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ABSTRACT 

"ROLE OF CSF PROCALCITONIN IN DIAGNOSIS OF NEONATAL 

MENINGITIS” 

BACKGROUND:  

In comparison to older children and adults, interpreting CSF findings in neonates are difficult, 

especially in preterm infants, who have more permeable blood–brain barrier resulting in higher 

levels of sugar and protein. Confirmatory diagnosis of neonatal meningitis is made from positive 

results of cultures from cerebrospinal fluid in a clinically compatible case. But the yield of CSF 

culture is very less. Furthermore, studies have shown that with the exception of CSF culture, no 

other CSF parameters alone or in combination can reliably exclude the diagnosis of meningitis in 

a neonate. To avoid the problems associated with established CSF parameters, a search for other 

possible markers for early, rapid and reliable diagnosis of meningitis in neonates has begun. 

Procalcitonin is one such marker that has recently been studied. CSF procalcitonin is shown to 

have some utility for the diagnosis of meningitis though there are limited studies in neonatal age 

group. 

OBJECTIVES: 

 To define a cut-off for Procalcitonin in CSF that can be called significant in diagnosing 

neonatal meningitis. 

 To investigate whether CSF Procalcitonin could be a potential marker to differentiate 

between the presence or absence of bacterial meningitis. 

STUDY DESIGN:  
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43 neonates who qualified for lumbar puncture were enrolled in the study. Lumbar puncture and 

CSF analysis was done along with CSF Procalcitonin assay. Neonates were categorized into 

meningitis group and non-meningitis group based on CSF parameters. In our study meningitis 

was defined based on national neonatology forum, India October 2010 guidelines cut off values. 

RESULTS:  

In our study the mean CSF Procalcitonin level is much higher in meningitis group compared to 

those without meningitis. And at  cut off CSF Procalcitonin value 0.13ng/ml has a sensitivity of 

86.36% and specificity of 23.81% in diagnosing neonatal meningitis and this value has 

reasonably good positive and negative predictive value of 54.29% and 62.50 % respectively. And 

at a cut off CSF Procalcitonin value of 0.13ng/dl the area under the curve for neonatal meningitis 

was 0.789 (95% C.I 0.645-0.933). 

CONCLUSION:   

We conclude that, when CSF Procalcitonin measurement combined with other traditional CSF 

markers for diagnosing meningitis such as CSF protein, CSF sugar and cell count, this biomarker 

can be considered as an additional diagnostic marker particularly, when CSF culture is negative, 

lumbar puncture was traumatic and biochemical and cytological analysis of CSF is inconclusive. 

KEY WORDS:  Neonatal meningitis, CSF Procalcitonin, Diagnosis, newer biomarker. 
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INTRODUCTION 

Meningitis is a potentially fatal disease, affecting 0.1–0.4 neonates per 1,000 live births, with a 

higher incidence in preterm and chronically hospitalized neonates
1
. Approximately 10% of 

affected neonates die, and 20–50% of survivors develop seizures, cognitive deficiencies, motor 

abnormalities, and vision and hearing impairments
2
. Despite declines in mortality, morbidity has 

not improved. 

Early initiation of appropriate broad-spectrum antimicrobial therapy in response to suspected 

neonatal meningitis is critical to optimize the outcome. Antibiotic therapy can only be narrowed 

if bacterial cultures reveal disease causing organism, which hinges on swift, successful 

performance of a technically challenging lumbar puncture (LP) prior to starting of antibiotics. 

Confirmatory diagnosis of neonatal meningitis is made from positive results of cultures from 

blood and cerebrospinal fluid (CSF) in a clinically compatible case. Studies have shown that 

despite a close association between neonatal bacterial sepsis and meningitis, around 15 to 30% 

cases of meningitis proven by CSF examination has negative cultures
3
. Furthermore, studies 

have shown that with the exception of CSF culture, no other CSF parameters alone or in 

combination can reliably exclude the diagnosis of meningitis in a neonate
4
. As a result, 

regardless of CSF parameter, it is responsibility of the treating doctor to justify the diagnosis, and 

initiation of treatment. 

In comparison to older children and adults, interpreting CSF findings in neonates are difficult, 

especially in preterm infants, who have more permeable blood–brain barrier resulting in higher 

levels of sugar and protein
4
. The classic finding of low CSF glucose ,CSF pleocytosis, and 

elevated CSF protein level is seen more commonly in Gram-negative meningitis and late Gram-

positive meningitis
4
. Furthermore, relying on classical parameters for the diagnosis of meningitis 

has other significant limitations, such as blood contamination of CSF after a traumatic lumber 
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puncture. To avoid the problems associated with established CSF parameters, a search for other 

possible markers for early, rapid and reliable diagnosis of meningitis in neonates has begun. 

Procalcitonin (PCT) is one such marker that has recently been studied. Despite the results of a 

number of studies in infants and young children on the use of serum PCT as a marker of bacterial 

infection have been promising, the significance of CSF Procalcitonin during inflammation or 

infection has not been fully understood. Our objectives are to assess the performance of CSF 

PCT as a diagnostic marker for neonatal meningitis and to establish a cut-off for CSF PCT that 

can be considered as significant in diagnosing neonatal meningitis. 
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AIM & OBJECTIVES OF THE STUDY 

 To define a cut-off for Procalcitonin in CSF that can be called significant in diagnosing 

neonatal meningitis. 

 To investigate whether CSF Procalcitonin could be a potential marker to differentiate 

between the presence or absence of bacterial meningitis. 
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REVIEW OF LITERATURE 

EPIDEMIOLOGICAL INFORMATION ON DISEASE BURDEN: 

Neonatal meningitis is found all over the world, according to WHO and the Maternal and Child 

Epidemiology Estimation group, 14% of all neonatal deaths in 2017 were due to meningitis or 

sepsis
5
. The Global Burden of Disease study estimated in 2016 that almost 20,000 neonates (i.e., 

children <1 month of age) died of meningitis globally. However, authors of the Global Burden of 

Disease study acknowledged that the diagnosis is difficult and this could result in potential 

underreporting. Risk factors include among others pre-term birth, low birth weight but also 

maternal peripartum infections, prolonged rupture of membranes or traumatic delivery. The  

incidence of neonatal meningitis and mortality are higher in countries with limited resources
6
.  

Likely impact on the burden of disease: 

Treating neonates with suspected meningitis can prevent morbidity (high rates of neurological 

disabilities) and mortality at the individual level. WHO data indicated that in 2016 worldwide 

approximately 3,95,000 neonates (<28 days) died due to sepsis or other infections
7
. According to 

The Global Burden of Disease study  the peak age of incident meningitis is during the neonatal 

period and the disability rates are  also highest among  the young
7
. In particular 5.8% of total (all 

ages) meningitis DALYs were attributable to low birth weight and small gestation age in 2016 

with the highest rates of attributable DALYs occurring in the meningitis belt countries such as 

Zambia, Burundi, Malawi, Somalia and Afghanistan. All of the attributed burdens occurred in 

neonates younger than 28 days
7
. It is often difficult to differentiate meningitis from sepsis or 

other serious bacterial infections in this age group due to overlapping of the symptoms, therefore 

benefits of treating suspected meningitis overlap with the benefits of treating sepsis or a possible 

serious bacterial infection. According to published data, neonatal possible serious bacterial 
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infections are still  a major cause of morbidity and mortality especially in the first few days of 

life and in low and middle income countries
8
. 

RISK FACTORS FOR NEONATAL MENINGITIS: 

Risk factors for the development of neonatal meningitis are similar to neonatal sepsis. Premature 

infants with sepsis have a much higher risk (up to 3-fold) than term infants for 

meningitis. Immaturity of the neonatal immune system, impaired phagocytic ability of 

neutrophils and monocytes, and diminishing maternal antibodies all attribute to the increased risk 

of infections in both term and preterm infants. Because most maternal immunoglobulins do not 

cross the placenta before 32 weeks gestation, infants born extremely preterm are at significantly 

higher risk for infections. Early initiation of breast feeding may protect against infections, due to 

transfer of immunoglobulin A. Other risk factors that can lead to neonatal meningitis are; 

1. Prematurity 

2. Maternal rectovaginal GBS colonization 

3. Chorioamnionitis or maternal fever 

4. Premature rupture of membranes 

5. Prolonged rupture of membranes >18 hours 

6. Invasive fetal monitoring 

7. Very low birth weight (<1500 g) 

8. Prolonged hospitalization 

9. Presence of external devices (e.g., reservoirs, shunts, catheters) 
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ETIOLOGY: 

The most common organisms causing neonatal bacterial meningitis are Group B streptococcus 

and E. coli, Group B streptococcus and gram negative rods (especially E.coli), which  accounts 

for roughly 2/3
rd

 of all the cases of neonatal Meningitis. Galactosemia should be suspected if 

E.coli is the causative agent in late onset Meningitis. In very LBW infant Coagulase Negative 

Staphylococcus need to be suspected as a causative organism of bacterial meningitis. Gram 

negative enteric organisms are appear to be responsible for the majority of early onset meningitis 

and streptococcus pneumonia for the late onset meningitis in developing countries. With CNS 

anomalies involving open defects or indwelling devices like ventriculo peritoneal shunts 

Staphylococcal meningitis are more common (Staph aureus, Staph epidermidis). 

EARLY ONSET MENINGITIS: 

 Group B Streptococcus 

 E.coli 

 Listeria monocytogens 

 Streptococcus pneumonia 

LATE ONSET MENINGITIS: 

 Coagulase negative Staphylococcus 

 Staph aureus 

 E.coli 

 Klebsiella species 

 Enterococcus 
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 Enterobacter 

 Pseudomonas 

 Group B Streptococcus 

 

CLINICAL PRESENTATION: 

Signs and symptoms are usually nonspecific and indistinguishable from those caused by sepsis. 

