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Summary
Background Severe anaemia is a major cause of hospital admission and mortality in children living in sub-Saharan 
Africa, but data on its association with invasive bacterial infection are sparse. We aimed to characterise severe 
anaemia and its association with invasive bacterial infection in Kenyan children.

Methods In this retrospective observational study, we systematically collected admission data for children aged 
1 month to 14 years admitted to Kilifi County Hospital, Kenya, between Aug 1, 1998, and July 31, 2024. We excluded 
children with missing haemoglobin data. We examined prevalence, trends, and factors associated with severe 
anaemia and very severe anaemia, and the association between severe or moderate anaemia and odds of 
bacteraemia. Anaemia severity was defined using WHO age-specific thresholds.

Findings Of the 84 348 admissions, representing 64 499 unique children (28 232 [43⋅8%] females and 36 265 [56⋅2%] 
males), included in our analysis, 16 715 (19⋅8%) admissions had severe anaemia. Severe anaemia was associated with 
multiple, co-occurring risk factors, including sickle cell disease, malaria, HIV, and malnutrition. As malaria 
transmission declined (2004–09), the age distribution of severe anaemia shifted towards older children; cases in 
children aged 5–14 years increased from 16⋅4% during the high-transmission era (1998–2003) to 44⋅7% during 
the low-transmission era (2010–24). Compared with mild or no anaemia, severe anaemia was associated with 
higher odds of in-hospital mortality (adjusted odds ratio 2⋅1 [95% CI 1⋅9–2⋅3]) and bacteraemia (2⋅7 [2⋅5–3⋅0]), 
particularly with non-typhoidal Salmonella (6⋅1 [4⋅6–8⋅1]), Escherichia coli (5⋅7 [4⋅2–7⋅7]), Haemophilus influenzae 
(4⋅3 [3⋅0–6⋅4]), Streptococcus pneumoniae (3⋅5 [2⋅9–4⋅2]), and Klebsiella pneumoniae (2⋅4 [1⋅4–4⋅0]). Moderate 
anaemia was also associated with increased odds of bacteraemia and mortality.

Interpretation Severe anaemia in hospitalised Kenyan children is multifactorial, increasingly affects older children, 
and is strongly associated with pathogen-specific bacteraemia and increased mortality. These findings support 
prompt evaluation for bacteraemia and closer clinical management in severely anaemic children to improve survival.
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Introduction
Severe anaemia is a preventable, life-threatening condition 
affecting 8⋅7 million children younger than 5 years 
globally.1 Much of the burden is in sub-Saharan Africa, 
where severe anaemia is found in 9% to 40% of febrile 
paediatric admissions and between 6% and 30% of 
in-hospital deaths.2–4 Among children admitted with severe 
anaemia, post-discharge mortality is high, ranging from 
2% to 19%, and survivors face an increased risk of hospital 
readmission and developmental disorders.4–6 Previous 
studies have reported several potential causes of severe 
anaemia, including infectious, genetic, and nutritional 
factors.2–4 Reductions in Plasmodium falciparum transmis
sion, especially between 2000 and 2010,7,8 might be expec
ted to reduce the prevalence of severe anaemia. However, 
epidemiological evidence remains scarce, especially from 
sub-Saharan Africa.1

Bacteraemia is also a major contributor to child admis
sion and mortality in sub-Saharan Africa, accounting for 
12% to 33 of in-hospital deaths.9,10 Experimental evidence 
from animal and in-vitro studies suggests that severe 
anaemia might increase risk of invasive bacterial infec
tions.11,12 However, relatively few studies have explored this 
relationship, especially in populations with high burdens of 
severe anaemia. Existing studies have largely focused on 
associations between severe anaemia and either all-cause 
bacteraemia or specific pathogens, such as non-typhoidal 
Salmonella (NTS).2,13 These studies elucidate pathophysio
logical elements, but do not provide a holistic epidemio
logical description due to small sample sizes, narrow age 
groups, and inconsistencies in the diagnostic criteria used 
to define severe anaemia.12

In this study, we aimed to characterise severe anaemia 
in the context of changing malaria epidemiology and 
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comprehensively investigate its association with a broad 
range of bacterial pathogens over an extended epidemio
logical timeline. We also aimed to investigate whether risk 
of bacteraemia extends across the full clinical spectrum 
of anaemia severity, and which underlying aetiologies of 
severe anaemia confer the greatest risk, using hospital 
surveillance data across a 26-year period.

Methods
Study background and participants
This retrospective observational study used systematically 
collected hospital surveillance data from all children aged 
1 month to 14 years admitted to Kilifi County Hospital 
(KCH), Kenya, between Aug 1, 1998, and July 31, 2024. 
KCH is a secondary-level referral hospital located in Kilifi, a 
rural, malaria-endemic region approximately 3◦ south of 
the equator along the Kenyan coast. The paediatric wards at 
KCH admit around 4000 children annually and include a 
70-bed general ward and a 15-bed high-dependency unit.

Surrounding KCH is the Kilifi Health and Demographic 
Surveillance System (KHDSS), established in 2000 to 
monitor births, deaths, and migration across an 891 km2 

area.14 In this area, the prevalence of anaemia was 70⋅0% 
among children aged 0–7 years between 2005 and 2016.15 In 
2007, the incidence of bacteraemia in the KHDSS was 
1⋅45 per 1000 child-years (95% CI 1⋅23–1⋅69).16 Haemophilus 
influenzae type b (Hib) and ten-valent pneumococcal 
(Pneumosil PCV10) conjugate vaccines were introduced 
into routine immunisation schedules in November 2001 
and January, 2011, respectively.17 Over the study period, 
insecticide-treated bednets and effective combination anti
malarial treatment became widely available in the KHDSS. 
Although the RTS,S and R21 malaria vaccines were tested in 
clinical trials within the KHDSS,18 they have not been 
implemented in routine immunisation programmes.

