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A B S T R A C T

Background

Sickle cell disease (SCD) is a group of inherited disorders that result in haemoglobin abnormalities and other complications. Injury to the
spleen, among other factors, contribute to persons with SCD being particularly susceptible to infection. Infants and very young children
are especially vulnerable. The 'Co-operative Study of Sickle Cell Disease' observed an incidence rate for pneumococcal septicaemia of 10
per 100 person-years in children under the age of three years. Vaccines, including customary pneumococcal vaccines, may be of limited
use in this age group. Therefore, prophylactic penicillin regimens may be advisable for this population. This is an update of a Cochrane
Review which was first published in 2002, and previously updated, most recently in 2017.

Objectives

To compare the eDects of antibiotic prophylaxis against pneumococcus in children with SCD receiving antibiotic prophylaxis compared to
those without in relation to:

1. incidence of Streptococcus pneumoniae infection;

2. mortality (as reported in the included studies);

3. drug-related adverse events (as reported in the included studies) to the individual and the community;

4. the impact of discontinuing at various ages on incidence of infection and mortality.

Search methods

We searched the Cochrane Cystic Fibrosis and Genetic Disorders Group Haemoglobinopathies Trials Register, which is comprised of
references identified from comprehensive electronic database searches and also two clinical trials registries: ClinicalTrials.gov and the
WHO International Registry Platform (not in 2020 given access issues relating to Covid-19 pandemic). Additionally, we carried out hand
searching of relevant journals and abstract books of conference proceedings.

Date of the most recent search: 25 January 2021.

Selection criteria

All randomised or quasi-randomised controlled trials comparing prophylactic antibiotics to prevent pneumococcal infection in children
with SCD with placebo, no treatment or a comparator drug.

Prophylactic antibiotics for preventing pneumococcal infection in children with sickle cell disease (Review)
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Data collection and analysis

The standard methodological procedures expected by Cochrane were used. Both authors independently extracted data and assessed trial
quality. The authors used the GRADE criteria to assess the certainty of the evidence.

Main results

Six trials were identified by the searches, of which three trials were eligible for inclusion. A total of 880 children, who were between three
months to five years of age at randomization were included. The included studies were conducted in centres in the USA and in Kingston,
Jamaica. In trials that investigated initiation of penicillin on risk of pneumococcal infection, the odds ratio was 0.37 (95% confidence
interval 0.16 to 0.86) (two trials, 457 children) (low-certainty evidence), while for withdrawal the odds ratio was 0.49 (95% confidence
interval 0.09 to 2.71) (one trial, 400 children) (low-certainty evidence). Adverse drug eDects were rare and minor. Rates of pneumococcal
infection were found to be relatively low in children over the age of five years.

Overall, the certainty of the evidence for all outcomes was judged to be low. The results from the risk of bias assessment undertaken
identified two domains in which the risk of bias was considered to be high, these were incomplete outcome data (attrition bias) (two trials)
and allocation concealment (selection bias) (one trial). Domains considered to have a low risk of bias for all three trials were selective
reporting (reporting bias) and blinding (performance and detection bias).

Authors' conclusions

The evidence examined was determined to be of low certainty and suggests that prophylactic penicillin significantly reduces risk of
pneumococcal infection in children with homozygous SCD, and is associated with minimal adverse reactions. Further research may help
to determine the ideal age to safely withdraw penicillin.

P L A I N   L A N G U A G E   S U M M A R Y

Regular antibiotics for preventing pneumococcal infection in young children with sickle cell disease

Review question

We reviewed the evidence about the eDects of prophylactic antibiotic regimens for preventing pneumococcal infection in children with
sickle cell disease (SCD). This is an updated version of a previously published Cochrane Review.

Background

People living with SCD are especially prone to respiratory and blood infections. These infections are oMen caused by a germ (bacteria)
known as Streptococcus pneumoniae, otherwise known as pneumococcus, which can cause many types of serious illnesses. Individuals
with SCD can acquire infections more easily than unaDected persons because their spleen (an organ in the body that filters blood and is vital
for the proper functioning of the immune system) does not work correctly, and also because damaged tissue and bone resulting from SCD
can harbour bacteria. Infection prevention is therefore one of the major ways to improve the health of persons living with SCD and reduce
the risk of death. The highest risk of infection occurs in children under three years of age, but the special vaccines that help to prevent
illnesses with S pneumoniae are of limited use in this young population. Therefore, regular antibiotics in addition to these special vaccines
are needed to prevent infection. As risk of infection decreases with age, there might be a time when preventative antibiotic treatment can
be discontinued. The aim of the review was to determine the eDects of antibiotic prophylaxis against pneumococcus in children with SCD.

Search date

The evidence is current to 25 January 2021.

Study characteristics

We gathered evidence for this Cochrane Review by examining three clinical trials with over 800 children included.

Key results and quality of the evidence

All three clinical trials showed a reduced rate of pneumococcal infection in children with SCD receiving penicillin preventatively. Two of
these trials looked at whether treatment was eDective. The third trial followed on from one of the early trials and looked at when it was
safe to stop treatment. Adverse drug eDects were rare and minor. However, there were problems with children keeping to the treatment
schedule and with the development of antibiotic resistance. The quality of the evidence for both primary and secondary outcomes (end
result) was judged to be low.

We conclude that penicillin given to preventatively reduces the rate of pneumococcal infections in children with SCD under five years of
age. The risk of infection in older children is lower, and the follow-on trial did not show a significant increase in risk when regular penicillin
was halted at five years old. Further research is needed to look at how commonly bacteria develop that are resistant to treatment and how
clinically important this is.

Prophylactic antibiotics for preventing pneumococcal infection in children with sickle cell disease (Review)
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Summary of findings 1.   Summary of findings - initiation of penicillin prophylaxis versus placebo

Penicillin prophylaxis compared with placebo for pneumococcal infection in SCD

Patient or population: children with SCD

Settings: outpatients

Intervention: initiation of penicillin prophylaxis

Comparison: placebo

Illustrative comparative risks*
(95% CI)

Assumed risk Corresponding
risk

Outcomes

placebo penicillin

Relative effect
(95% CI)

No of Partici-
pants
(studies)

Quality of the
evidence
(GRADE)

Comments

Incidence of S pneu-
moniae infection

Isolated bacterial in-
fection

Follow-up: up to 5
years

90 per 1000 33 per 1000
(14 to 77)

OR 0.37

(95% CI 0.16 to
0.86)

457
(2)

⊕⊕⊝⊝

low1,2

The John trial reported that no pneumococcal iso-
lations had occurred while the children were actu-
ally receiving penicillin. However, this was stopped
after the participants reached age 3 years and was
not continued for the 5-year duration of the trial.

Deaths

Follow-up: up to 5
years

40 per 1000 4 per 1000
(0.4 to 84)

OR 0.11

(95% CI 0.01 to
2.11)

457
(2)

⊕⊕⊝⊝

low1,2

One of the trials reported no deaths in either group
for the duration of the prophylaxis (John 1984).

In addition, one child in the placebo group died as
a result of fulminant H influenzae, OR 0.11 (95% CI
0.01 to 2.11) (PROPS 1986).

Adverse effects

Follow-up: up to 5
years

See comment See comment N/A 457

(2)

⊕⊕⊝⊝

low1,2

No adverse effects were seen in the John trial after
penicillin injections (John 1984).

The penicillin was well-tolerated and no con-
firmed allergic reactions occurred in the PROPS tri-
al (PROPS 1986).
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Antibiotic-resistant
organisms isolated

Follow-up: N/A

Outcome not reported N/A  

Requirement of oth-
er courses of antibi-
otics

Follow-up: N/A

Outcome not reported N/A  

Compliance to
treatment

Follow-up: average
15 months

See comment See comment N/A 215

(1)

⊕⊕⊝⊝

low2,3

An attempt was made to measure compliance
via pill counts and urine analysis, but only 66% of
appointments were kept and only 31% of the ex-
pected numbers of urine samples were obtained
(PROPS 1986).

The John trial did not measure compliance but at-
tempted to minimise non-compliance by giving
monthly injections.

*The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% confidence interval) is
based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% CI).
CI: confidence interval; H influenzae : Haemophilus influenzae; N/A: not applicable; OR: odds ratio; SCD: sickle cell disease; S pneumoniae: Streptococcus pneumoniae

GRADE Working Group grades of evidence
High quality: further research is very unlikely to change our confidence in the estimate of effect.
Moderate quality: further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low quality: further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
Very low quality: we are very uncertain about the estimate.

1. Downgraded once for risk of bias as the randomisation methodology was unclear in one of the trials and both trials were at risk of bias due to incomplete outcome data.
2. Downgraded once due to imprecision as there were low event rates.
3. Downgraded once due to risk of bias from incomplete outcome data.
 
 

Summary of findings 2.   Summary of findings - withdrawal of penicillin prophylaxis versus continuation

Penicillin prophylaxis compared with placebo for pneumococcal infection in SCD

Patient or population: children with SCD who have been receiving prophylactic penicillin for at least two years

Settings: outpatients

Intervention: penicillin prophylaxis
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Comparison: placebo (withdrawal of penicillin prophylaxis)

Illustrative comparative risks*
(95% CI)

Assumed risk Corresponding
risk

Outcomes

Control (place-
bo)

Penicillin pro-
phylaxis

Relative effect
(95% CI)

No of Partici-
pants
(studies)

Quality of the
evidence
(GRADE)

Comments

Incidence of S pneumoniae

Confirmed bacterial infection

Follow-up: average 3.2 years

20 per 1000 10 per 1000
(2 to 54)

OR 0.49

(95% CI 0.09 to
2.71)

400
(1)

⊕⊕⊝⊝

low1,2

 

Deaths

Follow-up: average 3.2 years

See comment See comment N/A 400

(1)

⊕⊕⊝⊝

low1,2

No deaths were associated directly with
infection, but there were two fatalities
in the penicillin group due to acute sick-
le chest syndrome, and two in the place-
bo group due to stroke, OR 0.99 (95% CI
0.14 to 7.10).

Adverse effects: incidences of
nausea and vomiting

Follow-up: average 3.2 years

5 per 1000 10 per 1000
(1 to 111)

OR 1.99 (95% CI
0.18 to 22.12)

400
(1)

⊕⊕⊝⊝

low1,2

 

Antibiotic-resistant organ-
isms isolated

Follow-up: average 3.2 years

See comment See comment N/A 400
(1)

⊕⊕⊝⊝

low1,2

Antibiotic-resistant organisms were
identified although this was not
analysed as an outcome of the trial.
There was a non-significant increased
likelihood of children in the penicillin
group to carry multiple-drug resistant
pneumococci compared to the control
group.

Requirement of other courses
of antibiotics

Follow-up: average 3.2 years

840 per 1000 790 per 1000
(462 to 1000)

OR 0.94 (95% CI
0.55 to 1.61)

400
(1)

⊕⊕⊝⊝

low1,2

 

Compliance to treatment

Follow-up: N/A

Outcome not reported N/A  
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*The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% confidence interval) is
based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% CI).
CI: confidence interval; N/A: not applicable; OR: odds ratio; SCD: sickle cell disease; S pneumoniae: Streptococcus pneumoniae

GRADE Working Group grades of evidence
High quality: further research is very unlikely to change our confidence in the estimate of effect.
Moderate quality: further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low quality: further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
Very low quality: we are very uncertain about the estimate.

