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a b s t r a c t 

Objectives: There is a lack of data on the time to blood culture positivity (TTP) in pediatric populations in low- 

income countries. We aimed to assess the host and pathogen factors associated with TTP in children aged under 

5 years in rural Gambia. 

Methods: Between September 2019 and December 2023, we collected blood cultures from children under 5 years 

with suspected bloodstream infections. We determined the TTP from the time of culture incubation to when 

bacterial growth was first detected. 

Results: Overall, 547 invasive bacteria pathogens were evaluated. The median TTP was 19.2 hours and 70%, 

76%, 89%, and 96% of cases had TTP at 24, 36, 48, and 72 hours, respectively. Streptococcus pneumoniae had the 

shortest median TTP (17.4 hours), whereas Neisseria species had the longest (45 hours). TTP was dependent on 

the pathogen and independent of age, sex, temperature, clinical outcome, nutritional status, and length of hospital 

stay. Gram-positive bacteria had shorter TTP than gram-negative bacteria (18.6 vs 19.6 hours, P < 0.01). 

Conclusions: In rural Gambia, most blood cultures from pediatric patients would turn positive within 48 hours of 

incubation. A maximum of 48 hours of observation after the commencement of antibiotic therapy in hospitalized 

children may be sufficient for clinicians to receive feedback on blood culture results. 
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Bloodstream infections (BSIs) are a major cause of morbidity and

ortality among all age groups worldwide. The term BSI generally refers

o the growth of a microorganism from a blood culture obtained from

 patient with clinical signs of infection and where contamination has

een ruled out [ 1 ]. In 2015, 31.5 million people were estimated to be

ffected by BSI, with an attributable 5.3 million deaths worldwide [ 2 ].

SI may be associated with pneumonia, sepsis, and meningitis. Bacteria

uch as Streptococcus pneumoniae, Escherichia coli, Staphylococcus aureus,

lebsiella pneumoniae , and Pseudomonas aeruginosa are some of the com-

on pathogens implicated in BSIs [ 3 ]. 

Blood cultures are routinely performed in patients suspected of BSI to

dentify the causative organism and inform appropriate antibiotic ther-

py. Delays in antibiotic treatment for patients with BSIs may lead to
∗ Corresponding author. 

E-mail address: Isaac.Osei@lshtm.ac.uk (I. Osei) . 

ttps://doi.org/10.1016/j.ijregi.2025.100606 

eceived 1 December 2024; Received in revised form 11 February 2025; Accepted 14

772-7076/© 2025 The Author(s). Published by Elsevier Ltd on behalf of Internation

Y license ( http://creativecommons.org/licenses/by/4.0/ ) 
ad outcomes [ 4–7 ]. In addition, inappropriate use of antibiotics is a

ajor cause of antibiotic resistance, which is currently a major public

ealth concern [ 8 , 9 ]. Early detection of positive blood culture is critical

or patient management and may impact clinical outcomes [ 10–12 ]. 

The time to positivity (TTP) of blood culture, defined as the time

rom the start of culture incubation to the detection of bacterial growth

y an automated system, has been identified as an important indicator

f patient outcomes [ 13 ]. A recent systematic review and meta-analysis

f the impact of TTP on patient outcomes showed that a short TTP is an

mportant predictor of mortality and septic shock in BSIs [ 14 ]. A shorter

TP may indicate a higher bacteria load in the blood, which may suggest

 severe infection [ 15 , 16 ]. 

While there has been an increase in the number of studies on TTP

n the last decade, most of these studies have been conducted in high-

ncome countries [ 14 ]. Although sub-Saharan Africa (SSA) has the high-
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st burden of BSIs [ 3 ], a recent systematic review on TTP demonstrated

he lack of African data. There was no study from SSA among the 24 el-

gible studies included in the systematic review [ 14 ]. In addition, there

s a dearth of TTP data on pediatric age groups. The lack of data in

his age group has been identified as a limitation to the use of avail-

ble data on TTP for optimal use of antibiotic treatment for pediatric

atients suspected of BSIs [ 17 ]. To address these gaps, we aim to assess

ost and pathogen factors associated with TTP in children under 5 years

ith positive blood cultures admitted to health facilities in rural Gambia

ith suspected BSIs. 

