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INTRODUCTION 
            
         Fever is the most common complaint with which most of the parents 

approach the Paediatricians with their children. Fever is defined as rectal 

temperature of more than or equal to 38◦C [100.4°F].42 Fever in the children 

aged 3months to 3 years has often been a topic of discussion for many decades. 

Most of the infections in this age group are viral in origin. The presence of 

bacteraemia in this age group has been debated extensively. This age group is 

often scrutinized since the advent of Hemophilus influenzae vaccine(Hib) and 

Pneumococcal conjugate vaccine(PCV) ,which was often postulated as most 

common isolates in this age group.2 The terms` bacteraemia', ‘sepsis’ and ‘ 

septic shock' are conceptually different which should be emphasized.  

Bacteraemia can be explained as presence of pathogenic bacteria in the 

blood stream or thegrowth of a pathogenic isolate in any blood sample 

collected under aseptic precautions. 

 The term sepsis, as defined by third international consensus definition, 

is life threatening organ dysfunction caused by a dysregulated host response to 

an infection. 48 

Septic shock can be defined as a subset of sepsis in which particularly 

predominant circulatory, cellular and metabolic abnormalities are associated 

with a greater risk of mortality than as sepsis alone. 48.  

Another entity called occult bacteraemia represents bacteraemia in the 

absence of an apparent focus of infection, in healthy well appearing febrile 



 
 
 
 

2 
 

children. Approximately no localising signs have been found in 30%of children 

presenting with fever in the age group of 3-36months.42 

        This bacteraemia can be seen in any children by any of the following 

ways. Either  

 This may be a transient phase in the beginning of illness with further 

deterioration of the illness during showering of bacteria or 

  It may be an asymptomatic phase  with destruction and clearing of 

bacteria and infection by immune mechanisms or 

 It may precede serious bacterial infection like meningitis, pneumonia, 

urinary tract infection, osteomyelitis, septic arthritis etc. or 

 It may precede serious illness like sepsis or septic shock. 

Hence detection of bacteraemia gains significance and has been chosen 

to be discussed in this study.  

Most cases of occult bacteraemia are considered to be due to infection 

caused by Streptococcus pneumoniae, Neisseria meningitides and Salmonella 

as described by Nelson. 42 Hemophilus influenzaetype B was also included in 

this category before the widespread Hib immunization coverage both in 

developing and developed nations. Even though the results of any bacteremic 

illness depend on host factors, pathogenicity and virulence of offending 

organism do play a role in the pattern of sequelae of infection.  

 As such, pneumococcal bacteraemia can be a transient state which 

resolves spontaneously or can persist in the same manner or can 
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progress to invasive serious localised infections like meningitis, purulent 

pericarditis, pneumonia, suppurative arthritis or osteomyelitis and so on. 

Spontaneous resolution can happen in 30-40% of such bacteraemia 

caused by pneumococcus, which is possible commonly in well 

appearing children.  

 Though the incident of bacteraemia caused byHemophilus 

influenzaetype B decreased after vaccination strategy, this bacteraemia 

when present are associated more commonly with serious localised 

source of infections like osteoarticularinfections,pericarditis, epiglottitis, 

meningitis and so on. And spontaneous resolution is not common in 

such bacteraemia induced by Hemophilus influenzaetype B 

 Salmonella infections are due to typable or non typable pathogens which 

may present more commonly as generalized rather than a focal 

infection. Documented bacteraemia rates in such infections are 1-5% 

with most organisms recovered from stool culture. 

 Although meningococcemia is rare, presence of such infection indicates 

high risk of mortality and morbidity since spontaneous resolution is not 

common. 

Thus, bacteraemia is a serious illness which needs to be evaluated earlier 

to prevent the sequelae of infection. Prevalence of such bacteraemia worldwide 

should be considered before determining it as a serious threat to the children. 
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Table 1: Prevalence of bacteraemia in febrile children 3-36 months in various 

studies reported globally  

S.No Author Year Place Type of study Sample 
size Prevalence 

1 Teach SJ et al 1995 USA Randomized 
controlled trial 6611 2.9% 

2 
 

Kuppermann 
MD et al 1996 USA 

Prospective 
observational 
study 

6579 2.5% 

3 Pulliam et al 2001 USA Prospective 
cohort study 77 6.5% 

4 Isaacman DJ et 
al 2002 England 

Prospective 
observational 
study 

256 1.1% 

5 Omolola et al 2002 Nigeria 
Prospective 
observational 
study 

102 38% 

6 Gilmak HL et al 2008 Turkey 
Prospective 
observational 
study 

377 4.4% 

7 Wilkinson et al 2008 Arizona Retrospective 
cohort study 8408 0.25% 

8 Kansaker et al 2010 Nepal 
Prospective 
observational 
study 

100 3.5% 

9 Brerran et al 2011 Italy Retrospective 
study 392 0.34% 

10 Jagerrouhi et al 2012 Iran Cross sectional 
study 112 14.3% 
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Prevalence among developed countries is reported to be less than 5% 

and more in developing countries. Prevalence in Indian population as indicated 

by studies include  

Table 2: Prevalence of bacteraemia in febrile children 3-36 months old in 

Indian population 

S.No Author Year Type of study 
Sample 

size 
Prevalence 

1 Kohli V et al 1992 
Exploratory 

prospective cohort 
100 19% 

2 Singhi S et al 1993 Prospective study 100 19% 

3 Jamuna et al 2000 Prospective study 100 4% 

4 Bang et al 2008 Prospective study 219 28.16% 

5 
Shammi Kumar 

Jain et al 
2015 

Prospective 

observational study 
84 50% 

6 
Shagunwalia et 

al 
2016 Cross sectional study 100 18% 

7 Sri Lakshmi et al 2017 Prospective study 100 9% 

8 Khurram et al 2018 Cross sectional study 100 26% 
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Thus, prevalence of bacteraemia in this group of febrile children 

indicates a major impact on the health of the children which further influence 

the emotional and economic constraints in the society  

   Evaluation of any such febrile children should include a suspicion for 

possible bacteraemia and the investigations should be focused depending on 

that. History should include 

1. Age -  Lower age at presentation may have significance in diagnosis of 

bacteremia.8 

2. Gender – Male gender has been found to have correlation with presence 

of bacteraemia 

3. Duration of fever – onset of fever and duration at presentation has often 

been studied as a predictor of bacteraemia. Shorter duration (<18hours) 

at presentation may indicate serious illness and longer duration (>3days) 

at presentation has been correlated with presence of bacteremia.5 

4. History of presenting illness- presence of coryza,cough, gastroenteritis, 

poor micturition, straining or crying during micturition and other history 

suggestive of any localised infection. It should also include danger signs 

like altered sensorium, difficulty in breathing, seizures, lethargy, 

incessant cry, refusal of feeds to exclude toxicity. 

5. History should be focussed on conditions to rule out 

immunocompromised states like congenital or acquired 

immunodeficiency states, malnourishment, malignancy, chronic steroid 
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use, chemotherapeutic drugs etc., where etiopathogenesis and 

management differs from previously healthy children.  

6. History to exclude presence of any chronic illness that would necessitate 

alteration in the standard management protocol. 

7. History regarding prior antibiotic usage. 

8. History to rule out chronic drug intake. 

9. Detailed immunisation history, with special mention about Hemophilus 

influenzaetype B vaccine and pneumococcal conjugate vaccine. 

10. Epidemiological history with similar illness in neighbourhood or family.     

Physical examination should focus primarily on ruling out toxic signs to 

avail emergency care. 

1) Vital signs including heart rate, respiratory rate, mental status, blood 

pressure and assessment of peripheral perfusion 

2) If no toxic signs, temperature to be documented. Higher 

temperatures at presentation are associated with higher risk of 

bacteraemia as suggested by many studies. 1,2,3,7,9 

3) Examination to rule out any focus of infection like ear discharge, 

joint swelling, presence of any typical rash, bulging fontanelle, 

presence of retractions, palpable organomegaly and so on. 

4) If no focus has been found in a non-toxic, well appearing febrile 

children, occult bacteraemia should be in suspicion and investigation 

should be proceeded to rule out such infection. 
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Accordingly, various guidelines have been recommended for 

approaching such children 39, 42 

 Toxic children to be hospitalised as soon as possible. 

 Well appearing child with temperature< 39◦C, reassurance and 

outpatient management is recommended and advised to follow up if any 

new signs or symptoms appear. 

 If documented temperature is>39◦C, non-toxic and no focal infection is 

apparent on clinical examination, immunization status has to be probed. 

 If the child is vaccinated completely, including both Hib and PCV 

vaccine, child should undergo complete urinalysis with urine culture and 

sensitivity. 

 If the vaccination status is unknown or incomplete, child can be 

hospitalized or managed as outpatient, depending on the practitioner, 

after taking blood cultures and urine culture. Antibiotics to be initiated if 

total leukocyte count exceeds 15,000/cu.mm or Absolute neutrophil 

count exceeds 1000/cu.mm 

This management and guidelines holds good for developed nations, 

whereas it is not possible in developing nations like India since,1,2,9,10,27,34,51 

 Bacteraemia rates in febrile children of this age group are more than 

15% documented in most of the studies conducted in India. 
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 Causative organisms differ entirely from those seen in the 

developed nations, with predominance of Gram negative 

bacteraemia. 

 Inadequate or unknown pneumococcal conjugate vaccine coverage. 

Hence there is no difference in bacteraemia rates in the pre or post 

pneumococcal vaccine era.  

This necessitates a different approach in managing febrile children 

belonging to the age group of 3-36 months in our nation. As such, screening 

tools are mandatory for early prediction of bacteraemia, which could prevent 

unwanted hospitalisation, inadvertent use of antibiotics in viral infections and 

unnecessary emotional and financial burden to the parents. Various parameters 

can be considered to be a part of this validation study.  

1) Yale observation scale 

There are criteria named Rochester criteria, Philadelphia protocol and 

Boston criteria in assessing young infants under the age of 3months. This YOS 

or Acute Illness Observational Scale (AIOS) is a simple, cost effective, easy to 

apply, clinical assessment tool, which is widely studied for its utility in 

assessing bacteraemia in 3-36months aged Children. This was originally 

described by McCarthy et al in 1987 in febrile children under the age of 

24months in Yale New haven hospital52. From then onwards various studies 

have been done to scrutinize its clinical utility. 

Yale scale consists of 6 parameters to be assessed with 3 possible 

variables for each parameter scoring as 1, 3 or 5. Scores range from minimum 
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of 6 to a maximum of 30. Age of the study group finds significance in this 

scale, since most of the parameters depends on neurological maturity of the 

child. 

