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Introduction  

Sickle cell disease (SCD) is the most common 

inherited blood disorder in the United States (US); it 

affects about 70,000 to 80,000 Americans. The disease 

is estimated to occur in 1 in every 500 African 

Americans and 1 in every 1,000 to 1,400 Hispanic 

Americans [1].  Sickle cell disease is a genetic 

hemoglobin disorder. The sickle cell gene carries a 

single mutation leading to the substitution of valine for 

glutamic acid at the sixth amino acid position of the β  

 

 

 

globin chain. When the hemoglobin molecule is in the 

deoxygenated state or when the oxygen saturation is 

lowered, this change in the amino acid leads to 

polymerization of the hemoglobin resulting in 

deformity. These sickled cells become trapped in the 

capillaries and adhere to blood vessel linings 

preventing blood flow to various vital organs [2].    

The inheritance of various sickle cell genes results in 
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differing variations of sickle cell disease. The sickle 

cell trait is the result of a single sickle cell gene. 

Children with sickle cell trait are usually without 

symptoms of the disease because they have both 

destructive and normal hemoglobin. Sickle cell 

anemia occurs when the child has inherited the sickle 

cell gene from both parents. Most of the normal 

hemoglobin is replaced with the sickle hemoglobin 

(HbS). This is referred as HbSS. It is the most common 

and most severe form of the sickle cell variations.  

Patients with sickle cell hemoglobin SC disease have 

one copy of both HbS and HbC genes, which is 

referred as HbSC. Children with sickle cell HbSC 

disease may suffer from a milder form of some of the 

complications that are usually experienced by patients 

with sickle cell HbSS disease. Individuals with 

Sβ0Thal have one HbS gene and one gene of 

hemoglobin beta-thalassemia. The beta-thalassemia 

gene (β0Thal) indicates that the patient lacks normal 

hemoglobin A [3]. 

Sickle cell disease was once considered a childhood 

illness since relatively few patients survived very far 

into adulthood. Although improved over the past few 

years, the life expectancy only averages 42 and 48 

years of age in men and women, respectively [1]. 

Hallmark complications include vaso-occlusive crises 

leading to organ damage and severe pain. Pulmonary 

hypertension, stroke, anemia, kidney problems, liver 

problems, gallbladder disease, and spleen damage are 

also common complications [4]. The immune system 

of patients with splenic dysfunction has reduced 

ability to clear antigens.  SCD patients are therefore 

most susceptible to respiratory infections and 

septicemia, especially those that are caused by 

encapsulated bacteria such as pneumococci [5]. The 

most common cause of death in children with sickle 

cell disease is infection, and it is the most apparent in 

patients with genotype SS and Sβ0Thal [6]. 

The U.S Preventive Services Task Force recommends 

early screening in childhood for sickle cell disease. 

Screening has become widely available due to the 

positive evidence that early detection of sickle cell 

disease followed by prophylactic oral penicillin can 

reduce the risk of deadly infections in this population 

[7]. In addition, educating parents about the early 

warning signs of infections may hasten appropriate 

care. The American Academy of Pediatrics supports 

these suggestions and recommends the use of 

penicillin prophylaxis in children with sickle cell 

disease under the age of five and in older children who  

have had a previous severe pneumococcal infection or 

have functional/surgical asplenia [8]. Although the 

efficacy of penicillin prophylaxis has been well 

established for pneumococcal infection in sickle cell 

patients, whether continuing prophylaxis beyond 5 

years of age and the influence of penicillin on inducing 

streptococcal resistance remain to be areas of 

controversy [9]. This article will discuss the 

pathophysiology, pathogenesis, virulence factors, 

epidemiology, prevention and resistance of 

pneumococcal disease in patients with SCD and the 

efficacy of penicillin prophylaxis for this potentially 

fatal infection.  
 

Immune function of the spleen  

Organ damage in sickle cell disease results when 

sickled red blood cells block blood vessels, reducing 

oxygen-rich blood flow. The most common and 

earliest organ to be affected in sickle cell anemia is the 

spleen. The progression to asplenia begins early in life 

when the spleen becomes enlarged due to entrapped 

red blood cells. It then undergoes atrophy leading to a 

shrunken and nonfunctional spleen. In other cases, the 

enlarged spleen persists, requiring splenectomy to 

prevent complications such as splenic abscesses and 

severe anemia. Studies indicated that by 5 years of age, 

94% of patients are affected with the absence of 

splenic function [10]. 

Spleen acts as a major filter of blood in the body; it 

filters about 5% of the total cardiac output every 

minute.  During this process, if the blood contents are 

discharged into the cords of the red pulp, these blood 

cells contents, which potentially include bacteria, can 

be in prolonged and close contact with the 

macrophages in the splenic cells.  This interaction will 

in turn activates the phagocytosis of the pathogens.  

