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There is a remarkable improvement in child survival globally 
due to multiple interventions. However, overall child mortality re-
mains substantially high particularly in sub-Saharan Africa (SSA) 
[1,2]. Bloodstream bacterial infection is an important cause of 
morbidity and mortality among children less than 5 years [3]. The 
emerging resistance to antibiotics in Africa in the context of weak 
antibiotic resistance stewardship and irrational prescription of an-
tibiotics could contribute to the child mortality [4,5].

Background

Background: Bloodstream bacterial infection is a major cause of morbidity and mortality among children in Africa. The existing 
biomarkers have limited sensitivity and specificity. Irrational use of antibiotics in non-malarial fevers increases healthcare cost, mor-
bidity and accelerate antibiotic resistance.

Objective: To identify potential biomarkers for bloodstream bacterial infection in children for developing a point-of-care diagnostic 
test in limited-resource setting. 

Methods: We obtained blood from children aged less than 5 years with clinically-suspected septicaemia. Blood cultures were per-
formed by BACTECTM technique followed by bacterial identification using conventional methods and PCR. Using ELISA we analysed 
previously reported serum biomarkers for bloodstream bacterial infection; procalcitonin (PCT) and C-reactive protein (CRP), lipo-
polysaccharide (LPS) and lipoteichoic acid (LTA). 

Results: We recruited 79 children, 54% were male, mean age of 34 months. Almost all patients had fever, with a mean duration of 
sickness of 3.8 days; 92% completed age-appropriate vaccines; 67% received prior antibiotic therapy and 20% had altered con-
sciousness. Using box plot, LTA displayed the most sensitivity compared to LPS, PCT and CRP. Further, we used receiver-operating 
characteristic (ROC) curves to evaluate the performance of the markers based on the subset analysis of 25 samples using quantitative 
PCR results as a reference. The curves displayed similar sensitivity for PCT and LPS with area under the curve (AUC) of 0.69. Consis-
tently, CRP did not perform well in both analyses. 

Conclusion: Both PCT and LPS showed acceptable diagnostic thresholds for septicaemia. However, large-powered studies are re-
quired for validation prior to their use in clinical practice.

In the absence of a reliable marker for the diagnosis of blood-
stream bacterial infection especially when antibiotics are required 
to be administered urgently, a collection of clinical and laboratory 

The gold standard for the diagnosis of bloodstream bacterial 
infection involves culture systems coupled with standard iden-
tification methods, both of which are not readily available in the 
majority of health facilities in SSA. A review by Nelson., et al. re-
ports a number of potential biomarkers for bloodstream bacterial 

infection albeit with limited diagnostic threshold [6]. In routine 
practice, leukocyte count, erythrocyte sedimentation rate (ESR), 
and C-reactive protein (CRP) are commonly employed as guides 
for antibiotic administration. Recently, there has been an increas-
ing number of potential biomarkers for bacterial sepsis, such as 
pro-adrenomedullin (ProADM), procalcitonin (PCT), lipopolysac-
charide (LPS), lipoteichoic acid (LTA), mid-regional pro-atrial na-
triuretic peptide (ANP), soluble triggering receptor expressed on 
myeloid cells 1 (sTREM-1), pancreatic stone protein (PSP), a range 
of pro-inflammatory cytokines (TNF-α, IL-6, IL-8, IL-27) and solu-
ble urokinase-type plasminogen activator receptor (suPAR) [6-8].
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In this cross-sectional study, we recruited 79 children aged less 
than 5 months from three secondary care health facilities in Dar es 
Salaam, Tanzania. The children were recruited at the point of ad-
mission for hospitalization due to clinical suspicion of bloodstream 
bacterial infection without a primary source. Prior to recruitment 
all children underwent routine physical examination by experi-
enced registrar and further tailored investigations conducted. All 
children were tested for malaria by a rapid diagnostic test at the 
respective health facility and those who tested positive were ex-
cluded. 

Of all the markers currently known, PCT has been shown to be 
a better predictor and superior to the commonly used clinical vari-
ables and laboratory tests in the diagnosis of bloodstream bacte-
rial infection and has been shown to correlate with the extent and 
severity of microbial infection [12-14]. Currently, many authorities 
recommends use of PCT as clinical guide for diagnosis of sepsis in 
emergency situations prior to administration of antibiotic therapy 
[15]. Moreover, serum levels of PCT correlates well with the de-
gree of infectious load and can safely be used as a guide for dose 
deescalating or discontinuation of antibiotic use [16]. In order to 
improve predictive value of markers for bloodstream bacterial in-
fections, one approach is the combination of prediction rules of dif-
ferent tests for clinical and laboratory markers [17]. For instance, 
LTA and LPS which represents major antigens respectively in Gram 
positive and Gram negative bacteria, through their pivotal role in 
the modulation of the systemic inflammatory response syndrome 
(SIRS) could serve as biomarkers for bacterial infection [18]. 

