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Abstract The utility of C-reactive protein (CRP) as a

marker of disease severity, therapeutic response and

prognosis in tuberculosis has been suggested. This study

aims to determine the levels of high sensitivity CRP (hs

CRP) among the pediatric tuberculosis cases. A case con-

trol study was conducted on 60 clinically diagnosed

(clinical findings and radiography and/or contact history

and/or Mantoux test) or microbiologically confirmed

(smear and/or culture and/or Cartridge based Nucleic Acid

Amplification test positive) pediatric tuberculosis cases

B 12 years. hs CRP levels were estimated in the cases and

healthy controls using ELISA. Median levels of serum hs

CRP were significantly higher in pediatric tuberculosis

cases (25 mg/l) as compared to controls (0.530 mg/l). No

significant correlation was found with age, gender, site of

tuberculosis or presence of dissemination. Lower levels

were found with palpable lymphadenopathy. Levels were

not significantly different between microbiologically con-

firmed cases and those who were negative by one or more

of the microbiological tests of staining, culture and car-

tridge based nucleic acid amplification test. hs CRP can be

used in diagnostic algorithms of pediatric tuberculosis to

rule out tuberculosis. Further studies could help in deter-

mining the prognostic and therapeutic response of hs CRP

among children leading to better management.
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Introduction

Despite the discovery of effective anti tubercular drugs

more than 5 decades back, tuberculosis (TB) still remains

one of the leading causes of deaths worldwide. World

Health Organization (WHO) estimated a global burden of

10.4 million TB patients in 2016 of which only 61% was

reported. The worst affected was the South-East Asian

region, constituting around 45% of the estimated new

cases, with India contributing maximum (25%) to the gap

in the incidence and the reported cases globally [1]. In

endemic countries, pediatric TB remains an important but

sometimes unrecognized cause of disease and even mor-

tality. Childhood TB constitutes 10–20% of all TB cases in

the high burden countries [2]. Globally, 2,39,000 children

died from tuberculosis in 2015. The incidence of TB in

India in 2016 has been estimated to be around 27,90,000 of

which new pediatric TB cases were approximately

2,27,000 [3]. The children are more likely to progress to

disease after exposure to Mycobacterium tuberculosis as

compared to the adults due to the differences in the

immune mechanisms [4]. As childhood TB is an indicator

of new exposure rather than reactivation, it may act as a

measure of continuing transmission of infection [5].

The diagnosis of TB remains challenging in resource

limited high burden settings, particularly due to continued

dependence on smear microscopy and empirical clinical
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diagnosis due to the lack of proper laboratory diagnostic

facilities. TB in children remains difficult to diagnose both

for the clinicians as well as the microbiologists. The chil-

dren may present with vague clinical symptoms which may

mimic other common childhood diseases and lead to delay

in clinical diagnosis. Microbiological diagnosis is rarely

achieved due to paucibacillary disease in children and

inadequate sample volumes. The positivity of Ziehl–

Neelsen (ZN) staining and conventional culture on

Lowenstein Jensen’s (LJ) medium remains low from sub-

optimal samples in children [6]. Despite the introduction of

molecular diagnostic techniques like Cartridge based

Nucleic Acid Amplification test (CBNAAT), limited

availability and affordability prevent people with TB

symptoms from accessing these services. So an intensified

research in the field of development of innovative diag-

nostic tools has been identified as the need of the hour for

an effective TB control strategy.

