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Young children often attend primary care institutions and emergency 
departments with acute infections. Most of these children have self-
limiting conditions; however, a small proportion have serious or 
even life-threatening infections. This may be a source of anxiety for 
parents and may present a challenge to attending clinicians.[1]

There is reasonably good evidence for the diagnostic value of 
clinical features for certain conditions, namely pneumonia, and 
to a lesser degree, meningitis. However, little is known about the 
clinical features predictive of serious outcome for febrile children 
presenting with nonspecific symptoms and signs with no clear focus 
of infection.[1] 

Various clinical tools have been developed in order to score febrile 
children as a means to predict the severity of illness, but these scores 
have been found to be nonspecific and of limited use in clinical 
practice, especially when used as positive predictors of serious 
bacterial infection (SBI).[2]

Fever in young children may represent both insignificant viral 
infections and SBI which is often not associated with a distinguish-
able source of infection.[3] Seeking markers of invasive disease, as well 
as culture positivity for organisms, has been a goal of paediatricians 
for many years. 

The evidence thus far, for multiple site testing, as well as multiple 
testing methods to detect SBIs in febrile young children, is unclear. 
In addition to selecting antibiotics for appropriate infections, the 
avoidance of unnecessary antibiotic use should also be considered 
important in this time of emerging multiresistant micro-organisms. 
This is an important aspect of antibiotic stewardship.[4] 

Methods
A prospective, cross-sectional study over a 1-year period 
(1 December 2013 - 30 November 2014) of children presenting to 
Steve Biko Academic Hospital (SBAH), Pretoria, was conducted. 

The study sampling strategy included paediatric patients requiring 
admission who met inclusion criteria and presented to casualty, the 
outpatients department or directly to the wards. 

Approval was obtained from the Department of Paediatrics 
and Superintendent of SBAH, as well as the MMed and Ethics 
committees of the University of Pretoria. Informed consent was 
obtained from the parents/guardians of each participant.

SBAH is a large academic tertiary hospital located in Gauteng. It 
has two paediatric wards, with a maximum capacity of 56 beds, and 
one 7-bed paediatric ICU. All patients require referral from a clinic, 
medical practitioner or hospital. Patients not requiring tertiary care 
are down-referred to Tshwane District Hospital. The number of 
under-5 patients admitted per year is approximately 1 400 - 1 500. 
Three-quarters (~1 000) are admitted for subspecialist care and tend 
to be afebrile on admission; an eighth (~200) are neonates (excluded 
from the study), while 50% of the remaining 200 - 300 patients have 
low-grade fevers <38°C on admission (having been given prior 
antipyretics). Therefore the total number of children under 5 years of 
age expected for this cohort was 100 - 150 participants.

This study included all documented febrile patients (axillary 
temperature ≥38°C) who presented to SBAH between the ages 
of 1 month and 5 years, with signs and symptoms of pneumonia, 
meningitis and/or generalised sepsis. Exclusion criteria for this study 
were children over the age of 5 years, neonates (less than 1 month 
of age), admission temperature <38°C, and children with exclusion 
criteria for a lumbar puncture (LP), namely focal neurological signs, 
papilloedema, readily deteriorating consciousness or Glasgow Coma 
Scale (GCS) <8, signs of raised intracranial pressure (falling pulse, 
rising blood pressure, dilating or poorly reacting pupils), continuous 
seizure activity, bleeding diathesis and neural-tube defects.[3]

Data collected included all the clinical, laboratory, radiological 
and microbiology findings. Data were collected on the day of 
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admission, and updated as laboratory and microbiology results 
became available. In order to attempt to overcome the difference in 
clinical experience between admitting clinicians, specific signs and 
symptoms were listed in the data collection table that clinicians were 
instructed to document if present or absent on the day of admission. 
Patient age, gender, admission axillary temperature (°C) and urine 
dipstick findings were also included in the captured data. 

