


Sociodemographic Factors Associated with Co-infection in Children Hospitalised with Plasmodium falciparum Malaria in Brazzaville, Republic of Congo: a Hospital-Based Cohort Study
Abstract
Background: Plasmodium falciparum malaria remains a major cause of pediatric mortality in sub-Saharan Africa. The presence of co-infections may complicate the WHO clinical classification and significantly influence patient prognosis.
Objective: To investigate the prevalence and associated factors of co-infection among children hospitalized for P. falciparum malaria in Brazzaville.
Methodology: A retrospective analytical cohort study was conducted in 2023 at the Brazzaville University Hospital (CHU). The study included children under 15 years of age with microscopically confirmed malaria and documented co-infection or comorbidity. The significance threshold was set at p < 0.05.
Results: Among the 441 children enrolled (median age: 48 [IQR 15-96] months), 55.8% were male. Only 37.2% used insecticide-treated nets, and 27.4% had practiced self-medication. Delayed healthcare-seeking (median: 3 [IQR 2-5] days) was observed in 71.9% of cases. Primary symptoms included fever (56.0%), seizures (22.0%), and headaches (13.4%). Severe malaria accounted for 36.5% of cases. The prevalence of co-infection was 16.8% (n=74). It was significantly associated with age < 5 years (64.9%; p = 0.048) and delayed consultation (4 [IQR 2-7] days; p = 0.016). Parasitemia was significantly higher in co-infected patients compared to those with monoinfection (12,600 p/µl vs. 6,300 p/µl; p < 0.001). Although the case fatality rate was higher in the co-infection group (9.5% vs. 6.5%; p = 0.370), the difference was not statistically significant. However, the duration of hospitalization was significantly longer for co-infected children (5 [IQR 3-8] days vs. 5 [IQR 3-6] days; p = 0.017).
Conclusion: Co-infection is prevalent among children under five years of age at the Brazzaville University Hospital. These findings warrant further prospective studies to optimize clinical management.
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1. INTRODUCTION
Plasmodium falciparum malaria remains one of the leading causes of paediatric morbidity and mortality in sub-Saharan Africa. In 2024, an estimated 282 million malaria cases were reported globally, of which over 90% occurred in the African Region, accounting for the vast majority of malaria-related deaths (WHO, 2025). Despite substantial reductions in transmission achieved over the past two decades through the widespread deployment of insecticide-treated nets and artemisinin-based combination therapies, the disease continues to exert a disproportionate burden on health systems, particularly among young children (WHO, 2025; Koukouikila-Koussounda and Ntoumi, 2016). In the Republic of Congo, malaria remains the primary cause of paediatric hospitalisation, accounting for 44-52% of admissions and approximately 35% of in-hospital deaths at health facilities in Brazzaville (Koukouikila-Koussounda and Ntoumi, 2016). Transmission in the capital is meso- to hyperendemic with seasonal fluctuations, and P. falciparum accounts for virtually all confirmed infections (Mayengue and al, 2020).
The World Health Organisation (WHO) currently classifies clinical malaria into two operational categories: uncomplicated malaria, characterised by symptomatic infection without signs of organ dysfunction, and severe malaria, defined by the presence of one or more specific clinical or biological criteria (WHO, 2014). In practice, however, this binary framework inadequately captures the full complexity of malaria presentations encountered in hospital settings, where a substantial proportion of children - hospitalised because their condition warrants inpatient care - present with concurrent infections or pre-existing conditions that modify the clinical course and prognosis. This subset, referred to herein as malaria with co-infection or comorbidity, represents an important but poorly characterised epidemiological entity in Central Africa.