Acute phase reactant like serum C reactive protein

(CRP) has been found to be increased in TB, the levels

being highest in advanced disease. The levels have been

found to fall with the therapy and also correlate with the

clinical response [7]. CRP participates in the innate

immune response by binding to the ligands such as phos-

phocholine on the dead or dying cells and bacteria, acti-

vates the complement C1q and the classical complement

pathway and promotes phagocytosis [8]. It is rapidly

increased in response to peptide regulating factors in

inflammatory conditions and has a short half life which

makes it useful as a clinical marker [9]. Rapid CRP test has

been found to be useful in excluding pulmonary tubercu-

losis as point of care test in clinical settings [10]. It was

found in a study that as the mycobacterial load increases,

CRP levels increase in response to the inflammatory pro-

cess. It may not be of diagnostic value per se but may have

a role in determining the prognosis and categorizing the

patients. The data also revealed that the rise in CRP level

was related to the extent of damage to the lung par-

enchyma. Thus CRP levels can be indirectly used as a

marker to identify advanced stage of the disease, thereby

helping the health workers to put an extra effort on these

patients and monitor them closely [11]. In a study done on

pediatric TB patients, it was found that a positive CRP test

can be a sensitive indicator of an active disease while its

return to normal indicates a good therapeutic response and

it also appears to be a sign of good prognosis [12]. Serial

CRP measurement may also prove to be a valuable bio-

marker to evaluate treatment efficacy [10]. In some studies,

an elevated CRP in active TB has been suggested to have

higher specificity than symptom based screening algo-

rithms. Their findings also suggest that screening algo-

rithms using Point-of-care (POC)-CRP can be utilized in

ruling out active TB in people living with HIV thus

facilitating timely initiation of isoniazid preventive therapy

[13].

This study was conducted with the aim to determine the

levels of high sensitivity C-reactive protein (hs CRP)

among the pediatric TB patients and evaluate its utility in

ruling out TB in the pediatric age group.

Materials and Methods

A prospective case control study was conducted from

November 2016 to October 2017 after approval from

Institutional Research Ethics Committee in the Depart-

ments of Microbiology and Pediatrics, University college

of Medical Sciences and Guru Teg Bahadur Hospital,

Delhi, a tertiary care hospital. Sixty clinically diagnosed

(on the basis of clinical findings and radiography and/or

contact history and/or Mantoux test) or microbiologically

confirmed (smear and/or culture and/or Cartridge based

Nucleic Acid Amplification test positive) pediatric TB

cases B 12 years of age were recruited in the study as per

Revised National Tuberculosis Control Programme defi-

nitions [14]. Demographic, clinical and other relevant

details of the patients were recorded in a predesigned

proforma. Written informed consent was taken from the

guardian of the participants and assent was obtained from

the cases wherever applicable.

1. Pulmonary TB Clinically diagnosed/microbiologically

confirmed case involving lung paren-chyma/tracheal

bronchial tree, miliary TB and patients with both

pulmonary and extrapulmonary features [14].

2. Extrapulmonary TB Clinically diagnosed/microbiolog-

ically confirmed case involving organs other than lungs

[14].

Clinical features of pulmonary TB: Fever and cough of

2 weeks or more, recent unexplained weight loss, history of

contact with an infectious person and/or reactive tuberculin

skin test and/or suggestive chest radiograph features.

Clinical features of extrapulmonary TB: Non-specific

symptoms like fever, weight loss, anorexia along with the

specific symptoms as per the site involved with/without

radiography suggestive of TB and/or contact history and/or

reactive tuberculin skin test [15].

Exclusion Criteria

Immunocompromised state and previous history of TB (no

previous history of TB implied no history of intake of anti

tubercular drugs too).

Relevant specimens according to the site of TB for

microbiological tests and 1 ml blood specimens for hs CRP

estimation were collected from all the cases. 30 age and sex
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matched apparently healthy children who had come for

routine vaccinations were enrolled as controls. Pre vacci-

nation blood specimen was also collected from each of the

healthy controls for estimation of levels of serum hs CRP.

Relevant specimens from all the cases were subjected to

Ziehl–Neelsen (ZN) staining for acid fast bacilli (AFB),

culture on Lowenstein–Jensen (LJ) medium for M. tuber-

culosis and cartridge based nucleic acid amplification test

(CBNAAT). All specimens were handled in biosafety

cabinet II B2 [16]. Non sterile specimens were processed

using N-acetyl-L-cysteine-NaOH method. Inoculated LJ

slopes were incubated for up to 8 weeks at 37 �C. Pre-
liminary identification of cultures was done by morphology

and growth rate and further confirmed by niacin, p-ni-

trobenzoic and MPT64 antigen detection tests [17].

