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Streptococcus pneumoniae is an important cause of morbidity and mortality worldwide, it is responsible for
invasive pneumococcal disease (IPD) (e.g. meningitis, bacteremic pneumonia and bacteremia) and non-IPD (e.g. pneumonia,
acute otitis media, and sinusitis). IPD is preceded by nasopharyngeal colonization with high incidence of disease among
young children, the elderly, persons with underlying medical conditions and immunocompromised hosts.

The term “immunocompromised host” is generally applied to a variety of patients with various immune defects.
The factors that contribute to the development of IPD include host immunity (specific and innate), genetic and environment.
Specific defects in host responses to pneumococcal infections may due to very young age, deficiencies in levels of antibodies
and complement factors, and splenic dysfunction. The combinations of these defects contribute to the increased rates of IPD.
The immunocompromising and other conditions that predispose to pneumococcal disease were described.
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Streptococcus pneumoniae colonizes the
human nasopharynx and causes invasive pneumococcal
disease (IPD) (e.g. meningitis, bacteremic pneumonia
and bacteremia) and non-IPD (e.g. pneumonia, acute
otitis media and sinusitis). Colonization was found most
often in children, peaking approximately at 3 years of
age(1,2). Colonization is an essential part of disease
pathogenesis.

The term “immunocompromised hosts” is
generally applied to a variety of patients with various
immune defects. IPD and recurrent pneumococcal
infections usually occur in immunocompromised
patients and patients with underlying conditions(3-5).
As many as a quarter of children with IPD in the
developed world have a significant underlying medical
conditions(6). The children with immunocompromising
conditions suffer from IPD more frequently and with
greater mortality than healthy children. In adults,

immunocompromise and high-risk conditions
accounted for nearly two-thirds of the total IPD burden
in the United States(7). In the developing world, human
immunodeficiency virus (HIV) was the major risk factor
to adult pneumococcal diseases.

The specific defects of host responses may
due to immature immunity in very young age,
deficiencies in levels of antibodies and complement
factors, and splenic dysfunction. The combinations of
host immune defects contribute to the increased risk of
IPD in patients with sickle-cell disease (SCD), nephrotic
syndrome, neoplasms, and underlying medical
conditions(8-10). The number of risk factors are greatest
and the rates of IPD are highest in patients with HIV
infection(8). The list of immunocompromising and other
conditions that predispose to pneumococcal disease
are shown in Table 1.

Antimicrobial resistance among pneumococci
has escalated dramatically over the past three decades.
The incidence of resistance is influenced by patterns
of antibiotic use. Judicious usage of antibiotics and
development of effective vaccines with expanded
coverage are critical for prevention of pneumococcal
infections in high-risk patients.

Special Article



S62                                                                                                                          J Med Assoc Thai Vol. 93 Suppl. 5 2010

HIV Infection
Children and adults with HIV have increased

rates of infections with encapsulated bacteria, especially
S. pneumoniae(11-15). The incidence of IPD is estimated
to be 20-100 fold higher than that in children and adults
who are not infected with HIV(16-19).

In 1985, Bernstein et al investigated 46 HIV-
infected children and reported 27 episodes of sepsis in
21 children. The most common pathogenic agent was
S. pneumoniae (16). Krasinski et al also found
S.pneumoniae in 31% of blood cultures in HIV-infected
children(20).

In 1994, Farley et al, prospectively followed
up a cohort of HIV-infected infants from birth and found
an incidence of IPD of 11.3 per 100 children-year during
the first three years of life compared to 0.5 per 100
children-year in the control group(21).

In a South African study carried out in 2000,
Madhi et al investigated children under 12 years of age
who had their blood or cerebrospinal fluid cultured.
The authors found 237 IPD cases, of which 64.9%
were HIV-infected children. They reported a 41.7-fold
increased risk of IPD (95% CI 26.5;65.6) in this
population compared to healthy children of the same-
age. Multiple drug resistant S. pneumoniae was also
found more frequently in HIV-infected children
compared to HIV-negative children(18). Another study
found that S. pneumoniae was the predominate bacterial
pathogen identified in HIV-infected children (74%),
while it was identified in only 29% among non-HIV-
infected children, even prior to the introduction of a
Hib conjugate vaccine. Similarly, S.pneumoniae was
responsible for a higher proportion of bacterial

meningitis cases in Malawi among HIV-infected children
(52%), than among HIV-uninfected children (32%)(22).

