitis C virus; PPV, polysaccharide pneumococcal
vaccine; TMP-SMZ, trimethoprim-sulfamethoxazole.

most common causes of hospital admission in these patients,

and the incidence is higher among this group than among

similarly aged individuals without HIV infection [1, 4–6, 10–

12, 19]. This is especially true in patients with advanced HIV

infection [3, 10].

It is worth noting that, despite actual recommendations re-

garding PPV vaccination, our study found that the rate of vac-

cination was low (∼80% of our patients had not been vacci-

nated). This finding is in concordance with data documented

by other authors, such as Dworkin et al. [7], who reported a

vaccination rate in an American population of 37%, and Grau

et al. [9], who reported an observed vaccination rate in a Span-

ish population of 7%–25%. In 1999, a pneumococcal vacci-

nation program was begun in Spain, and within 18 months,

vaccination coverage among the elderly population reached

35%, which is higher than that for HIV-infected patients [20].

The reasons for these low vaccination rates are probably

related to the lack of evidence of the efficacy of the 23-valent

PPV in HIV-infected patients, compared with the general pop-

ulation, including not only a lack of clinical efficacy but also

a lower immunological response to vaccination in HIV-infected

patients, compared with healthy control subjects, as has been

demonstrated by other authors [21–25]. Another reason could

be the belief that pneumococcal infection is not an important

problem in HIV-infected patients in the developed world be-

cause of the widespread use of HAART and that it could be

more cost-effective to concentrate efforts on strategies to im-

prove adherence to antiretroviral therapy [18].

The most important conclusion in our study is that 23-valent

PPV shows a significant, independent protective effect for

pneumococcal disease in all HIV-infected patients, even in pa-

tients with CD4 lymphocyte counts !200 cells/mL. These results

are in concordance with those observed in other cohorts [9,

25, 27] and case-control studies [7, 8, 13, 16]. However, in

previous studies, this protection was limited to specific groups

of patients, such as patients who were white [16] or those with

CD4 lymphocyte counts �200 cells/mL or �500 cells/mL [7, 8,

13]. In our study, the protective effect of the 23-valent PPV in

patients with CD4 lymphocyte counts !200 cells/mL, although

showing a tendency to be stronger, is not statistically different

from that observed in those with CD4 lymphocyte counts �200

cells/mL. This is, to our knowledge, the first report to establish

a stronger protective effect of PPV vaccination in patients with

CD4 lymphocyte counts !200 cells/mL.

The main argument against the use of PPV comes from the

only published randomized, double-blind, placebo-controlled

trial, which involved HIV-infected patients from Uganda. This

study demonstrated not only a lack of efficacy of the vaccine

in preventing invasive pneumococcal disease, pneumococcal

pneumonia, or death but also an increased risk of all-cause

pneumonia in the group of vaccinated patients [17]. However,

the results of this study would not be applicable in a developed

country with full access to antiretroviral therapy; in our pop-

ulation, for example, 49% and 76% of case patients and control

subjects, respectively, were receiving antiretroviral therapy.

The main objective of PPV vaccination should be to avoid

pneumococcal infection. Recent data from hospitalized adults

with pneumonia suggest that there are other objectives that

could be achieved with PPV. In an observational study, Fisman

et al. [26] found that prior pneumococcal vaccination was as-

sociated with a 40%–70% reduction in risk of in-hospital death

in a large cohort of consecutive hospitalized individuals with
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community-acquired pneumonia. The explanation for this phe-

nomenon is that early death due to pneumococcal infection

despite receipt of adequate antibiotic therapy may be caused

by the release of cell wall components from killed pneumococci,

which results in a cytokine-mediated inflammatory cascade that

causes death [28]. It is possible that prior vaccination may

contribute to preventing the development of such early inflam-

matory response and, consequently, may reduce early mortality

and complications of pneumococcal infection. Although these

data should be confirmed in future studies involving HIV-

infected patients, they support the recommendation for pneu-

mococcal vaccination.

Antiretroviral therapy demonstrated the strongest protective

effect on pneumococcal infection in the multivariate analysis

in our population. This result is in concordance with the find-

ings of the majority of case-control [8, 11] and cohort studies

[1, 3, 7].

Most other risk factors have been associated with pneu-

mococcal disease in HIV-infected patients in previous reports,

such as black race [7, 11, 19], smoking [1, 12], alcohol abuse

[7, 9], injection drug use [7, 11], CD4 lymphocyte count !200

cells/mL [8, 11, 12], previous pneumonia or previous hospi-

talization [7–9], TMP-SMZ prophylaxis [1], or underlying con-

ditions, such as lymphoma [12, 19], cirrhosis [9, 11, 12], COPD

[12], or low albumin level [11]. In our study, only alcohol

abuse and, in particular, comorbidities such as cirrhosis (OR,

5.64) and COPD (OR, 2.9) were important risk factors for

pneumococcal disease.

Neither injection drug use nor TMP-SMZ prophylaxis

reached a statistically significant level in the multivariate anal-

ysis of factors associated with pneumococcal disease in HIV-

infected patients, although these risk factors were more frequent

in case patients than in HIV-infected control subjects. Only

Kohli et al. [1] found that TMP-SMZ prophylaxis was asso-

ciated with a lower risk of bacterial pneumonia in a prospective

cohort of women; this finding was in contrast with the findings

of Jordano et al. [12], who not only did not find any protective

effect against invasive pneumococcal disease, but also found

that it was associated with increased rates of infection with

TMP-SMZ–resistant and penicillin-resistant pneumococci.

The main limitation of our study is related to its retrospective

design. Although we are aware of this limitation, we believe

that our results are in concordance with those obtained in other

geographical areas. As a consequence, some epidemiological

data, such as data pertaining to smoking or alcohol abuse,

which were collected retrospectively, may not be complete in

clinical records. This could be the reason why smoking ciga-

rettes was not a risk factor for pneumococcal disease, as was

COPD, which is intimately associated with smoking cigarettes.

Another limitation of our study is the fact that serotypes were

not determined for pneumococcal isolates, and we could not

conclude whether case patients were infected with pneumo-

coccal serotypes included in the 23-valent PPV.

A future randomized trial must answer some of the questions

that remain as to the real effectiveness of the 23-valent PPV,

the recommendation for revaccination every 5 years [24, 29],

and the role that conjugate heptavalent pneumococcal vaccine

will play. This vaccine is recommended for infants in the United

States and in the majority of European countries, and its use

has been associated with a reduction in incidence of invasive

pneumococcal disease, not only in infants [30–32], but even

in the elderly population [33] and among HIV-infected indi-

viduals [34]. Moreover, other strategies of sequential immu-

nization with both the polysaccharide and the conjugate [35]

vaccines should be explored. In the meantime, in our opinion,

all HIV-infected patients must be vaccinated with the 23-valent

PPV, even those with CD4 lymphocyte counts !200 cells/mL.
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Background
Recent studies in hospitalized patients with community-acquired pneumonia have found a lower
risk of bacteraemia and better clinical outcomes in patients who had previously received the
23-valent pneumococcal polysaccharide vaccine (PPV) in comparison with unvaccinated
individuals. The aim of this study was to assess the influence of prior PPV on clinical outcomes
in HIV-infected adult patients hospitalized with invasive pneumococcal disease (IPD).

Methods
This was an observational study of all consecutive HIV-infected adults hospitalized with IPD from
January 1996 to October 2007 in three hospitals in Spain. Baseline characteristics and clinical
outcome-related variables were compared according to prior PPV vaccination status.

Results
A total of 162 episodes of IPD were studied. In 23 of these (14.2%), patients had previously received
PPV. In both vaccinated and unvaccinated patients, most of the causal serotypes were included in the
23-valent PPV (76.9% and 84.1%, respectively). Overall, 25 patients (15.4%) died during
hospitalization, 21 patients (13%) required admission to an intensive care unit (ICU) and 34 patients
(21%) reached the composite outcome of death and/or admission to the ICU. None of the 23 patients
who had previously received PPV died or required ICU admission, in comparison with 25 (18%;
P5 0.026) and 21 (15.1%; P5 0.046), respectively, of the unvaccinated patients. The length of
hospital stay for vaccinated patients was significantly shorter (8.48 vs. 13.27 days; P5 0.011).

Conclusions
Although 23-valent PPV failed to prevent IPD in some HIV-infected patients, vaccination produced
beneficial effects on clinical outcomes by decreasing illness severity and mortality related to IPD.

Keywords: HIV infection, invasive pneumococcal disease, pneumococcal pneumonia, pneumococcal
vaccine, 23-valent polysaccharide vaccine
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Introduction

Since the widespread introduction of highly active anti-
retroviral therapy (HAART), decreasing rates of invasive

pneumococcal disease (IPD) in HIV-infected patients [1–7]
have been reported. Despite these data, the incidence of IPD in
persons with HIV infection remains significantly higher than
in similarly aged non-HIV-infected adults [1,2,5]. Advanced
immunodeficiency and the association with other comorbid-
ities appear to be the main risk factors for IPD [6–11], but a
high incidence of IPD has also been reported, even in HIV-
infected patients with CD4 counts 4200 cells/mL [2].
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Studies assessing the effectiveness of the 23-valent
pneumococcal polysaccharide vaccine (PPV) in preventing
pneumococcal pneumonia and IPD in HIV-infected adults
have yielded controversial results. Several cohort and case–
control studies have found that the vaccine produces a
beneficial effect by decreasing the incidence of IPD,
particularly in patients receiving HAART and with higher
CD4 counts but also in patients with CD4 counts below
200 cells/mL [4,6,7,12–14]. In contrast, other studies,
including the only published randomized double-blind
placebo-controlled study, have not found a clear benefit of
the 23-valent PPV in preventing IPD in HIV-infected
patients [10,15–18]. In any case, because the impact of
pneumococcal infections on morbidity and mortality
remains high, vaccination with 23-valent PPV is currently
recommended in HIV-infected patients, particularly in
those with CD4 counts 4200 cells/mL [19,20].
Recent studies in hospitalized patients with community-

acquired pneumonia (CAP) have found a lower risk of
bacteraemia and better clinical outcomes, including a
faster resolution of pneumonia symptoms, a shorter length
of hospital stay and a lower mortality rate, in patients who
had previously received the 23-valent PPV compared with
unvaccinated individuals [21–23]. Furthermore, among
patients with documented pneumococcal pneumonia and
patients with major risk factors for pneumococcal pneu-
monia (i.e. older patients and nursing home residents) the
association of prior vaccination with 23-valent PPV and
better clinical outcomes appeared to be more significant
[21]. To our knowledge there are no published data about
these additional effects of 23-valent PPV in HIV-infected
patients. The aim of the present study was to assess the
influence of prior 23-valent PPV on clinical outcomes in
HIV-infected adults hospitalized with IPD.

Patients and methods

Study population and setting

We performed an observational study of all consecutive
HIV-infected adults (age � 18 years) hospitalized with IPD
from January 1996 to October 2007 in three hospitals in
Spain: University Hospital Vall d’Hebron (a 1200-bed
tertiary care teaching hospital that treats 1900 HIV-
infected patients; Barcelona), Hospital Son Dureta (a 900-
bed tertiary care teaching hospital that treats 2000 HIV-
infected patients; Palma de Mallorca) and Hospital Mutua
de Terrasa (a 580-bed secondary care teaching hospital that
treats 400 HIV-infected patients; Barcelona). During the
study period, 179 episodes of IPD were diagnosed in 165
HIV-infected hospitalized adults. Seventeen episodes were
excluded because data on the patients’ vaccination status

were not available. Thus, 162 cases were finally included in
the study. Fifteen patients had more than one episode of
IPD: one patient had four episodes, three patients had three
episodes and 11 patients had two episodes. Among this
group of 15 patients with repeated episodes of IPD (overall
35 episodes), in six episodes the patient had received PPV
prior to the pneumococcal infection episode and in 29 epi-
sodes the patient had not been previously vaccinated. Three
patients received 23-valent PPV after the first episode of
IPD. Because the different vaccination status of the same
patient in different episodes of IPD could influence the
outcomes, we decided to choose the overall number of
episodes and not patients for the analysis. The study was
approved by the Commission of Medical Ethics of the Vall
d’Hebron Hospital where all data were centralized.

Study variables and data collection

The patients’ records from 1996 to 1999 were reviewed
retrospectively, and from 2000 onwards all data were
collected prospectively. The following variables were
recorded: (1) demographic and epidemiological data (age,
gender, active or prior injecting drug use, current tobacco
smoking and current alcohol abuse); (2) prior vaccination
with 23-valent PPV; (3) clinical conditions associated with
higher risk for pneumococcal disease (cirrhosis or chronic
liver disease, chronic pulmonary disease, solid neoplasm,
haematological malignancy and splenectomy); (4) HIV
infection-related data (HIV infection risk factors, CD4
lymphocyte count, HIV-1 viral load, current use of HAART,
current or prior AIDS-defining illnesses and trimethoprim-
sulfamethoxazole prophylaxis); (5) clinical syndrome
(pneumonia, meningitis, peritonitis and primary bacterae-
mia); (6) pneumonia severity assessed with the Pneumonia
Severity Index (PSI) at the moment of admission to the
Emergency Department; (7) microbiological data (serotype
and antibiotic resistance pattern of the Streptococcus
pneumoniae causal strain); and (8) variables related to
clinical outcome [in-hospital mortality, intensive care unit
(ICU) admission, orotracheal intubation requirement, time
to defervescence and length of hospital stay].

Pneumococcal vaccination status

Baseline characteristics and variables related to clinical
outcome were compared according to prior PPV vaccina-
tion status. In our setting, primary care physicians do not
administer PPV to HIV-infected patients and the vaccines
are all administered in the hospital in which these patients
are managed. In our hospitals, all HIV-infected patients
who receive the 23-valent PPV are recorded in a database
by the Infectious Disease Department and/or the Preventive
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Medicine Department. Informed consent is obtained before
the inclusion of the data in the database. Both databases
were checked to ascertain the vaccination history of each
patient. We considered that a patient was vaccinated if
he or she had ever received the 23-valent PPV prior to the
IPD episode.

Definitions

IPD was defined as isolation of S. pneumoniae from a
normally sterile site (blood, cerebrospinal fluid, pleural
fluid or peritoneal fluid). Invasive pneumococcal pneumo-
nia was diagnosed when a patient had consistent clinical
findings plus a new pulmonary infiltrate on chest radio-
graphy and isolation of S. pneumoniae in blood and/or
pleural fluid cultures. HAART was defined as the use of an
antiretroviral agent combination based on current guide-
lines for HIV infection management. Chronic liver disease
was defined on the basis of the presence of typical clinical,
laboratory and/or ultrasonography signs and/or the pre-
sence of histological findings in liver biopsy. Chronic
obstructive pulmonary disease (COPD) was defined on the
basis of clinical and/or functional test-based criteria.
Pneumococcal serotypes related to those serotypes con-
tained in the 23-valent PPV were not considered as vaccinal
serotypes, because cross-immunity between related sero-
types has not been demonstrated [24]. ‘Days to deferves-
cence’ was the number of days from admission to the
disappearance of fever. In-hospital mortality was defined as
deaths that occurred during the hospital stay for IPD.