CBNAAT was performed on all specimens as per SOP

developed by Revised National Tuberculosis control Pro-

gramme (RNTCP) at the DOTS center [14].

Serum was separated for all the blood specimens col-

lected for the estimation of hs CRP and stored at - 20 �C
till further processing. The test was performed using

commercially available high sensitivity C-reactive protein

assay (Xema, CRP Ultra EIA, Moscow, Russia) based on

the principle of solid phase two-site sandwich ELISA. The

mean absorbance values (OD450) for each pair of cali-

brators and samples were calculated. A calibration curve on

graph paper: OD versus C-reactive protein concentration

was plotted. Since the ELISA reader could read OD values

only up to 3.5 which corresponded to the highest concen-

tration of the standard (25 mg/l) that was provided with the

test kit, the concentrations corresponding to the OD

obtained as[ 3.5 were considered as[ 25 mg/l.

Statistical Analysis

Data was analyzed using SPSS 20 software. Median levels

and interquartile range (IQR) of hs CRP were calculated

for various groups among cases and controls. Non para-

metric tests were applied to report the statistical signifi-

cance. p value\ 0.05 was considered significant.

Results

The median levels of serum hs CRP were found to be

higher in pediatric TB cases (25 mg/l, IQR 24.30–25.00) as

compared to healthy controls (0.530 mg/l, IQR 0.00–2.79)

and the difference was statistically significant (p = 0.000).

Figure 1 shows the Receiver-operating-characteristic

(ROC) curve analysis for serum levels of hs CRP among

the pediatric TB patients and healthy controls. AUC for hs

CRP was found to be 0.987 (95% confidence interval of

0.970–1.004). Best cut-off value of 6.32 mg/l was obtained

by giving equal weightage to sensitivity and specificity.

The optimum cut-off point was calculated where sum of

sensitivity and specificity was maximum (sensitivity

96.7%; specificity 90%). Thus AUC of serum hs CRP

levels was found to significantly discriminate between the

pediatric TB and healthy children (p = 0.00).

The age of the children in this study ranged from

2 months to 12 years, mean age being 6.8 years. The

maximum number of children in this study was above

5 years of age. Out of total 60 cases, number of males in

the study was 33 (55%) while the number of females was

27 (45%), male to female ratio being 1.2. Serum levels of

hs CRP did not vary significantly with age and gender.

Of total 60 patients, 35 (58%) were diagnosed to be pul-

monary TB and 25 (42%) were extrapulmonary TB according

to the latest RNTCP guidelines. Tubercular meningitis was

the predominant form constituting 48% of the extrapulmonary

TB followed by skeletal TB (20%) (Table 1).

The median level of serum hs CRP among pulmonary

TB cases was 25.00 mg/l (IQR 24.23–25.00) while the

level in extrapulmonary TB was 25.00 mg/l (IQR

24.35–25.00), the difference in the levels being statistically

insignificant (p = 1.000).

Fig. 1 Receiver-operating-characteristic (ROC) curve for serum

levels of hs CRP among pediatric TB cases and healthy controls

Table 1 Sites of pediatric extrapulmonary TB (n = 25)

Sites of extrapulmonary TB Number (%)

Tubercular meningitis 12 (48%)

Skeletal TB 5 (20%)

Pleural TB 3 (12%)

Tubercular empyema 1 (4%)

Tubercular liver abscess 1 (4%)

Tubercular lymphadenopathy 1 (4%)

Abdominal TB 1 (4%)