1. Downgraded once due to risk of bias from unclear allocation concealment and incomplete outcome assessment.
2. Downgraded once due to imprecision from low event rates.
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B A C K G R O U N D

Description of the condition

Sickle cell disease (SCD) is a genetic haemoglobin disorder, caused
by inheritance from both parents of an altered beta-globin chain
gene. The abnormal haemoglobin within red blood cells causes
these cells to alter their consistency and shape to become dense
and sickle-shaped (Di Liberto 2016) when they give up oxygen.
The aDected red blood cells are easily destroyed, leading to
an haemolytic anaemia, thus oxygen carriage is reduced. These
abnormally-shaped cells can obstruct blood flow in small vessels
(Ware 2017) and adhere to the lining of the blood vessels, which
results in tissue and organ damage leading to complications,
such as severe pain crises, stroke and splenic infarction. Annually,
there are 300,000 to  400,000 aDected births globally; with sub-
Saharan Africa accounting for a significant percentage (Kato 2018).
It has recently been reported that approximately 100,000 African-
Americans in the USA and 14,000 persons in the UK are aDected
by this disease (CDC 2019; Dormandy 2018). Despite improved
care and services for persons with SCD in low- and middle-income
countries, the average life expectancy for men and women with
homozygous disease (SS) is 42 years and 48 years respectively (Platt
1994).

There are diDerent types of SCD, depending on inheritance
of various mutated genes which result in diDering types of
haemoglobin genotypes. If the S gene is inherited from both
parents, the child will have homozygous SCD (SS), the commonest
genotype.  Whereas inheritance from one parent in combination
with a diDerent altered beta-globin chain gene can lead to
many other forms of the disease: haemoglobin SC disease
(SC);  haemoglobin S-beta thalassaemia zero (Sβ0Thal); and
haemoglobin S-beta thalassaemia plus (Sβ+Thal). People with
each of these diseases are aDected to diDerent extents with the
symptoms of SCD (Conceição da Guarda 2020; Saraf 2014).

Persons living with SCD are particularly susceptible to infection,
most commonly infections of the respiratory tract and septicaemia
(Serjeant 2001). Generally, HBSS and (Sβ0Thal) are the most severe
genotypes (Quinn 2016). Functional hyposplenism  is commonly
seen in children with homozygous SCD; it is seen in 90% of children
five years of age  and is related to susceptibility to infection with
encapsulated bacteria (Brousee 2014). Children with the genotype
Sβ0Thal are also likely to lose splenic function early in life because
of the basic similarity of disease severity to homozygous  SCD.
Infections tend to occur  in persons with SCD from infancy, and
are the leading cause of death among children with SCD (Desselas
2020; Leikin 1989). This is partly due to splenic dysfunction,
with resultant impairment of the immune system (Brousee 2014).
In addition, abnormalities have been suggested in components
of the immune system such as complement, immunoglobulins,
leucocyte function and cell-mediated immunity, further disabling
the response to infection (Serjeant 2001). Tissue damage and bone
necrosis may also harbour infectious agents. These abnormalities
result in an increased risk of encapsulated bacterial infections
such as pneumococcus, and an increase in Haemophilus influenzae,
Neisseria meningitidis, Staphylococcus aureus and Escherischia coli
septicaemias (Serjeant 2001). Pneumococcal infection account for
50% to 70% of overwhelming sepsis with mortality ranging from
35% to 50% (Cannas 2019).

Although comprehensive vaccination programmes are in place in
developed countries, some vaccines, in particular the customary
pneumococcal vaccines (unconjugated polysaccharide capsular
antigen), are of limited use in children less than three years old
due to suboptimal antibody responses. Additionally, strains of
pneumococcus that are not currently covered by available vaccines
are emerging (McCavit 2011; Oligbu 2018; Oligbu 2019)

This raises the question of the need for preventive antibiotic
therapy especially among children with SCD who are known to be
susceptible to pneumococcal infection.

Description of the intervention

Possible regimens to prevent pneumococcal infection involve
daily oral use or monthly intramuscular injections of penicillin.
Compliance with prophylactic antibiotics is poor in many areas
(Berkovitch 1998; Cummins 1991) and resistance (pneumococcal)
could occur through prolonged or intermittent use of broad-
spectrum antibiotics (Chesney 1992), potentially resulting in
greater morbidity and mortality.  The most important side-eDect
of the penicillins is hypersensitivity resulting in a skin rash  and
anaphylaxis which can be fatal. Allergic reactions to penicillins is
not common occurring in 1% to 10% of persons and anaphylactic
reactions even less common (occurring in fewer than 0.05% of
treated patients (BNF 2020).

As children get older they have a reduced risk of pneumococcal
infection (Lobel 1982; Robinson 1966). Therefore, there is a
possibility that a prophylactic regimen could be modified or
stopped later in childhood.

How the intervention might work

Penicillin belongs to the class of β-lactams. These are bactericidal
antibiotics whose mechanism of action involves inhibiting bacterial
cell wall formation (Bush 2016). Most penicillins are excreted by the
kidneys mainly by the mechanism of tubular secretion (Craig 2000).

Why it is important to do this review

The purpose of this review was to update the evidence for the
eDectiveness of prophylactic antibiotics in children with a severe
sickle cell genotype as measured by a reduction of both the
incidence of streptococcal pneumoniae infection and mortality.

In addition, we aimed to update the evidence regarding an
appropriate age when treatment can be safely withdrawn, without
increasing the risk of infection. We also examined whether there
are any potential adverse eDects of long-term prophylaxis on the
individual or in the community. This is an updated version of
a previously published Cochrane Review (Hirst 2002; Hirst 2012;
Rankine-Mullings 2017).

O B J E C T I V E S

To assess the eDects of antibiotic prophylaxis against
pneumococcus in children with SCD in relation to:

1. incidence of streptococcal pneumoniae (pneumococcus)
infection;

2. mortality in children receiving pneumococcal prophylaxis;

Prophylactic antibiotics for preventing pneumococcal infection in children with sickle cell disease (Review)
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3. drug-related adverse events in children receiving pneumococcal
prophylaxis (as reported in the included studies) to the
individual and the community;

4. the impact of discontinuing  prophylaxis at various ages on
incidence of pneumococcal infection and associated mortality.

M E T H O D S

Criteria for considering studies for this review

Types of studies

All randomised controlled trials (RCTs) or quasi-RCTs (published or
unpublished). Trials that use cluster randomisation were included
provided the groups were similar at baseline.

Types of participants

Children under the age of 16 years with homozygous SCD
(SS), sickle beta thalassaemia (Sβ0Thal and Sβ+Thal) and sickle
haemoglobin C disease (SC), proven by electrophoresis, with family
studies or DNA tests as appropriate, of either sex and in any setting.

Types of interventions

Prophylactic antibiotics compared to placebo, no treatment or
a comparator treatment.  There were no restrictions to route or
duration of the intervention.

Types of outcome measures

Primary outcomes

1. Number of participants developing Streptococcus pneumoniae
infection, confirmed with cultures

2. Deaths

Secondary outcomes

1. Adverse drug reactions

2. Antibiotic-resistant organisms isolated

3. Requirement for other courses of antibiotics

4. Compliance with antibiotic prophylaxis, measured by counting
doses and urine samples

Search methods for identification of studies

There were no restrictions regarding language or publication
status.

Electronic searches

Relevant trials were identified from the Group's
Haemoglobinopathies Trials Register using the terms: (sickle cell
OR (haemoglobinopathies AND general)) AND antibiotics AND
prophylaxis.

The haemoglobinopathies register is compiled from electronic
searches of the Cochrane Central Register of Controlled Trials
(CENTRAL) (updated each new issue of the Cochrane Library)
and weekly searches of MEDLINE. Unpublished work is identified
by searching the abstract books of five major conferences: the
European Haematology Association conference; the American
Society of Hematology conference; the British Society for
Haematology Annual Scientific Meeting; the Caribbean Health
Research Council Meetings; and the National Sickle Cell Disease
Program Annual Meeting. For full details of all searching activities

for the register, please see the relevant section of the Cochrane
Cystic Fibrosis and Genetic Disorders Group's website.

Date of the most recent search of the Group's
Haemoglobinopathies Trials Register: 25 January 2021.

We also searched the online trial registries: ClinicalTrials.gov
(www.ClinicalTrials.gov); and the WHO International Clinical
Trials Registry Platform (ICTRP) (www.who.int/ictrp/en/) (Appendix
1). We were, however, unable to complete the search for the latter
as the site was unavailable due to the Covid-19 pandemic.

Searching other resources

The bibliographic references of all retrieved literature were
reviewed for additional reports of trials.

Data collection and analysis

Selection of studies

Two authors (AR-M (previously CH) and SO) independently selected
the trials to be included in the review. If disagreement arose on
the suitability of a trial for inclusion in the review, a consensus was
reached by discussion.

Data extraction and management

Two authors (AR-M (previously CH) and SO) independently
extracted the data (using standard data acquisition forms) from the
included trials.

Assessment of risk of bias in included studies

The authors performed an assessment of all RCTs using the
Cochrane 'risk of bias’ tool, according to chapter eight of the
Cochrane Handbook for Systematic Reviews of Interventions (Higgins
2011). The two review authors worked independently to assess
each element of potential bias listed below as 'high', 'low' or
'unclear' risk of bias. We reported a brief description of the
judgment statements upon which the authors have assessed
potential bias in the 'Characteristics of included studies' table. We
ensured that a consensus on the degree of risk of bias was met
by comparing the review authors' statements. We reported on the
following domains.

• Selection bias (random sequence generation and allocation
concealment)

• Performance bias (blinding of participants and personnel)

• Detection bias (blinding of outcome assessment)

• Attrition bias (incomplete outcome data)

• Reporting bias (selective reporting)

• Other bias

Measures of treatment e=ect

We recorded outcomes as dichotomous event counts, e.g. present
or absent. We aimed to calculate a pooled estimate of the treatment
eDect for each outcome across trials (for binary outcomes the
odds of an outcome among treatment allocated participants
to the corresponding odds among controls). We analysed trials
comparing antibiotic prophylaxis with placebo or no treatment
separately from those comparing diDerent antibiotic agents, doses
and routes of administration.
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Continuous data, such as organ function tests, would have been
recorded as either mean change from baseline for each group
or mean post-treatment values and standard deviation for each
group, and a pooled estimate of the treatment eDect for each
outcome across trials calculated.

Unit of analysis issues

We did not consider cross-over trials because we felt this study
design would not allow evaluation of the eDects of prophylaxis on
long-term outcome measures.

Dealing with missing data

We would have sought full reports from authors, had trials been
found published in abstract form, presented at meetings, or
reported to the authors. We contacted the primary investigators
of the John trial previously and requested that they confirm the
numbers of participants allocated to each trial group, as this is
unclear in the original trial report (John 1984).

We have also contacted the authors of PROPS (PROPS 1986)
and PROPS II (PROPS II 1995) previously to request information
on the overlap of participants between trials, since it would be
inappropriate to aggregate data if this would result in counting
participants in meta-analysis more than once. The authors
confirmed that a significant proportion of participants were not
involved in both trials (less than 10%).

In order to allow intention-to-treat analysis, irrespective of later
exclusion (regardless of cause) or loss to follow-up, we collected
data by allocated treatment groups.

Assessment of heterogeneity

For future versions of this review, if more trials are included
and more meta-analyses possible, we plan to investigate any
heterogeneity identified between trials. We plan to assess the
degree of statistical heterogeneity between studies using the I2
statistic (Higgins 2003). This measure describes the percentage
of total variation across studies that are caused by heterogeneity
rather than by chance (Higgins 2003). The values of I2 lie between
0% and 100%, and a simplified categorisation of heterogeneity
that the review authors used is of low (I2 value of less than 25%),
moderate (I2 value of between 25 and 50%), and high (I2 value of
over 50%) (Higgins 2003).

Assessment of reporting biases

We did not assess publication bias among the studies as there were
insuDicient studies (i.e. fewer than 10). In future updates, we may
do this using the funnel plot method discussed in the Cochrane
Handbook for Systematic Reviews of Interventions (Sterne 2011). If
asymmetry is present, we will explore possible causes including
publication bias, methodological quality, and true heterogeneity.