On the other hand, the white pulp, which is divided 

into T lymphocyte zones and follicles that contain B 

cells, macrophages and dendritic cells, helps clear the 

lymphocytes from the blood so that the spleen can start 

its own adaptive immune response.  By producing 

anti-polysaccharide immunoglobulin M (IgM), the B 

cells and the dendritic cells can capture antigens, 

especially the poorly opsonized encapsulated bacteria 

such as Streptococcus pneumoniae (S. pneumoniae), 

Haemophilus influenzae type b (Hib) and Nesseiria 

meningitidis. These cells can also promote both T cell-

dependent and –independent immune response. Thus, 

a defective spleen, like in the case of patients with 

sickle cell disease, can lead to increased risk of 

bacterial infections and autoimmunity [11].   
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Pathogenesis, pathophysiology and virulence 

factors of pneumococcal infection  

S. pneumoniae is an organism that is colonized in the 

upper respiratory tract of many healthy individuals.  

The attachment of such pathogens to the respiratory 

tract is thought to be mediated by a disaccharide 

receptor on fibronectin of pharyngeal epithelial cells 

[12]. The mechanisms by which these pathogens 

translocate from the nasopharynx to the lung or the 

blood are not well understood.  The hosts’ immune and 

clinical status and the virulence of the strains of the 

pathogens play an important role in determining 

whether or not they will be invasive or just be confined 

to the nasopharynx.  For example, the reduction in 

mucosal secretion, ciliary transport, and the amount of 

secretory immunoglobulin A (IgA) in the respiratory 

tract may increase a host’s risk of having the 

pneumococci gain access to the bronchi and the lungs 

[13].  

Unrestricted and potentially harmful proliferation of 

pneumococci at the site of infection does not usually 

occur in healthy individuals, but this may not be the 

case in SCD patients.  Several theories have been 

postulated by scientists explaining the immune 

response to pneumococci in patients with SCD.  A 

defect in the alternative pathway of complement 

activation has been observed, but the exact site of this 

defect is not well known.  Patients with SCD possess 

reduced opsonic activity against S. pneumoniae [14]. 

This reduced activity is more pronounced in patients < 

2 years of age.  Chudwin et al [15] found that the type 

7 pneumococcal polysaccharide antibody 

concentration and opsonic activity of 6 patients less 

than 2 years of age did not differ significantly after 

immunization, but this was not the case in patients >/= 

2 years old. Also, the activated complement 3 (C3) 

generated by the alternative pathway of complement 

activation in SCD patients is thought to be ineffective 

in helping with the phagocyctosis and the intracellular 

destruction of the pneumococci by poly-

morphonuclear leukocytes [16]. Even though the sera 

from SCD patients facilitates adherence to the 

pneumococci, it does not increase uptake and killing 

of the pathogens.  Bjornson et al [17] found that 

adherence was observed to be in the low-normal range 

in SCD patients in the absence of added 

immunoglobulin.  The anaerobic intracellular and 

extracellular conditions in SCD patients are also 

favorable factors in increasing the risk of 

pneumococcal infection.  These conditions can occur 

in areas of hypoxia (e.g. spleen, lung and bone) due to 

the reduction in hemoglobin S saturation [18]. Lastly, 

researchers have postulated a causative role for other 

immune deficiencies causing the increased 

susceptibility of SCD patients to acquire 

pneumococcal infection.  For example, Dimitrov et al 

[19] observed that the function of leukocytes in SCD 

patients can be defective, and there can be an 

inadequate amount of intracellular hydrogen peroxide 

and hexose monophosphate shunt activity during 

phagocyctosis. 

Infections with encapsulated bacteria such as 

pneumococcal species is thought to be the most 

detrimental in patients under the age of two. The 

capsule allows for avoidance of phagocyte killing.  In 

healthy adults, however, this can be overcome by 

antibody production. Children less than 3 years of age 

are especially prone to these infections due to the fact 

that their immune system has reduced ability to target 

encapsulated pathogens [20]. Infants, for example, 

physiologically lack IgM memory B cells, and 

therefore, cannot produce natural antibodies to combat 

the encapsulated pathogens mentioned previously.  

Injury to the spleen from sickle cell disease further 

impairs the development of these IgM memory B cells 

and increases the risk of infection [11].  

Other major virulence factors of S. pneumoniae 

include, and are not limited to, its complement factor 

H-binding component, autolysin, and peptide 

permeases.  The complement factor H-binding 

component may inhibit the hosts’ complement 

activation and phagocyctosis of the pathogens.  On the 

other hand, autolysin can promote the release of 

pneumolysin, which, at low concentration, can inhibit 

bactericidal activity of polymorphonuclear 

leukocytes.  It can also inhibit ciliary movement of 

epithelium preventing the clearance of the pathogens 

from the respiratory tract.  Besides this, peptide 

permeases can enhance adhesion of pneumococci to 

endothelial cells.  All these factors play an important 

role in the virulence of these common but potentially 

deadly bacteria in a human host [21]. 
 

Epidemiology of pneumococcal infection in sickle 

cell disease  

S. pneumoniae is the cause of infection in more than 

70% of all cases in children with sickle cell disease 

[22]. The chance of acquiring pneumococcal 

meningitis in children with sickle cell disease is 36 

times greater than in African American children not 

diagnosed with sickle cell disease and 314 times 

greater than in Caucasian children [22].  The average 

incidence of meningitis in patients with sickle cell 
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anemia is about 30 cases per 100,000 population and 

is only 1.36 cases per 100,000 population in healthy 

subjects [22].  The relative risk of infection caused by 

S. pneumoniae in young patients with sickle cell 

disease compared to healthy children is about 300, 

with a mortality rate of 15% [11].   
 

