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Abstract
Background The aim of this study was to determine the prevalence of invasive bacterial infections and their 
antimicrobial resistance patterns in sickle cell disease (SCD) patients admitted at the Medical Research Council the 
Gambia (MRCG) Ward in the era of PCV and Hib vaccination in the Gambia.

Methods and Results This study was conducted in the clinical laboratory department of MRCG. We retrospectively 
generated haematological, and blood culture data from our electronic medical records from 2015 to 2022 of SCD 
patients admitted to MRCG Ward. Of 380 SCD patients, blood culture was requested only for 159. Of the 159 admitted 
SCD, 11 patients had qualified positive blood cultures. Five different types of bacterial pathogens were isolated 
from these positive blood cultures: 4 Staphylococcus aureus, 3 Streptococcus pneumoniae, 2 Salmonella species, 1 
Enterococcus species, and 1 Shigella boydii. No episode of bacteremia caused by Haemophilus influenzae type b was 
identified. The molecular serotyping of the Streptococcus pneumoniae isolates revealed non-vaccine serotypes 10 A, 
12 F and 12 F. Penicillin resistance was recorded in two of the three Streptococcus pneumoniae. The Staphylococcus 
aureus isolates were penicillin resistant but cefoxitin sensitive, hence no methicillin (oxacillin) resistant Staphylococcus 
aureus was reported. Generally, the isolated pathogens were all sensitive to chloramphenicol, and vancomycin. 
The haematological indices were not significantly varied between SCD patients with and without microbiologically 
confirmed bacterial infection.

Conclusion Streptococcus pneumoniae and Staphylococcus aureus were the most common cause of bacteremia in 
these admitted SCD patients. The presence of non-typhoidal Salmonella and Shigella infection coupled with penicillin 
resistance should be considered during penicillin prophylaxis and empirical treatment regimens for SCD patients and 
future SCD management policies in the Gambia. The haematological parameters may not be reliable biomarkers in 
differentiating bacterial from non-bacterial infections in SCD patients.
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Introduction
Sickle cell disease (SCD) is recognised as a major global 
health problem with over 70% of children born with SCD 
being from Africa where medical care and public health 
interventions are suboptimal [1–3]. Cross-sectional stud-
ies conducted in rural Gambia have estimated the SCD 
prevalence to be around 0.8–1.2% in the newborn and 
sickle cell trait to be around 15–20% [4–6] .

SCD patients are predisposed to several SCD related 
complications such as vasocclusive crisis, asplenia, pria-
pism, stunted growth, a haematological crisis such as 
severe anaemia, and bacterial infection. Despite several 
other complications encountered by SCD patients dur-
ing the first few years of life, invasive bacterial infection 
is the leading cause of morbidities and mortalities in 
SCD patients [7–11]. This is because most SCD patients 
develop functional asplenism in their early years of life 
because of repeated episodes of sickling-induced splenic 
infarction which predisposes them to episodes of infec-
tions caused by encapsulated bacteria such as such as 
Streptococcus Pneumoniae, Haemophilus influenzae type 
b, and non-typhoidal Salmonella species [22–24].

The two major prophylactic interventions are vaccina-
tion, and daily oral penicillin at least until the fifth year 
[12, 13]. Despite the limited accessibility to vaccinations 
and routine penicillin prophylaxis in most health facilities 
in sub-Saharan Africa, the Gambia has a well robust vac-
cination programme with the introduction of a 7-valent 
pneumococcal conjugate vaccine (PCV) in 2009 and 
then 13-valent PCV in 2011, and Haemophilus influen-
zae type b (Hib) vaccine in 1997 in Expanded Program on 
Immunization (EPI). The introduction of PCV and Hib 
vaccine into EPI in the Gambia has drastically reduced 
the bacterial burden in the Gambia [14, 15]. A retro-
spective study by Soothill et al. (2016) spanning 2010 to 
2015 in the Gambia revealed no episodes of Streptococ-
cus pneumoniae and Hib infection among SCD patients 
hospitalised at the Medical Research Council the Gam-
bia (MRCG) clinic Ward. However, no data was reported 
on the antimicrobial resistance pattern of other bacterial 
pathogens recorded in Soothill et al. (2016) study, despite 
global reports of widespread antimicrobial resistance 
[16, 17]. The results of a recent systematic review show 
that antimicrobial resistance caused around 1.29 million 
deaths in 2019, and antimicrobial-resistant infections 
contributed to around 4.95 million deaths globally [17].