A 3-day cut-off value for the duration of hospitalisation was 
chosen for the purpose of this study as the median duration 
of hospitalisation for children at SBAH is 3 days. We expect 
those patients with severe illness to have a longer-than-median 
hospitalisation time.

A urine dipstick test was deemed positive in this study in the 
presence of leucocytes and/or nitrites. White cell count (WCC) was 
deemed to be increased if the WCC value was >17 × 109/L in children 
aged 1 - 12 months, and if >15 × 109/L in children 13 months - 
5 years.[5] Leucopenia was defined as WCC <4 × 109/L. A C-reactive 
protein (CRP) value was deemed positive/predictive of bacterial 
infection if CRP >40 mg/L[6] and procalcitonin (PCT) was positive 
if >0.2 µg/L.[7] Cerebrospinal fluid (CSF) findings were considered 
positive based either on biochemistry suggestive of meningitis, or on 
a positive CSF culture or PCR.[8]

Chest radiographs (CXRs) were interpreted by the lead investigator 
using the World Health Organization (WHO) CXR interpretation 
methodology.[9] A CXR was deemed positive for hyperinflation in 
the presence of >8 visible posterior ribs.[9] This study also noted some 
combinations of both pneumonic changes and hyperinflation.

Statistical analysis of data
The primary data analysis focused on the proportion of children 
under the age of 5 years who were admitted to hospital and remained 
hospitalised for a period of 3 days or longer. Secondary data analysis 
was the agreement between the clinical picture and individual 
biomarkers, as well as among the individual biomarkers themselves. 

All parametric data were analysed using a t-test and non-
parametric data were analysed by means of Wilcoxon rank sum test 
using Stata-13 (StataCorp, USA).

The study was adequately powered. 

Results
Sixty-three patients were enrolled (age range 1 month - 4.5 years), 
and 33 (52.4%) were male.

All children whose HIV status was unknown or showed signs of 
being clinically immunocompromised were tested for HIV infection. 
Eight (12.7%) patients were confirmed to be HIV-positive, in 
5 (62.5%) a significant organism was identified and in 2 (25.0%) 
multiple significant organisms were cultured. Two (3.2%) of the 
63 patients were assessed as having malnutrition. Both patients were 
moderately acutely malnourished, and no organisms were cultured 
in either patient.

Thirty-seven (58.7%) patients were hospitalised for ≥3 days. The 
median temperature for all patients on admission (irrespective of 
duration of hospitalisation) was 38.4°C (range 38 - 40°C). There was 
no statistical significance between temperature on admission and 
duration of stay (p=0.123). 

An organism was cultured from the blood in 13 (25.5%) of the 
51 patients in whom a blood culture was performed. All cultures 
were performed on admission. Commensal flora were isolated from 
11 (84.6%) of the 13 positive blood cultures (10 coagu lase-negative 
Staphylococcus spp., 1 Micrococcus sp.). The two significant blood 
cultures isolated extended-spectrum beta-lactamase-producing 
Klebsiella pneumoniae and Salmonella Group D. 

A significant organism was identified from any site in 25 (39.7%) 
of the 63 patients included in this analysis. Sampled sites included 
blood (8/51, 15.7%), stool (5/16, 31.3%), urine (7/34, 20.6%), CSF 

(2/22, 9.1%), respiratory secretions (8/30, 26.7%) or tissue (3/3, 
100%). Among these 25 patients, significant multiple organisms were 
identified in 9 (36.0%). Thus, significant multiple organisms were 
cultured in 14.3% of the total patients. 

Nine subjects in total had an elevated WCC, and of these 
two (22.2%) had positive insignificant blood cultures. None of the 
children with a decreased WCC had a positive blood culture. There 
was no correlation between temperature, WCC, CRP or PCT on 
admission and blood culture results (p=0.521; p=0.919; p=0.186; 
p=0.833, respectively). There was no correlation between duration of 
hospitalisation and blood culture results (p=0.560). 

