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Abstract

Objective: To discuss the high prevalence of sickle cell disease in our environment and the increased morbidity
and mortality as a result of infection associated with this condition.

Sources of data: Review of MEDLINE from 1986 to 2003. We found around 600 references about the subject.
Thirty-five journal articles were reviewed, in addition to chapters in two text books.

Summary of the findings: We discuss general information concerning sickle cell disease as well as a few topics
about the most frequently observed infections in these patients. Drug prophylaxis and immunizations are also
covered.

Conclusions: This review hopes to provide the pediatric community with information concerning the association
between sickle cell disease and infections, so as to minimize the occurrence of complications.
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Sickle cell disease and infection

Dayana V. P. Di Nuzzo,1 Silvana F. Fonseca2

Sickle cell disease

A disease of genetic character, described for the first
time by Herrick in 1910,1,2 frequently, but not exclusively,
affecting individuals of African origin and originating from
a mutation to chromosome 11,2 resulting in the substitution
of a glutamic acid by valine at position six of the sixth
position from the N-terminal of the ß-chain of the
hemoglobin molecule, giving rise to hemoglobin S.
Erythrocytes whose predominant content is hemoglobin S
assume a shape reminiscent of a sickle under conditions
of hypoxia � from which the name sickle cell is derived �
resulting from the polymerization of hemoglobin S.3,4

The red, sickle-shaped cells, do not circulate adequately
within the microcirculation, resulting both in obstruction
of capillary blood flow and their own premature destruction.
This pathophysiologic mechanisms results in severe clinical
manifestations, with greater frequency after 3 months of
age (Table 1).3 During the first 6 months of life, these
individuals are generally asymptomatic due to high
hemoglobin F levels.1

The hemoglobin S gene is a gene with high frequency all
over America, and, in Brazil it is most frequent in the
Southeast and Northeast regions.5 In equatorial Africa,
40% of the population carry the gene, and sickle cell disease
reaches a prevalence of 2 to 3% of the population.1

Hemoglobin pathologies constitute one of the principal and
most frequent genetic diseases that afflict human beings
and, of these, sickle-cell anemia is the most prevalent
hereditary disease in Brazil,5,6 affecting between 0.1 and
0.3% of the Negroid population, with a tendency to affect an
ever-more significant proportion of the population due to
the high degree of racial intermixing in our country.5 Indeed
population studies demonstrate a growing presence of
hemoglobin S in Caucasoid individuals.6



348  Jornal de Pediatria - Vol. 80, No.5, 2004

Table 1 - Clinical manifestations of the sickle cell disease

Adapted1,2,4

Vaso-obstruction

Bone marrow necrosis (pain crises/hand-foot syndrome/femur
head necrosis)

Abnormal splenic filtration (increase in the risk of infections by
capsulated germs)

Progressive splenic fibrosis

Osteomyelitis

Acute chest syndrome

Cutaneous vasculopathy (chronic ulcers)

Priapism

Proliferative retinopathy

Cerebral vascular accidents

Renal damage (tubulopathy/chronic renal insufficiency)

Stoppage in the production of red cells (acute or chronic)

Delayed puberal growth and development

Hemolysis

Anemia (Hb between 6 and 9 g/100 ml)

Hyperbilirubinemia, jaudice and biliary pigment

Bone marrow expansion

Aplasia induced by human parvovirus B19

The mortality rate among children under 5 with sickle-
cell anemia is around 25 to 30%, and a majority of the
deaths in this group are secondary to fatal infections,
sequestration of the spleen or aplastic crises.2

While the greatest mortality rates occur during the first
2 years of life, obligatory inclusion of tests for hemoglobin
disorders in the neonatal screening battery (Guthrie test)
has been demonstrated to be an important step in the
reduction of these rates, by means of the early identification
of affected individuals and the introduction of suitable
prophylaxis and regular outpatients follow-up.2,4,6

Current life expectancy for the American sickle-cell
anemia population is 42 years for men and 48 years for
women.7,8 While this is much better than the 14.3 years of
3 decades ago, it is still well below the life expectancy of the
general population, which is evidence of the need for further
investment and progress in the treatment of these patients.7

