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ARTICLE INFO ABSTRACT

Keywords: Objectives: There is a lack of data on the time to blood culture positivity (TTP) in pediatric populations in low-
BlC{OdStream infections income countries. We aimed to assess the host and pathogen factors associated with TTP in children aged under
Children 5 years in rural Gambia.

The 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

Blood cultures
Time-to-positivity

children may be sufficient for clinicians to receive feedback on blood culture results.

Introduction

Bloodstream infections (BSIs) are a major cause of morbidity and
mortality among all age groups worldwide. The term BSI generally refers
to the growth of a microorganism from a blood culture obtained from
a patient with clinical signs of infection and where contamination has
been ruled out [1]. In 2015, 31.5 million people were estimated to be
affected by BSI, with an attributable 5.3 million deaths worldwide [2].
BSI may be associated with pneumonia, sepsis, and meningitis. Bacteria
such as Streptococcus pneumoniae, Escherichia coli, Staphylococcus aureus,
Klebsiella pneumoniae, and Pseudomonas aeruginosa are some of the com-
mon pathogens implicated in BSIs [3].

Blood cultures are routinely performed in patients suspected of BSI to
identify the causative organism and inform appropriate antibiotic ther-
apy. Delays in antibiotic treatment for patients with BSIs may lead to
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bad outcomes [4-7]. In addition, inappropriate use of antibiotics is a
major cause of antibiotic resistance, which is currently a major public
health concern [8,9]. Early detection of positive blood culture is critical
for patient management and may impact clinical outcomes [10-12].

The time to positivity (TTP) of blood culture, defined as the time
from the start of culture incubation to the detection of bacterial growth
by an automated system, has been identified as an important indicator
of patient outcomes [13]. A recent systematic review and meta-analysis
of the impact of TTP on patient outcomes showed that a short TTP is an
important predictor of mortality and septic shock in BSIs [14]. A shorter
TTP may indicate a higher bacteria load in the blood, which may suggest
a severe infection [15,16].

While there has been an increase in the number of studies on TTP
in the last decade, most of these studies have been conducted in high-
income countries [14]. Although sub-Saharan Africa (SSA) has the high-
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est burden of BSIs [3], a recent systematic review on TTP demonstrated
the lack of African data. There was no study from SSA among the 24 el-
igible studies included in the systematic review [14]. In addition, there
is a dearth of TTP data on pediatric age groups. The lack of data in
this age group has been identified as a limitation to the use of avail-
able data on TTP for optimal use of antibiotic treatment for pediatric
patients suspected of BSIs [17]. To address these gaps, we aim to assess
host and pathogen factors associated with TTP in children under 5 years
with positive blood cultures admitted to health facilities in rural Gambia
with suspected BSIs.

Materials and Methods
Study design and population

This retrospective cohort study was performed at 11 health facil-
ities in the Gambia’s Central and Upper River regions. We analyzed
the TTP in children under 5 years enrolled in the Pneumococcal Vac-
cine Schedules (PVS) trial with invasive bacteria pathogenic blood cul-
tures between September 9, 2019 and December 31, 2023. The Gambia
is a small West African country with a population of about 2.7 mil-
lion. The Gambia is classified as a low-income country with a gross
domestic product per capita of US $808 [18]. The public health sys-
tem operates with basic human and physical resources. There are two
main hospitals within the study area and several health centers and pri-
vate pharmacies. Antibiotics can be bought over the counter without a
prescription [19].

The PVS trial compared a reduced dose schedule of the pneumococ-
cal conjugate vaccine with the standard dose in infants. The protocol of
the trial has been described previously [20]. According to standardized
definitions, children under 5 years who presented to health facilities
within the study area were screened for syndromes suggestive of pneu-
monia, sepsis, meningitis, and other medical conditions. Those with any
of these diagnoses and who were admitted had a blood culture collected,
cerebrospinal fluid if they had suspected meningitis, and lung aspirate
if they had pneumonia with a large peripheral consolidation. In most
cases, samples were collected before the administration of antibiotics.
In the few instances where antibiotics were initiated before sample col-
lection, the procedure was recorded to reflect the same. The date and
time of sample collection were recorded in the electronic medical record
system (EMRS) and the clinical logbook.