This study analysed de-identified data, with ethical 
approval granted by the Scientific Ethics Review Unit of the 
Kenya Medical Research Institute (KEMRI/SERU/CGMR- 
C/155/3857 and KEMRI/SERU/CGMR-C/269/4545). The 
study is reported in accordance with STROBE guidelines.

Procedures
Since Aug 1, 1998, children presenting to KCH have 
undergone systematic collection of clinical and laboratory 
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Research in context

Evidence before this study
Severe anaemia is prevalent among children living in sub-Saharan 
Africa, yet important gaps persist in understanding its association 
with invasive bacterial infection. We searched PubMed and 
Embase from database inception to Nov 28, 2025, using the 
keywords ("severe anaemia" OR "severe anemia") AND 
("bacteraemia" OR "bacteremia" OR "Salmonella" OR "Escherichia 
coli" OR "Streptococcus pneumoniae" OR "Staphylococcus aureus" OR 
"Haemophilus influenzae" OR "Klebsiella" OR "Acinetobacter" OR 
"Pseudomonas aeruginosa"), with no restrictions on language. Of 
the 246 non-duplicate records identified, 21 were considered 
directly relevant to the research question. Previous studies on 
severe anaemia and bacteraemia in African children have been 
largely limited by small sample size, restricted to children younger 
than 5 years, or selected data for a predominant focus on malaria. 
Although a link between severe anaemia and non-typhoidal 
Salmonella (NTS) bacteraemia has been established, there is 
limited evidence regarding the association of severe anaemia with 
other bacterial pathogens.

Added value of this study
Drawing on 26 years of systematically collected data from more 
than 84 000 paediatric admissions aged 1 month to 14 years in 
coastal Kenya, we provide a comprehensive epidemiological 
analysis of severe anaemia and its association with bacteraemia in 
a high-burden setting. Our dataset includes 16 715 children with 
severe anaemia, and 3655 with blood culture-confirmed 
bacteraemia. We show that multiple, co-occurring factors are 
associated with severe anaemia, including malaria, malnutrition, 
sickle cell disease, HIV infection, and bacteraemia, and that after a 
decline in malaria transmission, 44⋅7% of severely anaemic 

children are older than 5 years. Children with severe anaemia had 
higher odds of in-hospital mortality. We confirm a strong 
association between severe anaemia and NTS bacteraemia and 
show that severe anaemia is also associated with bacteraemia due 
to Escherichia coli, Haemophilus influenzae, Streptococcus 
pneumoniae, and Klebsiella pneumoniae. Each 1 g/dL decrease in 
haemoglobin levels was associated with a stepwise increase in 
odds of bacteraemia (except in those with very severe anaemia) 
and this pattern persisted whether the child had malaria, 
malnutrition, or HIV infection. Severe anaemia also remained 
strongly associated with bacteraemia during periods of both high 
and low malaria prevalence.

Implications of all the available evidence
The aetiology of severe anaemia in African children is 
multifactorial, and it has profound consequences for survival and 
long-term health. Our findings show that severe anaemia is 
strongly associated with increased odds of bacteraemia with 
specific pathogens. Integrating infection risk into initial 
assessment of severe anaemia might enhance risk stratification 
and improve patient outcomes. The shifting burden towards 
older children, and the persistently high prevalence of severe 
anaemia despite reductions in malaria transmission, suggest that 
strategies designed primarily for young children and focused on 
malaria alone are no longer sufficient. Comprehensive approaches 
that integrate improved diagnosis and management of sickle cell 
disease, nutritional interventions, HIV care, malaria control, and 
management of bacteraemia are essential to reducing the burden 
of severe anaemia and improving child survival in sub-Saharan 
Africa.
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data, including routine complete blood counts, malaria 
blood films, clinical biochemistry, and blood cultures 
(except for children admitted with minor trauma or for 
elective surgery). From Feb 1, 2005, all ward admissions 
were routinely tested for HIV infection. Study clinicians 
completed a structured case record form, capturing age, 
sex, residence, clinical history, vital signs, and physical 
examination for each patient. Sex was self-reported by 
participant or caregiver (male or female). Additional 
investigations were performed as clinically indicated. 
Children with severe illness, such as impaired conscious
ness or deep breathing, were admitted to the high- 
dependency unit and underwent an extended biochemical 
evaluation, including blood gas analysis. Treatment proto
cols for hospitalised children followed national guidelines 
and WHO recommendations.19

Full blood count (Beckman Coulter, Brea, CA, USA), 
P falciparum malaria detection (microscopy examination of 
thick and thin Giemsa-stained blood films), and HIV-1 
serological testing (rapid antibody tests) were performed 
using standard methods. Blood culture samples were col
lected in BACTEC Peds Plus bottles and processed with a 
BACTEC automated blood-culture system (Becton-Dickson, 
BD Biosciences, Franklin Lakes, NJ, USA), as previously 
described.10 Positive cultures were subcultured on standard 
media, and suspected pathogens were confirmed using 
serological and biochemical test kits (API, bioMérieux, 
Marcy-l’Étoile, France). External quality assurance was pro
vided by the UK National External Quality Assessment 
Service.