Microbiological procedures

S. pneumoniae strains were identified by Gram staining,
optoquin susceptibility, bile solubility testing and latex
agglutination testing. The antibiotic susceptibility was
assessed, according to current Clinical and Laboratory
Standards Institute (CLSI) recommendations, using Mueller–
Hinton agar supplemented with 5% horse blood (Kirby
Bauer diffusion method) and Rosco disks (neo-Sensifab;
Rosco Diagnostica, Tastrup, Denmark). Minimum inhibitory
concentrations (MICs) of penicillin G, cefotaxime and
cotrimoxazole were determined by Etest (bioMérieux SA,
Marcy l’Etoile, France) Isolates were classified as penicillin-
susceptible (MIC � 0.06mg/L), penicillin-intermediate
(MIC 0.12–1mg/L), or penicillin-resistant (MIC � 2mg/L).
Intermediate or resistant isolates were considered to be
nonsusceptible. All microbiological tests except for ser-
otyping were performed with the same methods at each
hospital. Isolates were serotyped at the Spanish Pneumo-
coccal Reference Laboratory (Instituto de Salud Carlos III,
Madrid, Spain) with standard antiserum. The serotype

identification was only performed on patients admitted to
two of the three hospitals, so only data from 101 cases were
available.

Outcome-related variables

The main measured outcomes were in-hospital mortality
and ICU admission. In previous studies a composite of the
two variables was used to assess the severity of CAP, so we
decided to choose the composite variable ‘mortality and/or
ICU admission’ as our primary outcome [22,25]. Secondary
outcomes were: in-hospital mortality alone, ICU admission,
orotracheal intubation requirement, severity of pneumonia
at presentation (PSI class IV or V), development of septic
shock or empyema, length of hospital stay and time to
defervescence.

Statistical analysis

All variables were compared according to the prior
vaccination status of the patients in each episode of IPD
analysed (patients who had been vaccinated with the
23-valent PPV and unvaccinated patients). Statistical ana-
lyses were performed using the statistical software package
SPSS version 12.0 (SPSS, Chicago, IL, USA). Categorical
variables were compared using the w2 test or Fisher’s exact
test and continuous variables using Student’s t-test.
Differences were considered significant at Po0.05.

Results

A total of 162 episodes of IPD were studied. The mean age
of patients was 38.5 years, and 126 (77.8%) episodes
occurred in men and 36 (22.2%) in women. In 23 episodes
(14.2%), the patient had previously received the 23-valent
PPV, and in seven episodes the vaccine was administered
more than 5 years before the episode of IPD.
Baseline characteristics of the patients stratified by

23-valent PPV vaccination status are shown in Table 1.
There were some differences between vaccinated and un-
vaccinated patients at baseline. There was only one patient
(4.3%) with chronic liver disease among the vaccinated
patients, in comparison with 27 (19.4%) of 139 unvacci-
nated patients, although the difference was not significant.
Prior vaccine recipients had significantly higher CD4
counts at the time of pneumococcal infection (325
cells/mL in vaccinated patients vs. 209 cells/mL in unvacci-
nated patients; P5 0.014) and were more likely to be on
HAART (59.1% vs. 34.5%; P5 0.034).
The most common clinical presentation of IPD was

bacteraemic pneumonia in both groups of patients and,
interestingly, none of the patients who had received the
23-valent PPV had meningitis (Table 2). We could determine
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pneumococcal serotype in 101 cases. In 84 of them (83.2%)
the serotype of the pneumococcal strain was included in the
23-valent PPV without significant differences between
vaccinated and unvaccinated patients (76.9% vs. 84.1%).

In Table 3 we show the outcome variables related to
pneumococcal infection according to prior pneumococcal
vaccination. Overall, in 21 episodes (13%) patients required
ICU admission, 25 patients (15.4%) died during their
hospital stay, and in 34 episodes (21%) patients reached
the composite outcome of death and/or admission to the
ICU. In none of the 23 episodes that occurred in patients
who had previously received the 23-valent PPV was the
composite outcome of death and/or admission to the ICU
reached, in comparison with 34 episodes (24.5%) that
occurred in unvaccinated patients (P5 0.004). None of the
vaccinated patients died or required ICU admission, in
contrast with 25 (P5 0.026) and 21 (P5 0.046) of the
unvaccinated patients, respectively. Moreover, the mean
length of hospital stay was significantly shorter in
vaccinated patients (8.48 vs. 13.27 days; P5 0.011). When
we examined the subgroup of patients with bacteraemic
pneumonia, we found that those who had received the 23-
valent PPV were less likely to have severe pneumonia at
clinical presentation (PSI class IV or V) than unvaccinated
patients (16.7 and 37.4%, respectively) and none of the
vaccinated patients developed empyema compared with
9.3% of the unvaccinated patients, although these differ-
ences were not significant.
Only one of the 24 patients with chronic liver disease

had received 23-valent PPV. As chronic liver disease has
been described as a risk factor for pneumococcal infection
and this condition could influence the results, favouring a
worse prognosis in unvaccinated patients, we attempted to
avoid a possible selection bias by performing a new
analysis excluding all patients with chronic liver disease
(Table 3). In this subgroup of patients the difference
between vaccinated and unvaccinated patients remained
significant when the composite outcome of death or
admission to the ICU was measured. None of the previously
vaccinated patients reached this composite outcome, in
contrast with 22.3% of the unvaccinated patients
(P5 0.013). The proportion of unvaccinated patients who
died during their hospital stay (14.3%) or required ICU
admission (17%) remained higher than that for vaccinated
patients, where there were no deaths or ICU admissions,
although differences in mortality rates were not statisti-
cally significant. The length of hospital stay was also
significantly shorter for previously vaccinated patients
than for unvaccinated patients (8.5 vs. 14.29 days;
P5 0.007).

Discussion

Recently, some authors have suggested that prior pneu-
mococcal vaccination is associated with improved out-
comes in vaccinated patients who develop CAP [22–24].

Table 1 Baseline characteristics of patients according to pneumococcal
vaccination status

Vaccinated
patients
(n5 23)

Unvaccinated
patients
(n5 139) P

Age (years) [mean (SD)] 38.5 (9.1) 38.5 (8.6) 0.993
Sex [n (%)]
Male 20/23 (87) 106/139 (76.3) 0.416
Female 3/23 (13) 33/139 (23.7)

Tobacco use [n (%)] 17/23 (73.9) 90/138 (65.2) 0.482
Alcohol abuse [n (%)] 4/23 (17.4) 31/138 (22.5) 0.786
Chronic liver disease [n (%)] 1/23 (4.3) 27/139 (19.4) 0.132
COPD [n (%)] 2/23 (8.7) 9/139 (6.5) 0.657
Haematological malignancy and/or
splenectomy [n (%)]

4/23 (17.4) 4/139 (2.9) 0.015

Solid neoplasm [n (%)] 0/23 2/139 (1.4) 1
Prior hospitalization* [n (%)] 4/23 (17.4) 40/138 (29) 0.318
Current or previous injecting
drug use [n (%)]

13/23 (56.5) 103/139 (74.1) 0.132

CD4 lymphocyte count [mean (SD)] 325 (244.2) 209 (192.1) 0.014
CD4 � 200 cells/mL [n (%)] 15/21 (71.4) 61/138 (44.2) 0.033
HIV-1 viral load o50 copies/mL [n (%)] 5/20 (25) 13/113 (11.5) 0.148
HAART use [n (%)] 13/22 (59.1) 48/139 (34.5) 0.034
Prophylactic TMP-SMZ [n (%)] 5/22 (22.7) 40/138 (29) 0.619
Previous AIDS-defining illness [n (%)] 9/23 (39.1) 58/138 (42) 0.824

*Hospitalization in the previous 3 months.
COPD, chronic obstructive pulmonary disease; HAART, highly active
antiretroviral therapy; SD, standard deviation; TMP-SMZ, trimethoprim-
sulfamethoxazole.

Table 2 Clinical and microbiological characteristics according to
pneumococcal vaccination status

All patients
(n5 162;
100%)

Vaccinated
patients
(n5 23;
14.4%)

Unvaccinated
patients
(n5 139;
85.6%) P

Bacteraemic
pneumonia

134/162 (82.7%) 21/23 (91.3%) 113/139 (81.3%) 0.376

Primary
bacteraemia

8/162 (4.9%) 2/23 (8.7%) 6/139 (4.3%) 0.317

Meningitis 10/162 (6.2%) 0/23 10/139 (7.2%) 0.360
Peritonitis 10/162 (6.2%) 0/23 10/139 (7.2%) 0.360
23-valent PPV
included serotype*

84/101 (83.2%) 10/13 (76.9%) 74/88 (84.1%) 0.455

Penicillin
nonsusceptible
strain*

60/157 (38.2%) 5/23 (21.7%) 58/139 (41.7%) 0.104

Cefotaxime
nonsusceptible
strain*

22/128 (17.2%) 1/20 (5%) 21/108 (19.4%) 0.194

Cotrimoxazole
nonsusceptible
strain*

68/153 (44.4%) 5/20 (25%) 63/133 (47.4%) 0.090

Values shown are number/total tested (%).
*Proportion among patients for whom data were available.
PPV, pneumococcal polysaccharide vaccine.
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Our findings in HIV-infected patients are consistent with
those previously published in non-HIV-infected patients.
The composite outcome of death or admission to the ICU
was significantly lower in previously vaccinated patients
compared with unvaccinated patients. In fact, none of the
vaccinated patients died or required admission to the ICU
during their hospital stay for IPD. These data suggest that,
despite the failure to prevent pneumococcal infection,
prior PPV administration has a favourable impact in HIV-
infected patients who develop IPD by improving clinical
outcomes. The length of hospital stay was also signifi-
cantly shorter in vaccinated patients. Regarding the
presence of shock and also the severity in terms of clinical
presentation and the development of empyema, among
patients with bacteraemic pneumonia, the differences did
not reach statistical significance but appeared to be clinically
relevant.

In previous studies in non-HIV-infected patients, simi-
lar results were obtained. In a cohort of 554 adults
hospitalized with community-acquired pneumococcal
pneumonia (CAP), Mykietiuk et al. [23] reported a lower
risk of bacteraemia and also better clinical outcomes,
including a faster resolution of pneumonia symptoms, a
lower rate of mortality and a shorter length of hospital stay,
in prior PPV recipients compared with unvaccinated
patients. Fisman et al. [22] studied a large cohort of
62,918 adults hospitalized with CAP and found that the
prior receipt of pneumococcal vaccine was associated with
decreased length of hospital stay and lower rates of severe
complications and death during hospitalization. More
recently, Johnstone et al. [21] analysed prospectively a
cohort of 3415 adults hospitalized with CAP and found that
prior 23-valent PPV vaccination was associated with a

reduction in the rate of death or ICU admission in
hospitalized adults with CAP. In this last study, a pre-
specified sensitivity analysis restricted to patients who
presented with bacteraemic pneumococcal pneumonia was
conducted. Among 95 patients with bacteraemic pneumo-
coccal pneumonia, none of the 10 previously vaccinated
patients died or was admitted to the ICU, in comparison
with 27 (32%) of 85 patients who had not received
pneumococcal vaccine (P5 0.06).
To our knowledge, these additional effects of the

23-valent PPV in patients who develop IPD have not
previously been studied in HIV-infected patients. Our study
focused on a cohort of HIV-infected patients with IPD in
whom this effect of PPV might be expected to be particu-
larly beneficial because of the high risk of complications
related to IPD in this population.
In HIV-infected patients, as in the general population,

the most common pneumococcal serotypes involved in IPD
are those included in the 23-valent PPV [3,26]. In this
study, it is worth noting that, in both the vaccinated and
the unvaccinated groups, the most common causal
serotypes were those included in the 23-valent PPV. This
finding demonstrates that the vaccine failed to prevent
pneumococcal infection in some prior vaccinated patients.
However, the better clinical outcomes found in patients
who had received the 23-valent PPV suggest that
pneumococcal vaccination in HIV-infected patients could
have significant clinical benefits, despite not conferring
protection against IPD. It has been shown in animal models
that a vaccine-generated immune response may facilitate
opsonization, activate complement and promote bacterial
phagocytosis. Therefore, it has been suggested that,
although the antibody response following vaccination

Table 3 Outcome variables related to invasive pneumococcal disease according to prior vaccination status; on the right side of the table, patients
with chronic liver disease have been excluded

(n5 162)
All patients
(n5 162)

All patients included Patients with chronic liver disease excluded*

Vaccinated
(n5 23)

Unvaccinated
(n5 139) P

Vaccinated
(n5 22)

Unvaccinated
(n5 112) P

Death and/or ICU admission 34/162 (21) 0/23 34/139 (24.5) 0.004 0/22 25/112 (22.3) 0.013
In-hospital mortality 25/162 (15.4) 0/23 25/139 (18) 0.026 0/22 16/112 (14.3) 0.073
ICU admission 21/162 (13) 0/23 21/139 (15.1) 0.046 0/22 19/112 (17) 0.042
Orotracheal intubation 15/162 (9.3) 0/23 15/139 (10.8) 0.132 0/22 13/112 (11.6) 0.126
Shock 17/135 (12.6) 1/21 (4.8) 16/114 (14) 0.471 1/20 (5) 14/96 (14.6) 0.463
Empyema 10/129 (7.8) 0/21 10/108 (9.3) 0.365 0/20 10/95 (10.5) 0.206
PSI high risk classesw 43/125 (34.4) 3/18 (16.7) 40/107 (37.4) 0.111 2/17 (11.8) 29/95 (30.5) 0.146
Days of hospital stay [mean (SD)] 12.62 (13.87) 8.48 (6.14) 13.27 (14.62) 0.011 8.5 (6.29) 14.29 (15.88) 0.007
Days to defervescence [mean (SD)] 3.11 (4.09) 2.55 (2.72) 3.21 (4.28) 0.484 2.62 (2.76) 3.17 (3.52) 0.497