Patients with polymicrobial growth with repeat growth that had
missing clinical or laboratory data were excluded.

Clinical and laboratory procedures

Blood culture was taken from eligible children by study nurses and
clinicians. After washing their hands and wearing gloves, the study staff
applied a tourniquet and thoroughly cleaned the venipuncture area. The
cleaning was done using sterile cotton soaked in 70% ethyl alcohol in
circular motions from the center to the periphery. After allowing the
alcohol to dry, 1-5 ml of blood was taken with a 10 ml syringe. The
used needle was replaced with a new one, and the blood sample was
inoculated into a blood culture bottle. Quality control was routinely
conducted during sample collection to ensure consistency and reduce
contamination.

Two types of blood culture bottles were used: BD BACTEC Peds
Plus/F Culture Vials (Becton, Dickinson and Company, USA) and
BACT/ALERT PF Plus (BioMérieux, USA). In most cases, the blood
culture bottles were transported to the laboratory within two hours
of collection. Blood samples collected in the evenings were stored at
room temperature at the health facilities and transported to the labora-
tory early the next morning. The laboratory logged samples that were
brought in and immediately placed the blood culture bottles in auto-
mated BD BACTEC (Becton Dickinson, Maryland, USA) or BACT/ALERT
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(BioMérieux, USA) machines for a maximum period of five days. Pos-
itive samples with signals were removed and sub-cultured on blood
agar, chocolate agar, or MacConkey agar. Bacteria were identified us-
ing standard microbiological procedures and biochemical tests (API,
BioMérieux, USA). The date and time of culture incubation and the date
and time when a positive signal was detected were recorded. In addition
to the blood culture samples, whole blood samples were also collected
from eligible patients seen at the two hospitals. Plasma aliquots from
the whole blood were tested for antibiotic activity using a fully sensi-
tive bacterial control strain. Consistent with the definition broadly used
in TTP studies, we defined TTP as the time from incubation to the time
when a positive signal is detected [17,21]. Positive cultures that grew
Bacillus spp., Corynebacterium spp., Micrococcus spp., coagulase-negative
Staphylococcus, viridans group Streptococci, and Propionibacterium acnes
were considered as contaminants [22].

Statistical analysis

We extracted the patient’s clinical data from the EMRS and the lab-
oratory data from the laboratory EMRS. All extracted data were stored
in Microsoft Excel and assessed for missing data and errors. The data
were cleaned and exported to STATA 18 (StataCorp, College Station,
TX, USA). The TTP was calculated as the difference between the time
the sample was placed in the automated blood culture monitoring ma-
chines and the time a positive signal was detected. We performed de-
scriptive analyses of the distribution of sociodemographic, clinical, and
pathogen factors using frequencies and proportions for categorical and
binary variables and means and medians (interquartile range [IQR]) for
continuous variables with 95% confidence intervals (CIs) and P-values of
likelihood ratio testing. We determined the proportion of TTP at thresh-
olds of < 24 hours, > 24 to < 36 hours, > 36 to < 48 hours, and > 48 to <
72 hours. We fitted a generalized linear regression model comparing the
median TTP between pathogens. We performed a multivariable linear
regression analysis to examine the association between age, sex, temper-
ature at presentation, clinical outcome, nutritional status, and length of
hospital stay on the mean TTP of the four most common pathogens. A
sensitivity analysis excluding samples collected on dates different from
the date of blood culture bottle incubation was performed to determine
whether the duration between sample collection and incubation influ-
enced the TTP. All analyses were performed using Stata version 18.0.

Ethical approval

The PVS clinical trial was approved by the Gambia Govern-
ment/Medical Research Council Unit The Gambia Joint Ethics Commit-
tee (reference: 1577), and the London School of Hygiene and Tropical
Medicine Ethics Committee (reference: 14515). Written informed con-
sent to participate was obtained from all enrolled participants.