The lack of rapid diagnostic microbiological tools 
means that many SCD patients with febrile illness are 
treated empirically with penicillin. Consequently, this 
is contributing to the emergence of penicillin-resistant 

and multidrug-resistant pathogenic strains in many 
parts of the World and becoming widespread in some 
less developed communities [16]. Therefore, knowledge 
of the most common pathogens infecting patients with 
SCD, and their antimicrobial resistance patterns could be 
used to improve antimicrobial prophylaxis and empiri-
cal treatments for bacterial infections for SCD patients 
in the Gambia. The aim of this study was to provide 
an insight into the burden of invasive bacterial infec-
tions among SCD patients hospitalised at the Medical 
Research Council the Gambia (MRCG) clinic Ward in 
the era of PCV and Hib vaccine post-introduction in the 
Gambia EPI. Considering widespread antimicrobial resis-
tance in the global context, we also aim was to probe the 
antimicrobial resistance patterns of detected pathogens 
to guide appropriate antibiotic prophylaxis and empirical 
treatment for SCD patients and haematological indices 
distribution in SCD population with or without micro-
biologically confirmed bacterial infection in the blood.

Methods
Study setting
The study was conducted in clinical laboratory depart-
ment hosted at the Kuyateh Building at MRCG@LSHTM. 
The clinical laboratory of MRCG is in the Kanifing 
municipality, greater Banjul area, the Gambia. The Gam-
bia is geographically situated in West Africa with a popu-
lation of about 2.5 million and an area of 10,000km2. SCD 
and infectious diseases are prevalent in the Gambia and 
SCD patients are given penicillin as prophylaxis [14, 15].

Clinical laboratory departments composed of clini-
cal microbiology, clinical haematology and clinical bio-
chemistry laboratories attained good clinical laboratory 
practice in 2011 [18] and ISO15189 accreditation in 2016 
[19, 20] with laboratory and clinical data captured and 
managed through a certified electronic medical records 
system. The responsibility of the clinical laboratory 
department is to provide timely and accurate diagnosis of 
various diseases including SCD. The laboratories provide 
services to clinical services at MRCG, clinical trial proj-
ects, as well as government and private hospitals. Annu-
ally, the haematology laboratory analyses more than two 
thousand genotype samples.

Study design, population, data collection
This study was a retrospective study targeting SCD 
patients with blood culture requests that were admitted 
to the MRCG clinical Ward over a period of 7 years, from 
January 2015 to July 2022. The blood cultures were drawn 
from hospitalized patients with suspected, confirmed 
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or self-reported SCD with clinical features suggestive of 
infections (e.g. fever). 

Data from 159 SCD patients with blood culture results 
were retrieved from the electronic medical records sys-
tem as shown in Fig.  1. The following laboratory mea-
surements were extracted: full blood count results, 
haemoglobin, red blood count, mean cell volume, white 
cell count and platelet count. In addition to their blood 
culture results, the data for antimicrobial susceptibility 
test was also retrieved for bacterial pathogens that were 
isolated.

Laboratory method
SCD was diagnosed in the haematology laboratory by 
alkaline-based haemoglobin electrophoresis method 
(Helena Laboratories). All the 159 SCD patients had full 
blood count results determined either with 3-part Medo-
nic M-series analyzer (Boule, Sweden), 5-part Huma-
Count 5D analyzer (Human, Germany), 5-part Cell Dyn 
Ruby analyzer (Abbott Diagnostics, USA) or 5-part Sys-
mex XN-1500 haematology analyzer (Sysmex, Germany).

For blood culture requests for SCD in-patients, aero-
bic and anaerobic blood culture bottles were collected 
and sent to the microbiology laboratory for incubation 
in BD Bactec™ 9050 Blood Culture System (Becton Dick-
inson and Company, UK). Positive blood culture bottles 
were retrieved from the BD Bactec™ 9050 Blood Culture 
System and cultured for bacterial growth. No further 
microbiological procedures were performed on samples 

with reported contaminants. However, blood cultures 
with qualified bacterial growth underwent a series of 
biochemical tests such as the Analytical Profile Index, 
followed by antibiotic susceptibility testing. Antibiotic 
susceptibility testing was performed using Kirby-Bauer 
disc diffusion method following isolation of bacterial 
pathogens. The interpretation of antimicrobial suscep-
tibility was done by measuring the diameter of the zone 
of inhibition and comparing it to predefined values pro-
vided by 2017 Clinical Laboratory Standard Institute 
(CLSI) guidelines [54].