Pneumococcal septicemia progresses rather quickly, 

often escalating from onset to death in less than 12 

hours [5]. The most prevalent pneumococcal serotypes 

affecting children with sickle cell disease are types 6, 

14, 18, 19, and 23. These are also the serotypes that 

clinical trials typically report in vaccine failures 

[22].Thirty-five percent of pneumococcal sepsis and 

10% of pneumococcal meningitis resulted in fatality 

before penicillin prophylaxis becoming a routine 

practice [23]. During these early years, infection 

among children younger than 5 years old occurred at 

3.2 to 6.9 events per 100 patient years [23]. At this 

same time, children from 6 to 19 years old suffered 

from 0.1 to 0.2 events per 100 patient years [23]. This 

shows the need for prophylaxis in our younger 

population. The risk of severe S. pneumoniae infection 

is thought to decrease with age; however, those aged 5 

to 21 years are still at an increased risk of 10-40 times 

that of the general population in obtaining an infection. 

One potential reason that the risk of pneumococcal 

infection is reduced in older patients is probably due 

to the completion of the pneumococcal vaccine series.  

Also, as mentioned earlier, patients less than 2 years 

old may potentially have more pronounced reduction 

in opsonic activity.  In fact, Chudwin et al [15] found 

that the type 7 pneumococcal polysaccharide antibody 

concentration and opsonic activity of 6 patients less 

than 2 years of age did not differ significantly after 

immunization, but this was not the case in patients >/= 

2 years old.  Because of this, it has been postulated that 

penicillin prophylaxis could be discontinued in early 

childhood [6,9]. 
 

Pneumococcal colonization in children with sickle 

cell disease 

The risk of developing invasive infection caused by S. 

pneumoniae is greatly associated with nasopharyngeal 

colonization [24,25]. The prevalence of colonization 

in the general pediatric population is believed to be 

similar to that of the sickle cell population [26,27]. 

According to Battersby et al [28], nasopharyngeal 

colonization with S. pneumoniae is believed to be 

around 30 – 40% in children with SCD.  However, in 

one study by Fonseca et al [24], the prevalence of such 

colonization was found to be only 13.3% in Sao Paulo, 

Brazil, whereas the rate of colonization was found to 

be around 27% at an academic center in San Antonio, 

TX, United States [29].  

The rate of nasopharyngeal colonization with S. 

pneumoniae is influenced by different factors ranging 

from geographic location to study population.  In one 

study, patients less than 2 years of age (p <0.001) and 

patients attending day care for more than 20 hours per 

week (p = 0.00005) were found to have increased 

incidence of pneumococcal colonization [30].  

Fonseca et al [24] also found that patient aged </= 2 

years old were at risk for colonization when compared 

to other age groups.  This study did not show day-care 

attendance as a risk factor probably due to the low 

percentage of patients who attended such environment 

in the study.  Regardless of the difference in findings, 

preventive measures should be implemented 

especially for these groups of patients with SCD. 

The effect of pneumococcal vaccination on the 

nasopharyngeal carriage of S. pneumoniae and other 

respiratory pathogens is of great interest.  Some 

reports demonstrated that even though pneumococcal 

vaccine helps reduce the carriage of vaccine-type S. 

pneumoniae, it potentially may increase the carriage 

of other pathogens such as H. influenzae [31]. 

Researchers like van Gils et al [32] also observed that 

there was a temporary increase in Staphylococcus 

aureus (S. aureus) colonization at 12 months of age in 

infants who had finished 3 doses of the 7-valent 

pneumococcal conjugate vaccine.  On the contrary, 

pneumococcal vaccination was not shown to have any 

effect on other pathogens’ carriage rates (specifically 

H. influenzae, Moraxella catarrhalis, and S. aureus) in 

Fijian infants [33].  Further researches are needed to 

determine if this effect of pneumococcal vaccine on 

the carriage rates of other pathogens truly exists.  
 

Prevention of pneumococcal infection in sickle cell 

disease 

In order for prophylactic agents to be initiated, a 

diagnosis of SCD has to be made. Newborn screening 

programs for hemoglobinopathies broke ground in the 

1970s. Health departments implemented screening 

programs in New York in 1975, Illinois in 1989, and 

California in 1990 [34]. Other states soon followed 

suit. The findings of these screening reports indicated 

low mortality rates when children were diagnosed 

with SCD soon after birth [34]. Newborn screening is 

very useful and allows physicians to initiate infection 

prevention with penicillin and pneumococcal 

vaccination at age appropriate times. Another option 
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is prenatal screening when the mother can find out 

whether she has HbS or other hemoglobinopathies 

[35]. If she has abnormal hemoglobin, the newborn 

will then be tested. If her hemoglobin is normal, the 

newborn will not be tested. Either way, screening in 

some shape or form is important to identify those 

children with sickle cell disease before 3 months of  

age when their symptoms may start to surface.The  

mainstay of evidence for penicillin prophylaxis comes 

from the Prophylactic Penicillin Study (PROPS) trial, 

which concluded that penicillin V potassium 125 mg 

orally twice daily (BID) is recommended in those 

patients less than 3 years of age [5]. Patients aged 3 to 

5 should receive penicillin V potassium 250 mg orally 

BID [4].  Another oral option that can be substituted 

for penicillin is amoxicillin at 20 mg/kg/day [8]. 