Results
Characteristics of the sample

From September 2019 to December 2023, 717 patients with inva-
sive pathogenic blood cultures were analyzed. Among these, 36 patients
had polymicrobial blood culture growth, 24 had repeat growth, 57 had
missing clinical data, and 53 had missing blood culture TTP records
due to mechanical factors and were excluded. After exclusion, 547 in-
vasive bacteria pathogenic cultures remained for analysis. The median
age at blood draw was 12 months (IQR, 4-21). There were slightly more
males (55%) than females. About a third (35%) of the samples were
collected from neonates and 40% had temperatures > 38.0°C. Most
(88%) of the patients recovered fully, were not malnourished (71%)
and were admitted to the hospital for less than 7 days (82%). About
a fifth (22%) self-reported antibiotic use within a week before pre-
sentation at the health facility, most of the samples (76%) were col-
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Table 1
Sociodemographic, clinical characteristics, and TTP.

Characteristic N? (%) 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

<15 231 (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.

lected at the hospital, and 53% of the inoculated blood sample volumes
were > 1.5 mls. Antibiotic activity detection testing was performed on
samples collected from the two hospitals. Out of 418 available results,
only 13% were positive for antibiotic activity, with 61 results in total.
The median TTP was 19.2 hours (IQR 16.4 - 30.6). There were more
gram-negative isolates (59.6%) than gram-positives. The median TTP
was 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-
mographic and clinical indicators (Table 1 and Figure 1). The sensi-
tivity analysis that excluded samples collected on different dates rela-
tive to the date of incubation showed similar results (Supplementary
Table 1).

TTP thresholds of blood cultures (TTP <24 hours, >24 to <36 hours, >36
to <48 hours, and >48 to <72 hours)

At 24 and 48 hours, most of the blood cultures, 70% and 89%, had
turned positive, respectively. Just about 11% of blood cultures signaled
positivity later than 48 hours of incubation. There was no difference in
the proportion of blood cultures which turned positive within 24 hours
by age, sex, and temperature at blood draw. However, proportions with
TTP < 24 hours were higher in those with good clinical outcomes (70%),
those who had shorter hospital stays (71%), those with antibiotic activ-
ity present (87%), and gram-positive pathogens (75%). At 48 hours, >
90% of blood cultures from females, neonates, and older children had
turned positive (Table 2).

Distribution of pathogens and TTP
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The top five most prevalent pathogens isolated in blood culture were

Staphylococcus aureus (26.9%), K. pneumoniae (18.8%), S. pneumoniae
(11.9%), E. coli (8.0%), and Salmonella species. Compared with the most
prevalent pathogen (S. aureus), S. pneumoniae had a shorter TTP (median
17.4,IQR: 15.8 - 19.7, P <0.01), whereas Burkholderia species (median
28.4, IQR: 17.9 - 49.7, P <0.01) had longer TTP. Neisseria species (me-
dian 45.0, IQR: 28.3 - 65.2) had the longest TTP (Table 3 and Figure 2).

Factors associated with mean TTP of most prevalent pathogens

For patients with S. aureus bacteremia, the TTP of blood cultures
for those aged 24-59 months was shorter than the younger age group.
The blood cultures of those aged 1-11 months had TTP that was 1.6
times (Geometric Mean Ratio (GMR) 1.6 [95% CI: 1.2 - 2.2]) longer
than those aged 24-59 months. Blood cultures from children who died
of S. aureus infection took longer to grow (GMR 1.5, [95% CI: 1.1 - 2.2])
than those who fully recovered. The TTP of blood cultures from chil-
dren 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-
dren with S. pneumoniae bacteremia who presented with temperature
> 38.0°C had longer TTP than those who presented with temperatures
of < 38.0°C. There were no significant associations found between sex,
length of hospital stay, malnutrition status, and TTP of the four most
prevalent 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.
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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).