aterials and Methods 

tudy design and population 

This retrospective cohort study was performed at 11 health facil-

ties in the Gambia’s Central and Upper River regions. We analyzed

he TTP in children under 5 years enrolled in the Pneumococcal Vac-

ine Schedules (PVS) trial with invasive bacteria pathogenic blood cul-

ures between September 9, 2019 and December 31, 2023. The Gambia

s a small West African country with a population of about 2.7 mil-

ion. The Gambia is classified as a low-income country with a gross

omestic product per capita of US $808 [ 18 ]. The public health sys-

em operates with basic human and physical resources. There are two

ain hospitals within the study area and several health centers and pri-

ate pharmacies. Antibiotics can be bought over the counter without a

rescription [ 19 ]. 

The PVS trial compared a reduced dose schedule of the pneumococ-

al conjugate vaccine with the standard dose in infants. The protocol of

he trial has been described previously [ 20 ]. According to standardized

efinitions, children under 5 years who presented to health facilities

ithin the study area were screened for syndromes suggestive of pneu-

onia, sepsis, meningitis, and other medical conditions. Those with any

f these diagnoses and who were admitted had a blood culture collected,

erebrospinal fluid if they had suspected meningitis, and lung aspirate

f they had pneumonia with a large peripheral consolidation. In most

ases, samples were collected before the administration of antibiotics.

n the few instances where antibiotics were initiated before sample col-

ection, the procedure was recorded to reflect the same. The date and

ime of sample collection were recorded in the electronic medical record

ystem (EMRS) and the clinical logbook. 

Patients with polymicrobial growth with repeat growth that had

issing clinical or laboratory data were excluded. 

linical and laboratory procedures 

Blood culture was taken from eligible children by study nurses and

linicians. After washing their hands and wearing gloves, the study staff

pplied a tourniquet and thoroughly cleaned the venipuncture area. The

leaning was done using sterile cotton soaked in 70% ethyl alcohol in

ircular motions from the center to the periphery. After allowing the

lcohol to dry, 1-5 ml of blood was taken with a 10 ml syringe. The

sed needle was replaced with a new one, and the blood sample was

noculated into a blood culture bottle. Quality control was routinely

onducted during sample collection to ensure consistency and reduce

ontamination. 

Two types of blood culture bottles were used: BD BACTEC Peds

lus/F Culture Vials (Becton, Dickinson and Company, USA) and

ACT/ALERT PF Plus (BioMérieux, USA). In most cases, the blood

ulture bottles were transported to the laboratory within two hours

f collection. Blood samples collected in the evenings were stored at

oom temperature at the health facilities and transported to the labora-

ory early the next morning. The laboratory logged samples that were

rought in and immediately placed the blood culture bottles in auto-

ated BD BACTEC (Becton Dickinson, Maryland, USA) or BACT/ALERT
2

BioMérieux, USA) machines for a maximum period of five days. Pos-

tive samples with signals were removed and sub-cultured on blood

gar, chocolate agar, or MacConkey agar. Bacteria were identified us-

ng standard microbiological procedures and biochemical tests (API,

ioMérieux, USA). The date and time of culture incubation and the date

nd time when a positive signal was detected were recorded. In addition

o the blood culture samples, whole blood samples were also collected

rom eligible patients seen at the two hospitals. Plasma aliquots from

he whole blood were tested for antibiotic activity using a fully sensi-

ive bacterial control strain. Consistent with the definition broadly used

n TTP studies, we defined TTP as the time from incubation to the time

hen a positive signal is detected [ 17 , 21 ]. Positive cultures that grew

acillus spp., Corynebacterium spp., Micrococcus spp ., coagulase-negative

taphylococcus, viridans group Streptococci, and Propionibacterium acnes

ere considered as contaminants [ 22 ]. 