The clinical features of neonatal meningitis are: 

 Temperature instability (most common) 

 Lethargy  

 Poor tone  

 Seizures  

 Feed intolerance  

 Vomiting  

 Respiratory distress 

 Apnoea 

 Cyanotic episodes  

Late manifestations of meningitis include 

 Bulging anterior fontanelle 

 Coma. 
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PATHOPHYSIOLOGY: 

Bacterial meningitis is almost invariably associated with sepsis in neonates. Sepsis leading to 

meningitis can be categorized as early and late onset neonatal sepsis. The etiological factors are 

concurrently influenced by the onset of sepsis. 

Early onset neonatal sepsis (EOS) typically includes infections within the first 72 hours after 

birth, with a peak incidence at 12 to 72 hours. Few studies have extended the period of early 

onset neonatal sepsis to 7 days. Intrauterine or intrapartum infections are the predominant cause 

and the source of the infection is the maternal genital tract organisms. Premature rupture of 

membrane, prolonged delivery, untreated maternal UTI and preterm delivery are the risk factors. 

Around 5% to 10% of babies with EOS develop meningitis. 

Late onset neonatal sepsis (LOS) occurs between 72 hours to 30 days. The incidence of 

meningitis is lower and mortality rate is considerably lesser in LOS. Focal infections are more 

common. A significant cause of LOS is nosocomial infections. 

A marked difference between the agents of late or early onset meningitis has been described in 

studies in lieu of the virulence and antibiotic susceptibilities. Early onset neonatal meningitis is 

caused by organisms which are relatively avirulent and sensitive to most antibiotics. Organisms 

causing late onset meningitis are more virulent and increased resistance to antibiotics. 

The immaturity of the newborn immune system leads to increased susceptibility for infections. 

The deficiency includes immaturity of T-helper 1 cell function, cytokine production, 

complements and antimicrobial peptides. These transient deficiencies are exacerbated in a 

preterm neonate and increase the susceptibility to infections. The fragility of neonatal cerebral 

blood vessels and increased permeability of blood barrier to infections increases the extent of 

neurological damage and long-term sequelae in neonates. 
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Neonates are at greater risk for sepsis and meningitis than other age groups are because of the 

following deficiencies in humoral and cellular immunity and in phagocytic function: 

 Infants younger than 32 weeks gestation receive little of the maternal immunoglobulin 

that of full-term infants receive.
 
 

 Inefficiency in the neonates alternative complement pathway compromises their defence 

against encapsulated bacteria
 
 

 T-cell defence and B-cell mediated activity are also compromised 

 Deficient migration and phagocytic activity by neutrophils contribute to neonatal 

vulnerability to pathogens even with low virulence 

Mechanisms for Development of Neonatal Meningitis: 

1. Infections of bloodstream with secondary haematogenous spread to Central nervous 

system 

2. Presence of an infectious foci with secondary bloodstream infection and hematogenous 

spread (e.g., pneumonia) 

3. Presence of an infectious foci with direct extension into the CNS (e.g., sinus infection) 

4. Primary CNS infection resulting from disruptions of meninges due to congenital defects 

(e.g., myelomeningocele. 

Infection of the CNS: 

After attaching to the endothelium of the cerebral microvasculature and choroid plexus, bacteria 

can enter into the CSF by several mechanisms. Inflammatory mediators are then released into the 

CSF in response to the bacterial products, resulting in meningitis and increased permeability of 

the blood-brain barrier.  
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Bacterial Mechanisms for Entry into the Cerebrospinal Fluid: 

1. Tran cellular movement across the endothelial cell (e.g., GBS, Escherichia coli) 

2. Paracellular movement by disrupting the intercellular tight junctions 

3. Transport across the blood brain barrier and blood CSF barriers within phagocytes 

(e.g., Listeria monocytogenes). 

 

DIAGNOSIS: 

Neonates with suspected bacterial meningitis should undergo a full sepsis evaluation including a 

complete blood count with differential, blood culture, urine culture (if >3–5 days), and lumbar 

puncture (LP) to obtain CSF for Gram stain, culture, protein, glucose, and cell count. CSF 

examination is critical in the investigation of possible meningitis and the only way to confirm the 

diagnosis. Approximately 15% to 50% of all infants with positive CSF cultures for bacteria have 

negative blood cultures. Conversely, initial CSF findings may be questionable, and a repeat LP 

24 to 48 hours later will provide definitive diagnosis (when the meninges are inflamed, the 

second LP always shows a pleocytosis and other parameters consistent with the diagnosis of 

meningitis).  

Neonatal meningitis is a devastating infection that is often difficult to diagnose. Signs of 

meningitis are often subtle in the neonate; thus, the diagnosis of meningitis must be made by 

cerebrospinal fluid (CSF) examination
9
. However, lumbar puncture (LP) is often not performed 

as part of the initial neonatal sepsis evaluation in the first few days of life
10

. Instead, the decision 

to perform an LP is often based on the isolation of a potential pathogen from blood cultures. 

Although basing the decision to perform LP on blood culture results occurs in clinical practice, 

the diagnostic accuracy of this strategy is unknown. Maternal antibiotic prophylaxis or delayed 
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LP in antibiotic treated neonates make interpreting CSF cultures difficult, because CSF cultures 

may be negative within hours of antibiotic administration
11

,
12

 . In these cases of antibiotic pre-

treatment, clinicians must rely on the CSF parameters to determine the presence of meningitis. 

The cellular and biochemical abnormalities in the CSF of older patients with bacterial meningitis 

are present for 44 to 68 hours
13

. Similar values for neonates are unknown. Several studies have 

examined the CSF parameters of the non-infected neonate to define the normal values. These 

studies, although small and often from a single centre, have resulted in the wide spread teaching 

that 21 WBCs per mm3 in the CSF is a normal value
14

.  

 

PERFORMING AND INTERPRETING A CEREBRO-SPINAL FLUID (CSF) 

EXAMINATION: 

PROCEDURE FOR PERFORMING A LUMBAR PUNCTURE (LP): 

1. The neonate should be placed in the lateral decubitus position with the hips flexed or in the 

sitting position. Interspinous distance has been found to be maximum in the sitting position with 

the legs flexed. To prevent airway compromise excessive neck flexion should be avoided  

2. A sterile area is prepared and draped with towels, and the area of the back should be cleansed 

with antiseptic solution. Usually chlorhexidine antiseptic solution to be avoided for antisepsis 

prior to lumbar puncture (LP), but 0.5% solution with alcohol can used safely. 

3. A 22G or 24G spinal needle with a stylet should be used. Avoid non-stylet needle, as it may 

introduce skin tissue and skin commensal into the subarachnoid space.  

4. The needle is inserted in the midline into the subarachnoid space at the level of fourth and fifth 

lumbar spinous processes and angled slightly superior to go along the intervertebral space. The 

needle is gradually advanced along the direction of the umbilicus, and the stylet is removed 
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frequently to find the presence of spinal fluid. In infants, the insertion distance is only a few 

millimetres. Usually a slight pop is felt as soon as the needle enters the subarachnoid space.  

5. The cerebrospinal fluid (CSF) is collected in three or four containers, each with a volume 

around 0.5 to 1.0 mL. 
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Figure 1 & 2: Lumbar puncture procedure 

Examination of the spinal fluid: 

CSF should be inspected at the time of tapping for turbidity and colour. In many newborns, 

normal CSF may be mildly xanthochromic, but most of the time be clear in normal babies.  

Tube 1: For Protein and Glucose analysis should be obtained.  

Tube 2: Total leucocyte count and differential count should be obtained from the unspun fluid. 
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Tube 3: Culture and sensitivity studies should be obtained.  

Tube 4: The cells in this tube also should be counted if the fluid is bloody. The fluid can be sent 

for other tests (such as polymerase chain reaction [PCR] amplification for herpes simplex virus 

[HSV], multiplex PCR, metabolic studies. 

In an unstable neonate, the LP can be withheld, until the baby is stabilized. The cellular and 

biochemical abnormalities in the CSF of older babies with bacterial meningitis persist for up to 3 

days. Gram positive bacteria clear in 36 hours of appropriate therapy whereas gram negative 

bacteria may take up to 5 days.  In a neonate with meningitis not showing clinical recovery after 

starting of antibiotics, LP should be repeated after 48 hours. If the Lumbar puncture is traumatic, 

the sample should be sent for gram staining and microbiological culture.  The concentration of 

glucose is not significantly altered by a traumatic lumbar puncture. hence a low CSF glucose in 

the setting of a traumatic LP is always considered as abnormal. No proper guidelines for using 

the various formulas for adjusting the WBC count based on the RBC counts in situations where 

lumbar puncture was traumatic. This adjustment results in loss of sensitivity with marginal 

increase in specificity
15

. Ideally, the WBC cell counting should be performed as early as possible 

or within 30 minutes of lumbar puncture. It must be noted that CSF WBC and glucose rapidly 

fall with time, giving spurious results
16

. 

Interpretation of CSF findings:  

Apart from culture and gram stain, 4 parameters are commonly evaluated: total WBC count (per 

micro-L), percentage neutrophil count, glucose and protein.  

1. Culture and Gram staining: A CSF culture is the gold standard test for the diagnosing 

neonatal bacterial meningitis. There may be positive culture in association with a normal 

or minimally abnormal CSF findings. But CSF culture may be negative in many neonates 

with bacterial meningitis where LP was delayed until after clinical stabilization (e.g., in 
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critically ill neonates). Gram-stained smear can be helpful in making a more rapid 

definitive diagnosis; however, the absence of organisms on Gram stain does not rule out 

meningitis.  

2. Cerebrospinal fluid pleocytosis: There are usually more cells with gram-negative rods 

than with GBS disease. Normal values range from 0 to 30 white blood cells (WBCs), 

some of which may be polymorphonuclear cells. Traumatic LP (>500 red cells/mm3) 

occurs in up to 40% of the attempts, and adjustment of CSF WBCs down to account for 

increased red cells does not improve diagnostic utility of the CSF examination. Reactive 

pleocytosis may be seen secondary to CNS haemorrhage. 