Discussion

In this study, we assessed host and pathogen factors associated with
TTP in children under 5 years with positive blood cultures admitted
to health facilities in rural Gambia with suspected sepsis, pneumonia,
meningitis, and other medical problems. Approximately nine out of ten
blood cultures turned positive within 48 hours of incubation. The me-

dian TTP was 19.2 hours (IQR 16.4 - 30.6). TTP was dependent on the
pathogen and was independent of age, sex, temperature at presentation,
clinical outcome, nutritional status, previous antibiotic use, sample vol-
ume, and length of hospital stay. To the best of our knowledge, this is
the 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.
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Table 3
Pathogen distribution and median TTP between pathogens, obtained from a gen-
eralized linear regression model.

Pathogen No. (%) Time to positivity, P-value

N = 547 median (interquartile

range), hours

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® 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 4(0.7) 21.9 (16.9-25.6) 0.66
(agalactiae)
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.

96% (95% CI, 94 - 97), respectively, of blood cultured had turned posi-
tive. This finding indicates that most blood cultures would turn positive
within 48 hours of incubation. Before the introduction of automated
continuous monitoring blood culture systems, traditional blood cultur-
ing methods requiring manual techniques were used. A generally ac-
ceptable minimum of 48 hours of observation time after the collection
of blood samples in hospitalized children with suspected sepsis was es-
tablished [23,24]. After the introduction of commercially available au-
tomated continuous monitoring blood culture systems, several studies
have reported a decrease in TTP [17,25-27]. A large study conducted in
17 centers in the United States to determine the TTP in febrile hospital-
ized infants showed that at 36 hours, 96% of pathogenic blood cultures
had turned positive [27]. Similar to suggestions from other studies, a
maximum of 48 hours of observation after the commencement of antibi-
otic therapy in hospitalized children may be sufficient compared to the
generally accepted minimum “48-72 hours rule” of observations [17].
This could enable clinicians to make informed decisions on antibiotic
treatment within the shortest possible time.

The median TTP of 19.2 hours in our study is similar to that found in
a study conducted among pediatric patients in the United States (19.8
hours) [25] but higher than in studies conducted in patients of all ages in
a tertiary care university hospital in Spain (7.3 hours) [13], in children
aged 0-16 years in 10 major pediatric hospitals in Switzerland (11.7
hours) [17], and in infants aged 90 days or younger across 17 pediatric
centers in the United States (13.0 hours) [27]. The differences in patient
populations, the actual volume of blood used to inoculate bottles, trans-
portation times, type of sample, laboratory working hours, time to load
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Table 4
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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 (145-259) 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) 189 (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.

bottles in a machine, and source of infection may explain the variation
in the TTP [21].

In our study, TTP was dependent on the pathogen and independent
of age, sex, temperature at presentation, clinical outcome, nutritional
status, and length of hospital stay. In contrast to previous studies that
have found evidence of TTP as a predictor of clinical outcomes, such as
mortality and length of hospital stay [11-13,28], we found no such ev-
idence. Previous studies have reported findings similar to ours [17,29].
S. pneumoniae had the shortest median TTP (17.4 hours) and Neisseria
species took the longest time to grow (45 hours). Patients with S. pneu-
moniae infections had favorable clinical outcomes. Perhaps this reflects
prompt and appropriate antibiotic treatment. Previous studies on TTP
have shown that TTP varies by pathogen type. Although some studies re-
ported that gram-negative bacteria have shorter TTP than gram-positive
bacteria [25,30], we found that gram-positive pathogens had a shorter
TTP in our study. This may reflect the distribution of pathogens and lo-
cal epidemiological factors. A study by Olatunji et al. showed that 55%
of invasive bacteria diseases in our study area were caused by gram-
positive bacteria [31]. This may explain the findings of our study.

Blood cultures from children who died of S. aureus infection took
longer to grow (GMR 1.5, [95% CI: 1.1 - 2.2]) than those who fully
recovered. A previous study conducted in patients in a large Canadian
health region has reported a relationship between longer TTP of S. au-
reus bacteremia and adverse clinical outcomes [11].

Our study has several strengths. We analyzed 547 blood cultures with
confirmed invasive bacteria pathogens collected from children under 5
years from 11 health facilities, including two main hospitals across two
regions in the Gambia. This is a large population-based study, and our
results can be generalized to the rural population in the Gambia. To the
best of our knowledge, this is the first study from Africa that has assessed
host and pathogen factors associated with TTP in children under 5 with
positive blood cultures admitted to health facilities. Our study adds to
the limited data from Africa, which has one of the highest burdens of
infectious diseases.