Monthly intramuscular injections of benzathine 

penicillin 600,000 units were used in older trials and 

have been used in other countries [36, 37]. This form 

of administration can be considered if compliance is 

an issue.  Erythromycin is an option if the child is 

allergic to penicillin. The dose of erythromycin for 

those less than 3 years of age is 125 mg orally BID 

[36]. For those aged 3 to 5, the erythromycin dose is 

250 mg orally BID. The various medications and 

dosages are listed in Table 1. 
 
 

Table 1. Prophylactic Options for Infectious 

Caused by Streptococcus pneumoniae 

[4,5,8,36,37] 

Medications Age Dose 

Penicillin V 

potassium 

< 3 years old 125 mg PO BID 

Penicillin V 

potassium 

≥ 3 years old 250 mg  PO BID 

Amoxicillin  No defined 

age 

20 mg/kg/day 

PO 

Benzathine 

Penicillin 

No defined 

age 

600,000 units IM 

monthly 

Erythromycin < 3 years old 125 mg PO BID 

Erythromycin ≥ 3 years old 250 mg PO BID 
BID = twice daily; IM = intramuscular; PO = oral 

  

Another preventive measure for children with sickle 

cell disease is the pneumococcal vaccine.  Since the 

advent of pneumococcal vaccination in 1977, the rates 

of invasive pneumococcal disease have markedly 

decreased among children [38].  Pneumococcal 

vaccination is therefore considered the mainstay of 

preventative therapy and is highly recommended by 

the Centers for Disease Control (CDC) and the 

Advisory Committee on Immunization Practices 

(ACIP) in the U.S. [39].  

Produced in 1977, the 14-valent vaccine (PPV14) was 

one of the first vaccines developed for pneumococcal 

disease prevention. After a meta-analysis 

demonstrated that PPV14 failed to significantly reduce 

the risk of infection in children under three years of 

age, the pneumococcal polysaccharide vaccine 

(PPSV23) was brought to the market and replaced the 

14-valent vaccine in 1983 [40]. The PPSV23 vaccine 

has been shown to protect against 80-90% of serotypes 

that cause invasive pneumococcal infections. 

However, since the polysaccharide vaccine provides 

little protective immunity in infants and young 

children, an effective vaccination is needed in children 

less than 3 years of age [41]. In 2000, the U.S. Federal 

Drug Administration (FDA) approved a 7-valent 

conjugate vaccine that accounted for 80-85% of 

invasive pneumococcal serotypes in infants and 

toddlers [42]. The Active Bacterial Core surveillance 

data, however, indicated that in 2008, a total of 61% 

of invasive pneumococcal disease cases among 

children aged <5 years were attributable to the 

serotypes covered in the currently-available 13-valent 

pneumococcal conjugate vaccine (PCV13), with 

serotype 19A accounting for 43% of the cases; PCV7 

serotypes caused only <2% of the cases. In fact, three 

additional serotypes, (19A, 7F, and 3) accounted for 

99% of the cases [43]. Broadening the coverage of the 

PCV7 vaccine serotypes was therefore highly 

desirable. On February 24, 2010, the FDA licensed a 

13-valent pneumococcal conjugate vaccine. PCV13 is 

a pneumococcal conjugate vaccine that includes the 7 

serotypes (4, 6B, 9V, 14, 18C, 19F, 23F) from PCV7 

plus an additional six serotypes (1, 3, 5, 6A, 7F, 19A). 

Studies have shown that PCV13 is both safe and 

effective in preventing pneumococcal disease in 

children with SCD. In a study evaluating vaccine 

efficacy in high-risk patients, among those were 

children with SCD aged 6–18 years, 1 dose of PCV13 

elicited significant immune response for all 13 

serotypes as measured by serotype-specific IgG 

concentrations [44]. Because of this data, children 

with or without SCD should receive PCV13 at 2 

months, 4 months, 6 months, and 12 months through 

15 months of age.   

Besides the PCV13 vaccine, children with SCD should 

also receive the PPSV23 vaccine.   The pneumococcal 

polysaccharide vaccine was shown to be 80.4 % 

effective within 3 years after vaccination in pediatric 

patients with SCD (95% Cl 39.7 to 93.6; p <0.01) in 



7 
 

 

J o u r n a l  o f  P e d i a t r i c  S c i e n c e s  
 

2015;7;e246 

that they were less likely to be infected with 

pneumococcal serotypes that were in the vaccine [45]. 