Values shown are number/total tested (%), unless otherwise stated.
*28 patients with chronic liver disease were excluded.
wPneumonia Severity Index (PSI) class IV or V. PSI was available for 125 patients with bacteraemic pneumococcal pneumonia.
ICU, intensive care unit; SD, standard deviation.
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may not be sufficient to prevent pneumococcal infection
and pneumonia, the partial immune response generated
could attenuate the early inflammatory response and prevent
early mortality and complications of pneumococcal infec-
tion [27,28]. In seven patients the 23-valent PPV was
administered more than 5 years before the episode of IPD.
None of these seven patients died or was admitted to the
ICU, suggesting that the 23-valent PPV could retain this
additional effect for a longer time.
Clinical guidelines recommend that re-immunization

should be considered 5 years after the first dose of
23-valent PPV, specifically if the initial vaccination was
given when the CD4 count was o200 cells/mL [20],
although there are no available data supporting the clinical
efficacy of revaccination. Moreover, some studies in
patients with CD4 counts above 200 cells/mL and patients
receiving HAART showed that revaccination did not
improve the immune response over that achieved after
the initial vaccination [29,30].
As a nonrandomized study, this observational study

carries the limitations related to possible selection bias and
confounding factors. The patients’ records from 1996 to
1999 were reviewed retrospectively, and from 2000
onwards all data were collected prospectively. All 47 cases
(29%) included in the period from 1996 to 1999 were
studied retrospectively but clinical charts were carefully
reviewed and the protocol was exactly the same through-
out the study period, so we feel that the results have not
been influenced by this fact. One problem for the analysis
was the presence of recurrent episodes in some patients,
which could influence the results. Three of these patients
were vaccinated after the first episode of IPD, so the same
patient could be counted as unvaccinated in one episode
and as vaccinated in another. Because the different
vaccination status of the same patient in different episodes
of IPD could influence the outcomes, we decided to analyse
each episode of IPD separately. In any case, in order to
assess a possible selection bias related to the inclusion of
patients with recurrent episodes, we carried out a new
analysis after excluding all patients with repeated episodes
of IPD (127 episodes in 127 patients) and the results did not
change significantly (data not shown).
We found that patients who received PPV had higher CD4

cell counts and were more likely to be receiving HAART. The
effectiveness of PPV in severely immunosuppressed patients
has been broadly questioned and pneumococcal vaccina-
tion in HIV-infected patients is recommended in current
guidelines, particularly in those with CD4 counts above
200 cells/mL. Although we only recorded the CD4 cell count
at IPD presentation, it is possible that patients with severe
immunosuppression were less likely to have received PPV.
Nevertheless, we did not find significant differences in the

proportion of patients with undetectable viral load. A
decreased incidence of IPD associated with the use of
HAART and immunological improvement has been re-
ported [1–7]. In contrast, some studies showed that clinical
presentation, severity of illness and mortality related to IPD
were not associated with CD4 cell count or the use of
HAART [6]. Thus, we believe that the beneficial effect of
prior pneumococcal vaccination may not be attributable
to a different severity of pneumococcal infection in
patients with higher CD4 lymphocyte counts or those
using HAART.
Among patients who had received PPV, there was only

one patient with chronic liver disease. Chronic liver disease
has been described as a risk factor for both IPD and a low
response to PPV [31], so it could influence the clinical
outcomes of IPD and the differences found could be
overestimated. Because none of the previously vaccinated
patients died or required ICU admission, we could not
perform a multivariate analysis, so we attempted to avoid
this possible selection bias by performing a new analysis
excluding all patients with chronic liver disease. The
differences between vaccinated and unvaccinated patients
according to the composite outcome of death or admission
to the ICU, admission to the ICU and length of hospital stay
remained significant. Regarding the other clinical out-
comes measured, the differences did not reach statistical
significance, which could be explained by the reduction in
the size of the sample. However, these differences appear to
be clinically relevant.
Another difference between vaccinated and unvacci-

nated patients is that those who received the pneumococcal
vaccine were less likely to be current or previous injecting
drug users. Injecting drug use has been associated with a
higher risk of IPD, and these findings, although they did
not reach statistical significance, suggest that efforts
should be made to increase vaccination rates in HIV-
infected patients with other underlying high-risk condi-
tions such as injecting drug use or chronic liver disease.
In summary, this study suggests that, as has been shown

in non-HIV-infected patients, prior vaccination with PPV
may provide some beneficial effects in HIV-infected
patients by improving clinical outcomes in those who
eventually develop IPD. Although 23-valent PPV fails to
prevent IPD in some HIV-infected patients, previously
vaccinated patients may have less severe illness, a lower
risk of ICU admission, reduced in-hospital mortality and a
shorter length of stay in hospital. We believe that these
results support the current guidelines that recommend
pneumococcal vaccination of HIV-infected adults, and
emphasize the importance of this recommendation in order
to decrease the morbidity and mortality related to
pneumococcal infections in the HIV-infected population.
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patients were included in the analysis at 4 weeks (n¼ 102
and 100) and 198 in the analysis at 8 weeks (n¼ 98 and
100). Median age was 44 years in both groups and 72%
were men, there were no differences between the two
vaccination groups in the following variables: tobacco
(61% in group 1 and 56% in group 2 were smokers),
alcohol (14% and 20%), CD4 cells count at inclusion (368
and 351 cells/ml), nadir CD4 cells count (158 and
155 cells/ml), undetectable viral load at inclusion (82%
and 80%), C-HIV stage (39% and 35%), HIV transmission
mechanism (37% and 27%, IDU), cotrimoxazole pro-
phylaxis (16% and 15%), previous pneumonia episodes
(23% and 21%), chronic obstructive pulmonary disease
(8% and 5%), hepatitis B (6 and 6%) or hepatitis C
coinfection (45% and 33%). By contrast, 98% of patients
in group 1 were taking HAART vs. 91% in group 2
(P¼ 0.027), and two patients in group 1 vs. eight patients
in group 2 were cocaine users (P¼ 0.046).

The 34% of patients receiving CPV complained of
secondary effects vs. 20% receiving PPV (P¼ 0.07), all
mild and self limited. The most frequent were local pain
(20% after CPV vs. 12% after the PPV), fever (6% vs. 3%),
and asthenia and myalgias (6% vs. 3%). The geometric
mean concentration of specific antibodies was similar in
the two vaccination groups as pre vaccination after 4 and
8 weeks. As taking the first response criteria (duplication
of specific antibodies at week 8) and the second response
criteria (duplication of specific antibodies and IgG
�1mg/ml at week 8), there were no differences between
the two strategies except for serotype 23F when the

second response criteria was used in which 26% of
patients who received two vaccines responded vs. 14% of
patients who received the PPV [odds ratio (OR) 2.2, 95%
confidence interval (CI) 1.07–4.56, P¼ 0.03] Tables 1
and 2.

In the bivariate and the multivariate linear regression
taking duplication and IgG at least 1mg/ml to a minimum
of four serotypes as response criteria solely nadir CD4
cells count of at least 200 cells/ml (OR 2.34, 95% CI
1.14–4.81, P¼ 0.02) and not reporting previous
pneumonia (OR 3.05, 95% CI 1.01–9.18, P¼ 0.04)
were associated with response. Also, not reporting
previous pneumonia was the only variable associated
with response to a minimum of three serotypes in the
bivariate and multivariate linear regression (OR 2.90,
95% CI 1.30–6.46, P¼ 0.01). No variable was associated
with response to a minimum of five serotypes.

Before vaccination, the avidity indexes were very
heterogeneous in each serotype (from 10% to 100%).
No increases in avidity after 8 weeks were seen for any
serotype in both vaccination groups. There was no
correlation between avidity and antibody concentration
either before vaccination or at 4 or 8 weeks for any
serotype.

Although the present study only reflects the initial
response to the two vaccination strategies, the CPV
followed by PPV showed no advantage over the
recommended PPV in IgG concentration or avidity

Research Letters 1227

Table 1. Percentage of patients responders using the first criteria, immunoglobulin G duplication after vaccination.

Week 4 Week 8

CPV (%; n¼102) PPV (%; n¼100) P CPVþPPV (%; n¼98) PPV (%; n¼100) P

Serotype 4 36 34 0.73 43 34 0.20
Serotype 14 59 61 0.75 66 61 0.44
Serotype 19F 24 29 0.38 31 29 0.80
Serotype 23F 29 28 0.82 39 28 0.11
Serotype 6B 23 31 0.17 33 31 0.80
Serotype 18C 64 55 0.21 66 55 0.10
Serotype 9V 44 54 0.16 52 54 0.78

CPV, conjugated pneumococcal vaccine; PPV, polysaccharide pneumococcal vaccine.

Table 2. Percentage of patients responders using the second criteria, immunoglobulin G duplication and immunoglobulin G at least 1mg/ml
after vaccination.

Week 4 Week 8

CPV (%; n¼102) PPV (%; n¼100) P CPVþPPV (%; n¼98) PPV (%; n¼100) P

Serotype 4 10 11 0.78 13 11 0.62
Serotype 14 47 49 0.78 50 49 0.89
Serotype 19F 12 17 0.29 17 17 0.95
Serotype 23F 19 14 0.37 26 14 0.028a

Serotype 6B 22 30 0.17 32 30 0.80
Serotype 18C 50 47 0.67 55 47 0.25
Serotype 9V 24 27 0.57 27 27 0.93

CPV, conjugated pneumococcal vaccine; PPV, polysaccharide pneumococcal vaccine.
aOdds ratio 2.2 (95% CI 1.07–4.56).





 

 
 



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

BIBLIOGRAFÍA 



 

 
 



 

1. Mandell, Douglas and Bennett’s. Principles and Practice of Infecious Diseases. Sixth edition. 2005. 

2. Hare KM, Morris P, Smith-Vaughan H, Leach AJ. Random colony selection versus colony morphology for 
detection of multiple pneumococcal serotypes in nasopharyngeal swabs. Pediatr Infect Dis J. 2008; 27:178–
80. 

3. Brueggemann AB, Griffi ths DT, Meats E, et al. Clonal relationships between invasive and carriage 
Streptococcus pneumoniae and serotype- and clone specifi c diff erences in invasive disease potential. J 
Infect Dis. 2003; 187: 1424–32. 

4. Van der Poll. Pathogenesis, treatment and prevention of pneumococcal pneumonia. The Lancet. 2009; 
374:1543-54. 

5. Kadioglu1 A, Weiser JN, Paton JC, Andrew PW. The role of Streptococcus pneumoniae virulence factors in 
host respiratory colonization and disease. Nature Rev Microbiol 2008; 6: 288–301. 

6. Weiser JN. The penumococcus: why a comensal misbehaves. J Mol Med. 2009; 88:97-102. 
7. Nelson A, Roche AM, Gould JM, et al. Capsule enhances pneumococcal colonization by limiting mucus-

mediated clearance. Infect Immun. 2007; 75: 83–90. 

8. Hammerschmidt S, Wolff S, Hocke A, et al. Illustration of pneumococcal polysaccharide capsule during 
adherence and invasion of epithelial cells. Infect Immun. 2005; 73:4653–67. 

9. Feldman C, Anderson R, Cockeran R, Mitchell TJ, Cole P et al. The effects of pneumolysin and hydrogen 
peroxide, alone and in combination, on human ciliated epithelium in vitro. Respir Med. 2002; 96:580–5. 

10. Feldman C, Cockeran R, Jedrzejas MJ, Mitchell TJ, Anderson R. Hyaluronidase augments pneumolysin-
mediated injury to human ciliated respiratory epithelium. Int J Infect Dis. 2007; 11:11–5. 

11. Ratner AJ, Hippe KR, Aguilar JL, Bender MH, Nelson AL et al. Epithelial cells are sensitive detectors of 
bacterial pore-forming toxins. J Biol Chem. 2006; 281:12994–8. 

12. Mathias KA, Roche AM, Standish AJ, Shchepetov M, Weiser JN. Neutrophil-toxin interactions promote 
antigen delivery and mucosal clearance of Streptococcus pneumoniae. J Immunol. 2008; 180:6246–54. 

13. Arredouani M, Yang Z, Ning Y, et al. The scavenger receptor  ARCO is required for lung defense against 
pneumococcal pneumonia and inhaled particles. J Exp Med. 2004; 200:267–72. 

14. Dessing MC, Knapp S, Florquin S, et al. CD14 facilitates invasive respiratory tract infection by 
Streptococcus pneumoniae. Am J Respir Crit Care Med. 2007; 175:604–11. 

15. Kang YS, Kim JY, Bruening SA, et al. The C-type lectin SIGN-R1 mediates uptake of the capsular 
polysaccharide of Streptococcus pneumoniae in the marginal zone of mouse spleen. Proc Natl Acad Sci 
USA. 2004; 101:215–20. 

16. Akira S et al. Uematsu S, Takeuchi O. Pathogen recognition and innate immunity. Cell. 2006; 124:783–801. 

17. Schmeck B et al. Streptococcus pneumoniae induced p38MAPK and NFKappaB dependent COX2 
expression in human lung pithelium. Am J Physiol Lung Cell Mol Physiol. 2006; 290:730-737. 

18. Han SH et al. Pneumococcal lipotheichoic acid is not as potent as staphylococcal LTA in stimulating TLR2. 
Infect Immun. 2003; 71:5541-5548. 

19. Knapp S et al. TLR2 plays a role in the early inflamatory response to murine pneumococcal pneumonia but 
does not contribute to antibacterial defense. J Immunol . 2004; 172:3132-3138. 

20. Malley R, Henneke P, Morse SC, Cieslewicz MJ, LipsitchMet al. Recognition of pneumolysin by Toll-like 
receptor 4 confers resistance to pneumococcal infection. Proc.Natl. Acad. Sci.USA 2003; 100: 1966–71.



 
 

21. MacLeod H, Wetzler LM. T cell activation by TLRs: a role for TLRs in the adaptive immune response. Sci 
STKE. 2007; 2007: pe48. 

 
22. Dessing MC, Florquin S, Paton JC, van der Poll T. Toll-like receptor 2 contributes to antibacterial defence 

against pneumolysin-deficient pneumococci. Cell.Microbiol. 2008; 10:237–46. 
 
23. Branger J et al. Role of TLR4 in gram-positive and gram-negative pneumonia in mice. Infect Immun. 2004; 

72:788-794. 
 
24. Albiger B, Dahlberg S, Sandgren A, et al. Toll-like receptor 9 acts at an early stage in host defence against 

pneumococcal infection. Cell Microbiol. 2007; 9:633–44. 
 
25. Opitz B et al. Nucleotide binding oligomerization domain porteins are innate immune receptors for 

internalized Streptococcus pneumonia. J Biol Chem. 2004; 279:36426-36432. 
 
26. Knapp S, Leemans JC, Florquin S, et al. Alveolar macrophages have a protective antiinfl ammatory role 

during murine pneumococcal pneumonia. Am J Respir Crit Care Med. 2003; 167:171–79. 
 
27. Laterre PF, Garber G, Levy H, et al. Severe community-acquired pneumonia as a cause of severe sepsis: data 

from PROWESS study. Crit Care Med 2005; 33: 952–61. 
 