Figure 1: Sampling procedure for children with clinical 
suspicion of bloodstream bacterial infection.

indices are used as guides to the management decision systems. 
This diagnostic approach has been shown to improve the predic-
tive values of biomarkers with moderate threshold. For instance, a 
Lab-score consisting of CRP, PCT and urinary dipstick for the iden-
tification of severe bacterial infection revealed the sensitivity of 
86% and the specificity 83% superior to that of any single variable 
[9]. However, currently, PCR-based techniques offer alternative 
rapid and highly sensitive diagnostic platforms for bloodstream 
bacterial infection [10,11]. This method is more expensive but of-
fers an opportunity to characterize multiple bacterial isolates at a 
single setting with high sensitivity and specificity. 

In the effort to explore relevant biomarkers, we attempted to 
characterize four previously identified biomarkers for bloodstream 
bacterial infection in the local setting. Identification of appropriate 
biomarkers will provide opportunity for developing a point-of-care 
rapid diagnostic test for bloodstream bacterial infection for use in 
limited-resource setting. Additionally, the test will provide a tool 
for guiding rational use of antibiotics thereby reducing chances for 
antibiotic resistance. 

We recruited a total of 79 children with clinically-suspected 
bloodstream bacterial infection admitted at three secondary care 
health facilities in Dar es Salaam, Tanzania. Of the children admit-

Sampling and recruitment

Patients and Methods
Patients and study design 

ted in the health facility, we recruited children aged between 1 and 
60 months with fever and clinical features suggestive of blood-
stream bacterial infection. These probable cases of bloodstream 
bacterial infection underwent testing for malaria using mRDT and 
those who tested positive were excluded from the study. We clas-
sified the remaining mRDT negative cases as likely cases of blood-
stream bacterial infection, which we recruited into the study, in-
terviewed for further information and collected blood samples for 
blood culture and biomarkers analysis. The scheme for sampling is 
herewith presented in figure 1 below.

We collected information on basic demographic characteristics 
and vaccination history for all eligible children. The children, in 
addition, underwent measurement for anthropometry including 
height/length, weight and mid-upper arm circumference (MUAC) 
using standard procedures. Basic demographic information and 
important clinical characteristics were collected from the infor-
mant using a structured questionnaire.

Data collection

About 5 mL of blood was collected from eligible children for 
blood culture and identification of isolates using PCR as well as de-
termination of putative biomarkers using human ELISA technique. 
From the eligible pediatric patient, 2 mL of blood was collected in 
BD BACTEC Peds Plus™/F medium (Becton Dickinson, NJ, USA) for 
culture and mixed thoroughly by inversion. Then, without remov-
ing the collection accessories, 3mL of blood was drawn into the BD 
K2EDTA vacutainer tubes (Becton Dickinson, USA) for PCR and bio-
marker analysis and mixed thoroughly, labelled and immediately 
placed at 4oC. Blood samples were transported to the laboratory in 
specialized containers at 2 - 8oC with temperature monitoring ther-

Laboratory methods

Blood sample collection and handling 
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Table 1: Basic demographic and clinical characteristics of 
children with bloodstream bacterial infection (N=79).

About 2 mL of blood samples in BD BACTEC vials were directly 
registered and quickly incubated in the BD BACTECTM 9050 Blood 
Culture System (Becton Dickinson, NJ, USA) according to the manu-
facturer’s recommendations. The growths obtained were identi-
fied using a combination of conventional bacteriological and API 
biochemical tests as described elsewhere. Furthermore, in a sub-
set of 25 blood samples, we employed quantitative PCR to identify 
bacterial isolates as previously described. In this subset analysis, 
parallel to identification of bacterial pathogens, we employed qPCR 
for detection of co-infection with plasmodium spp for malaria and 
fungal infection based on human DNA as internal control as previ-
ously described.

Blood culture and identification of isolates

Data were analyzed using STATA statistical package. Demo-
graphic variables and basic clinical characteristics together with 
anthropometry were analyzed as numerical values and percent-
ages. The performance of putative biomarkers as predictors of 
bloodstream bacterial infection were performed using box plot and 
receiver operating characteristic (ROC) curves and reported gen-
erated as area under the curves (AUC). The later was performed 
based on a subset of samples with qPCR results as a reference in 
the model.