Laboratory diagnosis of sickle-cell anemia is made
using electrophoresis of the hemoglobin, isoelectric
focusing or high performance liquid chromatography
(HPLC). Hemoglobin ß chains can be detected at an early
stage of fetal development, from the 10th to 12th week of
pregnancy, which makes prenatal diagnosis of sickle-cell
anemia possible.3

Sickle cell disease manifests in individuals who are
homozygous for hemoglobin S and in combination with
other abnormal hemoglobin forms, which can result in sickle
cell disease with a number of different degrees of severity:
co-heredity with a gene for hemoglobin C (SC), a gene for
ß+ thalassemia (SAF), or a gene for ß° thalassemia (SF), in
decreasing order of frequency.3

Sickle cell disease and infection

Infections are the most frequent complications in
individuals with sickle-cell anemia.1

In children from 0 to 6 years of age, splenomegaly is
observed resulting from congestion in the red pulp due to
sequestered sickle-shaped erythrocytes in the Billroth and
sinusoidal cords, which progress with the formation of
thromboses and infarction, culminating in atrophy and
fibrosis of the organ. This phenomenon, known as auto-
splenectomy, generally occurs by about 5 years of age.7,8

Nevertheless, even before auto-splenectomy, phagocytic
capacity mediated by opsonin and antibody production are
affected as a consequence of the persistent splenic
aggression,9 leading to functional asplenia, which becomes
permanent at around the sixth to eighth year of life.10

As a consequence of this asplenia, there will be
increased susceptibility to infections by capsulated
organisms, notably Haemophilus influenzae type b (Hib)
and pneumococcus.10,11 The risk of infection by this last
for children under five with sickle-cell anemia is
approximately 30 to 100 times greater than for healthy
children.10 These infections, accompanied by acidosis,
hypoxia and dehydration, can trigger off and/or intensify
the sickle cell crises, since they encourage the production
of inflammatory cytokines, thus increasing the expression
of endothelial adhesion cells and the adhesion of sickle-
cells and polymorphonuclear cells in the vascular
endothelium . Under these conditions, a vicious circle is
formed that is dangerous for the patient, which can
become lethal if not adequately treated. This fact justifies
the search for effective prophylaxis and management.

Furthermore, patients with sickle-cell anemia have been
observed to be at twenty-five fold risk of developing
salmonella infections, especially older children and adults.12

Before 3 years of age, infections caused by pneumococcus
and Hib still predominate.12,13

Viral infection and bone marrow aplasia

Certain types of virus are associated with transitory
aplastic crises in sickle-cell anemia patients � with special
emphasis on parvovirus B19.14 Its primary target is
immature erythroid cells.

Once patients suffering from chronic hemolytic anemia
have accentuated compensatory hyperplasia of the
erythroid series, infection by parvovirus B19, in addition
to other virus, promotes destruction of immature erythroid
cells, with a consequent stoppage in the production of red
cells, leading to an exacerbation of the already existing
anemia. Leukocytes and platelets are not generally
affected, but,  occasional ly,  leukopenia and/or
thrombocytopenia may be observed, with a possibility of
atypical lymphocytes and eosinophilia.15

Transmission is via the upper airways, blood products
and vertical transmission during pregnancy. The incubation
period varies from 9 to 17 days.14
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Possible warning signs are: fever, general unwellness,
mild gastrointestinal and respiratory pains and symptoms.
Exanthema may occur in 23% of patients, which is
difficult to see with melanodermous patients and,
therefore, in the majority of individuals with sickle-cell
anemia. The prodrome period is followed by a significant
drop in hematocrit and severe reticulocitopenia.14

The aplastic crisis persists for around 10 to 12 days15

and occurs most often during winter and spring, with peaks
in incidence every 2 to 3 years.14 Its prevalence increases
with age, varying from 2 to 10% in children under 5 years
and from 40 to 60% in adults over 20.16

Recently, nephrotic syndrome has been observed during
infection by parvovirus B19 or within 6 weeks of one. There
are also reports of cerebral-vascular complications, such as
cerebral vascular accident concomitant with the acute
anemia episode, meningitis, encephalitis and vasculitis.17

Specific etiologic diagnosis is performed by means of
serum testing and/or by identification of the virus in tissues
or blood. Tests employed are: IgG and IgM assay by
immunoenzymatic methods, radioimmunoassay and
immunofluorescence, detection by virus hybridization in
situ, polymerase chain reaction (PCR) or electron
microscope.14