3. Decreased cerebrospinal fluid glucose: CSF glucose level must be compared with serum 

glucose level. Normal CSF values are one-half to two-thirds of serum values. Typically, 

neonates with meningitis have a CSF glucose level of <20mg/dl in preterm babies and   

<30 mg/dL in term babies. 

4. Cerebrospinal fluid protein : It is usually elevated (>100 [term] or >150 [preterm] 

mg/dL), although normal values for infants, especially premature infants, may be much 

higher than in later life, and the test may be confounded by the presence of blood in the 

specimen.  

5. Cerebrospinal fluid biomarkers: A number of CSF biomarkers have been examined for 

differentiating bacterial meningitis from viral meningitis and non-infectious origins, with 

some encouraging results. These CSF biomarkers include tumour necrosis factor-α, 

interleukin (IL)-1β, IL-6, IL-8, IL-12, IL-17, procalcitonin, and lipocalin, among others. 

However, the clinical utility of using these markers is currently limited. 
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CSF PROCALCITONIN AS A NEWER BIOMARKER FOR DIAGNOSING 

MENINGITIS: 

Cerebrospinal fluid culture  is the gold standard for diagnosing meningitis but the yield is as  low 

as 15-30% and in majority of the cases the decision to treat meningitis is solely based upon the 

assessment of cytological and biochemical parameters in the CSF. Studies have found that there 

is a significant overlap between normal and abnormal CSF values in neonates both in terms of 

cellularity and biochemical parameters with preterm neonates having higher cells, sugar level 

and protein values in CSF as compared to older neonates. Moreover since the incidence of 

traumatic lumbar punctures is higher, it may further affect the interpretation of CSF parameters. 

Hence, there is an urgent need for a new marker which can accurately diagnose neonatal 

meningitis in neonates. One of such marker is Procalcitonin which is a precursor of calcitonin 

and is a reliable marker of infection and the associated inflammation. 

Procalcitonin (PCT) is a protein that can be released by parenchymal cells in the presence of 

endotoxins or cytokines such as  interleukin‐6 and tumour necrosis factor‐α. PCT is raised 

strongly during bacterial inflammation, but marginally elevated in viral or non-infectious 

inflammatory reactions
17

. Whether it is locally produced in the central nervous system is a matter 

of debate, but calcitonin messenger RNA has been isolated in hamster brain tissue suggesting the 

possibility of CSF production in CNS during CNS infection. One of the study found that the 

procalcitonin is produced by trigeminal glia cells in response to inflammation, making local 

production in the central nervous system more likely
18

. 

In CNS infections, disruption of the blood brain barrier (BBB) has been documented in patients 

with bacterial infections and also in experimental animal models
19

. One of the mechanisms 

causing elevated CSF PCT levels in bacterial meningitis patients is this and some studies have 

found higher CSF PCT levels in patients with Gram-negative bacteria than patients with Gram-

positive bacterial infection
20

. Few studies have shown that in CNS infection, microglia and 
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meningeal cells express the responding receptors (Toll-like receptors [TLRs]) to the invading 

bacteria
21

. Several questions regarding PCT synthesis and secretion by brain cells during 

bacterial meningitis have not been resolved and need further studies to prove. 

The role of CSF procalcitonin in the diagnosis of neonatal meningitis has not been evaluated 

rigorously in neonatal population. In the study conducted by Reshi et al, observed, at a value of 

0.33 ng/ml, CSF PCT has a sensitivity of 92%, specificity of 87%, positive predictive value of 

85.2% and a negative predictive value of 93%. Study conducted by Rajial T et al. Reported that 

there is a significant difference in the mean CSF Procalcitonin values of neonates with confirmed 

cases, probable cases and non-meningitis cases with mean CSF procalcitonin value of 

0.31ng/ml,0.22ng/ml and 0.11ng/ml respectively. And at a cut off value of 0.2ng/ml CSF 

Procalcitonin had a sensitivity and specificity of 95.25% and 96% respectively in diagnosing 

neonatal meningitis. 

 

Little data is available on the hospital-based incidence of culture-proven meningitis among cases 

of suspected sepsis in developing countries. The WHO Young Infant Study had reported that 

7.9% lumbar punctures yielded a positive culture among symptomatic infants < 3 months of age 

in a community setting
22

. A hospital-based study from Bangladesh pegged this figure at 

4.7%
23

.Therefore, for purposes of deriving a post-test probability of meningitis, a prevalence of 

5% among hospitalized cases of suspected sepsis in India can be assumed. In a large study on 

4632 preterm infants
24

, the area under the ROC curve for CSF WBC count was 0.8 (95% CI 

0.73, 0.86), followed by CSF protein 0.72 (0.64, 0.8) and CSF glucose 0.63 (0.54, 0.70). Only 

tests with an area above 0.8 are considered good tests. The performance of the tests at various cut 

offs is depicted below, with the derived probability of having meningitis in Indian neonates. 
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Table 1: The performance of various CSF parameters in diagnosis of meningitis in preterm 

infants 

 

Similarly, in a large study among 9111 term neonates, none of the above CSF parameters is 

satisfactory for the rapid diagnosis of meningitis
4
  

The performance of the tests at various slabs of test results for term babies is depicted in the table 

below, with the post-test probability of meningitis having been derived for Indian babies. 

 

 

 

 

 

 



19 

 

Table 2: The performance of various CSF parameters in diagnosis of meningitis in term 

infants 

 

 

 

 

Recommendations:  

Preterm infants: Treat if CSF WBC count ≥10 OR glucose < 24. Do not treat if CSF WBC count   

< 25 AND glucose>/= 25 and protein <170. For in between results clinical judgement will have 

to be used. Keeping in mind clinical features and prematurity. 

Term infants: Treat if CSF WBC count >8 or glucose <20 or protein >120.There is no safe cut-

off at which one can recommend “do not treat”. Clinical judgment as above would have to be 

used. 

Imaging studies: 

Imaging studies are recommended to detect the complications of meningitis, especially when the 

clinical course is complicated. Infection with certain microorganisms such as Citrobacter koseri, 

Serratia marcescens, Proteus mirabilis, and Enterobacter sakazakii predispose for the 

development of brain abscesses. The most useful and non-invasive method of imaging is 
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ultrasonography (especially early in the course when the infant is critically ill), which provides 

information regarding ventricular size, inflammation (echogenic strands), and the presence of 

hemorrhage. Contrast-enhanced computed tomography (CT) or magnetic resonance imaging 

(MRI) is needed later in the course of the illness; they are useful in detecting cerebral abscesses, 

areas of infarct or encephalomalacia, and degree of cerebral cortical and white matter atrophy. 

MRI is preferred over CT because it provides better details, optimizes assessment of injury to 

white matter, and avoids radiation exposure. 

TREATMENT: 

The three major aspects of treatment of bacterial meningitis include (1) antibiotic therapy (2) 

fluid restriction (3) adjunctive therapy. Central to the understanding of the relevance of these 

major aspects is the basic pathology and pathogenesis of bacterial meningitis. Once the 

pathogens enter into the subarachnoid space, the destruction of the bacterial cell walls takes place 

in the meninges which may occur either spontaneously or following antibiotic therapy. The 

destruction of the bacterial cell walls results in the release of antigenic components such as 

peptidoglycan and teichoic acid into the subarachnoid space. These released bacterial toxins and 

cell wall components stimulate the release of cytokines such as interleukins (IL-1β), tumour 

necrosis factor-γ (TNF) and platelets aggregation factor (PAF). These agents in turn, offset an 

inflammatory cascade characterized by increased vascular permeability, polymorphonuclear 

migration and activities and production of exudates and cellular debris. Finally these 

inflammatory events result in cerebral oedema, elevated intracranial pressure, reduced cerebral 

perfusion, cerebritis, neuritis and vasculitis. The end-result of all these pathological process 

include ischaemia, infarction and atrophy of neural tissues. Short and long-term morbidities 

occur in infants with bacterial meningitis as a result of the aforementioned pathologic changes. 

Some of the acute morbidities in meningitis include cerebral oedema, subdural effusion, subdural 

empyema, venous sinus thrombosis, cranial nerve palsies and hydrocephalus. Long term 

neurologic deficits in meningitis include hearing loss, cortical blindness, strabismus, speech 
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disorders, behavioural disorders, motor deficits particularly hemiplegia, mental retardation and 

seizure disorders. 

 

Antibiotic treatment 

1. Empirical therapy: The main purpose of empirical antibiotic therapy in meningitis is 

rapid sterilization of the CSF. This explains why antibiotic therapy is highly 

recommended when meningitis is clinically suspected even when definite investigations 

are not feasible or delayed. Ideally microbiological diagnosis could be made based on 

CSF culture, the choice of antibiotic depends on sensitivity of the isolated 

microorganism. However, in most cases especially in most parts of the developing world, 

the initial treatment is usually empirical pending the availability of sensitivity reports 

from the laboratory. This empirical treatment should be based on the known 

epidemiology of the likely organisms and the local antibiotic resistance patterns. When 

the blood brain barrier is inflamed as it occurs in meningitis, the permeability of the 

blood brain barrier is increased and the penetration of most antibiotics into the CSF is 

improved. It is important that, the antibiotic chosen for empirical treatment should have 

good penetration into the CSF and achieve adequate minimum bactericidal concentration 

in the CSF. These properties are important for rapid sterilization of the CSF which 

impacts on the mortality and morbidity of the affected infants. The traditional treatment 

of neonatal meningitis involves ampicillin and gentamicin. Although, the penicillins 

generally have poor CSF penetration when the meninges are inflamed
25

, adequate 

concentrations can be delivered into the CSF with more frequent and higher doses. On the 

other hand, gentamicin readily penetrates the inflamed blood-brain-barrier but rarely 

achieves the minimum bactericidal concentration for the pathogens. Increasing the 

therapeutic dose of gentamicin in order to achieve optimal minimum bactericidal 
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concentration in the CSF may be harmful as gentamycin has a narrow therapeutic index 

and it causes ototoxicity and nephrotoxicity with higher doses. This is particularly 

challenging in the resource-constrained parts of the world where facilities for monitoring 

serum drug levels are not available. In an attempt to overcome this challenge, trials of 

intraventricular administration of antibiotics in meningitis were conducted but the 

findings were disappointing with observed increased mortality
26

. The WHO 

recommended initial antibiotic combination of a penicillin (e.g., ampicillin or penicillin 

