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Some Facts Sickle 
Cell Spleen

1. Children and adults with sickle cell disease 
have increased susceptibility to severe 
bacterial infections

2. Main risk factor is functional 
hyposplenism/asplenism

3. Spleen has combined function of immune 
defence and quality control

4. SCD children are essentially hyposplenic by 5 
years of age



Splenic function
• Phagocytic filter removing damaged cells 

and micro-organisms and is involved in 
antibody production

• Red pulp - filtering function

• White pulp – adaptive immunity

• Marginal or perifollicular zone – innate and 
adaptive roles



Splenic function – red pulp

• Spleen filters ~5% of cardiac output 
each minute

• Much of the blood entering the 
spleen drains directly into the 
parenchymal of the red pulp

• Here the blood cells and blood-
bourne bacterial are in close and 
prolonged contact with resident 
macrophages – phagocytosis of 
damaged RBCs and pathogens

• Only some bacteria are recognised

• Some require coating by complement 
components which interact with 
receptors



Asplenia

1. Effect on both innate and adaptive immune response

2. Poor clearance of bacteria directly from circulation

3. Delay in adaptive immune responses

4. Specific difficulty clearing encapsulated bacteria

5. Resulting in rapid progression of bacterial infection to severe disease





Further 
immunodeficiency in SCD 

1. SCD associated with a background of 
complement dysregulation caused by genetic 
susceptibility or autoantibodies 

2. an inverse correlation between complement 
activity and the number of crises suffered by 
SCD patients

3. Compliment activation  in Sickle cell is 
increased with vaso-occlusive crisis, 
haemolytic reactions

4. Zinc deficiency may affect 60—70% of SCD 
patients; Zinc is known to be important for 
immune function may contribute 
susceptibility to infection



Bacterial Infection ins sickle cell disease

• Fever is common in SCD patients presenting to health care setting – bacterial, viral, 
parasitic infection and other causes

• Actual incidence of invasive bacterial infection is not well defined; varies with

• Geographical setting (developed vs undeveloped) e.g. 1.1% of all febrile children 
presenting A+E (USA) vs 28% Ugandan study

• Age Infection highest in <3years (0.6 per 100 person years vs 10 per 100 in 
>10yrs)



Encapsulated bacteria
Strep pneumoniae story

• Increased susceptibility to 
invasive infection with 
encapsulated bacteria –
commonest is pneumococcus 
(don’t forget H influ, N 
meningitides)



Encapsulated bacteria
Strep pneumoniae story

1. Pre 1990s developed world data: invasive pneumococcal infection 7-10 per 100 
person years 

2. Case fatality rate as high as 35%

3. 2 things have made a huge difference
4. Prophylactic penicillin
5. Vaccination – specifically conjugate vaccines





USA multi-centre

Children 3-36 months old

SS pattern

Randomised to 125mg Pen V bd vs 50mg Vit C bd



• USA multi-centre

• Children 3-36 months old

• SS pattern

• Randomised to 125mg Pen V bd vs 50mg Vit 
C bd





Trial terminated 8 months early after 15 episodes of 

pneumococcal septicaemia (3 deaths) – 13 placebo vs 2 Rx 

arm

8 of these events in children < 2 yrs of age



Current 
Recommendations 

(AAP)

1. Penicillin Prophylaxis: SS, SbºThalassemia

• 2 months to 3 years: 125 mg PO BID

• Over 3 years: 250 mg PO BID

• When to discontinue is controversial

2. Penicillin Prophylaxis: SC and Sb+ Thalassemia

• SC warrants penicillin prophylaxis similar to SS

• Sb+ Thalassemia: penicillin prophylaxis can be 
safely discontinued at 5 years

• Routine use in infants and children is 
controversial

3. Special Circumstances

• History of repeated sepsis, surgical splenectomy



CID 2007





Prophylactic 
antibiotics for 

preventing 
pneumococcal 

infection in
children with sickle 

cell disease. 
Cochrane Database 

of Systematic 
Reviews 2017.

Persons with sickle cell disease (SCD) are 
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.



Objectives: 
To assess the 

effects of 
antibiotic 

prophylaxis 
against 

pneumococcus in 
children with 

SCD in relation

1. incidence of infection;

2. mortality;

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.





