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Article history: Background: Asplenia and splenic dysfunction is associated with an increased risk of severe and fatal in-
Accepted 7 February 2025 fections, especially due to encapsulated bacteria including Streptococcus pneumoniae, Haemophilus influ-

Available online 12 February 2025 enzae serotype b (Hib) and Neisseria meningitidis. People with sickle cell disease (SCD) develop recurrent

splenic infarcts rendering them functionally asplenic. Consequently, additional vaccination against these
three pathogens is recommended. There is robust evidence of an increased risk for invasive pneumococcal
(IPD) and Hib disease, in people with SCD, but for not invasive meningococcal disease (IMD).
Methods: We conducted a systematic review according to the Preferred Reporting Items for Systematic
Reviews and Meta-analysis (PRISMA) recommendations. Studies published in any language before June
2024 and including people with SCD of all ages and from all geographical locations were included. Studies
were included if they documented bacterial culture and/or PCR in patients with SCD with suspected in-
fection. The primary outcome was to estimate IMD risk in people with SCD. Secondary outcomes included
estimating the risk of IMD and Hib disease in people with SCD.
Findings: We identified 3804 publications and included 86 in the final analyses. Among 74 cohort studies
published during 1971-2023, there were three IMD cases among 26,404 persons with SCD compared with
570 IPD and 113 Hib cases. Eight case-control studies published during 1983-2022 reported one IMD case
among 932 people with SCD (0.1%) compared to 118 IMD cases among 7143 people without SCD (1.65%). In
contrast, there were 126 IPD cases (126/932, 13.5%) in people with SCD compared to 588 (588/7143, 8.2%) in
those without SCD. For Hib, the rates were 32/932 (3.4%) and 316/7143 (4.4%), respectively. After including
all published studies, we identified five IMD cases in people with SCD across studies published worldwide
during 1965-1995 and all five survived their infection.
Interpretation: We found no evidence of any increased risk of IMD in people with SCD. This has important
implications for policymakers in countries and organisations that currently recommend meningococcal
vaccination for people with SCD.
© 2025 Published by Elsevier Ltd on behalf of The British Infection Association. This is an open access article
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Research in Context

Evidence before the study

We searched PubMED, MEDLINE, EMBASE and Web of
Science using the following search terms: Mening* AND
sickle, Mening* AND haemoglobinopathy, Sickle AND bac-
teraemia, Sickle AND infection. We identified 3804 publica-
tions and included 86 in the final analyses, including 74
cohort studies published during 1971-2023, eight case-con-
trol studies published during 1983-2022, two case series and
one case report on invasive meningococcal disease (IMD) in
people with SCD and a systematic review and meta-analysis.
Most studies pre-dated meningococcal vaccination and daily
antibiotic prophylactic recommendations for people with
SCD. After assessing all published studies, we found an on-
going increased risk of invasive pneumococcal disease and
invasive Haemophilus influenzae type b (Hib) disease in
people with SCD, but no evidence of any increased risk of
IMD. Across all studies published worldwide during
1965-1995, we identified only five IMD cases in people with
SCD and all five survived their infection. We also searched
the literature for guidelines, policies and recommendations
for additional vaccination of people with SCD. We found that
most guidelines include SCD as part of the asplenia and
splenic dysfunction risk group and recommend additional
vaccination against pneumococcal, Hib and meningococcal
disease. In contrast, Nigeria, which lies within the African
meningitis belt, an area known for seasonal IMD epidemics,
does not recommend meningococcal vaccination for people
with SCD.

Added value of the study

This is the first study to question the dogma of increased
risk of IMD in people with SCD. Our thorough and extensive
systematic review of the literature with no limitations did not
find any evidence of an increased IMD risk in people with
SCD. Recommendations for additional vaccination of people
with SCD are usually incorporated into guidelines for people
with asplenia and splenic dysfunction, which currently re-
commend vaccination against IMD in addition to pneumo-
coccal and Hib vaccination.

Implications of all the available evidence

Unlike asplenia and splenic dysfunction, there is no evi-
dence of any increased risk of IMD in people with SCD.
Policymakers need to consider whether people with SCD re-
quire additional vaccination against IMD, especially given
that people with SCD are already recommended daily anti-
biotic prophylaxis during early childhood, when this risk of
IMD is highest.