Basic treatment consists of erythrocyte transfusion. The
use of immunoglobulins, a good source of neutralizing
antibodies, may be recommended for severely
immunodepressed patients.16 Bone marrow recovers in
between 7 and 10 days, and recurrent crises have not been
described.3,14,17

The most common bacterial infections

In decreasing order of frequency, the main etiologic
agents associated with episodes of invasive bacterial infection
of individuals with sickle-cell anemia are: Streptococos
pneumoniae, Salmonella spp, Hib, Escherichia coli and
Klebsiella spp.18

Pneumococcus and Hib predominantly have incidence in
children under 5 and are uncommon after this age. The
latter agent affects more male children.18

Salmonella does not have any preference by age group,
but there is a notable linear increase in incidence with
increasing age.18

Klebsiella and Escherichia coli predominantly have
incidence after 10 years of age and primarily after 20.18

It is extremely important to remember that any bacterial
infection has a large potential for progressing to sepsis in
individuals with sickle-cell anemia, very often with a lethal
outcome if not identified and treated early.

Airways

Acute otitis media may often be observed, being primarily
of pneumococcal etiology.19,20

Pneumonia by pneumococcus, Hib and salmonella is
common. The first two of these agents are particularly more

prevalent and severe among children under 5 years old,
primarily infants.20 Infections caused by atypical bacteria
may occur at any age.21

Secondary infection may occur in areas of the pulmonary
parenchyma that have suffered infarction in acute chest
syndrome,22 which presents with clinical manifestations
similar to pneumonia, such as fever, coughing, dyspnea and
chest pain. Acute chest syndrome is the second most
common cause of hospital admissions for all age groups of
individuals with sickle-cell anemia.21 In acute chest
syndrome, the use of antibiotics does not generally trigger
a rapid improvement and progress is often unfavorable.3

Osteo-articular system

Bone marrow necrosis, secondary to bone infarction,
predisposes a patient with sickle-cell anemia to complications
such as osteomyelitis and septic arthritis.12,23 These
complications are more common among the male sex (2:1),
being rare under one year of age.24

The most common clinical findings are pain, edema,
heat, rubor, increased local sensitivity and fever
(temperatures above 38.2 °C). Laboratory tests may reveal
leukocytosis (above 15,000/mm3) and increased erythrocyte
sedimentation rate.24 Differential diagnosis between
osteomyelitis and bone infarction is difficult,21 since their
clinical signs are similar. High fever with shivering and an
appearance of intoxication increase the suspicion of
osteomyelitis, and vigilance must be maintained in such
cases. Simple X-rays are of relatively limited value to
differentiating between diagnoses of osteo-articular infection
and bone infarction,24 except when a periosteal elevation in
the painful area is observed, which favors a diagnosis of
osteomyelitis. More sophisticated imaging studies, such as
bone scintigraphy or magnetic resonance imaging, have
greater sensitivity for the early diagnosis of osteomyelitis.
The performance of blood cultures is recommended (blood,
osteo-articular aspirate), and will possibly indicate bone
biopsy of the affected area.

The most often identified etiologic agent in cases of
osteomyelitis in the majority of samples is salmonella
(57%), with cases also occurring because of S. aureus, S.
pneumoniae, H. influenzae, ß-streptococcus/Klebsiella and
Escherichia coli/Enterococcus.25

Greater predisposition to osteomyelitis by salmonella is
observed among patients with sickle-cell anemia than in the
general population. In osteomyelitis caused by salmonella,
frequent multiple location bone involvement has been
documented, in contrast with other etiologies.12

In cases of septic arthritis, there is no evidence of
greater predisposition to any given pathogen, but
streptococcus appears to be more prevalent.24

Treatment consists of irrigation and surgical
debridement in selected cases, allied with appropriate
antibiotic therapy for a minimum of 21 days in cases of
septic arthritis and 40 days in cases of osteomyelitis.
Early identification of clinical signs, diagnosis and
institution of aggressive treatment are the most important
prognostic factors for satisfactory evolution.24
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Nervous system