There are some important limitations to our study. First, confound-
ing factors, such as the volume of blood collected, the time between
blood collection and placement in the automated machine, and pre-
vious use of antibiotics before blood sample collection, are known to
affect bacterial growth [32-35]. To investigate the potential influence
of the time lapse between blood collection and placement in the auto-

mated machine, the sensitivity analyses indicated no difference in TTP
across all indicators (Supplementary Table 1). Although we explored
the effect of blood volume on TTP, our analysis suggested no impact
on TTP (Table 1). In addition to collecting data on self-reported an-
tibiotic use, we also performed antibiotic activity detection testing on
plasma samples from patients seen at the two hospitals. However, results
were available for only 61 of 418 samples and analyses of the limited
data and the self-reported antibiotic data showed no effect on TTP. The
missing data on antibiotic activity testing may potentially bias the TTP.
Notwithstanding, excluding these patients would not reflect real-world
clinical scenarios and, thus, our data are more pragmatic [17]. Second,
we excluded patients with polymicrobial culture because we could not
determine the contribution of each pathogen to the TTP. Third, we ex-
cluded culture-positive cases with missing laboratory and clinical data
and organisms designated as contaminants because these are not recog-
nized as disease-causing organisms. The relatively moderate number of
missing data may potentially bias the point estimates. Finally, we were
unable to perform species identification for some of the coliforms be-
cause of logistical reasons and this may underestimate the prevalence
of some of the pathogens.

Conclusion

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 hospi-
talized children may be sufficient in contrast to the generally accepted
minimum of 48 hours of observation. Although TTP may be associated
with the category of gram of the bacteria, TTP was not correlated with
mortality or length of hospital stay in our study. Further prospective
studies in patients of all ages may be required to assess the utility of
TTP as a prognostic tool.

Declarations of competing interest

The authors have no competing interests to declare.

Funding

This research did not receive any specific grant from funding agen-
cies in the public, commercial, or not-for-profit sectors.



I Osei, B.M. Wutor, A. Kuyateh et al.
Acknowledgments

We thank all the staff of PVS for their dedication and hard work
toward the implementation of the trial. Disease surveillance was con-
ducted at the Basse Hospital, Bansang Hospital and government health
facilities in Gambissara, Demba Kunda, Fatoto, Garawol, Sabi, Koina,
Janjabureh, Brikamaba, and Jahaly. We thank all staff of the MRC Basse
Field Station and the residents of the BHDSS and FWDHSS for support-
ing the study.

Author contributions

10 conceived the study. 10 wrote the first draft and BWM contributed
to writing the methodology. WA, YAO, KML, IH, and BGL clinically eval-
uated and investigated the patients and maintained quality assurance
over clinical procedures. BO, MM, MO, MW, MC, AK, and RS supervised
the microbiology in Basse. GS and AK extracted the data. IO processed
the data and performed the data analyses. GAM is the PI of the PVS trial.
All authors read, contributed to, and approved the final manuscript.

Data availability

Data collected for the study, including individual, deidentified par-
ticipant data, and a data dictionary defining each field in the data set,
may be made available upon reasonable request.

Supplementary materials

Supplementary material associated with this article can be found, in
the online version, at doi:10.1016/j.ijregi.2025.100606.

References

[1] Laupland KB. Incidence of bloodstream infection: a review of population-based stud-
ies. Clin Microbiol Infect 2013;19:492-500. doi:10.1111/1469-0691.12144.

[2] Fleischmann C, Scherag A, Adhikari NK, Hartog CS, Tsaganos T, Schlattmann P,
et al. Assessment of global incidence and mortality of hospital-treated sepsis. Cur-
rent estimates and limitations. Am J Respir Crit Care Med 2016;193:259-72.
doi:10.1164/rccm.201504-07810C.