tatistical analysis 

We extracted the patient’s clinical data from the EMRS and the lab-

ratory data from the laboratory EMRS. All extracted data were stored

n Microsoft Excel and assessed for missing data and errors. The data

ere cleaned and exported to STATA 18 (StataCorp, College Station,

X, USA). The TTP was calculated as the difference between the time

he sample was placed in the automated blood culture monitoring ma-

hines and the time a positive signal was detected. We performed de-

criptive analyses of the distribution of sociodemographic, clinical, and

athogen factors using frequencies and proportions for categorical and

inary variables and means and medians (interquartile range [IQR]) for

ontinuous variables with 95% confidence intervals (CIs) and P-values of

ikelihood ratio testing. We determined the proportion of TTP at thresh-

lds of ≤ 24 hours, > 24 to ≤ 36 hours, > 36 to ≤ 48 hours, and > 48 to ≤

2 hours. We fitted a generalized linear regression model comparing the

edian TTP between pathogens. We performed a multivariable linear

egression analysis to examine the association between age, sex, temper-

ture at presentation, clinical outcome, nutritional status, and length of

ospital stay on the mean TTP of the four most common pathogens. A

ensitivity analysis excluding samples collected on dates different from

he date of blood culture bottle incubation was performed to determine

hether the duration between sample collection and incubation influ-

nced the TTP. All analyses were performed using Stata version 18.0. 

thical approval 

The PVS clinical trial was approved by the Gambia Govern-

ent/Medical Research Council Unit The Gambia Joint Ethics Commit-

ee (reference: 1577), and the London School of Hygiene and Tropical

edicine Ethics Committee (reference: 14515). Written informed con-

ent to participate was obtained from all enrolled participants. 

esults 

haracteristics of the sample 

From September 2019 to December 2023, 717 patients with inva-

ive pathogenic blood cultures were analyzed. Among these, 36 patients

ad polymicrobial blood culture growth, 24 had repeat growth, 57 had

issing clinical data, and 53 had missing blood culture TTP records

ue to mechanical factors and were excluded. After exclusion, 547 in-

asive bacteria pathogenic cultures remained for analysis. The median

ge at blood draw was 12 months (IQR, 4-21). There were slightly more

ales (55%) than females. About a third (35%) of the samples were

ollected from neonates and 40% had temperatures ≥ 38.0°C. Most

88%) of the patients recovered fully, were not malnourished (71%)

nd were admitted to the hospital for less than 7 days (82%). About

 fifth (22%) self-reported antibiotic use within a week before pre-

entation at the health facility, most of the samples (76%) were col-



I. Osei, B.M. Wutor, A. Kuyateh et al. IJID Regions 14 (2025) 100606

Table 1 

Sociodemographic, clinical characteristics, and TTP. 

Characteristic N a (%) TTP, median (IQR), hours P -value (likelihood ratio test) 

Total no. 547 (100) 19.2 (16.4-30.6) 

Age at blood draw, months 

Neonate 192 (35.1) 19.9 (16.7-37.3) 

1-11 months 154 (28.2) 19.0 (16.6-37.6) 0.37 

12-23 months 127 (23.2) 19.2 (16.1-34.6) 

24-59 months 74 (13.5) 18.4 (15.7-27.8) 

Sex 

Male 298 (54.5) 19.1 (16.3-27.2) 

Female 249 (45.5) 19.4 (16.6-35.9) 0.94 

Temperature at blood draw,°C 

< 38.0 325 (59.4) 19.2 (16.4-28.0) 

≥ 38.0 222 (40.6) 19.2 (16.5-37.6) 0.89 

Clinical outcome 

Alive 482 (88.1) 19.2 (16.4-29.2) 

Dead 65 (11.9) 19.1 (16.3-39.2) 0.79 

Severe malnutrition, (Z score <− 3 SD) 

Yes 147 (29.2) 19.6 (16.7-28.9) 

No 356 (70.8) 19.0 (16.3-28.8) 0.61 

Length of hospital stay, days 

< 3 days 207 (38.8) 19.0 (16.7-33.5) 

3-6 days 229 (43.0) 19.2 (16.2-26.4) 0.51 

≥ 7 days 97 (18.2) 19.5 (16.2-39.9) 

Self-reported antibiotic use within past 1 week 

No 420 (78.1) 19.9 (16.4-29.2) 

Yes 118 (21.9) 19.1 (16.5-34.0) 0.50 
b Antibiotic activity detected in sample 

Absent 53 (86.9) 16.2 (15.8-19.1) 