Table 3: Yale Observation Scale 

S.no Parameter 
Mild impairment 

Score 1 

Moderate 
impairment 

Score 3 

Severe 
impairment 

Score 5 

1 
Quality  of 
cry 

Strong cry or no 
cry 

Whimpering or 
sobbing cry 

High pitched cry or 
weak cry or 
moaning 

2 
Reaction 
to parent 
stimulus 

Brief cry then 
stops or no cry 

On and off 
crying 

Crying persistently 

3 
State 
variation 

Stays awake or 
wakes up quickly 
if asleep 

Prolonged 
stimulation is 
required to 
awaken 

Falls asleep or no 
arousal 

4 Colour Pink extremities 
Pale or cyanotic 
extremities 

Mottled or pale or 
cyanotic body 

5 
Hydration 
status 

Normal skin and 
eyes with moist 
mucous 
membranes 

Mouth 
appearing dry 
slightly 

Sunken eyes or dry 
mucous membrane 
or doughy skin 

6 
Social 
response 

Alert or smiles 
Alerts briefly or 
smile briefly 

No smile or 
expressionless face 
or anxious or dull 
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Interpretation of scale: 

 Scores of less than 10 indicate no serious threat to the health of the 

infant or the child but monitoring is recommended to watch for danger 

signs. 

 A score of 10 signifies 2.7% incidence of serious illness in previous 

studies. 

 A score of 11-15 indicates increased probability of serious illness and 

incidence rate of such serious illness is 26%. 

 Score of more than or equal to 16 indicates a very high incidence of 

serious illness risk of 92.3%. 10,11,12 

Diagnostic validity of YOS scale:2, 6, 9,10,11,12,14,52,53. 

 Studies done by Bang et al., Kansaker et al., Thapaker et al.,Yilmaz et 

al.demonstrated YOS scores more than 10 to be a better predictor of 

bacteremia. 

 An Indian study done by Shagun walia et al proposed YOS scores cut 

off of 20 in ruling out bacteremia. 

 Studies done by Shammi kumar jain et al., and Teach J et al.reported no 

association between YOS and bacteremia. 

Other implications of YOS scale:53 

YOS scores > 20 can be used as a 

 Prognostic indicator for mortality 

 Marker to assess requirement for intubation and mechanical ventilation. 
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 A deciding factor for escalation of antibiotics which might indicate 

presence of drug resistant organisms. 

2. Total Leucocyte Count 

The total leucocyte count is one of the most widely studied laboratory 

parameter in bacteraemia. The risk of bacteraemia and occult pneumococcal 

bacteraemia has been found to increase proportionally with an increased total 

leucocyte count. Various randomized control trial studies, retrospective studies, 

prospective studies and various meta-analyses have been done and published 

regarding association between total leucocyte count and bacteraemia. Different 

inclusion and exclusion criteria, gender variation, age ranges, presence of other 

variables, various fever cut-offs were studied in various analyses. It has been 

observed that there is a consistent trend regarding fever in children aged 3-36 

months and a total leucocyte count of more than 15,000/cu mm with an 

increased risk for bacteraemia. Many young febrile children in this age group 

with increased total leucocyte counts may not have underlying bacterial 

infections as a single cause of fever at presentation. Hence, the primary aim of 

any screening criteria or any laboratory tests in evaluating the febrile infants 

and young children is to indicate which patients are at a low risk so that those 

febrile children can be treated conservatively on an outpatient basis without the 

need for starting antibiotic therapy. Thus, total leucocyte count has been 

validated to maximize sensitivity and negative predictive value in various 

studies. 
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Lee and Harper et al postulated that risk of bacteraemia increases 

proportionally with increase in total leucocyte count  indicated as, 0.5% when 

total leucocyte count is less than 15,000/cu mm to greater than 18%, when total 

leucocyte counts rise more than 30,000/cu.mm56 . Most of the other studies 

proposed cut off values for total leucocyte count to use as a predictor of 

bacteraemia rather than establishing correlation between risk of bacteraemia 

and rise in WBC count.  

Table 4: Proposed cut offs of WBC count for predicting bacteraemia 

S.No Author Year Proposed cut off 

1 Singhi et al 1992 15,000 /mm3 

2 Lee et al 1998 15,000/mm3 

3 Goombos et al 1998 15,000/mm3 

4 Jamuna et al 2000 15,000/mm3 

5 Isaacman et al 2000 14,300/mm3 

6 Pulliam et al 2001 15,000/mm3 

7 Isaacman et al 2002 17,000 /mm3 

8 Omolola et al 2002 15,000/mm3 

9 Goh et al 2006 16,000/mm3 

10 Khurram et al 2018 15,000/mm3 
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Total leucocyte counts may indicate presence of infection or 

inflammation, but neither an increased count rule in bacteraemia or normal 

counts rule out bacteraemia. Thus, no association have been found by various 

other studies done in parallel years 9,12, 15, 18,20,31,55. Further future studies in large 

scale are required to predict association between total leucocyte counts and 

bacteraemia.  

3. Absolute Neutrophil count 

Absolute neutrophil count is a measure of granulocytes or 

polymorphonuclear cells calculated as combined percentage of mature 

neutrophils or segmented neutrophils and band neutrophils or immature 

neutrophils, as studied from the peripheral blood smear report stained using 

Leishman stain. 

ANC=  % of Neutrophils+ % of Band  x Total leucocyte count 

                                        100 

                     = Absolute neutrophils + absolute bands 

ANC has also been evaluated as a screening predictor for bacteraemia, 

with the risk of bacteraemia increasing with increase in ANC. The 1993 

guidelines, before the widespread implementation of conjugate Hib vaccine 

recommended only WBC count as a screening tool for bacteraemia, whereas 

more recent studies and new guidelines recommend ANC values higher than 
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7000-10000/mm3 has favourable screening characteristics and can be used as a 

deciding factor for empirical antibiotic therapy.9,39,49,51,54  Studies also found 

that ROC curves for ANC are equal to or better than WBC count in 

determining bacteraemia. A study done by Isaacman et al in 2002 showed 

better utility of ANC than CRP alone and postulated that their combination has 

better predictive value in suspecting occult bacterial infections29.  The Absolute 

neutrophil Count has been related to children with risk of occult pneumococcal 

bacteraemia by Kuppermann et al as follows: 3 

 < 5,000/mm3 - 0% risk 

 5,000-9,000 /mm3- 1.4% risk 

 10,000-14,900 /mm3- 5.8%risk 

 > 15,000 /mm3- 12.2%risk 

In febrile children, the risk for bacteraemia increases proportionally with 

increasing Absolute Band Count (ABC).But no studies have proposed a 

defined cut-off for its utility as an indicator.ROC curve characteristics for ABC 

to be a predictor are poor comparing with those of ANC and total leucocyte 

count. Further any changes in ABC are not statistically significant as an 

important indicator when adjusting for other variables in the study. This 

concept has been proved by Gombos et al and hence that study suggested use 

of Absolute band count in calculating Absolute neutrophil count, which in turn 

has better predictive validity as a screening tool than total leucocyte count54. 

However, Gilmak et al in 2008 suggested a predictive model called RISK 
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score, based on ANC, ABC, Band ratio and other variables which was found to 

have better diagnostic validity.6 

4. Erythrocyte sedimentation rate 

Various studies have evaluated erythrocyte sedimentation rate (ESR) as 

an indicator of bacterial infection and presence of bacteraemia. Such studies, 

which were performed before widespread implementation of the Hib vaccine, 

found that ESR had a better predictive validity comparable to WBC count and 

other variables. 1,2However, no review articles or guidelines have 

recommended ESR as a predictor of bacteraemia. Many other studies have 

predicted negative association between bacteraemia and ESR12,16. Hence, ESR 

is not currently suggested as a screening test for determining bacteraemia in 

febrile children. 

5. Neutrophil lymphocyte ratio (NLR) 

NLR has been gaining interest in various studies as a prognostic 

indicator in recent decades. Neutrophil lymphocyte ratio is obtained by 

dividing Absolute neutrophil count by absolute lymphocyte count, which are 

easily available with automated analysers, though peripheral blood smear has 

been considered to be standard in visualising band forms. Normal Neutrophil 

lymphocyte ratio (NLR) reference value is 0.78-3.53 as mentioned in adults.46 

Neutrophilia and or lymphocytopenia leads to higher NLR ratios, which 

indicates ongoing systemic inflammation. Hence, it has been used as a 
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prognostic indicator of morbidity and mortality in various diseases like 

Ischemic heart disease, hepatobiliary malignancies, ovarian cell carcinoma, 

renal cell carcinoma, pediatric surgical cases like appendicitis, trauma, 

rheumatic illnesses, end stage renal disease and in various other diseases. 

Higher NLR values have been found to have increased risk of mortality in 

patients undergoing revascularisation procedures. Thus, NLR has a proven 

prognostic value and has been additionally studied for its role in bacteraemia, 

since it may signify inflammation caused by bacterial infection.  As such, 

various studies done so far, has reported better correlation with disease severity 

in sepsis16, 17, 19.  

A study done by Djordjevic et al postulated that NLR values can be used 

as better predictor of outcome in bacteremic adult patients21. Another study by 

Gurol et al recommended a cut off of >5 to consider it as a marker in suspected 

bacteremic individuals.20 Jager et al added lymphocytopenia with NLR as a 

better predictor of bacteraemia than other studied variables.15 Most of the 

studies are done in adults , which necessitates paediatric studies to extend its 

clinical utility in various diseases.  

6. Platelet indices 

As a part of Complete blood count, platelet indices like Platelet count, 

Mean platelet volume, Plateletcrit and Platelet distribution width can be 
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obtained easily and these tools are gaining interest as prognostic indicators in 

paediatric critical illnesses.  

Platelets are dynamic particles with different types of granules, primary 

function of which is considered as hemostasis. When stimulated by any injury, 

they alter their shape increasing its surface area thereby releasing its bio 

molecules contained in the granules. In addition to this known function, recent 

evidences have shown that platelets are also involved in wound healing, 

microbial defence mechanisms, angiogenesis, remodelling and other 

inflammatory processes and hence used as prognostic indicator of mortality in 

ST segment elevation Myocardial infarction, septic shock, cirrhotic patients 

and other critically ill patients.  In relation to bacteraemia, platelets have been 

shown to possess properties like: 

 Release of biomolecules that influence circulating immune cells (like 

interleukins, growth factors, CD40 ligands etc.) 

 Secretion of microbicidal proteins and proteins with antibacterial effects 

 Capability of forming reactive oxygen species, thereby taking part in 

oxidative burst process, helping in clearing of micro-organisms.  

 Mediation of leukocyte movement in response to infective organism to 

the targeted tissues through vessel wall58 

Platelet count has been found varying in sepsis. Both thrombocytopenia 

and thrombocytosis are documented in severe sepsis. MPV is the mode value 
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of measured volume of platelets. Activation of platelets or increased production 

rates leads to bigger sized young platelets which increase MPV. 

PDW indicates volume variability in platelets size and is a marker of 

platelet anisocytosis. Activated platelets leads to heterogeneity, which increases 

PDW values.PCT is defined as volume occupied by platelets in blood, which is 

maintained in equilibrium by regeneration and destruction of platelets. 

Thus, Yanxia Gao et al proved that MPV is next only to lactate as an 

early predictor of outcome in septic shock patients. Among all platelet indices, 

MPV was found to be more useful than others.22 

MPV/platelet count ratio was proposed as a significant indicator of 

predicting outcome and determining nature of bacteraemia in a study proposed 

by Djordjevic et al.21 

7. Red blood cell distribution width 

The erythrocyte distribution width (RDW) is defined as the coefficient 

of variation of RBC volume, which is a measure of anisocytosis or 

heterogeneity of RBC volume. It is calculated as ratio of 

                                     Standard deviation of RBC volume 

                                       Mean Corpuscular volume 
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           Apart from its routine use in differentiating anemia, RDW has its 

prognostic role in determining outcome in sepsis and other critical illnesses. 