Tubercular psoas abscess 1 (4%)
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Fever, loss of appetite, weight loss and pallor were the

most common symptoms at presentation in pediatric TB

patients. Apart from the non specific symptoms and signs

like fever, loss of appetite, weight loss and pallor; cough

was a predominant symptom in pulmonary TB cases and

was present in 80% of the patients as compared to 24% of

the patients with the extrapulmonary TB. Headache,

vomiting, seizure and altered sensorium were more com-

mon in extrapulmonary TB patients. Table 2 shows com-

parison of median serum levels of hs CRP with various

clinical features. Only 8/60 (13%) children presented with

chills along with fever but the median serum levels of hs

CRP were significantly lower in those children 24.02 mg/l

(IQR 21.27–25.00) as compared to those who did not have

chills 25 mg/l (24.68–25.00) (p = 0.047). Palpable lym-

phadenopathy was present in 10/60 patients who had sig-

nificantly lower levels of hs CRP 24.35 mg/l (IQR

17.50–25.00) as compared to patients without lym-

phadenopathy 25 mg/l (IQR 24.90–25.00) (p = 0.020).

There was no significant difference in the levels with

respect to the presence or absence of other features.

Fifty-one patients (85%) had findings on radiograph

suggestive of tuberculosis. 12 of 60 (20%) cases had nor-

mal chest X-ray while the predominant finding of lung

consolidation was present in 25 of 60 (42%), pleural

effusion in 9/60 (15%), miliary mottling in 6/60 (10%)

cases. Lymphadenopathy was found in 12 (20%) cases.

Hydrocephalus and enlarged ventricles were also important

findings in tubercular meningitis patients and was present

in 8 of 60 (13%) cases. Median serum levels of hs CRP

were compared with the important radiological features in

the pediatric TB cases (Table 3). There was no significant

difference in the serum levels of hs CRP on the basis of

presence (denoted by positive group) or absence (denoted

by negative group) of a particular radiological feature.

Tuberculin skin test was done in 54 cases and an

induration diameter of C 10 mm was considered as reac-

tive. In the study, 30 (56%) cases tested reactive.

Acid fast bacilli were demonstrated byZN staining in only

12 out of 60 (20%) cases. M. tuberculosis was isolated on

culture in 17 out of 60 (28%) cases. Among 60 cases, 30

(50%) were CBNAAT positive. 33 of 60 (55%) cases were

microbiologically confirmed (by C 1 of smear

microscopy/culture/CBNAAT). The median levels of hs

CRP were compared with respect to positivity by 3 micro-

biological techniques (Table 4) but were not significantly

different among AFB positive and negative cases

(p = 0.322), culture positive and negative cases (p = 0.345)

and CBNAAT positive and negative groups (p = 0.121).

Spearman’s rho correlation of hs CRP was calculated

with the hemoglobin levels, total leucocyte count (TLC)

and packed cell volume (PCV) among the pediatric TB

cases. Significant inverse correlation was found with PCV

(- 0.316, p value = 0.021) while the correlation with

hemoglobin and TLC was not found to be significant.

Discussion

Pediatric TB remains highly under diagnosed. Conven-

tional microbiological tests have low sensitivity for the

diagnosis of tuberculosis, especially in the pediatric pop-

ulation. A number of circulating biomarkers are under

study which may prove to be useful. Recently, CRP has

attracted attention as a candidate biomarker for active

tuberculosis.

In this study, the majority of children were males and

above 5 years of age as reported by other studies from

Delhi [2, 5]. While another Indian study showed a female

preponderance and the majority of the children were below

5 years of age [18]. Age and gender distribution of pedi-

atric TB may vary from place to place.

Pulmonary TB has been reported as the predominant form

in the pediatric age group from previous studies as has been

documented in our study too [19, 20]. Few studies, however

have shown extrapulmonary form of TB to be more common

among the pediatric patients [5, 21]. Tubercular meningitis

was the commonest presentation amounting to 48% of

extrapulmonary TB cases in this study in concordance with

other studies [18, 20]. This is in contrast to recent studies that

have reported lymphadenopathy as the most common extra-

pulmonary form of TB in the pediatric age group [5, 19].