28. Alper CA et al. Inherited deficiencies of complement components in man. Immunol Lett. 1987; 14:175-181. 
 
29. Brown JS, Hussell T, Gilliland SM, Holden DW, Paton JC, Ehrenstein MR, Walport MJ, Botto M: The 

classical pathway is the dominant complement pathway required for innate immunity to Streptococcus 
pneumoniae infection in mice. Proc Natl Acad Sci USA. 2002; 99:16969-74. 

 
30. Kerr AR et al. Innate immune defense against pneumococcal pneumonia requires pulmonary C3. Infect 

Immunol. 2005; 73:4245-4252. 
 
31. Abeyta M et al. Genetic alteration of capsule type but not PspA type affects accesibility of surface bound 

compement and surface Ag of streptococcus pneumnoniae. Infect Immunol. 2003; 71:218-225. 
 
32. Hamel J et al. Prevention of pneumococcal disease in mice immunized with conserved surface-accesible 

proteins. Infect Immnol. 2004; 72:2659-2670. 
 
33. Yuste J et al. Additive inhibition of complement deposition by pneumolisin and PspA facilitates 

streptococcus pneumoniae septicemia.J Immunol. 2005; 175:1813-1819. 
 
34. Ren B et al. Effects of PspA and antibodies to PspA unactivation and deposition of complement on the 

pneumococcal surface. Infect Immunol. 2004; 72:114-122. 
 
35. Kerr AR et al. The contribution of PspC to pneumococcal virulence varies between strains. Infect Immunol. 

2006; 74:5319-5324. 
 
36. Janoff EN, Fasching C, Orenstein JM, rubins JB, opstad NL, dalmasso AP. Killing of Streptococcus 

pneumoniae by capsular polysaccharide specific polymeric IgA complement, and phagocytes. J Invest. 1999; 
104:1139-47. 

 
37. Fasching CE, Grossman T, Corthesy B, Plaut AG, Weiser JN, Janoff EN. Impact of the molecular form of 

immunoglobulin A on functional activity in defense against Streptococcus pneumoniae. Infect Immun. 2007; 
75:1801-10. 

 
38. Malley R. Antibody and cell-mediated immunity to Streptococcus pneumoniae: implications for vaccine 

developement. J Mol Med. 2010; 88:135-42. 
 
39. Feldman C, Anderson R. New insihts into pneumococcal disease. Respirology. 2009; 14:167-179. 
 
40. Rapola S, Jantti V, Haikala R, et al. Natural developement of antibodies to penumococcal surface protein A, 

pneumococcal adhesin A, and pneumolysin in relation to pneumococcal carriage and acute otitis media. J 
Infect Dis. 2000; 182: 1146-52.



 

41. Kadioglu A, Coward W, Colston MJ, Hewitt CR Andrew PW. CD4-T-lymphocyte interactions with 
pneumolysin and pneumococci suggest a crucial protective role in the host response to pneumococcal 
infection. Infect Immun. 2004; 72:2689–97. 

42. Farr BM, Woodhead MA, MacFarlane JT, Bartlett CLR, McCracken JS et al. Risk factors for community-
acquired pneumonia diagnosed by general practitioners in the community. Respir.Med. 2000; 94:422–7. 

43. Farr BM, Bartlett CLR, Wadsworth J, Miller DL, in association with members of the British Thoracic 
Society Pneumonia Study Group. Risk factors for community-acquired pneumonia diagnosed upon hospital 
admission. Respir Med. 2000; 94:954–63. 

44. Almirall J, Bolibar I, Serra-Prat M, Roig J, Hospital I et al., and the Community-Acquired Pneumonia in 
Catalan Countries (PACAP) Study Group. New evidence of risk factors for community-acquired pneumonia: 
a population-based study.Eur Respir J. 2008; 31:1274–84. 

45. Barry PM, Zetola N, Keruly JC, Moore RD, Gebo KA, Lucas GM. Invasive pneumococcal disease in a 
cohort of HIV-infected adults: incidence and risk factors, 1990-2003. AIDS. 2006; 20:437-44. 

46. Gebo KA, Moore RD, Keruly JC, Chaisson RE. Risk factors for pneumococcal disease in human 
immunodeficiency virus-infected patients. J Infect Dis. 1996; 173:857-62. 

47. Dworkin MS, Ward JW, Hanson DL, Lones JL, Kaplan JE and the Adult and Adolescent Spectrum of HIV 
Disease Project. Pneumococcal disease among Human Immunodeficiency Virus-infected persons: incidence, 
risk factors, and impact of vaccination. Clin Infect Dis. 2001; 32:794-800. 

48. Fernandez-Sola J, Junque A, Estruch R, Monforte R, Torres A et al. High alcohol intake as a risk and 
prognostic factor for community-acquired pneumonia. Arch Intern Med. 1995; 155:1649–54. 

49. Feldman C. The role of alcohol in severe pneumonia and acute lung injury. In: Rello J, Leeper K Jr (eds) 
Severe Community Acquired Pneumonia. Kluwer Academia Publishers, Boston, MA, 2001; 139–52. 

50. Jordano Q, Falcó V, Almirante B, Planes AM, Del Valle O, Ribera E, et al. Invasive pneumococcal disease 
in HIV-infected patients: Still a threat in the era of highly active antiretroviral therapy. Clin Infect Dis. 2004; 
38:1623-8. 

 
51. Almirall1 J, Gonzalez CA, Balanzo X, Bolibar I. Proportion of community-acquired pneumonia cases 

attributable to tobacco smoking. Chest. 1999; 116: 375–9. 

52. Almirall2 J, Bolibar I, Balanzo X, Gonzalez CA. Risk factors for community-acquired pneumonia in adults: 
a populationbased case-control study. Eur Respir J.1999; 13:49–55. 

53. Kohli R, Lo Y, Homel P, Flanigan TP, Gardner LI, Howard AA, et al. Bacterial pneumonia, HIV therapy, 
and disease progression among HIV-infected women in the HIV epidemiologic research (HER) study. Clin 
Infect Dis 2006; 43: 90-8. 

 
54. Arcavi L, Benowitz NL. Cigarette smoking and infection. Arch Intern Med. 2004; 164:2206–16. 

55. Raman AS, Swinburne AJ, Fedullo AJ. Pneumococcal adherente to the buccal epithelial cells of cigarette 
smokers. Chest. 1983; 83:23–7. 

56. Kyaw1 MH, Rose CE, Fry AM, Singleton JA, Moore Z, Zell ER, et al. The influence of chronic illnesses on 
the incidence of invasive pneumococcal disease in adults. Clin Infect Dis. 2005; 192:377-86. 

57. Grau I, Pallares R, Tubau F, Schulze MH, Llopis F, Podzamczer D, et al. Epidemiologic changes in 
bacteraemic pneumococcal disease in patients with Human Immunodeficiency Virus in the era of highly 
active antiretroviral therapy. Arch Intern Med. 2005; 165:1533-40. 

58. Falcó V, Fernandez de Sevilla T, Alegre J, Barbé J, Ferrer A, Ocaña I et al. Bacterial pneumonia in HIV-
infected patients: a prospective study of 68 episodes. Eur Respir J. 1994; 1:235-9. 



 
 

59. Feikin1 DR, Elie CM, Goetz MB, Lennox JL, Carlone JM, Romero-Steiner S, et al. Randomized trial of the 
quantitative and functional antibody responses to 7-valent pneumococcal conjugate vaccine and/or 23-valent 
polysaccharide vaccine among HIV-infected adults. Vaccine. 2002; 20:545-53. 

 
60. Heffernan RT, Barrett NL, Gallagher KM, Hadler JL, Harrison LH, Reingold AL, et al. Declining incidence 

of invasive Streptococcus pneumoniae infections among persons with AIDS in era of highly active 
antiretroviral therapy, 1995-2000. J Infect Dis. 2005; 191:2038-45. 

 
61. Redd SC, Rutherford GW III, Sande MA, Lifson AR, Hadley WK, Facklam RR, et al. The role of human 

immunodeficiency virus infection in pneumococcal bacteraemia in San Francisco residents. J Infect Dis. 
1990; 162:1012-17. 

 
62. Hirschtick RE, Glassroth J, Jordan MC,Wilcosky TC,Wallace JM et al. Bacterial pneumonia in persons 

infected with the human immunodeficiency virus. N Engl Med. 2008; 333:845–51. 
 
63. Madeddu G, Porqueddu EM, Cambosu F, Saba F, Fois AG et al. Bacterial community acquired pneumonia 

in HIV-infected inpatients in the highly active antiretroviral therapy era. Infection. 2008; 36:231–6. 
 
64. Feldman C. Cpneumonia associated with HIV infection. Curr Opin Infect Dis. 2005; 18:165-170 
 
65. Feldman C, Glatthaar M,Morar R, GoolamMahomed A, Kaka S et al. Bacteremic pneumococcal pneumonia 

in HIVseropositive and HIV-seronegative adults. Chest. 1999; 116:107–14. 
 
66. Feikin2 DR, Feldman C, Schuchat A, Janoff EN. Global strategies to prevent bacterial pneumonia in adults 

with HIV disease. Lancet Infec Dis. 2004; 4:445-55. 
 
67. Campo RE, Campo CE, Garnet P et al. Differences in presentation and outcome of invasive pneumococcal 

disease among patients with and without HIV infection in the pre- HAART era. AIDS patients care STDS. 
2005; 19: 141–149. 

 
68. Lopez-Palomo C, Martin-Zamorano M, Benitez E et al. Pneumonia in HIV-infected patients in the HAART 

era: incidence, risk, and impact of pneumococcal vaccination. J Med Virol. 2004; 72:517–524. 
 
69. Madhi SA, Petersen K, Madhi A, et al. Impact of human immunodeficiency virus type 1 on the disease 

spectrum of Streptococcus pneumoniae in South African children. Pediatr Infect Dis J. 2000; 19:1141–1147. 
 
70. Nuorti JP, Butler JC, Gelling L, Kool JL, Reingold AL, Vugia DJ. Epidemiologic relation between HIV and 

invasive pneumococcal disease in San Francisco County, California. Ann Intern Med. 2000; 132:182-90. 
 
71. Klugman KP, Madhi SA, Feldman CC. HIV and pneumococcal disease. Curr Opin Infect Dis. 2007; 20:11–

15. 
 
72. Wolff AJ, O’Donnell AE. Pulmonary manifestations of HIV-infection in the era of highly active 

antiretroviral therapy. Chest. 2001; 120:1888-93. 
 
73. Aspa J, Rajas O, de Castro FR, et al. Drug-resistant pneumococcal pneumonia: clinical relevance and related 

factors. Clin Infect Dis. 2004; 38:787– 798. 
 
74. Gill CJ, Mwanakasale V, Fox MP, Chilengi R, Tembo M et al. Impact of human immunodeficiency virus 

infection on Streptococcus pneumoniae colonization and seroepidemiology among Zambian women. J Infect 
Dis. 2008; 197:1000–5. 

 
75. Thibault S, Tardif MR, Barat C, Tremblay MJ. TLR2 signaling renders quiescent naïve and memory CD4+T 

cells more susceptible to productive infection with X4 and R5 HIV-Type 1. J.Immunol. 2007; 179:4357–66. 
 
76. Schleicher GK, Hopley MJ, Feldman C. CD4 T-lymphocyte subset counts in HIV-seropositive patients 

during the course of community-acquired pneumonia caused by Streptococcus pneumoniae. Clin Microbiol 
Infect.2004; 10:574–592. 



 

77. Armbruster C, Krugluger W, Huber M, Kriwanek S. Immunoglobulin G Fcg receptor expression on 
polymorphonuclear cells in bronchoalveolar lavage fluid of HIV-infected and HIV-seronegative patients 
with bacterial pneumonia. Clin Chem Lab Med. 2004; 48:182–197. 

78. Takahashi H, Oishi K, Yoshimine H, et al. Decreased serum opsonic activity against Streptococcus 
pneumoniae in human immunodeficiency virus: infected Ugandan adults. Clin Infect Dis. 2003; 37:1534–
1540. 

79. Benito N, Moreno A, Filella X, et al. Inflammatory responses in blood simples of human immunodeficiency 
virus-infected patients with pulmonary infections. Clin Diagn Lab Immunol. 2004; 3:608–614. 

80. Gordon SB, Jarman ER, Kanyanda S, et al. Reduced interleukin-8 response to Streptococcus pneumoniae by 
alveolar macrophages from adults with HIV/AIDS. AIDS. 2005; 19:1197-1200 

81. French N, Gilks CF, Mujugira A et al. Pneumococcal vaccination in HIV-1-infected adults in Uganda: 
humoral response and two vaccine failures. AIDS. 1998; 12:1683-9 

82. Falcó V, Jordano Q, Cruz MJ et al. Serological response to pneumococcal vaccination in HAART-treated 
HIV-infected patients: one year follow-up study.Vaccine. 2006; 24:2567-74. 

83. Almeida V de C, Mussi-Pinhata MM, Souza CB, et al. Immunogenicity of 23-valent pneumococcal 
polysaccharide vaccine in HIV-infected pregnant women and kinetics of passively acquired antibodies in 
young infants. Vaccine. 2009; 27:3856-61.  

84. Janoff E.N., Fasching C., Ojoo J.C. et al. Responsiveness of Human Immunodeficiency Virus Type 1-
Infected Kenyan Women with or without Prior Pneumococcal Disease to Pneumococcal Vaccine. J Infect 
Dis. 1997; 175:975-8. 

85. Kroon FP, van Dissel JT, Ravensbergen E et al. Antibodies against pneumococcal polysaccharides after 
vaccination in HIV-infected individuals: 5 year follow-up of antibody concentrations. Vaccine. 2000; 
18:524-530. 

86. Tasker SA, Wallace MR, Jeffrey BR, Pastón WB, O’Brien J, Janoff EN. Reimmunization with 23-valent 
pneumococcal vaccine for patients infected with human immunodeficiency virus type1: clinical, 
immunologic, and virologic responses. Clin Infect Dis. 2002; 34:813-21. 

87. Rodriguez-Barradas MC, Alexandraki I, Nazir et al. Response of human immunodeficiency virus-infected 
patients receiving highly active antiretroviral therapy to vaccination with 23-valent pneumococcal 
polysaccharide vaccine. Clin Infect Dis. 2003; 37:438-47.  

88. Tangsinmankong N, Kamchaisatian W, Day NK et al. Immunogenicity of 23-valent pneumococcal 
polysaccharide vaccine in children with human immunodeficiency virus undergoing highly active 
antiretroviral therapy. Ann Allergy Asthma Immunol. 2004; 92:558-64. 

89. Hung CC, Chan SY, Su CT et al. A 5-year longitudinal follow-up study of serological responses to 23-valent 
pneumococcal polysaccharide vaccination among patients with HIV infection who received highly active 
antiretroviral therapy. HIV Med. 2010; 11:54-63. 