G) and an aminoglycoside (e.g., gentamicin) or a third-generation cephalosporin (e.g., 

ceftriaxone or cefotaxime) for the treatment of meningitis in young infants aged <60 

days
27

. A recent systematic review which compared the use of third generation 

cephalosporins and the traditional antibiotics (ampicillin, penicillin and chloramphenicol 

in various combinations), found no significant difference in terms of death, deafness and 

treatment failures among subjects with meningitis
28

. However, the review covered all 

studies of bacterial meningitis irrespective of age hence the difficulty in generalizing the 

results of the review. In the developed world, the first line therapy is usually ampicillin 

with gentamicin or ampicillin with cefotaxime or ceftriaxone although the latter has the 

tendency to cause displace bilirubin from albumin binding sites. The third generation 

cephalosporins are effective on a wide range of pathogens causing meningitis, including 

the aminoglycoside resistant strains. Unfortunately, this class of antibiotics has not been 

shown to be particularly effective on Listeria monocytogenes, thus, they are not 

recommended for monotherapy in places where Listeriosis is common. Nevertheless, 

they have good blood-brain-barrier penetration and achieve adequate minimum 

bactericidal concentrations for most organisms in the CSF. Ampicillin is effective on 

Group B Streptococcus, the coliforms and Listeria monocytogenes. Although, Listeria 

monocytogenes and Group B Streptococcus are reportedly uncommon in most parts of 

the developing world, most clinicians also prefer the combination of ampicillin and 
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cefotaxime as an empirical treatment of meningitis in the newborn. The third-generation 

cephalosporins (cefotaxime and ceftriaxone) are active against the major pathogens of 

neonates worldwide, including aminoglycoside resistant organisms.  

2. Gram-positive meningitis (group B Streptococcus and Listeria): Penicillin or 

ampicillin is the drug of choice. For synergistic action Gentamicin can be added until 

sterility of the blood stream and CSF has been documented.  

3. Staphylococcal disease: Because of the increased prevalence of MRSA in the 

nosocomial setting, vancomycin should be substituted for ampicillin as initial coverage. 

For MSSA, therapy can be switched to nafcillin.  

4. Gram-negative meningitis: Most clinicians would use ampicillin plus cefotaxime plus 

an aminoglycoside as initial therapy. Further therapy is dictated by sensitivity results. 

“Double” gram-negative coverage is maintained for 10 days after sterility of CSF. 

Subsequently, cefotaxime can be continued alone to complete 21 days of therapy. There 

is an emerging problem with multidrug resistant enteric microorganisms (especially E 

coli, Klebsiella pneumoniae); for this situation, the drug of choice is meropenem.  

Duration of treatment and choice of antibiotic: 

Antibiotic therapy often requires modification once antibiotic susceptibility testing becomes 

available. The antibiotic treatment of meningitis in the newborn is traditionally prolonged 

because of the challenges of penetration into the  CSF and achievement of minimum bactericidal 

concentration. At present, there is no statistical evidence to specifically guide the duration of 

antibiotic treatment in neonatal meningitis. However, the general principle is that the duration of 

antibiotic treatment depends on the organism isolated. For Gram negative bacilli, parenteral 

administration of antibiotics should be continued for a minimum of three weeks or for 14 days 

after the sterilization of the CSF
29

.  This prolongation of therapy is important because of delayed 

sterilization of the CSF in Gram-negative bacilli meningitis. The latter fact may explain the high 
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mortality and poorer outcome associated with Gram negative bacilli meningitis. For Group B 

streptococcus, the minimum duration of treatment is 14 days while Staphylococcus aureus 

meningitis should be treated for up to three weeks in order to reduce the risk of cerebral abscess 

formation. It is recommended that LP should be repeated 24 to 48 hours after the commencement 

of therapy to ascertain sterilization of the CSF. However, with cefotaxime and ceftriaxone, an 

Australian study of childhood meningitis demonstrated that the lowest CSF concentrations of 

both drugs were several times higher than the minimum bactericidal concentrations for the 

organisms (Meningococcus, Pneumococcus and Haemophilus influenzae)
30

. On the basis of 

these findings, many authors recommended that repeat LP was not necessary when treating 

meningitis due to these organisms with either of these drugs. Thus, it may be attractive to 

recommend either of these drugs for the empirical treatment of newborn meningitis in places 

where significant resistance to the drugs have not been reported. In some unusual cases, 

inflammatory changes in the CSF may persist despite adequate antibiotic treatment as a result of 

obstructive ventriculitis, subdural empyema, cerebral abscess or intracranial vessel thrombi. 

Persistent inflammation is an indication for neuroimaging and review of antibiotic therapy. From 

the results of neuroimaging, other therapeutic measures like surgical interventions may be 

required in the care of the meningitis infant. In addition to neuroimaging, antibiotic therapy may 

need to be prolonged. Subsequent CSF examination is unnecessary if the CSF has been sterilized 

by 48 hours of therapy and the clinical course has been satisfactory.  

WHO Pocket book of hospital care for children (2013) recommendations:
31

  

In relation to treatment of meningitis recommends: The first-line antibiotics are ampicillin 

and gentamicin for 3 weeks. Alternatively, give a third-generation cephalosporin, such as 

ceftriaxone or cefotaxime and gentamicin for 3 weeks.  

The recommended dose and duration for the empiric treatment of neonatal meningitis is:  
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Ampicillin (IV/IM): 50 mg/kg per dose, twice a day (1st week of life), 50 mg/kg per dose, three 

times a day (>1st week of life) in combination with gentamicin (IV/IM): 5 mg/kg per dose once a 

day (1st week of life), 7.5 mg/kg once a day (after 1st week of life). 

 If ampicillin is unavailable alternative options are ceftriaxone 50-100 mg/kg per dose, once a 

day or cefotaxime 50mg/kg per dose, twice a day (1st week of life) and three times a day (after 

1st week of life)  

Treatment duration: 3 weeks if no pathogen is isolated. 

Use of dexamethasone 

 Bacterial meningitis is characterized by high mortality and severe neurologic sequelae among 

most survivors. It is believed that most of the sequelae are as a result of the damage to neural 

tissue during the acute inflammatory process that characterizes bacterial meningitis. Therefore, 

the use of corticosteroids as adjuncts in the treatment of bacterial meningitis is intended to 

attenuate the acute inflammatory process, minimize tissue damage and ultimately improve 

clinical outcomes both in the short and long term. The timing of administration of corticosteroids 

in meningitis is also important in the determination of its efficacy. In childhood bacterial 

meningitis, the administration of intravenous dexamethasone before or along with the first dose 

of antibiotics has been reported to be more beneficial compared to administration after the 

commencement of antibiotics
32

. It is standard practice to administer dexamethasone in divided 

doses for four days. There is no evidence that the drug is more effective when given for longer or 

shorter periods but the risk of adverse effects appears to increase with the duration of 

administration. 

Studies of the use of Dexamethasone in meningitis neonates are limited. Hence current treatment 

guidelines for neonatal meningitis exclude adjunctive dexamethasone therapy. Nevertheless, 
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there are reports of likely usefulness of Dexamethasone in the reduction of overall mortality as 

well as reduction in neurologic sequelae among survivors of neonatal meningitis.  

Use of adequate intravenous fluids, other important supportive care in the management of 

meningitis includes anticonvulsant therapy and use of inotropes. Unfortunately, there are no 

standard clinical trials with respect to the use of these measures among neonates. In general, it is 

a common practice to restrict fluids to two thirds or three quarters of the daily maintenance 

during the management of childhood meningitis. The basis for this practice is the need to reduce 

the likelihood of the syndrome of inappropriate secretion of antidiuretic hormone (SIADH). 

SIADH is characterized by hyponatraemia, fluid retention and a tendency to worsen cerebral 

oedema in meningitis. Therefore, many clinicians prefer reducing fluid in children and neonates 

with meningitis in the hope of preventing SIADH. 

 

 

COMPLICATIONS: 

Some affected infants experience cardiorespiratory problems, such as respiratory distress 

syndrome or pneumonia, in association with hypotension or patent ductus arteriosus during their 

first days of life
33

. In addition, the commonly occurring complications are mentioned below.  

a) Seizures: These are involuntary jerking movement caused by abnormal electrical activity in 

the brain due to various pathologies like altered neurochemistry due to bacterial central nervous 

system infections. Most of the time neonatal seizure are subtle and hence it is difficult to 

identify. They are a critical neurologic complication of neonatal bacterial meningitis and are 

often attribute to poor outcome
34

.  
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b) Hydrocephalus: Bacterial meningitis related hydrocephalus is characterized by ventricular 

dilation and it is present in approximately14–65% of infants and can occur during either the 

acute or the chronic phase of the disease
35

.  

c) Cerebral infarction (stroke): Recent studies have established an association between stroke and 

bacterial meningitis in neonates
36

.  

d) Ventriculitis: This refers to inflammation of the ventricular fluid and lining of the ventricles 

and is sometimes associated with obstruction to cerebrospinal fluid flow. Ventriculitis is a 

common complication of neonatal meningitis, occurring in up to 20% of the neonatal meningitis 

cases. Diagnosis is made either by neuroimaging or ventricular tap. 

e) Encephalomalacia: Also known as Cerebral softening is characterised by softening of brain 

parenchyma and can happen secondary to inflammation of the parenchyma. If infection not 

controlled promptly, it can further affect other parts of the brain like the occipital lobe, parietal 

lobe, frontal lobe and the temporal lobe
37

.  

f) Subdural empyema: It is intracranial collection of pus between the dura and arachnoid mater of 

the brain due to infections. It is only known to affect approximately 1-2% of neonates with 

bacterial meningitis
38

. 

g) Brain Abscess: This is a collection of purulent infected material in the brain parenchyma, it 

occurs in around 1.3-4.0% of neonates with bacterial meningitis and incidence of brain abscess is 

less common than other complication
39

.  