Malaria was defined as the presence of P falciparum 
asexual parasites on peripheral blood film. Nutritional sta
tus was assessed using standard anthropometric indices. 
Wasting, stunting, and underweight were defined as 
Z scores of weight-for-height (WHZ), height-for-age, and 
weight-for-age of less than −2, respectively.20 Body mass 
index-for-age (BAZ) of less than –2 (age ≥60 months), 
mid-upper arm circumference (MUAC) of less than 
11⋅0 cm (age 6 weeks to 6 months), and MUAC of less than 
12⋅5 cm (age 6–60 months) were also considered to indi
cate wasting.21 Severe acute malnutrition was defined as 
WHZ of less than −3, BAZ of less than −3 (age 
≥60 months), MUAC <11⋅0 cm (age 6 weeks to 6 months), 
MUAC of less than 11⋅5 cm (age 6–60 months), or the 
presence of bilateral oedema.22 Malnutrition was defined 
as the presence of either wasting, stunting, underweight, 
or severe acute malnutrition. Patients were classified as 
having sickle cell disease (SCD) if they had a documented 
clinical diagnosis in their admission or discharge notes or 
were homozygous for the sickle gene through retro
spective testing using electrophoresis or PCR. Children 
diagnosed with SCD or HIV received specialised care 
through dedicated follow-up clinics.

Outcomes
We first examined prevalence, trends, and factors asso
ciated with severe anaemia, defined as haemoglobin of less 

than 7 g/dL (age 1–59 months) or haemoglobin of less than 
8 g/dL (age 5–14 years), following the WHO23 and Global 
Burden of Disease Anaemia Collaborators24 thresholds. 
We also report prevalence and trends for very severe 
anaemia, defined as haemoglobin of less than 5 g/dL, a 
threshold applied in some studies of severe anaemia.2

Moderate anaemia was defined as haemoglobin 7⋅0–9⋅9 g/dL 
(age 1–5 months), 7⋅0–9⋅4 g/dL (age 6–23 months), 
7⋅0–9⋅9 g/dL (age 24–59 months), or 8⋅0–10⋅9 g/dL 
(age 5–14 years); and mild anaemia as haemoglobin 
10⋅0–10⋅9 g/dL (age 1–5 months), 9⋅5–10⋅4 g/dL 
(age 6–23 months), 10⋅0–10⋅9 g/dL (age 24–59 months), 
11⋅0–11⋅4 g/dL (age 5–11 years), or 11⋅0–11⋅9 g/dL (age 12–14 
years; appendix 2 p 4).

We then examined the association between severe or 
moderate anaemia and odds of bacteraemia, defined as 
the isolation of pathogenic bacterial organisms from blood 
cultures. Blood cultures yielding contaminant organisms 
were classified as negative. Contaminants were defined 
as organisms not typically associated with bloodstream 
infections among children admitted from the KHDSS, 
including Bacillus species, Micrococcus species, viridans 
group Streptococcus, coagulase-negative Staphylococcus, and 
coryneform bacteria.

Statistical analysis
Data was analysed using STATA 15.1. All hospitalised 
children aged 1 month to 14 years during the study period 
were eligible. Malaria transmission in the KHDSS was 
categorised as high (1998–2003), declining (2004–08), and 
low (2009–24).8 We excluded admissions with missing 
haemoglobin data. The excluded admissions were younger 
and less likely to have SCD, malaria, malnutrition, or HIV 
(appendix 2 p 5). In-hospital mortality calculations included 
only patients with a documented outcome.

Categorical variables were summarised as counts and 
percentages, and continuous variables as medians and 
IQRs. We used cluster-robust univariable and multi
variable logistic and linear regression models with standard 
errors clustered at the child level to determine factors 
associated with moderate or severe anaemia, and to exam
ine associations with bacteraemia and all-cause in-hospital 
mortality. Multivariable models adjusted for age, sex, 
number of hospital admissions, and year of admission. 
Because bacteraemia prevalence did not differ between 
mild and no anaemia (appendix 2 p 6), these categories were 
combined as the reference group. Secondary analyses 
stratified admissions by age group, putative aetiology of 
severe anaemia, consecutive 5-year intervals, or malaria 
transmission period. Sensitivity analyses were restricted to 
first admissions and used standard logistic regression.

Population attributable fractions (PAF) were from mul
tivariable regression models using the punaf STATA 
package, which estimates PAFs directly from model pre
dictions.25 Temporal trends were assessed using locally 
estimated scatterplot smoothing. Proportional Venn dia
grams illustrated overlapping causes of severe or moderate 

See Online for appendix 2
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anaemia and their associated in-hospital mortality. Data 
completeness exceeded 95% for most variables, except HIV 
status (routinely measured from 2005; appendix 2 p 7). 
Missing data were assumed to be missing at random, and 
no imputation was performed. All reported p values are 
two-sided.

Role of the funding source
The funders of the study had no role in study design, data 
collection, data analysis, data interpretation, or writing of 
the report.