The co-occurrence of P. falciparum malaria with other infectious pathogens has been documented across clinical settings in sub-Saharan Africa. A systematic review and meta-analysis by Church and Maitland found that invasive bacterial infection occurred in a mean of 6.4% of children with severe malaria and 5.58% of all hospitalised malaria cases, and was associated with substantially increased mortality (Church and Maitland, 2014). Seminal work by English and colleagues identified that up to 45% of children admitted with respiratory signs at a Kenyan referral hospital had concurrent malaria, underscoring the diagnostic and clinical challenges posed by co-presenting illnesses (English and al, 1996). These findings collectively support the concept of severe malaria as a syndromic condition frequently occurring in the context of concomitant infections, with important implications for triage, antimicrobial stewardship, and outcome prediction.
Sociodemographic factors are established determinants of malaria acquisition, severity, and outcome across sub-Saharan Africa. A pooled analysis of Demographic and Health Survey data from eleven countries identified child age, maternal education, household wealth, and place of residence as the principal predictors of malaria infection among under-five children (Anjorin and al, 2023). However, comparatively little is known about the sociodemographic factors that specifically predispose hospitalised children to present with malaria co-infection rather than malaria alone. Young age, delayed health-seeking behaviour, and environmental factors linked to residential density or urban heterogeneity have been proposed as potential determinants, but systematic hospital-based evidence from Central Africa remains scarce.
In Gabon, the closest epidemiological comparator to the Republic of Congo, hospital-based studies have consistently shown that the majority of children admitted with confirmed malaria do not fulfil WHO severity criteria, and available published data have largely focused on the severe end of the spectrum (Bouyou-Akotet and al, 2012). Most recently, a retrospective study conducted at the tertiary referral hospital in Libreville found that 21.0% of children hospitalised with confirmed severe malaria (101/480) had at least one documented co-infection; age under five years was independently associated with co-infection (OR 1.76, 95% CI 1.12-2.76), respiratory infections were the most frequent co-infection type (43.6%), and a trend towards delayed health-seeking was observed among co-infected children (Essomeyo Ngue Mebale and al, 2026). These findings provide a direct regional benchmark for the present study, while underscoring the absence of comparable data from the Republic of Congo and across the full malaria severity spectrum.
To date, no published study from the Republic of Congo has systematically characterised the proportion of hospitalised children with P. falciparum malaria presenting with co-infection or comorbidity, nor identified the sociodemographic factors associated with this clinical presentation. This gap carries practical consequences: without a clear epidemiological profile of co-infected malaria in this setting, clinicians lack an evidence base for syndromic triage, targeted antimicrobial prescribing, and resource allocation in a context where the majority of malaria admissions occur outside specialised referral facilities.
The present study therefore aimed: (i) to determine the prevalence of co-infection or comorbidity among children hospitalised with confirmed P. falciparum malaria at the Centre Hospitalier Universitaire de Brazzaville; (ii) to describe and compare the sociodemographic, clinical, and biological profiles of children with malaria monoinfection and those with co-infection or comorbidity; and (iii) to identify sociodemographic factors independently associated with co-infection using multivariable logistic regression. These findings are intended to contribute to a broader evidence base for integrated paediatric malaria management in Central Africa.





2. Methods
Study design and setting
We conducted a retrospective, analytical, hospital-based cohort study of children hospitalised with confirmed Plasmodium falciparum malaria at the Centre Hospitalier Universitaire de Brazzaville (CHU-Brazzaville), Republic of Congo. CHU-Brazzaville is the country's principal tertiary referral hospital and serves as the primary paediatric referral centre for the city of Brazzaville (estimated population > 2 million). It receives patients from all nine arrondissements of the city as well as from surrounding districts and from other regions of the country via inter-facility transfer. The paediatric department encompasses general paediatrics, paediatric emergency care, and an intensive care unit, with an average of approximately 1,200 paediatric admissions annually. The study was conducted over the period January to December 2023.
Study participants
All children aged 0 to 15 years admitted to the paediatric department with a primary diagnosis of malaria were screened for inclusion. Eligibility required: (i) age ≤15 years at the time of hospitalisation; (ii) microscopically confirmed P. falciparum monoinfection on a thick blood film, prepared and read at the CHU-Brazzaville laboratory by trained technicians following standard WHO procedures; and (iii) availability of a minimum dataset including age, sex, clinical examination findings, and at least one documented co-infection or comorbidity status variable. Children with incomplete records precluding malaria classification or outcome ascertainment were excluded, as were neonates and children admitted primarily for non-malarial conditions in whom malaria was an incidental finding.


Ethical considerations
The study was authorized by the head of the health centres and conducted according to the Helsinki declaration. As this was a retrospective study based on anonymised medical record review, individual informed consent was waived in accordance with national regulations governing retrospective observational research. All data were anonymised prior to analysis, and no patient identifiers were retained in the analytic dataset.
Data collection
Data were extracted retrospectively from standardised paper-based admission records and medical files using a pre-designed electronic data collection form. Each patient was assigned a unique anonymised study code. Variables collected included:

1. Sociodemographic: age at admission (months and years), sex, schooling status, place of residence (arrondissement of Brazzaville), and mode of referral (self-referral from home versus inter-facility transfer).
1. Prevention and healthcare-seeking: use of insecticide-treated nets (ITN) in the previous month, pre-hospital self-medication with an antimalarial drug, and consultation delay (defined as the number of days elapsed between symptom onset and hospital admission).
1. Clinical data at admission: documented symptoms (fever, vomiting, headache, seizures, arthromyalgia, jaundice, respiratory distress), vital signs (temperature), neurological status (Glasgow Coma Scale score), and nutritional status where available.
1. Laboratory findings: haemoglobin concentration (g/dL), peripheral blood parasitaemia (parasites per 200 white blood cells, converted to parasites per µL using the patient's measured white blood cell count or a standard value of 8,000/µL when unavailable), total white blood cell count (G/L), platelet count (G/L), blood glucose (mmol/L), and serum creatinine (mg/L) where measured.
1. WHO severity criteria: each of the WHO 2015 criteria for severe malaria was ascertained individually from the clinical and laboratory record and coded as present or absent.
1. Co-infections and comorbidities: documented concurrent acute infections (rhinopharyngitis, bronchopneumonia, meningitis, sepsis, other specified infections) and pre-existing conditions (HIV infection, sickle cell disease, epilepsy, other chronic conditions), recorded as present or absent based on clinical diagnosis at the time of admission.
1. Outcomes: in-hospital death, length of hospital stay (days).
Case definitions
Malaria was classified as severe if the patient met one or more of the WHO 2015 severity criteria, which include: impaired consciousness (Paediatric Glasgow Coma Scale ≤ 11 or Blantyre Coma Scale ≤ 2 in children <5 years), prostration, multiple convulsions (≥ 2 episodes in 24 hours), respiratory distress, pulmonary oedema, circulatory collapse or shock, *, severe anaemia (haemoglobin <5 g/dL in children), hypoglycaemia (blood glucose <2.2 mmol/L), acute kidney injury (serum creatinine >265 µmol/L or clinical diagnosis in the absence of creatinine measurement), jaundice, and hyperparasitaemia (parasitaemia >250,000 parasites/µL).[4] Children fulfilling none of these criteria but hospitalised for malaria were classified as having moderate (non-severe hospitalised) malaria.
Co-infection or comorbidity was defined as the presence of at least one of the following conditions documented at admission: a concurrent acute infection (rhinopharyngitis, bronchopneumonia, meningitis, sepsis, or other clinician-diagnosed acute infection); or a pre-existing chronic condition (HIV infection, sickle cell disease, epilepsy, or other specified condition). Children with none of these conditions were classified as malaria monoinfection. 
An unfavourable clinical outcome was defined as the occurrence of in-hospital death or a length of hospital stay greater than seven days. A favourable outcome was defined as clinical recovery with discharge within seven days.
Statistical analysis
All analyses were performed using Python (version 3.11) with the pandas, scipy.stats, and statsmodels libraries. Results were verified against outputs from R version 4.3.0. Continuous variables are reported as median and interquartile range [IQR] and compared between groups using the Mann-Whitney U test. Categorical variables are reported as frequency and percentage and compared using the chi-squared test or Fisher's exact test as appropriate (expected cell count <5). All tests were two-tailed, and a p-value of <0.05 was considered statistically significant.
To identify sociodemographic factors associated with co-infection or comorbidity, we first conducted a univariable logistic regression analysis with co-infection as the outcome variable and each candidate sociodemographic variable as a single predictor. Confounding variables included: age under five years, sex, ITN use, pre-hospital self-medication with an antimalarial drug, consultation delay greater than 48 hours, schooling status, and residence in a central arrondissement (3rd Poto-Poto, 5th Ouenzé, or 6th Talangaï, versus all other arrondissements and locations outside Brazzaville).  Variables with p < 0.20 in univariable analysis were considered candidates for the multivariable model, alongside variables retained for biological plausibility regardless of statistical significance (sex and ITN use). The multivariable model was fitted using backward elimination with retention criteria of p < 0.05. 
Missing data were handled by complete case analysis for the primary regression models. The proportion of missing data for each variable is reported, and variables with more than 50% missing data (blood glucose, serum creatinine) were included in descriptive analyses only and excluded from logistic regression. A p-value below 0.05 was considered significant.
3. RESULTS
Study population and general characteristics
A total of 441 children were enrolled during the study period. The median age was 48 [IQR 15-96] months (4 years), with children under five years of age accounting for just over half of the study population. The sex ratio was 1.2 in favor of males. One-third of the children with malaria (36.5%, n=155/424) resided in the districts of Bacongo and Madibou, while districts three (Poto-Poto), five (Ouenzé), and six (Talangaï) accounted for 27.8% (n=118/424) of admissions.
Regarding malaria prevention measures, approximately two-thirds of the children (62.8%, n=277/441) did not use insecticide-treated nets (ITNs). Nearly three-quarters of the children admitted for malaria had not practiced pre-hospital self-medication (72.6%, n=320/441). The median time to consultation was 3 [IQR 2-5] days, and only 40.7% (n=129/317) of the children consulted within 48 hours of symptom onset.
Upon admission, fever and neurological signs accounted for the vast majority of symptoms (91.4%, n=403/441). Biological findings associated with malaria included moderate anemia (97.5%, n=429/441), parasitemia levels exceeding 7,200 parasites/µL (97.5%, n=430/441), and thrombocytopenia below 145 G/L (96.1%, n=424/441).