Data synthesis

We entered the data extracted from included trials into the Review
Manager soMware (RevMan 2020). We computed pooled estimates
of the treatment eDect for each outcome using a fixed-eDect model.

Subgroup analysis and investigation of heterogeneity

If adequate numbers of trials had been included, we would have
performed subgroup analysis for type of sickle cell disease if

appropriate. We planned to analyse children with SS and Sβ0Thal
separately from those with SC and Sβ+Thal. None of the latter
groups of participants, however, had been included in the trials,
possibly because they are not as susceptible to overwhelming
infection, particularly with S. pneumoniae.

We analysed trials which assessed initiation or withdrawal of
treatment separately, as we felt that such trials address diDerent
clinical questions.

Sensitivity analysis

If adequate numbers of quasi-RCTs had been included, we would
also have performed a sensitivity analysis.

Summary of findings and assessment of the certainty of the
evidence

In a post hoc change in line with current Cochrane guidance, at
the 2017 update, we added a summary of findings table for each
comparison presented in the review. We selected the following six
outcomes to report (chosen based on relevance to clinicians and
consumers):

1. Number of participants developing Streptococcus pneumoniae
(S pneumoniae) infection, confirmed with cultures

2. Deaths

3. Adverse drug reactions

4. Antibiotic resistant organisms isolated

5. Requirement for other courses of antibiotics

6. Compliance with antibiotic prophylaxis, measured by counting
doses and urine samples

We determined the quality of the evidence using the GRADE
approach; and downgraded evidence in the presence of a high
risk of bias in at least one study, indirectness of the evidence,
unexplained heterogeneity or inconsistency, imprecision of results,
high probability of publication bias. We downgraded evidence by
one level if they considered the limitation to be serious and by two
levels if very serious.

R E S U L T S

Description of studies

Summary details are given in the 'Characteristics of included
studies' and 'Characteristics of excluded studies' sections.

Results of the search

Six trials, potentially eligible for inclusion were identified
(Babiker  1986; Berkovitch 1998; John 1984; Lewthwaite 1962;
PROPS 1986; PROPS II 1995), of which three were eligible for
inclusion (John 1984; PROPS 1986; PROPS II 1995).

Included studies

Three trials (880 children) were eligible for inclusion (John 1984;
PROPS 1986; PROPS II 1995).

The RCT reported by John  began in May  1978 (John 1984).
Children with homozygous SCD between six months and 36
months of age were recruited to the study. Two hundred and
sixty-five children were recruited from outpatient clinics of the
University Hospital of the West Indies, and 23 were subsequently
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withdrawn mainly due to a revision of genotype. Of the remaining
242 children there were 128 boys and 114 girls. Children with
a previous history of pneumococcal infection or splenectomy
were excluded.  They were randomised into one of four groups,
to receive monthly intramuscular penicillin injections or nothing,
plus either pneumococcal vaccine or H influenzae type B vaccine.
Penicillin prophylaxis was withdrawn at the age of three years, as
the authors thought that older children might not be compliant
to the painful injections, although these participants were still
analysed in the groups to which they had been assigned. The
trial lasted for five years. A revision of protocol was necessary
and involved withholding penicillin for 16 patients, eight lived
at remote addresses and eight children entered late and the
authors thought that there would be insuDicient time to assess
treatment eDicacy. A misprint in the primary publication made
treatment group numbers diDicult to establish, as the numbers
given do not add up to the trial cohort. However, the authors were
contacted and the numbers confirmed (37 in the group receiving
H influenzae type B vaccine alone, rather than 27 as printed). The
other treatment group assignments aMer a protocol revision were
as follows: 97,62 and 46 children were placed in the penicillin
plus 14-valent pneumococcal vaccine, 14-valent pneumococcal
vaccine alone and the group which received penicillin plus
H  infuenzae B vaccine respectively. Compliance was increased
by a domiciliary programme providing monthly intramuscular
injections to patients randomized to receive penicillin with
or without vaccines as stated above. The "incidence rates of
pneumococcal infection per 100 patient-years at risk" was achieved
through monitoring study participants for fever and performing
blood cultures during the illness or at necropsy. The diDerence
between trial groups was assessed by the Mantel-Haenszel Chi-
squared test. The authors were aDiliated with the Medical Council
Laboratories and Department of Microbiology, University of the
West Indies, Kingston, Jamaica. Study support was as follows: The
pneumococcal and H influenzae vaccines were reported as donated
by Merck, Sharpe and Dohme under the NIAID collaborative vaccine
programme, coordinated by the National Institutes of Health.
Documentation of a "declaration of competing interests" by the
authors was not seen in this publication.

The 'Prophylaxis with Oral Penicillin in Children with Sickle
Cell Anaemia' trial was a multicentre, randomized, double-
blind, placebo-controlled clinical trial (PROPS 1986). The primary
endpoint  was a documented severe infection caused by S
pneumoniae. A total of 219 children with homozygous SCD were
randomised in 23 centres in the USA to receive oral prophylactic
penicillin, 125 mg twice daily, or placebo. Four children were
withdrawn due to revision of their genotype (three from the placebo
group and one from the treatment group). The trial continued
with 215 participants (105 received penicillin and 110 participants
received placebo). The study began in August  1983. The aim
was to assess the eDicacy of oral penicillin in preventing severe
bacterial infection in children with homozygous SCD. Therefore,
the children were between three months and 36 months of age
at the start of the trial, and all had pneumococcal vaccination at
one and two years of age. Children were excluded from the trial if
they were receiving long-term transfusion therapy or antibiotics,
or if they were allergic to penicillin. A comparison of baseline
factors between the group that received treatment compared to
the group that received placebo showed statistical significance. The
trial was terminated eight months early, aMer the occurrence of
15 cases of pneumococcal septicaemia, 13 in the placebo group

and two in the penicillin group, showing an 84% reduction in
pneumococcal septicaemia with penicillin prophylaxis. Sponsors
and Donors were as follows: The Sickle Cell Disease Branch, Division
of Blood Diseases and Resources, National Heart, Lung and Blood
Institute, National Institutes of Health and Wyeth Laboratories.
Documentation of a "declaration of competing interests" by the
authors was not seen in this publication.

A further multicentre trial (PROPS II 1995) was conducted in the
USA by the same group that undertook the first  PROPS trial
(PROPS 1986). The first participants were selected  in 1988 and
the trial investigators completed patient entry in 1994. The trial
aimed to evaluate the consequences of discontinuing penicillin
prophylaxis in children with SS or Sβ0 sickle cell disease at the
age of five years (PROPS II 1995). A small proportion of children
were involved in both PROPS and PROPS II (PROPS 1986; PROPS II
1995). Children with a previous history of pneumococcal infection
or a history of splenectomy were excluded. A total of 400 children
were randomised to either continue on penicillin prophylaxis, or
have it replaced with an identical placebo. Four children died aMer
randomisation, however, none of these deaths were documented
as having an infectious cause. The primary endpoint of the study
was a comparison of the incidence of documented bacteremia
caused by S pneumoniae in two groups: children randomly assigned
to continue penicillin prophylaxis or those randomised to receive
placebo aMer five years of age. A secondary objective was to
determine the adverse clinical symptoms and signs attributable to
continued penicillin prophylaxis. Two ancillary studies investigated
the emergence of penicillin and multiple antibiotic-resistant strains
of S  pneumoniae (Woods 1997) and the eDects of continued
penicillin prophylaxis on the natural acquisition of antibodies to
several S pneumoniae serotypes (Bjornson 1996). Participants were
between four years nine months and five years three  months of
age and had been taking penicillin prophylactically for at least two
years. The baseline variables between the group which received
penicillin and the group that received placebo showed no statistical
variation. Based on the results presented, 201 children received
penicillin prophylaxis and 199 placebo. AMer randomisation, the
children received penicillin V potassium 250 mg (by mouth, twice
a day) or an identical placebo tablet both supplied by Wyeth-
Ayert Laboratories. The children were monitored and in the event
of a febrile illness (temperature > 38.5 C), the child was seen
by a physician and a blood culture was taken. In the event of
bacteremia or meningitis caused by S pneumoniae, the organism
was serotyped.  The study was supported by the Sickle Cell
Disease Scientific Research Group, Division of Blood Diseases and
Resources, National Heart, Lung and Blood Institute, National
Institutes of Health. Documentation of a "declaration of competing
interests" by the authors was not seen in this publication.

Excluded studies

Three trials were excluded from the review (Babiker  1986;
Berkovitch 1998; Lewthwaite 1962).

One was not a RCT or a quasi-RCT;  the control group was a
retrospective group of 22 children that were previously followed
for two  years before the study began and who had not received
pneumococcal vaccines or prophylaxis (Babiker  1986). In a
second trial, all the participants received penicillin and were
randomised to a 'compliance aid' or not (Berkovitch 1998). In
the third trial, alternate cases attending an outpatient clinic
were given a subcutaneous injection of chloroquine and an
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intramuscular injection of penicillin. The control group received a
subcutaneous injection of sterile water. The randomisation process
was inadequate; of the 26 participants recruited only 13 were
accounted for, outcomes were unclear and there was no mention of
S pneumoniae (Lewthwaite 1962).

Risk of bias in included studies

It is critical to examine the quality of evidence provided by each
included RCT. The risk of bias assessment was expanded in a

previous review update (Rankine-Mullings 2017). Each specific type
of bias is outlined and a judgement made. Evidence supporting
the likelihood that a particular type of bias may be present
is provided by referring to the particular area of text as was
published. Additionally, for this update, a new domain of risk
bias assessment has been added, this domain looks at selective
reporting (reporting bias). Please refer to additional figures for a
graphical representation of the risk of bias (Figure 1; Figure 2).

 

Figure 1.   Risk of bias graph: review authors' judgements about each risk of bias item presented as percentages
across all included studies.

Random sequence generation (selection bias)
Allocation concealment (selection bias)

Blinding (performance bias and detection bias): All outcomes
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Figure 2.   Risk of bias summary: review authors' judgements about each risk of bias item for each included study.
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Allocation

Random sequence generation

In the John trial, a total of 265 children were randomised to the four
study groups. No details were given of the method of randomization
(John 1984). We are therefore unable to fully assess the risk of
selection bias. Therefore, the adequacy of sequence generation is
classified as 'unclear risk'.

In the PROPS trial, the PROPS data co-ordinating centre generated
the randomization numbers for each clinical site and with the
help of the program oDice, directed patient - entry assignments by
means of telephone contact. Sealed envelopes that were stored at
the clinical centres were available as a back up for randomization

when telephone contact was not possible, but they were rarely
used. The randomization schedules were prepared with the use
of blocked randomization within each clinic to ensure balance
in numbers between two groups (PROPS 1986). The method
of randomization is clearly stated hence this study is therefore
considered to have a 'low risk' of bias for this domain.

In the PROPS II trial, randomisation was by permuted block
method, stratified by clinical site and years of previous penicillin
use (PROPS II 1995). The risk associated with the adequacy of
random sequence generation was 'low risk'.
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Allocation concealment

In the John trial, it was reported that the group allocation was
changed due to the protocol for injected penicillin prophylaxis
groups being inconvenient to some families who lived at remote
addresses, or due to the age of participants at recruitment so that
the duration of penicillin treatment would have been too short to
assess (John 1984). A total of 16 participants (6.6%) were therefore
reassigned to groups that did not receive penicillin prophylaxis.
The groups were uneven, with significantly more participants in the
penicillin groups (143 in the penicillin group compared to 99 in the
control group). We have therefore classified this as 'high risk' for
this domain.