90. Feikin DR, Elie CM, Goetz MB et al. Specificity of the antibody response to the pneumococcal 
polysaccharide and conjugate vaccines in human immunodeficiency virus-infected adults. Clin Diagn Lab 
Immunol. 2004 ; 1:137-41. 

91. Mandell LA, Wunderink RG, Anzueto A et al. Infectious diseases society of America/American thoracic 
society consensus guidelines on the management of community-acquired pneumonia in adults. Clin Infect 
Dis. 2007; 44: S27–S72. 

92. Recommendations of the National Institutes of Health (NIH), the Centers for Disease Control and Prevention 
(CDC), and the HIV Medicine Association of the Infectious Diseases Society of America (HIVMA/IDSA).  

93. Guerrero M, Krueger S, Saitho A, Sorvillo F, Cheng KJ, French C, et al. Pneumonia in HIV infected 
patients: a case-control study of factors involved in risk and prevention. AIDS. 1999; 13:1971-75. 



 
 

94. Masur H, Kaplan JE, Holmes KK. Guidelines for preventing opportunistic infections among HIV-infected 
persons 2002: recommendations of the US Public Health Service and the Infectious Diseases Society of 
America. US Public Health Service/ Infectious Diseases Society of America. Ann Intern Med. 2002; 
137:435-78. 

 
95. Breiman RF, Keller DW, Phelan MA, Sniadack DH, Stephens DS, Rimland D, et al. Evaluation of 

effectiveness of the 23-valent pneumococcal capsular polysaccharide vaccine for HIV-infected patients. Arch 
Intern Med. 2000; 160:2633-8. 

 
96. Hung CC, Chen MY, Hsieh SM et al. Clinical experience of the 23-valent capsular polysaccharide 

pneumococcal vaccination in HIV-infected patients receiving highly active antiretroviral therapy: a 
prospective observational study. Vaccine. 2004; 22:2006-12. 

 
97. Teshale EH, Hanson D, Flannery B et al. Effectiveness of 23-valent polysaccharide pneumococcal vaccine 

on pneumonia in HIV-infected adults in the United States, 1998--2003. Vaccine. 2008; 26:5830-4.  
 
98. Rodriguez-Barradas3 MC, Goulet J, Brown S et al. Impact of pneumococcal vaccination on the incidence of 

pneumonia by HIV infection status among patients enrolled in the Veterans Aging Cohort 5-Site Study. Clin 
Infect Dis. 2008; 46:1093-100.  

 
99. Lindenburg CE, Langendam MW, Benthem BH, Miedema F, Coutinho RA. No evidence that vaccination 

with a polysaccharide pneumococcal vaccine protects drug users against all-cause pneumonia. AIDS. 2001; 
15:1315-17. 

 
100.  French N, Nakiyingi J, Carpenter LM, Lugada E, Watera C, Moi K, et al. 23-valent pneumococcal 

polysaccharide vaccine in HIV-1-infected Ugandan adults: double-blind, randomised and placebo controlled 
trial. Lancet. 2000; 355:2106-11. 

 
101. Watera C, Nakiyingi J, Miiro G et al. 23-Valent pneumococcal polysaccharide vaccine in HIV-infected 

Ugandan adults: 6-year follow-up of a clinical trial cohort. AIDS. 2004;18:1210-3. 
 
102. Moore R.A., Wiffen P.J., Lipsky B.A. Are the pneumococcal polysaccharide vaccines effective? 

Metaanalysis of the prospective trials. BMC Family Practice. 2000. 4;1:1 
 
103. Johnstone J, Marrie TJ, Eurich DT, Majumdar SR. Effect of pneumococcal vaccination in hospitalized adults 

with communityacquired pneumonia. Arch Intern Med. 2007; 167:1938–1943. 
 
104. Mykietiuk A, Carratala´ J, Dominguez A et al. Effect of prior pneumococcal vaccination on clinical outcome 

of hospitalized adults with community-acquired pneumococcal pneumonia. Eur J Microbiol Infect Dis. 2006; 
25:457–462. 

 
105. Fisman DN, Abrutyn E, Spaude KA, Kim A, Kirchner C, Daley J. Prior pneumococcal vaccination is 

associated with reduced death, complications, and length of stay among hospitalised adults with community-
acquired pneumonia. Clin Infect Dis. 2006; 42:1092-101. 

 
106. Black S., Shinefield H., Fireman B.et al. Efficacy, safety and immunogenicity of heptavalent pneumococcal 

conjugate vaccine in children. Pediatr Infect Dis J. 2009; 19:187-95 
 
107. O’Brien K.L., Moulton L.H., Reid R., et al. Efficacy and safety of seven-valent conjugate pneumococcal 

vaccine in American Indian children: group randomised trial. The Lancet. 2003; 362:355-61. 
 
108. Bruce M. G., Deeks S.L., Zulz T.et al. International CircumpolarSurveillance System for Invasive 

Pneumococcal Disease, 1999–2005. EID. 2008; 14:25-33. 
 
109. Kellner J D., Vanderkooi O.G., MacDonald J. et al. Changing Epidemiology of Invasive Pneumococcal 

Disease in Canada, 1998–2007: Update from the Calgary Area Streptococcus pneumoniae Research 
(CASPER) Study. Clin Infect Dis. 2009; 49:205-12. 

 
110. Kyaw MH, Lynfield R, Schaffner W, Craig AS, Handler J, Reingold A, et al. Effect of introduction of the 

pneumococcal conjugate vaccine on drug-resistant Streptococcus pneumoniae. NEJM. 2006; 354:1455-1463. 



 

111. Poehling KA, Talbot TR, Griffin MR, Craig AS, Whitney CG, Zell E, et al. Invasive pneumococcal disease 
among infants before and after introduction of pneumococcal conjugate vaccine. JAMA. 2006;295 :1168-
1174. 

112. Whitney CG, Farley MM, Handler J, et al. Decline in invasive pneumococcal disease after the introduction 
of protein-polysaccharide conjugate vaccine. N Engl J Med. 2003; 348:1737-1746. 

113. Steenhoff AP, Wood SM, Rutstein RM et al. Invasive pneumococcal disease among human 
immunodeficiency virus-infected children, 1989-2006. Pediatr Infect Dis J. 2008; 27:886-91. 

114. Vestrheim D.F. Løvoll Ø. Aaberge I.S. et al. Effectiveness of a 2+1 dose schedule pneumococcal conjugate 
vaccination programme on invasive neumococcal disease among children in Norway. Vaccine. 2008; 
26:3277–81. 

115. Aristegui J., Bernaola E., Pocheville I. et al. Reduction in pediatric invasive pneumococcal diseasein the 
Basque Country and Navarre, Spain,after introduction of the heptavalent pneumococcal conjugate vaccine. 
Eur J Clin Microbiol Infect Dis. 2007; 26:303–310 

116. Klugman KP, Madhi SA, Huebner RE et al. A trial of a 9-valent pneumococcal conjugate vaccine in children 
with and those without HIV infection. N Engl J Med. 2003; 349:1341-8. 

117. Lexau CA, Lynfield R, Danila R, et al. Changing epidemiology of invasive pneumococcal disease among 
older adults on the era of paediatric pneumococcal conjugate vaccine. JAMA. 2005; 294:2043-2051.  

118. Roux A, Schmöle-Thoma B, Siber GR et al. Comparison  of pneumococcal conjugate polysaccharide and 
free polysaccharide vaccines in elderly adults: conjugate vaccine elicts improved antibacterial inmune 
responses and inmunological memory. Clin Infect Dis. 2008; 46:1015-23 

119. Flanery B, Hefferman RT, Harrison LH et al. Changes in invasive pneumococcal disease among HIV-
infected adults living in the era of childhood pneumococcal immunization. Ann Intern Med 2006; 144:1-9. 

120. Grau I, Ardanuy C, Liñares J et al.Trends in mortality and antibiotic resistance among HIV-infected patients 
with invasive pneumococcal disease. HIV Med. 2009; 10:488-495. 

121. Miiro G, Kayhty H, Watera C et al. Conjugate pneumococcal vaccine in HIV-infected Ugandans and the 
effect of past receipt of polysaccharide vaccine. J Infect Dis. 2005; 192:1801-5. 

122. Millar EV, O'Brien KL, Bronsdon MA et al. Anticapsular serum antibody concentration and protection 
against pneumococcal colonization among children vaccinated with 7-valent pneumococcal conjugate 
vaccine. Clin Infect Dis. 2007; 44:1173-9.  

123. Nachman S, Kim S, King J et al. Safety and immunogenicity of a heptavalent pneumococcal conjugate 
vaccine in infants with human immunodeficiency virus type 1 infection. Pediatrics. 2003; 112:66-73. 

124. Rennels M.B, Edwards, K.M, Keyserling H.L.et al. Safety and Immunogenicity of Heptavalent 
Pneumococcal Vaccine Conjugated to CRM197 in United States Infants. Pediatrics. 1998; 101:604-611 

125. Eskola J, Kilpi T., Palmu A. et al. Efficacy of a pneumococcal conjugate vaccine against acute otitis media. 
N Engl J Med. 2001; 344:403-9 

126. Van Heerbeek N, Straetemans M, Wiertsema SP. Effect of combined pneumococcal conjugate and 
polysaccharide vaccination on recurrent otitis media with effusion. Pediatrics. 2006; 117:603-8. 

127. Balmer P, Borrow R, Arkwright PD. The 23-valent pneumococcal polysaccharide vaccine does not provide 
additional serotype antibody protection in children who have been primed with two doses of heptavalent 
pneumococcal conjugate vaccine. Vaccine. 2007; 25:6321-5.  

128. Rose MA, Schubert R, Strnad N, Zielen S. Priming of immunological memory by pneumococcal conjugate 
vaccine in children unresponsive to 23-valent polysaccharide pneumococcal vaccine. Clin Diagn Lab 
Immunol. 2005; 12:1216-22. 



 
 

129. Sorensen RU, Leiva LE, Giangrosso PA et al. Response to a heptavalent conjugate Streptococcus 
pneumoniae vaccine in children with recurrent infections who are unresponsive to the polysaccharide 
vaccine. Pediatr Infect Dis J. 1998; 17:685-91. 

 
130. Zielen S, Bühring I, Strnad N et al. Immunogenicity and tolerance of a 7-valent pneumococcal conjugate 

vaccine in nonresponders to the 23-valent pneumococcal vaccine. Infect Immun. 2000; 68:1435-40. 
 
131. Madhi SA, Klugman KP, Kuwanda L et al. Quantitative and qualitative anamnestic immune responses to 

pneumococcal conjugate vaccine in HIV-infected and HIV-uninfected children 5 years after vaccination. J 
Infect Dis. 2009; 199:1168-76.   

 
132. Artz A.S., Ershler W.B., Longo D. Pneumococcal Vaccination and Revaccination of Older Adults. Clin 

Microbiol Rev. 2003;16:308–318. 
 
133. Ridda I., MacIntyre C.R., Lindley R. et al. Immunological responses to pneumococcal vaccine in frail older 

people. Vaccine. 2009; 27:1628–1636. 
 
134. Goldblatt D, Southern J, Andrews N et al. The immunogenicity of 7-Valent Pneumococcal Conjugate 

Vaccine versus 23-Valent Polysaccharide Vaccine in Adults Aged 50-80 Years.Clin Infect Dis. 2009; 
49:1318-25. 

 
135. Stanford E. Print F. Falconer M. et al. Immune response to pneumococcal conjugate vaccination in asplenic 

individuals. Hum Vaccin. 2009; 5:85-91. 
 
136. Kumar D, Chen MH, Wong G et al. A randomized, double-blind, placebo-controlled trial to evaluate the 

prime-boost strategy for pneumococcal vaccination in adult liver transplant recipients. CID. 2008; 47:885-
92. 

 
137. Madhi SA, Kuwanda L, Cutland C et al. Quantitative and qualitative antibody response to pneumococcal 

conjugate vaccine among African human immunodeficiency virus-infected and uninfected children. Pediatr 
Infect Dis J. 2005; 24:410-6. 

 
138. Madhi SA, Adrian P, Kuwanda L et al. Long-term immunogenicity and efficacy of a 9-valent conjugate 

pneumococcal vaccine in human immunodeficient virus infected and non-infected children in the absence of 
a booster dose of vaccine. Vaccine. 2007; 25:2451-7. 

 
139. King JC Jr, Vink PE, Farley JJ et al. Comparison of the safety and immunogenicity of a pneumococcal 

conjugate with a licensed polysaccharide vaccine in human immunodeficiency virus and non-human 
immunodeficiency virus-infected children. Pediatr Infect Dis J. 1996;15:192-6. 

 
140. Spoulou VI, Tsoumas DL, Papaevangelou VG. Immunogenicity and immunological memory induced by a 7-

valent pneumococcal CRM197 conjugate vaccine in symptomatic HIV-1 infected children. Vaccine. 2005; 
23:5289-93.  

 
141. Ahmed F, Steinhoff MC, Rodriguez-Barradas MC, et al. Effect of human immunodeficiency virus type 1 

infection on the antibody response to a glycoprotein conjugate pneumococcal vaccine: results from a 
randomized trial. J Infect Dis. 1996; 173:83-90. 

 
142. Chen M, Ssali F, Mulungi M et al. Induction of opsonophagocytic killing activity with pneumococcal 

conjugate vaccine in human immunodeficiency virus-infected Ugandan adults. Vaccine. 2008; 26:4962-8.  
 
143. Kroon FP, van Dissel JT, Ravensbergen E,Nibbering PH, van Furth R.   Enhanced antibody response to 

pneumococcal polysaccharide vaccine after prior immunization with conjugate pneumococcal vaccine in 
HIV-infected adults. Vaccine. 2001; 19:886-894. 

 
144. Lesprit P, Pédrono G, Molina JM et al. Immunological efficacy of a prime-boost pneumococcal vaccination 

in HIV-infected adults. AIDS. 2007; 21:2425-34. 
 
145. French N, Stephen B, Gordon MD et al. A trial of a 7-Valent Pneumococcal Conjugate Vaccine in HIV-

Infected Adults. NEJM. 2010; 362:812-22. 



 

146. Hanage WP. Serotype-specific problems associated with pneumococcal conjugate vaccination. Future 
Microbiology. 2008; 3:23-30. 

147. Ip WK, Takahashi K, Ezekowitz RA, Stuart LM. Mannose-binding lectin and innate immunity. Immunol 
Rev. 2009; 230:9-21. 

148. Gomi K, Tokue Y, Kobayashi T, Takahashi H, Watanabe A, Fujita T, et al. Mannose-binding lectin gene 
polymorphism is a modulating factor in repeated respiratory infections. Chest. 2004; 126:95-9. 