Present 8 (13.1) 19.5 (15.9-23.5) 0.10 

Type of health facility 

Health center 129 (23.6) 19.3 (16.6-38.8) 

Hospital 418 (76.4) 19.2 (16.3-28.3) 0.35 

Volume of blood sample, ml 

≤ 1.5 231 (47.4) 18.4 (16.3-27.8) 

> 1.5 256 (52.6) 19.3 (16.6-27.3) 0.34 

Pathogen category 

Gram-positive 221 (40.4) 18.6 (16.0-24.0) 

Gram-negative 326 (59.6) 19.6 (16.6-39.6) < 0.01 

TTP, time to positivity. 
a Missing values: severe malnutrition = 44; length of hospital stay = 14; antibiotic use = 9; antibiotic 

activity detection test = 357; volume of blood sample = 60. 
b Assessed only in children who presented to the hospital. 
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ected at the hospital, and 53% of the inoculated blood sample volumes

ere > 1.5 mls. Antibiotic activity detection testing was performed on

amples collected from the two hospitals. Out of 418 available results,

nly 13% were positive for antibiotic activity, with 61 results in total.

he median TTP was 19.2 hours (IQR 16.4 - 30.6). There were more

ram-negative isolates (59.6%) than gram-positives. The median TTP

as shorter for gram-positive bacteria than for gram-negative bacteria

18.6 vs 19.6, P < 0.01). The median TTP was similar across all sociode-

ographic and clinical indicators ( Table 1 and Figure 1 ). The sensi-

ivity analysis that excluded samples collected on different dates rela-

ive to the date of incubation showed similar results (Supplementary

able 1). 

TP thresholds of blood cultures (TTP ≤ 24 hours, > 24 to ≤ 36 hours, > 36 

o ≤ 48 hours, and > 48 to ≤ 72 hours) 

At 24 and 48 hours, most of the blood cultures, 70% and 89%, had

urned positive, respectively. Just about 11% of blood cultures signaled

ositivity later than 48 hours of incubation. There was no difference in

he proportion of blood cultures which turned positive within 24 hours

y age, sex, and temperature at blood draw. However, proportions with

TP ≤ 24 hours were higher in those with good clinical outcomes (70%),

hose who had shorter hospital stays (71%), those with antibiotic activ-

ty present (87%), and gram-positive pathogens (75%). At 48 hours, ≥

0% of blood cultures from females, neonates, and older children had

urned positive ( Table 2 ). 
p

3

istribution of pathogens and TTP 

The top five most prevalent pathogens isolated in blood culture were

taphylococcus aureus (26.9%), K. pneumoniae (18.8%), S. pneumoniae

11.9%), E. coli (8.0%), and Salmonella species. Compared with the most

revalent pathogen ( S. aureus ), S. pneumoniae had a shorter TTP (median

7.4, IQR: 15.8 - 19.7, P < 0.01), whereas Burkholderia species (median

8.4, IQR: 17.9 - 49.7, P < 0.01) had longer TTP. Neisseria species (me-

ian 45.0, IQR: 28.3 - 65.2) had the longest TTP ( Table 3 and Figure 2 ).

actors associated with mean TTP of most prevalent pathogens 

For patients with S. aureus bacteremia, the TTP of blood cultures

or those aged 24-59 months was shorter than the younger age group.

he blood cultures of those aged 1-11 months had TTP that was 1.6

imes (Geometric Mean Ratio (GMR) 1.6 [95% CI: 1.2 - 2.2]) longer

han those aged 24-59 months. Blood cultures from children who died

f S. aureus infection took longer to grow (GMR 1.5, [95% CI: 1.1 - 2.2])

han those who fully recovered. The TTP of blood cultures from chil-

ren aged 12-23 months with K. pneumoniae infection was shorter (0.4,

95% CI: 0.1 - 0.9]) than cultures from those aged 24-59 months. Chil-

ren with S. pneumoniae bacteremia who presented with temperature

 38.0°C had longer TTP than those who presented with temperatures

f < 38.0°C. There were no significant associations found between sex,

ength of hospital stay, malnutrition status, and TTP of the four most

revalent pathogens ( Table 4 ). 
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Figure 1. The distribution and proportions of positive blood cultures and TTP. (a) The distribution of the overall number of positive blood cultures and TTP (with 

median TTP shown as a dashed line). (b) The proportion of positive blood culture with TTP. 