Introduction

Sickle cell disease (SCD) refers to a group of inherited disorders of
haemoglobin synthesis, composed mainly of sickle cell anaemia due
to the homozygous haemoglobin (Hb) S state (HbSS), as well as
compound heterozygous states for HbS and other hemoglobino-
pathies, such as HbC (HbSC) and beta-thalassemia (HbSpt™3!)."? The
gene for HbS occurs most commonly in persons of African ancestry
and, therefore, the greatest burden of SCD occurs disproportionately
in sub-Saharan Africa.’

The association between sickle cell disease (SCD) and increased
susceptibility to serious infections is well-described."*~® People with
SCD are more likely to develop severe, recurrent and fulminant
sepsis, particularly with encapsulated bacteria, with the highest risk
in the first five years of life.’ Encapsulated bacteria that typically
cause invasive bacterial infections such as meningitis and septi-
caemia in young children include Streptococcus pneumoniae, Hae-
mophilus influenzae type b (Hib) and Neisseria meningitidis.” This
increased risk is attributed to the development of functional asplenia
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resulting from repeated sickling episodes in the spleen, leading to
splenic infarction and atrophy, usually in early childhood.® The
spleen has a key role in opsonisation of encapsulated bacteria which
allows phagocytosis by macrophages. Opsonisation can occur via
antibody coating, which occurs in the spleen, or via the complement
cascade whereby the bacteria are coated with complement factor
C3b. The spleen also generates tuftsin' (a tetrapeptide located in the
Fc-domain of the heavy chain of immunoglobulin G which is re-
leased by enzymatic cleavage by an endocarboxypeptidase in the
spleen), which stimulates phagocytosis by macrophages.’

Prior to the licensure of effective vaccines and recommendations
for daily antibiotic prophylaxis, children with SCD were 600 times
more likely to develop pneumococcal meningitis* and 116 times
more likely to develop Hib meningitis than children without SCD
from the same community.'” In a longitudinal follow-up study of
422 patients with SCD in the United States, 10% developed one or
more serious bacterial infections during the first five years of life,
with half the infection-related deaths occurring in this age group.'

Preventive strategies have, therefore, focussed on long-term an-
tibiotic prophylaxis and vaccination against the main pathogens
responsible for serious infections in patients with SCD.'” The im-
plementation of the Hib conjugate vaccine into national childhood
immunisation programmes since the early 1990s led to large and
sustained declines in the incidence of invasive Hib disease in all
populations, including in persons with SCD.'*'* Similarly, pneumo-
coccal conjugate vaccines (PCVs) have significantly reduced the risk
of invasive pneumococcal disease due to the respective vaccine
serotypes.'” There are, however, at least 100 different pneumococcal
serotypes and, since PCVs only protect against some pneumococcal
serotypes, patients with SCD are recommended daily antibiotic
prophylaxis at least in the first five years of life, which has sig-
nificantly reduced their risk of pneumococcal disease and infection-
related mortality.'®"”

Although N. meningitidis is also an encapsulated bacterium, un-
like Hib and S. pneumoniae, there are very limited data published on
the risk of invasive meningococcal disease (IMD) in people with SCD,
despite multiple national and international guidelines re-
commending immunisation against IMD for persons with SCD, often
with relatively expensive vaccines'*'® (Table 1). This is particularly
notable given that there are no published studies reporting any in-
creased risk of IMD in persons with SCD in the sub-Saharan African
meningitis belt, which has the highest population of persons with
SCD and regularly experience large IMD epidemics. In the UK, too,
enhanced national surveillance of IMD, which has been in place for
more than three decades, did not identify SCD as a risk factor among
patients with confirmed IMD."

We, therefore, conducted a systematic review of the literature to
identify studies reporting the incidence and risk of meningococcal
disease in people with SCD globally.

Methods

This systematic review was conducting according to the
Preferred Reporting Items for Systematic Reviews and Meta-analysis
(PRISMA) recommendations using a Population, Intervention,
Comparison, Outcome (PICO) methodology ** (Fig. 1).