Being a tertiary care hospital in Delhi catering to the patients

of the adjoining states, our hospital might be receiving

increased referrals of severe forms of TB from the peripheral

health centers.

In many studies, the role of CRP as a point of care test to

differentiate between tubercular and non tubercular infec-

tion has been suggested [10, 13, 22]. In this study, hs CRP

levels in the pediatric TB cases were found to be signifi-

cantly higher as compared to the healthy controls. So hs

CRP has a power to discriminate between TB case and

healthy control. Similar results were reported by another

study done on children where the levels of CRP among

both pulmonary and extrapulmonary TB were found to be

raised as compared to the healthy children, though no

significant difference in the level of hs CRP among the

children with pulmonary and extrapulmonary TB was

reported similar to our study [22].

Though hs CRP could not differentiate between the

types of TB, the above findings suggest that it could help in

ruling out TB in pediatric age group where the microbio-

logical confirmation is difficult to achieve especially in the

extrapulmonary types.

The levels of hs CRP in this study did not show any signif-

icant differencebetween thepatientswith radiological evidence
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of TB and those without it. But a previous study reported sig-

nificantly higher levels of CRP among pulmonary TB patients

having evidence of parenchymal involvement [11].

Its utility as point-of-care test among adults especially

among sputum smear negative suspected pulmonary TB

cases has been studied [23]. Smear microscopy was posi-

tive for acid fast bacilli in only 20% and culture was

positive in only 28% of the pediatric TB cases in this study

which is similar to microbiological confirmation by con-

ventional methods in the previous studies [6, 24]. The

overall microbiological diagnosis remains difficult in

children due to insufficient specimens and paucibacillary

nature of the disease. In our study, the median serum levels

of hs CRP were not found to be significantly different

among the cases that were microbiologically positive from

those who were microbiologically negative, though in a

Table 2 Median serum levels

of hs CRP associated with

various clinical features in

pediatric TB

Clinical features Median levels of serum hs CRP in mg/l (IQR) p value

Fever

Positive group (n = 52) 25 (24.30–25.00) 1.000

Negative group (n = 8) 25 (13.69–25.00)

Evening rise of temperature

Positive group (n = 13) 25 (22.69–25.00) 0.184

Negative group (n = 47) 25 (24.58–25.00)

Chills

Positive group (n = 8) 24.02 (21.27–25.00) 0.047

Negative group (n = 52) 25 (24.68–25.00)

Cough

Positive group (n = 34) 25 (24.81–25.00) 0.316

Negative group (n = 26) 25 (24.24–25.00)

Dyspnea

Positive group (n = 15) 25 (22.06–25.00) 0.705

Negative group (n = 45) 25 (24.35–25.00)

H/o recurrent pneumonia

Positive group (n = 4) 25 (22.79–25.00) 0.830

Negative group (n = 56) 25 (24.30–25.00)

Loss of appetite

Positive group (n = 49) 25 (23.90–25.00) 0.525

Negative group (n = 11) 25 (24.58–25.00)

Weight loss

Positive group (n = 46) 25 (24.06–25.00) 0.371

Negative group (n = 14) 25 (24.87–25.00)

Abdominal pain

Positive group (n = 7) 25 (22.06–25.00) 0.668

Negative group (n = 53) 25 (24.35–25.00)

Lymphadenopathy

Positive group (n = 10) 24.35 (17.50–25.00) 0.020

Negative group (n = 50) 25 (24.90–25.00)

Vomiting

Positive group (n = 18) 25 (24.24–25.00) 0.662

Negative group (n = 42) 25 (24.41–25.00)

Headache

Positive group (n = 8) 25 (18.07–25.00) 0.564

Negative group (n = 52) 25 (24.30–25.00)

Seizure

Positive group (n = 15) 25 (24.24–25.00) 0.899

Negative group (n = 45) 25 (24.35–25.00)