Molecular serotyping
As per microbiological procedure, the Streptococ-
cus pneumonia isolates detected in the SCD patients 
were subcultured in the microbiology laboratory and 
DNA extraction was performed using a Qiagen DNA 
extraction kit (QIAamp Genomic DNA kit; Qiagen) in 
the Molecular laboratory. The isolates were serotyped 
using sequential multiplex polymerase chain reaction in 
the Molecular Microbiology Laboratory as previously 
described [21].

Statistical method
The data was analyzed using SPSS package (v2) where 
a frequency table on ordinal and nominal variables was 
generated for the number of pathogens isolated (positive 
blood culture), blood cultures without bacterial growth 
(No bacterial growth), and contaminated blood cultures. 

Fig. 1 Flow chart demonstrating the steps that were taken to select 159 SCD patients for analysis
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R package was used to display the antibiotic susceptibility 
patterns of all the 11 pathogens isolated against a spec-
trum of antibiotics. With a relatively small number of 
bacterial infections detected, a pairwise matched infected 
versus non-infected SCD analysis was performed.

Results
From January 2015 to July 2022, blood culture samples 
were collected from 159 SCD patients; females account-
ing for 49.1% (78/159) and males for 50.9% (81/159) 
(Tables  1 and 2). Of the 159 SCD patient blood culture 
requests, 138 (86.8%) yielded no bacterial growth whilst 
10 (6.3%) grew contaminants that were coagulase-neg-
ative Staphylococcus and Bacillus species. Eleven blood 
cultures grew pathogenic micro-organisms as shown 
in Table  1 accounting for 7% of blood culture samples 
received in the clinical microbiology laboratory. From the 
11 positive blood cultures, 5 different types of pathogens 

were isolated which comprised Staphylococcus aureus 
(4/11), Streptococcus pneumoniae (3/11), Salmonella spe-
cies (2/11), Shigella boydii (1/11), and Enterococcus spe-
cies (1/11) (Table  1). No episode of bacteremia caused 
by Haemophilus influenza type b was identified and one 
SCD patient was serologed positive for hepatitis B virus. 
Blood cultures with contaminants and the patient with 
hepatitis B were categorised under the group of “No bac-
terial growth” as shown in Table 1. To further character-
ize the Streptococcus Pneumoniae isolates, molecular 
serotyping was performed. The molecular serotyping of 
the Streptococcus pneumoniae isolates revealed serotypes 
10 A, 12 F and 12 F as shown in Table 3.

Antimicrobial susceptibility tests were performed on 
all the pathogens isolated as shown in Fig. 2 using 2017 
CLSI guidelines (54). All three Streptococcus pneumoniae 
isolates detected were resistant to cotrimoxazole whereas 
two of the three Streptococcus pneumoniae isolates were 
resistant to penicillin. The Streptococcus pneumoniae iso-
lates were susceptible to chloramphenicol, and vancomy-
cin. One of the three Streptococcus pneumoniae isolates 
showed resistance to erythromycin. An incomplete anti-
biotic susceptibility testing (AST) data for Streptococcus 
pneumoniae was found for tetracycline as only two of the 
three isolates were tested for tetracycline and no AST 
data for cefuroxime.

All the four Staphylococcus aureus pathogens isolated 
in the blood culture of SCD patients were resistant to 
penicillin but susceptible to gentamycin, chlorampheni-
col, ciprofloxacin and cefoxitin (which is currently tested 
as a surrogate for oxacillin). Based on cefoxitin AST 
result, no methicillin (cefoxitin) resistant Staphylococcus 
aureus was isolated in SCD patients. Salmonella and Shi-
gella isolates were susceptible to all the antibiotics they 
were tested against, hence 100% susceptibility as shown 
in Fig. 2.

The patients characteristics and hematological indices 
of the 159 SCD patients are summarized in Tables 2 and 
4 and supplementary Table 1. Comparing haematological 
values between patients with bacterial and non-bacterial 
growth, no statistically significant difference (P > 0.05) 
was found in all the five main full blood count (FBC) 
parameters as shown in Table 4.