Results
Between Aug 1, 1998, and July 31, 2024, 87 894 children 
aged 1 month to 14 years were admitted to KCH. After 
excluding 3546 (4%) admissions due to missing haemo
globin data (figure 1), 84 348 admissions were included in 
the analysis, representing 64 499 unique children (28 232 
[43⋅8%] females, 36 265 [56⋅2%] males, and two [<0⋅1%] 
with missing data): 52 259 with a single admission and 
12 240 with multiple admissions (appendix 2 p 8). Anaemia 
was identified in 77⋅6% (n=65 429) of admissions: 16 715 
(19⋅8%) had severe anaemia, 33 073 (39⋅2%) had moderate 
anaemia, and 15 641 (18⋅5%) had mild anaemia (table). 
Children with severe anaemia were older, with a median 
age of 28⋅6 months (IQR 13⋅0–64⋅8), than children without 
severe anaemia (21⋅4 months [9⋅4–46⋅1]; p<0⋅0001). The 
proportion of severe anaemia admissions spanned from 
14⋅9% in infants aged 1–11 months to 27⋅8% in children 
older than 5 years (appendix 2 p 18). The probability of 
transfusion rose progressively from 1⋅1% among children 
with mild and no anaemia on admission to 68⋅7% among 
children with very severe anaemia.

Overall, in-hospital mortality was 5⋅5% and remained rela
tively stable throughout the study period (appendix 2 p 19). 
In-hospital mortality increased with anaemia severity: 

4⋅3% in children with mild and no anaemia, 5⋅6% in 
moderate, and 7⋅8% in severe anaemia. Severe anaemia 
(adjusted odds ratio [aOR] 2⋅1 [95% CI 1⋅9–2⋅3]) and 
moderate anaemia (1⋅4 [1⋅3–1⋅5]) were associated with 
greater odds of in-hospital mortality compared with 
mild or no anaemia. The association between severe 
anaemia and mortality remained robust in sensitivity 
analyses stratified by 5-year intervals (appendix 2 p 19) 
and malaria transmission eras (appendix 2 p 9).

The proportion of hospitalised children with severe 
anaemia declined from 34⋅7% in 1998 to 11⋅1% in 2024 
(figure 2A), coinciding with a decline in severe malarial 
anaemia (figure 2B). The pattern of in-hospital mortality by 
grade of anaemia remained similar throughout the study 
period (figure 2C). The age profile of children with severe 
anaemia shifted towards older ages as malaria has declined 
(figure 2D), a trend likely driven by the increasing age of 
children with malnutrition and SCD (appendix 2 p 20), and 
a reduction in malaria-associated severe anaemia over time 
(figure 3). Children admitted with severe anaemia were 
more likely to present with severe anaemia again in 
subsequent hospital admissions compared with children 
admitted with moderate or mild and no anaemia 
(appendix 2 p 10). The proportion of severe anaemia 
admissions of children aged 5–14 years has increased over 
time, being 16⋅4% in the period of high malaria trans
mission (1998–2003), 21⋅6% during the period of declining 
transmission (2004–09), and 44⋅7% in the period of low 
malaria transmission (2010–24; appendix 2 p 11).

Severe anaemia was associated with multiple, overlap
ping factors, each associated with different in-hospital 
mortality rates (figure 3A). Malaria, malnutrition, and 
SCD were associated with most severe anaemia admis
sions, but 8⋅3% (n=1383) of cases were not associated with 
any of these three conditions. The relative contributions of 
these factors have also shifted over time. Because malaria 

 87 894 children aged 1 month to 14 years admitted to Kilifi
  County Hospital from Aug 1, 1998, to July 31, 2024

3546 children missing haemoglobin data

 84 348 children with haemoglobin data

 18 919 (22·4%) with no anaemia
   482 (2·6%) with
    bacteraemia

 15 641 (18·5%) with mild anaemia
   435 (2·8%) with
    bacteraemia

 33 073 (39·2%) with moderate anaemia
   1598 (4·8%) with
    bacteraemia

 16 715 (19·8%) with severe anaemia
   1141 (6·8%) with
    bacteraemia

 6780 (8·0%) with very severe
   anaemia*
   427 (6·3%) with
    bacteraemia

Figure 1: Study flow chart 
*Very severe anaemia is a subset of severe anaemia.
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Mild and no anaemia 
(n=34 560; reference)*

Moderate anaemia 
(n=33 073)*

Severe anaemia 
(n=16 715)*

Very severe anaemia 
(n=6780)*

p value (vs mild and no anaemia)†

Moderate 
anaemia

Severe 
anaemia

Very severe 
anaemia

Clinical characteristics
Haemoglobin, g/dL 11⋅0 (10⋅3–11⋅8) 8⋅8 (8⋅1–9⋅4) 5⋅4 (4⋅1–6⋅4) 3⋅8 (3⋅0–4⋅4) <0⋅0001 <0⋅0001 <0⋅0001
Age, months 21⋅8 (9⋅7–46⋅4) 20⋅9 (9⋅0–45⋅7) 28⋅6 (13⋅0–64⋅8) 28⋅8 (13⋅1–62⋅5) 0⋅059 <0⋅0001 <0⋅0001
Sex

Female 14 958/34 560 (42⋅3%) 14 049/33 073 (42⋅5%) 7641/16 715 (45⋅7%) 3240/6780 (47⋅8%) Ref Ref Ref