Sepsis, in the first 24hours, induces changes in RBC parameters like decreased 

haematocrit, decreased haemoglobin and RBC count, with no specific change 

in Mean corpuscular volume. Detailed mechanisms are yet to be elucidated. 

But studies in animal models have shown that sepsis initiates oxidant stress and 

induces the formation of reactive oxygen species. This, in turn affects the RBC 

membrane proteins and cytoskeleton leading to increased rigidity of RBC with 

decreased erythrocyte deformability. Sepsis also affects 2, 3 

bisphosphoglycerate generation, in turn affecting oxygen binding capacity of 

Haemoglobin. Sepsis induced changes also has implications on the decreased 

RBC survival. Various studies have been done regarding its role in other 

disease states like diabetes, malignancy and cardiovascular illnesses. 60 

Thus, RDW is found to behave as a strong and independent risk factor 

for prognosticating mortality in sepsis and septic shock. Paediatric studies done 

in critically ill children have reported that elevated RDW values at the time of 

admission predicts the necessity for prolonged hospitalisation and length of 

PICU stay more than 7 days and mortality.24,25,26 

No studies have been done relating RDW and presence of bacteraemia. 

Since RDW is a simple and cost effective tool, validating such predictor is 

important in a developing nation like India. 
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8. CRP level 

CRP or C reactive protein is an acute phase reactant, synthesised in 

liver. In response to any stress like infection or inflammation, CRP values 

begin to rise in 4 to 6 hours, doubling every 8hours and starts to peak in 36 to 

50 hours after the onset of insult. This initial delay between the stress and CRP 

response has often been a debate and is often considered as the reason for 

preferring Total leucocyte count over CRP in early prediction of bacteraemia or 

severe bacterial infections. This was considered as the reason for not including 

CRP in 1993 guidelines and other guidelines that were proposed in later 

years.39, 42, 57CRP values, once increased, remain elevated till the ongoing 

infection or inflammation settles down, indicating the presence of tissue 

destruction. Hence, rising CRP values predict ongoing inflammation better than 

other variables when measured in serial assessment. Once the insult resolves, 

CRP values wane off rapidly, since it has shorter half-life of about 4 to 7 hours. 

This kinetics plays an important part in reconsidering the utility of CRP as a 

time based predictor from the fever onset. Various studies have reassessed CRP 

level as a screening tool for serious bacterial infection and bacteraemia and 

compared it with other laboratory parameters.7, 28,29,31,32,34,42,49 
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Table 5: Proposed cut offs of CRP values and their diagnostic validity in 

predicting bacteraemia 

S.No Author CRP cut off Diagnostic utility 

1 Isaacman DJ et al 4.4 
Sensitivity -63% 

Specificity -81% 

2 Srilakshmi et al 4.4 
Sensitivity -88.89% 

Specificity -67.03% 

3 Lacour et al 

<40 Likelihood ratio: 0.263 

>100 Likelihood ratio: 14.483 

4 Pulliam et al 7.0 
Sensitivity -79% 

Specificity -91% 

5 Kohli V et al 40 
Sensitivity -95% 

PPV-67% 

      Some studies have refined CRP values in terms of velocity as rise in 

CRP values over a period of time or defining CRP values from time of onset of 

fever, which further adds better diagnostic utility than either as CRP alone.30, 33. 

However, no association has been found between SBI or bacteraemia and CRP 

values in other studies12,16,18 

Possible screening tools: 

 Cytokines like Interleukin (IL-1, IL-6, and tumour necrosis factor-α 

(TNF-α) all found to increase in the serum and cerebrospinal fluid (CSF) 
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in both gram-negative and gram-positive sepsis and the levels increase 

proportionally with the severity of illness. Studies have shown that these 

levels also rise with bacteraemia ,suggesting a predictive role. But those 

have also revealed its inferior utility compared to other parameters, 

probably because of lack of sufficient studies and unknown cost 

effectiveness. Hence they are not recommended as routine screening 

laboratory studies for determining bacteraemia in febrile children31, 32 

 Procalcitonin is a prohormone of calcitonin, a hormone secreted from 

thyroid gland.  In studies, procalcitonin levels are found to increase 

rapidly, which begins approximately in 2-4hours, following exposure to 

bacterial endotoxin. This increase is more rapid and earlier compared to 

that seen in CRP levels, which takes 4 to 6 hours. Mechanisms of 

Procalcitonin as an acute phase reactant are unclear at molecular level. 

Procalcitonin levels are shown to be low in viral infections and systemic 

inflammatory diseases, whereas significant increase in procalcitonin 

values has been documented with bacterial infections and other super 

infections. This adds to clinical utility of procalcitonin as a significant 

indicator of bacteraemia. 

 Herawaty et al suggested a cut off of Procalcitonin values more than 

or equal to 2ng/ml in distinguishing bacterial and non-bacterial 

illness.59 
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 Lacour at al proposed clinical utility of Procalcitonin in diagnosing 

serious bacterial infections than widely studied other tools like WBC 

count, YOS scale and band count31 

 Barbara et al suggested clinical use of Procalcitonin equivocal to 

CRP in diagnosing serious bacterial infections, and is a better tool as 

an early marker of such infections.47 

 A review by Hsiao et al recommended use of CRP or Procalcitonin 

as significant indicators of serious bacterial infections than 

interleukins or other laboratory parameters.32 

Though it has been studied as a promising tool, it has been found to 

increase in non-infectious insults like acute tissue injury, burns, shock etc. 

which leads to false positive values 

Procalcitonin levels are often done in research laboratories, which 

question the feasibility and cost effectiveness of using Procalcitonin values as a 

screening tool in febrile children. 

 Urinary tract infection is one of the most common causes for 

bacteraemia without apparent focus in this age group of febrile children. 

Thus, urinalysis can avoid multiple punctures or unnecessary 

hospitalisation. Though it is easy to collect samples, this test is often 

recommended in girls of 1-3years and in uncircumcised boys under the 
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age of infancy. Hence, it is one of the diagnostic tests to detect urosepsis 

rather than a screening tool for bacteraemia. 

 Blood culture remains the gold standard for diagnosing bacteraemia. 

Either a conventional method of culture in different media can be 

followed or serological methods. Serological methods can have false 

positive or false negative values which needs confirmation by 

appropriate standard titres. Blood has to be collected in aseptic manner 

directly in any liquid media or other transport media which has to be 

incubated further in appropriate media. As the most common organisms 

are Streptococcus pneumoniae, Salmonella and Hemophilus influenzae, 

samples should be inoculated onto Nutrient agar, Chocolate agar and 

Macconkey agar, and depending on the growth, it has to be sub cultured 

onto appropriate selective media. Positive single growth of known 

pathogens are considered true positive, whereas known commensals or 

multiple organisms indicate presence of contaminants. Blood culture is 

incomplete without an antibiogram. The disadvantage is that, incubation 

period and time taken for the growth of organism varies depending on 

the organism isolated and the clinical scenario of the patient.  

 CSF analysis is done in suspected cases of meningitis.  There is an 

increased probability of meningitis in children who present as 

bacteraemia in early phase of illness. Hence this has to be considered 

while assessing such children. 
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 Chest x-ray cannot predict bacteraemia but can be used in suspected 

pneumonia cases which may present with bacteraemia.  

          Thus, a search for screening tools for early detection of bacteraemia is on 

a continuum since many decades and this includes a simple, feasible, easy to 

obtain, cost effective tool that can be useful in developing nations like India. 
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REVIEW OF LITERATURE 

Bacteraemia and serious bacterial infections in Children up to the age of 

3years has often been a topic of discussion for many decades. Various studies 

have been done in evaluating the predictors of serious bacterial infection and 

occult bacteraemia.  

 A Prospective cohort study carried out in India by Singhi et al in 1993 in 

100 children of 1-36months age group, proposed that Total leucocyte 

count more than or equal to 15,000/cu mm, ESR more than or equal to 

25mm and temperature more than 39°C has high specificity(100%, 97% 

and 95% respectively)but a poor sensitivity (26%,63% and 32% 

respectively) for diagnosis of bacteremia in this age group 1. The study 

reported prevalence of 10%culture positive, 9%seropositive bacteremia 

and 10% occult bacteremia. Staphylococcus aureus was isolated as the 

common pathogen in such bacteremic children. 

  Similar study conducted by Jamuna et al in 2000 in 100 febrile children 

of 3-36months age predicted Temperature more than 102°F,ESR more 

than or equal to 15mm/hour and Total leucocyte count more than or 

equal to 15000/cu mm, YOS more than or equal to 10 can be considered 

before initiation of antibiotics in such children. This study showed a 

result of 4 cases of Occult bacteremia of which Streptococcus pyogenes 

grew in 3cases and Hemophilus influenzae in 1sample 2.  
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  A further step was taken by Kuppermann et al in identifying predictors 

of Occult Pneumococcal bacteremia in febrile well appearing children of 

3-36months age with no apparent focus. This study showed a result of 

prevalence of Occult Pneumococcal bacteremia as 2.5% in the study 

population and identified age less than 2years, Absolute Neutrophil 

count more than or equal to 10,000/cu mm and Temperature more than 

or equal to 39℃ to be significant independent predictors of Occult 

pneumococcal bacteremia in this age group 3 . Multivariate analysis 

showed adjusted Odds ratio 1.15 for each1000cells/cu.mm increase in 

Absolute neutrophil count(95% CI1.06,1.25), adjusted Odds ratio 1.77 

for each 1◦C increase in temperature (95% CI 1.21,2.58) and Odds ratio 

2.43 for age younger than 2 years (95% CI1.11,5.34). 

  Rather than as independent predictors, Isaacman DJ et al proposed a 

logistic regression formula on the basis of temperature, gender and 

Absolute Neutrophil count and showed that the model derived from the 

formula provided a good predictive value for diagnosis of bacteremia in 

3-36 months aged febrile children as predicted by area under ROC curve 

(AUC for the derivation Vs validation set=0.8348 vs. 0.8221) 4. This 

study gains significance as it was done in large scale with 633 patients 

in derivation set and 9465 patients in validation set, of which 46 cases of 

bacteremia were reported in derivation set and 149 cases of bacteremia 

in validation set.  
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 Goh et al in 2006 conducted study among 86 children aged 3-36 months 

old,  presenting with fever without apparent focus of infection and 

proposed that duration of fever more than 3days during presentation to 

the physician increased the risk of serious bacterial infection by 3.8 

times (95% CI 1.1 to13.1) and total leucocyte count more than or equal 

to 16,000/cu mm increases risk of serious bacterial infection by 

6.9times(95% CI 1.7 to 28.4)5 .A combination of Total leucocyte count 

<16,000/cu.mm and duration of fever less than or equal to 3 days had a 

sensitivity of 1.0 (95% CI is 0.82 to 1.0) and a Negative predictive value 

of 1.0 (95% CI is 0.88 to 1.0) in ruling out serious bacterial infections. 

17 cases of serious bacterial infection were reported in this study of 

which 11cases were due to Urinary tract infection. 