Development of the above complications may lead to long term consequences varying from 

moderate to severe neuro-disabilities. nearly 20–50% of the neonates will develop neurologic 

sequelae that include seizures, motor abnormalities, cognitive deficiencies, hearing and visual 

impairments
40

,
41

. 
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PROGNOSIS FOLLOWING MENINGITIS: 

The incidence of long-term consequences of neonatal meningitis remains unchanged and is 

generally greater in neonates than older infants and children with meningitis
42

,
43

. Like other 

infections, mortality is higher in preterm infants, with greater mortality in E. coli meningitis of 

66% in babies of 31 weeks gestation, 30% at 32–34 weeks’ and 19% in babies with more than 35 

weeks gestation
44

. Many studies showed that the adverse neurological sequelae occur in 30–50% 

of survivors. All forms of cerebral palsy, global developmental delay, epilepsy, SNHL and 

cortical blindness may occur alone or in combination. The neurodevelopmental outcome at 5 

years of age of cases from the 1985–87 national neonatal meningitis cohort demonstrated an 

approximately 50% disability rate following both E. coli and GBS meningitis, but a much poorer 

outcome with other Gram-negative organisms
43

. Former studies had showed mortality rates from 

Gram-negative meningitis were higher than that of meningitis caused by Gram-positive 

organisms. Similarly, around 50% of VLBW babies had poor neurodevelopmental outcome at 20 

months corrected age
45

. Predictors of adverse outcome, including mortality and moderate or 

severe disability, at 12 hours following admission include: presence of seizures or coma, 

requirement of inotropes and leukopenia with total count less than 5000/mm3
46

. 

One of the studies had showed that the babies with a normal or mildly abnormal EEG activity 

had a normal outcome, whereas babies with an abnormal electrical activity were more likely to 

have an adverse neurological outcome
47

. 

PROCALCITONIN: 

An ideal biomarker for diagnosing sepsis should have high diagnostic accuracy, for an early and 

rapid diagnosis. PCT is a commonly studied biomarker in recent days that fulfils many of these 

requirements especially in comparison to conventional and widely used other biomarkers that 
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have demonstrated superior diagnostic accuracy for a variety of infections, including sepsis. In 

healthy individuals, PCT is synthesised in thyroid C cells, from a CALC-1 gene located on 

chromosome 11. The initial mRNA product is known as Preprocalcitonin. It is then modified to 

116 amino acid Procalcitonin. Finally, it is broken down into 3 distinct molecules; which are 

active calcitonin (32 amino acid), C-terminal Procalcitonin (21 amino acid) and N-terminal 

Procalcitonin (57 amino acid). Calcitonin hormone is involved in the homeostasis of calcium and 

phosphorous. Normally, CALC-1 gene in thyroid C cells are induced by elevated calcium level, 

calcitonin gene-related peptide (CGRP), glucocorticoid, gastrin, glucagon or β adrenergic 

stimulations. Generally all the PCT formed in thyroid C cells are converted to calcitonin so that 

no PCT is released into the circulation. Hence, the PCT level in healthy subjects is very low 

(0.05 ng/mL) but during inflammatory conditions the release of PCT is independent of the above 

regulations. In inflammatory conditions, PCT is produced mainly by two alternative 

mechanisms; direct pathway induced by lipopolysaccharide (LPS) or other toxic metabolite from 

microbes and indirect pathway induced by various inflammatory mediators like TNF-α, IL-6, etc. 

 

Figure 3: Fate of Procalcitonin during inflammation and in normal condition. 

 



30 

 

During septicaemia, PCT is synthesised by alternate pathways, either directly or indirectly. For 

better understanding of the pathophysiology of calcitonin precursor in sepsis, an experiment was 

conducted in hamsters animal model analogue to human sepsis
48

. During sepsis, ubiquitin and 

uniform expressions of calcitonin mRNA in multiple tissues were observed in hamsters. In 

healthy hamsters, PCT mRNA was isolated primarily from the thyroid with minute amounts 

synthesis in  lung tissue. The next set of hamsters was infected with gram-negative bacteria, and 

the level of PCT mRNA in various tissues and cells were observed. White blood cells (WBC), 

spleen, kidney, adipocytes, pancreas, colon and brain showed a significantly elevated level of 

PCT mRNA. Many reports are available which shows that PCT levels are elevating rapidly 

between 2 and 6 hours which peaks within 6–24 hours during bacterial infection. The increased 

production of PCT during bacterial infection and its association with sepsis was first 

demonstrated by Asscot et al.
49

. The actual mechanism of production of PCT during infection is 

not known, but it assumes that bacterial lipopolysaccharides and sepsis released cytokines 

modulate the liver and peripheral blood mononuclear cells to produce PCT. Bacterial infection 

induces the elevated expression of CALC 1 gene and increased release of PCT which is 

correlated with severity of disease and mortality. The PCT as a biomarker proved successfully its 

clinical usefulness in diagnosing the sepsis. And it has been shown to correlate the extent and the 

severity of microbial invasion. It clearly showed the significance of early diagnosis of bacterial 

infected sepsis. PCT can be used for early detection of sepsis and prediction of outcome after 

major trauma. 
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METHODOLOGY: 

INCLUSION CRITERIA: 

Neonates admitted to NICU of SDM college of medical sciences and hospital with suspected 

meningitis or sepsis (early onset sepsis or late onset sepsis) with clinical features like failure to 

thrive, apnea, seizures, a tendency to opisthotonos, poor feeding, emesis, hypothermia or 

hyperthermia, hypertonia or hypertonia, jaundice or other evidence sepsis are included as study 

subjects. 

 

EXCLUSION CRITERIA: 

 Presence of another focus of infection in addition to meningitis 

 Infants of >28 days of age   

 Recent brain surgery 

 Extremely low birth weight babies 

Study area: Tertiary level intensive care unit of a medical college. 

Study period: November 2019 to October 2020 

 Methods of collection of data: 

 Study design:  This is a hospital-based observational study in a tertiary level neonatal 

intensive care unit of a medical college. 

 Sample size:  All the study subjects who are getting admitted in a tertiary level neonatal 

intensive care unit during the study period or minimum of 30 cases. 

 Sampling procedure: All the study subjects who are getting admitted to the NICU 

during this study period are enrolled for the study. Consent had been taken from their 

parents before enrolling for the study and CSF analysis. After taking valid consent, under 
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all aseptic precautions lumbar puncture had been done and 1ml of CSF sample was 

collected in a plain bulb and sent to the lab for CSF analysis. 

 Study instrument: The level of CSF Procalcitonin is measured quantitatively by 

Chemiluminescence method by ADVIA Centaur CP machine. 

 Study analysis: Statistical analysis with SPSS version 20 software, correlation between 

variables and statistical differences shall be analysed using Pearson,chi-squared test, Mann – 

Whitney U test. The reliability of the CSF Procalcitonin for the diagnosis of neonatal 

meningitis will be calculated by Receiver Operating Characteristic (ROC curve). Sensitivity, 

Specificity and likelihood ratio of positive and negative results with 95% confidence interval 

shall be calculated with statistical significance test set at p<0.05. 
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Figure 4 and 5: ADVIA Centaur CP machine for measurement of CSF Procalcitonin 
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RESULTS: 

43 subjects were included in our study who fulfilled the inclusion and exclusion criteria. Subjects 

were labelled as neonates with meningitis and without meningitis based on the CSF analysis 

report. In our study Meningitis was defined based on National Neonatology Forum, India 

October 2010 guidelines cut off values. All subjects were closely monitored throughout their 

NICU stay and mortality rates were assessed. 

 

 

 

Table 3: Comparison of meningitis and non-meningitis babies by gender 

Gender Mening

itis 

% Non-

Meningitis 

% Total % 

Male 5 22.73 10 47.62 15 34.88 

Female 17 77.27 11 52.38 28 65.12 

Total 22 100.00 21 100.00 43 100.00 
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Figure 6: Comparison of meningitis and non-meningitis patients by gender 

 

 

Out of 43 cases, 15 (34.88%) were male babies, 28 (65.12%) were female babies. 

Out of 43 cases 22 cases had meningitis and 21 babies had no meningitis. Among meningitis 

group, majority were female babies that is 17 (77.27%) cases 

Table 4: Comparison of meningitis and non-meningitis babies by gestational age 

Gestational 

age 

Menin

gitis 

% Non-

Meningitis 

% Total % 

Early 

preterm 

5 22.73 6 28.57 11 25.58 

Late Preterm 4 18.18 4 19.05 8 18.60 

Term 13 59.09 11 52.38 24 55.81 

Total 22 100.00 21 100.00 43 100.00 
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Figure 7: Comparison of meningitis and non-meningitis babies by gestational age 

 

 

Out of 43 cases 11(25.28%) cases were belongs to early preterm, 8(18.60%) cases were 

belonging to late preterm and remaining 24 (55.81%) cases were belonging to term category. 

In Meningitis group: Majority of the babies were term that is 13 (59.07%) babies and 4 (18.18%) 

babies were late preterm and 5 (22.73%) were early preterm. 

 

 

0.00

10.00

20.00

30.00

40.00

50.00

60.00

70.00

Meningitis Non-Meningitis

22.73 

28.57 

18.18 
19.05 

59.09 

52.38 

P
er

ce
n
ta

g
e 

Early preterm Late Preterm Term



37 

 

 

 

 

 

 

Table 5: Comparison of meningitis and non-meningitis babies by Mode of delivery 

Mode of 

delivery 

Menin

gitis 

% Non-

Meningitis 

% Total % 

LSCS 12 54.55 16 76.19 28 65.12 

Vaginal 

delivery 

10 45.45 5 23.81 15 34.88 

Total 22 100.00 21 100.00 43 100.00 
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Figure 8: Comparison of meningitis and non-meningitis babies by Mode of delivery 

 

 

Out of 43 cases 28(54.55%) cases were delivered by LSCS mode of delivery, and remaining 15 

(34.88%) cases were delivered by vaginal delivery.  