Male 19 601/34 560 (56⋅7%) 19 022/33 073 (57⋅5%) 9074/16 715 (54⋅3%) 3540/6780 (52⋅2%) 0⋅0053 0⋅0005 <0⋅0001
Fever‡ 17 270/34 560 (50⋅0%) 20 125/33 073 (60⋅9%) 10 337/16 715 (61⋅9%) 3889/6780 (57⋅4%) <0⋅0001 <0⋅0001 <0⋅0001
Vomiting 10 426/30 426 (30⋅6%) 8796/32 478 (27⋅1%) 4907/16 403 (29⋅9%) 2110/6649 (31⋅7%) <0⋅0001 0⋅20 0⋅11
Jaundice§ 209/34 560 (0⋅6%) 565/33 073 (1⋅7%) 1181/16 715 (7⋅1%) 569/6780 (8⋅4%) <0⋅0001 <0⋅0001 <0⋅0001
Coma¶ 2121/31 544 (6⋅7%) 2589/28 659 (9⋅0%) 1637/13 752 (11⋅9%) 612/5507 (11⋅1%) <0⋅0001 <0⋅0001 <0⋅0001
Severe pneumonia|| 7994/34 560 (23⋅1%) 8175/33 073 (24⋅7%) 3104/16 715 (18⋅6%) 1268/6780 (18⋅7%) <0⋅0001 0⋅11 0⋅49
Very severe pneumonia** 3544/34 560 (10⋅3%) 3328/33 073 (10⋅1%) 1944/16 715 (11⋅6%) 875/6780 (12⋅9%) 0⋅88 <0⋅0001 <0⋅0001
Malnutrition†† 17 855/34 560 (51⋅7%) 19 106/33 073 (57⋅8%) 11 503/16 715 (68⋅8%) 4831/6780 (71⋅3%) <0⋅0001 <0⋅0001 <0⋅0001
Wasting‡‡ 10 565/33 553 (31⋅5%) 11 210/31 981 (35⋅1%) 6813/16 093 (42⋅3%) 2828/6582 (43⋅0%) <0⋅0001 <0⋅0001 <0⋅0001
Stunting§§ 10 384/32 597 (31⋅9%) 12 053/31 088 (38⋅8%) 7616/15 780 (48⋅3%) 3279/6472 (50⋅7%) <0⋅0001 <0⋅0001 <0⋅0001
Underweight¶¶ 11 971/33 020 (36⋅3%) 13 495/31 694 (42⋅6%) 8612/16 044 (53⋅7%) 3658/6557 (55⋅8%) <0⋅0001 <0⋅0001 <0⋅0001
Severe acute malnutrition|||| 5922/34 560 (17⋅1%) 7084/33 073 (21⋅4%) 4260/16 715 (25⋅5%) 1788/6780 (26⋅4%) <0⋅0001 <0⋅0001 <0⋅0001
Transfused 396/34 560 (1⋅1%) 783/33 073 (2⋅4%) 6088/16 715 (36⋅4%) 4659/6780 (68⋅7%) <0⋅0001 <0⋅0001 <0⋅0001
In-hospital mortality 1475/34 560 (4⋅3%) 1849/33 073 (5⋅6%) 1294/16 715 (7⋅8%) 556/6780 (8⋅2%) <0⋅0001 <0⋅0001 <0⋅0001
Laboratory characteristics
Bacteraemia 917/34 560 (2⋅7%) 1598/33 073 (4⋅8%) 1141/16 715 (6⋅8%) 427/6780 (6⋅3%) <0⋅0001 <0⋅0001 <0⋅0001
Plasmodium falciparum malaria 4792/34 560 (13⋅9%) 9226/33 073 (27⋅9%) 8086/16 715 (48⋅4%) 3417/6780 (50⋅4%) <0⋅0001 <0⋅0001 <0⋅0001
Sickle cell disease 135/34 560 (0⋅4%) 1536/33 073 (4⋅6%) 2824/16 715 (16⋅9%) 1229/6780 (18⋅1%) <0⋅0001 <0⋅0001 <0⋅0001
HIV status, positive*** 516/17 163 (3⋅0%) 989/14 261 (6⋅9%) 519/6165 (8⋅4%) 174/2484 (7⋅0%) <0⋅0001 <0⋅0001 <0⋅0001
Microcytosis††† 9070/34 560 (26⋅3%) 14 574/33 073 (44⋅2%) 6069/16 715 (36⋅4%) 2050/6780 (30⋅3%) <0⋅0001 <0⋅0001 <0⋅0001
Macrocytosis‡‡‡ 154/34 560 (0⋅4%) 134/33 073 (0⋅4%) 597/16 715 (3⋅6%) 440/6780 (6⋅5%) 0⋅44 <0⋅0001 <0⋅0001
Hypochromasia§§§ 12 635/34 360 (36⋅8%) 19 639/32 942 (59⋅6%) 10 540/16 635 (63⋅4%) 4150/6740 (61⋅6%) <0⋅0001 <0⋅0001 <0⋅0001
Thrombocytopaenia¶¶¶ 2800/33 841 (8⋅3%) 6038/31 984 (18⋅9%) 6315/15 780 (40⋅0%) 2810/6351 (44⋅2%) <0⋅0001 <0⋅0001 <0⋅0001
Red blood cells, ×106/μL 4⋅7 (4⋅3–5⋅1) 4⋅0 (3⋅5–4⋅6) 2⋅4 (1⋅7–3⋅0) 1⋅6 (1⋅2–2⋅0) <0⋅0001 <0⋅0001 <0⋅0001
MCV, fL 74⋅0 (68⋅0–80⋅0) 70⋅0 (62⋅0–77⋅0) 73⋅0 (63⋅0–82⋅0) 76⋅0 (66⋅0–85⋅0) <0⋅0001 <0⋅0001 <0⋅0001
MCHC, g/dL 32⋅4 (31⋅5–33⋅2) 31⋅6 (30⋅4–32⋅7) 31⋅1 (29⋅4–32⋅8) 31⋅1 (29⋅0–33⋅0) <0⋅0001 <0⋅0001 <0⋅0001
White blood cells, ×103/μL 12⋅2 (9⋅0–16⋅5) 12⋅7 (9⋅1–17⋅9) 14⋅1 (9⋅0–22⋅6) 15⋅1 (9⋅3–25⋅7) <0⋅0001 <0⋅0001 <0⋅0001
Platelets, ×106/μL 401 (286–535) 372 (201–536) 199 (97–382) 172 (92–325) <0⋅0001 <0⋅0001 <0⋅0001