Eligibility criteria
Participants

Participants with any type of Sickle Cell Disease were included
(HbSS, HbSC, HbSD, HbSOarap, HbS/p°-thalassaemia, HbS/g*-tha-
lassaemia etc.). Patients of all ages, from all geographical locations

and sexes, were included. Studies including only Sickle Cell Trait
were not included.
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Table 1

Recommendations for the use of meningococcal vaccines in people with Sickle Cell Disease.

Notes

Recommendation

Year

Country
USA

Source

Organisation

MenB vaccines first licensed in USA 2015, MenACWY

vaccine first licensed 2005

MenACWY vaccination recommended from 2 months
of age, MenB vaccination recommended from 10

years of age

2020

Meningococcal Vaccination: Recommendations of the

Centers for Disease Control'®

Advisory Committee on Immunization Practices, United

States, 2020

MenB can be given from 6 weeks

MenB and MenACWY vaccination recommended to

all over 2 months of age

2022

Australia

Australian Immunisation Handbook

Australian Government Department

of Health and Aged Care”®

UK Health Security Agency?'

Age-dependent schedules

MenB and MenACWY vaccination recommended to

all over 2 months of age

2020

UK

The Green book of immunisation: chapter 7 -

Immunisation of Individuals with underlying medical

conditions

Men B and MenACWY vaccination recommended to

all adults

2018

UK

Standards for the Clinical Care of Adults with Sickle Cell

Disease in the UK

Sickle Cell Society'”

PCV13 and PPSV23 recommended

No national meningococcal vaccine

recommendations

2014

Nigeria

National Guideline for the Control and Management of

Sickle Cell Disease

Federal Ministry of Health?

PCV13 recommended at 6,10 and 14 weeks of age plus
booster at 15 months. PPSV23 recommended at 4

years.

No meningococcal vaccine recommendations

Jamaica

Vaccine Schedule for Jamaica

WHO

No specific recommendations for SCD

No meningococcal vaccine recommendations

2020

Tanzania

Performance audit report on the management of
immunization and Vaccination Project activities

The United Republic of Tanzania

National Audit Office”®
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Fig. 1. PICO diagram.
Interventions

Studies were included if they documented bacterial culture and/
or bacterial PCR results for patients with SCD presenting with un-
differentiated fever and/or symptoms/signs of infection. Studies that
specifically only reported non-Neisserial infections, such as pneu-
mococcal disease only, and studies focussing on non-invasive in-
fections, such as bacterial colonisation only, were excluded.

Comparisons

Studies that included a control group of patients without SCD
were included in the primary analysis and also formed part of a
separate analysis.

Outcome measures

The primary outcome measure was to estimate the risk of IMD in
people with SCD who presented with undifferentiated fever and/or
symptoms/signs of infection. Secondary outcome measures were to
estimate the risk of invasive pneumococcal disease (IPD) and in-
vasive Hib disease in people with SCD who presented with un-
differentiated fever and/or symptoms/signs of infection.

Search strategy

The databases PubMED, MEDLINE, EMBASE and Web of Science
were searched on (31/05/2024) using the following search terms:
Mening* AND sickle, Mening* AND haemoglobinopathy, Sickle AND
bacteraemia, Sickle AND infection. No limitation was placed on year
of publication or language. Articles of any age which met criteria for
inclusion were considered. Snowball searching was performed by
reviewing the reference lists of included papers for additional re-
levant publications.

Study design

Randomised controlled trials, surveillance studies, observational
studies including case-series, case-reports, cohort studies, case-
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control studies, retrospective studies and cross-sectional studies
were included. Non-human studies, in vitro studies, opinion pieces
and conference proceedings were excluded. Review articles were
searched for relevant original study references.

Data collection and analysis

Titles and abstracts were reviewed by two reviewers (Catherine
Isitt and Shamez Ladhani). The full texts of any publication that
appeared to meet the criteria for inclusion were obtained and re-
viewed before a decision on inclusion was reached. Data were ex-
tracted from each included study using a structured data extraction
form. Extracted data included study details (year of study, geo-
graphical location, place of publication), intervention details (patient
age, criteria for inclusion in the study, type of microbiological sam-
pling), comparison details (use of a control group or not) and out-
come details (identification of IMD cases, identification of IPD or Hib
cases).