Table 1 Frequency of blood culture samples and pathogens 
isolated from positive blood cultures with bacterial growth in 
admitted patients with SCD
Characteristics Frequency Per-

cent-
age 
(%)

Blood Culture Requested
No bacterial growth 138 86.8

Bacterial growth 11 6.9

Contaminants 10 6.3

Total 159 100.0

Pathogens isolated
Enterococcus species 1 9.1

Salmonella species 2 18.2

Shigella boydii 1 9.1

Staphylococcus aureus 4 36.2

Streptococcus pneumonia 3 27.3

Total 11 100

Table 2 Characteristics of SCD patients including their SCD 
status
Parameters SCD patients 

(n = 159)
Bacterial 
Growth
(n = 11)

No 
Bacterial 
Growth
(n = 147)

Gender (n, %)

Female 78(49.1) 4(36.4) 74(50.3)

Male 81(50.9) 7(63.6) 73(49.7)

Age (n, %)

0-4years 66(41.77) 8(72.73) 58(39.46)

5-9years 41(25.95) 1(9.09) 40(27.21)

10-14years 15(9.49) 1(9.09) 14(9.52)

>=15 36 (22.78) 1(9.09) 35(23.81)

SCD Status

HbSS 154(96.86) 9(81.82) 144(97.96)

HbSC 5(3.14) 2(18.18) 3(2.04)

Table 3 Serotypes of Streptococcus pneumoniae isolated from 
SCD patients
Patient ID Age (yr) Streptococcus Pneu-

moniae Serotype
PCV-13 
Vaccine 
Serotype 
(YES/NO)

2020/0167 0 10A NO

2003/A804 32 12 F NO

2021/2426 1 12 F NO
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Discussion
Bacterial infection is one of the major causes of mor-
bidities and mortalities of SCD in sub-Saharan Africa. 
From our retrospective data, 5 different types of bacterial 
pathogens were isolated: Staphylococcus aureus (36.2%), 
Streptococcus pneumoniae (27.3%), Salmonella species 
(18.2%), Shigella boydii (9.1%), and Enterococcus spe-
cies (9.1%). The data has shown pathogens isolated were 
mainly encapsulated bacteria except for Staphylococcus 
aureus as shown in other studies [6, 7, 11].

Our retrospective study has revealed 7 positive blood 
cultures from 159 blood culture requested for SCD 
patients hospitalised at MRCG clinic Ward from 2015 

Table 4 Haematological indices of SCD patients with bacterial 
growth and without bacterial growth using pairwise mean 
comparison
Main FBC Parameters SCD 

patients 
(n = 159)

Bacte-
rial 
Growth 
(n = 11)

No 
Bacterial 
Growth 
(n = 11)

P 
value

HB (g/dL) (mean) 7.82 8.58a 7.30a P > 0.05

WBC (103/uL) (mean) 18.26 18.51a 21.66a P > 0.05

RBC (106/uL) (mean) 2.91 3.34a 2.86a P > 0.05

MCV (fL) (mean) 81.3 79.4a 76.2a P > 0.05

PLATS (103/uL) (mean) 442.0 478a 400a P > 0.05
Note: Values in the same row and subtable sharing the same subscript are NOT 
significantly different at p< 0.05 in the two−sided test of equality for column 
means

Fig. 2 Graphical display of AST results of pathogens isolated from positive blood culture samples of SCD patients. Not available/applicable means the 
antibiotic was not tested against or applicable for bacterial pathogen isolated from the positive blood culture
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to 2022. Our result is comparable to the results reported 
in two retrospective studies conducted in the Gambia 
(8.4%) and Cameroon (9.7%), and a case-control study 
result conducted in Kenya (6%) [6, 7, 11]. Despite the 
massive immunisation program in the Gambia that has 
integrally incorporated PCV7 and PCV13, bacterial 
infection remains one of the major causes of morbidity 
and mortality in the Gambian SCD patients. Thus, efforts 
to promote immunisation and antibiotic prophylactic 
interventions for SCD patients at an early age should be 
intensified [14, 15, 25].

Streptococcus pneumoniae was isolated in three 
patients among the 11 cases of bacterial infections (3/11) 
in SCD patients. This differs from Soothill et al. 2016 
study result that reported no episodes of Streptococcus 
pneumoniae in SCD patients from 2010 to 2015 in the 
Gambia. Two of the three Streptococcus pneumonia were 
isolated from SCD patients who were below 5 years of 
age. Further molecular serotyping of the isolates revealed 
non-vaccine Streptococcus pneumoniae serotypes (10 A, 
12  F and 12  F). This indicates a plausible emergence of 
non-vaccine serotypes in the Gambia, consistent with 
previous studies conducted in the Gambia by Roca et al. 
2016 and Mackenzie et al. 2021 as well as reports from 
other countries following the introduction of 7-valent 
and 13-valent PCV [26–33].The emergence of non-vac-
cine serotypes is worrying and may be associated with 
heightened antimicrobial resistance due to selective pres-
sure, and virulence [33]. It is important to put in place 
continued pneumococcal serotype surveillance mecha-
nisms for the emergence of non-vaccine serotypes. The 
incorporation of  20-valent PCV with expanded sero-
types coverage including serotypes 10  A and 12  F and 
improved immunogenicity in EPI will be critical for opti-
mal prevention of invasive pneumococcal disease in SCD 
patients [28, 34].