 A prospective observational study conducted in Turkey among 

377febrile children aged 3-36months by Gilmak et al proposed the 

determination of RISK score with the parameters like Total leucocyte 

count, peripheral smear study which included percentage of neutrophils, 

percentage of band, Absolute neutrophil count(ANC), Absolute band 

count(ABC), Band neutrophil ratio(BNR) and Yale observation 

scale(YOS). The study concluded that when RISK score >2, sensitivity 

for detection of bacteremia is 93.8%,FP ratio of 35.8%, OR 26.2(95% 

CI is 3.4 to 200.8), MDR 0.066,Positive predictive value 10.6% and 

Negative predictive value of 99.5% and posterior probability value of 

10%6  . 4.4% samples were found to have bacteremia in this study. 
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   Further studies carried out in consecutive years in different countries 

added clinical variables as screening tools.  

 Bleeker et al in 2001 conducted study among 231febrile children aged 

1-36months and showed 25%prevalence of serious bacterial infection in 

the study population. The study also suggested  clinical parameters like 

temperature <36.7℃ or more than or equal to 40℃, presence of 

retractions, poor peripheral perfusion, fever duration at presentation, 

age, poor micturition ,presence of vomiting as significant predictors 

(ROC area 0.750) . Laboratory parameters like total leucocyte count, C 

reactive protein values and presence of >70WBC in urine (ROC area 

0.83) are suggested as independent laboratory predictors of serious 

bacterial infection. The risk stratification for presence of serious 

bacterial infections in such children ranged from 6% to 92%7.  

 Omolola et al proposed Total leucocyte count >15,000/cu mm, age 

6months and less and presence of restlessness on presentation  as 

significant risk factors for bacteremia in a study conducted among 102 

infants in Nigeria in 2002. All the three variables were associated with a 

3-6fold increase in the risk of bacteremia independently.  The 

variables,age of less than or equal to 6 months had Odds ratio 3.2, 

p=0.017; presence of restlessness: Odds ratio of 6.3, p value = 0.019; 

total leucocyte count >15,000/cu.mm: Odds ratio 5.4, p value = 0.024. 

The combination of variables was able to classify 70% of study 
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population into bacteremic and no bacteremic group 8.This study 

published 38% bacteremia in their study cohort. 

  Another prospective observational study conducted in 2015 in Bhopal 

by Shammi Kumar Jain et al suggested fever duration>3days (p = 

0.015), birth weight<2.5kg (p value=0.0052), underweight (p value 

=0.022), stunting ( p value=0.014), refusal of feed, presence of edema (p 

value =0.04), unknown or inadequate vaccine coverage ( p 

value=0.000458), neutrophil count >7000/mm 3 , presence of palpable 

organomegaly as important predictors of bacteremia whereas, no 

significant association was found between total leucocyte count, Yale 

observation scale and bacteremia . 84 children of 3-36months were 

enrolled of which 50% bacteremia was reported in this study 9.  

Among various predictors, Yale observation scale was studied 

extensively in various articles 2, 6, 9, 10-14.  

 A prospective study conducted by Bang et al among 219 children aged 

3-36months old in Maharashtra in 2008 suggested Yale observation 

scale score of more than 10 as reliable cutoff for suspecting bacteremia 

(Area under ROC curve0.9001). YOS score > 10 had Sensitivity of 

87.93%, Specificity of 83.78%,Positive predictive value of68.00%, 

Negative predictive value 94.66%, LR+ 5.42, LR-0.14,in predicting 

presence of occult bacteremia. This study reported a prevalence of 

bacteremia as 28.16% in the study population 10. .  
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 A cross sectional study done by Kansaker et al in 2010 in 100 children 

suggested the utility of YOS score less than or equal to 10 in ruling out 

non serious illness and the unreliability in predicting serious bacterial 

infection when the scores were more than 10 11 .This study reported a 

sensitivity of 45.45%, Specificity of 88.05%, Positive predictive value 

of 65.21% and Negative predictive value of 76.62%, when the YOS 

scores were > 10 in detecting serious bacterial infections. Serious 

bacterial infections were present in 33% of cases of which 3.5% 

bacteremic cases were reported in this study. 

 Another prospective cross sectional study done by Thapark et al in 2015 

in  100 children of same age group reported the usefulness of Yale 

observation scale score >10 in ruling out serious illness and score >16 in 

predicting poor outcome 12 . YOS >10 had sensitivity of 92.3%, 

Specificity of 44.2% ,Positive predictive value of 51.4% and Negative 

predictive value of 90% in determining intensive care requirement, 

measured as requirement of PICU admissions. A sensitivity of 100%, 

Specificity of 32.9%, Positive predictive value of 12.86% and Negative 

predictive value of 100% documented for YOS scores >10 in predicting 

clinical outcome. Negative results were reported regarding other 

parameters like CRP values, ESR, total leucocyte count, degree of 

temperature rise and bacteremia. 

 Jafarirouhi et al in 2012 assessed the diagnostic value of YOS and 

reported unreliability of YOS due to lack of specificity in determining 
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bacteremia. Sensitivity of 81%, Specificity of 71%, ,Positive predictive 

value of 32%, Negative predictive value of 96%, LR+ of 2.79 and LR- 

of 0.26 was obtained on analysis of diagnostic accuracy of YOS.13.  This 

was a cross sectional study conducted among 112 children in Iran and 

reported 14.3% bacteremia in the collected samples.  

 Another multicentered, large scale, prospective, randomized controlled 

trial conducted among 6611 children aged 3 months-3years by Teach J 

et al also reported inaccuracy of YOS scores in detecting bacteremia. 

The sensitivity, specificity, Positive predictive value and Negative 

predictive values for YOS scores >10 to signify bacteremia were 5.2%, 

96.7%, 4.5%and 97.1% respectively. The median YOS score was 6 for 

both groups, children with   bacteremia and no bacteremia, but the mean 

rank among bacteremic children was significantly higher.14.  

Next to total leukocyte count and neutrophil count, Neutrophil 

lymphocyte ratio has been investigated as a screening tool in the last 2decades 

15-21.  

 A retrospective study done by Jager et al in 92 gender and age matched 

adults concluded the use of Neutrophil lymphocyte ratio as better 

determiner of bacteremia compared to other laboratory parameters like 

CRP, WBC and Absolute neutrophil count as predicted by the area 

under ROC curve for NLR of 0.73 (95% CI 0.66 to 0.81) and 

lymphocyte count 0.73 (95% CI 0.66 to 0.81). Sensitivity of 77.2%, 

specificity of 63.0% , Positive predictive value of67.6% and Negative 
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predictive value of 73.4%  for NLR were highest among other 

parameters making it a better predictor of bacteremia in the study 

population.15.  

 Another study conducted by Han et al in 2015 predicted the better 

diagnostic value of Neutrophil lymphocyte ratio in detecting acute 

pyelonephritis with DMSA defect in young children with febrile UTI 

under the age of 3years as determined by area under ROC curve of 

0.713 for NLR (95% CI 0.654 to 0.771) and Odds ratio of 1.603(95% CI 

1.263 to 2.035) 16. This study gains importance as UTI is one of the most 

common causes of bacteremia and fever in this age group. This study 

was conducted among 298 febrile children under the age of 3years.  

 A positive correlation has been demonstrated between Neutrophil 

lymphocyte ratio and disease severity(Area under the curve of 0.695+/-

0.036 and unadjusted Odds ratio was 1.038 with 95% CI :1.008-1.070 ) 

in a prospective observational study conducted by Xuan Liu et al in 

2016 in 333 adult patients presented with septic shock 17 .  

 Another recent study conducted in Norway in 299 patients by Naess et 

al also suggested Neutrophil lymphocyte ratio as an important 

diagnostic marker in identifying septicemia 18. The study also 

demonstrated absence of correlation between other laboratory 

parameters like Total leucocyte count, Absolute neutrophil count, CRP 

values and bacteremia in the study population. 
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 When attempting to find normal values for NLR, Gurol et al in 2014 

proposed cutoff of >5 to be considered as a predictive marker for sepsis 

or bacteremia based on a study done in 701 adult patients in Turkey 20 .  

Among the studied variables, NLR had the highest sensitivity (57.8%), 

specificity (83.9%) and AUC (0.751) with 95% CI 0.713-0.786.  This 

study also showed a strong correlation between Procalcitonin levels, 

which is considered as a marker of bacteremia and Neutrophil 

lymphocyte ratio, compared to total leucocyte count and CRP.  

A further leap towards searching better tools explains the inclusion of 

platelet indices by various researchers 21, 22. . 

 A recent study conducted by Djordjevic et al in 392 adult patients 

suggested the use of Neutrophil lymphocyte ratio and Mean platelet 

volume as excellent independent indicators of poor outcome in 

bacteremic patients 21.  

 A retrospective cohort done by Yanxia Gao et al in 124 septic shock 

patients found all platelet indices to have statistically significant 

difference between survivor and non-survivor cohort 22. Among the 

platelet indices, MPV with the highest area under ROC curve (0.81) 

with a precision rate of 75.6% (at a cut off of 10.5) proved to be a better 

indicator second only to lactate. Plateletcrit and platelet values were 

found to be falling in the non-survivor group, whereas Platelet 

distribution width was found to be in rising values.  
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Red blood cell distribution width has been gaining interest for its novel 

utilities in various fields 23-26 .  

 Sadaka F et al showed RDW as a valuable independent indicator than 

either SOFA score or APACHE॥ score alone in assessing mortality 

among septic shock patients 23. 

 Ramby et al in 2015 did a study in 596 critically Ill pediatric patients 

and showed that elevated RDW values on day 1 of admission in 

pediatric intensive care units predict a worse outcome in critical illness, 

as measured by area under ROC curve was 0.61 (95% CI 0.56 to 0.66) 

in predicting length of stay more than 48hours and 0.65(95% CI 0.55 to 

0.75) for predicting mortality. This study also reported 78% risk of 

prolonged PICU stay more than 48hours and 12.9% risk of mortality, 

when cutoff values were more than 15.7% 24. 

  Similar study done in Iran by Hashemi et al in 304 pediatric patients 

proved that elevated RDW values are associated with prolonged ICU 

stay and necessity for mechanical ventilatory support 25 . 

  An Indian study done recently by Sachdev A et al in 101 patients 

produced similar results that persistently elevated RDW values with cut 

off >18.6% in serial measurements had sensitivity of 90.9%, specificity 

of 70.8%, Positive predictive value of 27.8%, Negative predictive value 

of 98.4% and area under curve was 0.83(95% CI 0.737 to 0.925) in 
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predicting length of stay more than 7days in ICU setup and with high 

mortality 26 . 

An acute phase reactant that is growing in its dimensions from the 

beginning is measurement of serum C reactive protein values 7, 12, 18, 24, 27-34.  

 Kohli V et al in 1992 postulated that serum C reactive protein values 

more than or equal to 40mg/dl had a sensitivity of 95% and positive 

predictive value of 67% in diagnosing bacteremia in 3-36months old 

aged febrile children based on a study done in 100 children. He showed 

a result of 19% bacteremia in this study and also concluded that serial 

falling values of C reactive protein is an important indicator of 

remission from illness earlier than the fall in temperature 27. 