Meningitis presents a high mortality rate among
individuals with sickle-cell anemia, in addition to acting as
a precipitating factor for cerebral vascular accidents, primarily
ischaemic.26

In a meta-analysis of studies in developing countries, it
was observed that bacterial meningitis by pneumococcus
caused more deaths and neurological sequelae than did
either Hib or meningococcus.19

Meningitis by Hib has a universal distribution, generally
being endemic, with predominance in temperate climates
and during the winter. It is transmitted by means of Flügge�s
droplets and nasopharyngeal secretions, ceasing 24 to 48
hours after antibiotic therapy is started. The incubation
period is unknown, possibly varying from 2 to 4 days. Its
clinical course is similar to that of other forms of meningitis,
making it difficult to distinguish between pneumococcal and
meningococcal meningitis. Mortality is greatest in the age
group from 0 to 4 years (in particular among those less than
1 year old), decreasing from there on.27 It is important to
emphasize that transmission may be possible throughout
the entire period during which the microorganism is present
and may be sustained even in the absence of nasal secretions,
and Hib carriers also predominate in the same age group as
peak incidence, which makes congregations (day-care
centers, schools, institutions, etc.) the focus of vigilance
and health care.27

Gastrointestinal system

In acute gastroenteritis caused by salmonella, symptoms
have onset a few hours after the ingestion of contaminated
food and manifest in nausea, and diarrhea, progressing with
abdominal pain, fever and shivering.12

The invasive disease depends on the immune status of
the host.12 Sepsis or osteomyelitis by salmonella may
overcome gastrointestinal transport with a certain frequency
by vaso-obstructive ischaemic episodes which break the
mucosal barrier.23

Gastroenteritis of pneumococcal etiology is also
encountered not infrequently.13

Abdominal pain in sufferer from sickle-cell disease is
normally attributed to episodes of vaso-obstruction, with
appendicitis being a rare event in such individuals, with
incidence below that for the general population.28 The
biological basis for this finding remains unknown.

Articles have been being published since 1950
demonstrating that hepatitis is one of the causes of liver
disease among individuals with sickle-cell anemia, and
the C virus has been identified as the primary etiologic
agent of post-transfusion hepatitis. These patients present
the risk of acquiring the infection by hepatitis C virus from
the blood transfusions to which they are submitted,1,29

especially those who received blood transfusions before
serum screening for anti-HCV antibodies in blood banks
was started. A study performed in Pernambuco also
showed an increased prevalence of infection by HCV
among those individuals who had received more than 10

units of blood-based products.29 The prevalence of
hepatitis C virus infection varies from 2 to 30% in
individuals with sickle-cell anemia, when in the overall
population it is estimated at 3%.29

Genito-urinary system

Individuals with sickle-cell anemia are susceptible to
urinary tract infection. There is predominance among women,
and the primary etiologic agents are gram-negative germs,
in particular Escherichia coli, which predominantly has
incidence after 20 years de age, possibly reflecting sexual
activity, with an increased probability of urinary tract
infections with ischaemic renal damage.18

There is also evidence of an increased incidence of
urinary tract infections among expectant mothers:
approximately twice that of the normal population,30 with
the chance of developing septicemia.

Septicemia

This a permanent risk due to the lack or reduction of
spleen function,31 primarily during the first 6 years of life,32

and it is the main cause of death among infants with sickle-
cell anemia.18

We should remember that sepsis may be the initial event
in the presentation of as-yet-undiagnosed sickle-cell
anemia,13,33 since a majority of such events occur before 3
years of age.

The main etiologic agents, in decreasing order of
frequency, are: pneumococcus, Hib, Salmonella sp,
Escherichia coli, Enterobacter sp and Acinetobacter sp. In a
Jamaican study, gram-negative microorganisms were
identified in 50% of positive blood cultures.34

The incidence of sepsis by Hib has been falling, in
contrast with what is observed of the behavior of
pneumococcus.35

It is pneumococcal etiology that represents the greatest
risk during the first 3 years of life, with peak incidence
between 1 and 2 years, being rare before six moths and
falling off after 5 years. It should be suspected in any severe
case of sepsis involving children with sickle-cell anemia
presenting high fevers. Initial clinical presentation is by
fever, vomiting and toxemia, also occurring, albeit with less
frequency, abnormal thoracic findings, meningism,
petechiae, shock and disseminated intravascular
coagulation.33 Confirmation is by blood culture.