[3] Kern WV, Rieg S. Burden of bacterial bloodstream infection-a brief update on epi-
demiology and significance of multidrug-resistant pathogens. Clin Microbiol Infect
2020;26:151-7. do0i:10.1016/j.cmi.2019.10.031.

[4] Paul M, Shani V, Muchtar E, Kariv G, Robenshtok E, Leibovici L. Systematic review

and meta-analysis of the efficacy of appropriate empiric antibiotic therapy for sepsis.

Antimicrob Agents Chemother 2010;54:4851-63. doi:10.1128/AAC.00627-10.

Dickinson JD, Kollef MH. Early and adequate antibiotic therapy in the treat-

ment of severe sepsis and septic shock. Curr Infect Dis Rep 2011;13:399-405.

doi:10.1007/s11908-011-0206-8.

[6] Retamar P, Portillo MM, Lépez-Prieto MD, Rodriguez-Lépez F, De Cueto M, Gar-

cfa MV, et al. Impact of inadequate empirical therapy on the mortality of patients

with bloodstream infections: a propensity score-based analysis. Antimicrob Agents

Chemother 2012;56:472-8. doi:10.1128/AAC.00462-11.

Fischer CP, Kastoft E, Olesen BR, Myrup B. Delayed treatment of bloodstream infec-

tion at admission is associated with initial low early warning score and increased

mortality. Crit Care Explor 2023;5:e0959. doi:10.1097/CCE.0000000000000959.

Ventola CL. The antibiotic resistance crisis: part 1: causes and threats. Pharm Ther

2015;40:277-83.

Bashir N, Dablool AS, Khan MI, Almalki MG, Ahmed A, Mir MA, et al. Antibi-

otics resistance as a major public health concern: a pharmaco-epidemiological study

to evaluate prevalence and antibiotics susceptibility-resistance pattern of bacte-
rial isolates from multiple teaching hospitals. J Infect Public Health 2023;16:61-8.
doi:10.1016/j.jiph.2023.09.019.

[10] Cilléniz C, Ceccato A, De La, Calle C, Gabarris A, Garcia-Vidal C, Almela M, et al.
Time to blood culture positivity as a predictor of clinical outcomes and severity in
adults with bacteremic pneumococcal pneumonia. PLoS One 2017;12:e0182436.
doi:10.1371/journal.pone.0182436.

[11] Kim J, Gregson DB, Ross T, Laupland KB. Time to blood culture positivity in
Staphylococcus aureus bacteremia: association with 30-day mortality. J Infect
2010;61:197-204. doi:10.1016/}.jinf.2010.06.001.

[5

[}

[7

—

[8

=

[9

—_

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

LJID Regions 14 (2025) 100606

Willmann M, Kuebart I, Vogel W, Flesch I, Markert U, Marschal M, et al. Time to
positivity as prognostic tool in patients with Pseudomonas aeruginosa bloodstream
infection. J Infect 2013;67:416-23. doi:10.1016/].jinf.2013.06.012.
Martin-Gutiérrez G, Martin-Pérez C, Gutiérrez-Pizarraya A, Lepe JA, Cisneros JM,
Aznar J. Time to positivity of blood cultures in patients with bloodstream in-
fections: a useful prognostic tool. Enferm Infecc Microbiol Clin 2017;35:638-44.
doi:10.1016/j.eimc.2016.10.003.

Hsieh Y-C, Chen HL, Lin SY, Chen TC, Lu PL. Short time to positivity of blood cul-
ture predicts mortality and septic shock in bacteremic patients: a systematic re-
view and meta-analysis. BMC Infect Dis 2022;22:142. doi:10.1186/512879-022-
07098-8.

Martinez JA, Soto S, Fabrega A, Almela M, Mensa J, Soriano A, et al. Re-
lationship of phylogenetic background, biofilm production, and time to detec-
tion of growth in blood culture vials with clinical variables and prognosis as-
sociated with Escherichia coli bacteremia. J Clin Microbiol 2006;44:1468-74.
doi:10.1128/JCM.44.4.1468-1474.2006.