Data are median (IQR) or n/N (%). MCHC=mean corpuscular haemoglobin concentration. MCV=mean cell volume. MUAC=mid-upper arm circumference. *Mild anaemia was defined as haemoglobin 10⋅0–10⋅9 g/dL (age 1–5 months), 9⋅5–10⋅4 g/dL (age 
6–23 months), 10⋅0–10⋅9 g/dL (age 24–59 months), 11⋅0–11⋅4 g/dL (age 5–11 years), or 11⋅0–11⋅9 g/dL (age 12–14 years); moderate anaemia as haemoglobin 7⋅0–9⋅9 g/dL (age 1–5 months), 7⋅0–9⋅4 g/dL (age 6–23 months), 7⋅0–9⋅9 g/dL (age 
24–59 months), or 8⋅0–10⋅9 g/dL (age 5–14 years); severe anaemia (includes very severe anaemia) as haemoglobin of less than 7 g/dL (age 1–59 months) or haemoglobin of less than 8 g/dL (age 5–14 years); and very severe anaemia as haemoglobin of less 
than 5⋅0 g/dL. †p values were derived from cluster-robust logistic (binary outcomes) and linear (continuous outcomes) regression models adjusting for age, sex, number of hospital admissions, and year of hospitalisation. ‡Axillary temperature more than 
37⋅5◦C. §Diagnosed based on clinical recognition by the admitting clinician. ¶Blantyre coma score of less than 3. ||Cough or difficulty breathing plus lower chest wall indrawing. **Cough or difficulty breathing plus either prostration, lethargy, hypoxia, loss 
of consciousness, or a history of convulsions. ††The presence of wasting, stunting, underweight, or severe acute malnutrition. ‡‡Weight-for-height Z score of less than –2 or MUAC less than 11⋅0 cm in children aged 6 weeks to 6 months, or MUAC less than 
12⋅5 cm in children older than 6 months using WHO child growth standards. §§Height-for-age Z score of less than –2. ¶¶Weight-for-age Z score of less than –2. ||||Weight-for-height Z score of less than –3 or MUAC less than 11⋅5 cm in children older than 
6 months or presence of bilateral oedema. ***Data available from Feb 1, 2005. †††MCV of less than 67 fL for children younger than 24 months, MCV less than 73 fL for age 24–60 months, and MCV less than 65 fL for children older than 60 months.26

‡‡‡MCV of more than 100 fL. §§§MCHC of less than 32 g/dL. ¶¶¶Platelets less than 150×106/μL.

Table: Characteristics of all children aged 1 month to 14 years admitted to Kilifi County Hospital from Aug 1, 1998, to July 31, 2024
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transmission has declined in the study area, malnutrition 
and SCD have emerged as increasingly important factors 
associated with severe anaemia (figure 3B–D). A similar 
trend was seen among admissions with moderate anaemia, 
where malnutrition was associated with 57⋅7% (n=8335) of 
admissions in the period of low malaria transmission 
(appendix 2 p 21). In-hospital mortality ranged from 3⋅3% 
in severely anaemic children with SCD alone to 14⋅3% in 
children with malnutrition alone (figure 3A).

SCD (aOR 73⋅0 [95% CI 59⋅1–90⋅2; p<0⋅0001) and 
P falciparum malaria (4⋅7 [4⋅5–5⋅0]; p<0⋅0001) were strongly 
positively associated with severe anaemia admission. Bac
teraemia, HIV infection, and malnutrition were associated 
with greater odds of severe anaemia (appendix 2 p 12). The 
PAF of severe anaemia due to SCD was 12⋅2% (95% CI 
11⋅8–12⋅6), malnutrition was 24⋅3% (22⋅7–25⋅8), and 
P falciparum malaria was 27⋅1% (26⋅2–28⋅1). Restricting 

analyses to first admissions gave similar estimates 
(appendix 2 p 12). The strength of these associations varied 
by age, and SCD, HIV, and malnutrition were identified as 
more important factors in children aged 5–14 years 
(appendix 2 p 22).