Patients with SCD should receive the first PSSV23 

vaccine at age 2 with at least an 8-week interval after 

the child’s final dose of PCV13. These children should 

receive a second dose of PPSV23 five years after the 

first PPSV23 dose since the sustained protection of the 

vaccine over time is limited [46]. Together, these 

vaccines (i.e. PCV13 and PSSV23) can greatly cover 

most of the strains seen in invasive pneumococcal 

infections in both children and adults, especially in the 

SCD population [47].  
 

Efficacy of penicillin prophylaxis 

A Cochrane Review was recently published in 2012 

that assessed the effects of prophylactic antibiotic 

regimens for preventing pneumococcal infections in 

children with sickle cell disease. Their objectives were 

also to explore the appropriate age that prophylactic 

penicillin could be discontinued and the adverse 

effects of penicillin from long-term prophylaxis. The 

review included three randomized, controlled trials 

comparing prophylactic antibiotics with placebo, no 

treatment or a comparator drug in preventing 

pneumococcal infection in children with sickle cell 

disease [6].  
 

Selection criteria for trials considered for review were 

trials with children under the age of 16 years with 

homozygous sickle cell disease (HbSS), sickle beta 

thalassemia (Sβ0Thal and Sβ+Thal) and sickle cell 

hemoglobin SC. Primary outcomes included 

infections caused by S. pneumoniae and deaths. 

Secondary outcomes were adverse drug effects, 

antibiotic resistance, requirement for other course of 

antibiotics, and compliance with antibiotic 

prophylaxis [6].  
 

Primary outcomes demonstrated a significant 

reduction (OR 0.37, 95%CI 0.16 to 0.86) of 

pneumococcal infection in children treated with 

penicillin.  Overall, there were not any significant 

differences in the number of deaths among 

participants treated with penicillin prophylaxis and 

those who were not treated. The authors concluded 

that longer and larger trials are required to determine 

the impact on mortality [6].  
 

For the secondary outcomes, minimal adverse effects 

of prophylactic therapy were seen and no significant 

differences in antibiotic resistant organisms were 

isolated. Endpoints such as the requirement for other 

antibiotics and compliance were unable to be 

accurately assessed due to the lack of data in the 

included trials. The authors in this Cochrane review 

concluded that penicillin prophylaxis reduced the 

incidence of pneumococcal infections in children with 

sickle cell disease under the age of 5 years and the risk 

of infection over 5 years of age was lower with no 

increase in the risk from discontinuing penicillin at 

this age [6]. These three trials in the Cochrane review 

validated the efficacy of antibiotic prophylaxis for 

pneumococcal infection in patients with SCD.  
 

One of the first studies to look at the prevention of 

pneumococcal infection in children with SCD was by 

John et al in 1984 [37]. This trial looked at the efficacy 

of penicillin prophylaxis and the efficacy of the 14-

valent pneumococcal vaccine in children aged six 

months to three years with homozygous sickle cell 

disease (SS) in preventing pneumococcal infection. 

Children could not be included if they had a 

documented pneumococcal infection or if they had 

undergone a splenectomy in the past. There were four 

different treatment groups: penicillin + 14-valent 

pneumococcal vaccine, 14-valent pneumococcal 

vaccine alone, penicillin + Haemophilus influenzae B 

vaccine, and Haemophilus influenzae B vaccine alone. 

The Haemophilus influenzae B vaccine was used as a 

control. The 14-valent pneumococcal vaccine 

contained antigens 1, 2, 3, 4, 6A, 7F, 8, 9N, 12F, 14, 

18C, 19F, 23P, and 25. The penicillin was given 

intramuscularly as a long-acting benzathine penicillin 

at a dose of 600,000 units once a month [37].  
 

Data was collected for a span of five years. During this 

time, there were 13 isolates of pneumococcus; 11 of 

these occurred in children who had received the 

pneumococcal vaccine. Only one serotype of the 

pneumococcus (type 36) was not included in the 

vaccine. The most common serotype isolated was type 

23 which accounted for five cases. No pneumococcal 

isolates were seen in children receiving penicillin 

prophylaxis. After stopping penicillin prophylaxis, 

pneumococcal isolates were found in 7 children at 36 

months of age. The most common adverse effect was 

transient pain occurring at the site of injection in the 

penicillin group. Due to this adverse reaction, 

penicillin prophylaxis was stopped at 36 months. This 

reaction also led to future trials using oral penicillin as 

a prophylactic option in children with SCD. This data 

suggested that pneumococcal vaccines given before 

two years of age did not guarantee protection against 

infection from pneumococcus; the authors suggested 

that vaccine boosters might be needed in the future. 

This trial confirms that penicillin offers the most 
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effective means of prophylaxis and should be 

continued past three years of age [37].  
 

The PROPS trial published by Gaston et al [5] in 1986 

guided the recommendations for penicillin 

prophylaxis in sickle cell patients.  PROPS was a 

multicenter, randomized, double-blind trial conducted 

in the United States between August 1983 and June 

1985. The purpose of the trial was to test whether the 

administration of penicillin twice a day would reduce 

the incidence of bacterial infection in a population of 

children with sickle cell anemia under the age of 3 [5].  
 