149. Minchinton RM, Dean MM, Clark TR, Heatley S, Mullighan CG. Analysis of the relationship between 
mannose-binding lectin (MBL) genotype, MBL levels and function in an Australian blood donor population. 
Scand J Immunol. 2002; 56:630–41.  

150. Ezekowitz RA, Day LE, Herman GA. A human mannose-binding protein is an acute-phase reactant that 
shares sequence homology with other vertebrate lectins. J Exp Med. 1988; 167:1034–46. 

151. Arai T, Tabona P, Summerfield JA. Human mannose-binding protein gene is regulated by interleukins, 
dexamethasone and heat shock. Q J Med 1993;86:575–82. 

152. Ytting H, Christensen IJ, Basse L, et al. Influence of major surgery on the mannan-binding lectin pathway of 
innate immunity. Clin Exp Immunol 2006; 144:239–46. 

153. Dean MM, Minchinton RM, Heatley S, Eisen DP. Mannose binding lectin acute phase activity in patients 
with severe infection. J Clin Immunol. 2005; 25:346–52.  

154. Dumestre-Perard C, Doerr E, Colomb MG, Loos M. Involvement of complement pathways in patients with 
bacterial septicemia. Mol Immunol 2007; 44:1631–8. 

155. Koch A, Melbye M, Sorensen P, et al. Acute respiratory tract infections and mannose-binding lectin 
insufficiency during early childhood. JAMA. 2001; 285:1316–21. 

156. Neth O, Hann I, Turner MW, Klein NJ. Deficiency of mannose-binding lectin and burden of infection in 
children with malignancy: a prospective study. Lancet. 2001; 358:614–8. 

157. Wiertsema SP, Hespers BL, Veenhoven RH, et al. Functional polymorphisms in the mannan-binding lectin 2 
gene: effect on MBL levels and otitis media. J Allergy Clin Immunol. 2006; 117:1344-9 

158. Garred P, Madsen HO, Halberg P, et al. Mannose-binding lectin polymorphisms and susceptibility to 
infection in systemic lupus erythematosus. Arthitis Rheum. 1999; 42:2145–52. 

159. Garred P, Pressler T, Madsen HO, et al. Association of mannose-binding lectin gene heterogeneity with 
severity of lung disease and survival in cystic fibrosis. J Clin Invest. 1999; 104:431–7. 

160. Garred P, Pressler T, Lanng S, et al. Mannose-binding lectin (MBL) therapy in an MBL-deficient patient 
with severe cystic fibrosis lung disease. Pediatr Pulmonol. 2002; 33:201–7. 

161. Valdimarsson H, Stefansson M, Vikingsdottir T, et al. Reconstitution of opsonizing activity by infusion of 
mannan-binding lectin (MBL) to MBL-deficient humans. Scand J Immunol. 1998; 48:116–23.  

162. Garcia-Laorden I, Sole-Violan J, Rodriguez F, et al. mannose-binding lectin and mannose-binding lectin-
associated serine protease 2 in susceptibility, severity and outcome of pneumonia in adults. J Allergy Clin 
Immunol. 2008; 122:368-74. 

163. Jørgensen J, Ytting H, Steffensen RM, Nielsen HJ. Mannan-binding lectin and MBL-associated serine 
protease-2. Ugeskr Laeger. 2008; 170:1445-8. 

164. Roy S, Knox K, Segal S, et al. MBL genotype and risk of invasive pneumococcal disease: a case–control 
study. Lancet. 2002; 359:1569–73.  



 
 

165. Kronborg G, Weis N, Madsen HO, et al. Variant mannose-binding lectin alleles are not associated with 
susceptibility to or outcome of invasive penumococcal infection in randomly included patients. J Infect Dis. 
2002; 185:1517–20.  

 
166. Tacx AN, Groeneveldt ABJ, Hart MH, et al. Mannan binding lectin in febrile adults: no correlation with 

microbial infection and complement activation.  J Clin Pathol. 2003; 56:956-9. 
 
167. Hundt M, Heiken H, Schmidt RE. Association of low mannose-binding lectin serum concentrations and 

bacterial pneumonia in HIV infection. AIDS. 2000; 14:1853–4.  
 
168. Ortqvist A, Hedlund J, Wretlind B, Carlstrom A, Kalin M. Diagnostic and prognostic value of interleukin-6 

and C-reactive protein in community-acquired pneumonia. Scand J Infect Dis. 1995; 27:457–62. 
 
169. Hedlund J, Hansson LO. Procalcitonin and C-reactive protein levels in community-acquired pneumonia: 

correlation with etiology and prognosis. Infection. 2000; 28:68–73.  
 
170. García Vázquez E, Martínez JA, Mensa J, et al. C-reactive protein levels in community-acquired pneumonia. 

Eur Respir J. 2003; 21:702–5. 
 
171. Almirall J, Bolibar I, Vidal J, et al. Epidemiology of community-acquired pneumonia in adults: a population 

based study. Eur Resp J. 2000; 15:757–63. 
 
172. Van der Meer V, Neven AK, van der Broek PJ, Assendelft WJJ. Diagnostic value of C reactive protein in 

infections of the lower respiratory tract: systematic review. BMJ. 2005; 331:26. 
 
173. Steffensen R, Thiel S, Varming K, Jersild C, Jensenius JC. Detection of structural gene mutations and 

promoter polymorphisms in the mannan-binding lectin (MBL) gene by polymerase chain reaction with 
sequence-specific primers. J Immunol Meth. 2000; 241:33–42. 

 
174. Fine MJ, Auble TE, Yealy DM, et al. A prediction rule to identify low-risk patients with community-

acquired pneumonia. N Engl J Med. 1997; 336:243–50.  
 
175. Wernette CM et al.Clin and Diag Lab inmunology. 2003; 10:514-19. 
 
176. Romero-Steiner S, Holder P.F, Gomez de Leon P, et al. Avidity, determinations for Haemophilus influenzae 

Type b Anti-Polyribosylribitol Phosphate Antibodies. Clin Diagn Lab Immunol 2005; 12:1029-35. 
 
177. Almirall J, Bolibar I, Toran P, et al. Contribution of C-reactive protein to the diagnosis and assessment of 

severity of community-acquired pneumonia. Chest. 2004; 125:1335–42.  
 
178. Hansen TK, Thiel S, Wouters PJ, Christiansen JS, Van den Berghe G. Intensive insulin therapy exerts 

antiinflammatory effects in critically ill patients and counteracts the adverse effect of low mannose-binding 
lectin levels. J Clin Endocrinol Metab. 2003; 88:1082–8.  

 
179. Thiel S, Holmskov U, Hviid L, Laursen SB, Jensenius JC. The concentration of the C-type lectin, mannan-

bindig protein, in human plasma increases during and acute phase response. Clin Exp Immunol. 1992; 
90:31–5. 

 
180. Siassi M, Hohenberger W, Riese J. Mannan-binding lectin (MBL) serum levels and post-operative 

infections. Biochem Soc Trans. 2003; 31:774–5. 
 
181. Worthley DL, Johnson DF, Eisen DP, Dean MM, Mullighan CG. Donnor mannose-binding lectin deficeincy 

increases the likehood of clinically significant infection after liver transplantation. Clin Infect Dis. 2009; 
48:410-17. 

 
182. Moens L, Van Hoeyveld E, Peetermans WE, et al. Mannose-Binding Lectin Genotype and invasive 

pneumococcal infection. Hum Immunol. 2006; 67:605-11. 



 

183. Horcajada JP, Lozano F, Muñoz A, et al. Polymorphic Receptors of the Innate Immune System 
(MBL/MASP-2 and TLR2/4) and Susceptibility to Pneumococcal Bacteriemia in HIV-infected patients: A 
case control Study. Curr HIV Res. 2009; 7:218-23. 

184. Endeman H, Hespers BL, Jong B, et al. Mannose-Binding Lectin Genotypes in Susceptibility to Community-
Adquired Pneumonia. Chest. 2008; 134:1135-40. 

185. Madsen HO, Garred P, Thiel S, et al. Interplay between promoter and structural gene variants control basal 
serum level of mannan-binding protein. J Immunol. 1995; 155:3013–20.  

186. Mead R, Jack D, Pembrey M, Tyfield L, Turner M. Mannose-binding lectin alleles in a prospectively 
recruited UK population The ALSPAC Study Team, Avon Longitudinal Study of Pregnancy and Childhood. 
Lancet. 1997; 349:1669–70.  

187. Nadesalingam J, Dodds AW, Reid KB, Palaniyar N. Mannose-binding lectin recognizes peptidoglycan via 
the N-acetyl glucosamine moiety, and inhibits ligand-induced proinflammatory effect and promotes 
chemokine production by macrophages. J Immunol. 2005; 175:1785–94.  

188. Eisen D P, Den MM; Boermeester MA, et al. Low serum mannose-binding lectin leveles increases the risk of 
death due to pneumococcal infection.Clin Infect Dis. 2008; 47:510-6.  

189. Payeras A, Martínez P, Mila J, Riera M, Pareja A, Casal J, et al. Risk factors in HIV-1-infected patients 
developing repetitive bacterial infections: toxicological, clinical, specific antibody class responses, 
opsonophagocytosis and Fc(gamma) RIIa polymorphism characteristics. Clin Exp Immunol. 2002; 130: 271-
78. 

190. Domínguez A, Salleras L, Fedson DS, Izquierdo C, Ruíz L, Ciruela P, et al. Effectiveness of pneumococcal 
vaccination for elderly people in Catalonia, Spain: a case-control study. Clin Infect Dis. 2005; 40: 1250-7. 

191. Amendola A, Tanzi E, Zappa A, Colzani D, Boschini A, Musher DM, Zanetti AR. Safety and 
immunogenicity of 23-valent pneumococcal polysaccharide vaccine in HIV-infected former drug users. 
Vaccine. 2002; 20:3720-3724. 

192. Janoff EN, Douglas JM Jr, Gabriel M, Blaser MJ, Davidson AJ, Cohn DL, et al. Class-specific antibody 
response to pneumococcal capsular polysaccharides in men infected with human immunodeficiency virus type 1. 
J infect Dis. 1988; 158:983-990.  

193. Pierce AB, Hoy JF. Is the recommendation for pneumococcal vaccination of HIV-patients evidence based? J 
Clin Virol. 2001; 22:255-61. 

194. Tuomanen EI, Austrian R, Masure HR. Pathogenesis of pneumococcal infection. N Engl J Med. 1995; 
332:1280-4. 

195. Fedson DS, Musher DM. Pneumococcal polysaccharide vaccine. In: Plotkin SA, Orestein WA eds.. 
Vaccines, 4th edn. Philadelphia, PA: WB Sauders, 2004. 

196. McCashland TM, Preheim LC, Gentry MJ. Pneumococcal vaccine response in cirrhosis and liver 
transplantation. J Infect Dis. 2000;181: 757–760. 

197. Robinson KA, Baughman W, Rothrock G et al. Epidemiology of invasive Streptococcus pneumoniae 
infections in the United States, 1995–1998. JAMA. 2001; 285:1729– 1735. 

198. O’Brien K. L., Moïsi J., Romero-Steiner S et al. Pneumococcal antibodies in a child with type 14 
pneumococcal conjugate vaccine failure. Vaccine. 2009; 27:1863–68. 

199. Bliss SJ, O’Brien KL, Janoff EN, et al.The evidence for using conjugate vaccines to protect HIV-infected 
children against pneumococcal disease. Lancet Infect Dis. 2007; 8:67-80. 

200. Abzug MJ, Pelton SI, Song LY, et al. Immunogenicity, safety and predictors of response after a 
pneumococcal conjugate and pneumococcal polysaccharide vaccine  in human immunodeficiency virus-
infected children receiving highly active antiretroviral therapy. Pediatr Infect Dis J. 2006; 10:920-9.



 
 

201. Chan C.Y., Molrine D.C., George S. et al. Pneumococcal Conjugate Vaccine Primes for Antibody Response 
to Polysaccharide Pneumococcal Vaccine after treatment of Hodgkin's Disease. J Infect Dis. 1996; 173:256-8 

 
202. Orthopoulos GV, Theodoridou MC, Ladis VA, Tsousis DK, Spoulou VI. The effect of 23-valent 

polysaccaride vaccine in asplenic subjects with beta-thalasemia. Vaccine. 2009; 27:350-4.  
 
203. Stoehr GA, Rose MA, Eber SW et al. Immunogenicity of sequential pneumococcal vaccination in subjects 

splenectomised for hereditary spherocytosis. Br J Haematol. 2006; 132:788-90. 
 
204. Miernyk K. M., Butler J.C., Bulkow L.R. et al. Immunogenicity and Reactogenicity of Pneumococcal 

Polysaccharide and Conjugate Vaccines in Alaska Native Adults 55–70 Years of Age. Clin Infect Dis. 2009; 
9:241-48. 

 
205. Usinger W.R., Lucas A.H. Avidity as a Determinant of the Protective Efficacy of Human Antibodies to 

Pneumococcal Capsular Polysaccharides. Infect Immun.1999; 65:2366-2370. 
 

206. Romero-Steiner S., Musherd D.M.,Cetron M.S, et al. Reduction in Functional Antibody Activity Against 
Streptococcus pneumoniae in Vaccinated Elderly Individuals Highly Correlates with Decreased IgG 
Antibody Avidity. Clin Infect Dis. 1999; 29:281-8. 

 
207. Wuorimaa T, Dagan R, Va¨keva¨inen M et al. Avidity and Subclasses of IgG after Immunization of Infants 

with an 11-Valent Pneumococcal Conjugate Vaccine with or without Aluminum Adjuvant. J Infect Dis. 
2001; 184:1211-5 

 
208. Anttila M., Voutilainen M., JaenttiI V. et al. Contribution of serotype-specific IgG concentration, IgG 

subclasses and relative antibody avidity to opsonophagocytic activity against Streptococcus pneumoniae. 
Clin Exp Immunol. 1999; 118:402-407 

 
209. Musher DM, Rueda AM, Nahm MH et al. Initial and subsequent response to pneumococcal polisaccharide 

and protein-conjugate vaccines administered sequentially to adults who have recovered from pneumococcal 
pneumonia. J Infect Dis. 2008; 198:1019-1027. 

 
210. Wuorimaa T.K, Dagan R, Bailleux F. et al. Functional activity of antibodies after immunization of Finnish 

and Israeli infants with an 11-valent pneumococcal conjugate vaccine. Vaccine. 2005; 23:5328–32. 
 
211. Tarragó D, Casal J, Ruiz-Contreras J et al. Assessment of antibody response elicited by a 7-valent 

pneumococcal conjugate vaccine in pediatric human immunodeficiency virus infection. Clin Diagn Lab 
Immunol. 2005; 12:165-70. 