Khatib R, Riederer K, Saeed S, Johnson LB, Fakih MG, Sharma M, et al. Time to
positivity in Staphylococcus aureus bacteremia: possible correlation with the source
and outcome of infection. Clin Infect Dis 2005;41:594-8. doi:10.1086,/432472.
Dierig A, Berger C, Agyeman PK, Bernhard-Stirnemann S, Giannoni E, Stocker M,
et al. Time-to-positivity of blood cultures in children with sepsis. Front Pediatr
2018;6:222. doi:10.3389/fped.2018.00222.

World Bank Group The Gambia Country Profiles 2024; 2024 https://data.worldbank.
org/country/gambia-the?view=chart [accessed 01 September 2024].

Hossain I, Hill P, Bottomley C, Jasseh M, Bojang K, Kaira M, et al. Healthcare seeking
and access to care for pneumonia, sepsis, meningitis, and malaria in rural Gambia.
Am J Trop Med Hyg 2021;106:446-53. doi:10.4269/ajtmh.21-0362.

Mackenzie GA, Osei I, Salaudeen R, Hossain I, Young B, Secka O, et al. A cluster-
randomised, non-inferiority trial of the impact of a two-dose compared to three-dose
schedule of pneumococcal conjugate vaccination in rural Gambia: the PVS trial.
Trials 2022;23:71. doi:10.1186/513063-021-05964-5.

Lamy B. Reprint of: blood culture time-to-positivity: making use of the hidden infor-
mation. Clin Microbiol Infect 2019;25:399-402. doi:10.1016/j.cmi.2019.03.005.
Bekeris LG, Tworek JA, Walsh MK, Valenstein PN. Trends in blood culture contami-
nation: a College of American Pathologists Q-Tracks study of 356 institutions. Arch
Pathol Lab Med 2005;129:1222-5. doi:10.5858/2005-129-1222-TIBCCA.

Rowley AH, Wald ER. The incubation period necessary for detection of bacteremia
in immunocompetent children with fever: implications for the clinician. Clin Pediatr
1986;25:485-9. doi:10.1177,/000992288602501001.

Pichichero ME, Todd JK. Detection of neonatal bacteremia. J Pediatr 1979;94:958-
60. doi:10.1016/50022-3476(79)80233-4.

MacBrayne CE, Williams MC, Prinzi A, Pearce K, Lamb D, Parker SK. Time to blood
culture positivity by pathogen and primary service. Hosp Pediatr 2021;11:953-61.
doi:10.1542/hpeds.2021-005873.

Jacobs MR, Mazzulli T, Hazen KC, Good CE, Abdelhamed AM, Lo P, et al. Multicen-
ter clinical evaluation of BacT/Alert Virtuo blood culture system. J Clin Microbiol
2017;55:2413-21. doi:10.1128/JCM.00307-17.

Biondi EA, Mischler M, Jerardi KE, Statile AM, French J, Evans R, et al. Blood culture
time to positivity in febrile infants with bacteremia. JAMA Pediatr 2014;168:844-9.
doi:10.1001/jamapediatrics.2014.895.

Siméon S, Le Moing V, Tubiana S, Duval X, Fournier D, Lavigne JP, et al. Time
to blood culture positivity: an independent predictor of infective endocarditis and
mortality in patients with Staphylococcus aureus bacteraemia. Clin Microbiol Infect
2019;25:481-8. doi:10.1016/j.cmi.2018.07.015.

Nadeem R, Elhoufi AM, Salama L, Mahmoud M, Bon I, Kamat S, et al. Time
to grow positive blood cultures and its impact on clinical outcomes in patients
with bacteremia admitted to intensive care unit. Dubai Med J 2021;4:47-52.
doi:10.1159/000513429.

Lambregts MM, Warreman EB, Bernards AT, Veelken H, von dem Borne PA,
Dekkers OM, et al. Distribution and clinical determinants of time-to-positivity of
blood cultures in patients with neutropenia. Eur J Haematol 2018;100:206-14.
doi:10.1111/ejh.13001.

Olatunji YA, Banjo AA, Jarde A, Salaudeen R, Ndiaye M, Galega LB, et al. Invasive
bacterial disease in young infants in rural Gambia: population-based surveillance. J
Glob Health 2023;13:04106. doi:10.7189/jogh.13.04106.