Types of 
outcome 

measures

Primary outcomes

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

2. Deaths

Secondary outcomes

1. Adverse drug effects

2. Antibiotic-resistant organisms isolated

3. Requirement for other courses of antibiotics

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







Five trials were 
identified by the 

searches, of 
which three trials 

(880 children 
randomised) met 

the inclusion 
criteria.

1. All of the included trials showed a reduced incidence of 
infection in children with SCD (SS or S𝓑o) receiving 
prophylactic penicillin. 

2. In trials which 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-quality evidence), while for withdrawal the odds ratio 
was 0.49 (95% confidence interval 0.09 to 2.71) (one trial, 
400 children) (low-quality evidence). 

3. Adverse drug effects were rare and minor. 

4. Rates of pneumococcal infection were found to be 
relatively low in children over the age of five.

5. The evidence examined suggests that prophylactic 
penicillin significantly reduces risk of pneumococcal 
infection in children with homozygous SCD

6. Further research may help to determine the ideal age to 
safely withdraw penicillin and how commonly bacteria 
develop that are resistant to treatment and how clinically 
important this is.



Invasive pneumoccoccal diseases
Retrospective review, USA,  2002-2014 
(Martin OO, Pediatr Blood Cancer 2018)



The infection preventive care among patients with SCD in 
developed countries does not easily translate to the adoption 
of these recommendations globally, which must take into 
account the local epidemiology of infections, available 
vaccines and population-specific vaccine efficacy, 
environment, health care behaviours, and cultural beliefs, as 
these are all factors that play a complex role in the 
manifestation of SCD and the prevention of infectious disease 
morbidity

Obaro SK, Iroh Tam PY. PBC 2016 

Preventing Infections in Sickle Cell Disease: 
The Unfinished Business

https://pubmed.ncbi.nlm.nih.gov/26840500/


Invasive pneumococcal disease: key messages

• Repeated parental information:   fever in young children → 
urgent medical examination

• Start antibiotics targeting Pneumococcal infections before 
results of biological analyses 

Should we revisit our current recommendations regarding the duration 
of penicillin prophylaxis in children with SCD?



Pneumococcal vaccine

Currently 2 types of vaccine –

Polysaccharide ‘PPV’ (23 valent) 

conjugate vaccine ‘PCV’ (13 valent)

Polysacharride vaccine has been around for decades

Conjugate vaccines only since 2007



Pneumococcal vaccine

Despite PPV and pen V prophylaxis pneumococcal 
breakthrough infection incidence was still ~3-4 per 100 
patient years <3 years

Feb 2007 – PCV 7 

licensed

Highly successful in all 

reducing incidence of IPI in 

all children



Serotype unique to PCV13

Serotypes contained in both vaccines

Serotypes unique to PNEUMOVAX 23

Pneumococcal vaccination in SCD



Salmonella story

Invasive infection with gram negative organism is common

SCD is specifically associated with infection with non-typhoidal 
salmonella



Salmonella story
Invasive infection with gram negative organism is common

SCD is specifically associated with infection with non-typhoidal 
salmonella

WHY?? 

related to areas of devitalised mucosa in the GI tract lead to 
increased bacterial translocation

Impairment in phagocytosis and bacterial clearance in SCD

Salmonella may target dendritic cells and macrophages 
favouring dissemination to BM and spleen



Salmonella story

How common is Salmonella infection in UK practice?

Is it relevant to our SCD population?



Salmonella 
in SCD: A 
single 
centre  
study

• GSTT data over 40 years (1969-2008)

• 14,432 bacteraemic episodes 95 (0.7%) SCD

• Of these 69.5% were community acquired bacteraemia

• 4 organisms accounted for 80% of all SCD bacteraemias







This time period 

spans both 

introduction of Pen 

V prophylaxis and 

PPV and PCV

Salmonella 3rd

commonest 

12 cases at GSTT 

in 40 years

Don’t know number 

of febrile SCD 

admission 

episodes over this 

time period



• Total of 174 episodes of salmonella bacteraemia (12 SCD 162 
non-SCD)

• All 12 SCD were non-typhoidal compared to 82/162 (51%) of 
non-SCD

• Closer look at 11 SCD case
• age range 2-41 yrs

• 4 had Hx tropical travel in preceding 3 months

• Absence of diarrhoea

• 4/11 had bony focus for infection



• Further London (north mid) study 2010 ‘bacterial infection in SCD’