TTP, time to positivity. 

Figure 2. Top 10 pathogens and median time to positivity. Bars show the estimated median time to positivity in hours. Error bars show interquartile ranges 

(interquartile range). 
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iscussion 

In this study, we assessed host and pathogen factors associated with

TP in children under 5 years with positive blood cultures admitted

o health facilities in rural Gambia with suspected sepsis, pneumonia,

eningitis, and other medical problems. Approximately nine out of ten

lood cultures turned positive within 48 hours of incubation. The me-
4

ian TTP was 19.2 hours (IQR 16.4 - 30.6). TTP was dependent on the

athogen and was independent of age, sex, temperature at presentation,

linical outcome, nutritional status, previous antibiotic use, sample vol-

me, and length of hospital stay. To the best of our knowledge, this is

he first study on TTP from SSA. 

We observed that at 24, 36, 48, and 72 hours after incubation, 70%

95% CI, 65 - 74), 76% (95% CI, 72 - 79), 89% (95% CI, 86 - 92), and
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Table 2 

Patient characteristics with bloodstream infection episodes by TTP thresholds. 

Variable TTP threshold (hours) (%) 

≤ 24 hours > 24 to ≤ 36 > 36 to ≤ 48 hours > 48 to ≤ 72 hours 

Overall 69.8% 75.9% 89.2% 95.8% 

Age at blood draw, months 

Neonate 67.7% 75.0% 92.2% 96.9% 

1-11 months 71.4% 74.7% 87.7% 95.4% 

12-23 months 69.3% 75.6% 84.2% 93.7% 

24-59 months 73.0% 81.1% 93.2% 97.3% 

Sex 

Male 70.5% 76.5% 87.6% 95.3% 

Female 69.1% 75.1% 91.2% 96.4% 

Temperature at blood draw,°C 

< 38.0 70.5% 76.6% 88.6% 96.7% 

≥ 38.0 68.9% 74.8% 90.1% 96.0% 

Clinical outcome 

Alive 70.1% 76.3% 89.6% 96.1% 

Died 67.7% 72.3% 86.1% 93.9% 

Severe malnutrition, (Z score <− 3 SD) 

Yes 68.0% 77.6% 87.1% 95.9% 

No 71.6% 75.8% 89.0% 95.2% 

Length of hospital stay, days 

< 3 days 70.5% 75.9% 87.4% 94.2% 

3-6 days 71.6% 78.6% 90.8% 97.8% 

≥ 7 days 65.0% 71.1% 90.7% 94.9% 

Self-reported antibiotic use within past 1 week 

No 69.3% 75.2% 88.8% 96.4% 

Yes 71.2% 77.1% 89.8% 93.2% 

Antibiotic activity detected in sample 

Absent 75.5% 79.2% 92.4% 98.1% 

Present 87.5% NA 100% NA 

Type of health facility 

Health center 66.7% 74.4% 84.5% 95.4% 

Hospital 70.8% 76.3% 90.7% 95.9% 

Volume of blood sample, ml 

≤ 1.5 70.6% 77.1% 89.6% 96.5% 

> 1.5 71.1% 77.3% 89.1% 96.1% 

Pathogen category 

Gram-positive 75.1% 81.9% 92.3% 97.3% 

Gram-negative 66.3% 71.8% 87.1% 94.8% 

NA, no observation; TTP, time to positivity. 

Table 3 

Pathogen distribution and median TTP between pathogens, obtained from a gen- 

eralized linear regression model. 