In 2004, Carrol et al investigated 59 HIV-
infected children in Malawi. It appeared that there were
higher pneumococcal bacterial DNA loads and
cytokines (plasma tumor necrosis factor-α, interleukin-
1β, interleukin-6, interleukin-10) in the blood and CSF
samples of HIV-infected children than of HIV-uninfected
children. The DNA and cytokines loads were also
significantly higher in nonsurvivors than in survivors,
and were significantly higher in children with meningitis
than in those with pneumonia. High blood and CSF
pneumococcal DNA loads were associated with fatal
outcome(23).

HIV infection was estimated to be the
attributable cause of at least half of all serious IPD and
pneumonia cases in the adult population in Africa(24,25).
Highly active antiretroviral therapy (HAART) has been
associated with a 60% decrease in IPD in the United
States, but the risk of disease in HIV-infected
individuals remained in the order of 30 times greater
than that in HIV-uninfected persons(26).

Pneumococcal polysaccharide vaccine has
been recommended since 1985 for children older than 2
years who are at high risk of invasive diseases, but it is
not recommended for younger children and infants
because of poor antibody response in those
before 2 years of age(27). In HIV-infected children in the
pre-HAART era, the 23-valent pneumococcal
polysaccharide vaccine (PPSV23) was found to have
poor immunogenicity(28).

Several immunogenicity studies of PPSV23
have been conducted in HIV-infected adults. All found

Conditions Mechanism of susceptibility

HIV infection Defective antibody, reduced mucosal clearance
SCD Defective antibody, complement deficiency, phagocyte dysfunction
Asplenia (functional and anatomic) Defective antibody, complement deficiency
Transplantation Defective antibody, phagocyte dysfunction
Malignant disease Defective antibody, reduced mucosal clearance, anatomical defects
Immunosuppressive therapy Defective antibody, phagocyte dysfunction
Congenital immunodeficiency Defective antibody, phagocyte dysfunction
Chronic heart disease Reduced mucosal clearance
Chronic pulmonary disease Reduced mucosal clearance, anatomical defects, phagocyte

dysfunction
Chronic renal disease Defective antibody, complement deficiency
Liver cirrhosis Anatomical defects, phagocyte dysfunction
Alcoholism Reduced mucosal clearance, phagocyte dysfunction

 Table 1.  Conditions that predispose to pneumococcal infection and mechanisms of susceptibility
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significant responses to the vaccination but lower in
comparison to HIV-uninfected controls(29-32).

The efficacy of PPSV23 in high-risk and
immunocompromised host was inconclusive(31,33).
Pneumococcal conjugate vaccine (PCV) offers an
alternative approach to protection. A trial evaluating
PCV conjugated to CRM197 protein, a nontoxic mutant
diphtheria toxin, (PCV-CRM), in HIV-infected infants
who were on HAART demonstrated that PCV-CRM
followed by the PPSV23 was well tolerated, and
immunogenic. In a south African study, the short-term
serotype-specific efficacy for HIV-infected infants was
65%, compared to 85% efficacy for HIV-uninfected
children(34). Those with more severe immune
suppression had lower anti-PPS antibody levels than
those with less immune suppression, and significantly
lower than healthy controls(35,36). The estimated long-
term efficacy among HIV-uninfected children was stable
at 77% during follow-up, compared to 83% initially,
while the estimated efficacy rates in the HIV-infected
cohort dropped from 65% initially to 39% at follow-
up(37). HIV-infected children demonstrated a more rapid
decline in antibody concentrations, suggesting a likely
need for a booster dose(38). Current recommendations
are that all HIV-infected infants and children should be
vaccinated with a three-dose primary series and a
booster dose of PCV(39).