  Another prospective cohort conducted by Pulliam et al in 2001 in 77 

patients of 1-36 months age group demonstrated that Quantitative C 

reactive protein value is a better tool (Beta =0.76, 95%CI :0.64 to 0.89 

in multivariate logistic regression and AUC of 0.905 with 95% CI 

:0.808 to 1.002 )for evaluating febrile children at risk of serious 

bacterial infection and occult bacteremia than other laboratory 

parameters and proposed a cut off of <5mg/dl with likelihood ratio 

0.087 (95% CI :0.002 to0.38) post test probability of SBI 1.9%, in ruling 

out such bacteremic illnesses 28 . The study also proved inaccuracy of 

clinical variables as screening tools.  

 Isaacman DJ et al in 2002 did a study among 256 febrile children aged 

3-36months and proposed the diagnostic utility of serum CRP values( 
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sensitivity of 63% and specificity of 81%) in detection of occult 

bacteremia with best cut off values >4.4mg/dl. The study compared 

other parameters like Total leucocyte count , absolute neutrophil count 

and predicted that CRP and Absolute neutrophil count in combination 

has better predictive value than either alone 29 . This study showed 

11.8% occult bacterial infection and 1.1% bacteremia in the studied 

population. 

  Yael paran et al in 2008 further refined that CRP velocity (CRPv) 

distinguishes bacterial and non-bacterial infection better than CRP alone 

(Area under the curve for CRP and CRPv were 0.783, 95% CI: 0.717 to 

0.850 and 0.871, 95% CI:0.817 to 0.924 respectively) based on a study 

conducted among 178 adult patients 30 . 

 Galetto lacour et al published a study conducted in 99 children aged 

1week -36months in Geneva which reported an occurrence of 29% 

serious bacterial infection in the study group and tools such as 

Procalcitonin and CRP values as better predictors of such serious 

bacterial infection than other biomarkers like interleukins or other 

laboratory values 31.  

 Similar results were published by Hsiao et al in a review article 

recommending CRP and Procalcitonin as useful indicators when used in 

combination rather than either alone 32.  

 Segal et al in 2014 conducted a prospective study in 373 patients and 

reported a prevalence of 28% serious bacterial infection. The study 
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proved that inclusion of time from fever onset in measuring serum CRP 

values identifies bacterial infection with better accuracy compared to 

untimed measurement of CRP values 33. 

 Another recent Indian study done by Srilakshmi et al in 2017 predicted 

CRP values with cut off >4.4mg /dl as better indicator with sensitivity of 

88.89%, specificity of 67.03%, likelihood ratio of 2.69%, Positive 

predictive value test 0.2105 and negative predictive value test 0.9839, 

for early detection of serious bacterial infection based on a study 

conducted in 100 febrile children under the age of 5years 34. This study 

reported 9% culture positive bacteremia in the study population. 

Though there were controversial results from various studies, a 

prospective study conducted in South Africa by Karsas et al in 2016 in 63 

febrile children under the age of 5 years, predicted lack of accuracy of 

biomarkers like CRP, Procalcitonin and Total leukocyte count in determining 

either the severity or source of infection or length of hospitalisation. 35 

Although incidence of bacteraemia among febrile children varies among 

various studies, its incidence has been decreasing in developed countries in the 

last 2 decades after the introduction of pneumococcal vaccine 35, 36 

 Herz et al in 2006 reported a fall of pneumococcal bacteremia by 

84% and overall bacteremia by 67% in a retrospective study 

conducted in Northern California among 3-36months aged febrile 

children in post pneumococcal vaccine era 36  
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 Wilkinson et al in 2008 reported the rate of occult bacteremia as 

0.25% among which prevalence of pneumococcal bacteremia was 

0.17% in a study conducted among 8408 well appearing febrile 

children belonging to the age group of 3-36months old. This study 

also recommended to avoid blood cultures in such children as it is 

not a cost effective tool in this post pneumococcal vaccine era. 37 

Accordingly guidelines and recommendations for management of febrile 

children of 3-36months age group presenting with no apparent focus of 

infection has been modified 38-42  

 Baraff et al in 1993 recommended all toxic children to be hospitalized. 

Nontoxic children with fever <39℃ need follow up via outpatient 

management. Nontoxic febrile children with temperature more than or 

equal to 39℃ with no apparent focus of infection and total leukocyte 

count >15,000 /mm 3  need blood cultures and urine cultures either after 

hospitalisation or as outpatient followed by initiation of antimicrobial 

therapy 38   

 Another review article by Kuzmanoics et al in 2006 recommended 

Absolute neutrophil count >7000/mm 3  as an additional requirement 

before taking cultures and initiation of antibiotics. The guidelines also 

suggest Yale observation scale as an initial screening tool for predicting 

risk of occult bacteremia in the age group 39  
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 A cost effectiveness analysis done by Lee et al in 2001 suggested the 

combination of Complete blood count ,selective blood cultures and 

initiation of antibiotics as a cost effective approach when the total 

leucocyte count is more than or equal to 15000/mm 3 and the rate of 

pneumococcal bacteremia is 1.5%. The study also recommended that it 

is not cost effective to use empiric testing and antibiotic therapy, when 

the rate of occult bacteremia decreases below 0.5% after usage of 

pneumococcal conjugate vaccine 40 

 A retrospective cohort done by Stoll et al in 2004 among 329 children 

reported 0.91% Occult bacteremia in their study population. Hence the 

study suggested that it is neither cost effective nor necessary to perform 

routine WBC count or cultures in such febrile healthy well appearing 

children with no apparent source of infection, who have received at least 

1 dose of Pneumococcal conjugate vaccine 41 
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AIMS AND OBJECTIVES 

The aim of this study is to validate the screening tools for early 

prediction of bacteraemia in febrile children of 3-36months old.  

Primary Objective 

To determine the diagnostic accuracy of screening tools (1clinical tool 

and 9laboratory tools -Yale observation scale, Total leucocyte count, 

Neutrophil lymphocyte ratio, Absolute neutrophil count, Platelet count, Mean  

Platelet volume, Platelet distribution width, Plateletcrit, Red blood cell 

distribution width, Quantitative serum C reactive protein values) for early 

prediction of bacteraemia in febrile children aged 3-36months. 

 
Secondary Objective –  

To provide data on the prevalence of occult bacteraemia in febrile 

children aged 3-36months 
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STUDY JUSTIFICATION 

Early prediction of bacteraemia may be useful: 

1.  To reduce the unnecessary use of oral or IV antibiotics in viral 

infections, this may reduce the overgrowing burden of antibiotic 

resistance. 

2.  Early prediction results in earlier intervention which may reduce the 

complications, decreases the hospitalisation rate and duration thereby 

reducing the morbidity and mortality.  

3.  Using simple, cost effective screening tools for early prediction avoids 

unwanted hospitalisation, reducing the financial and emotional burden 

to the parents and the society. 
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METHODOLOGY: 

 Study design 

Validation of diagnostic tool 

 Study setting- 

Institute Of Child Health and Hospital for Children, Egmore 

 Study period 

January 2018 to August 2018. 

 Study population-  

Inclusion criteria- 

All febrile children aged 3-36months admitted as inpatients with 

documented temperature >38°C (100.4°F) 

Exclusion criteria- 

1.  Children treated with antibiotics with in preceding 7days 

2.  Children received immunisation within preceding 48hours 

3.  Children with immunodeficiency condition or currently on 

immunosuppressive medication  

4.  Children with chronic illness that would be altering the standard 

approach to fever 

5.  Children with catheter in situ (CVP catheter, uro catheter etc.)  

6.  Legal guardian unable to give consent  
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Sample size 

    Sample size- 200 children (assuming bacteraemia is 20% in our 

laboratory among total hospital population and by comparing prevalence data 

and sample size in previous Indian studies.) 

Operational definitions: 

 Bacteremia refers to the positive blood culture in the collected study 

samples. It refers to the presence of any pathogenic bacteria in the 

absence of contamination. 

 Occult bacteremia refers to positive blood culture in the absence of 

clinical suspicion of any serious illness in well appearing children. 

 Contamination will be ruled out when more than 2 organisms were 

present in the same culture or isolation of common contaminants like 

Coagulase negative Staphylococci, Bacillus species , Micrococcus, 

Propionibacterium acnes etc. 43  

   STUDY MANOEUVRE:  

        200 admitted patients of age 3 -36 months old who satisfied the 

inclusion criteria were subjected to study after obtaining written informed 

consent from their parents. Temperature was documented at presentation 

followed by application of Yale observation scale. YOS scores were assigned 

by 2 different doctors independently in order to minimise observer bias and this 

was followed by detailed history taking and clinical examination. Blood 

samples were collected for required tests and additional 3ml of venous blood 
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collected for blood culture. Complete blood count providing Total leukocyte 

count, platelet count and other values was calculated using automated analyser. 

 Reference values for normal total leucocyte count include 6000-

14000/mm 3 in the age of 3months-2years and 4000-12000/mm 3 when the age 

>2years.  

Normal values for platelet count include 1.5 -4lakhs /mm 3. . 42  

Absolute neutrophil count calculated depending on presence of 

neutrophils and band seen in the Peripheral blood smear study. Neutrophil 

lymphocyte ratio calculated by dividing Absolute neutrophil count by Absolute 

lymphocyte count derived from peripheral smear study. Platelet indices like 

Mean Platelet volume, Platelet distribution width, Plateletcrit were obtained 

from automated analysers.  

Red blood cell distribution width was obtained as a part of complete 

blood count. RDW was calculated as Coefficient of Variation of RBC divided 

by mean MCV (Mean Corpuscular Volume). Normal value for RDW is 

<14.5%. 

Serum C reactive protein values were measured quantitatively once at 

the time of presentation.  

3ml of blood collected under aseptic precautions in Brain Heart Infusion 

broth culture bottles. Samples were inoculated in blood agar, Macconkey agar 

and chocolate agar and subjected to Gram stain and other chemical tests. 

Positive Blood cultures reported by the microbiologist were considered as 

reference standard for a diagnosis of bacteraemia. 
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Age, gender variables, duration of fever, clinical features and values of 

all performed laboratory parameters were entered in excel sheet and further 

subjected to statistical analysis. To validate the diagnostic accuracy, every 

screening tool was given a ROC curve followed by determination of sensitivity, 

specificity, predictive values and likelihood ratios. In addition, prevalence of 

occult bacteraemia in the study population was calculated. 

 

ETHICAL CONSIDERATIONS 

 The study was commenced after obtaining ethical committee clearance. 

Informed consent was obtained from parent. Strict confidentiality was 

maintained while analysing and presenting the data. 
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STATISTICAL METHODS 

Bacteraemia was considered as primary outcome. Various screening 

parameters, including YOS score, Total count, NLR, ANC score, Platelet 

count, CRP etc. were considered an explanatory.  Descriptive analysis was 

carried out by mean and standard deviation for quantitative variables, 

frequency and proportion for categorical variables. Data was also represented 

using appropriate diagrams like bar diagram, pie diagram.  