Assessment of risk of bias

All publications that reported patients with SCD and micro-
biological diagnostics were included in order to fulfil the main ob-
jective of the study, which was to find IMD cases in people with SCD.
Care was taken not to include studies that reported the same data as
had already been reported in another included study. One study was
excluded on this basis.

Total records identified= 3804

Number of records screened=
2048

Full texts screened = 144
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Data management

Results from the literature searches were imported into EndNote
software and de-duplicated. Titles and abstracts were screened for
potentially eligible studies and then full texts of the publications
were obtained. Excel was used for recording information from in-
cluded studies using a standardised form.

Results

The search identified 3804 records, of which 1756 were dupli-
cates. Therefore, 2048 unique titles were put forward for screening,
of which 1708 were excluded after title screening because they did
not meet the inclusion criteria, while 191 were excluded after the
full abstract was reviewed. Thus, 144 titles were identified for full
text review. Of these, five publications were unavailable for full text
review, a further 58 were excluded after full text review and 86 were
identified for inclusion (Fig. 2).

Cohort studies

There were 74 cohort studies published during 1971-2023 that
included patients with SCD who were either investigated for or who
had confirmed infections (Table 4). Of these, 30 were from the USA, 14
from the African continent and 8 from the Middle East (most from
Saudi Arabia) (Fig. 3). Most studies were either prospective or retro-
spective studies that included patients with SCD who presented to
healthcare with fever or acute illness over a set time-period. In-
fectious aetiologies were then identified by reviewing microbiological

Duplicates removed= 1756

Excluded after title screened = 1708

Excluded after abstracts screened =
191

Excluded after full text screening = 58

Full text unavailable = 5

Identified for inclusion = 86

Fig. 2. PRISMA diagram of systematic review study inclusion.
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Table 2
Case reports included.

Journal of Infection 90 (2025) 106441

Study Year of publication  Study period Country  Description of study N. meningitidis identified?
Al Ansari et al.** 2007 2007 Bahrain  Case report, patient with SCD presenting with Sepsis No, Staph aureus causative agent
Angelini et al.*! 1997 1989-1995 France Case series of pneumonia caused by Neisseria Yes, in one patient with SCD

meningitidis, one case in a patient with SCD

Chenou et al.*? 2020 1999-2011 Brazil

Case series, reports of cases of bacterial meningitis in 10
patients with SCD

No, 5 cases Streptococcus pneumoniae
identified and one case with Hib

culture/PCR results. Ten studies followed-up a pre-defined cohort of

Table 3
Description of the five cases of IMD identified in the included studies.

Case reports

Isolated in pulmonary tract excretions and blood from a patient with clinical diagnosis of pneumonia. 23-year-old Male,

meningococcal serogroup C. Patient described as having heterozygotic Sickle Cell Anaemia, unclear if this means HbSC or Sickle

One case of meningococcal meningitis in a child <18 years. Patient recovered.
Neisseria meningitidis isolated from CSF from a child. Patient recovered. Discussion states that meningococcal vaccination

One case of meningococcal meningitis in 3-year-old girl, N. meningitidis isolated from CSF and blood. The child had previously

had both episodes with pneumococcal pneumonia and pneumococcal meningitis. Patient recovered.

Study Study period Description of patient
Angelini et al.”’ 1989-1995

cell trait. Patient recovered.
Abu-Srair et al.** 1989
Akuse et al.** 1987

common in the study area.
Barrett-Connor et al.'’ 1958-1968
Overturf et al.*® 1965-1975

Patient recovered.

One case of meningococcal meningitis in a child aged between 5-9 years, unclear whether isolated from blood or CSF or both.

patients with SCD over a specified time-period and then identified
episodes of infection in the cohort.>>>* Five studies analysed the
causes of death in a cohort of patients with SCD, including death from
infectious aetiologies.’>° Across all 74 cohort studies, there were
only three cases of IMD identified among 26,404 included persons
with SCD. This compared with 570 cases of IPD and 113 cases of Hib
(Table 4).