The studies of PCV in adults have so far been
limited(40-43). Immunogenicity studies found that PCV
was safe and more immunogenic than PPSV23.
However, clinical efficacy trials are required.

Sickle-Cell Diseases
SCD encompasses various combinations of

abnormal hemoglobin genes that include at least one
copy of the gene for hemoglobin S paired with another
structural β-chain hemoglobin variant or β-thalassemia
gene(44). Children with SCD have an increased risk of
mortality that peaks between the ages of 6 months and
3 years in both low-income and high-income
settings(45,46). Increased early mortality among children
with SCD is primarily due to infection. Immune function
in SCD is compromised due to deficiency in serum
opsonin activity, abnormal neutrophil kinetics, and
repeated sickling in the spleen leading to loss of splenic
function(47,48).

Children with SCD are particularly susceptible
to pneumococcal infection. High rates of IPD in children
with SCD were observed in the era before prophylactic
antibiotics and vaccines use(49). Before the introduction
of PCV, children with SCD younger than 3 years in the

US had a 53-times greater risk of IPD compared with
the general population(50).

IPD rates peaked in 1-year-old children at 36
to 63 per 1,000 persons per year in children between 1
and 2 years of age and at 9.5 to 19 per 1,000 persons per
year for children under the age of 10(51). In England
during 1983-2005, Telfer et al investigated 252 children
with SCD and reported that pneumococcal sepsis rate
was 0.3 (95%CI 0.1-0.8) episodes per 100 patient-
years(52).

The use of penicillin prophylaxis and PCV has
decreased the risk of bacteremia from S. pneumoniae(53).
A retrospective chart review of 692 children with SCD
visiting emergency department during January 1, 2005
to December 31, 2006, was conducted by Rogovik et al.
None of the blood culture of these patients grew S.
pneumoniae. The absence of S. pneumoniae in this
cohort was associated with the addition of the 7-valent
PCV(54).

Studies of PPSV in children with SCD have
not demonstrated consistent immunogenicity or
efficacy. The immunogenicity and safety of 7-valent
PCV in children and adolescents were found to be safe
and immunogenic(55-57). The use of PPSV23 as a booster
vaccine was associated with substantial increases in
anti-PPS, while the PCV-PCV-PPSV regimen was shown
to induce greater concentrations of anti-PPS than PPSV
alone for all seven serotypes in a study of older children
and young adults(57). Based on these immunogenicity
results, current recommendations for children with SCD
include immunization with 7-valent PCV in infancy, a
booster dose at 12 to 15 months, PPSV23 at 24 months
of age, and a booster dose of PPSV 3 to 5 years later(39).

Functional and  Anatomical Asplenia
The term ‘asplenia’ describes a condition of

the absence of spleen that is generally due to surgery,
local radiotherapy, or congenital condition. The
anatomic presence of spleen with a compromised
function can be identified as functional asplenia.

The spleen is critical for initiating antibody
production and clearing opsonized bacteria from the
circulation. The most serious consequence of asplenia
is the risk of developing life-threatening infections(58,59).
Life-threatening postsplenectomy infections occur at
an estimated incidence of 0.23-0.42% per year, with a
lifetime risk of 5%(60). The highest frequency of life-
threatening infectious episodes is observed during the
first 2 to 3 years after splenectomy (near 50% within
the first 2 years). Age at time of splenectomy seems to
play an important role in determining this risk. The
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younger age was associated with the shorter the
interval to life-threatening infectious complications.

The infections observed in asplenic patients
were mainly due to the encapsulated bacteria, with an
incidence of 10-50 times higher than that in normal
population(58,61). Overwhelming postsplenectomy
infections (OPSI) were caused by S. peumoniae in about
80% of the cases(62).

Schutze et al reviewed prospectively the
clinical course of IPD in children with asplenia before
the release of PCV in United States during 1993-1999.
There were 22 asplenic patients with 26 episodes of
IPD. This represented 1% of the 2,581 episodes of IPD
identified in this study. The most common serotypes
isolated were 6B, 23F, 18C, and 19A(63).