Bacteraemia was an important cause of hospitalisation, 
accounting for 4⋅3% (n=3656) of all paediatric admissions. 
The highest burden was observed among infants 
(appendix 2 p 13). A reduction in admissions with 
H influenzae and Streptococcus pneumoniae was observed 
after introduction of the Hib and PCV10 vaccines into 
routine immunisation schedules in 2001 and 2011, 
respectively (appendix 2 p 23). Among children with severe 
anaemia, the predominant pathogens were S pneumoniae, 
NTS, Escherichia coli, and H influenzae (appendix 2 p 14). 
Overall in-hospital mortality among admissions with 
bacteraemia was 24⋅8%; although, this proportion varied 
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Figure 2: Severe anaemia trends in children admitted to Kilifi County Hospital between Aug 1, 1998, and July 31, 2024 
The study period is divided into high (1998–2003), declining (2004–09), and low (2010–24) malaria transmission eras. (A) Annual prevalence of anaemia by severity category: mild, moderate, severe, and 
very severe. The solid green line represents the smoothed trend (locally estimated scatterplot smoothing), the dotted black line denotes the overall mean anaemia prevalence across the study period (mean 
77⋅6%). (B) Proportion of severe anaemia admissions with malaria, malnutrition, sickle cell disease, and bacteraemia. Shading indicates 95% CIs. (C) In-hospital mortality stratified by anaemia severity: no 
anaemia, mild, moderate, severe (includes very severe anaemia), and very severe. (D) Median age at admission by anaemia severity category: no anaemia, mild, moderate, severe (includes very severe 
anaemia), and very severe.
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by bacterial pathogen and anaemia severity. In-hospital 
mortality was highest in Pseudomonas aeruginosa bacter
aemia (appendix 2 p 24), and in severe anaemia compared 
with mild or no anaemia (27⋅6% vs 22⋅4%, aOR 1⋅4 [95% CI 
1⋅2–1⋅8]; p=0⋅0008).

Severe and moderate anaemia were associated with 
greater odds of bacteraemia compared with mild or no 
anaemia (aOR 2⋅7 [95% CI 2⋅5– 3⋅0]; p<0⋅0001 and 1⋅8 
[1⋅7–2⋅0]; p<0⋅0001, respectively). Among individual 
pathogens, severe anaemia was associated with increased 

odds of NTS (6⋅1 [4⋅6–8⋅1]), E coli (5⋅7 [4⋅2–7⋅7]), 
H influenzae (4⋅3 [3⋅0–6⋅4]), S pneumoniae (3⋅5 [2⋅9–4⋅2]), 
and Klebsiella pneumoniae (2⋅4 [1⋅4–4⋅0]; figure 4). Severe 
anaemia remained strongly associated with bacteraemia in 
sensitivity analyses stratified by 5-year intervals (appendix 2 
p 25), during epidemiological periods of high, declining, 
and low malaria prevalence across the study period 
(appendix 2 p 9), and in analyses restricted to each child’s 
first hospital admission (appendix 2 p 26). The aORs of 
bacteraemia differed by underlying severe anaemia 
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Figure 3: Prevalence, overlap, and mortality for groups of children aged 1 month to 14 years with severe anaemia across all admissions (August, 1998, to July, 2024; A), 
during high malaria transmission period (1998–2003; B), during declining malaria transmission period (2004–09; C), and during a low malaria transmission period 
(2010–24; D) 
The percentage of children in each group (with respect to all severe anaemia cases) are in black. The in-hospital mortality is in red (calculated as the number of severely 
anaemic children who died in the group divided by all severe anaemia admissions in the group). SCD=sickle cell disease.
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aetiology, ranging from 1⋅2 (1⋅1–1⋅4) in severe malarial 
anaemia to 11⋅0 (8⋅5–14⋅2) in HIV-associated severe 
anaemia (appendix 2 p 15).

Decreasing haemoglobin was associated with increased 
odds of all-cause bacteraemia (aOR 1⋅14 [95% CI 
1⋅12–1⋅15]; p<0⋅0001), with pathogen-specific effects: NTS 
(aOR 1⋅31 [95% CI 1⋅26–1⋅35]), E coli (1⋅30 [1⋅25–1⋅35]), 
H influenzae (1⋅17 [1⋅13–1⋅18]), and S pneumoniae (1⋅15 
[1⋅13–1⋅18]; appendix 2 p 27).

Using haemoglobin of 11 g/dL or more as the reference, 
each 1 g/dL decrease in haemoglobin was associated with 
increased odds of bacteraemia above 4 g/dL (figure 5; 
appendix 2 pp 16–17), a trend observed across different 
severe anaemia aetiologies (appendix 2 p 28). A linear trend 
of increasing odds of bacteraemia with decreasing 
haemoglobin levels was particularly evident for NTS and 
E coli. The odds of S pneumoniae also increased as haemo
globin levels decreased, peaking at around 5 g/dL, before 
decreasing thereafter. No consistent trend was observed for 
P aeruginosa, K pneumoniae, Staphylococcus aureus, and 
Acinetobacter species (figure 5).

Discussion
Severe anaemia remains an important cause of paediatric 
admissions and mortality among Kenyan children living in 
Kilifi, and its prevalence has remained persistently high 

over time. Severe anaemia was associated with multiple and 
overlapping aetiologies, including malaria, malnutrition, 
SCD, bacteraemia, and HIV infection. As malaria trans
mission has declined between 2004 and 2009, the burden of 
severe anaemia has shifted to children aged 5–14 years. 
Severe anaemia was associated with greater odds of mor
tality and bacteraemia. We confirmed that severe anaemia 
was strongly associated with an increased odds of NTS 
bacteraemia,2 and found that severe anaemia was also 
associated with increased odds of E coli, S pneumoniae, 
H influenzae, and K pneumoniae bacteraemia. The associ
ation followed a severity gradient; each 1 g/dL decrease in 
haemoglobin was associated with increased odds of bac
teraemia. Consistent with our findings, severe anaemia was 
associated with a five-fold increased risk of bacteraemia in 
Malawian children.2 Similar observations have also been 
reported for severe anaemia and NTS in Mozambique13 and 
severe malarial anaemia and bacteraemia in Uganda.27