• 88 SCD Children <16 years old admitted with fever

Bacteraemia 3.4%



Predictors of bacterial infection



Take home message

• Suspected bacterial infection in up to 40% of SCD admission 
(children)

• Bacteraemic infection accounts for <5% of SCD admissions

• Salmonella one of commonest pathogens in bacteraemic 
illness but not only pathogen

• Salmonella is associated with bone and joint infection in 40-
50% cases



Osteomyelitis and SCD
• Remarkable lack of good epidemiological data 

in literature



Osteomyelitis and SCD
• We looked at admission from 

June 2009 – Oct 2012 at GSTT 
(adult and paed)

• 1220 sickle cohort at GSTT

• 1660 admissions

• 701 (42%) bone issue

• 19 (3%) BJI

SCD database
1660 admissions

1 Jun 2009-31 Oct 2012

701 (42%)
Acute bone problem

651 (93%)
Vasocclusive crisis

31 (4%)
Elective 

orthopaedic intervention

19 (3%)
INFECTION

959 (58%)
Other problem



• Trigger for Ix was clinical 
suspicion e.g. on going 
bony pain in association 
with persistently raised 
fever, WCC or CRP

Method of diagnosis
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• Causative organism was 
only identified in 6/19 
cases

Organism Specimen

Bordetella holmseii 

Joint aspirate (prosthetic hip 

joint)

Escherichia coli Bone, pus & aspirate (femur)

Escherichia coli Bone (tibia)

Salmonella dublin Blood culture

Salmonella enteritidis

Bone, deep tissue & aspirate 

(humerus)

Klebsiella pneumoniae Bone (prosthetic hip joint)



• Oct 2003 – Dec 2010 (7 years)

• Radiology information system cross checked with SCD database

• Chronic OM excluded

• 41 SCD with D/C dx of acute OM 

• Compared to 58 SCD with Dx of VOC

PLOS 2013



Microbiological information – limited info presented in this 
study

• 2 bacteraemic on admission – Mycoplasma sp and Morganella sp

• 18/41 proceeded to surgical incision and drainage

• 3 grew salmonella on drainage  

• No data presented on remaining 36 patients







Advocating the role of Ultrasound as first line Ix 
in children









Summary

• The spleen or lack of function

• Importance of Strep pneumo in SCD and success in 
reducing invasive disease

• High incidence of invasive Salmonella infection but 
not the only cause of OM



Protocol for prevention of invasive pneumococcal
disease

Conjugate vaccine must precede polysaccharide vaccine 
since polysaccharide vaccine might induce hyporesponsiveness. 

• 4 doses of conjugated vaccine between 2 and 15 months of age
followed by a polysaccharide vaccine at 2 and 7 years

• Daily prophylactic penicillin

Martin OO et al. Pediatr Blood Cancer 2018



Current UK vaccination schedule for children



Recommended Immunization Schedule for Sickle Cell Disease

Pneumococcus Meningococcus and Haemophilus Influenza

Influenzae type b

Under 2 years Routinea Routinea Annual
Age 2-5 years (fully immunized)      Single dose PPV              Booster does given as the Hib/MenC        Annual

vaccine
Age 2-5 years (unvaccinated or        Two doses of PCV          Two doses of the Hib/MenC Annual
partially vaccinate) given 2 months apart,  vaccine given 2 months apart

followed 2 months
later by PPV

Age > 5 years (fully vaccinated)        Single dose PPV              Two doses of the Hib/MenC                      Annual
given 2 months apart  

Age > 5 years (fully unvaccinated)   Single dose PPV               Two doses of the HIB/MenC Annual
vaccine given 2 months apart

Reinforcing immunization                 PPV every 5 years           MenC vaccine every 5 years, Hib              Annual
vaccine not currently recommended

Note:  Schedule summarized from Salisbury D, Ramsay M, Noakes K, Immunization against infectious disease (The Green Book).  London: Department of 
Health; 2006.78 National childhood immunization in most developing countries does not currently include Hepatitis B, Hib or meningococcal vaccines.  
These should be strongly encouraged for children with SCD.  In endemic settings consideration should also be given for immunization with typhoid 
vaccine.
Hib, Haemophilus Influenzae type B; MenC, meningococcus group C; PCV, pneumococcal conjugate vaccine, PPV, pneumococcal polysaccharide vaccine.
aRoutine UK immunization schedule.