Table 1. General characteristics of the study participants
	Variable
	Total (N = 441)

	Sociodemographic characteristics

	Age < 5 years, n (%)
	240 (54.4%)

	Age 5-9 years, n (%)
	102 (23.1%)

	Age 10-15 years, n (%)
	87 (19.7%)

	Male sex, n (%)
	241 (55.8%)

	Not attending school, n (%)
	254 (57.6%)

	Prevention and healthcare access

	ITN use, n (%)
	164 (37.2%)

	Pre-hospital self-medication, n (%)
	121 (27.4%)

	Consultation delay, median days [IQR]
	3 [2-5]

	Delay > 48 hours, n (%) *
	188/317 (59.3%)

	Residence - Brazzaville arrondissement

	1st - Makélékélé, n (%)
	40 (9.4%)

	2nd - Bacongo, n (%)
	56 (13.2%)

	3rd - Poto-Poto, n (%)
	31 (7.3%)

	4th - Moungali, n (%)
	46 (10.8%)

	5th - Ouenzé, n (%)
	53 (12.5%)

	6th - Talangaï, n (%)
	34 (8.0%)

	7th - Mfilou, n (%)
	33 (7.8%)

	8th - Madibou, n (%)
	99 (23.3%)

	9th - Djiri, n (%)
	21 (5.0%)

	Outside Brazzaville, n (%)
	11 (2.6%)

	Clinical presentation at admission

	Fever, n (%)
	247 (56.0%)

	Vomiting, n (%)
	86 (19.5%)

	Headache, n (%)
	59 (13.4%)

	Seizures, n (%)
	97 (22.0%)

	Jaundice, n (%)
	11 (2.5%)

	Respiratory distress, n (%)
	29 (6.6%)

	Laboratory findings

	Haemoglobin, g/dL, median [IQR] (n = 429)
	8.9 [6.0-11.0]

	Parasitaemia, ×10³/µL, median [IQR] (n = 434)
	7.2 [2.6-18.2]

	White blood cells, G/L, median [IQR] (n = 430)
	9.6 [7.0-13.2]

	Platelets, G/L, median [IQR] (n = 424)
	145 [88-268]

	Blood glucose, mmol/L, median [IQR] (n = 193)
	6.8 [5.8-8.3]

	Creatinine, mg/L, median [IQR] (n = 80)
	6.0 [4.5-8.0]

	WHO malaria classification

	Moderate malaria (no WHO criterion), n (%)
	262 (59.4%)

	Severe malaria (≥1 WHO criterion), n (%)
	161 (36.5%)

	Reclassified MM (0 WHO criteria), n (%)
	18 (4.1%)

	Co-infections and comorbidities

	Any co-infection or comorbidity, n (%)
	74 (16.8%)

	  - Rhinopharyngitis, n (%)
	18 (4.1%)

	  - Bronchopneumonia, n (%)
	16 (3.6%)

	  - Meningitis, n (%)
	15 (3.4%)

	  - Sepsis, n (%)
	7 (1.6%)

	  - HIV infection, n (%)
	6 (1.4%)

	  - Sickle cell disease, n (%)
	5 (1.1%)

	  - Epilepsy, n (%)
	5 (1.1%)

	  - Other, n (%)
	13 (2.9%)

	Outcomes

	In-hospital death, n (%)
	31 (7.0%)

	Unfavourable outcome **, n (%)
	41 (9.3%)

	Length of stay, median days [IQR]
	5 [3-6]

	Blood transfusion received, n (%)
	167 (37.9%)



† Delay data available for 317 participants.
‡ Unfavourable outcome defined as in-hospital death or length of stay > 7 days.
IQR: interquartile range; ITN: insecticide-treated net; WHO: World Health Organisation