Case-control studies

Eight case-control studies published during 1983-2022 were
identified for inclusion (Table 5). These were predominantly studies
conducted in Africa (three from Nigeria, one from Angola and one
from Kenya) with two other studies from the USA and one from
Saudi Arabia. A total of 932 people with SCD were included and
compared to 7143 people without SCD. Across the eight studies,
there was one IMD case identified among 932 people with SCD
(0.1%) compared to 118 IMD cases among 7143 people without SCD
(1.65%) in the control group. This case was identified in Saudi Arabia
in a study published in 1989 in a child < 18 years of age®* (Table 3). In
contrast, there were 126 IPD cases (126/932, 13.5%) identified in
people with SCD compared to 588 (588/7143, 8.2%) in those without
SCD. For Hib, the numbers were 32/932 (3.4%) and 316/7143 (4.4%),
respectively. One of the largest case-control studies included all
children aged < 14 years admitted from a defined area of Kenya to a
single hospital over a 10-year period.'”' Those with significant po-
sitive blood cultures were defined as cases in their study. A control
group of children from the same geographic area who did not have
an infection was included. All cases and controls were retro-
spectively tested for SCD. Of those with positive blood cultures (the
cases), 108/1749 tested had a diagnosis of SCD. For the purposes of
this systematic review, we compared the pathogens identified in
those with positive cultures in children with and without SCD
(Table 5). In the largest case-control study conducted in 1989 by
Abu-Srair and colleagues “° in Saudi Arabia, 450 patients with SCD
admitted to a paediatric ward were compared with 3700 patients
without SCD admitted to the same ward during the same time
period. The incidence of serious infection was higher in the SCD
group (8.6%) compared to the group without SCD (1%). In this study,
one case each of meningococcal meningitis was identified in the SCD
group and in the control group.

Two case series and one case report considered the diagnosis of
IMD in people with SCD (Table 2). A case series by Angelini et al.*’
included fifteen patients with meningococcal pneumonia in France
between 1989-1995. One case in this series was a 23 year-old man
with SCD who presented with symptoms and signs of pneumonia,
and N. meningitidis serogroup C was subsequently isolated in blood
and bronchial fluid cultures. Classic symptoms of meningococcal
septicaemia were not described.

In another case series of bacterial meningitis diagnosed between
1999-2011 in 10 patients with SCD in Brazil, none were due to N.
meningitidis. Five were due to S. pneumoniae and one due to Hib.*?
Finally, a single case report from Bahrain, published in 2007, de-
scribes a patient with SCD presenting with signs and symptoms of
meningococcal septicaemia but blood cultures identified Staphylo-
coccus aureus as the causative agent.

Systematic reviews and meta-analysis

One systematic review and meta-analysis was identified.” The
systematic review was conducted in 2010 and aimed to estimate the
risk of pneumococcal infections, bacteraemia or meningitis in chil-
dren with SCD in Africa. Seven studies were included in the final
analysis and the authors estimated a 35-fold increased risk of IPD
and a 13-fold increased risk of Hib compared to children without
SCD. No cases of IMD were reported in this analysis.

IMD in people with SCD

In total, after assessment of all published studies so far, we
identified only five IMD cases in people with SCD in studies pub-
lished worldwide (Table 3). The reported IMD cases spanned across
1965-1995, with no IMD case reported in a person with SCD since
1995. The ages of the patients ranged from 3-23 years and all five
survived their infection.

Discussion

We undertook a comprehensive and systematic review of the
literature to identify all published data across all continents, time-
periods and languages to assess whether people with SCD had an
increased risk of meningococcal disease. We assessed 2048 potential
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Table 4 (continued)

Confirmed
HiB

Confirmed Streptococcus

pneumoniae

Patients with SCD  Confirmed N.

included (N)

538

Inclusion criteria

Study period Geographic location

Year of

Study

meningitidis

publication

11

All ages, people with SCD admitted with suspected chest

syndrome, blood cultures taken

USA

1993-1997

2000

Vichinsky et al.”*

388

Children < 18 years with SCD, review of episodes of severe
sepsis in a cohort of 388
Chi

Chi
revi

UK

2018 2015-2017

Wall et al.”®

199
128

dren <18 years with SCD presenting with fever
dren <18 years with SCD, cohort of 128 patients

ewed for fever episodes

144
80

dren <17 years with SCD presenting with fever

dren 6 months-14 years with SCD presenting with

USA
USA

1990-1992
1989-1999

<
D
(=2}
@

2002

Chi
Chi

Jamaica
USA

1993-1996
1992-1993

2001

Wieranga et al.”®

1996

Williams et al.”?