In the PROPS trial, a central co-ordinating centre directed
participant entry assignment over the telephone (PROPS 1986).
Sealed envelopes were also held at the clinical centres in case
the central oDice could not be reached, to maintain allocation
concealment. Therefore, we have assessed the risk of bias for
allocation concealment as 'low risk'.

In the  PROPS II trial, randomisation was by permuted block
method, stratified by clinical site and years of previous penicillin
use (PROPS II 1995). It was unclear whether allocation concealment
had been performed and we have therefore assessed this trial as
having an 'unclear risk' of bias for this domain.

Blinding

The John trial was not blinded (John 1984). This clinical trial is
considered to be at a low risk for performance bias as the lack of
blinding is not likely to aDect outcome.

In the PROPS trial, the participants and centre personnel were
blinded to allocation, and placebo tablets looked almost identical
to penicillin (PROPS 1986). Therefore, this trial is considered low
risk for performance bias.

In the PROPS II trial identical placebo tablets were used to maintain
double blinding of the participants and centre personnel, therefore,
this trial was also considered to be at a low risk for performance
bias (PROPS II 1995).

Incomplete outcome data

In the John trial, full baseline data for participant characteristics
were not given (John 1984). "The trial was terminated prematurely
in 25 children owing to splenectomy in 20, emigration in four,
and the clinical decision to use prophylactic penicillin in one child
with recurrent pneumococcal meningitis In these cases results up
to the time of leaving the study were included in the analysis.
There were seven deviations from the protocol caused by refusal
to take penicillin aMer two and four injections (two), death before
the institution of randomised treatment (one), failure to treat
with penicillin because of an error in age (one), inadvertent
administration of penicillin to patients joining the study between
31 and 35 months of age (two), and removal to an inaccessible
address, so that penicillin had to be stopped (one). Additionally,
the study groups were also uneven with more participants in the
penicillin group (143 in the penicillin group compared to 90 in
the control group) and an "Intention to treat analysis was also
undertaken" aMer participants were reassigned to protocol groups.
Therefore, we have assessed the risk of bias due to attrition as 'high
risk'.

In the PROPS trial, 219 participants were recruited from 23
centres throughout the USA (PROPS 1986). Four participants were
subsequently withdrawn due to revision of their genotype. These
individuals had no severe infections and were not included in
subsequent analyses. The trial was terminated early due to extreme
results. There is therefore a possibility that the reported results
may have been over-estimated and the risk of attrition bias was
assessed as 'high risk'.

In the PROPS II trial, 400 participants were recruited from 18 centres
in the USA (PROPS II 1995). The characteristics of participants
in each group were similar at baseline. Four children died aMer
randomisation, but other withdrawals are not reported, and it is
unclear whether an intention-to-treat analysis was undertaken.
The risk of attrition bias is, therefore 'unclear'.

Selective reporting

The John trial was terminated prematurely in 25 children owing
to splenectomy in 20, emigration in four, and the clinical
decision to use prophylactic penicillin in one child with recurrent
pneumococcal meningitis (see case 11; table III in the published
trial article) (John 1984). In these cases, results up to the time of
leaving the study were included in the analysis. There were seven
deviations from the protocol caused by refusal to take penicillin
aMer two and four injections (two), death before institution of
randomised treatment (one), failure to treat with penicillin because
of an error in age (one), inadvertent administration of penicillin to
patients joining the study between 31 and 35 months of age (two),
and removal to an inaccessible address, so that penicillin had to
be stopped (one). These cases were analysed according to their
protocol." The outcomes of all subjects are adequately reported.
The risk of selective reporting is considered to be low.

In the PROPS trial both the primary and secondary outcomes
were adequately reported "the trial was terminated earlier .....,
aMer the occurrence of 15 episodes of pneumococcal sepsis 13 in
the placebo group and 2 in the penicillin group" (PROPS 1986).
Additionally, baseline characteristics of both study groups are
adequately reported.

In the PROPS II trial, "The primary endpoint was a comparison of
the incidence of bacteremia or meningitis caused by Streptococcus
pneumoniae in children continuing penicillin prophylaxis versus
those receiving the placebo". Baseline characteristics and
outcomes were adequately reported. The risk of reporting bias is
therefore low (PROPS II 1995).

Other potential sources of bias

No other potential sources of bias were identified in these clinical
trials that are thought to aDect the outcome (low risk).

E=ects of interventions

See: Summary of findings 1 Summary of findings - initiation
of penicillin prophylaxis versus placebo; Summary of findings 2
Summary of findings - withdrawal of penicillin prophylaxis versus
continuation

The certainty of the evidence has been graded for those outcomes
included in the summary of findings tables. For the definitions
of these gradings, please refer to the summary of findings tables
(Summary of findings 1; Summary of findings 2).
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Primary outcomes

1. Number of participants developing S pneumoniae infection,
confirmed with cultures

Initiation of penicillin treatment versus placebo

In the trial by John, no pneumococcal events had occurred in
children while they were receiving penicillin prophylaxis (John
1984). There was an overall incidence of six pneumococcal
isolations in 99 participants (280 patient-years at risk) in the
placebo groups, compared to seven events in 143 participants (400
patient-years at risk) in the penicillin groups (John 1984), odds ratio
(OR) 0.80 (95% CI 0.26 to 2.45) (Analysis 1.1). However, all of these
latter events occurred aMer the participants had stopped taking
penicillin aMer their third birthday.

In the PROPS trial there were two cases of confirmed pneumococcal
infection in 105 participants in the penicillin group compared to 13
of 110 in the placebo group (P = 0.0025, quoted from trial article),
OR 0.14 (95% CI 0.03 to 0.66) (Analysis 1.1) (PROPS 1986).

Meta-analysis for these two trials, which addressed initiation
of treatment, had an OR of 0.37 (95% CI 0.16 to 0.86) (low-
certainty evidence) (Analysis 1.1) showing a significant reduction
of pneumococcal infection in those children with homozygous SCD
who were  treated with penicillin (John 1984; PROPS 1986).

Children in one of the trials also received either pneumococcal
vaccination or H influenzae type B (Hib) vaccination (John 1984).
Since the groups were unbalanced in numbers, diDerences in
the infection rates between the vaccination groups could aDect
the results of analysis of penicillin versus no penicillin. However,
analysis of infection rate in children receiving pneumococcal
vaccination and HIB vaccination showed no statistical diDerence
(test for subgroup diDerences: Chi2 = 0.36, df = 1 (P = 0.55), I2 =
0%) (Analysis 1.2), therefore, it does not seem that the imbalance
of participants between these groups should aDect the overall
analysis of penicillin versus no penicillin.

Penicillin prophylaxis versus withdrawal of penicillin prophylaxis

In the PROPS II trial, which investigated withdrawal of penicillin
prophylaxis compared to continuing, two events of pneumococcal
infection occurred in the penicillin group, and four in the placebo
group, OR 0.49 (95% CI 0.09 to 2.71) (low-certainty  evidence)
(Analysis 1.1) (PROPS II 1995). In addition, there was a case of H
influenzae in each group, a case of salmonella in the penicillin
group, and two cases of group A beta-haemolytic streptococcus
in the placebo group (PROPS II 1995). The diDerence between
infection frequencies between the groups was therefore not
statistically significant.

2. Deaths

Initiation of penicillin treatment versus placebo

In the trial by John, no deaths occurred aMer initiation of
treatment (John 1984). However, there was one death before the
commencement of randomised treatment.

In the PROPS trial, there were no deaths due to pneumococcal
infection in the penicillin group, but three in the control group
(PROPS 1986). In addition, one child in the placebo group died as
a result of fulminant H influenzae, OR 0.11 (95% CI 0.01 to 2.11)
(low-certainty evidence) (Analysis 1.3). Shortly aMer termination of

the trial another child, from the penicillin group, also died from
infection. Analysis of pneumococcal deaths only also has wide
overall CIs, OR 0.15 (95% CI 0.01 to 2.85) (not shown in graph)
(PROPS 1986).

Penicillin prophylaxis versus withdrawal of penicillin prophylaxis

In the PROPS II trial, no deaths were associated directly with
infection, but there were two fatalities in the penicillin group due
to acute sickle chest syndrome, and two in the placebo group due
to stroke, OR 0.99 (95% CI 0.14 to 7.10) (low-certainty  evidence)
(Analysis 1.3) (PROPS II 1995).

All results

No significant diDerence in number of deaths between participants
treated with penicillin prophylaxis and those not treated is seen for
either initiation or withdrawal of penicillin. The wide CIs in both
trials indicate considerable uncertainty between a highly protective
eDect and a large increase in risk of death. This uncertainty reflects
the small number of deaths in these two trials, and thus for more
conclusive data on all causes of mortality larger or longer trials are
required.

Secondary outcomes

1. Adverse drug reactions

Initiation of penicillin treatment versus placebo

In the trial by John, no adverse side eDects were noted for the
penicillin injections, although the vaccines, which were also given,
caused some injection site reactions and fever (John 1984) (low-
certainty evidence). In the PROPS trial it is stated that the penicillin
was well-tolerated and no confirmed allergic reactions occurred
(PROPS 1986) (low-certainty evidence).

Penicillin prophylaxis versus withdrawal of penicillin prophylaxis

In the PROPS II trial there were three recorded incidences of
nausea and vomiting (one in the placebo group) and two localised
reactions to vaccines (PROPS II 1995) (low-certainty evidence)
(Analysis 1.4).

2. Antibiotic-resistant organisms isolated

Initiation of penicillin treatment versus placebo

This was not recorded in either the John or the first PROPS trials
(John 1984; PROPS 1986).

Penicillin prophylaxis versus withdrawal of penicillin prophylaxis

In the PROPS II trial, antibiotic-resistant organisms were identified,
although this was not analysed as an outcome of the trial (PROPS
II 1995). However, within the PROPS II trial, an examination of a
subset of the trial was carried out and 27% of the 226 participants
were observed to carry S pneumoniae at some time, and in
9% at least one isolate of penicillin intermediate or resistant
pneumococci was found (Woods 1997). There was no significant
diDerence in incidence between groups, although there was a non-
significant increased likelihood of children in the penicillin group
to carry multiple-drug resistant pneumococci compared to the
control group (low-certainty evidence).
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3. Requirement for other courses of antibiotics

Initiation of penicillin treatment versus placebo

This was not recorded in either the John or the first PROPS trials
(John 1984; PROPS 1986).

Penicillin prophylaxis versus withdrawal of penicillin prophylaxis

In the PROPS II trial, 1155 additional courses of antibiotics were
given in the penicillin group, and 1278 in the placebo group, in
the treatment of febrile events (PROPS II 1995). In each group,
169 children were treated with at least one course of additional
antibiotics, OR 0.94 (95% CI 95% 0.55 to 1.61) (low-certainty
evidence) (Analysis 1.5).

4. Compliance with antibiotic prophylaxis

Initiation of penicillin treatment versus placebo

In the John trial, penicillin was given as monthly intramuscular
injections, to minimise non-compliance (John 1984). In the PROPS
trial, an attempt was made to assess compliance through pill counts
and urine analysis, but only 66% of appointments were kept and
only 31% of the expected numbers of urine samples were obtained,
making analysis meaningless (PROPS 1986).

Penicillin prophylaxis versus withdrawal of penicillin prophylaxis

The PROPS II trial gave no data regarding compliance (PROPS II
1995).

D I S C U S S I O N

Summary of main results

The PROPS trial was a well-conducted trial, including 215 children
with homozygous SCD (SS), and shows a significantly reduced
risk of pneumococcal infection in those receiving prophylactic
penicillin (PROPS 1986). Due to the early termination of the trial,
there is a possibility that the reported results may have been
over-estimated and attrition bias was assessed as 'high risk'. The
results of the John trial appear to support these findings in a
geographically diDerent population, than the West Indies, and
using a diDerent dose and route of administration, with no cases
of pneumococcal infection occurring in those children who were
receiving penicillin (John 1984). Accordingly, most advisory health
committees recommend early diagnosis of SCD in order that
penicillin prophylaxis can be commenced in infancy (Lees 2000;
Yawn 2014).