[bookmark: _Hlk228943813][bookmark: _Hlk228943826]According to the WHO 2015 classification, 161 children (36.5%) met one or more criteria for severe malaria and 262 (59.4%) had no WHO severity criterion and were classified as moderate (non-severe) hospitalised malaria. Eighteen additional children (4.1%) had been initially classified as severe malaria on admission but were reclassified as moderate malaria following systematic review of their records, as no WHO severity criterion could be confirmed; they were included in the moderate malaria group for all analyses. The clinical and biological comparison between the monoinfection and co-infection groups is detailed in Table 2 and described below.
Prevalence and type of co-infections and comorbidities
Overall, 74 children (16.8%) presented with at least one documented co-infection or comorbidity, and 367 (83.2%) had malaria monoinfection. Among co-infected children, the most frequent conditions were rhinopharyngitis (18/74, 24.3%), bronchopneumonia (16/74, 21.6%), meningitis (15/74, 20.3%), and sepsis (7/74, 9.5%). Pre-existing chronic conditions were less common: HIV infection was documented in 8.1% (n=6/74), sickle cell disease in 5 6.8% (n=5/74), and epilepsy in 6.8% (n=5/74). Other specified conditions accounted for the remaining 13 cases (17.6%). The detailed distribution is presented in Table 1.
[bookmark: _Hlk228944366]Clinical outcomes in the full cohort
A favorable outcome was observed in 90.7% of the hospitalized children. Among those with malaria-associated anemia, 62.1% (n=274/441) did not receive a blood transfusion. The length of hospital stay was less than 7 days in the majority of cases. The case fatality rate for malaria was 7% (n=31/441).
[bookmark: _Hlk228945602]Comparison of sociodemographic characteristics between monoinfection and co-infection groups
Hospitalized children with malaria presented with a monoinfection in 83.2% of cases (n=367/441), while co-infection was observed in 16.8% (n=74/441).
Children under five years of age were significantly more affected by co-infection than by monoinfection (64.9% vs. 52.3%; p = 0.048). There was no significant difference in median age between the two groups (p = 0.097), although a trend toward a difference was noted. Co-infection was significantly more frequent among hospitalized children with malaria originating from the central districts (3rd, 5th, and 6th districts) (41.4% vs. 25.1%; p = 0.008). However, neither gender, the use of ITNs, nor pre-hospital self-medication were associated with co-infection (p > 0.05) (Table 2).

Residence in the central arrondissements (3rd Poto-Poto, 5th Ouenzé, or 6th Talangaï) was significantly more common among co-infected children than among those with monoinfection (41.4% vs 25.1%, p = 0.008). Among children residing in the 3rd arrondissement (Poto-Poto), the co-infection rate was 32.3% (10/31), the highest of any arrondissement, followed by the 6th (Talangaï, 23.5%, 8/34) and the 5th (Ouenzé, 20.8%, 11/53). By contrast, the lowest rates were observed in the 1st arrondissement (Makélékélé, 10.0%, 4/40) and the 7th (Mfilou, 12.1%, 4/33). 
Comparison of clinical and biological characteristics and outcomes
Clinical findings showed that children with co-infections had half as many vomiting episodes as those with monoinfections (10.8% vs. 21.3%; p = 0.039). Fever was significantly more frequent in the monoinfection group compared to the co-infection group (58.6% vs. 43.2%; p = 0.015).
Biologically, leukocytosis was significantly more common in co-infected children than in those with monoinfections (p = 0.005). Parasitemia levels were also significantly higher in the co-infection group than in the monoinfection group (p < 0.001). No significant differences were observed between the two groups regarding platelet counts or hemoglobin levels (p > 0.05).
When categorized by severity, co-infection was significantly more frequent among children with severe malaria compared to those with non-severe malaria (51.4% vs. 33.5%; p = 0.005). Conversely, monoinfection was significantly associated with non-severe malaria (p = 0.027).
There were no significant differences between the two groups regarding clinical outcome or the case fatality rate (p > 0.05). (Table 2).