Of the 63 enrolled patients, 54 (85.7%) had a CXR. Of these 
54 CXRs, 42 (77.8%) revealed positive findings. Forty-six (73.0%) of 
the 63 enrolled patients had respiratory symptoms and 35 (76.1%) of 
them had positive CXR findings. In the 35 children with respiratory 
symptoms and positive CXR findings, 16 (45.7%) had pneumonic 
changes, 11 (31.4%) had hyperinflation on CXR, and pneumonic 
change with hyperinflation was found in 8 (22.9%).

Of the 54 children who had CXRs, 30 (55.6%) had pneumonic 
changes. Nasopharyngeal aspirates (NPAs) were collected from 
10 (33.3%) of the 30 children with pneumonic changes on CXR, 
3 (30.0%) of which were positive for respiratory syncytial virus 
(RSV) and 1 (10.0%) was positive for Pneumocystis jiroveci (on 
immunoflourescence). Ten (33.3%) of the 30 children with pneu-
monic changes on CXR had induced sputum specimens collected, 
one of which (in an HIV-positive child) was positive for acid-
alcohol-fast bacilli (AFB) and one positive for Candida albicans 
(HIV-negative child). Twenty (37.0%) of the 54 children who had a 
CXR had positive findings of hyperinflation. NPAs were conducted 
in 5 (25.0%) of the 20 children who had hyperinflated CXRs, and 
2 of these were positive, 1 for RSV and 1 for parainfluenza virus 
type 3.

Seven (70.0%) of the 10 children who had an elevated WCC and 
CXR performed had positive CXR findings. Both patients with a 
decreased WCC had radiographic changes. The proportion of all 
CXRs with positive findings (n=42) with and without elevated or 
decreased WCC were compared with those with normal CXRs 
(n=12). There was no correlation between WCC on admission and 
CXR findings of pneumonia or hyperinflation (p=0.145 and p=0.669, 
respectively). 

A positive WCC (elevated or decreased WCC) in combination 
with positive CSF findings was found in 1 of the 3 patients who had 
a positive WCC and an LP. These positive CSF findings were based 
on biochemistry suggestive of meningitis, even though they had a 
negative CSF culture and PCR. Twenty-two LPs were conducted in 
this cohort.

There was no correlation between WCC on admission and 
duration of hospital stay (p=0.471). 

CRP was measured in 59 (93.7%) of the 63 patients enrolled in the 
study. A positive CRP (defined as a CRP >40 mg/L)[6] was found in 
25 (42.4%) patients. Median (range) CRP was 31.0 (<1 to 336) mg/L. 
There was no correlation between CRP on admission and duration 
of stay (p=0.863). A positive CRP in combination with positive 
CXR findings was found in 15 (71.4%) of the 21 patients who had a 
positive CRP and had had a CXR. There was no correlation between 
CRP on admission and CXR findings of hyperinflation (p=0.087) or 
pneumonia (p=0.368). 

A positive CRP in combination with a significant positive blood 
culture result was found in 2 (9.5%) of the 21 patients who had 
a positive CRP and in whom a blood culture was performed. A 
positive CRP in combination with positive CSF findings was found 
in 6 (60.0%) of 10 patients who had a positive CRP and in whom an 
LP was performed. Five out of the 6 positive CSF findings were based 
on biochemistry suggestive of meningitis. One was positive based on 
CSF PCR for enterovirus.
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PCT was measured in 25 (39.7%) of the 63 enrolled patients. The 
clinical profile of these patients varied greatly, and 11 (44.0%) 
were critically ill, requiring paediatric intensive care unit (PICU) 
admission. PCT was found to be positive (>0.2 µg/L)[7] in 21 (84.0%) 
of the 25 patients, 10 (47.6%) of whom were admitted to ICU. Five 
(50.0%) of these 10 died. Median (range) PCT was 5.7 (0 - 728) μg/L. 
Sixteen (76.2%) of the 21 children with a positive PCT remained 
hospitalised for 5 days or longer; however, statistically there was 
no correlation between PCT on admission and duration of stay 
(p=0.392). 