Vaccine efficacy of PPSV23 varies by different
underlying pathological conditions. There is a
recognition that some postsplenectomy individuals did
not respond to PPSV, thus remain at high risk for
serious disease(64,65). PCV7 is attractive vaccine for use
in splenectomized individuals and was immunogenic
with between 2.2% - 14.6% of subjects failing to reach
an anti-PPS level of > 1 μg/ml(66). Even though PCV7
might increase protection, 19% of patients had disease
caused by serotypes not included in this vaccine(63).
PCV7 has been successfully used to overcome
nonresponsiveness to PPSV23 in post splenectomized
individuals(67).

Transplantation
S. pneumoniae has been an important

pathogen in patients undergoing bone marrow
transplantation (BMT) or peripheral blood stem cell
transplantation. Two patterns of pneumococcal disease
were recognized(68,69). Early-onset disease was observed
in both allogeneic and autologous BMT and peripheral
blood stem cell transplant patients within the first 35
days of transplantation. Later-onset disease occurs after
100 days, is more frequent in allogeneic than in
autologous BMT. IPD following BMT could be
recurring and complicated.

For solid-organ transplantation, recipients
were at increased risk of pneumococcal disease. The
risk varies with the nature of the transplantation;
however, recipients have a lifelong increase risk due to
the immunosuppressive therapy required for transplant
survival, and recurrent disease was common.

The risk of IPD among renal transplant
recipients was approximately 1% per year or 28
infections per 1,000 patient-years (more than 60 times
higher than the rate in the general population)(70).

Stovall SH et al reviewed medical records of cardiac
transplant patients from March 1990 to November 2000,
and found that 9 of 80 patients had 12 episodes of
pneumococcal bacteremia, accounted for an incidence
rate of 39 cases/1,000 patient years after transplantation.
Patients who were African-American, transplanted
before 2 years of age and transplanted because of
idiopathic dilated cardiomyopathy were at increased
risk of IPD (p < 0.05)(71).

Furthermore, functional hyposplenism
secondary to irradiation, chronic graft-versus-host
disease (GVHD), and decreased IgG2 antibody
contributed to risk of IPD and the poor outcomes(72).

Several investigators have reported failure to
elicit protective response to PPSV when administered
within to 2 years after the stem cell transplantation.
Similarly for solid-organ transplant patients,
immunogenicity of PPSV tends to be poor whether the
vaccine is given before or after transplantation(73,74).

In allogeneic transplant recipients, pre-bone
marrow harvesting immunization with PCV in donor
enhances the response of the recipient to PCV during
posttransplant, particularly to the first dose(75). Similar
findings was found in autologous stem cell transplant
patients,. Individuals who receive a dose of PCV prior
to stem cell harvesting had better responses to the first
PCV and overall better responses after three doses(76).
For solid-organ transplant recipients, PCV7 has been
studied in adult renal and liver transplantation. PCV7
was no more immunogenic than PPSV23(77).

A recent guidelines for preventing infectious
complications among hematopoietic cell transplantation
(HCT) recipients endorsed by the Infectious Diseases
Society of America recommended 3 doses of PCV7 with
the initial dose as early as 3-6 months after HCT, follow
by a dose of PPSV23 at 12 months to broaden the
immune response for adults or children > 2 years old.
For patients with chronic GVHD, a fourth dose of PCV
should be considered because of poor response to
PPSV23. If possible, the fourth dose of PCV should be
given before PPSV23(78).

Malignancy
Individuals with cancer have a relative risk of

pneumococcal disease 20 to 50 times that of the general
population(7). The most common type of childhood
malignancy with an incidence of approximately 4 cases
per 100,000 children below 15 years of age.