The predictive validity of various explanatory parameters was assessed 

by Receiver Operative curve (ROC) analysis. Area under the ROC curve along 

with its 95% CI and p value are presented. AUC value above 0.7 was 

considered as good predictive validity. For parameters showing good predictive 

validity, appropriate cut off values were identified, based on co-ordinates of the 

ROC curve. The sensitivity, specificity, predictive values and diagnostic 

accuracy of the explanatory parameters with the decided cut off values along 

with their 95% CI were presented. P value < 0.05 was considered statistically 

significant. IBM SPSS version 22 was used for statistical analysis 
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OBSERVATION AND RESULTS 

 

A total of 200 subjects were included in the final analysis 

 
Table 6: Descriptive analysis for Age (months) in study population (N= 200) 

 

 Parameter 
Mean 

±STD 
Median Min Max 

95% C.I. for EXP(B) 

Lower Upper 

Age(months) 
17.96 ± 

9.43 
17.00 4.00 36.00 16.64 19.27 

 

 

The median age of presentation was 17months. 
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Table 7: Descriptive analysis of gender in study population (N=200)  

 

Gender Frequency Percentage 

Female 77 38.50% 

Male 123 61.50% 

 

Among the study population, 77 (38.50%) participants were female and 

remaining 123 (61.50%) were Males.  

Figure 1: Pie chart of gender in the study population (N=200) 
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Table 8: Descriptive analysis of bacteraemia in study population (N=200) 

     

Bacteremia Frequency Percentage 

Yes 29 14.50% 

No 171 85.50% 

 
Bacteraemia was present in 29 (14.50%) of the study population 

Figure 2: Pie chart of bacteraemia in study population (N=200) 
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Table 9: Descriptive analysis of blood culture report in study population 

(N=200) 

 

Blood culture report Frequency Percent 

No bacteraemia 171 85.50% 

Klebsiella sp 8 4.00% 

E.coli 6 3.00% 

MRSA 5 2.50% 

Pseudomonas sp 4 2.00% 

Staphylococcus aureus 4 2.00% 

Pneumococcus 1 0.50% 

Streptococcus pyogenes 1 0.50% 

 
The most common organism responsible for bacteremia was Klebsiella 

Sp in 8(4.00%) subjects. The other most common organisms were E.coli in 

6(3.0%) MRSA in 5 (2.5%) subjects, Staphylococcus aureus and Pseudomonas 

were responsible for 4 (2%) cases each. Pneumococcus and Streptococcus 

pyogenes account for 1 case (0.50%) each. 
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Table 10: Descriptive analysis of organisms in positive blood culture 
 

Blood culture organism Percent 

Klebsiella 27.58% 

E.coli 20.68% 

MRSA 17.24% 

Pseudomonas 13.79% 

Staphylococcus aureus 13.79% 

Streptococcus pneumoniae 3.44% 

Streptococcus pyogenes 3.33% 

 
Figure 3: Chart showing organisms in positive blood culture 
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Table 11: Descriptive analysis of organisms in occult bacteraemia 

Organism Percent 
Klebsiella 22.22% 

E.coli 22.22% 

MRSA 16.67% 

Staphylococcus aureus 16.67% 

Pseudomonas 11.11% 

Streptococcus pneumoniae 5.5% 

Streptococcus pyogenes 5.5% 
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Figure 4: Pie chart showing organisms present in occult bacteremia 
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Table 12: Descriptive analysis of clinical presentation in bacteraemia 

 

Clinical presentation No. Of cases Percent 

Pneumonia 6 20.68% 

Urosepsis 3 10.34% 

Acute gastroenteritis 2 6.8% 

No focus (Occult bacteremia) 18 62.07% 

 

Figure 5: Pie chart showing clinical scenario in bacteraemia cases 
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Figure 6: Receiver operating curve Analysis to assess predictive validity of 

YOS score in predicting bacteremia 
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YOS score had very poor predictive validity in predicting bacteraemia 

as indicated by area Under the ROC curve (AUC =0.576, 95% CI 0.462 to 

0.691, P value = 0.190) 

 

 

 

Area Under the Curve 

Test Result Variable(s):   YOS   

Area Std. Errora P value 

Asymptotic 95% Confidence 

Interval 

Lower Bound Upper Bound 

.576 .058 .190 .462 .691 

The test result variable(s): YOS has at least one tie between the positive actual 

state group and the negative actual state group.  

a. Under the nonparametric assumption 

b. Null hypothesis: true area = 0.5 
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Figure 7: Receiver operating curve Analysis to assess predictive validity of 

Total Leucocyte count score in predicting bacteremia 
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Area Under the Curve 

Test Result Variable(s):   Total leucocyte count 

Area Std. Errora P Value 

Asymptotic 95% Confidence 

Interval 

Lower Bound Upper Bound 

.825 .047 .000 .732 .917 

The test result variable(s): Total count has at least one tie between the positive 

actual state group and the negative actual state group.  

a. Under the nonparametric assumption 

b. Null hypothesis: true area = 0.5 

 

Total leucocyte Count Score had good predictive validity in predicting 

bacteraemia as indicated by area Under the ROC curve (AUC =0.825, 95% CI 

0.732 to 0.917, P value = <0.0001). 
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Table 13: Association between Total Count category and bacteraemia among 

study population (200) 

 

Total count 
Bacteraemia 

Chi square P value 
Yes (N=29) No (N=171) 

High (≥10000) 24 (82.76%) 84 (49.12%) 
11.293 <0.001 

Low (<10000) 5 (17.24%) 87 (50.88%) 

 

 

Among 21 subjects with bacteremia,24 (82.76%) had high Total count 

and this proportion was 49.12% among children without bacteremia. The 

difference was statistically significant ( P value < 0.001). (table 15) 
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Table14: Predictive validity of Total count in predicting bacteraemia (N=200) 

 

High total count ( > 10,000) had a sensitivity of 82.76%and specificity 

of 50.88% in predicting bacteremia. The positivie and negative predictive 

values were 22.22% and 94.57%. The overall diagnostic accuracy was 

55.50%.The positive and negative likelihood ratios were 1.68 and 0.34 

respectively. The 95% confidence intervals of all the reported parameters are 

mentioned in table 14. 

 

Parameter Value 
95% CI 

Lower Upper 

Sensitivity 82.76% 64.23% 94.15% 

Specificity 50.88% 43.13% 58.59% 

False positive rate 49.12% 41.41% 56.87% 

False negative rate 17.24% 5.85% 35.77% 

Positive predictive value 22.22% 14.79% 31.24% 

Negative predictive value 94.57% 87.77% 98.21% 

Diagnostic accuracy 55.50% 48.32% 62.51% 

Positive likelihood ratio 1.68 1.08 3.79 

Negative likelihood ratio 0.34 0.01 0.762 
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Figure 8: Receiver operating curve Analysis to assess predictive validity of 

NLR score in predicting bacteremia 
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Area Under the Curve 

Test Result Variable(s):   NLR 

Area Std. Errora P Value 

Asymptotic 95% Confidence 

Interval 

Lower Bound Upper Bound 

.898 .033 .000 .834 .963 

The test result variable(s): NLR has at least one tie between the positive actual 

state group and the negative actual state group.  

a. Under the nonparametric assumption 

b. Null hypothesis: true area = 0.5 

 
NLR score had good predictive validity in predicting bacteraemia as 

indicated by area Under the ROC curve (AUC =0.898, 95% CI 0.834 to 0.963, 

P value = <0.0001) 

 
Table 15: Association between NLR category and bacteraemia among study 

population (n=200) 

 

NLR group 
Bacteraemia Chi 

square P value 
Yes No 

High (1.45 & Above) 24 (82.76%) 35 (20.47%) 
46.259 <0.001 

Low (Below 1.45) 5 (17.24%) 136 
(79.53%) 



 
 
 
 

65 
 

 

Table 16: Predictive validity of NLR in predicting bacteraemia (N=200) 

 

Parameter Value 
95% CI 

Lower Upper 

Sensitivity 82.76% 64.23% 94.15% 

Specificity 79.53% 72.70% 85.31% 

False positive rate 20.47% 14.69% 27.30% 

False negative rate 17.24% 5.85% 35.77% 

Positive predictive value 40.68% 28.07% 54.25% 

Negative predictive value 96.45% 91.92% 98.84% 

Diagnostic accuracy 80.00% 73.78% 85.31% 

Positive likelihood ratio 4.04 1.8 9.008 

Negative likelihood ratio 0.22 0.02 0.483 

 

 
High NLR(1.45 &above) had a sensitivity of 82.76%and specificity of 

79.53% in predicting bacteremia. The positivie and negative predictive values 

were 40.68% and 96.45%. The overall diagnostic accuracy was 80%.The 

positive and negative likelihood ratios were 4.04 and 0.22 respectively. The 

95% confidence intervals of all the reported parameters are mentioned in table 

16.  
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Figure 9: Receiver operating curve Analysis to assess predictive validity of 

ANC score in predicting bacteremia 
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Area Under the Curve 

Test Result Variable(s):   ANC 

Area Std. Errora P Value 

Asymptotic 95% Confidence 
Interval 

Lower Bound Upper Bound 

.964 .022 .000 .921 1.000 

The test result variable(s): ANC has at least one tie between the positive 
actual state group and the negative actual state group.  

a. Under the nonparametric assumption 

b. Null hypothesis: true area = 0.5 

 

ANC score had good predictive validity in predicting bacteremia as 

indicated by area Under the ROC curve (AUC =0.964, 95% CI 0.921 to 1.000, 

P value = <0.0001) 

 
Table 17: Association between ANC category and bacteraemia among study 

population (n=200) 

ANC group 
NEC Chi 

square P value 
Yes No 

High (5895 & Above) 27 (93.1%) 10 (5.85%) 
125.205 <0.001 

Low (Below 5895) 2 (6.9%) 161 
(94.15%) 
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Table 18: Predictive validity of ANC in predicting bacteraemia (N=200) 

 

Parameter Value 
95% CI 

Lower Upper 

Sensitivity 93.10% 77.23% 99.15% 

Specificity 94.15% 89.51% 97.16% 

False positive rate 5.85% 2.84% 10.49% 

False negative rate 6.90% 0.85% 22.77% 

Positive predictive value 72.97% 55.88% 86.21% 

Negative predictive value 98.77% 95.64% 99.85% 

Diagnostic accuracy 94.00% 89.75% 96.86% 

Positive likelihood ratio 15.92 3.49 60.667 

Negative likelihood ratio 0.07 0.01 0.279 

 

 High ANC (5895&above) had a sensitivity of 93.10% and specificity of 

94.15% in predicting bacteremia. The positivie and negative predictive values 

were 72.97% and 98.77%. The overall diagnostic accuracy was 94%.The 

positive and negative likelihood ratios were 15.92 and 0.07 respectively. The 

95% confidence intervals of all the reported parameters are mentioned in table 

18.  
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Figure 10: Receiver operating curve Analysis to assess predictive validity 

of Platelet (Lakhs) score in predicting bacteremia 
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Area Under the Curve 

Test Result Variable(s):   Platelet(lakhs) 

Area Std. Errora P Value 

Asymptotic 95% Confidence 

Interval 

Lower Bound Upper Bound 

.559 .071 .312 .420 .698 

The test result variable(s): Platelet value has at least one tie between the 

positive actual state group and the negative actual state group.  

a. Under the nonparametric assumption 

b. Null hypothesis: true area = 0.5 

 

Platelet score had a poor predictive validity in predicting bacteraemia as 

indicated by area Under the ROC curve (AUC =0.559, 95% CI 0.420 to 0.698, 

P value = 0.312) 
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Figure 11: Receiver operating curve Analysis to assess predictive validity of 