Patients were included if they were between 3 to 36 

months of age with hemoglobin SS. Patients were 

excluded if they were receiving long-term antibiotics 

or transfusion therapy. Patients were randomized to 

receive 125 mg of penicillin orally BID (n=105) or 

vitamin C 50 mg orally BID as placebo (n=110). The 

primary endpoint was documented severe infection of 

pneumonia. The secondary endpoint was infection due 

to an organism other than S. pneumoniae. Patients 

were seen at the clinic every three months. The clinic 

visits included a complete blood count, medical 

history, physical examination, a pill count, and urine 

collection to assess penicillin adherence. Blood and 

urine cultures were obtained when a child developed a 

severe infection in order to determine the presence of 

S. pneumoniae [5]. 

The study was terminated 8 months early due to an 

84% reduction in S. pneumoniae infection in the 

penicillin group compared to the placebo group 

(p=0.0025). During the trial, 15 patients developed 

pneumococcal septicemia, 2 in the penicillin group 

and 13 in the placebo group. Infections occurred 

primarily in the younger children with 8 patients 

(53.3%) younger than 2 years of age, 5 patients 

(33.3%) who were 2 to 3 years of age, and 2 patients 

(13.3%) who were greater than 3 years of age. Four of 

the infected children who received placebo developed 

fulminant disease. Three of these patients proceeded 

from onset of fever to death in less than 9 hours. All 

three of these patients had received the 14-valent or 

23-valent pneumococcal vaccine. The fourth child 

survived but had severe neurological impairment due 

to a cerebrovascular accident. No fatalities had 

occurred in the patients treated with penicillin. 

Compliance was hard to determine since urine 

samples were collected at only 31% of the scheduled 

return appointments and 34% of the appointments 

were missed. No allergic reactions were reported, and  

penicillin prophylaxis was well tolerated. The authors 

concluded that neonatal detection of sickle cell anemia 

should be a high priority and be the first step in the 

prevention of mortality and morbidity in patients with 

SCD. The authors recommended that babies identified 

at birth should receive penicillin no later than 4 months 

of age and that prophylaxis should continue beyond 

the third birthday [5]. 

After noting efficacy in the PROPS trial, the 

“Discontinuing penicillin prophylaxis in children with 

sickle cell anemia” trial, or the PROPS II trial, was 

conducted to determine the length of prophylaxis [19]. 

It is thought that older, school-aged children with 

sickle cell anemia appear less likely to develop 

pneumococcal bacteremia without penicillin 

prophylaxis. The adverse effects of penicillin 

prophylaxis past age 5 have not been well studied but 

are thought to increase the quantities of antibiotic-

resistant strains of S. pneumoniae. The objective of 

this trial was to determine any adverse consequences 

of discontinuing penicillin prophylaxis in children 

with SCD after the age of 5 who had been on long-

term penicillin prophylaxis [48]. 

Children with SS and Sβ0Thal were included if they 

had received penicillin prophylaxis for at least 2 years 

immediately before their 5th birthday and had received 

the 23-valent pneumococcal vaccine between their 

2nd and 3rd year of life. Children could not have had 

a history of bacteremia or meningitis caused by S. 

pneumoniae or Hameophilus influenzae. Children 

were also excluded if they had a penicillin allergy, had 

a documented splenectomy, or were receiving long-

term transfusions. They were randomized between 

ages 4 years and 9 months and 5 years and 3 months. 

During this time, they also received another 

immunization with the 23-valent pneumococcal 

vaccine; the child was not re-immunized if they had 

received the vaccine in the last year. Each child 

received 250 mg of penicillin V potassium orally BID 

or placebo orally BID.  They were followed every 3 

months in the clinic for a period of 3 years [48]. 

Throughout the trial, six children suffered from a 

systemic infection caused by S. pneumoniae. Of these, 

two were in the penicillin group (1.0%; 95% CI 0.1% 

to 3.6%) and four in the placebo group (2.0%; 95% CI 

0.5% to 5.0%). Each of the isolates was either serotype 

6A/6B or serotype 23F. These strains were tested for 

susceptibilities and found that four of the strains were 

penicillin susceptible and two of the strains were  
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Table 2.  Comparison of clinical trials evaluating the efficacy of penicillin prophylaxis [5,37,48] 

 John, et al, 1984 Props, 1986 Props II, 1995 

Number of Patients N = 242 N = 215 N = 400 

Age Range 6 months – 3 years 3 months – 36 months 57 months – 6 3 months 

Intervention Benzathine penicillin 

600,000 unit injecton + 14-

valent pneumococcal 

vaccine, 14-valent 

pneumococcal vaccine alone, 

benzathine penicillin 600,000 

unit injection + Hib vaccine, 

or Hib vaccine alone 

Penicillin V potassium 

125 mg BID or 

vitamin C 50 mg BID 

(placebo) 