Pathogen No. (%) 

N = 547 

Time to positivity, 

median (interquartile 

range), hours 

P -value 

Staphylococcus aureus 147 (26.9) 20.2 (16.2-28.9) 1 [Reference] 

Klebsiella pneumoniae 103 (18.8) 19.0 (16.3-39.6) 0.55 

S. pneumoniae 65 (11.9) 17.4 (15.8-19.7) < 0.01 

Escherichia coli 44 (8.0) 19.6 (16.1-23.6) 0.59 

Salmonella spp 37 (6.8) 19.0 (16.7-22.9) 0.09 

Burkholderia spp 29 (5.3) 28.4 (17.9-49.7) < 0.01 

Coliform spp a 28 (5.1) 19.1 (16.8-39.3) 0.71 

Enterobacter cloacae 20 (3.7) 20.2 (17.0-25.2) 0.29 

Raoultella spp 16 (2.9) 20.4 (16.4-26.4) 0.71 

Pseudomonas spp 16 (2.9) 21.9 (17.3-47.2) 0.49 

Serratia marcescens 8 (1.5) 22.3 (18.1-31.5) 0.62 

Moraxella spp 7 (1.3) 25.7 (19.4-68.6) 0.17 

Haemophilus influenzae spp 6 (1.1) 20.4 (18.8-40.3) 0.77 

Neisseria spp 6 (1.1) 45.0 (28.3-65.2) 0.07 

Streptococcus pyogenes 5 (0.9) 17.8 (15.4-17.9) 0.19 

Streptococcus gr B 

(agalactiae) 

4 (0.7) 21.9 (16.9-25.6) 0.66 

Pantoea spp 4 (0.7) 17.5 (16.5-18.3) 0.33 

Acinetobacter spp 2 (0.4) 40.9 (18.4-63.4) 0.40 

TTP, Time to positivity. 
a Morphologically identified species but final species identification was not 

performed.Model adjusted for age at blood draw, sex, history of antibiotic use 

in the past week, and sample volume. 
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6% (95% CI, 94 - 97), respectively, of blood cultured had turned posi-

ive. This finding indicates that most blood cultures would turn positive

ithin 48 hours of incubation. Before the introduction of automated

ontinuous monitoring blood culture systems, traditional blood cultur-

ng methods requiring manual techniques were used. A generally ac-

eptable minimum of 48 hours of observation time after the collection

f blood samples in hospitalized children with suspected sepsis was es-

ablished [ 23 , 24 ]. After the introduction of commercially available au-

omated continuous monitoring blood culture systems, several studies

ave reported a decrease in TTP [ 17 , 25–27 ]. A large study conducted in

7 centers in the United States to determine the TTP in febrile hospital-

zed infants showed that at 36 hours, 96% of pathogenic blood cultures

ad turned positive [ 27 ]. Similar to suggestions from other studies, a

aximum of 48 hours of observation after the commencement of antibi-

tic therapy in hospitalized children may be sufficient compared to the

enerally accepted minimum “48-72 hours rule ” of observations [ 17 ].

his could enable clinicians to make informed decisions on antibiotic

reatment within the shortest possible time. 

The median TTP of 19.2 hours in our study is similar to that found in

 study conducted among pediatric patients in the United States (19.8

ours) [ 25 ] but higher than in studies conducted in patients of all ages in

 tertiary care university hospital in Spain (7.3 hours) [ 13 ], in children

ged 0-16 years in 10 major pediatric hospitals in Switzerland (11.7

ours) [ 17 ], and in infants aged 90 days or younger across 17 pediatric

enters in the United States (13.0 hours) [ 27 ]. The differences in patient

opulations, the actual volume of blood used to inoculate bottles, trans-

ortation times, type of sample, laboratory working hours, time to load
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Table 4 

Relative geometric mean TTP of top four pathogens, obtained from a linear regression model. 

Characteristic Staphylococcus aureus Klebsiella pneumoniae Streptococcus pneumoniae Escherichia coli 

GM TTP 95% CI GM ratio 95% CI GM TTP 95% CI GM ratio 95% CI GM TTP 95% CI GM ratio 95% CI GM TTP 95% CI GM ratio 95% CI 

Age at blood draw, months 

Neonate 22.0 (18.7-25.9) 1.4 (1.0-1.9) 23.9 (21. 2-27.0) 0.5 (0.2-1.3) 17.3 1 (ref) 24.0 (17.4-33.1) 1.2 (0.7-1.8) 