 
212. French N, Moore M, Haikala R, Kayhty H, Gilks CF. A case-control study to investigate serological 

correlates of clinical failure of 23-valent pneumococcal polysaccharide vaccine in HIV-1-infected Ugandan 
adults. J Infect Dis. 2004; 190:707-12. 



 

129 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

APÉNDICE 



 

130 
 

 



Apéndice 

131 



Apéndice 

132 
 



Apéndice 

133 
 



Apéndice 

134 
 



Apéndice 

135 
 



Apéndice 

136 
 



Apéndice 

137 
 

MBL (acute) MBL (recovery)
0

1000

2000

3000

4000

5000

6000

7000

8000

ng
/m

L

CRP (acute) CRP (recovery)
0

100

200

300

m
g/

L



Apéndice 

138 
 

β
α α



Apéndice 

139 
 

Low Moderate-High 
0

100

200

300

C
R

P 
 (

m
g/

dl
)



Apéndice 

140 
 

Low Moderate-High
0

10

20

30

40

50

60

70

C
R

P
  (

m
g/

dl
)



Apéndice 

141 
 

κκ κ



Apéndice 

142 
 



Apéndice 

143 
 



Apéndice 

144 
 



Apéndice 

145 
 

α

α

α

α

α



Apéndice 

146 
 

α
β



Apéndice 

147 
 



Apéndice 

148 
 



Apéndice 

149 
 

α

α β

α



Ap
én

di
ce

 

15
0 

 



Ap
én

di
ce

 

15
1 

 



Apéndice 

152 
 

                                                 
References 
1 Woodhead MA, et al. Prospective study of the aetiology and 
outcome of pneumonia in the community. Lancet 1987; 1: 
671-4. 
2 Jokinen C, et al. Incidence of community-acquired 
pneumonia in the population of four municipalities in eastern 
Finland. Am J Epidemiol 1993; 137: 977-88.   
3 Marston BJ, et al. Incidence of community-acquired 
pneumonia requiring hospitalization: results of a population-
based active surveillance study in Ohio. Arch Intern Med 
1997; 157: 1709-18.  
4 Kaplan V, et al. Hospitalized community-acquired 
pneumonia in the elderly: age- and sex-related patterns of care 
and outcome in the United States. Am J Respir Crit Care Med 
2002; 165: 766-72. 
5 Almirall J, et al. Epidemiology of community-acquired 
pneumonia in adults: a population based study. Eur Resp J 
2000; 15: 757-63.        
6 Barlett JG, Mundy LM. Community-acquired pneumonia. N 
Eng J Med 1995; 333: 1618-24.    
7 Marrie TJ, Durant H, Yates L. Community-acquired 
penumoniare requiring hospitalization: 5-year propective 
study . Rev Infect Dis 1989; 11: 586-99.    
8 Sopena N, et al. Prospective study of community-acquired 
penumonia of bacterial etiology in adults. Eur J Clin 
Microbiol Infect Dis 1999; 18: 852-8.   
9 Torres A, et al. Community acquired pneumonia in chronic 
obstructive pulmonary disease: a Spanish multicenter study. 
Am J Respir Crit Care Med 1996; 1996: 1456-61.    
10 Magnenat JL, et al. Mode of presentation and diagnosis of 
bacterial pneumonia in human immunodeficiency infected 
patients. Am Rev Respir Dis 1991; 144: 917-22. 
11 Falcó V, et al. Bacterial pneumonia in HIV-1 infected 
patients: a prospective study of 168 episodes. Eur Respir J 
1994; 7: 235-39. 
12 Janoff EN, Rubins JB. Immunodeficiency and invasive 
pneumococcal disease. In Tuomanen EI, Mitchell, Morrison 
DA, Spratt BG, editors. The Pneumococcus. Washington, DC: 
ASM press; 2004. p 252-80.   
13 Hausdorff WP, Feikin DR, Klugman KP. Epidemiological 
differences among pneumococcal serotypes. Lancet Infect 
Dis. 2005; 5: 83-93.    
14 Aniansson GB, et al. Nasopharyngeal colonization during 
the first year of life. J Infect Dis 165 (Suppl 1): S38-42.    
15 Dagan R, et al. Nasopharyngeal colonization in southern 
Israel with antibiotic-resistant pneumococci during the first 2 
years of life: relation to serotypes likely to be included in 
pneumococcal conjugate vaccines. J Infect Dis 1996; 174: 
1352-55.           
16 Crook DW, et al. Pneumococcal carriage. In Tuomanen EI, 
Mitchell, Morrison DA, Spratt BG, editors. The 
Pneumococcus. Washington, DC: ASM press; 2004. p 136-
47.   
17 Whitney CG, et al. Decline in innasive pneumoccocal 
disease after the introduction of protein-polysaccharide 
conjugate vaccine. N Engl J Med 2003; 348: 1737-46.  
18 Jackson LA, et al. Effectiveness of pneumococcal 
polysaccharide vaccine in older adults. N Engl J Med 2003; 
348: 1747-55.    
19 Butler JC, et al. Pneumococcal polysaccharide vaccine 
efficacy. An evaluation of current recommendations. JAMA 
1993; 270: 1826-31. 
20 French N, et al. 23-valent pneumococcal polysaccharide 

                                                                               
vaccine in HIV-1-infected Ugandan adults: doble blind, 
randomised and placebo controlled trial. Lancet 2000; 335: 
2106-11. 
21 Girard MP, et al. A review of vaccine research and 
development: human acute respiratory infections. Vaccine 2005; 
50: 5708-24.   
22Bogaert D, et al. Pneumococcal vaccines: an updateon current 
strategies. Vaccine 2004; 22: 2209-20.     
23 Ogra PL. Mucosal immunity: some historical perspective on 
host-pathogen interactions and implications for mucosal 
vaccines. Immunol Cell Biol 2003; 81: 23-33.   
24 Holmskov UL, et al. Collectins: collagenous C-type lectins of 
the innnate immune defence system. Immunol Today 1994; 15: 
67-74.   
25 Holmskov UL. Collectins and collectin receptors in innate 
immunity APMIS Suppl 2000; 100: 1-59. 
26 Crosdale DJ, et al. Mannose binding lectin (MBL) genotype 
distributions with relations to serum levels in UK Caucasoids. 
Eur J Immunogenet 2000; 27: 111-7. 
27 Madsen HO, et al. Interplay between promoter and structural 
gene variants control basal serum level of mannan-binding 
protein. J Immunol 1995; 155: 3013-20.     
28 Madsen HO, et al. Different molecular events results in low 
protein levels mannan-binding lectin in populations from 
southeast Africa and South America. J Immunol 1998; 161: 
3169-75.  
29 Roy S, et al. MBL genotype and risk of invasive 
pneumococcal disease: a case-control study. Lancet 2002; 359: 
1569-73. 
30 Kronborg G, et al. Variant mannose-binding lectin alleles are 
not associated with susceptibility to or outcome of invasive 
penumococcal infection in randomly included patients. J Infect 
Dis 2002; 185: 1517-20. 
31 Moens L, et al. Mannose-binding lectin genotype and invasive 
pneumococcal infection. Hum Immunol 2006; 67: 605-11.   
32 Pérez-Castellano M, et al. Mannose-binding lectin does not 
act as ana cute-phase reactant in adults with community-
acquired pneumococcal pneumonia.  Clin Exp Immunol 2006; 
145: 228–234. 
33 Payeras A, et al. Polimorfismos del gen de la mannose-
binding lectin y su relación con el riesgo y severidad de la 
neumonía neumocócica. Enf Infecc Microbiol Clin 2006; Vol 24 
(Supl): 151-2. 
34 Neth O, et al. Mannose-binding lectin binds to a range of 
clinically relevant microorganisms and promotes complement 
deposition. Infect Immun 2000; 68: 688-93. 
35 Emmerik LC van, et al. Binding of mannan-binding protein to 
various bacterial pathogens of meningitis. Clin Exp immunol 
1994; 97: 411-6.    
36 Nadesalingam J, et al. Mannose-binding lectin recognizes 
Peptidoglycan via the N-Acetyl Glucosamine Moiety, and 
inhibits ligand-induced proinflammatory effect and promotes 
chemokine production by macrophages. J Immunol 2005; 175: 
1785-94.     
37 Garred P, et al. Mannose-binding lectin polymorphisms and 
susceptibility to infection in systemic lupus erythematosus. 
Arthitis Rheum 1999; 42: 2145-52. 
38 Hundt M, Heiken H, Schmidt RE. Association of low 
mannose-binding lectin serum concentrations and bacterial 
pneumonia in HIV infection. AIDS 2000; 14: 1853-4.  
39 Garred P, et al. Association of mannose-binding lectin gene 
heterogeneity with severity of lung disease and survival in cystic 
fibrosis. J Clin Invest 1999; 104: 431-37.    
40 Koch A, et al. Acute respiratory tract infections and mannose-
binding lectin insufficiency during early childhood. JAMA 



Apéndice 

153 
 

                                                                             
2001; 285: 1316-21. 
41 Neth O, et al. Deficiency of mannose-binding lectin and 
burden of infection in children with malignancy: a prospective 
study. Lancet 2001; 358: 614-8.  
42 Ezekowitz AB, Day LE, Herman GA. A human mannose-
binding protein is an acute phase reactant that shares sequence 
homology with other vertebrate lectins. J Exp Med 1998; 167: 
1034-46.   
43 Thiel S, et al. The concentration of the C-type lectin, 
mannan-bindig protein, in human plasma increases during and 
acute phase response. Clin Exp Immunol 1992; 91: 31-5.   
44 Siassi M, Hohenberger W, Riese J. Mannan-binding lectin 
(MBL) serum levels and post-operative infections. Biochem 
Soc Trans 2003; 31: 774-5.    
45 Hansen TK, et al. Intensive insulin therapy exerts anti-
inflammatory effects in critically ill patients and counteracts 
the adverse effect of low mannose-binding lectin levels. J Clin 
Endocrinol Metab 2003; 88: 1082-8.      
46 Dean MM, et al. Mannose binding lectin acute phase 
activity in patients with severe infection. J Clin Immunol 
2005; 25: 346-52. 
47 Hartshorn KL, et al. Pulmonary surfactant proteins A and D 
enhance neutrophil uptake of bacteria. Am J Physiol 1998; 
274: 958-69.     
48 Jounblat R, et al. Binding and agglutination of 
Streptococcus pneumoniae by human surfactant protein D 
(SP-D) vary between strains, but SP-D fails to enhance killing 
by neutrophils. Infect Immun 2004; 72:709-16. 
49 Jounblat R, et al. The role of surfactant protein D in the 
colonisation of the respiratory tract and onset of bacteraemia 
during pneumococcal pneumonia. Respir Res 2005; 6:126. 
50 Clark H, et al. Surfactant protein D reduces alveolar 
macrophage apoptosis in vivo. J Immunol 2002; 169: 2892-
99. 
51 Sano H, et al. Regulation of inflammation and bacterial 
clearance by lung collectins. Respirology Suppl 2006; 11: 46-
50. 
52 Tilllett WS, Francis T Jr. Serological reactions in 
pneumonia with non-protein somatic fraction of 
pneumococcus. J Exp Med 1930; 52: 561-71.     
53 Castell JV, et al. Acute phase response of human 
hepatocytes: regulation of acute-phase protein synthesis by 
interleukin-6. Hepatology 1990; 12: 1179-86.     
54 Hoffmann JA, et al. Phylogenetic perspectives in innate 
immunity. Science 1999; 284: 1313-8.     
55 Mold C, Du Clos TW. C-reactive protein increases cytokine 
responses to Streptococcus pneumoniae through interactions 
with Fc gamma receptors. J Immunol 2006; 176:7598-604. 
56 Kaplan MH, Volanakis JE. Interaction of C-reactive protein 
complexes with the complement system. I. Comsumption of 
human complement associated with the reaction of C-reactive 
protein with pneumococcal C-polysaccharide and with 
choline phosphatides, lecithin and sphingomyelin. J Immunol 
1974; 112: 2135-47.     
57 Volanakis JE, Kaplan MH. Specificity of C-reactive protein 
for choline phosphate residues of pneumococcal C-
polysaccharide. Proc Soc Exp Biol Med 1971; 136: 612-4.  
58 Roy S, et al. Association of common genetic variant with 
susceptibility to invasive pneumococcal disease. BMJ 2002; 
324: 1369. 
59 Almirall J, et al. Contribution of C-reactive protein to the 
diagnosis and assessment of severity of community-acquired 
pneumonia. Chest 2004; 125: 1335-42.    
60 Macfarlane J, et al. Propective study of the incidence, 
aetiology and outcome of adult lower respiratory tract illness 

                                                                               
in the community. Thorax 2001; 56: 109-14.   
61 Melbye H, Straume B, Brox J. Laboratory test for pneumonia 
in general practice: the diagnostic values depend on the duration 
of illness. Scan J Prim Health Care 1992; 10: 234-40.  
62 Smith RP, Lipworth BJ. C-Reactive protein in simple 
community-acquired pneumonia. Chest 1995; 107: 1029-31.    
63 Castro-Guardiola A, et al. Differential diagnosis between 
community-pneumonia and no pneumonia diseases of chest in 
the emergency ward. Eur J Intern Med 2000; 11: 334-39.   
64 Örtqvist A, et al. Diagnostic and prognostic value of 
interleukin-6 and C-reactive protein in community-acquired 
pneumonia. Scand J Infect Dis 1995; 27: 457-62.    
65 Smith RP, et al. C-Reactive protein in simple community 
acquired pneumonia. Chest 1995; 108: 1288-91.   
66Kragsbjerg P, et al. Diagnostic value of blood cytokine 
concentrations in acute pneumonia. Thorax 1995; 50: 1253-57.   
67 Kauppinen MT, et al. Clinical picture of community-acquired 
Chlamydia pneumoniae pneumonia requiring hospital treatment: 
a comparison between chlamydial and pneumococcal 
pneumonia. Thorax 1996; 51: 185-89.    
68 Mirete C, et al. Usefulness of acute-phase proteins in 
community-acquired pneumonia. Med Clin (Barc) 2004; 
122:245-7. 
69 Madhi SA, et al. Usefulness of C-reactive protein to define 
pneumococcal conjugate vaccine efficacy in the prevention of 
pneumonia. Pediatr Infect Dis J 2006; 25: 30-6. 
70 Payeras A, et al. Papel de la proteína C reactiva como 
marcador pronóstico en la neumonía neumocócica. Enf Infecc 
Microbiol Clin 2006; Vol 24 (Supl): 151.  
71 van der Meer V, et al. Diagnostic value of C reactive protein 
in infections of the lower respiratory tract: systematic review. 
BMJ 2005; 331: 26. Epub 2005 Jun 24. 
72 Alper CA. Inherited deficiencies of complement components 
in man. Immunol Lett 1987; 14: 175-81. 
73 Iannelli F, et al. Pneumococcal surface protein C contributes 
to sepsis caused by Streptococcus pneumoniae in mice. Infect 
Immun 2004; 72: 3077-80. 
74 Brown, JS, et al. The classical pathway is the dominant 
complement pathway required for innate immunity to 
Streptococcus pneumoniae infection in mice. Proc Natl Acad Sci 
U S A 2002; 99: 169-74. 
75 Kerr AR, et al. Innate immune defense against pneumococcal 
pneumonia requires pulmonary complement component C3. 
Infect Immun 2005; 73: 4245-52. 
76 Strunk, RC, DM Eidlen, Mason RJ. Pulmonary alveolar type 
II epithelial cells synthesize and secrete proteins of the classical 
and alternative complement pathways. J Clin Invest 1988; 81: 
1419-26. 
77 Abeyta M, Hardy GG, Yother J. Genetic alteration of capsule 
type but not PspA type affects accessibility of surface-bound 
complement and surface antigens of Streptococcus pneumoniae. 
Infect Immun 2003; 71: 218-25. 
78 Hamel J, et al. Prevention of pneumococcal disease in mice 
immunized with conserved surface-accessible proteins. Infect 
Immun 2004; 72: 2659-70. 
79 Yuste, J, et al. Additive inhibition of complement deposition 
by pneumolysin and PspA facilitates Streptococcus pneumoniae 
septicemia. J Immunol 2005; 175: 1813-9. 
80 Ren B, et al. Effects of PspA and antibodies to PspA on 
activation and deposition of complement on the pneumococcal 
surface. Infect Immun 2004; 72: 114-22. 
81 Kerr AR, et al. The contribution of PspC to pneumococcal 
virulence varies between strains and is accomplished by both 
complement evasion and complement-independent mechanisms. 
Infect Immun 2006; 74: 5319-24. 