The PROPS II trial (PROPS II 1995) followed on from the first PROPS
trial (PROPS 1986) to answer another important clinical question: if
penicillin prophylaxis is to be given routinely to children with sickle
cell disease, when is it safe to stop? The trial authors randomised
SS and Sβ0Thal children to withdrawal or continuation of penicillin
prophylaxis at five years of age, as previous studies have shown that
the risk of infection is lower in older pre-school children (Zarkowsky
1986). Findings in the PROPS trial showed a risk of pneumococcal
infection of 1.5 per 100 patient-years in those receiving penicillin,
and 9.8 per 100 patient-years in the placebo group (PROPS 1986). In
contrast, rates were significantly less in the PROPS II trial, with only
0.67 per 100 patient-years in the placebo group, and half that in the
penicillin group (PROPS II 1995).  While the rates of infection, aMer
the age of five years, are shown to be lower in both treatment and
placebo arms, in the PROPS II trial, a greater sample size may have
been needed to show a diDerence between both arms. In the John

trial, penicillin was stopped at three years of age (John 1984). A
cluster of four cases of pneumococcal infections occurred within 11
months of this, perhaps suggesting that these children are still very
susceptible to infection, and that penicillin should be continued
until they are older. Further research may help to determine the
ideal age to safely withdraw penicillin.

Adverse eDects reported in the included trials were minimal.
Compliance with the daily oral penicillin regimen is, however,
known to be poor (Berkovitch 1998; Teach 1998). The PROPS
trial attempted to quantify the levels of compliance through pill
counts and urine analysis, but too few data were collected for
any conclusions to be drawn (PROPS 1986). Monthly intramuscular
injections of penicillin overcome the problem of not taking pills
but require regular monthly interactions with the healthcare
system. A lack of compliance with keeping these appointments
is a real problem, particularly in rural, under-resourced areas.
Additionally, the pain caused by intramuscular injections may
not be acceptable to older children (John 1984).  There has,
however, been reports of compliance with intramuscular penicillin
prophylaxis in children with SCD  in Jamaica. Good compliance
was said to be demonstrated if an individual received at least
10 injections over the preceding 12-months (King 2011).  Also,
there is some uncertainty regarding the eDicacy of the depot
preparations in the second half of the four-week period (Ginsburg
1982), although this did not seem to present a clinical problem in
the included trial (John 1984).

Increasingly, the concern of antibiotic resistance is an issue for
long-term antibiotic use. Infective organisms, which are resistant
to antibiotics, are a growing problem in all areas of health care,
and, although the impact of prophylactic antibiotic therapy on
resistance is controversial (Anglin 1984), in general, prolonged
antimicrobial therapy is not encouraged (Pai 2000). In the PROPS
II trial, resistant organisms were isolated  among a subgroup of
children who were participating in this trial (PROPS II 1995; Woods
1997). Observational studies have also shown a high level of
colonization of resistant organisms (Daw 1997). In practice, the risks
of pneumococcal infection to the individual should be balanced
against the problem of resistant organisms to the population.

Overall completeness and applicability of evidence

The results of the trial by John show that a prophylactic penicillin
regimen is also feasible in resource-limited countries (John 1984).
The cost is variable but this has been quoted at a median cost
of USD 0.31 for 2.4 million IU vials of powdered benzathine
benzylpenicillin in a 2010 report from the United Nations Children's
Fund (Wyber 2013). Also, monthly injections may aid compliance,
provide the individuals attend clinics regularly. The practicalities of
implementing such a program in very rural and remote or under-
resourced areas were illustrated in the trial, as several participants
had to be moved from the penicillin groups due to the inability to
reach a medical centre every month. Children in diDerent countries
are exposed to diDerent environmental factors, viral/bacterial risks
and access to other medicines. This must be borne in mind when
applying the results of trials to diDerent settings.

Quality of the evidence

Three studies were eligible for inclusion, with sample sizes ranging
from 215 to 400 children (John 1984; PROPS 1986; PROPS II 1995).
The findings of the first PROPS trial was not in conflict with but
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supported the results of, the John trial (John 1984; PROPS 1986).
Of note, the route of administration for both trials diDered, in the
earlier trial the parenteral route was chosen, while in the latter
trial penicillin was given orally. Additionally, during the John trial,
which was five years in duration, penicillin was terminated aMer
each child's third birthday. This may have been a limitation of this
trial. It was, however, noted that for the period of administration
of intramuscular penicillin, children on this arm of the study had
no pneumococcal infections. The certainty of the evidence for both
primary and secondary outcomes was judged to be low, see the
summary of findings tables (Summary of findings 1; Summary of
findings 2).

The trial reports of the first PROPS trial provided a rigorous risk of
bias assessment and all risk of bias domains could be adequately
assessed. The risk of bias assessment showed that with regards to
the other two studies (John 1984; PROPS 1986), there were some
domains that were unclear, mainly due to inadequate reporting
of the methods of randomization and allocation concealment and
also in the reporting of outcome data (Figure 1; Figure 2). A high risk
of bias as a result of allocation concealment (one of three studies)
and incomplete outcome (one of three studies) was also reported.
The existence of other sources of bias apart from those discussed
and illustrated was not proven during the conduct of this review.

Potential biases in the review process

It is known that there was potential for bias to be introduced into
the review and one of the ways the authors sought to reduce bias,
as a result of study selection, was to have clear inclusion criteria
to guide the extensive search strategy which was undertaken. This
extensive search with suitable terminology increased the likelihood
that all relevant studies were identified.

The methods used in assessing the risk of bias was one of the
strengths of this review. The Cochrane risk of bias assessment tool
provided a clear and uniform protocol for a rigorous 'risk of bias'
assessment. Additionally, a two-author review of the risk of bias
allowed for greater reliability of this assessment.

One limitation of this review is that limitations in the reporting of
the methodology did not allow a complete risk of bias assessment
for all studies. Where possible, the review authors tried to contact
trial authors for clarifications, which assisted in the process and
reduced the instances of an unclear assessment.

Agreements and disagreements with other studies or
reviews

In the included trials, the eDicacy of pneumococcal vaccines
in children with SCD was questioned. No further trials were

identified which investigated the eDicacy of pneumococcal
vaccines in reducing the incidence of pneumococcal infections in
children specifically with SCD.    A Cochrane Review, undertaken
to investigate pneumococcal vaccines in SCD, documented
that an included trial found no evidence that the incidence
of pneumococcal infection was significantly reduced in young
children (under three years old) receiving polysaccharide vaccines.
Regarding the conjugate pneumococcal vaccine, there was
evidence from three trials that antibody responses were increased
in the treated groups compared to control groups, but clinical
outcomes were not investigated in these trials (Davies 2004).

However, in a review  among individuals diagnosed with human
immunodeficiency virus who are also immunocompromised, there
was evidence that pneumococcal conjugate vaccine, prevented
invasive pneumococcal disease and pneumonia (Nunes 2012).

Also, in a trial among older adults, vaccine-type invasive
pneumococcal disease was prevented by pneumococcal
polysaccharide conjugate vaccines (polysaccharide conjugate
vaccine against pneumococcal pneumonia in adults (Bonten 2015).

A U T H O R S '   C O N C L U S I O N S

Implications for practice

Penicillin prophylaxis reduces the incidence of pneumococcal
infections in children with sickle cell disease (SS or Sβ0Thal) under
the age of five years. The risk of infection in children older than
five years is lower, and the PROPS II trial did not show a significant
increase in the risk on withdrawal of prophylactic penicillin at this
age.

Implications for research

Observational data may help to elucidate the risk of infection in
children when penicillin prophylaxis is withdrawn. In addition,
further research into prevalence and clinical importance of
resistant organisms is needed.

A C K N O W L E D G E M E N T S

This project was supported by the National Institute for Health
Research, via Cochrane Infrastructure funding to the Cochrane
Cystic Fibrosis and Genetic Disorders Group. The views and
opinions expressed therein are those of the authors and do not
necessarily reflect those of the Systematic Reviews Programme,
NIHR, NHS or the Department of Health.

Prophylactic antibiotics for preventing pneumococcal infection in children with sickle cell disease (Review)

Copyright © 2021 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

16



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

R E F E R E N C E S
 

References to studies included in this review

John 1984 {published data only}

John AB, Ramlal A, Jackson H, Maude GH, Sharma AW,
Serjeant GR. Prevention of pneumococcal infection in children
with homozygous sickle cell disease. British Medical Journal
(Clinical Research Edition) 1984;288(6430):1567-70.

PROPS 1986 {published data only}

Gaston MH, Verter J. Sickle cell anaemia trial. Statistics in
Medicine 1990;9(1-2):45-51.

*  Gaston MH, Verter JI, Woods G, Pegelow C, Kelleher J,
Presbury G, et al. Prophylaxis with oral penicillin in children
with sickle cell anemia: a randomized trial. New England
Journal of Medicine 1986;314(25):1593-9.

PROPS II 1995 {published data only}

American Family Physician. Use of penicillin prophylaxis in
sickle cell disease. American Family Physician 1996;53(5):1828-9.
[CENTRAL: CN-01764080] [CFGD REGISTER: SC374] [EMBASE:
26119795]

Bjornson AB, Falletta JM, Verter JI, Buchanan GR, Miller ST,
Pegelow CH, et al. Serotype-specific immunoglobulin G
antibody responses to pneumococcal vaccine in children with
sickle cell anemia: eDects of continued penicillin prophylaxis.
Journal of Pediatrics 1996;129(6):828-35. [CFGD REGISTER:
SC31c]

Falletta JM, Woods GM, Verter JI, Buchanan GR, Pegelow CH,
Iyer RV, et al. Discontinuing penicillin prophylaxis in children
with sickle cell anemia. Prophylactic Penicillin Study II. Journal
of Pediatrics 1995;127(5):685-90. [CFGD REGISTER: SC31a]

Woods GM, Jorgensen JH, Waclawiw MA, Reid C, Wang W,
Pegelow CH, et al. Influence of penicillin prophylaxis on
antimicrobial resistance in nasopharyngeal S. pneumoniae
among children with sickle cell anemia. The Ancillary
Nasopharyngeal Culture Study of Prophylactic Penicillin Study
II. Journal of Pediatric Hematology/Oncology 1997;19(4):327-33.
[CFGD REGISTER: SC31b]

 

References to studies excluded from this review

Babiker 1986 {published data only}

Babiker MA. Prophylaxis of pneumococcal infection in
sickle-cell disease by the combined use of vaccination and
penicillin. Annals of Tropical Paediatrics 1986;6(3):179-81.
[CENTRAL: CN-00045321] [CFGD REGISTER: SC375] [DOI:
10.1080/02724936] [PMID: 2430506]

Berkovitch 1998 {published data only}

Berkovitch M, Papadouris D, Shaw D, Onuaha N, Dias C,
Olivieri NF. Trying to improve compliance with prophylactic
penicillin therapy in children with sickle cell disease. British
Journal of Clinical Pharmacology 1998;45(6):605-7.

Lewthwaite 1962 {published data only}

Lewthwaite CJ. A trial of chemoprophylaxis in sickle cell
anaemia. Preliminary communication.. East African Medical
Journal 1962;39(5):196-9.

 

Additional references

Anglin 1984

Anglin DL, Siegel JD, Pacini DL, Smith SJ, Adams G, Buchanan G.
EDect of penicillin prophylaxis on nasopharyngeal colonization
with Streptococcus pneumoniae in children with sickle cell
anemia. Journal of Pediatrics 1984;104(1):18-22.