1-11 months 25.3 (21.4-29.9) 1.6 (1.2-2.2) 27.9 (18.9-41.2) 0.6 (0.3-1.6) 16.7 (14.2-19.5) 1.0 (0.3-3.1) 18.1 (14.1-23.1) 0.9 (0.5-1.4) 

12-23 months 23.7 (19.2-29.3) 1.5 (1.1-2.1) 15.4 (9.5-24.9) 0.4 (0.1-0.9) 19.1 (14.1-25.9) 1.1 (0.3-3.6) 27.4 (18.1-41.4) 1.3 (0.8-2.1) 

24-59 months 15.9 (12.2-21.0) 1 (ref) 43.6 (6.2 - 306. 5) 1 (ref) 14.6 (10.9 - 19.7) 0.8 (0.2 – 2.8) 20.7 (16.9 - 25.3) 1 (ref) 

Sex 

Male 21.7 (18.7-25.1) 1 (ref) 25.5 (21.6 - 30.1) 1 (ref) 19.1 (16.0 - 22.8) 1 (ref) 21.8 (16.9 - 28.1) 1 (ref) 

Female 23.5 (20.7-26.6) 1.1 (0.9-1.3) 20.8 (17.4 - 24.9) 0.8 (0.6 - 1.0) 15.1 (12.1 - 18.7) 0.8 (0.6 - 1.0) 23.5 (19.1 - 28.9) 1.1 (0.8 - 1.5) 

Temperature at blood draw, °C 

< 38.0 22.7 (20.1-25.7) 1 (ref) 24.6 (21.5 - 28.2) 1 (ref) 13.2 (10.1 - 17.2) 1 (ref) 21.2 (17.8 - 25.3) 1 (ref) 

≥ 38.0 22.2 (18.9-25.9) 0.9 (0.8 -1.2) 20.3 (15.5 - 26.6) 0.8 (0.6 - 1.1) 20.2 (17.7 - 23.0) 1.5 (1.2 - 2.0) 24.9 (18.4 - 33.8) 1.2 (0.8 - 1.6) 

Clinical outcome 

Alive 21.9 (19.8-24.1) 1 (ref) 23.7 (20.5 - 27.4) 1 (ref) 16.7 (14.3 - 19.5) 1 (ref) 22.4 (18.6 - 26.9) 1 (ref) 

Died 32.9 (21.9-49.5) 1.5 ( 1.1-2.2) 22.7 (18.1 - 28.5) 0.9 (0.7 - 1.3) 19.4 (14.5 - 25.9) 1.2 (0.8 - 1.8) 24.0 (16.8 - 34.4) 1.1 (0.7 - 1.7) 

Severe malnutrition, (Z score <− 3 SD) 

Yes 23.7 (18.3-30.7) 1 (ref) 23.8 (19.5 - 29.1) 1 (ref) 15.2 (11.8 - 19.5) 1 (ref) 26.2 (19.3 - 35.6) 1 (ref) 

No 21.7 (19.5-24.3) 0.9 (0.7-1.2) 23.7 (19.6 - 28.7) 1.0 (0.7 - 1.3) 17.9 (15.1 - 21.2) 1.2 (0.8 - 1.6) 21.3 (17.5 - 26.1) 0.8 (0.6 - 1.2) 

Length of hospital stay, days 

< 3 days 21.8 (18.6-25.6) 1 (ref) 22.4 (17.9 - 28.0) 1 (ref) 17.8 (14.6 - 21.6) 1 (ref) 27.4 (20.9 - 36.0) 1 (ref) 

3-6 days 22.3 (18.9-26.2) 1.0 (0.8-1.3) 22.0 (18.9 - 25.8) 0.9 (0.7 - 1.3) 17.9 (14.5 -22.3) 1.0 (0.8 - 1.3) 18.9 (15.6 - 23.1) 0.7 (0.5 - 1.0) 

≥ 7 days 22.7 (18.8-27.4) 1.0 (0.8-1.4) 28.8 (22.4 - 36.9) 1.3 (0.9 - 1.8) 16.3 (14.8 - 18.0) 0.9 (0.6 - 1.4) 17.5 (14.7 - 20.7) 0.6 (0.4 - 1.0) 

CI = confidence interval; GM = geometric mean; TTP = time to positivity. 
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ottles in a machine, and source of infection may explain the variation

n the TTP [ 21 ]. 