Table 2. Comparison of sociodemographic, clinical, and biological characteristics between children with malaria monoinfection and those with co-infection or comorbidity 
	Variable
	Monoinfection (n = 367)
	Co-infection (n = 74)
	p

	Sociodemographic factors

	Age < 5 years, n (%)
	192/367 (52.3%)
	48/74 (64.9%)
	0.048

	Age, median months [IQR]
	48 [17-96]
	36 [12-90]
	0.097

	Male sex, n (%)
	203/360 (56.4%)
	38/72 (52.8%)
	0.573

	Not attending school, n (%)
	208/367 (56.7%)
	46/74 (62.2%)
	0.384

	Prevention and healthcare access

	ITN use, n (%)
	133/367 (36.2%)
	31/74 (41.9%)
	0.359

	Self-medication, n (%)
	96/367 (26.2%)
	25/74 (33.8%)
	0.180

	Consultation delay > 48h, n (%) 
	157/273 (57.5%)
	31/44 (70.5%)
	0.105

	Delay, median days [IQR] †
	3 [2-5]
	4 [2-7]
	0.016

	Residence

	Central arrondissements (3rd/5th/6th), n (%) *
	89/354 (25.1%)
	29/70 (41.4%)
	0.008

	Clinical presentation

	Fever, n (%)
	215/367 (58.6%)
	32/74 (43.2%)
	0.015

	Vomiting, n (%)
	78/367 (21.3%)
	8/74 (10.8%)
	0.039

	Seizures, n (%)
	81/367 (22.1%)
	16/74 (21.6%)
	0.932

	Jaundice, n (%)
	8/367 (2.2%)
	3/74 (4.1%)
	0.405

	Laboratory findings

	Haemoglobin, g/dL
	8.9 [6.0-11.2]
	8.6 [6.0-10.4]
	0.362

	Parasitaemia, ×10³/µL
	6.3 [2.4-17.3]
	12.6 [4.9-51.2]
	<0.001

	White blood cells, G/L
	9.2 [6.6-12.4]
	10.5 [8.4-15.0]
	0.005

	Platelets, G/L
	145 [88-259]
	190 [95-290]
	0.096

	WHO malaria severity

	Severe malaria (≥1 WHO criterion), n (%)
	123/367 (33.5%)
	38/74 (51.4%)
	0.005

	Moderate malaria (no WHO criterion), n (%)
	227/367 (61.9%)
	35/74 (47.3%)
	0.027

	Outcomes

	In-hospital death, n (%)
	24/367 (6.5%)
	7/74 (9.5%)
	0.452

	Unfavourable outcome, n (%)
	31/367 (8.4%)
	10/74 (13.5%)
	0.187


* Central arrondissements: 3rd (Poto-Poto), 5th (Ouenzé), 6th (Talangaï); denominator restricted to participants with available residence data (n = 424).





[bookmark: _Hlk228954651]Sociodemographic factors associated with co-infection
Table 3 presents the univariate and multivariate logistic regression analysis of sociodemographic characteristics associated with the presence of co-infection or comorbidity. In the univariate analysis, only age under 5 years and residence in central districts were significant risk factors. Children from central districts had a twofold increased risk of co-infection compared to those from other districts (OR: 2.01 [1.19-3.40]; p = 0.009). Similarly, children under 5 years of age had up to a twofold higher risk of co-infection (OR: 1.68 [1.0-2.83]; p = 0.050). The use of insecticide-treated nets (ITNs), consultation delay exceeding 48 hours, gender, and pre-hospital self-medication were not associated with the occurrence of co-infection.
In the multivariate analysis, which included all parameters with p < 0.20, multiple logistic regression model with complete showed that children under 5 years of age and those from central districts (3rd, 5th, and 6th) maintained a higher risk. These children had a 1.7-fold and 1.9-fold increased risk of co-infection, respectively (aOR: 1.71 [1.01-2.90]; p = 0.046 and aOR: 1.90 [1.12-3.23]; p = 0.018).


Table 3. Univariable and multivariable logistic regression - Sociodemographic factors associated with co-infection or comorbidity in hospitalised children with P.falciparum malaria 
	Variable
	Crude OR
	95% CI
	p