In Meningitis group: 12 (65.12%0 babies were delivered by LSCS mode of delivery, and 

remaining 10 (45.45%) babies were delivered by vaginal delivery.  
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Table 6: Comparison of meningitis and non-meningitis babies by Day of life at admission 

Day of life at 

admission 

Mening

itis 

% Non-

Meningitis 

% Total % 

1 day 14 63.64 18 85.71 32 74.42 

>1day 8 36.36 3 14.29 11 25.58 

Mean 2.86 1.62 2.26 

SD 2.10 1.26 1.83 

Total 22 100.0 21 100.0 43 100.0 

 

 

Figure 9: Comparison of meningitis and non-meningitis babies by Day of life at admission 
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In our study majority of the babies were admitted to NICU on day 1 of life that is 32 (74.42%) 

babies and remaining 11 (25.58%) babies were admitted to NICU day 2 of life or more. 

In Meningitis group: 14 (63.64%) babies were admitted to NICU on day 1 and 8(36.36%) babies 

with meningitis were admitted to NICU on day 2 of life onwards. 

 

Table 7: Comparison of meningitis and non-meningitis babies by Inborn/Out born  

Inborn/Out 

born 

Mening

itis 

% Non-

Meningitis 

% Total % 

Inborn  13 59.09 15 71.43 28 65.12 

Out born 9 40.91 6 28.57 15 34.88 

Total 22 100.0 21 100.0 43 100.0 
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Figure 10: Comparison of meningitis and non-meningitis babies by Inborn/Out born  

 

 

 

Out of 43 babies 28(54.55%) cases were delivered in our hospital (inborn), and remaining 15 

(34.88%) babies were delivered in outside hospital and referred from outside hospital to our 

hospital for further management. 

In Meningitis group: 13(59.09%) cases were delivered in our hospital, and remaining 9 (40.91%) 

cases were referred from outside hospital.  
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Table 8: Comparison of meningitis and non-meningitis babies by Invasive procedure 

Invasive 

procedure 

Mening

itis 

% Non-

Meningitis 

% Total % 

No 8 36.36 8 38.10 16 37.21 

Yes 14 63.64 13 61.90 27 62.79 

Total 22 100.0 21 100.0 43 100.0 

 

 

Figure 11: Comparison of meningitis and non-meningitis babies by Invasive procedure 
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In our study sample, 27 (61.90%) babies underwent invasive procedures like intubation, 

umbilical venous catheterisation. 

In Meningitis group: 14(63.64%) babies underwent invasive procedure, and remaining 8 

(36.36%) babies didn’t undergo any invasive procedure. 

Table 9: Comparison of meningitis and non-meningitis babies by presence of various 

symptoms 

Symptoms Mening

itis 

% Non-

Mening

itis 

% Total % 

Lethargy              

No 11 50.00 12 57.14 23 53.49 

Yes 11 50.00 9 42.86 20 46.51 

Apnea             

No 15 68.18 14 66.67 29 67.44 

Yes 7 31.82 7 33.33 14 32.56 

Resp. Distress             

No 13 59.09 11 52.38 24 55.81 

Yes 9 40.91 10 47.62 19 44.19 

Seizures             
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No 16 72.73 15 71.43 31 72.09 

Yes 6 27.27 6 28.57 12 27.91 

Irritability             

No 15 68.18 19 90.48 34 79.07 

Yes 7 31.82 2 9.52 9 20.93 

Fever             

No 16 72.73 16 76.19 32 74.42 

Yes 6 27.27 5 23.81 11 25.58 

Shock             

No 15 68.18 13 61.90 28 65.12 

Yes 7 31.82 8 38.10 15 34.88 

Total 22 100.00 21 100.00 43 100.00 
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Figure 12: Comparison of meningitis and non-meningitis babies by presence of various 

symptoms 

 

In our studies meningitis had lethargy as a most common symptoms 11 (50%) babies other 

symptoms were respiratory distress in 9(40.91%) babies, apnoea in 7 (31.82 %)babies, irritability 

in 7 (31.82 %)babies, shock in 7 (31.82 %)babies, seizure in 6 (27.27%) babies and fever in 6 

(27.27%) babies. 
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Table 10: Comparison of meningitis and non-meningitis babies by blood culture 

Blood culture Mening

itis 

% Non-

Mening

itis 

% Total % 

Growth 16 72.73 15 71.43 31 72.09 

No growth 6 27.27 6 28.57 12 27.91 

Total 22 100.0 21 100.0 43 100.0 

 

 

 

Figure 13: Comparison of meningitis and non-meningitis babies by blood culture 
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In our study out of 43 babies 31 (72.09%) babies had blood culture proven sepsis. 

In meningitis group 16 (72.73%) babies had blood culture proven sepsis and remaining 

6(27.27%) babies blood culture were no growth. 

 

Table 11: Comparison of meningitis and non-meningitis babies by blood culture isolated 

organism 

Isolated organism Meningitis % Non-

Meningitis 

% Total % 

Acenetobacter 1 4.55 0 0.00 1 2.33 

E.coli 1 4.55 1 4.76 2 4.65 

Enterococcus 1 4.55 2 9.52 3 6.98 

Klebsiella pneumoniae 11 50 7 33.33 18 41.86 

Pseudomonas aeruginosa 0 0.00 1 4.76 1 2.33 

Staphylococcus aureus 2 9.09 2 9.52 4 9.30 

Streptococcus 0 0.00 2 9.52 2 4.65 
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Figure 14: Comparison of meningitis and non-meningitis babies by blood culture isolated 

organism 

 

 

Most common organism isolated in blood culture of blood culture proven sepsis was klebsiella 

pneumonia that is 18(41.86%) cases. And remaining isolated organisms were staphylococcus 

aureus 4(9.30%), enterococcus 3(6.98%), E. coli, Candia, Streptococcus 2 (4.65%) cases each 

and one baby had pseudomonas sepsis. 

In meningitis group: Most common organism isolated in blood culture of blood culture proven 

sepsis was klebsiella pneumonia that is 11(50%) cases. And remaining isolated organisms were 

staphylococcus aureus 2(9.09%), Enterococcus, E. coli, Candia, Streptococcus, Acinetobacter 1 

(4.55%) cases each. 
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Table 12: Comparison of meningitis and non-meningitis babies by blood WBC counts 

WBC counts Mening

itis 

% Non-

Mening

itis 

% Total % 

<=5000 5 22.73 5 23.81 10 23.26 

5001-20000 15 68.18 15 71.43 30 69.77 

>=20001 2 9.09 1 4.76 3 6.98 

Total 22 100.00 21 100.00 43 100.00 

 

 

Figure 15: Comparison of meningitis and non-meningitis babies by blood WBC counts 
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In this study 10(23.26%) babies had total WBC counts less than 5,000/cu mm,3 (6.98%) babies 

had more than 20,000/cu mm and remaining 30(69.77%) babies counts were between 5001 to 

20,000/cu mm. 

In meningitis group 5(22.73%) babies had total WBC counts less than 5000/cu mm,2 (9.09%) 

babies had more than 20,000/cu mm and remaining 15(68.18%) babies WBC counts were 

between 5001 to 20,000/cu mm 

 

 

 

Table 13: Comparison of meningitis and non-meningitis babies with Blood CRP  

Variable Mean SD SE t-value p-value 

Meningitis 66.97 48.93 10.43 1.5483 0.1292 

Non-Meningitis 45.24 42.70 9.32   
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Figure 16: Comparison of meningitis and non-meningitis babies with Blood CRP  

The mean of blood CRP in meningitis group was 66.97 mg/dl and non-meningitis group it was 

45.24 mg /dl. Blood CRP value has a statistical insignificant value with p value of 0.1292 i.e., 

more than 0.05 and t value of 1.5483. 
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Table 14: Comparison of meningitis and non-meningitis babies by outcome 

Outcome Meningiti

s 

% Non-

Meningitis 

% Total % 

Discharged against 

medical advice 

(DAMA) 

1 4.55 1 4.76 2 4.65 

Died 4 18.18 1 4.76 5 11.63 

Discharged 17 77.27 19 90.48 36 83.72 

Total 22 100.0

0 

21 100.00 43 100.00 
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Figure 17: Comparison of meningitis and non-meningitis babies by outcome 

 

 

The outcome of our study population showed that out of 43 babies, 5 (11.63%) babies died, 2 

(4.65%) babies were discharged against medical advice and 36(90.48%) babies discharged after 

treatment. 

In meningitis group out of 22 babies, 4 (18.18%) babies died, 1 (4.55%) baby were discharged 

against medical advice and 17(77.27%) babies discharged after treatment. 
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Table 15: Comparison of Levels of CSF parameters between meningitis and non-meningitis 

babies by t test 

CSF parameters 

  

Meningitis Non-Meningitis t-value p-value 

Mean Std.Dev. Mean Std.Dev. 

CSF protein 131.00 65.89 93.07 39.71 2.2725 0.0284* 

CSF sugar 48.85 33.32 50.62 14.48 -0.2244 0.8235 

CSF procalcitonin (PCT) 0.48 0.37 0.20 0.08 3.4055 0.0015* 

CSF Total leukocyte counts (TLC) 20.59 33.36 3.71 2.33 2.3115 0.0259* 

*p<0.05, # applied Mann-Whitney U test 
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Figure 18: Comparison of Levels of CSF parameters between meningitis and non-

meningitis babies 

 

The mean CSF Protein value in meningitis group in our study is 131 mg/dl where as in non-

meningitis group it is 93.07 mg/dl with standard deviation of 65.89 mg/dl and 39.71 mg/dl in 

meningitis and non-meningitis group respectively. On Mann-Whitney U statistical test analysis 

we found that there is a significant higher value of CSF Protein in meningitis group compared to 

non-meningitis group with statistically significant p value of 0.0282 and t value of 2.2725. 