Bjornson 1996

Bjornson AB, Falletta JM, Verter JI, Buchanan GR, Miller ST,
Pegelow CH, et al. Serotype-specific immunoglobulin G
antibody responses to pneumococcal vaccine in children with
sickle cell anemia: eDects of continued penicillin prophylaxis.
Journal of Pediatrics 1996;129(6):828-35. [CFGD REGISTER:
SC31c]

BNF 2020

Joint Formulary Committee. British National Formulary. 79
edition. London: BMJ Group and Pharmaceutical Press, 2020.

Bonten 2015

Bonten MJM, Huijts SM, Bolkenbaas M, Webber C, Patterson S,
Gault S, et al. Polysaccharide conjugate vaccine against
pneumococcal pneumonia in adults. New England Journal of
Medicine 2015;372(12):1114-25.

Brousee 2014

Brousse V,  Makani J, Rees DC. Management of sickle cell
disease in the community. BMJ 2014;348:g1765. [DOI: 10.1136/
bmj.g1765]

Bush 2016

Bush K, Bradford PA. β-Lactams and β-Lactamase Inhibitors:
An Overview. Cold Spring Harbour Perspectives in Medicine
2016;6(8):a025247.

Cannas 2019

Cannas G, Merazga S,  Virot E. Sickle cell disease and infections
in high- and low-income countries. Mediterranean Journal of
Hematology and Infectious Diseases 2019;11(1):e2019042. [DOI:
10.4084/MJHID.2019.042]

CDC 2019

Centers for Disease Control and Prevention. https://
www.cdc.gov/ncbddd/sicklecell/data.html. www.cdc.gov/
ncbddd/sicklecell/data.html (accessed 18 November 2020).

Chesney 1992

Chesney PJ. The escalating problem of antimicrobial resistance
in Streptococcus pneumoniae. American Journal of Diseases of
Children 1992;146(8):912-6.

Prophylactic antibiotics for preventing pneumococcal infection in children with sickle cell disease (Review)

Copyright © 2021 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

17

https://doi.org/10.1080%2F02724936
https://doi.org/10.1136%2Fbmj.g1765
https://doi.org/10.1136%2Fbmj.g1765
https://doi.org/10.4084%2FMJHID.2019.042


Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Conceição da Guarda 2020

Conceição da Guarda C, Cocou Modeste Alexandre
Yahouédéhou S,  Pereira Santiago R, Felix de Lima Fernandes C,
 Santana dos Santos Neres J, Mateus de Jesus Oliveira A, et
al. Investigation of Lipid Profile and Clinical Manifestations
in SCA Children. Disease Markers 2020;2020:8842362. [DOI:
10.1155/2020/8842362]

Craig 2000

Craig WA. Pharmacokinetics of antibiotics with special
emphasis on cephalosporins. Clinical Microbiology and Infection
2000;6 (Suppl 3):46-9.

Cummins 1991

Cummins D, Heuschkel R, Davies SC. Penicillin prophylaxis
in children with sickle cell disease in Brent. BMJ
1991;302(6783):989-90.

Davies 2004

Davies GE, Hirst C, Lottenberg R, Dower N. Pneumococcal
vaccines for sickle cell disease (Cochrane Review). Cochrane
Database of Systematic Reviews 2004, Issue 1. Art. No:
CD003885. [DOI: 10.1002/14651858.CD003885.pub2]

Daw 1997

Daw NC, Wilimas JA, Wang WC, Presbury GJ, Joyner RE,
Harris SC, et al. Nasopharyngeal carriage of penicillin resistant
Streptococcus Pneumoniae in children with sickle cell disease.
Pediatrics 1997;99(4):E7.

Desselas 2020

Desselas E, Thuret I, Kaguelidou F, Benkerrou M,
de Montalembert M, Odièvre M-H, et al. Mortality in children
with sickle cell disease in mainland France from 2000 to 2015.
Haematologica 2020;105(9):e440-3.

Di Liberto 2016

Di Liberto G,  Kiger L, Marden MC,   Boyer L,   Canoui Poitrine F,
 Conti M,   et al. Dense red blood cell and oxygen desaturation
in sickle-cell disease. American Journal of Hematology
2016;91(10):1008-13. [DOI: 10.1002/ajh.24467]

Dormandy 2018

Dormandy E, James J,  Inusa B, Rees D. How many people
have sickle cell disease in the UK? Journal of Public Health
2018;40(3):e291-5. [DOI: 10.1038/nrdp.2018.10]

Ginsburg 1982

Ginsburg CM, McCracken GH, ZweighaM TC. Serum penicillin
concentrations aMer intramuscular administration of
benzathine penicillin G in children. Pediatrics 1982;69(4):452-4.

Higgins 2003

Higgins JPT, Thompson SG, Deeks JJ, Altman DG. Measuring
inconsistency in meta-analyses. BMJ 2003;327(7414):557-60.

Higgins 2011

Higgins 2011: Higgins JPT, Altman DG, Sterne JAC, editor
(s). Chapter 8: Assessing risk of bias in included studies.
In: Higgins JPT, Green S, editor(s). Cochrane Handbook for
Systematic Reviews of Interventions. Version 5.1.0 (updated

March 2011). The Cochrane Collaboration, 2011. Available from
handbook.cochrane.org.

Kato 2018

Kato GJ,  Piel FB,  Reid CD, Gaston MH,  Ohene-Frempong K,
 Krishnamurti L, et al. Sickle cell disease. Nature Reviews.
Disease Primers 2018;4:18010. [DOI: 10.1038/nrdp.2018.10]

King 2011

King L, Ali S, Knight-Madden J, MooSang M, Reid M. Compliance
with intramuscular penicillin prophylaxis in children with
sickle cell disease in Jamaica. West Indian Medical Journal
2011;60(2):177-80. [PMID: 21942123]

Lees 2000

Lees CM, Davies S, Dezateux C. Neonatal screening for
sickle cell disease (Cochrane Review). Cochrane Database of
Systematic Reviews 2000, Issue 1. Art. No: CD001913. [DOI:
10.1002/14651858.CD001913]

Leikin 1989

Leikin SL, Gallagher D, Kinney TR, Sloane D, Klug P, Rida W.
Mortality in children and adolescents with sickle cell
disease. Co-operative Study of Sickle Cell Disease. Pediatrics
1989;84(3):500-8.

Lobel 1982

Lobel JS, Bove KE. Clinicopathologic characteristics of
septicaemia in sickle cell disease. American Journal of Diseases
of Children 1982;136(6):543-7.

McCavit 2011

McCavit TL, Quinn CT, Techasaensiri C, Rogers ZR. Increase
in invasive Streptococcus pneumoniae infections in children
with sickle cell disease since pneumococcal conjugate vaccine
licensure. Journal of Pediatrics 2011;158(3):505-7.

Nunes 2012

Nunes MC, Madhi SA. Safety, immunogenicity and eDicacy of
pneumococcal conjugate vaccine in HIV-infected individuals.
Human Vaccines & Immunotherapeutics 2012;8(2):161-73.

Oligbu 2018

Oligbu G, Collins S, Sheppard C, Fry N, Dick M, Streetly A, et al.
Risk of Invasive Pneumococcal Disease in Children with Sickle
Cell Disease in England: A National Observational Cohort Study,
2010–2015. Archives of Disease in Childhood 2018;103(7):643-7.

Oligbu 2019

Oligbu G, Fallaha M, Pay L, Ladhani S. Risk of invasive
pneumococcal disease in children with sickle cell disease in the
era of conjugate vaccines: a systematic review of the literature.
British Journal of Haematology 2019;185(4):743-51.

Pai 2000

Pai VB, Nahata MC. Duration of penicillin prophylaxis in sickle
cell anemia: issues and controversies. Pharmacotherapy
2000;20(1):110-7.

Prophylactic antibiotics for preventing pneumococcal infection in children with sickle cell disease (Review)

Copyright © 2021 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

18

https://doi.org/10.1155%2F2020%2F8842362
https://doi.org/10.1002%2F14651858.CD003885.pub2
https://doi.org/10.1002%2Fajh.24467
https://doi.org/10.1038%2Fnrdp.2018.10
https://doi.org/10.1038%2Fnrdp.2018.10
https://doi.org/10.1002%2F14651858.CD001913


Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Platt 1994

Platt OS, Brambilla DJ, Rosse WF, Milner PF, Castro O,
Steinberg MH, et al. Mortality in sickle cell disease: life
expectancy and risk factors for early death. New England
Journal of Medicine 1994;330(23):1639-44.

Quinn 2016

Quinn CT. Minireview: Clinical severity in sickle cell
disease: the challenges of definition and prognostication.
Experimental Biology and Medicine 2016;241(7):679–88. [DOI:
10.1177/1535370216640385]

RevMan 2020 [Computer program]

The Cochrane Collaboration Review Manager (RevMan). Version
5.4. The Cochrane Collaboration, 2020.

Robinson 1966

Robinson MG, Watson RJ. Pneumococcal meningitis in
sickle-cell anemia. The New England Journal of Medicine
1966;274(18):1006-8.

Saraf 2014

Saraf S,  Molokie RE,  Nouraie M, Sable CA,  Luchtman-
Jones L, Ensing GJ,  et al. DiDerences in the clinical and
genotypic presentation of sickle cell disease around the world.
Paediatric Respiratory Reviews 2014;15(1):4-12. [DOI: 10.1016/
j.prrv.2013.11.003]

Serjeant 2001

Serjeant GR, Serjeant BE. The immune system. In: Sickle Cell
Disease. 3rd edition. Oxford University Press, 2001:153-66.

Sterne 2011

Sterne JA, Egger M, Moher D. Chapter 10: Addressing reporting
biases. In: Higgins JP, Green S (editors). Cochrane Handbook
forSystematic Reviews of Interventions Version 5.1 (updated
March 2011). The Cochrane Collaboration, 2011. Available from
www.cochrane-handbook.org.

Teach 1998

Teach SJ,  Lillis KA, Grossi M. Compliance with penicillin
prophylaxis in patients with sickle cell disease. Archives of
Pediatrics & Adolescent Medicine 1998;152(3):274-8. [DOI:
10.1001/archpedi.152.3.274]

Ware 2017

Ware RE,  de Montalembert M,  Tshilolo L, Abboud MR. Sickle cell
disease [Lancet]. Lancet 2017;390(10091):311-32. [DOI: 10.1016/
S0140-6736(17)30193-9]

Woods 1997

Woods GM, Jorgensen JH, Waclawiw MA, Reid C, Wang W,
Pegelow CH, et al. Influence of penicillin prophylaxis on
antimicrobial resistance in nasopharyngeal S. pneumoniae
among children with sickle cell anemia. The Ancillary
Nasopharyngeal Culture Study of Prophylactic Penicillin Study
II. Journal of Pediatric Hematology/Oncology 1997;19(4):327-33.

Wyber 2013

Wyber R, Taubert K, Marko S, Kaplan E. Benzathine Penicillin
G for the Management of RHD: Concerns About Quality and
Access, and Opportunities for Intervention and Improvement.
Global Heart 2013;8(3):227-34.

Yawn 2014

Yawn BP, Buchanan GR,  Afenyi-Annan AN,  Ballas SK,
 Hassell KL,  James AH,   et al. Management of sickle cell
disease: summary of the 2014 evidence-based report by expert
panel members. JAMA 2014;312(10):1033-48. [DOI: 10.1001/
jama.2014.10517]

Zarkowsky 1986

Zarkowsky HS, Gallagher D, Gill FM, Wang WC, Falletta JM,
Lande WM, et al. Bacteremia in sickle hemoglobinopathies.
Journal of Pediatrics 1986;109(4):579-85.