It has recently been recognized that children
undergoing therapy for acute lymphoblastic leukaemia
(ALL) are also at substantial risk for IPD(79). This
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increased risk is due to the chemotherapy-induced
impairment of the different arms of the immune system,
which may include the loss of specific antibodies and
immune memory(80). As expected, the infection may
affect children receiving intensive chemotherapy for
ALL, but a significant proportion of IPD also occurs
during maintenance chemotherapy in the absence of
chemotherapy-induced neutropenia(79). Lehrnbecher et
al indicated that patients with ALL who are
unvaccinated against pneumococci have a selective
immunodeficiency with an impaired antibody protection
against pneumococci for up to 9 months after
completion of therapy(81).

Waghorn DJ reported 77 cases of
overwhelming infection in asplenia with 50% overall
mortality. Underlying hematological malignancy was
associated with the highest death rate and S.
pneumoniae caused approximately 90% of the episodes.
Only 31% individuals had received pneumococcal
vaccination before OPSI. Seven of 17 pneumococcal
infections in immunized cases could be considered
vaccine failures(82).

Patients with multiple myeloma are attributed
to deficiencies in immunoglobulins and antibody
response, as well as decreased complement function
and neutrophil migration(83). Severe infections caused
by S.pneumoniae has been reported in these
patients(84,85). In a review of 190 patients with
pneumococcal arthritis, 6% had underlying multiple
myeloma(86).

Immunogenicity studies of PPSV in patients
with solid tumors were scarce, but found antibody titer
to be as in normal or reduced(87). In hematologic
malignancies, immunogenicity was poor, and asplenia
was also a contributing condition in many of these
patients(88-91). There has been no study of PCV in
individuals with solid tumors. Further studies are
required.

Others
Children with primary immunodeficiencies, for

example, X linked agammaglobulinaemia, common
variable hypogammaglobulinaemia, IgG subclass
deficiency, deficiencies of early components of the
classical pathway of complement and C3 deficiency,
anhidrotic ectodermal dysplasia with immunodeficiency
(caused by impaired NF-kappaB activation), and
interleukin-1 receptor associated kinase 4 deficiency
are at greatest risk for pneumococcal disease. Patients
with other complement deficiencies (alternative and third
pathway) and hyperimmunoglobulin E syndrome show

a lower risk, whereas patients with other known primary
immunodeficiencies, such as phagocytic disorders,
do not appear to be particularly vulnerable to S.
pneumoniae(92,93). Picard E et al reported the case of a
5-month-old infant with a leukocyte chemotaxis defect
who died from S. pneumoniae (serotype 23) septicemia
several hours after flexible bronchoscopy. They
suggested administering prophylactic antimicrobial
therapy immediately following bronchoscopy to
immunosuppressed children, even when an acute
respiratory infection is not suspected, in order to
prevent bacteremia and sepsis(94).

Systemic diseases include chronic cardiac,
pulmonary (including asthmatics on high dose
steroids), renal (including nephrotic syndrome),
liver disease, and patients with diabetes mellitus are
presumed to be at moderate to high risk of
pneumococcal disease. There are insufficient data from
which to calculate attack rates of pneumococcal disease
in these groups(95-97).

Patients with systemic lupus erythematosus
(SLE) may be predisposed to pneumococcal
infections(98,99). Hypocomplementemia and suboptimal
concentrations of antipneumococcal antibodies may
be the contributing factors. Pneumococcal infections
of the soft tissues are uncommon. However, there were
least three case reports of pneumococcal necrotizing
fasciitis (NF) in SLE patients(99-101). Furthermore, Frick
et al reported two cases of pneumococcal NF occurred
after intramuscular injections of nonsteroidal anti-
inflammatory drugs and Yamashiro et al also reported
a case of NF in non-viral, non-alcoholic liver
cirrhosis(102,103).

Neonatal infections due to S. pneumoniae has
been uncommon, but could be serious. Prommalikit et
al reported 3 cases of IPD in neonates(104). It is clear
that low birth weight (LBW) and preterm infants are at
an increased risk for IPD. The risk ratio for IPD for
LBW infants compared with normal birth weight infants
was 2.6 (p = 0.03), and for preterm compared with full
term infants was 1.6 (p = 0.06)(105).
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