 A positive PCT in combination with positive CXR findings was 
found in 16 (80.0%) of the 20 patients who had a positive PCT and 
in whom a CXR was performed. A positive PCT in combination with 
a significant positive blood culture result occurred in 1 (4.8%) of the 
21 patients who had a positive PCT and in whom a blood culture 
was performed. A positive PCT in combination with positive CSF 
findings occurred in 4 (50.0%) of the 8 patients who had a positive 
PCT and in whom an LP was performed. Three (75.0%) of the 4 were 
positive based on biochemistry suggestive of meningitis; 1 (25.0%) 
was positive based on CSF PCR for enterovirus. 

All of the children enrolled in the cohort had urine dipsticks 
evaluated at admission, and 12 (19%) had positive urine dipsticks for 
leucocytes or nitrites. All of the urine specimens from children with 
positive urine dipsticks were culture-negative. Two (16.7%) of the 
children with positive urine dipsticks had viral pathogens isolated 
on stool specimens (positive on stool ELISA): adenovirus (n=1) and 
adenovirus and rotavirus (n=1). In 8 (15.7%) of the children with 
negative urine dipsticks an organism in the urine was cultured.

Of the 63 total enrolled patients, 11 (17.5%) required PICU 
admission and 5 (7.9%) patients died. Four of the five deaths 
occurred after the first 3 days of hospitalisation, with the median 
time to death being 10 days (range 2 - 20 days).

Discussion
The value of biomarkers for determining SBI in febrile children has 
revealed conflicting results. Some studies suggest that individual tests 
perform better than others or than clinical judgement of bacterial v. 
viral infection, while other studies do not.[3,10-13]

The insensitivity of routine microbiological methodologies in 
identifying bacterial infections, particularly bacteraemia, is well 
described, and molecular diagnostic techniques may in fact be 
superior to acute-phase reactants in detecting SBI in children.[14] In 
a study performed to understand the epidemiology of childhood 
bacterial diseases, including invasive pneumococcal disease (IPD), 
screening criteria were used to identify children aged less than 
5 years of age who had signs and symptoms of SBI.[14] The study 
concluded that PCR and antigen testing increased the sensitivity 
of detection and provided a more precise estimation of the burden 
of invasive bacterial disease than bacterial culture.[14] This study 
does not however argue against the use of CRP, PCT and other 
inflammatory biomarkers. 

CXRs and their correlating biomarkers have been shown to 
have good test sensitivity for pulmonary disease.[9] In our study, all 
patients with a decreased WCC, 80% of those with a positive PCT, 
71.4% with a positive CRP and 70% with an elevated WCC had 
positive CXR changes. However, these biomarkers cannot be used to 
distinguish pneumonic changes from hyperinflation.

The results from the analysis of data collected from febrile young 
children presenting to SBAH reveal that fever or degree of fever does 
not predict severity of infection, nor source of infection, nor duration 
of hospitalisation. Degree of fever does not predict biomarkers for 
bacterial infection (WCC, CRP and PCT). Elevated biomarkers 
are not related to duration of hospitalisation nor do they predict 
a positive blood culture. However, it is important to keep in mind 
that the sensitivity of blood cultures is known to be low, and this 

is further impacted by the inordinately high (11/51, 21.6%) culture 
contamination rate at the study facility. The patient’s clinical picture 
may be more valuable than CRP/WCC when deciding on choice of 
antibiotics and whether or not an organism is cultured. CRP/WCC 
cannot be used to predict SBIs in febrile young children and therefore 
cannot be used to decide on choice of antibiotics. 