Apéndice 

154 
 

                                                                             
82 Paterson GK, Mitchell TJ. Innate immunity and the 
pneumococcus. Microbiology 2006; 152: 285-93. 
83 Medzhitov R, Janeway Jr CA. An ancient system of host 
defense. Curr Opin Immunol 1998; 10: 12-5.  
84 Inohara N, et al. NOD-LRR proteins: role in host-microbial 
interactions and inflammatory disease. Annu Rev Biochem 
2005; 74: 355-83. 
85 Trinchieri G, Sher A. Cooperation of Toll-like receptor 
signals in innate immune defence. Nat Rev Immunol 2007; 7: 
179-90. 
86 Picard C, et al. Pyogenic bacterial infections in humans 
with IRAK-4 deficiency. Science 2003; 99: 2076-9.  
87 Ku CL, et al. IRAK4 and NEMO mutations in otherwise 
healthy children with recurrent invasive pneumococcal 
disease. J Med Genet 2007; 44: 16-23. 
88 Albiger B, et al. Myeloid differentiation factor 88-
dependent signalling controls bacterial growth during 
colonization and systemic pneumococcal disease in mice. Cell 
Microbiol 2005; 7: 1603-15. 
89 Khan, AQ, et al. Both innate immunity and type 1 humoral 
immunity to Streptococcus pneumoniae are mediated by 
MyD88 but differ in their relative levels of dependence on 
toll-like receptor 2. Infect Immun 2005; 73: 298-307. 
90 Hippenstiel S, et al. Lung epithelium as a sentinel and 
effector system in pneumonia-molecular mechanisms of 
pathogen recognition and signal transduction. Respir Res 
2006; 7: 97. 
91 Schmeck B, et al. Pneumococci induced TLR- and Rac1-
dependent NF-kappaB-recruitment to the IL-8 promoter in 
lung epithelial cells. Am J Physiol Lung Cell Mol Physiol 
2006; 290: L730-37. 
92 Han SH, et al. Pneumococcal lipoteichoic acid (LTA) is not 
as potent as staphylococcal LTA in stimulating Toll-like 
receptor 2. Infect Immun 2003; 71: 5541-8. 
93 Mogensen TH, et al. Live Streptococcus pneumoniae, 
Haemophilus influenzae, and Neisseria meningitidis activate 
the inflammatory response through Toll-like receptors 2, 4, 
and 9 in species-specific patterns. J Leukoc Biol 2006; 80: 
267-77.  
94 Knapp S, et al. Toll-like receptor 2 plays a role in the early 
inflammatory response to murine pneumococcal pneumonia 
but does not contribute to antibacterial defense. J Immunol 
2004; 172: 3132-8. 
95 Schroder NW, et al. Lipoteichoic acid (LTA) of 
Streptococcus pneumoniae and Staphylococcus aureus 
activates immune cells via Toll-like receptor (TLR)-2, 
lipopolysaccharide-binding protein (LBP), and CD14, 
whereas TLR-4 and MD-2 are not involved. J Biol Chem 
2003; 278: 15587-94. 
96 van Rossum AM, Lysenko ES, Weiser JN. Host and 
bacterial factors contributing to the clearance of colonization 
by Streptococcus pneumoniae in a murine model. Infect 
Immun 2005; 73: 7718-26. 
97 Travassos LH, et al. Toll-like receptor 2-dependent 
bacterial sensing does not occur via peptidoglycan 
recognition. EMBO Rep 2004; 5: 1000-6. 
98 Malley R, et al. Recognition of pneumolysin by Toll-like 
receptor 4 confers resistance to pneumococcal infection. Proc 
Natl Acad Sci U S A 2003; 100: 1966-71. 
99 Branger J, et al. Role of Toll-like receptor 4 in gram-
positive and gram-negative pneumonia in mice. Infect Immun 
2004; 72: 788-94. 
100 Srivastava A, et al. The apoptotic response to pneumolysin 
is Toll-like receptor 4 dependent and protects against 
pneumococcal disease. Infect Immun 2005; 73: 6479-87. 

                                                                               
101 Albiger B, et al. Toll-like receptor 9 acts at an early stage in 
host defence against pneumococcal infection. Cell Microbiol 
2007; 9: 633-44. 
102 Inohara N, et al. Human Nod1 confers responsiveness to 
bacterial lipopolysaccharides. J Biol Chem 2001; 276: 2551-4. 
103 Opitz B, et al. Nucleotide-binding oligomerization domain 
proteins are innate immune receptors for internalized 
Streptococcus pneumoniae. J Biol Chem 2004; 279: 36426-32. 
104 Kadioglu A, et al. Upper and lower respiratory tract infection 
by Streptococcus pneumoniae is affected by pneumolysin 
deficiency and differences in capsule type. Infect Immun 2002; 
70: 2886-90. 
105 Sun K, et al. Interleukin-12 promotes gamma interferon-
dependent neutrophil recruitment in the lung and improves 
protection against respiratory Streptococcus pneumoniae 
infection. Infect Immun 2007; 75: 1196-202. 
106 Rijneveld AW, et al. The role of interferon-gamma in murine 
pneumococcal pneumonia. J Infect Dis 2002; 185: 91-7. 
107 Baril L, et al. Pneumococcal surface protein A (PspA) is 
effective at eliciting T cell-mediated responses during invasive 
pneumococcal disease in adults. Clin Exp Immunol 2006; 145: 
277-86. 
108 Lauw FN, et al. IL-18 improves the early antimicrobial host 
response to pneumococcal pneumonia. J Immunol 2002; 168: 
372-8. 
109 Standiford TJ, et al. Expression and regulation of 
chemokines in acute bacterial pneumonia. Biol Signals 1996; 5: 
203-8. 
110 Carrol ED, et al. Chemokine Responses Are Increased in 
HIV-Infected Malawian Children With Invasive Pneumococcal 
Disease. J Acquir Immune Defic Syndr 2007; 44: 443-50. 
111 Graham RM, Paton JC. Differential role of CbpA and PspA 
in modulation of in vitro CXC chemokine responses of 
respiratory epithelial cells to infection with Streptococcus 
pneumoniae. Infect Immun 2006; 74: 6739-49. 
112 Dessing MC, et al. Monocyte chemoattractant protein 1 does 
not contribute to protective immunity against pneumococcal 
pneumonia. Infect Immun 2006; 74: 7021-3. 
113 Potter CW. Chronicle of influenza pandemics. In: Nicholson 
KG, Webster RG, Hay AJ, eds. Texbook of influenza. London: 
Blackwell Scientific Publications, 1998:3-18. 
114 Madhi SA, Klugman KP. A role for Streptococcus 
pneumoniae in virus-associated pneumonia. Nature medicine 
2004; 10: 811-2.  
115 Le Vine AM, Koeningsknecht V, Stark J.M. Decreased 
pulmonary clearance of S. pneumoniae following influenza A 
infection in mice. Journal of Virological Methods 2001; 94: 173-
86. 
116 Mc Cullers JA, Rehg JE. Lethal synergism between influenza 
virus and Streptococcus penumoniae: characterization of a 
mouse model and the role of platelet-activating factor response. 
J. Infect Dis 2002; 186: 341-50. 
117 Lu X, et al. A mouse model for the evaluation of 
pathogenesis and immunity to influenza A (H5N1) viruses 
isolated from humans. J Virol 1999; 73: 5903-11. 
118 Plotkowski MC, et al. Adherence of type I Streptococus 
pneumoniae to tracheal epithelium of mice infected with 
influenza A/PR8 virus. Am Rev Respir Dis 1986; 134: 1040-4.  
119 Wadowsky R.M, et al. Effects of experimental influenza A 
virus infection on isolation of Streptococcus pneumoniae and 
other aerobic bacteria from the oropharynges of allergic and 
nonallergic adult subjects. Infect Immun 1995; 63: 1153-57.  
120 Cundell D R, et al. Streptococcus pneumoniae anchor to 
activated human cell by the receptor for platelet–activating 
factor. Nature 1995; 377: 435-8. 



Apéndice 

155 
 

                                                                             
121 Van der Sluijs KF, et al. Involvement of the platelet-
activating factor receptor in host defense against 
Streptococcus pneumoniae during postinfluenza pneumonia. 
Am J Phisiol Lung Cell Mol Physiol 2006; 290: L194-9. 
122 Mc Cullers JA, Bartmess KC. Role of neuraminidase in 
lethal synergism between influenza virus and Streptococcus 
pneumoniae. J Infect Dis 2003; 187:1000-9. 
123 Mc Cullers JA. Effect of antiviral treatment on the 
outcome of secondary pneumonia after influenza. J Infect Dis 
2004; 190: 519-26. 
124 Linder TE, Lim DJ, DeMaria TE. Changes in the structure 
of the cell surface carbohydrates of the chinchilla 
tubotimpanum following Streptococcus pneumoniae-induced 
otitis media. Microb Pathog 1992; 13: 293-303.  
125 Tong HH, et al. Comparison of structural changes of cell 
surface carbohydrates in the eustachian tube epithelium of 
chinchilla infected with Streptococcus pneumoniae 
neuraminidase-deficient mutant or its isogenic parent strains. 
Microb Pathog 2001; 31: 309-17. 
126 La Marco KL, Diven WE, Glew RH.. Experimental 
alteration of chinchilla middle ear mucosae by bacterial 
neuraminidase. Ann Otol Rhinol Laryngol 1986; 95: 304-8. 
127 Mc Cullers J.A. Insight into the interaction between 
Influenza Virus and pneumococcus. Clin Microbiol Rev. 
2006; 19: 571-82.  
128 Beadling C, Slifka MK How do viral infections predispose 
patients to bacterial infections? Curr Opin Infect Dis 2004; 
17: 185-91. 
129 Hayden FG, et al. Local and systemic cytokine responses 
during experimental human influenza A virus infection. 
Relation to symptoms formation and host defense. J Clin 
Invest  1998; 101: 643-49. 
130 Partida-Sanchez S, et al. Cyclic ADP-ribose production by 
CD38 regulates intracellular calcium release, xtracellular 
calcium influx and chemotaxis in neutrophils and is required 
for bacterial clearance in vivo. Nat Med 2001; 7:1209-16. 
131 Beiter K, et al. An endonuclease allows Streptococcus 
pneumoniae to escape from neutrophil extracellular traps. 
Curr Biol 2006; 16: 401-7. 
132 Arredouani M, et al. The scavenger receptor MARCO is 
required for lung defense against pneumococcal pneumonia 
and inhaled particles. J Exp Med 2004; 200: 267-72. 
133 Mancuso P, et al. Leptin corrects host defense defects after 
acute starvation in murine pneumococcal pneumonia. Am J 
Respir Crit Care Med 2006; 173: 212-8.  
134 Matute-Bello G, et al. Blockade of the Fas/FasL system 
improves pneumococcal clearance from the lungs without 
preventing dissemination of bacteria to the spleen. J Infect Dis 
2005; 191: 596-606. 
135 Leemans JC, et al. The epidermal growth factor-seven 
transmembrane (EGF-TM7) receptor CD97 is required for 
neutrophil migration and host defense. J Immunol 2004; 172: 
1125-31. 
136 Dockrell DH, et al. Alveolar macrophage apoptosis 
contributes to pneumococcal clearance in a resolving model 
of pulmonary infection. J Immunol 2003; 171: 5380-8.  
137 Sato S, et al. Role of galectin-3 as an adhesion molecule 
for neutrophil extravasation during streptococcal pneumonia. 
J Immunol 2002; 168: 1813-22. 
138 Schultz MJ, et al. Mice lacking the multidrug resistance 
protein 1 are resistant to Streptococcus pneumoniae-induced 
pneumonia. J Immunol 2001; 166: 4059-64. 
139 Williams JH Jr, et al. Modulation of neutrophil 
complement receptor 3 expression by pneumococci. Clin Sci 
(Lond) 2003; 104: 615-25. 

                                                                               
140 Schmeck B, et al. Streptococcus pneumoniae induced c-Jun-
N-terminal kinase- and AP-1 –dependent IL-8 release by lung 
epithelial BEAS-2B cells. Respir Res. 2006; 7: 98. 
141 Quinton LJ, et al. Functions and regulation of NF-kappaB 
RelA during pneumococcal pneumonia. J Immunol 2007; 178: 
1896-903. 
142 Jones MR, et al. Lung NF-kappaB activation and neutrophil 
recruitment require IL-1 and TNF receptor signaling during 
pneumococcal pneumonia. J Immunol 2005; 175: 7530-5. 
143 Khor CC, et al. A Mal functional variant is associated with 
protection against invasive pneumococcal disease, bacteremia, 
malaria and tuberculosis. Nat Genet 2007; 39: 523-528.  
144 N'Guessan PD, et al. Streptococcus pneumoniae induced p38 
MAPK- and NF-kappaB-dependent COX-2 expression in human 
lung epithelium. Am J Physiol Lung Cell Mol Physiol 2006; 
290: L1131-8.  
 