The incidence of sepsis by salmonella is very high in
Jamaica, being the most often identified organism after 6
years of age. In one published study, septicemia by salmonella
was not observed in children under 3 years, but made up
30% of cases in children between 6 and 9 years of age, in
the vast majority (77%) associated with osteomielite.12

Septicemia by salmonella has been associated with high
mortality rates. The most common symptoms are: bone
pain, acute chest syndrome, intense jaundice, abdominal
pains, lack of appetite, vomiting and headache.36
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In sepsis caused by Hib or salmonella, the patient
presents seriously ill, with high fever and accentuated
jaundice. Diagnostic confirmation is by blood culture. Early
treatment should be instituted with ceftriaxone (100 mg/k/d,
12/12h, intravenous) or, in the absence of this, crystalline
penicillin (100,000 to 200,000U/k/d in a single daily dose)
associated with chloramphenicol (50 to 100 mg/k/d, 6/6h,
intravenous).3

Patients with previous history of bacteremia have a
greater susceptibility to recurrence,37 and should be
submitted for diagnostic investigation in the swiftest and
most aggressive manner possible. This susceptibility is
directly interconnected with early loss of spleen function.
The development of clinical splenomegaly during the first 6
months of life has been shown to be significantly associated
with an increased risk of subsequent sepsis by pneumococcus.
The possible importance of this early loss of spleen function
is based on data from Saudi Arabia, in which fetal hemoglobin
concentration is associated with preserved spleen function
and a lower incidence of sepsis.18

Prophylaxis

Prophylaxis against the complications of the disease
itself is indispensable for the least unfavorable prognosis
possible for these individuals. The basic steps are four:

� neonatal diagnosis followed by guidance and a family
education program with regular outpatients care;

� pharmaceutical prophylaxis with penicillin;

� vaccination against pneumococcus and Hib at the
appropriate ages;

� Early identification and appropriate management of
febrile episodes, treating them as potential septic events.

Early sickle-cell anemia diagnosis makes it possible to
keep the child under observation before the appearance
of symptomology and its complications and allows antibiotic
prophylaxis to be started from 3 months onwards, together
with vaccination against capsulated germs.1,2,5 This
significantly reduces the number of deaths associated
with this infirmity, particularly due to infectious problems
(from 30 to 1%),1 in addition to making better quality of
life possible.5 In countries in which neonatal screening for
hemoglobinopathies has been instituted, it has been
demonstrated that when these children receive follow-up
at specialized centers, mortality by pneumococcal
infections can be reduced from 40 to 10% and overall
mortality from 8 to 1.8%.6

The proposal of neonatal diagnosis of sickle-cell
syndromes is already very well known and was given its
impulse in the 70s in the USA and Jamaica, among other
places.5 Neonatal diagnosis, associated with an aggressive
approach to febrile episodes in infants, was effective at
preventing deaths by septicemia before the era of
prophylaxis with penicillin.32

One highly important point, essential to the adequate
management of patients with sickle-cell anemia is rigorous
outpatients follow-up, which should always be prioritized
within health services.

Pharmaceutical prophylaxis

Antipneumococcal

This has been routine since 1986.37 When started early
it has significantly reduced the incidence of bacteremia by
pneumococcus.31,21 Some studies report 84% reduction is
sepsis by pneumococcus in children given the correct
prophylaxis with penicillin.39

Recommendations are to start at 4 months or as soon as
a diagnosis of sickle-cell anemia is made, with maintenance
until 4 years3,13,34 (some authors suggest continuing until
5 years37,40). After this age, a cost-benefit relationship has
not been demonstrated that would justify continuing
prophylaxis.32,41 In some health care centers, the last dose
of penicillin is given together with the last dose of the
antipneumococcal vaccine, in contrast with other centers
that firmly suggest  the maintenance of this type of
prophylaxis, particularly in those children with recurring
episodes of sepsis by pneumococcus. The Buffalo Hospital
in New York, for example, recommends such a continuity,
maintaining a posological penicillin regime administered
orally and rigorous outpatients follow-up: every two months
until 6 months, every three months from 6 months until 2
years and, thereafter, twice-yearly.40

It is important to emphasize that this type of prophylaxis,
while necessary, may not be sufficient to avoid the occurrence
of severe infections resulting from non-compliance with
treatment, the appearance of pneumococcal resistance to
penicillin, or from infections by other capsulated organisms.