Mean Platelet Volume (fl) score in predicting bacteremia 
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Area Under the Curve 

Test Result Variable(s):   MPV(fl) 

Area Std. Errora P Value 

Asymptotic 95% Confidence 

Interval 

Lower Bound Upper Bound 

.470 .059 .611 .354 .587 

The test result variable(s): Mean Platelet Volume (fl) has at least one tie 

between the positive actual state group and the negative actual state group.  

a. Under the nonparametric assumption 

b. Null hypothesis: true area = 0.5 

 

Mean Platelet Volume (fl) score had poor predictive validity in 

predicting bacteraemia as indicated by area Under the ROC curve (AUC 

=0.470, 95% CI 0.354 to 0.587, P value = 0.611) 
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Figure 12: Receiver operating curve Analysis to assess predictive validity of 

Plateletcrit (%) score in predicting bacteremia 
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Area Under the Curve 

Test Result Variable(s):   Plateletcrit (%) 

Area Std. Errora P Value 

Asymptotic 95% Confidence 

Interval 

Lower Bound Upper Bound 

.398 .062 .079 .276 .520 

The test result variable(s): Plateletcrit (%) has at least one tie between the 

positive actual state group and the negative actual state group.  

a. Under the nonparametric assumption 

b. Null hypothesis: true area = 0.5 

 

Plateletcrit (%) score had poor predictive validity in predicting 

bacteraemia as indicated by area Under the ROC curve (AUC =0.398, 95% CI 

0.276 to 0.520, P value = 0.079) 
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Figure 13: Receiver operating curve Analysis to assess predictive validity of 

Platelet Distribution Width (%) score in predicting bacteremia 
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Area Under the Curve 

Test Result Variable(s):   PDW (%) 

Area Std. Errora P Value 

Asymptotic 95% Confidence 

Interval 

Lower Bound Upper Bound 

.392 .052 .064 .291 .494 

The test result variable(s): Platelet Distribution Width (%) has at least one tie 

between the positive actual state group and the negative actual state group.  

a. Under the nonparametric assumption 

b. Null hypothesis: true area = 0.5 

 

Platelet Distribution Width (%) score had poor predictive validity in 

predicting bacteraemia as indicated by area Under the ROC curve (AUC 

=0.392, 95% CI 0.291 to 0.494, P value = 0.064) 
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Figure 14: Receiver operating curve Analysis to assess predictive validity of 

RDW score in predicting bacteremia 
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Area Under the Curve 

Test Result Variable(s):   RDW 

Area Std. Errora P Value 

Asymptotic 95% Confidence 

Interval 

Lower Bound Upper Bound 

.892 .042 .000 .810 .974 

The test result variable(s): RDW has at least one tie between the positive 

actual state group and the negative actual state group.  

a. Under the nonparametric assumption 

b. Null hypothesis: true area = 0.5 

 
RDW score had a good predictive validity in predicting bacteraemia as 

indicated by area Under the ROC curve (AUC =0.892, 95% CI 0.810 to 0.974, 

P value = <0.0001) 

 
Table 19: Association between RDW category and bacteraemia among 

study population (n=200) 

RDW group 
Bacteraemia Chi 

square 
P value 

Yes No 

High (14.55 & Above) 25 (86.21%) 22 (12.87%) 

74.188 <0.001 
Low (Below 14.55) 4 (13.79%) 

149 

(87.13%) 
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Table 20: Predictive validity of RDW in predicting bacteraemia (N=200) 

 

Parameter Value 
95% CI 

Lower Upper 

Sensitivity 86.21% 68.34% 96.11% 

Specificity 87.13% 81.17% 91.76% 

False positive rate 12.87% 8.24% 18.83% 

False negative rate 13.79% 3.89% 31.66% 

Positive predictive value 53.19% 38.08% 67.89% 

Negative predictive value 97.39% 93.44% 99.28% 

Diagnostic accuracy 87.00% 81.53% 91.33% 

Positive likelihood ratio 6.70 2.39 16.675 

Negative likelihood ratio 0.16 0.02 0.394 

 

 

High RDW(14.55 &above) had a sensitivity of 86.21% and specificity 

of 87.13% in predicting bacteremia. The positivie and negative predictive 

values were 53.19% and 97.39%. The overall diagnostic accuracy was 

814%.The positive and negative likelihood ratios were 6.70 and 0.16 

respectively. The 95% confidence intervals of all the reported parameters are 

mentioned in table 20.  
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Figure 15: Receiver operating curve Analysis to assess predictive validity of 

CRP score in predicting bacteremia 
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Area Under the Curve 

Test Result Variable(s):   CRP(mg/dl) 

Area Std. Errora P Value 

Asymptotic 95% Confidence 

Interval 

Lower Bound Upper Bound 

.863 .045 .000 .775 .951 

The test result variable(s): CRP (mg/dl) has at least one tie between the 

positive actual state group and the negative actual state group. 

a. Under the nonparametric assumption 

b. Null hypothesis: true area = 0.5 

 

CRP score had a good predictive validity in predicting bacteraemia as 

indicated by area Under the ROC curve (AUC =0.863, 95% CI 0.775 to 0.951, 

P value = <0.0001) 

Table 21: Association between CRP category and bacteraemia among study 

population (n=200) 

 

CRP group 
Bacteraemia Chi 

square 
P value 

Yes No 

High (8.0 & Above) 25 (86.21%) 30 (17.54%) 

58.633 <0.001 
Low (Below 8.0) 4 (13.79%) 141 

(82.46%) 
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Table 22: Predictive validity of CRP in predicting bacteraemia (N=200) 

 

Parameter Value 
95% CI 

Lower Upper 

Sensitivity 86.21% 68.34% 96.11% 

Specificity 82.46% 75.91% 87.84% 

False positive rate 17.54% 12.16% 24.09% 

False negative rate 13.79% 3.89% 31.66% 

Positive predictive value 45.45% 31.97% 59.45% 

Negative predictive value 97.24% 93.09% 99.24% 

Diagnostic accuracy 83.00% 77.06% 87.93% 

Positive likelihood ratio 4.91 2.07 12.238 

Negative likelihood ratio 0.17 0.02 0.417 

 

High CRP (8.0 & above) had a sensitivity of 86.21% and specificity of 

82.46% in predicting bacteremia. The positivie and negative predictive values 

were 45.45% and 97.24%. The overall diagnostic accuracy was 83%.The 

positive and negative likelihood ratios were 4.91 and 0.17 respectively. The 

95% confidence intervals of all the reported parameters are mentioned in table 

22. 
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DISCUSSION 

 The median age of presentation in the study population is 17 months 

(17.96+/-9.43) with minimum age of presentation from 4 months to 

maximum of 36 months. Age is distributed randomly in the study 

population with no correlation with the results. 

 Regarding gender wise distribution, 61.50% of study populations are 

males. Accordingly, maximum number of bacteremia positive samples 

was obtained from male gender. 

 Among the study population, 30cases were found to have grown 

organisms, of which 29 samples were bacteremic and 1sample grew a 

contaminant (Coagulase negative Staphylococci). This contaminant was 

taken as a negative result and included in the category of No growth. 

Thus, positive samples showing growth of any pathogenic bacteria 

comprises 14.50% (n=29) of study population (n=200). This seems 

controversial to the studies that resulted less than 5% 6, 36, 37.  These 

studies were done in developed countries where PCV and Hib 

vaccination coverage are more than 90%. This needs attention since 

Hemophilus influenzae and Streptococcus pneumoniae were found as 

common isolates in most cases of occult bacteremia in the pre 

vaccination era 2, 28, 36. Meanwhile, studies published in developing 

countries reported a high incidence of bacteremia cases(9% by 

Srilakshmi et al,14.3% by Jafarirouhi et al ,28.16% by Bang et al ,38% 

by Omolola et al ,50% by Shammi Kumar Jain et al)  8,9,10,13,27,34 . The 
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presence of 14.5% bacteremia in this study population matches the 

incidence present in an Iranian study done by Jafari et al.  

 Prevalence of occult bacteremia is 62.07% among the bacteremia group 

and 9% among the total study population. This implies 18 cases of 

febrile children presented without apparent focus on clinical 

examination. Among the 18 cases of occult bacteremia , Klebsiella was 

the causative for 4 cases of OB (22.22%), Escherichia coli seen in 4 

cases (22.22%), MRSA accounted for 3 cases (16.67%), Staphylococcus 

aureus was seen in 3 cases (16.67%),  Pseudomonas was present In 2 

samples (11.11%), Streptococcus pneumoniae was seen in 1 sample 

(5.5%), Streptococcus pyogenes was present in 1 sample (5.5%)  

 Of the remaining 11 cases, Urosepsis was present in 3 cases (27.27%), 

Pneumonia was seen in 6 children (54.54%) and Acute Gastroenteritis 

was present in 2children (18.18%). Of the 3cases of urosepsis, 

Klebsiella accounted for 2 cases and Staphylococcus aureus accounted 

for 1caseof bacteremia. Among 6 cases of Pneumonia resulting in 

bacteremia, MRSA constituted 2 cases, Pseudomonas accounted for 

2cases, Klebsiella was seen in 1 case and Escherichia coli accounted for 

1 case. Escherichia coli was seen in 1 case and Klebsiella was present in 

1 case of acute gastroenteritis resulting in bacteremia. 

 Among 29 culture positive samples, Klebsiella sp was found in 8 

samples (27.58%), Escherichia coli in 6 samples (20.68%), 

MRSA(Methicillin Resistant Staphylococcus aureus) in 5 samples 
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(17.24%), Pseudomonas sp in 4 cases (13.79%) Staphylococcus aureus 

in 4 cases (13.79%), Streptococcus pneumoniae in 1 sample (3.44%) 

and Streptococcus pyogenes in 1 sample (3.44%). The rate of 

contamination was 3.33% (1 sample) 

 As such Gram negative bacteremia constitutes 18 culture positive 

samples (62.06%) and gram positive organisms constitute 37.93% (11 

samples).  

 Various studies have demonstrated Streptococcus pneumoniae and 

Hemophilus influenzae as most common organisms leading to occult 

bacteremia in pre vaccination period and have proved its decline in 

recent decades, with fall in bacteremic rates after successful 

implementation of Hib and PCV vaccine 2,3,10,36,37 . This gains 

significance in India since Hib coverage is 88 -90% and there is no 

UNICEF or WHO data available on PCV coverage dated July 2018 44. 

PCV has been introduced in Universal Immunization program from 

2017 only in fewer states 45.  