Statistical analysis

mometer. Blood samples from K2EDTA were centrifuged at 800g 
for 15 minutes at 4oC. At least 6 cryotubes (0.5 mL) were used for 
storing plasma samples and 1 eppendorf tube (1.5 mL) for storing 
remaining pellet. The aliquot of about 0.3 mL plasma were separat-
ed in each specified tube and put the remaining pellet in eppendorf 
tube and both tubes were put in the labeled cryoboxes and imme-
diately frozen at -80oC. 

Putative biomarkers for bloodstream bacterial infection com-
prising PCT, CRP, LTA and LPS were determined using competitive 
inhibition human ELISA techniques. The biomarkers were mea-
sured in plasma using commercially available human ELISA kits; 
CRP and PCT (ABCAM, USA) together with LPS and LTA (Novatein 
Biosciences, USA) according to the manufacturer’s recommen-
dations as previously described [14,18,19]. In brief, monoclonal 
antibodies specific for respective antigen were pre-coated onto a 
micro-titre plate, which results in a competitive inhibition reac-
tion occurring between biotin-labeled and unlabeled marker. After 
incubation the unbound conjugate were washed off and the next, 
avidin conjugated to horse-radish peroxidase (HRP) was added to 
each micro-titre plate well and incubated. Then, the amount of the 
bound HRP-conjugate was inversely proportional to the concentra-
tion of the marker in the sample. After addition of the substrate so-
lution, the intensity of the color developed is inversely proportional 
to the concentration of the marker in the sample.

Detection of putative biomarkers using ELISA techniques

Results
General patients’ characteristics and anthropometry

As shown in table 1, a total of 79 children (54%, males) aged less 
than 5 years (mean age, 34 months) were recruited into the study. 
Ninety-nine percent of the children presented with fever and all 

children had a mean duration of sickness of 3.8 days. Furthermore, 
it was revealed that 67% of children were reported to have re-
ceived prior antibiotic therapy either at the referring health facility 
or on arrival during hospitalization at the point of recruitment. On 
physical examination, 20% of children were found to have altered 
level of consciousness. Moreover, table 2 indicates that on assess-
ment of the nutritional status of the recruited children, based on 
anthropometry, a third of the children were found have stunting. 
Furthermore, based on measurement of MUAC, 20% of the chil-
dren were found to have malnutrition. Likewise, about 22% and 
25% of the children were found to have acute malnutrition and 
underweight respectively. There was no obvious difference in the 
nutritional status among different age categories of the study chil-
dren. 

Variable Statistic (n, %)
Male 43 (54.4)

Age (months)
Less than 12 months 27 (34.2)
12 - 35 months 25 (31.7)
36 - 60 months 27 (34.2)
Presence of fever on admission 78 (98.7)
Antibiotics given 53 (67.1)
Age-appropriate vaccines com-
pleted

73 (92.4)

Duration of sickness in days
Mean (SD) 4.7 (3.8)

General conditions
Alert 63 (79.8)
Semi-conscious 12 (15.2)
Unconscious 4 (5.1)

Variable (n, %) < 12 mo 12 – 35 
mo

36 – 60 
mo Overall

n = 27 n = 25 n = 27 N = 79
Stunting  
(height/age)

4 (14.8) 10 (40.0) 11 
(40.7)

25 (31.7)

Under-weight 
(weight/age)

4 (14.8) 8 (32.0) 8 (29.6) 20 (25.3)

Acute under- 
nutrition  
(weight/height)

9 (33.3) 6 (24.0) 3 (11.1) 18 (22.8)

Malnutrition 
(MUAC)

7 (25.9) 8 (32.0) 1 (3.7) 16 (20.3)

Table 2: Anthropometry measurements for all children 
recruited into the study (N = 79).