The resistance of pneumococcus to penicillin is a growing
problem all over the world. Rates of total or intermediate
penicillin resistance are increasing, as studies performed in
European countries show.13,19

The first reports of penicillin-resistant strains of
pneumococcus were published in 1967. In 1974, the first
infection in the USA by one of these strains occurred in a
patient with sickle-cell anemia. Since then there has been
an increase in cases of invasive infections by these strains,
although their incidence varies widely depending upon
geographical location.18

In a study using placebo versus penicillin, the incidence
of sepsis by pneumococcus was 84% lower, and there were
no deaths from this cause in the group given penicillin.41

This study was continued with older children, showing a low
incidence of sepsis, but without demonstrating statistically
significant benefits from continuing this type of prophylaxis
after 5 years of age. They found that 4% of the patients were
colonized by penicillin-resistant pneumococcus, but that
prophylaxis with penicillin was not associated with increased
rates of this colonization.41 A total of 33% of the strains
isolated were resistant to penicillin, with 64% of these
presenting intermediate resistance.35 In Jamaica, penicillin-
resistant organisms are rare.13

Prophylaxis with penicillin does not appear to increase
the rate of colonization by resistant pneumococcus strains.35

The difficulty in obtaining compliance with this type of
prophylaxis lies in the patient�s difficulty in understanding
the need for continuous use of the medication when
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asymptomatic and, for many of them, the fact that the
practice prevents a restricted risk of infection is
unacceptable.42

In a study performed in order to assess patient compliance
with this type of prophylaxis, it was found that this was
greater among patients with private health insurance than
among those dependent on the public health system. The
reasons for this finding were not explained.40 In many
studies, poor compliance is related with any type of
pharmaceutical intervention on the part of patients suffering
from chronic diseases. In the case of sickle-cell anemia, the
lack of immediate results is added to this motive.40

The recommended regime is:

� oral penicillin in a 125 mg dose for children under 2 years
and 250 mg for those over 2, daily, every 12 hours; or

� benzathine penicillin every 21 days, in a 300,000 UI
dose for children weighing less than 10 kg, 600,000 UI
for those weighing between 10 and 27 kg, and 1,200,000
UI for those over 27 kg.

For individuals who are allergic to penicillin the use of
erythromycin is recommended in 125 mg doses, twice a day,
every day, from 4 months to 3 years, and 250 mg, twice a
day, every day, from 3 to 4 years of age.13

At a recent pediatric infectology convention, it was
suggested that parents be instructed to administer 20
mg/kg/day of amoxycillin to children with sickle-cell anemia
who present febrile episodes at home, followed by immediate
medical attention (XIII Congresso Brasileiro de Infectologia
Pediátrica, November 2002, Salvador, Bahia).

The sustained use of penicillin does not interfere in
immunoresponse to re-vaccination.38

Immunization

Antipneumococcal vaccine

The polysaccharide capsule is the primary factor in the
virulence of pneumococcus, of which 90 different serotypes
have already been described. Their prevalence frequently
varies with age group and geographical area.43

Preparation of the antipneumococcal vaccine is more
complex than for the anti-Hib vaccine. There are six Hib
serotypes  that cause invasive infections, in contrast with
pneumococcus, of which more than 90 serotypes have
been identified. Furthermore, conjugated vaccines can
only contain a certain number of serotypes because of
problems with volume.43

Antipneumococcal vaccines were first licensed in the
USA in 1946, but disappeared from the market with the
advent of antibiotic usage, especially penicillin. However,
despite the use of antimicrobials, diseases caused by
pneumococcus maintained their virulence and high
mortality rates all over the world, meaning that interest
in antipneumococcal vaccines resurfaced in 1977. In
1983, the 23-valent antipneumococcal vaccine was
licensed, indicated for children over two years old, in
particular those with asplenia.40

Despite the immunological abnormalities observed in
individuals with sickle-cell anemia, American studies have
demonstrated that they do respond to the antipneumococcal
vaccine,10 in contrast with a study performed by Bjornson,
which reported a muted response to vaccination among
patients with sickle-cell anemia.20