Penicillin V potassium 

250 mg BID or placebo 

BID 

Primary Outcome Severe infection of 

pneumonia 

Severe infection of 

pneumonia 

Severe infection of 

pneumonia 

Result In the first 5 years, no 

pneumococcal infection in 

the penicillin group while 

receiving penicillin (4 

isolates occurred 1 year after 

stopping); 11 infections in 

the pneumococcal vaccine 

group 

84% reduction in S. 

pneumoniae infection 

(p=0.0025) 

6 cases of infection: 4 in 

the placebo group 

(2.0%; 95% CI 0.5% to 

5.0%); 2 in the 

penicillin group (1.0%; 

95% CI 0.1% to 3.6%) 

BID = twice daily; CI = confidence interval; Hib = Haemophilus influenzae type B;  S. pneumoniae = Streptococcus pneumoniae                            

 

penicillin resistant. Five children suffered bacteremia 

caused by other organisms [H. influenzae type B and 

Salmonella in the patients who received penicillin; H 

influenzae type B (2) and group A β-hemolytic 

streptococcus in patients who received placebo]. This 

trial attempted to analyze a subset of patients for 

resistance by examining the presence of pneumococci 

in the nasopharynx. Of the 226 patients, about 25% 

were found to carry pneumococci in their nasopharynx 

at some point during the three-year study period [48].  

It is, however, difficult to conclude if there is an 

increase in infections due to pathogens other than S. 

pneumoniae after a decrease in the carriage of the 

latter microorganism. However, most researchers do 

not think that the risk interactions within the 

nasopharynx will affect the prevalence of individuals’ 

bacterial carriages [49].  

The findings from PROPS suggested a risk of 

pneumococcal infection of 1.5 per 100 patient years in 

those under 3 years old receiving penicillin. In the age 

range of 4 to 5 years old, PROPS II demonstrated that 

only 0.67 per 100 patient years in the placebo group 

and half that in the penicillin group were at risk of 

pneumococcal infection [6]. These two trials outlined  
 

 

the decreased risk of pneumococcal infection with 

increased age. The authors thus concluded that 

children who had received comprehensive 

prophylactic care and those who had not had severe 

pneumococcal infection or a splenectomy could safely 

stop penicillin prophylactic therapy at age five [6].  

There is still, however, a need for a more efficacious 

vaccine that covers all pneumococcal serotypes in 

order to provide protection for children with sickle cell 

disease [48].  Table 2 summarizes the major clinical 

trials that evaluated the efficacy of penicillin 

prophylaxis in pediatric patients with sickle cell 

disease. 
 

Resistance of Streptococcus pneumoniae  

Many reports have shown that drug-resistant S. 

pneumoniae has increased over the past decade [50]. 

An increased risk of penicillin-induced drug resistance 

in these patients may mean that as these children age, 

there will be less options of antibiotic treatment for 

potentially more severe infections. The risk of 

penicillin-induced drug-resistant S. pneumoniae, 

therefore, presents a valid concern during long-term 

prophylaxis of SCD patients and continues to be a  
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significant area of controversy.  Moreover, patients  

with SCD have higher risk of developing resistant 

strain of S. pneumoniae than the general population 

[51].  

Resistance of pneumococci lies in its cell wall.  The 

pneumococcal cell wall plays an important physical 

barrier to the insertion of activated complement 5b and 

9 into the cell membrane, which is also known as the 

membrane-attack complex.  If this complex cannot go 

into the cell, then the organism will not be killed [52]. 

After being exposed to long-term penicillin therapy, 

there can be an alteration in the penicillin binding 

proteins of S. pneumoniae, mainly 1a, 1b, 2a, 2b, 2x, 

and 3. The changes to 1a, 2x, and 2b are most 

responsible for resistance of pneumococci (i.e. rising 

in the minimum inhibitory concentration) [53,54].  

In the first PROPS trial, no resistant pneumococci 

were found in the nasopharynx of patients [5]. In a 

subset of patients in the PROPS II trial, 27% of the 226 

patients were found to have S. pneumoniae. Nine 

percent of these patients had either penicillin 

intermediate or penicillin resistant isolates. There 

were not any significant differences between the 

groups treated and not treated with penicillin. There 

was, however, an increased likelihood for the children 

in the penicillin group to carry multiple drug resistant 

strains of pneumococci [48]. The clinical significance 

of these findings remains to be determined. 

Another study by Sakhalkar et al [55] looked at the 

prevalence of penicillin-resistant strain of S. 

pneumoniae in pediatric SCD patients.  Naso-

pharyngeal cultures were compared between the SCD 

group and the control group.  Six percent of the SCD 

patients had S. pneumoniae colonization, whereas 

17% of the control group had such colonization.  

Among these isolates, 21% were resistant to penicillin, 

of which 50% were from the SCD group.  The author 

concluded that penicillin prophylaxis helped reduce S. 

pneumoniae colonization in SCD patients, but it might 

increase the prevalence of penicillin-resistant strain of 

the organism. 

Fonseca et al [24] evaluated the S. pneumoniae 

resistance pattern of the pediatric SCD patients in Sao 

Paulo, Brazil.  Of the 14 strains of pneumococci that 

were isolated from the cohort, five of them (35.7%) 

showed resistance to oxacillin.  Three of the five 

strains were considered as intermediate resistant to 

penicillin, with a mean inhibitory concentration (MIC) 

of 0.25 mcg/mL.  No elevated resistant strains to 

penicillin were found in this study.    