Understanding the antimicrobial resistance pattern is 
critically important in the management of SCD patients, 
particularly in the direction of prophylaxis and empirical 
treatment. Except for Salmonella and Shigella isolates, 
almost all the bacterial pathogens (Streptococcus pneu-
moniae, Staphylococcus aureus and Enterococcus species) 
isolated in this study were resistant to penicillin and this 
is likely due to widely use penicillin antibiotic as prophy-
laxis for SCD patients in both primary healthcare cen-
tres and tertiary hospitals in the Gambia [35, 36]. Also, 
the finding showed all three Streptococcus pneumoniae 
isolates were resistant to co-trimoxazole which is in line 
with a study conducted in Ghana showing an extremely 
high level of cotrimoxazole resistance in Streptococcus 
pneumoniae [37]. Cotrimoxazole is widely used at pri-
mary healthcare facilities in the Gambia which could 
have contributed to this high level of resistance. How-
ever, no resistance was reported against vancomycin and 

chloramphenicol for all the 11 pathogens isolated. Unlike 
vancomycin, chloramphenicol is not recommended for 
routine use due to the considerable side effects associated 
with this antibiotic [38, 39].

Generally, our data showed low haemoglobin 9(g/
dL) and RBC (106/uL) values similar to several previous 
studies [40–44]. Chronic haemolytic anaemia is one of 
the prominent pathological features of SCD that accom-
panies an increased tendency of RBC lysis and adhesion 
which shortens RBC lifespan. Persistent chronic hae-
molytic anaemia in SCD characterised by ongoing RBC 
lysis and splenic sequestration could explain this overall 
reduction of red blood cell count and haemoglobin in 
both bacterial infected and nonbacterial infected SCD 
patients [44–47]. It was not surprising that the WBC 
count was generally elevated in SCD patients regard-
less of the infection status, with very high WBC counts 
(18.26 × 103/uL) in both bacterial and nonbacterial 
infected SCD patients and this is consistent with previ-
ous studies [48–50]. Even though several studies attrib-
uted elevated WBC count to bacterial infections in SCD 
patients, the mean WBC count in bacterial infected SCD 
patients (18.51 × 103/uL) was not significantly differ-
ent from the mean WBC count in nonbacterial infected 
SCD patients’ population (21.66 × 103/uL) in this study 
which could be attributed to systemic chronic inflam-
mation. Elevated WBC count predisposes SCD patients 
to severe SCD crisis and serves as a risk factor for early 
SCD-related mortality, stroke, and acute chest syndrome 
[51–53].

The study has significant limitations which could be 
addressed by a well-designed prospective study on the 
SCD population congruent to the case-control study 
approach conducted in Kenya by Williams et al. 2009. 
The previous vaccination record of SCD patients was not 
available in the electronic medical record system data-
base. Hence, we could not confirm whether the Strep-
tococcus pneumoniae isolates were isolated from SCD 
patients who were fully vaccinated with PCV13 even 
though the serotypes (10 A and 12 F) were non-vaccine 
serotypes [34]. Our data on AST is slightly inadequate, 
hence it was difficult to decipher antimicrobial resis-
tance pattern in the data. For instance, tetracycline was 
tested against two of the three Streptococcus pneumoniae 
isolated as well as two of the four Staphylococcus aureus 
isolates.

Conclusion
Streptococcus pneumoniae and Staphylococcus aureus 
accounted for the most common cause of bacteremia in 
this SCD patients. Penicillin antimicrobial resistance was 
generally high. Thus, the presence of non-typhoidal Sal-
monella and Shigella infections coupled with high peni-
cillin antimicrobial resistance should be considered when 
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prescribing prophylaxis and empirical treatment regi-
mens for SCD patients, particularly in the Gambia. The 
haematological parameters may not be reliable biomark-
ers in differentiating bacterial from non-bacterial infec-
tions in SCD patients.
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