fever without signs of severe sepsis requiring admission

Workman et al.**

620

All ages, cohort of patients with SCD, review of all blood

cultures taken in cohort

UK

1976-1991

1994

11

25

2641

Children < 18 years, review of all blood cultures taken

2022 2010-2019 USA
from children with SCD

Yee et al.'?°

12

79

3451

All ages, people with SCD presenting with fever from a

cohort of 3451 people with SCD

USA

1986 1979-

Zarkowsky et al.”’

900

Adults aged > 18 years in a cohort of 900 people with SCD,

all cases of bacteraemia identified and reviewed

France

1997-2002

2006

Zarrouk et al.**

113

570

26404

Totals
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studies and finally included 86 studies in the analysis, including 74
cohort studies, 8 case-control studies, 2 case series, 1 case report and
a systematic review and meta-analysis. Overall, we assessed the risk
of IMD in 26,404 people with SCD in cohort studies and 932 people
with SCD in case-control studies, with some studies allowing for
comparison of IMD risk in people without SCD in the same geo-
graphical regions and over the same time-period. Despite an ex-
tensive review of the literature, we only identified five IMD cases in
people with SCD in the global literature. In contrast, we identified
multiple reports of IPD and Hib disease in people with SCD along
with studies demonstrating a significantly higher risk of these two
infections in people with SCD compared to those without SCD.

Our findings indicate that people with SCD do not have an in-
creased risk of IMD, however do appear to have an increased risk of
both pneumococcal and Hib disease, this is especially true for young
children. This increased risk has been attributed to loss of splenic
function that develops as a result of splenic infarction - this has been
considered the basis for increased risk for serious infections caused
by encapsulated bacteria,' of which Hib, S. pneumoniae and N. me-
ningitidis are the major but not exclusive pathogens.”' People with
asplenia also have an increased risk of infection with some Gram-
negative organisms such as non-typhoidal Salmonella, which is also
encapsulated, and Capnocytophagia spp.'%%'%°

Multiple epidemiological studies have reported an increased risk
of IPD of up to 600-fold in people with SCD compared to people
without SCD* as well as in increased risk of Hib disease with re-
ported incidence ranging from 5.4-12.4/1000 person-years’*® in the
absence of vaccination and antibiotic prophylaxis.* In contrast, we
did not identify any study reporting an increased risk of IMD in
people with SCD. Indeed, the data to support an increased risk of
IMD in people with SCD appears to have been extrapolated from
studies of post-splenectomy patients, where there does appear to be
an increased risk of IMD, with 2.3% of post-splenectomy infections
caused by N. meningitidis in one study,'°® and associated with high
case-fatality rates of up to 58.8%.''° The highest risk for infection
post-splenectomy appears to be in the first 5 years.'%%!1°

Consequently, guidelines for the prevention of serious bacterial
infections in people with asplenia or splenic dysfunction specifically
target strategies for protection against these three main en-
capsulated bacteria. These strategies primarily include vaccination
and, since the current vaccines do not protect against all strains,
daily antibiotic prophylaxis at least until the age of 5 years.'"

The development and licensure of Hib and pneumococcal poly-
saccharide vaccines in the 1980s was a major step toward preventing
serious infections in those at highest risk, including people with SCD.
These polysaccharide vaccines, which were soon found to be in-
effective in infants and young children whose immune systems re-
cognise bacterial polysaccharide poorly, were soon replaced by
highly effective conjugate vaccines which not only protected vacci-
nated children against invasive disease but, by preventing carriage
acquisition, also reduced onward transmission to other, un-
vaccinated children and adults. Consequently, Hib disease is now
rare in most countries with an established national childhood im-
munisation programme, including in people with SCD.'"" While as-
plenia guidelines in many countries continue to recommend
additional Hib conjugate vaccination for people with asplenia or
splenic dysfunction including SCD, the UK no longer recommends
additional Hib vaccination because the risk is very low and there are
no monovalent Hib conjugate vaccines available in the UK.''?Of note,
however, a number of European countries with established Hib
conjugate vaccine programmes have recently reported an increase in
invasive Hib disease cases recently - this will require close mon-
itoring in the coming years.'"”