	Univariable analysis (outcomes : co-infection vs monoinfection

	Age < 5 years
	1.68
	[1.00-2.83]
	0.050

	Male sex
	0.85
	[0.52-1.41]
	0.533

	ITN use
	1.27
	[0.76-2.11]
	0.359

	Self-medication
	1.44
	[0.84-2.46]
	0.181

	Consultation delay > 48h
	1.76
	[0.88-3.51]
	0.108

	Not attending school
	1.26
	[0.75-2.10]
	0.384

	Central arrondissements (3rd/5th/6th)*
	2.01
	[1.19-3.40]
	0.009

	Multivariate logistic regression-Model A (N=441, complete case**

	Variable
	Adjusted OR
	95% CI
	p

	Age < 5 years
	1.71
	[1.01-2.90]
	0.046

	Central arrondissements (3rd/5th/6th)
	1.90
	[1.12-3.23]
	0.018

	Self-medication
	1.44
	[0.83-2.48]
	0.192

	Male sex
	0.83
	[0.50-1.38]
	0.479

	ITN use
	1.20
	[0.72-2.03]
	0.483


*Central arrondissements: 3rd (Poto-Poto), 5th (Ouenzé), 6th (Talangaï) vs all other arrondissements and outside Brazzaville.
*Complete case analysis (N = 441); variables selected based on p < 0.20 in univariable analysis and biological plausibility

In the sensitivity analysis restricted to the 317 children with available consultation delay data, each additional day of delay was independently associated with a significantly higher odds of co-infection (aOR 1.09 per day, 95% CI 1.01-1.18, p = 0.035). In this model, age under five years and central arrondissement residence were no longer statistically significant (p = 0.136 and p = 0.188, respectively), likely reflecting the reduced statistical power of the restricted sample (44 co-infection events over 6 variables). 