Tran P, Dowell E, Hamilton S, Dolan SA, Messacar K, Dominguez SR, et al. Two blood
cultures with age-appropriate volume enhance suspected sepsis decision-making.
Open Forum Infect Dis 2020;7 ofaa028. doi:10.1093/0fid/ofaa028.

Gonsalves WI, Cornish N, Moore M, Chen A, Varman M. Effects of volume and
site of blood draw on blood culture results. J Clin Microbiol 2009;47:3482-5.
doi:10.1128/JCM.02107-08.

Cheng MP, Stenstrom R, Paquette K, Stabler SN, Akhter M, Davidson AC, et al. Blood
culture results before and after antimicrobial administration in patients with se-
vere manifestations of sepsis: a diagnostic study. Ann Intern Med 2019;171:547-54.
doi:10.7326/M19-1696.

Scheer CS, Fuchs C, Griindling M, Vollmer M, Bast J, Bohnert JA, et al. Im-
pact of antibiotic administration on blood culture positivity at the beginning of
sepsis: a prospective clinical cohort study. Clin Microbiol Infect 2019;25:326-31.
doi:10.1016/j.cmi.2018.05.016.


https://doi.org/10.1016/j.ijregi.2025.100606
https://doi.org/10.1111/1469-0691.12144
https://doi.org/10.1164/rccm.201504-0781OC
https://doi.org/10.1016/j.cmi.2019.10.031
https://doi.org/10.1128/AAC.00627-10
https://doi.org/10.1007/s11908-011-0206-8
https://doi.org/10.1128/AAC.00462-11
https://doi.org/10.1097/CCE.0000000000000959
http://refhub.elsevier.com/S2772-7076(25)00041-4/sbref0008
https://doi.org/10.1016/j.jiph.2023.09.019
https://doi.org/10.1371/journal.pone.0182436
https://doi.org/10.1016/j.jinf.2010.06.001
https://doi.org/10.1016/j.jinf.2013.06.012
https://doi.org/10.1016/j.eimc.2016.10.003
https://doi.org/10.1186/s12879-022-\penalty -\@M 07098-8
https://doi.org/10.1128/JCM.44.4.1468-1474.2006
https://doi.org/10.1086/432472
https://doi.org/10.3389/fped.2018.00222
https://data.worldbank.org/country/gambia-the?view=chart
https://doi.org/10.4269/ajtmh.21-0362
https://doi.org/10.1186/s13063-021-05964-5
https://doi.org/10.1016/j.cmi.2019.03.005
https://doi.org/10.5858/2005-129-1222-TIBCCA
https://doi.org/10.1177/000992288602501001
https://doi.org/10.1016/S0022-3476(79)80233-4
https://doi.org/10.1542/hpeds.2021-005873
https://doi.org/10.1128/JCM.00307-17
https://doi.org/10.1001/jamapediatrics.2014.895
https://doi.org/10.1016/j.cmi.2018.07.015
https://doi.org/10.1159/000513429
https://doi.org/10.1111/ejh.13001
https://doi.org/10.7189/jogh.13.04106
https://doi.org/10.1093/ofid/ofaa028
https://doi.org/10.1128/JCM.02107-08
https://doi.org/10.7326/M19-1696
https://doi.org/10.1016/j.cmi.2018.05.016

	Blood culture time to positivity in pediatric patients with bloodstream infection in rural Gambia
	Introduction
	Materials and Methods
	Study design and population
	Clinical and laboratory procedures
	Statistical analysis
	Ethical approval

	Results
	Characteristics of the sample
	TTP thresholds of blood cultures (TTP &#x2264;24 hours, &#x003E;24 to &#x2264;36 hours, &#x003E;36 to &#x2264;48 hours, and &#x003E;48 to &#x2264;72 hours)
	Distribution of pathogens and TTP
	Factors associated with mean TTP of most prevalent pathogens

	Discussion
	Conclusion
	Declarations of competing interest
	Funding
	Acknowledgments
	Author contributions
	Data availability
	Supplementary materials
	References