A low WCC is just as significant a marker for sepsis in children as a 
high WCC. Literature suggests that the risk of bacteraemia increases 
from 0.5% if the WCC is <15 × 109/L to more than 18% if WCC is 
>30 × 109/L.[15] Findings from the literature[15] and our study reveal 
that more children with a WCC abnormality secondary to sepsis 
present with a high WCC. Twelve (85.7%) of the 14 patients with 
WCC abnormalities had an increased WCC.

There was a wide range of CRP findings and CRP was specifically 
unhelpful in predicting infection severity when using cut-off values 
suggested by the literature.[6]

PCT is an expensive biomarker and therefore not usually per-
formed on febrile children presenting to casualty; it is usually 
reserved for patients hospitalised in the PICU. Fourteen (56%) of the 
25 patients in whom a PCT was performed were stable with various 
illnesses while 11 (44%) were critically ill requiring ICU admission. 
The limited number of PCTs done, because of the cost restraint, as 
well as the wide variability of the positive PCT values (>0.2; range 
3 - 728 µg/L) obtained, makes it difficult to interpret data. As 50% 
of patients with positive CSF results also had a high PCT, it may 
possibly have a predictive role with regard to meningitis; however, 
the cohort is too small to confirm this finding.

The sterility of the blood culture techniques used in this study is 
questionable. Eleven (21.6%) of the 51 blood cultures that were taken 
cultured a commensal. Therefore, it can be concluded that one-fifth 
of blood culture specimens are not taken using the correct sterile 
procedures. This makes it difficult to interpret findings regarding 
true disease-causing pathogens v. commensal organisms. This 
problem with specimen collection may reflect, too, the significant 
number of negative tests.

The results of this study question the validity of urine dipsticks 
or the method of reading the test. All urine dipsticks are performed 
in the ward and read by nursing or medical staff; this may call into 
question the reliability of the staff ’s performance and interpretation 
of the test. Formal urine sample tests are superior to urine dipsticks. [16] 
This study revealed that a negative urine dipstick does not rule out a 
urinary tract infection (UTI) and a positive urine dipstick does not 
confirm a UTI.

Blood tests such as WCC, CRP and PCT may be of more value in 
assessing response to treatment, rather than predicting the severity 
of sepsis. Relying on them to withhold or start antibiotic therapy is 
not prudent. The choice of whether to use antibiotic therapy or when 
to start treatment should rather be based on clinical judgement, as is 
invariably the case in the clinical environment in busy hospitals in 
South Africa, where empiric antibiotic use is most often implemented 
before laboratory test results have become available.

Routine CXRs are not justified unless a bacterial pneumonia is 
clinically suspected. This study is a poor example of when to use 
CXRs judiciously. CXRs were conducted in cases of generalised 
sepsis, upper respiratory tract infections, viral pneumonias and 
acute gastroenteritis, without supportive clinical signs of bacterial 
pneumonia.

If there is any concern for bacterial meningitis, then an LP is 
still mandatory. CSF Gram stain, bacterial antigen and culture 
are extremely useful markers to aid in diagnosis, whereas there 
is no consensus regarding CSF cell count and biochemistry in 
differentiating between viral and bacterial meningitis. The empiric 
use of antibiotics in this case should also be based on clinical 
judgment and not biomarker testing, until the results of the Gram 
stain, bacterial antigen and culture are available.
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This study was not without limitations. The small, possibly poorly 
representative sample size, with no control group and erratic 
sampling methods (owing to clinical discretion and cost constraints), 
reflects the large number of febrile children presenting to hospital 
with undocumented or low-grade fever. 

Conclusion
Fever or degree of fever does not predict severity of infection, nor source 
of infection, nor duration of hospitalisation. Elevated biomarkers 
(WCC, CRP, and PCT) are not related to duration of hospital stay; they 
do not predict positive culture results nor identification of significant 
organisms. Thus, WCC, CRP, and PCT were not shown to be effective 
in predicting SBIs in febrile children under 5 years of age. This study 
suggests that clinical suspicion of serious infection and appropriate 
action are as valuable as extensive testing.
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