 Data published from many studies done in developing countries reported 

prevalence of gram negative organisms predominantly which are in 

accordance with this study 8,9,34. Shammi Kumar Jain et al in 2015 in 

Bhopal reported an occurrence of 50% bacteremia with Klebsiella 

accounting 38 %,  Staphylococcus aureus present in 28.5% and  

Escherichia coli seen in 23.8%, which parallels the results obtained in 

this study (Klebsiella sp was found in 27.58% , Escherichia coli  in 
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20.68% , MRSA(Methicillin Resistant Staphylococcus aureus) in 

17.24% + Staphylococcus aureus in 13.79% ) reflecting the true 

prevalence in India 9  

 There were no typable or non-typable Salmonella in this study 

population as expected. Bacteremia rates in such infections are only 1-

5% and stool cultures are better diagnostic than blood cultures for 

Salmonella infections 9 

 Yale observation scale (YOS) score had very poor predictive validity 

(AUROC=0.576, 95% CI 0.462-0.691, P value=0.190) and hence cannot 

be used as a screening tool for prediction of bacteremia. Bang et al in 

2008 showed YOS with best cutoff value of 10 in predicting bacteremia 

10. Other studies have established the clinical utility of this tool but failed 

to establish its diagnostic accuracy 2, 6, 11, 12. Meanwhile studies done in 

later years have proved that YOS scores have poor predictive ability 

which is in accordance with our study 9, 13, 14. 

 Total leucocyte count was found to have good predictive validity in 

diagnosing bacteremia in our study as indicated by AUROC. =0.825. 

Total leukocyte count with a cut off of more than 10,000/mm 3 had a 

sensitivity of 82.76% and specificity of 50.88% with an overall 

diagnostic accuracy of 55.50%. Most of the studies had published 

similar results regarding total leucocyte count that it can be used as a 

better screening tool for suspecting bacteremia 1, 2,4,6,7,8,29. Though some 
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studies have mentioned a cut off of 15,000/mm 3 , other studies have 

indicated elevated total leucocyte count as a marker for diagnosis.  

 NLR (Neutrophil lymphocyte ratio) score had very good predictive 

validity with best cut off of 1.45 as indicated by AUROC =0.898. 

Sensitivity of NLR score is 82.76% and specificity is 79.53% with an 

overall diagnostic accuracy of 80% in predicting bacteremia in this 

study population. Among various studies NLR scores good 

predictability as prognostic marker of outcome and mortality 16,17,19,21. 

Studies done by Jager et al, Naess et al.,and Gurol et al. reported better 

predictability of NLR  than other tools in determining bacterial infection 

15,18,20   which is similar to this study. Normal values as measured in 

adults is 0.78-3.53 46. Since no pediatric studies have established distinct 

NLR ratios, this cut off is an acceptable value. 

 Absolute neutrophil count (ANC) score had very good predictive 

validity as indicated by AUROC=0.964 with cut off of 5895 cells/mm 3. 

ANC score has sensitivity of 93.10%, specificity of 94.15% with overall 

diagnostic accuracy of 94%. Most of the studies have reported similar 

results with ANC having better diagnostic accuracy 3, 4, 6,9,29. Shammi 

Kumar Jain et al in 2015 published a study reporting better diagnostic 

validity with ANC counts more than 7000/mm 3  which parallels our 

study reports 9  

 Platelet values had very Poor predictive validity in diagnosing 

bacteremia. Other platelet indices studied in this population like Mean 
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platelet volume, Plateletcrit and Platelet distribution width did not 

predict the prevalence of bacteremia. As such there were no studies 

published regarding relationship between platelet indices and 

bacteremia. This was a newer approach and this study found no 

correlation between any of the platelet indices and bacteremia in the 

study population. 

 Red blood cell distribution width (RDW) had a good predictive validity 

in predicting bacteremia in this study population with a best cut off of 

14.55%. It had a sensitivity of 86.21%, specificity of 87.13% with an 

overall diagnostic accuracy of 87%. This screening tool was newly 

studied in the study population and there were no previous studies 

regarding association between RDW and bacteremia. However, this 

matches the cut off (15.7%) proposed by  Ramby et al in 2015 in using 

RDW as a prognostic marker of mortality and length of hospitalisation24 

 Serum C reactive protein CRP values had good predictive validity in 

screening bacteremia in this study population with best cut off of 8.0 

mg/dl. This had a sensitivity of 86.21%, specificity of 82.46% with an 

overall diagnostic accuracy of 83%. Except very few studies, most of 

the studies have reported better correlation between CRP values and 

bacteremia 12,18,27,28,29,30,31,32,33,34,47 . Few studies proposed a cutoff of 

around 5mg/dl to distinguish bacterial and non-bacterial infections, 

which approximately parallels this study report. 28,29,34  
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Among all the screening tools, total leucocyte count (10,000cells/mm 3), 

Neutrophil lymphocyte ratio (1.45), Absolute Neutrophil count(5895 cells 

/mm 3). Red blood cell distribution width (14.55%) and Quantitative C 

reactive protein values (8mg/dl) presented with good predictive validity in 

predicting bacteraemia in this study population. 
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LIMITATIONS 

 Sample size was calculated assuming bacteremia rates in laboratory as 

20% whereas bacteremia in this study was 14.5% (n=29). Assessing 

validation of diagnostic tool with only 29 positive cases is a major 

limitation in this study. 

 Since most of the samples were collected from admitted patients, many 

well appearing febrile children might have been treated as outpatient and 

not have entered the study.  
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SUMMARY 

200 febrile children in the age group of 3-36 months admitted in a 

tertiary care centre were evaluated using YOS (Yale observation scale) score , 

TLC (Total leucocyte count), NLR (Neutrophil lymphocyte ratio), ANC( 

Absolute Neutrophil count) ,MPV (Mean platelet volume), PLT (platelet 

count), PCT( plateletcrit),PDW (platelet distribution width), RDW (Red blood 

cell distribution width )and CRP (Quantitative C reactive protein)for the 

presence of bacteraemia. Diagnostic validity of each screening tool for 

determining bacteraemia is assessed. Of which, Total leucocyte count(Cut off 

of 10,000cells/mm3), Neutrophil lymphocyte ratio(cut off of1.45), Absolute 

Neutrophil count(cut off of5895 cells /mm 3 ). Red blood cell distribution width 

(cut off of 14.55%) and Quantitative C reactive protein values (cut off of 

8mg/dl) presented with good predictive validity in predicting bacteraemia in 

this study population. No association have been found between Yale scale or 

Platelet indices and bacteraemia. 
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CONCLUSION 

In our study , total leucocyte count, Neutrophil lymphocyte ratio, 

Absolute Neutrophil count, RDW values and Serum CRP values were found to 

have good predictive validity in predicting bacteraemia and hence can be used 

as early screening tools for suspecting bacteraemia in febrile children aged 3-

36 months and starting antibiotic therapy, while awaiting for blood culture 

results.  
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                                                 ANNEXURES 

APPENDIX 1 

CASE PROFORMA 

Name:.                            Age:.     Sex: 

History:.  Fever-.      

Pattern of fever:                                         Duration: 

Other associated complaints: 

Immunisation status: 

Past illness /any chronic illness: 

Drug history: 

Clinical Examination:  

General examination: 

YOS score : 

Vitals  

Systems examination: 

Investigations: 

Complete blood count: 

TC:               ANC:        NLR:.          MPV:           PCT.          PLT:          PDW:      

RDW:                           QUANTITATIVE CRP:                                                 

BLOOD CULTURE: 

 



 
 
 
 

 
 

APPENDIX II 

PATIENT INFORMATION SHEET 

Place of study: Institute Of Child Health And Hospital for Children, Egmore, 

Chennai-8. 

Name of Investigator: DR. JAZIMA SULAIHA. S 

Name of Participant:    Age:   Sex:  

Hospital No:      

Study title : SCREENING TOOLS FOR EARLY PREDICTION OF 

BACTEREMIA IN FEBRILE CHILDREN AGED 3-36 MONTHS 

We request your child to participate in the study. 

Aim of the study- 

  This study aims at designing screening tools for early prediction of 

bacterial infection in blood. This can help early initiation of antibiotics thereby 

reducing the burden of disease. And can avoid unnecessary use of antibiotics in 

viral illnesses. 

Methods- 

  In order to pursue the study, you will be asked questions regarding the 

current illness, immunisation status and past illnesses. After thorough clinical 

examination, 5ml of blood will be drawn from your child for the screening 

tests. 

Can I refuse to participate in the study? 

 Participation in the study is purely voluntary. You may refuse to 

participate or withdraw from the study at any time. In both cases the treatment 



 
 
 
 

 
 

and care your child receives from this hospital will not be affected in any 

manner. 

Benefits and harms of participating in the study- 

 Your child will be benefited by getting appropriate investigations done, 

based on which antibiotics may be initiated. In addition, by way of 

participating in this study, your child is contributing to information which when 

compiled, will yield useful information and will help in early identification and 

treatment to reduce the morbidity and mortality associated with the condition. 

Confidentiality- 

 The data collected from the study will be used for the purpose of study 

only. The results of the study will be published. Personal information of the 

children and parents participating in the study will be kept confidential. There 

will not be any disclosure about your child’s information without your 

permission. 

Subject rights- 

If you wish further information regarding your child’s rights as a 

research participant, you may contact the principal investigator in the mobile 

number or address mentioned below. 

Principal Investigator –  Dr.JAZIMASULAIHA. S 

Mobile number  - 9894496546 

Contact Address  - Post graduate of Paediatrics, Institute of Child 

Health and Hospital for Children, Halls road, 

Egmore, Chennai. 

Place:  

Date:      Signature of Parent 



 
 
 
 

 
 

APPENDIX 3 

INFORMED CONSENT FORM 

Study place:  Institute Of Child Health And Hospital For Children, Egmore, 

Chennai-8. 

Title of the study: SCREENING TOOLS FOR EARLY PREDICTION OF 

BACTEREMIA IN FEBRILE CHILDREN AGED 3-36MONTHS” 

Name of the investigator: Dr. JAZIMA SULAIHA.S   

Name of the Participant:  Age: Sex:     Hospital number:   

1. I have read and understood the patient information sheet provided to me 

regarding the participation of my child in the study.  

2. I have been explained about the nature of the study and had my questions 

answered to my satisfaction.  

3. I have been explained about my rights and responsibilities by the 

investigator. 

4. I will allow my child to cooperate with the investigator and undergo clinical 

tests subjected during the study whole heartedly. 

5. I have been advised about the risks associated with my child’s participation 

in this study. 

6. I am aware of the fact that I can opt out of the study at any time without 

having to give any reason and this will not affect my child’s future treatment in 

this hospital.  



 
 
 
 

 
 

7. I hereby give permission to the investigators to release the information 

obtained from my child as result of participation in this study to medical 

journals/conference proceedings. 

8. I understand that my child’s identity will be kept confidential if my child’s 

data are publicly presented/published. 

9. I have decided my child can participate in the research study. I am aware that 

if I have any question during this study, I should contact the investigator.  

10. By signing this consent form I attest that the information given in this 

document has been clearly explained to me and understood by me, I will be 

given a copy of this consent document. 

Name and signature / thumb impression of the parent/guardian  

Name__________________ Signature_________________ 

Date________________  

Name and Signature of the investigator  

Name___________________ Signature_________________ 

Date________________  

Name and Signature of impartial witness 1:  

Name_____________________Signature_________________Date_________ 

Name and Signature of impartial witness 2:  

Name______________________Signature_________________Date________ 



 
 
 
 

 
 

 



 
 
 
 

 
 

 

 

 



 
 
 
 

 
 

 

 

 



 
 
 
 

 
 

 

 

 



 
 
 
 

 
 

 

 

 



 
 
 
 

 
 

 

 

 



 
 
 
 

 
 

 

 

 



 
 
 
 

 
 

 