 

References to other published versions of this review

Hirst 2002

Hirst C, Owusu-Ofori S. Prophylactic antibiotics for preventing
pneumococcal infection in children with sickle cell disease.
Cochrane Database of Systematic Reviews 2002, Issue 3. Art. No:
CD003427. [DOI: 10.1002/14651858.CD003427]

Hirst 2012

Hirst C, Owusu-Ofori S. Prophylactic antibiotics for preventing
pneumococcal infection in children with sickle cell disease.
Cochrane Database of Systematic Reviews 2012, Issue 9. Art. No:
CD003427. [DOI: 10.1002/14651858.CD003427.pub2]

Rankine-Mullings 2017

Rankine-Mullings  AE, Owusu-Ofori  S. Prophylactic
antibiotics for preventing pneumococcal infection in
children with sickle cell disease. Cochrane Database of
Systematic Reviews 2017, Issue 10. Art. No: CD003427. [DOI:
10.1002/14651858.CD003427.pub4]

 
* Indicates the major publication for the study

 

C H A R A C T E R I S T I C S   O F   S T U D I E S

Characteristics of included studies [ordered by study ID]

 

Study characteristics

Methods RCT. Participants randomised to 4 treatment groups: penicillin prophylaxis with the addition of either
14-valent pneumococcal vaccine (Group 1) or H infuenzae B vaccine (Group 3) or either of the preceding

John 1984 

Prophylactic antibiotics for preventing pneumococcal infection in children with sickle cell disease (Review)

Copyright © 2021 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

19

https://doi.org/10.1177%2F1535370216640385
https://doi.org/10.1016%2Fj.prrv.2013.11.003
https://doi.org/10.1016%2Fj.prrv.2013.11.003
https://doi.org/10.1001%2Farchpedi.152.3.274
https://doi.org/10.1016%2FS0140-6736%2817%2930193-9
https://doi.org/10.1016%2FS0140-6736%2817%2930193-9
https://doi.org/10.1001%2Fjama.2014.10517
https://doi.org/10.1001%2Fjama.2014.10517
https://doi.org/10.1002%2F14651858.CD003427
https://doi.org/10.1002%2F14651858.CD003427.pub2
https://doi.org/10.1002%2F14651858.CD003427.pub4


Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

vaccines without penicillin prophylaxis( 14-valent vaccine only group 2 and H influenzae B vaccine only
Group 4).

Participants The trial was conducted at the sickle cell clinics of the University Hospital of the West Indies, Kingston,
Jamaica. Children between 6 months and 3 years of age and with homozygous SCD were eligible, 265
children were randomised, of which 23 of subsequently withdrawn, mainly because of a revision of
their genotype, leaving a total of 242 children as trial participants. A protocol revision was made as
penicillin was withheld in 16 children because of remote addresses and insufficient time after enrol-
ment and randomisation to assess the efficacy of IM penicillin treatment. These children were assigned
to respective vaccine only groups.

Trial duration: 5 years.

Interventions Penicillin monthly IM injection; pneumococcal 14 valent vaccine containing the following Danish types
of purified pneumococcal polysaccharide antigens: 1, 2, 3, 4, 6A, 7F, 8, 9N, 12F, 14, 18C, 19F, 23F, and
25. H influenzae type B vaccine.

Outcomes Incidence of pneumococcal infection (isolated). A 2x2 factorial design was used to compare (a) the re-
sponse to pneumococcal vaccine with that to H influenzae type B vaccine as a capsular polysaccharide
antigen control and (b) the effect of penicillin with that of no penicillin.

Notes No documented declarations of interests among the primary researchers.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk "A total of 265 children were randomised to the four study groups." No details
were given of the method of randomization we are therefore unable to fully as-
sess the risk of selection bias.

Allocation concealment
(selection bias)

High risk "A revision of protocol withholding penicillin was necessary for 16 patients,
eight of whom lived at remote addresses and eight of whom entered between
31 and 35 months of age, which would have resulted in too short a treatment
period to assess efficacy. These 16 were assigned to the corresponding vaccine
groups without penicillin."

Blinding (performance
bias and detection bias)
All outcomes

Low risk Trial not blinded; however, the primary trial outcome (number of participants
developing S pneumoniae infection confirmed with cultures or number of
deaths as a result of such an infection) and the secondary study outcome (ad-
verse drug reaction) are not affected by the fact that blinding did not take
place.

Incomplete outcome data
(attrition bias)
All outcomes

High risk A total of 265 children were randomised to the four study groups, but 23 of
these were subsequently withdrawn, mostly due to revision of genotype.

"The trial was terminated prematurely in 25 children owing to splenectomy in
20, emigration in four, and the clinical decision to use prophylactic penicillin
in one child with recurrent pneumococcal meningitis In these cases results up
to the time of leaving the study were included in the analysis. There were sev-
en deviations from the protocol caused by refusal to take penicillin after two
and four injections (two), death before institution of randomised treatment
(one), failure to treat with penicillin because of an error in age (one), inadver-
tent administration of penicillin to patients joining the study between 31 and
35 months of age (two), and removal to an inaccessible address, so that peni-
cillin had to be stopped (one)." Additionally, the study groups were also un-
even with more participants in the penicillin group (143 in the penicillin group
compared to 90 in the control group) and an "Intention to treat analysis was
also undertaken" after participants were reassigned to protocol groups.
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Selective Reporting (Re-
porting Bias)

Low risk "The pneumococcal prevention study began in May 1978. A 2x2 factorial de-
sign was used to compare (a) the response to pneumococcal vaccine with that
to Haemophilus influenzae type B vaccine as a capsular polysaccharide anti-
gen control and (b) the effect of penicillin with that of no penicillin." All out-
comes were satisfactorily reported.

Other potential Sources of
Bias

Low risk None known.

John 1984  (Continued)

 
 

Study characteristics

Methods RCT, double-blind, placebo controlled. Participants randomised to penicillin prophylaxis (105) or place-
bo (110) by central blocked randomisation.

Participants Children aged 3 to 36 months of age from 23 centres within the USA were randomised. Children were
included if they were free from symptoms of infection at enrolment and excluded if they were receiving
long-term antibiotics, transfusion therapy or had a known allergy to penicillin.

Interventions Children received penicillin V (125 mg twice daily, oral), or placebo (vitamin C 50 mg twice daily) imme-
diately on entry to the trial.

Trial terminated 8 months early after an average of 15 months follow-up.

Outcomes The incidence of documented bacterial infection of S pneumoniae or any other organism.

Notes There were no documented declarations of interests among the primary researchers.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk "The PROPS (Penicillin Prophylaxis Study) data coordinating center generated
the randomization numbers for each clinical site and with the help of the pro-
gram office, directed patient - entry assignments by means of telephone con-
tact. Sealed envelopes that were stored at the clinical centres were available
as a back up for randomization when telephone contact was not possible, but
they were rarely used. The randomization schedules were prepared with the
use of blocked randomization within each clinic to ensure balance in numbers
between two groups."

Allocation concealment
(selection bias)

Low risk A central co-ordinating centre directed participant entry assignment over the
telephone. Sealed envelopes were also held at the clinical centres in case the
central office could not be reached, to maintain allocation concealment.

Blinding (performance
bias and detection bias)
All outcomes

Low risk The participants and centre personnel were blinded to allocation, and placebo
tablets looked almost identical to penicillin.

Incomplete outcome data
(attrition bias)
All outcomes

High risk 219 children with homozygous SCD were randomised, however, 4 children
were removed due to revision of genotype; these children had no severe infec-
tions but were not included in subsequent analyses. The baseline characteris-
tics of the children in each group, including history of palpable spleen or infec-
tion, were similar. The trial was terminated early due to extreme results. Given
this, there is a possibility that the reported results may be over-estimated.
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Selective Reporting (Re-
porting Bias)

Low risk Both the primary and secondary outcomes were adequately reported "the tri-
al was terminated early, after the occurrence of 15 episodes of pneumococ-
cal sepsis 13 in the placebo group and 2 in the penicillin group". Additionally,
baseline characteristics of both study groups are adequately reported.

Other potential Sources of
Bias

Low risk None known.

PROPS 1986  (Continued)

 
 

Study characteristics

Methods RCT. Participants randomised to have prophylactic penicillin withdrawn or continued, by permuted
block randomisation.

Participants 400 children with SS or Sb0 in the USA.

Interventions Penicillin V (250 mg bd), or identical placebo tablet.

Outcomes Incidence of bacteremia or meningitis caused by S pneumoniae.

Average duration of follow-up: 3.2 years.

Notes There were no documented declarations of interests among the primary researchers.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Randomisation was by permuted block method, stratified by clinical site and
years of previous penicillin use.

Allocation concealment
(selection bias)

Unclear risk It was unclear whether allocation concealment had been performed.

Blinding (performance
bias and detection bias)
All outcomes

Low risk Identical placebo tablets were used to maintain double blinding of the partici-
pants and centre personnel.

Incomplete outcome data
(attrition bias)
All outcomes

Unclear risk 400 children were recruited from 18 centres in the USA. The characteristics of
participants in each group were similar at baseline. 4 children died after ran-
domisation, but other withdrawals are not reported, and it is unclear whether
an intention-to-treat analysis was undertaken.

Selective Reporting (Re-
porting Bias)

Low risk "The primary end point was a comparison of the incidence of bacteremia or
meningitis caused by Streptococcus pneumoniae in children continuing peni-
cillin prophylaxis versus those receiving the placebo." Baseline characteristics
and outcomes were adequately reported

Other potential Sources of
Bias

Low risk None known.

PROPS II 1995 
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RCT: randomised controlled trial
SCD: sickle cell disease
SS: homozygous sickle cell disease
S pneumoniae: Streptococcus pneumoniae
 

Characteristics of excluded studies [ordered by study ID]

 

Study Reason for exclusion

Babiker 1986 There was no randomisation. The comparator or control arm of this study. The control group was a
retrospective group of 22 children that were previously followed for 2 years before the study began
and who had not received pneumococcal vaccines or prophylaxis.

Berkovitch 1998 All participants received penicillin and were randomised to a 'compliance aid' or not.

Lewthwaite 1962 Alternate cases attending an outpatient clinic were given a SC injection of chloroquine and an IM
injection of penicillin. The control group received a SC injection of sterile water. Randomisation
process was inadequate, of the 26 participants recruited only 13 were accounted for, outcomes
were unclear and there was no mention of S pneumoniae.