In our study, TTP was dependent on the pathogen and independent

f age, sex, temperature at presentation, clinical outcome, nutritional

tatus, and length of hospital stay. In contrast to previous studies that

ave found evidence of TTP as a predictor of clinical outcomes, such as

ortality and length of hospital stay [ 11–13 , 28 ], we found no such ev-

dence. Previous studies have reported findings similar to ours [ 17 , 29 ].

. pneumoniae had the shortest median TTP (17.4 hours) and Neisseria

pecies took the longest time to grow (45 hours) . Patients with S. pneu-

oniae infections had favorable clinical outcomes. Perhaps this reflects

rompt and appropriate antibiotic treatment. Previous studies on TTP

ave shown that TTP varies by pathogen type. Although some studies re-

orted that gram-negative bacteria have shorter TTP than gram-positive

acteria [ 25 , 30 ], we found that gram-positive pathogens had a shorter

TP in our study. This may reflect the distribution of pathogens and lo-

al epidemiological factors. A study by Olatunji et al. showed that 55%

f invasive bacteria diseases in our study area were caused by gram-

ositive bacteria [ 31 ]. This may explain the findings of our study. 

Blood cultures from children who died of S. aureus infection took

onger to grow (GMR 1.5, [95% CI: 1.1 - 2.2]) than those who fully

ecovered. A previous study conducted in patients in a large Canadian

ealth region has reported a relationship between longer TTP of S. au-

eus bacteremia and adverse clinical outcomes [ 11 ]. 

Our study has several strengths. We analyzed 547 blood cultures with

onfirmed invasive bacteria pathogens collected from children under 5

ears from 11 health facilities, including two main hospitals across two

egions in the Gambia. This is a large population-based study, and our

esults can be generalized to the rural population in the Gambia. To the

est of our knowledge, this is the first study from Africa that has assessed

ost and pathogen factors associated with TTP in children under 5 with

ositive blood cultures admitted to health facilities. Our study adds to

he limited data from Africa, which has one of the highest burdens of

nfectious diseases. 

There are some important limitations to our study. First, confound-

ng factors, such as the volume of blood collected, the time between

lood collection and placement in the automated machine, and pre-

ious use of antibiotics before blood sample collection, are known to

ffect bacterial growth [ 32–35 ]. To investigate the potential influence

f the time lapse between blood collection and placement in the auto-
6

ated machine, the sensitivity analyses indicated no difference in TTP

cross all indicators (Supplementary Table 1). Although we explored

he effect of blood volume on TTP, our analysis suggested no impact

n TTP ( Table 1 ). In addition to collecting data on self-reported an-

ibiotic use, we also performed antibiotic activity detection testing on

lasma samples from patients seen at the two hospitals. However, results

ere available for only 61 of 418 samples and analyses of the limited

ata and the self-reported antibiotic data showed no effect on TTP. The

issing data on antibiotic activity testing may potentially bias the TTP.

otwithstanding, excluding these patients would not reflect real-world

linical scenarios and, thus, our data are more pragmatic [ 17 ]. Second,

e excluded patients with polymicrobial culture because we could not

etermine the contribution of each pathogen to the TTP. Third, we ex-

luded culture-positive cases with missing laboratory and clinical data

nd organisms designated as contaminants because these are not recog-

ized as disease-causing organisms. The relatively moderate number of

issing data may potentially bias the point estimates. Finally, we were

nable to perform species identification for some of the coliforms be-

ause of logistical reasons and this may underestimate the prevalence

f some of the pathogens. 

onclusion 

In rural Gambia, most blood cultures from pediatric patients would

urn positive within 48 hours of incubation. A maximum of 48 hours

f observation after the commencement of antibiotic therapy in hospi-

alized children may be sufficient in contrast to the generally accepted

inimum of 48 hours of observation. Although TTP may be associated

ith the category of gram of the bacteria, TTP was not correlated with

ortality or length of hospital stay in our study. Further prospective

tudies in patients of all ages may be required to assess the utility of

TP as a prognostic tool. 
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