A recent study performed in the city of São Paulo
assessed the response to immunization with the 23-valent
antipneumococcal vaccine and reported an adequate level
of antibody production, although the intensity of the response
was greater in children over 6 years old. Efficacy was very
low in those under 2 years old.10

Before 24 months, the 23-valent antipneumococcal
vaccine did not exhibit good response, with low antibody
production, rapid drops in serum levels and absence of
immunoresponse.20

Currently on the market there are four types of conjugated
antipneumococcal vaccine, depending of the serotypes
contained:

� 7-valent: serotypes 4, 6B, 9V, 14, 18C, 19F, 23F,
responsible for 69 to 79% of  invasive pneumococcal
disease cases in children under 5 years old (European
epidemiological data);

� 9-valent: adds the serotypes 1 and 5 to the previous
vaccine, covering 77 to 87% of cases;

� 11-valent: further adds serotypes 3 and 7F, covering 82
to 91%;

� 23-valent: serotypes 1, 2, 3, 4, 5, 6B, 7F, 8, 9N, 9V, 10A,
11A, 12F, 14, 15B, 17F, 18C, 19F, 19A, 20, 22F, 23F and
33F.

Response to the vaccine exhibits individual variations
and is not homogeneous for all individuals. Vaccination
affords a good level of protection, but not total. This being
the case, it is recommended that antibiotic prophylaxis with
penicillin be continued in association with immunization.
Antipneumococcal vaccination appears to moderate the
clinical course of the invasive disease, but it does not alter
its mortality rate.13

Children vaccinated after 2 years of age exhibit a good
response to immunization, although with a rapid fall in
antibodies, requiring re-vaccination 5 years after the first
dose.20 The World Health Organization recommends
revaccination 10 years after the first dose, but
immunodepressed children under 10 years old exhibit earlier
falls in antibodies and should be re-vaccinated 3 to 5 years
after the first dose.20

The 7-valent vaccine has been liberated for use from 2
months to 2 years (four doses).

The 23-valent vaccine is recommended at 2 years, with
a booster dose at 5 years.

Currently, the development of vaccines with a good level
of protection for infants is considered a priority.

The following vaccination regime is suggested: 7-valent
conjugated antipneumococcal vaccine at 2, 4 and 6 months,
with a booster dose between 12 and 15 months. This last
dose can be performed with the 23-valent antipneumococcal

Sickle cell disease and infection � Di Nuzzo DVP & Fonseca SF



Jornal de Pediatria - Vol. 80, No.5, 2004  353

vaccine, which, according to some studies, allows significantly
higher antibody titers. In non-vaccinated children older
than 7 months, the following regime is suggested: between
7 and 11 months give three doses (0-1 month to 1 year).
Between 12 and 23 months, two doses (0-2 months).
Between 2 and 9 years, a single dose.

Anti-Hib vaccine

The capsulated strains of Hib are split into six serotypes
based on the antigenic structure of the polysaccharide
capsule.43 The conjugated vaccine was developed in 1980
and has proven safe, immunogenic and highly effective
when used on infants, which fact led to an extensive
campaign to add this vaccine to the calendar of obligatory
vaccinations, particularly in developing countries, where
high rates of morbidity and mortality by Hib are estimated
in children under 5. This led to the virtual disappearance of
the invasive disease in many industrialized nations.44

Vaccination against Hib was begun around 11 years
ago almost everywhere and has become the primary
preventative measure against the most invasive clinical
forms of this microorganism, especially meningitis.27

Routine vaccination is capable of preventing Hib carriers
from being colonized, thus reducing transmission to the
susceptible population. The vaccine�s efficacy is elevated,
varying from 95 to 100%, but this effectiveness does not
yet reach 100% of the target-population, remaining fixed
at 87 and 88%. According to recommendations from the
Centers for Disease Control and Prevention (CDC), failure
of this vaccine is an uncommon event.27

The incidence of invasive disease by Hib has been
drastically reduced by means of vaccination.34

The following vaccination regime is suggested: at 2, 4,
6 and 15 months. For non-vaccinated children between 12
and 18 months, give two doses with a two-month interval.
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