Strains of S. pneumoniae that are resistant to penicillin 

are increasing, and it is reported that around 40% of 

the isolates from SCD patients have some levels of 

resistance and most of these isolates can be found in 

patients on penicillin prophylaxis [56].  Penicillin 

prophylaxis is especially less effective in patients with 

intermediate-resistant and resistant serotypes.  

Vaccination with pneumococcal conjugate vaccine 

may help reduce the incidence of antibiotic-resistant 

pneumococcal infections [57].  

McCavit et al [58] sought to describe the current 

practice of pediatric hematologists relating to stopping 

penicillin prophylaxis for SCD children after 5 years 

of age.  One of the reasons that clinicians were 

comfortable in continuing the therapy past 5 years old 

was that they had decreased concern about antibiotic 

resistance to S. pneumoniae (p = 0.01).  Even though 

some clinicians may not be concerned about 

resistance, the risk is there and such practice needs to 

be re-evaluated.   

A study by Woods et al [29] looked at the influence of 

penicillin prophylaxis on antimicrobial resistance 

against S. pneumoniae in pediatric sickle cell patients. 

No difference was found among the 226 patients 

(penicillin group vs. placebo group) in the incidence 

of intermediate and resistant strains of pneumococcal 

colonization to penicillin.  However, there was a trend 

toward increased incidence of multiple drug-resistant 

strains of S. pneumoniae in patients > 5 years old who 

had been receiving penicillin prophylaxis when 

compared to the control group.   The author concluded 

that if the SCD patients did not have any history of 

invasive pneumococcal disease, clinicians should 

evaluate discontinuing the penicillin prophylactic 

therapy [29].  

In the study mentioned earlier by Steele et al [30], over 

50% of the pneumococcal strains that were isolated 

had some forms of resistance to penicillin, with 33% 

being intermediate (MIC of 0.06 to 1 mcg/mL) and 

29% being resistant (MIC of >/= 2 mcg/mL).  Such 

resistance was found to be associated with penicillin 

prophylaxis (p < 0.01).  With the data presented above, 

penicillin prophylaxis in patients > 5 years old, 

especially those who have not had any invasive 

pneumococcal infection, should be re-evaluated to 

reduce the chance of developing resistance. 

Resistance pattern of S. pneumoniae is different across 

the United States and the rest of the world.  In adults, 

resistant strains of S. pneumoniae to penicillin were 

found in approximately 40% of infections that were 
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caused by this organism [50]. On the contrary, Donkor 

et al [59] found that the incidence of antibiotic 

resistance against S. pneumoniae was rather low in 

pediatric SCD patients in Ghana (0% with ampicillin, 

penicillin and cloxacillin and 11% with cefuroxime 

and erythromycin).  Clotrimoxazole was the only 

antibiotic found to be extremely resistant to this strain 

of organism.  At our institution, we had similar 

sensitivity pattern as in the study by Donkor et al [59], 

in which 100% of our isolates were sensitive to 

penicillin.  Despite of the variability in the resistance 

pattern around the world, vancomycin seems to be the 

only commonly-used antibiotic that has yet developed 

any resistance [50].  

Lastly, medication compliance may also play a role in 

the development of S. pneumoniae resistance [60].  

Pradier et al [61] attempted to investigate penicillin’s 

susceptibility to S. pneumoniae in 5 different 

European countries (i.e. France, United Kingdom, 

Spain, Germany, and Italy).  The researchers found 

that higher prevalence rates of penicillin-resistant 

pneumococci were observed in Spain and France (i.e. 

45% and 25%, respectively) than United Kingdom, 

Germany and Italy (i.e. 3%, 8%, and 5%, respectively) 

due to lower medications compliance rates in the 

former countries. The association of compliance with 

the development of S. pneumoniae resistance, 

however, is very difficult to capture because in most 

studies, compliance was unable to be accurately 

assessed due to the lack of data in the included trials 

[5,6]. 

Conclusion 

The use of antibiotics like penicillin is effective in 

preventing pneumococcal infection in the pediatric 

population with SCD (i.e. SS and Sβ0Thal) less than 5 

years old. Penicillin prophylaxis should be prescribed 

routinely in this population.  Many of the clinical trials 

looking at vaccines only studied the 14-valent or the 

23-valent vaccine. The new conjugate vaccine PCV13 

may cover more of the serotypes seen with 

pneumococcal infections. The clinical impact of this 

new vaccine in addition to penicillin prophylaxis is 

unknown. It is important for these children to stay on 

schedule with their vaccinations, as this can help 

reduce the risk of infection along with penicillin 

prophylaxis. Fully immunized children who have not 

had a splenectomy or a severe pneumococcal infection 

and who have received comprehensive SCD care at a 

young age may be able to safely stop penicillin 

prophylaxis at 5 years old. It is important for 

caregivers to be educated and to be comfortable in 

seeking medical attention should the child develop a 

fever or become ill. 
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