The mean CSF sugar value in meningitis group in our study is 48.85 mg/dl where as in non-

meningitis group it is 50.62 mg/dl with standard deviation of 33.32 mg/dl and 14.48 mg/dl in 

meningitis and non-meningitis group respectively. On Mann-Whitney U statistical test analysis 

we found that there is a no significant difference in CSF Protein value in meningitis group 

compared to non-meningitis group which has p value of 0.8235 and t value of -0.2244. 
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The mean CSF Procalcitonin value in meningitis group in our study is 0.48ng/ml where as in 

non-meningitis group it is 0.20ng/ml with standard deviation of 0.37ng/ml and 0.08ng/ml in 

meningitis and non-meningitis group respectively. On Mann-Whitney U statistical test analysis 

we found that there is a significant difference in CSF Protein value in meningitis group compared 

to non-meningitis group with p value of 0.0015 and t value of 3.4055. 

The mean CSF total leucocyte count in meningitis group in our study is 20.59 cells/dl where as in 

non-meningitis group it is 3.71 cells/dl with standard deviation of 33.36 cells/dl and 2.33 cells/dl 

in meningitis and non-meningitis group respectively. On Mann-Whitney U statistical test 

analysis we found that there is a significant difference in CSF total leucocyte count value in 

meningitis group compared to non-meningitis group with p value of 0.0259 and t value of 

2.3115. 
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Figure 19: ROC curve: CSF protein 

 

Receiver Operator Characteristic curve (ROC) analysis illustrating that the CSF Protein a good 

predictor of the neonatal meningitis with area under the curve of 0.6950 and it has significant p 

value of 0.029 
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Figure 20: ROC curve: CSF sugar 

 

Receiver Operator Characteristic curve (ROC) analysis indicating that, the CSF glucose is a poor 

predictor of the neonatal meningitis in our study with area under the curve of 0.3690 with  p 

value >0.05 that is p value 0.1420. 
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Figure 21: ROC curve: CSF procalcitonin (PCT) 

 

Receiver Operator Characteristic curve (ROC) analysis illustrating that the CSF Procalcitonin is 

a good predictor of the neonatal meningitis with the area under the curve of 0.7890 with  a 

statistical significant p value of 0.001 indicating the CSF Procalcitonin is a good biomarker in 

predicting the neonatal meningitis. 
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Figure 22: ROC curve: CSF Total leukocyte counts (TLC) 

Receiver Operator Characteristic curve (ROC) analysis illustrating that the CSF total leucocyte 

count has significant prediction value in diagnosing  the neonatal meningitis with the area under 

the curve of 0.8660  at significant p value <0.05 that is p value 0.0001 
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Table 16: Area under the curve 

 

Test Result Variable(s) Area Std. Error p-value 95% Confidence Interval 

Lower Bound Upper Bound 

CSF protein 0.6950 0.0820 0.0290* 0.5340 0.8560 

CSF sugar 0.3690 0.0870 0.1420 0.1980 0.5400 

CSF procalcitonin 

(PCT) 

0.7890 0.0740 0.0010* 0.6450 0.9330 

CSF Total leukocyte 

counts (TLC) 

0.8660 0.0590 0.0001* 0.7510 0.9810 

 

*p<0.05



62 

 

Table 17: Diagnostic value of the various parameters studied 

Test Result 

Variable(s) 

AU

C 

95%CI Opti

mal 

cut 

off 

Sens

itivit

y 

Spec

ificit

y 

PPV NP

V 

+LR -LR Acc

urac

y 

CSF protein 0.69

50 

0.53

40 

0.85

60 

60.2

5 

90.9

1% 

23.8

1% 

55.5

6% 

71.4

3% 

1.19 0.38 58.1

4% 

CSF sugar 0.36

90 

0.19

80 

0.54

00 

39.5

0 

54.5

5% 

19.0

5% 

41.3

8% 

28.5

7% 

0.67 2.39 37.2

1% 

CSF procalcitonin 

(PCT) 

0.78

90 

0.64

50 

0.93

30 

0.13 86.3

6% 

23.8

1% 

54.2

9% 

62.5

0% 

1.13 0.57 55.8

1% 

CSF Total 

leukocyte counts 

(TLC) 

0.86

60 

0.75

10 

0.98

10 

1.50 95.4

5% 

19.0

5% 

55.2

6% 

80.0

0% 

1.18 0.24 58.1

4% 

 

In our study the area under the curve for CSF Procalcitonin is 0.789. CSF Procalcitonin 0.13 

ng/dl cut off value has high sensitivity of 86.36% and specificity of 23.81%. At this cut off CSF 

Procalcitonin value, it has good positive and negative predictive value of 54.29% and 62.50% 

respectively. The overall accuracy of CSF Procalcitonin in diagnosing meningitis is 55.81%. The 

measurement of CSF procalcitonin has positive and negative likelihood ratio of 1.13 and 0.57. 
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DISCUSSION: 

Meningitis is a potential fatal disease, hence early initiation of appropriate broad-spectrum 

antimicrobial therapy in response to suspected neonatal meningitis is crucial to optimize 

outcome. Confirmatory diagnosis of neonatal meningitis is made only from positive 

cerebrospinal fluid (CSF) cultures in a clinically compatible case. Many studies have shown that 

with the exception of CSF culture, no other CSF parameters alone or in combination can reliably 

exclude the diagnosis of meningitis in a neonate. So, it is the responsibility of the clinician to 

justify the diagnosis, and initiate treatment, regardless of the values of CSF parameters. To 

overcome this problem with established CSF parameters, a quest has started for other possible 

markers for early, rapid and reliable diagnosis of meningitis in neonates. One of such marker 

evaluated in recent years is Procalcitonin (PCT). 

Many studies done on neonatal population have assessed the usefulness of serum PCT as a 

marker of neonatal sepsis, alone or in combination with Interleukin-6 and C-reactive protein. For 

example study done by Jyotsna et al have shown that, a serum Procalcitonin level at a cut off 

value of 0.5 ng/ml has a sensitivity, specificity, positive predictive value ,negative predictive 

value of 73.8%,47.1%,48% and 80.4% respectively
50

. 

But there are limited number of studies on the utility of CSF PCT in diagnosing neonatal 

meningitis. Our study aims to outline the role of CSF Procalcitonin in diagnosing neonatal 

meningitis and to define a cut off CSF Procalcitonin value that can be called as significant value 

in diagnosing neonatal meningitis. 

 We have clinically suspected these 43 cases as meningitis and conducted CSF analysis. 

Among these, 22 babies had meningitis and remaining 21 babies had no meningitis. We 
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defined meningitis, based on the CSF parameters and reference values for defining 

neonatal meningitis were taken from National Neonatology Forum India, October 2010 

guidelines. 

 The proportion of male to female babies in our study was 15/28, hence majority of the 

babies (65.12%) were female and remaining were male babies (34.88%). 

 The mean gestational age in our study was 36 weeks and out of 43 babies 24 

babies(55.81%) had term gestation and among remaining babies, 11 (25.58%) were 

belongs to early preterm and 8 (18.61%) were belongs to late preterm gestation. 

 The mean weight of babies in our study was 2.06 kg among these 5 babies have VLBW 

(11.6%), 23 babies (53.49%) babies had LBW and remaining 15 babies (34.88%) had 

normal birth weight. 

 Among 43 cases 31 babies (72.07%) had blood culture proven sepsis and 12 babies 

(72.09%) had no blood culture growth even after 7 days of cultivation. 

 The major isolated organism from blood culture in our study was Klebsiella pneumonia 

that is 16 cases 37.21%) had Klebsiella pneumonia growth. 

 In our study 30 babies (69.77%) had blood  total counts between 5001 to 20000 and 10 

babies (23.26%) had leucopenia with total counts less than 5000 and remaining 3 

babies(6.98%) had total counts more than 20,000/cu mm.. 

 In our study majority of the babies were delivered by LSCS that is 28 out of 43 babies 

(65.12%) and 12 babies (54.55 %) with meningitis babies were delivered by LSCS and 

remaining 10 meningitis babies (45.45%) were delivered by normal vaginal delivery. 



65 

 

 In our study CSF PCT, WBC and proteins were significantly elevated in meningitis group 

than the non-meningitis group. Previous studies on neonates corroborate that CSF PCT 

values are significantly higher in babies with neonatal bacterial meningitis
51

. 

 In our study the mean CSF Proclacitonin level is much higher compared to those without 

meningitis, our study shows that at a cut off CSF Procalcitonin value 0.13ng/ml has a 

sensitivity of 86.36% and specificity of 23.81% in diagnosing neonatal meningitis and 

this value has reasonably good positive and negative predictive value of 54.29% and 

62.50 % respectively. In our study with Procalcitonin cut off value of 0.13ng/dl the area 

under the curve for neonatal meningitis was 0.789 (95% C.I 0.645-0.933). 

 Our study findings are going in line with the study conducted by Bandiya P et al  ,they 

showed that CSF procalcitonin is a reliable biomarker in the diagnosis of neonatal 

meningitis with AUC of 0.867 (0.77 -0.95). And they concluded that at a level of 0.12 

ng/ml, CSF procalcitonin had a good sensitivity of 83% and specificity of 84% with area 

under curve 0.86, indicating it is good diagnostic marker for diagnosing meningitis
52

. 