The prevalence of severe anaemia remains unacceptably 
high globally, and progress to meet global targets remains 
suboptimal.28 In our setting, the aetiology of severe anaemia 
is multifactorial, and the burden of severe anaemia has 
shifted from younger children to older age groups over 
time. This trend might be partly attributed to the declining 
prevalence of malaria, which predominantly causes severe 
anaemia in children younger than 5 years in endemic 
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Figure 4: Association between severe anaemia or moderate anaemia and odds of bacteraemia among children aged 1 month to 14 years admitted to Kilifi County 
Hospital between Aug 1, 1998, and July 31, 2024 
ORs and 95% CIs were derived from cluster-robust logistic regression models adjusting for age, sex, number of hospital admissions, and year of hospitalisation. Odds of 
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areas.8 We found that the overall burden of severe anaemia 
declined from the late 1990s to 2010, a trend that parallels 
reductions in malaria in Kilifi over the same period.8 Other 
settings across Africa also experienced a reduction in mal
aria incidence over this period.7 However, malaria 
accounted for 48⋅4% of severe anaemia admissions and 
frequently overlapped with malnutrition, HIV infection, 
and SCD. The shift in distribution of severe anaemia to 
children aged 5–14 years might also reflect improved sur
vival among children with SCD, including children 
attending the specialist clinic at KCH, where hydroxyurea 
(introduced in 2015) is used by approximately 30% of 
patients. Global efforts to understand and curb severe 
anaemia have primarily focused on children younger than 
5 years and women of reproductive age,1 and our findings 
suggest that this focus could potentially overlook a 
substantial population of older children at risk.

Decreasing haemoglobin levels were strongly associated 
with bacteraemia. These findings remained robust across 

malaria transmission periods and were pathogen-specific, 
supporting a biological relationship rather than an epi
demiological phenomenon. Several mechanisms might 
underlie the observed association between low haemoglo
bin and bacteraemia, including (1) increased iron avail
ability for bacterial pathogens, (2) impaired immune 
function, and (3) increased gut microbiota dysbiosis and 
intestinal permeability.12 Anaemia is associated with dys
regulated immunity,11 which might be more pronounced in 
more severe cases. Severe anaemia is also characterised by 
reduced hepcidin and elevated iron recycling through 
increased erythrophagocytosis,12 which transiently increa
ses non-transferrin-bound iron. Siderophilic bacteria, such 
as E coli, might benefit from this iron disruption, as shown 
in in-vitro and animal model studies.29,30 These studies 
found less pronounced effects of iron dysregulation on 
S aureus,30 consistent with our findings that severe anaemia 
was not associated with this pathogen. Nonetheless, reverse 
causality cannot be ruled out, because bacterial infections 
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might themselves contribute to severe anaemia through 
increased haemolysis, anaemia of inflammation, or iron 
malabsorption, and mechanistic studies are needed to 
confirm our observations. Our findings support prioritisa
tion of early diagnostic evaluation for bacterial infection, 
close clinical monitoring, and consideration of empiric 
antimicrobial therapy alongside standard management in 
children with severe anaemia. Clinical management of 
severe anaemia should, therefore, integrate infection risk with 
haemoglobin concentration to inform triage, antimicrobial 
use, and transfusion strategies.

The strengths of the study are that we utilised a large 
26-year dataset (n=84 348), which enabled detailed evalu
ation of severe anaemia aetiologies, pathogen-specific 
associations, and was adequately powered for subgroup 
and stratified analyses. The extended surveillance period 
allowed assessment of associations across major epi
demiological transitions, including declining malaria 
transmission, vaccine introductions (Hib and PCV10), and 
improvements in clinical care. Although these shifts might 
have introduced temporal heterogeneity in exposure and 
outcome distributions, the consistency of effect estimates 
across time strata supports the internal validity of our 
findings. However, some limitations should be considered 
when interpreting our data. First, blood cultures have low 
sensitivity and in Kenya antibiotics are available without 
prescription, so blood cultures are more likely to be negative 
on admission. Thus, the true association between severe 
anaemia and bacteraemia might be higher than our esti
mates. Second, our study was observational, and, as such, 
the associations might be subject to unmeasured con
founders, including collider bias arising from restricting 
analyses to hospitalised children, and reverse causality. 
Also, the study was conducted at a single site. Excluding 
admissions without haemoglobin measurements might 
have introduced bias, because children with missing values 
differed in age and comorbidity profile compared with 
children included in the analysis. It is also likely that a 
proportion of children with severe anaemia and bacter
aemia died outside the hospital. Previous estimates indicate 
that only one-third of children dying in the KHDSS area 
present to a hospital.10 KCH does not routinely screen for 
hookworm infections, or biomarkers of iron (eg, ferritin, 
transferrin saturation, or soluble transferrin receptor), 
vitamin A, or vitamin B12 status, which are important 
causes of anaemia in sub-Saharan Africa.2 SCD was also 
mostly clinically diagnosed, and some cases might have 
been missed as a result. In the absence of cause-specific 
mortality data from autopsy, we could not distinguish 
deaths directly attributable to anaemia from those due to 
bacterial infections or other comorbid conditions. None
theless, the size of our study, the systematic nature of the 
hospital surveillance, and the extensive period of the study 
(1998–2024) offer strong support to our conclusions. 
Taken collectively, these observations suggest that severe 
anaemia is prevalent among paediatric admissions, its 
burden is shifting to children aged 5–14 years, and it is an 

important risk factor for bacteraemia and mortality in this 
region.
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