Bold values indicates statistically significant values
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previous study serum CRP levels were significantly lower

in sputum smear-negative group when compared to the

sputum smear positive patients. Moreover, they also

reported an increase in the level with increase in the

number of bacilli in the smear and thus, also correlating

higher CRP levels with extent of severity of disease, more

chances of initial drug resistance, delayed sputum con-

version and delayed response [11]. Also in another study

done on variety of specimens, CRP levels were found to be

significantly higher in culture positive and smear positive

cases [25]. Higher CRP reflected increased inflammation

which may be due to higher bacillary load as suggested by

positive microbiological tests. In both the studies the

population under study was mainly adults. Pediatric TB

being paucibacillary, these studies may not truly reflect the

correlation of the parameters with CRP in children. Almost

all the cases except very few in our study had hs CRP

levels much above the cut off value i.e.[ 20 mg/l. Rela-

tively higher values of hs CRP was found in our pediatric

TB cases; further studies could be done to know the dif-

ference in the levels of hs CRP between the tubercular or

other inflammatory causes, so as to better utilize this bio-

marker in the diagnosis of pediatric TB. This becomes even

more crucial in pediatric TB where a lot of variations in

clinical and radiological presentations have been reported

with not so well defined microbiological correlation [26].

Table 3 Median serum levels

of hs CRP associated with

important radiological features

in pediatric TB

Radiological feature Median levels of serum hs CRP in mg/l (IQR) p value

Lung consolidation

Negative group (n = 35) 25 (24.47–25.00) 0.500

Positive group (n = 25) 25 (23.90–25.00)

Miliary mottling

Negative group (n = 54) 25 (24.23–25.00) 0.193

Positive group (n = 6) 25 (25.00–25.00)

Pleural effusion

Negative group (n = 51) 25 (24.23–25.00) 0.499

Positive group (n = 9) 25 (24.73–25.00)

Normal chest x ray

Negative group (n = 48) 25 (24.3–25.00) 0.561

Positive group (n = 12) 25 (18.04–25.00)

Lymphadenopathy on radiology

Negative group (n = 48) 25 (24.47–25.00) 0.715

Positive group (n = 12) 25 (22.24–25.00)

Hydrocephalus and enlarged ventricles

Negative group (n = 52) 25 (24.47–25.00) 0.167

Positive group (n = 8) 24.79 (9.52–25.00)

Table 4 Median serum levels

of hs CRP associated with

microbiological diagnosis

Diagnostic techniques Median serum levels of hs CRP in mg/l (IQR) p value

Direct demonstration of acid fast bacilli

Positive group (n = 12) 25 (25.00–25.00) 0.322

Negative group (n = 48) 25 (24.23–25.00)

Isolation of M. tuberculosis on LJ media

Positive group (n = 17) 25 (25.00–25.00) 0.345

Negative group (n = 43) 25 (23.57–25.00)

Direct demonstration and/or isolation

Positive group (n = 19) 25 (25.00–25.00) 0.272

Negative group (n = 41) 25 (23.00–25.00)

CBNAAT

Positive group (n = 30) 25 (24.89–25.00) 0.121

Negative group (n = 30) 25 (21.61–25.00)
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Conclusion

In a developing country like India where significant num-

bers of pediatric TB cases remain undiagnosed due to lack

of gold standard, tuberculosis is many times diagnosed

based on clinical and radiological criteria along with his-

tory. It is a diagnosis of exclusion in cases where micro-

biological diagnosis of TB can’t be established and other

common etiologies like malaria have been ruled out by

common laboratory tests. Although a non specific marker

of inflammation, hs CRP could significantly differentiate

between pediatric TB cases and healthy controls. It may be

incorporated in the algorithms for diagnosing pediatric TB

along with clinical history, microbiology, radiology and

tuberculin skin test and it may prove to be an important

tool in ruling out TB in children who are mostly not con-

firmed microbiologically due to paucibacillary disease

especially the extrapulmonary forms.
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