 The study conducted by Reshi et al, found that median CSF PCT levels were significantly 

higher in neonates with meningitis compared to those without meningitis. The median 

PCT values observed in their study were much higher than our study median PCT in 

meningitis and non- meningitis group were 0.47 (0.38–0.88) and 0.26 (0.21–0.28) 

respectively. They found that, at a value of 0.33 ng/ml, CSF PCT has a sensitivity of 

92%, specificity of 87%, positive predictive value of 85.2% and a negative predictive 

value of 93%. The area under the curve of 0.926 shows that CSF PCT has a high 

accuracy in detecting meningitis in patients with neonatal sepsis
53

. 
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 In the study conducted by Reshi et al,  observed, at a value of 0.33 ng/ml, CSF PCT has a 

sensitivity of 92%, specificity of 87%, positive predictive value of 85.2% and a negative 

predictive value of 93%
53

. The area under the curve of 0.926 shows that CSF PCT has a 

high accuracy in detecting meningitis in patients with neonatal sepsis
53

.The median PCT 

values observed in their study were much higher than our study median PCT in 

meningitis and non- meningitis group were 0.47 (0.38–0.88) and 0.26 (0.21–0.28) 

respectively and they showed that, CSF  PCT provides similar useful information to 

diagnose neonatal meningitis, as provided by the traditional parameters of CSF leukocyte 

and neutrophil count individually. This observation is further supported by the 

comparison of ROCs of different CSF parameters, having comparable area under the 

curves. These cut off values are much higher as compared to our study, may be because 

Reshi et al. recruited heavier babies (mean 2.8 kg), than us. In our study the mean weight 

of meningitis babies is 2.2 kg. 

 Study conducted by Rajial T et al. reported that there is a significant difference in the 

mean CSF Proclcitonin values of neonates with confirmed cases, probable cases and non-

meningitis cases with mean CSF procalcitonin value of 0.31ng/ml,0.22ng/ml and 

0.11ng/ml respectively. And at a cut off value of 0.2ng/ml CSF Procalcitonin had a 

sensitivity and specificity of 95.25% and 96% respectively in diagnosing neonatal 

meningitis
54

. 

 There are a few studies on CSF PCT in post-neonatal children. Among children with 

suspected  meningitis, Shokrollahi et al. found significantly higher CSF PCT levels in the 

bacterial meningitis group compared to aseptic meningitis [1.55+/- 1.19 versus 0.39 +/- 

0.33 ng/ml, p <0.001]
55

. 
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 Among symptomatic children aged 28 days to 14 years, Sanaei Dashti et al. reported that 

CSF PCT had a sensitivity of 75% and specificity of 47.4% to diagnose definite or 

probable meningitis
56

. 

 Alons et al. in a prospective observational study showed a significant difference in CSF 

PCT in patients with and without bacterial meningitis (average IQR: 0.5 (4.36) vs 0.02 

(0.02)). This adult patient based study concluded that PCT in CSF may be a useful 

biomarker for diagnosing bacterial meningitis
57

. 

 Konstantinidis et al also studied about the significance of the levels of CSF PCT in adults 

and children, and observed that the mean concentration was significantly higher in 

bacterial meningitis group, in comparison to the control and viral meningitis groups 

(bacterial meningitis: 4.714 ± 1.59 ng/ml, viral meningitis: 0.1327 ± 0.03 ng/ml, control 

group: 0.0925 ± 0.02 ng/ml)
58

. They also found that CSF PCT concentrations were 

related to age, with significantly higher measurements in adult patients in comparison to 

children.  

Though combined assessment of blood/CSF culture and routine CSF parameters are 

sufficient to diagnose meningitis in a clean CSF tap, contamination of the CSF with blood 

due to traumatic Lumbar puncture may create the diagnostic dilemma. Further, the CSF 

procalcitonin values were minimally altered in traumatic contaminated CSF samples, as the 

levels were significantly higher in patients with meningitis than those with no meningitis 
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LIMITATIONS OF THE STUDY: 

 Only one-time CSF PCT was measured at the time of CSF analysis; no serial CSF 

PCT levels were assessed to monitor the response to treatment. 

 Additional measurement of serum Procalcitonin would have helped to identify the 

severity of sepsis and relationship with CSF values, but we couldn’t do in our study. 

 Our study   had a small number of reference standard positive cases 
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CONCLUSION: 

In this study we found that CSF PCT measurement has good diagnostic efficiency similar to 

the traditional CSF parameters. Although measuring CSF PCT in a clean non traumatic CSF 

may not provide extra information, but it will be useful in cases where a diagnosis of 

meningitis is unclear, such as when lumbar puncture was traumatic. 

We conclude that, when CSF Procalcitonin measurement combined with other traditional 

CSF markers for diagnosing meningitis such as CSF protein, CSF sugar and cell count, this 

biomarker can be considered as an additional diagnostic marker particularly, when CSF 

culture is negative, lumbar puncture was traumatic and biochemical and cytological analysis 

of CSF is inconclusive. 
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SUMMARY: 

A hospital-based study conducted in SDM College of Medical Sciences and Hospital, Dharwad 

during the period from November 2019 to October 2020, includes 43 subjects. Objectives of this 

study was to determine the role of CSF Procalcitonin in diagnosis of neonatal meningitis by 

determining a cut off value of CSF Procalcitonin at which the level is called significant. After the 

analysis it was found that CSF Procalcitonin level was elevated in meningitis group than non-

meningitis group and at a cut off value 0.13ng/ml it has good sensitivity and specificity of 

86.36%, and 23.81% respectively, hence in the scenarios where lumbar puncture was traumatic 

and CSF parameters were inconclusive in diagnosing neonatal meningitis, the measurement of 

CSF Procalcitonin can be a helpful biomarker in determining the presence or absence of 

meningitis. 
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ANNEXURE 1 

INFORMED CONSENT: 

 

 

 

 

 

 

TITLE OF THE STUDY: “THE ROLE OF CSF PROCALCITONIN IN DIAGNOSIS OF 

NEONATAL MENINGITIS” 

  

I ---------------------------------------- the undersigned here by give my consent for procedure and 

medical treatment given to my child. I am satisfied with information given about this clinical 

study titled “THE ROLE OF CSF PROCALCITONIN IN DIAGNOSIS OF NEONATAL 

MENINGITIS” being conducted by DR. SHARANABASAPPA under guidance of DR. 

MAHESH MARALIHALLI ASSOCIATE PROFESSOR, DEPT OF PEDIATRICS. 

I am aware of fact that I can opt out of the study any time without having to give reason and this 

will not affect my future treatment in hospital. I am also aware that the investigator may 

terminate my participation in study at any time, any reason without my consent. 

INVESTIGATOR: 

 Dr. SHARANABASAPPA 

POST GRADUATE  

DEPARTMENT OF PAEDIATRICS 

SDM COLLEGE OF MEDICAL 

SCIENCES AND HOSPITAL 

SATTUR DHARWAD 580009 

GUIDE: 

 Dr. MAHESH MARALIHALLI 

ASSOCIATE PROFESSOR 

DEPARTMENT OF PAEDIATRICS 

SDM COLLEGE OF MEDICAL 

SCIENCES AND HOSPITAL 

SATTUR DHARWAD 580009 
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I hereby give permission to investigator to release the information from me as result of 

participation in this study to the sponsors/ regulatory authorities/government agencies/ ethics 

committee. I understand that they may inspect my original records and my identity will be kept 

confidential. 

And I also have been informed the cost of procedure in detail and explained the risk involved 

and I hereby voluntarily and unconditionally give my consent without fear or pressure in 

mentally sound and conscious state to participate in study . 

 I here give consent to participate in this study. 

 

Name and signature of the guardian of the child…………………………….. 

Date ……………….. 

 

Name and signature of the investigator………………………………………….. 

Date ……………….. 
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ANNEXURE 2 
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ANNEXURE 3 

DATA COLLECTION PROFORMA: 

PATIENT’S DETAILS: 

NAME: 

AGE: 

SEX: 

ADDRESS: 

INFORMANT: 

DATE OF BIRTH: 

TIME OF BIRTH: 

DATE OF ADMISSION: 

IP/OP NUMBER: 

AGE AT ONSET OF THE SYMPTOMS: 

 

PRESENTING COMPLAINTS: 

1. POOR WEIGHT GAIN: 

2. IRRITABILITY: 
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3. APNEA: 

4. TACHYPNEA /RESPIRATORY DISTRESS: 

5. SEIZURES: 

6. POOR FEEDING: 

7. VOMITING: 

8. HYPOTHERMIA/HYPERTHERMIA: 

9. HYPOTONIA: 

10. JAUNDICE: 

11. FOCAL INFECTION: 

12. PALLOR/CYANOSIS/MOTLING/POOR PERIPHERAL PERFUSION: 

13. OTHERS: 

 

RISK FACTORS: 

1. GESTATIONAL AGE: 

2. BIRTH WEIGHT: 

3. PROM: 

4. MATERNAL FEVER: 
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5. ANY INVASIVE PROCEDURES DONE ON NEONATE (LIKE 

PERIPHERAL/CENTRAL VEIN CATHETERISATION , UMBILICAL 

CATHETERISATION, INTUBATION) 

 

 

GENERAL PHYSICAL EXAMINATION: 

PALLOR: 

ICTERUS: 

CYANOSIS: 

PULSE RATE: 

BLOOD PRESSURE: 

RESPIRATORY RATE: 

PULSE VOLUME: 

PERIPHERIES: 

CRT: 

TEMPERATURE: 

 

ANTHROPOMETRY: 
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WEIGHT: 

LENGTH: 

HEAD CIRCUMFERENCE: 

 

SYSTEMIC EXAMINATION: 

CVS: 

RS: 

PA: 

CNS: 

INVESTIGATIONS: 

Hb: 

TC: 

DC: 

PLATELETS COUNT: 

PCV: 

GRBS: 

ESR: 
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TB: 

DB: 

BLOOD CULTURE: 

CRP: 

SERUM PROCALCITONIN: 

CSF ANALYSIS: 

a. CELL TYPE: 

b. CELL COUNT: 

c. CSF PROTEIN: 

d. CSF SUGAR: 

e. ZN STAIN; 

f. GRAM STAIN: 

g. CSF CULTURE: 

h. CSF PROCALCITONIN: 

OUTCOME: 
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MASTER CHART 
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