Performance of biomarkers in the prediction of bloodstream 
bacterial infection

Based on box plot as depicted in figure 2, the median for LTA 
was higher than those of PCT and LPS. The graphs for the three 
markers overlapped especially between lower and upper quar-
tiles. The upper quartile for PCT was the same as the lower quar-
tile for LTA, and higher than that of LPS. It was highlighted that 
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Figure 2: The comparison of the predictive values of three 
sensitive biomarkers for bloodstream bacterial infection in 

children based on all 79 samples

Our results are in line with other previous studies indicating 
that PCT could be a promising marker for bloodstream bacterial 
infection [7,19]. Though it did not show any remarkable predic-
tive value in our study, CRP is a well-documented marker of bacte-
rial sepsis and has been in clinical use for a considerable period 
of time. Generally, serum levels of biomarkers tend to decrease 
beyond detectable ranges in patients who have received prior anti-
biotic therapy [20]. This could have potentially affected the perfor-
mance of the four analyzed biomarkers resulting into inconclusive 
evidence. However, lack of adequate predictive value for PCT and 
other markers may be improved by designing a collection of bio-
markers with moderate thresholds into a single diagnostic “multi-
stix”; the approach that has been similarly applied in other condi-
tions including the diagnosis of spontaneous bacterial peritonitis 
[21]. 

It is important to highlight the possible limitations of this study. 
For instance, it was anticipated to recruit children with suspected 
bloodstream bacterial infection preferably without prior treat-
ment with antibiotics. However, it was observed that over two-
third of the children recruited at secondary health facilities had 
already received antibiotics. This practice could influence negative 
blood culture results which were initially considered as gold stan-
dard and thus reference point for the analysis of the performance 
of the biomarkers. In addition, it may not be possible to anticipate 
the influence the antibiotics might have on the expression and 
half-life of specific biomarkers in blood [16,20]. 

Due to this clinical pitfall, and lack of adequate funds, the evalu-
ation of performance of biomarkers was therefore analyzed based 
on qPCR results for only a third of samples. This sample size was 
inadequate to reach a plausible inference and conclusion, thus, it 
is likely that small sample size could have a negative impact on the 
power of the study. 

the inter-quartile range for LPS was the smallest of all the three 
markers. Overall, it was observed that LTA displayed the most 
sensitivity compared to LPS, PCT and CRP. Furthermore, as high-
lighted in figure 3, using ROC curves to evaluate the performance 
of the markers based on the subset analysis of 25 samples using 
PCR results as a reference. From ROC curve analysis, it was evident 
that both PCT and LPS displayed similar sensitivity for predicting 
bloodstream bacterial infection in children, with AUC of about 69% 
for both markers. 

Figure 3: ROC curves for four investigated biomarkers of 
bloodstream bacterial infection in children based on the sub-

set analysis of 25 samples with PCR results as a reference.  

Discussion

The investigators analyzed four predetermined biomarkers for 
bloodstream bacterial infection in children in Tanzania and evalu-
ated their predictive value for use as a rapid diagnostic test. The 
preliminary findings indicate improved diagnostic value of LTA as 
compared to other markers. However, using a subset analysis with 
quantitative PCR as the reference it was observed that PCT and LPS 
were more sensitive markers for prediction of bloodstream bac-

terial infection while CRP consistently performed poorly in both 
analyses. 

PCT together with other related proteins are constitutively ex-
pressed from CALC-1 gene in all cell types during systemic inflam-
mation resulting from bacterial infection [15]. The detailed char-
acterization of the kinetic profile of CALC-1 gene products, other 
than PCT, may provide better insight on the potential role of PCT 
and related proteins in the prediction of bloodstream bacterial in-
fection. The role of LTA and LPS as markers for bloodstream bacte-
rial infection should be interpreted with caution since their use-
fulness depends on the nature of the cell walls of the responsible 
bacterial pathogens. In this regard, the two markers should always 
complement general biomarkers, serving as markers specific to ei-
ther Gram positive or negative and provide, yet, an improved guide 
to the selection of a class of antibiotic therapy. However, though 
not of bacterial source, previous studies have reported that signifi-
cantly high level of PCT can differentiate Gram negative from Gram 
positive bacterial infection [12,22]. 

Conclusion 

Bloodstream bacterial infection is a major problem among un-
der-fives in Tanzania. However, the diagnosis of bloodstream bac-
terial infection is a major challenge due to lack of a reliable rapid 
test. The study revealed that PCT could be a potential biomarker 
for rapid diagnosis of bloodstream bacterial infection in children. 
It is further suggested that the combination of PCT with other 

procalcitonin C-reactive protein

lipopolysaccharidelipoteichoic acid
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biomarkers with moderate threshold could improve its diagnostic 
performance. We recommend that large powered studies of better 
designs encompassing control groups preferably recruiting chil-
dren who have not received prior antibiotic therapy are required to 
validate these markers. Furthermore, attempts should be made to 
conduct a detailed studies on the characterization of PCT and other 
splice variants derived from CALC-1 gene for better insight on their 
diagnostic potential.
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