Unlike Hib, the prevention of IPD has been more challenging. The
licensure and implementation of PCVs against the main pneumo-
coccal serotypes responsible for IPD has resulted in large and
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Fig. 3. Map of countries that studies were included from. Created with mapchart.net.

sustained decline in IPD caused by the vaccine serotypes but given
that there are at least 100 different serotypes identified so far, the
current licensed pneumococcal vaccines aim to protect against only
23 of the serotypes and do not offer any protection against the re-
maining serotypes that can cause invasive disease. Consequently,
daily antibiotic prophylaxis is recommended for additional protec-
tion, at least until the age of five years. Antibiotic prophylaxis would
also help protect against IMD because, until recently, there were no
vaccines against serogroup B (MenB) IMD, which is responsible for
the majority of IMD cases in Europe and some other parts of the
world. There are currently 12 distinct meningococcal serogroups
identified through their unique capsular polysaccharide, of which six
(A, B, C, W, X, Y) are responsible for the majority of IMD world-
wide."" Highly effective conjugate vaccines are available against
serogroups A, C, W and Y, and a newly licensed meningococcal
pentavalent conjugate also includes protection against serogroup X
in addition to A, C, W and Y for use in the African Meningitis Belt.!"”

Conjugate vaccines against MenB have been challenging to de-
velop because the structure of the MenB capsular polysaccharide is
similar to human nerve cells, making it poorly immunogenic and
raising concerns about potential development of autoantibodies.!'®
In the past decade, however, two recombinant protein-based MenB
vaccines have been licensed in 2013 and 2017,"" respectively. The
first vaccine, 4CMenB (Bexsero®, GSK Biologicals) has been im-
plemented in several national immunisation programmes and has
been shown to be highly effective in preventing most but not all
MenB cases in vaccinated individuals. In the UK for example, MenB
cases declined by 75% in vaccine-eligible children during the first 3
years of the infant immunisation programme which began in
2015."8 Breakthrough MenB cases can, however, occur in vaccinated
individuals because not all MenB strains possess and/or express the
surface protein antigens including in 4CMenB.""” This is important
for at-risk persons, including those with asplenia or splenic dys-
function, because it highlights the important of daily antibiotic
prophylaxis for protection in addition to vaccination.

Table 1 summarises national guidelines that recommend me-
ningococcal vaccination for high-risk individuals, including people
with asplenia and more specifically with SCD. We noted that most of
the studies used to develop the recommendations pre-dated the

widespread use of meningococcal vaccination, both for people with
SCD and the in general population. Interestingly, whilst the UK, USA
and Australia recommend meningococcal vaccination for people
with SCD, Nigeria for example, which lies within the African me-
ningitis belt, an area known for seasonal IMD epidemics, does not
recommend meningococcal vaccines for people with SCD (Table 1).

Whilst it is always difficult to confirm a negative association, our
extensive literature review covered all continents and all time per-
iods, including historical studies before meningococcal vaccines
were licensed and before routine use of daily antibiotic prophylaxis.
In addition, we identified multiple case-control studies across dif-
ferent geographies and time-periods that continue to report an in-
creased risk of IPD and Hib, but not IMD in people with SCD
compared to those without SCD. This is an important observation
because it demonstrates that the methodology of the published
studies was sufficiently robust to identify the increased IPD risk but
did not find increased risk for IMD.

Of the published studies, the Kenyan case-control study provided
the most robust findings.'°" The study included all children pre-
senting to the hospital with a positive blood culture between
1998-2008 in rural Kenya and, for each case, recruited a matched
control without infection from the same area as the case. The
strength of this study lies in the retrospective testing of the children
for SCD. By reanalysing the published data, we found no IMD cases in
children with SCD compared to 10 cases in the control group without
SCD. Importantly, an excess of IPD and Hib were found in the chil-
dren with SCD compared to the control group.