4. DISCUSSION
This hospital-based cohort study of 441 children admitted with confirmed Plasmodium falciparum malaria in Brazzaville, Republic of Congo, provides the first systematic characterisation of co-infection and comorbidity in this setting. 
The co-infection prevalence of 16.8% is compatible with estimates from comparable settings. Church and Maitland documented invasive bacterial infection in 5.58% of all hospitalised malaria cases and 6.4% of severe cases across 11 African countries (Church and Maitland, 2014), a conservative lower bound given its restriction to microbiologically confirmed bacteraemia. More broadly defined co-infections, including clinically diagnosed respiratory and ENT conditions, are consistently more prevalent. In Libreville, Gabon, 21.0% of children with WHO-defined severe malaria had at least one documented co-infection, with respiratory infections (43.6%) predominating (Essomeyo Ngue Mebale and al, 2026). The slight excess relative to our cohort likely reflects their restriction to severe malaria cases, a group with greater immunological vulnerability and more frequent delayed presentation. In Ouagadougou, a co-infection rate of 34.9% was reported, though that study included both confirmed and suspected cases, which may account for the higher estimate relative to our documented-only approach (Lassina D and al, 2026). The predominance of rhinopharyngitis, bronchopneumonia, and meningitis in our series mirrors the Gabonese experience (Essomeyo Ngue Mebale and al, 2026) and aligns with the seminal description of clinical overlap between malaria and acute respiratory infection in African children (English and al, 1996).
The independent association of age under five years with co-infection (aOR 1.71) is biologically plausible. Children in this age group have lost passively transferred maternal immunity without having developed sufficient acquired immunity against either P. falciparum or co-circulating bacterial and viral pathogens (Tesema and al, 2023). This dual immunological vulnerability is compounded by the excessive accumulation of haemozoin within leucocytes, impairing their functional capacity (Gomez-Pérez and al, 2014). The CHUMEFJE Libreville study identified age under five as the single strongest predictor of co-infection in severe malaria (OR 1.76, 95% CI 1.12–2.76) (Essomeyo Ngue Mebale and al, 2026), remarkably consistent with our adjusted estimate. This convergence across two independent Central African cohorts, one covering all severity strata, one restricted to severe malaria, strengthens confidence in the generalisability of this association across the subregion. It supports systematic co-infection screening protocols prioritising children under five at hospital admission. C-reactive protein has been proposed as a feasible screening tool in resource-limited settings (Ngwengi and al, 2023).
The association between residence in the 3rd (Poto-Poto), 5th (Ouenzé), and 6th (Talangaï) arrondissements and co-infection (aOR 1.90) is a novel, geographically specific finding. These districts are characterised by high population density, informal housing, limited sanitation, and proximity to drainage channels, features associated with increased transmission of both malaria and co-circulating respiratory pathogens (Merga and al, 2025). Population density is an established predictor of P. falciparum prevalence in African children (Kabaria and al, 2017), and residential crowding additionally facilitates airborne pathogen spread. The co-infection rate in Poto-Poto (32.3%) was markedly higher than in the peripheral 8th arrondissement of Madibou (13.1%) and the 1st arrondissement of Makélékélé (10.0%), despite the latter two contributing the largest number of admissions. This spatial heterogeneity suggests that within-city ecological variation is a more important driver of co-infection risk than overall malaria burden and identifies priority geographic zones for targeted preventive interventions. These observations are consistent with a One Health framework: the unsanitary, densely populated environments that sustain mosquito breeding also facilitate bacterial transmission through disrupted water management, elevated temperatures, and biofilm-promoting surfaces (Ramirez-Plascencia and al, 2025).
Consultation delay was an independent predictor of co-infection in the sensitivity analysis (aOR 1.09/day). Prolonged untreated malaria sustains fever, metabolic perturbation, and mucosal immune impairment, creating conditions conducive to secondary bacterial infection. Severe malaria additionally promotes intestinal mucosal breakdown and systemic bacterial translocation, reinforcing the indirect pathway from delayed presentation to co-infection (Moyen and al, 2022). Although the causal direction cannot be definitively established from retrospective data, this association is mechanistically supported by the pooled meta-analysis of Mousa and colleagues demonstrating that each additional day of delay significantly increased progression from uncomplicated to severe malaria (Mousa and al, 2020). Evidence linking delayed presentation to neurological sequelae in cerebral malaria also supports this association (Borgstein and al, 2022). Pre-hospital self-medication, reported in 27.4% of the cohort, showed a non-significant trend towards co-infection (aOR 1.44, p = 0.192). Self-medication is prevalent across sub-Saharan Africa owing to financial barriers and cultural practices, and may potentiate co-infection risk by masking symptoms and delaying formal consultation (Amaka and al, 2025). Beyond individual prognosis, widespread self-medication undermines antimalarial stewardship through suboptimal dosing and carries the risk of accelerating artemisinin resistance (Balogun and al, 2019).
Co-infected children were significantly more likely to meet WHO severe malaria criteria (51.4% vs 33.5%, p = 0.004), had higher median parasitaemia (12,600 vs 6,300 parasites/µL, p < 0.001), and a higher leucocyte count (10.5 vs 9.2 G/L, p = 0.005), consistent with co-infection amplifying systemic inflammation and impairing parasite clearance. The association between concurrent bacterial infection, higher parasite burden, and worse outcomes is established in the literature: Church and Maitland estimated that one-third of all severe malaria deaths were attributable to bacteraemia (Church and Maitland, 2014). In-hospital mortality was non-significantly higher in co-infected children (9.5% vs 6.5%, p = 0.370), likely reflecting limited power (n = 31 deaths). Length of hospital stay was significantly prolonged in co-infected children (median 5 days [IQR 3–8] vs 5 days [IQR 3–6], p = 0.017), a finding consistent with the Gabonese data (Essomeyo Ngue Mebale and al, 2026). Prolonged hospitalisation carries increased healthcare costs, nosocomial infection risk, and family-level economic consequences in resource-limited settings.
A complementary perspective is offered by adult data from the same subregion. Moutombi Ditombi and colleagues found that severe malaria was nearly four times more frequent among people living with HIV than HIV-negative adults in Libreville (48.2% vs 12.1%) (Moutombi Ditombi and al, 2026), illustrating how host immunological status, whether determined by developmental immaturity in children or chronic infection in adults; shapes co-infection risk and malaria severity across the age spectrum. This convergence of paediatric and adult evidence from Gabon and Congo reinforces the importance of host-centred approaches to malaria management in Central Africa.
This study is the first to systematically characterise co-infection in hospitalised malaria patients in the Republic of Congo, with geographically granular analysis at arrondissement level and pre-specified multivariable regression including a sensitivity analysis for missing delay data. Limitations include the retrospective design with reliance on clinical rather than microbiological co-infection diagnosis, likely underestimating true invasive bacterial infection prevalence. Nutritional status data were available for fewer than 5% of participants and could not be controlled for, representing a potential source of residual confounding. Finally, as a single-centre study from the capital's principal referral hospital, findings may not fully represent district-level or rural malaria epidemiology across the Republic of Congo.
Conclusion
In conclusion, co-infection or comorbidity was present in approximately one in six children hospitalised with confirmed P. falciparum malaria at CHU-Brazzaville, and was independently associated with younger age and residence in densely populated central arrondissements, with consultation delay as an additional predictor. Co-infected children had higher parasitaemia, greater rates of WHO-defined severe malaria, and longer hospital stays. These findings call for systematic clinical assessment of co-infection at malaria admission, prioritising children under five years of age and those from high-density urban areas. Prospective studies with systematic microbiological investigation are needed to quantify the burden of confirmed co-infection and evaluate integrated syndromic management protocols in this setting.
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