IM: intramuscular
SC: subcutaneous
S pneumoniae: Streptococcus pneumoniae
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Comparison 1.   Penicillin prophylaxis versus standard care

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1.1 Incidence of pneumococcal infection
(for initiation or withdrawal of treat-
ment)

3   Odds Ratio (M-H, Fixed, 95%
CI)

Subtotals only

1.1.1 Initiation of penicillin 2 457 Odds Ratio (M-H, Fixed, 95%
CI)

0.37 [0.16, 0.86]

1.1.2 Withdrawal of penicillin 1 400 Odds Ratio (M-H, Fixed, 95%
CI)

0.49 [0.09, 2.71]

1.2 Incidence of pneumococcal infection
(subgrouped by vaccination)

2   Odds Ratio (M-H, Fixed, 95%
CI)

Subtotals only

1.2.1 Initiation of penicillin: children
who did not receive pneumococcal vac-
cine

1 83 Odds Ratio (M-H, Fixed, 95%
CI)

0.15 [0.01, 3.28]

1.2.2 Initiation of penicillin: children
who received pneumococcal vaccine

2 374 Odds Ratio (M-H, Fixed, 95%
CI)

0.41 [0.17, 0.96]

1.3 Deaths (for initiation or withdrawal
of treatment)

3   Odds Ratio (M-H, Fixed, 95%
CI)

Subtotals only
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Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1.3.1 Initiation of penicillin 2 457 Odds Ratio (M-H, Fixed, 95%
CI)

0.11 [0.01, 2.11]

1.3.2 Withdrawal of penicillin 1 400 Odds Ratio (M-H, Fixed, 95%
CI)

0.99 [0.14, 7.10]

1.4 Adverse drug effects 1   Odds Ratio (M-H, Fixed, 95%
CI)

Totals not select-
ed

1.4.1 Nausea and vomiting 1   Odds Ratio (M-H, Fixed, 95%
CI)

Totals not select-
ed

1.5 Requirement for other courses of an-
tibiotics

1   Odds Ratio (M-H, Fixed, 95%
CI)

Subtotals only

 
 

Analysis 1.1.   Comparison 1: Penicillin prophylaxis versus standard care, Outcome
1: Incidence of pneumococcal infection (for initiation or withdrawal of treatment)

Study or Subgroup

1.1.1 Initiation of penicillin
John 1984
PROPS 1986
Subtotal (95% CI)
Total events:
Heterogeneity: Chi² = 3.26, df = 1 (P = 0.07); I² = 69%
Test for overall effect: Z = 2.32 (P = 0.02)

1.1.2 Withdrawal of penicillin
PROPS II 1995
Subtotal (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 0.82 (P = 0.41)

Penicillin
Events

7
2

9

2

2

Total

143
105
248

201
201

Control
Events

6
13

19

4

4

Total

99
110
209

199
199

Weight

35.1%
64.9%

100.0%

100.0%
100.0%

Odds Ratio
M-H, Fixed, 95% CI

0.80 [0.26 , 2.45]
0.14 [0.03 , 0.66]
0.37 [0.16 , 0.86]

0.49 [0.09 , 2.71]
0.49 [0.09 , 2.71]

Odds Ratio
M-H, Fixed, 95% CI

0.01 0.1 1 10 100
Favours penicillin Favours control

 
 

Prophylactic antibiotics for preventing pneumococcal infection in children with sickle cell disease (Review)

Copyright © 2021 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

24



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Analysis 1.2.   Comparison 1: Penicillin prophylaxis versus standard care,
Outcome 2: Incidence of pneumococcal infection (subgrouped by vaccination)

Study or Subgroup

1.2.1 Initiation of penicillin: children who did not receive pneumococcal vaccine
John 1984
Subtotal (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 1.20 (P = 0.23)

1.2.2 Initiation of penicillin: children who received pneumococcal vaccine
John 1984
PROPS 1986
Subtotal (95% CI)
Total events:
Heterogeneity: Chi² = 4.25, df = 1 (P = 0.04); I² = 76%
Test for overall effect: Z = 2.05 (P = 0.04)

Test for subgroup differences: Chi² = 0.36, df = 1 (P = 0.55), I² = 0%

Penicillin
Events

0

0

7
2

9

Total

46
46

97
105
202

Control
Events

2

2

4
13

17

Total

37
37

62
110
172

Weight

100.0%
100.0%

26.7%
73.3%

100.0%

Odds Ratio
M-H, Fixed, 95% CI

0.15 [0.01 , 3.28]
0.15 [0.01 , 3.28]

1.13 [0.32 , 4.02]
0.14 [0.03 , 0.66]
0.41 [0.17 , 0.96]

Odds Ratio
M-H, Fixed, 95% CI

0.01 0.1 1 10 100
Favours penicillin Favours control

 
 

Analysis 1.3.   Comparison 1: Penicillin prophylaxis versus standard
care, Outcome 3: Deaths (for initiation or withdrawal of treatment)

Study or Subgroup

1.3.1 Initiation of penicillin
John 1984
PROPS 1986
Subtotal (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 1.46 (P = 0.14)

1.3.2 Withdrawal of penicillin
PROPS II 1995
Subtotal (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 0.01 (P = 0.99)

Penicillin
Events

0
0

0

2

2

Total

143
105
248

201
201

Control
Events

0
4

4

2

2

Total

99
110
209

199
199

Weight

100.0%
100.0%

100.0%
100.0%

Odds Ratio
M-H, Fixed, 95% CI

Not estimable
0.11 [0.01 , 2.11]
0.11 [0.01 , 2.11]

0.99 [0.14 , 7.10]
0.99 [0.14 , 7.10]

Odds Ratio
M-H, Fixed, 95% CI

0.01 0.1 1 10 100
Favours penicillin Favours control
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Analysis 1.4.   Comparison 1: Penicillin prophylaxis versus standard care, Outcome 4: Adverse drug e=ects

Study or Subgroup

1.4.1 Nausea and vomiting
PROPS II 1995

Penicillin
Events

2

Total

201

Control
Events

1

Total

199

Odds Ratio
M-H, Fixed, 95% CI

1.99 [0.18 , 22.12]

Odds Ratio
M-H, Fixed, 95% CI

0.01 0.1 1 10 100
Favours penicillin Favours control

 
 

Analysis 1.5.   Comparison 1: Penicillin prophylaxis versus standard
care, Outcome 5: Requirement for other courses of antibiotics

Study or Subgroup

PROPS II 1995

Penicillin
Events

169

Total

201

Control
Events

169

Total

199

Odds Ratio
M-H, Fixed, 95% CI

0.94 [0.55 , 1.61]

Odds Ratio
M-H, Fixed, 95% CI

0.1 0.2 0.5 1 2 5 10
Favours penicillin Favours control

 

 

A P P E N D I C E S

Appendix 1. Search strategies

 

Database/Resource Strategy

www.Clinicaltrials.gov [ADVANCED SEARCH]

SEARCH TERMS: pneumococcal OR pneumococcus OR Streptococcus OR Streptococcal OR Pneu-
moniae OR pneumonia

STUDY TYPE: interventional Studies

CONDITIONS: sickle

WHO International Clinical Tri-
als Registry Platform (ICTRP)

Three separate searches were carried out:

SEARCH 1: sickle AND pneumococcus

SEARCH 2: sickle AND Streptococcus

SEARCH 3: sickle AND Pneumococcus
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Date Event Description

22 January 2021 New search has been performed A new search of the Cochrane Cystic Fibrosis and Genetic Disor-
ders Group's Haemoglobinopathies Trials Register identified two
references, one was an additional reference (a review article) to
an already included trial and the other (PROPS II 1995) and one
has been added to 'Excluded studies (Babiker 1986). A search
of ClinicalTrials.gov and PubMed revealed no new eligible refer-
ences.

22 January 2021 New citation required but conclusions
have not changed

Minor changes have been made throughout all sections of the re-
view.

 

H I S T O R Y

Protocol first published: Issue 1, 2002
Review first published: Issue 3, 2002

 

Date Event Description

5 March 2020 Amended The previous lead author (Ceri Hirst) was conflicted for the 2009,
2012, 2015 versions of this review. Clarification reflecting this has
been added to 'Published notes'.

2 October 2017 New search has been performed A new lead author (Angela Rankine-Mullings) has produced this
update, along with the previous co-author (Shirley Owusu-Ofori).

Searches of the Cochrane Cystic Fibrosis and Genetic Disorders
Haemoglobinopathies Trials Register, Clinicaltrials.gov and the
WHO International Registry Platform did not identify any poten-
tially relevant trials.

2 October 2017 New citation required but conclusions
have not changed

The text has been updated throughout the review. The assess-
ment of the risk of bias was significantly updated. Summary of
findings tables have been added and incorporated into all sec-
tions of the review. The conclusions have not changed.

11 February 2015 Amended Contact details updated.

3 July 2014 New citation required but conclusions
have not changed

Minor changes to the text have been made throughout the re-
view.

3 July 2014 New search has been performed A search of the Cystic Fibrosis and Genetic Disorders Trials Regis-
ter did not identify any potentially relevant trials for inclusion in
the review update.

14 June 2012 New citation required but conclusions
have not changed

The review was updated but no major changes were made.

14 June 2012 New search has been performed A search of the Group's Haemoglobiopathies Trials Register did
not identify and potentially eligible trials.

20 September 2010 Amended Contact details updated.
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Date Event Description

16 April 2010 New search has been performed A search of the Group's Haemoglobinopathies Trials Register
identified no additional trials potentially eligible for inclusion in
this review.

12 August 2009 Amended Contact details updated.

23 October 2008 New search has been performed The search of the Group's Haemoglobinopathies Trials Register
did not identify any potentially eligible trials for inclusion in the
review.

1 October 2008 Amended Converted to new review format.

1 August 2007 New search has been performed A search of the Group's Haemoglobinopathies Trials Register
identified no additional trials eligible for inclusion in this review.

1 August 2007 Amended The 'Synopsis' has been replaced by a new 'Plain language sum-
mary'.

1 August 2006 New search has been performed A search of the Group's Haemoglobinopathies Trials Register
identified no additional trials eligible for inclusion in this review.

1 April 2005 New search has been performed A search of the Group's Haemoglobinopathies Trials Register
identified no additional trials eligible for inclusion in this review.

The lead author has changed her family name from Riddington
to Hirst.

1 March 2004 New search has been performed A search of the Group's trials register identified no additional tri-
als eligible for inclusion in this review.

1 March 2003 New search has been performed An additional reference (Bjornson 1996) to an already included
study (PROPS II 1995) has been added. There is no new evidence
to add from this reference.

An additional reference (Gaston 1990) to an already included
study (PROPS 1986) has been added. There is no new evidence to
add from this reference.

The review has been updated with additional information from
authors: Less than 10% of participants were involved in both of
the following studies: PROPS 1986 and PROPS II 1995.

 

C O N T R I B U T I O N S   O F   A U T H O R S

Current version of the review and 2017 update

Dr Angela Rankine-Mullings lead on the 2017 and 2021 update of this review and acts as guarantor.
Dr Owusu-Ofori commented on the final draM versions.

For previous versions of the review

The review was conceived by the Cochrane Cystic Fibrosis and Genetic Disorders Group and designed by Dr Hirst (née Riddington) and
Dr Owusu-Ofori.

The authors and the Cochrane Cystic Fibrosis and Genetic Disorders Group conducted searches for relevant studies.
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The same two authors screened, appraised and abstracted data for the review. Dr Hirst sought additional information from authors where
necessary. Data entry was performed and interpreted by Dr Hirst and Dr Owusu-Ofori with advice from the Cochrane Cystic Fibrosis and
Genetic Disorders Group.

Dr Hirst and Dr Owusu-Ofori completed the updates of the review.

Dr Hirst acts as guarantor for the review.

D E C L A R A T I O N S   O F   I N T E R E S T

Both authors: none known.

S O U R C E S   O F   S U P P O R T

Internal sources

• New Source of support, UK

External sources

• National Institute for Health Research, UK

This systematic review was supported by the National Institute for Health Research, via Cochrane Infrastructure funding to the Cochrane
Cystic Fibrosis and Genetic Disorders Group.

D I F F E R E N C E S   B E T W E E N   P R O T O C O L   A N D   R E V I E W

No diDerences.

N O T E S

The previous lead author (Ceri Hirst) was conflicted for the 2009, 2012, 2015 versions of this review. This was due to employment at Astra-
Zeneca and Roche during this period.

I N D E X   T E R M S

Medical Subject Headings (MeSH)

Age Factors;  Anemia, Sickle Cell  [*complications]  [genetics];  *Antibiotic Prophylaxis  [adverse eDects];  beta-Thalassemia
 [complications];  Bias;  Hemoglobin SC Disease  [complications];  Homozygote;  Incidence;  Medication Adherence;  Penicillins  [adverse
eDects]  [*therapeutic use];  Pneumococcal Infections  [epidemiology]  [mortality]  [*prevention & control];  Randomized Controlled
Trials as Topic;  Streptococcus pneumoniae

MeSH check words

Child, Preschool; Humans; Infant
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