The observed discrepancy in IPD and Hib compared to IMD
cannot be explained by, for example, use of daily antibiotic pro-
phylaxis in people with SCD. Another explanation for the dis-
crepancy may be that people with SCD were protected against IMD
through vaccination. This, too, is unlikely because most of the case-
control studies took place before meningococcal vaccines were li-
censed, especially in African countries where meningococcal vac-
cines were not used until the introduction of a conjugate MenA
vaccine (MenAfriVac) in 2010.'° In high-income countries such as
the UK, too, the uptake of additional vaccines by people with SCD is
also known to be low'?! and, in one study performed at our own
hospital in London, < 1% adults with SCD had received two doses of
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Table 5

Case-Control studies included.

Confirmed HiB

infection
controls

Confirmed

Number of  Confirmed

controls

Confirmed Hib
infection SCD

Confirmed

Confirmed

People with

SCD

Country

Year of Study period

Study

pneumococcal

meningococcal

pneumococcal
infection SCD

meningococcal
infection SCD

publication

infection controls

infection controls

included (n)

3700

450

1989 Saudi

1991

Abu-Srair et al.*®

Arabia

73

10

68

Nigeria
USA

2018

Bello'®?

104

54

61

250
910

10
59

1973 1961-1971

2011

Fraser'®®

Nigeria

2008-2009
1987

Obaro'*

150
395

162
57

Nigeria

2005-2008 and  Angola

2012 to 2017
1976-1978

1992
2022

Okuonghae'?®
Pelkonen'%®

80

94

43

12

34

19

24

20

18

USA

1983
2009

Rao\(ﬁ

100
316

425

10

1641
7143

13
32

44

108
932

Kenya

1998-2008

Williams'?!

Totals

588

118

126

10
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4CMenB which is the recommended according to national guidelines
(unpublished data).

Taken together, our findings indicate that IMD is very rare in
people with SCD. This finding is likely to be genuine as the results
were consistent across different types of studies in different parts of
the world and during different time periods. Furthermore, given the
high prevalence of both SCD and IMD in the same regions the African
Meningitis Belt, the lack of association between SCD and IMD raises
the question as to whether SCD might in fact be protective against
IMD. Why people with asplenia but not those with SCD have an
increased risk of IMD is unclear, especially given that both groups
have an increased risk of IPD and Hib disease. This needs further
investigation.

Our findings have important immunisation policy implications.
The lack of an increased IMD risk in people with SCD would indicate
that they do not require additional meningococcal vaccination
compared to the rest of the population. In countries such as the UK,
where an established adolescent MenACWY conjugate vaccine pro-
grammes continues to provide excellent direct and indirect protec-
tion against serogroups A, C, W and Y such that IMD due to these
serogroups are extremely rare across all age groups and risk groups.
Additionally, many countries now also include MenB vaccination in
their national childhood immunisation programmes which will also
include children with SCD. Whilst Hib disease remains rare in most
countries with established national Hib immunisation programmes,
including the UK, the risk of IPD remains very high. Consequently,
people with SCD should continue to receive additional pneumo-
coccal vaccination as recommended for people with asplenia.”!
Given that IPD in countries with established PCV programmes is now
mostly due to non-vaccine pneumococcal serotypes, daily antibiotic
prophylaxis would also be recommended. Antibiotic prophylaxis
would also provide additional protection against IMD due to all
meningococcal serogroups in people with SCD.

The strengths of our study are that we used all published data
with very few limitations in terms of geography, date of publication
or language. We also included studies from the early published lit-
erature, which were less likely to be affected by more recent re-
commendations of antibiotic prophylaxis and vaccinations against
the main pathogens responsible for serious infections in SCD.
Limitations include the lack of randomised controlled trials and the
small number of published studies in this field, many of them from
LMIC settings with limited access to healthcare, vaccinations and
diagnostics. Most studies also had limited data on pre-hospital care
and, therefore, their findings would be influenced by antibiotic use
prior to hospital or clinic attendance, which would result in negative
bacterial cultures.

Conclusions

We found no evidence of any increased risk of IMD in people with
SCD, despite an extensive review of the global literature, however
similarly to asplenia and splenic dysfunction, we found that people
with SCD had an increased risk of IPD and Hib disease. This has
important implications for policymakers in countries and organisa-
tions that currently recommend meningococcal vaccination for
people with SCD.
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Supplementary data associated with this article can be found in
the online version at doi:10.1016/j.jinf.2025.106441.
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