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C-Reactive Protein (CRP) is important in identifying and evaluating bacterial infections as a
conventional biomarker. Objective: To determine the diagnostic accuracy of CRPin diagnosing
pneumonia keeping blood culture and radiological findings as a gold standard. Methods: A
descriptive cross-sectional study was conducted in the Department of Pediatrics at Lady
Reading Hospital, Peshawar Pakistan from December 2022 to December 2023. After selecting
246 patients who satisfied the required inclusion criteria for pneumonia, an
immunoturbidimetric assay was utilized to quantitatively measure CRP levels. To compare the
results to those of the gold standard of blood culture, patients with both positive and negative
cultures were included. Among the 246, the mean age of the children was 9+2.73 years. There
were 136 males(55%)and 110 females(45%), with male to female ratio of 1.24:1. Results: Results
were true positive in 207(84.15%), true negative in 7(2.85%), false positive in 9(3.66%)and false
negative in 23(9.35%). Diagnostic accuracy was analyzed as CRP had a sensitivity of 87.77%,
specificity of 52.94%, Positive predictive value of 36 %, negative predictive value of 24.32%, and
overall diagnostic accuracy was 85.36%. Conclusions: Clinicians and laboratory professionals
face difficulties in making a precise and prompt diagnosis of pneumonia. However, by
conductingasingle, inexpensive, and rapid test using CRP as a qualitative estimator, physicians
canpreventtheunnecessary use of antibiotics withanaccuracy of 85.36 %.

INTRODUCTION

Community-acquired Pneumonia (CAP) is a significant
source of ilinessindeveloped nationsandacrucial cause of
morbidity and mortality in underdeveloped nations[1].CAP
impacts 0.3%-1.5% of children every year in Western
nations[2]. The current conventional treatment approach
in international guidelines for CAP involves administering
7-10 days of oralamoxicillin, irrespective of the etiology[ 3 ].
Viruses, either alone or in mixed infections with bacteria,
dominate asthe primary cause of CAP in children below the
age of 5 years [4]. Studies have established that
Mycoplasma pneumoniae contributes to over 50% of cases
in children above 10 years of age, but the efficacy of
antibiotics in such cases remains unclear [5].
Streptococcus pneumoniae is the most significant

bacterial pathogen in all age groups [6]. Overlapping
symptoms, non-specific physical exam findings, and
limited access to diagnostic tests are challenges in
diagnosis of pneumonia, in low-resource settings. Chest X-
rays and blood cultures are still thought to be the gold
standards for diagnosis [7]. However, these methods are
not always feasible or affordable in such settings, which
highlights the need for a rapid, accurate, and affordable
diagnostic tool for pneumonia, especially in low-resource
settings. Tillet and Francis discovered C-Reactive Protein
(CRP) in 1930, which is a homopentameric protein that is
highly conserved in plasma. CRP is an acute-phase
inflammatory agent that shows increased expression in
inflammatory conditions such as cardiovascular disease,
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and rheumatoid arthritis, infection. Inflammatory
disorders cause the CRP levels in plasma to deviate by at
least 25% [8]. Recent meta-analyses have highlighted the
variability in diagnostic approaches and the effectiveness
of CRP in distinguishing between bacterial and viral
pneumonia in pediatric populations. Such analyses have
provided the need for improved diagnostic algorithms for
pneumonia diagnosisin resource-limited environments[9,
10]. CRPisimportantinidentifying and evaluating bacterial
infections as a conventional biomarker. Among the several
tests available, CRP's role in pneumonia has been
extensively studied which indicates its high sensitivity and
specificity in diagnosing bacterial infections in children
with pneumonia.

This study aimed to assess the diagnostic accuracy of C-
Reactive Proteins (CRP) in diagnosing pneumonia by
utilizing radiological findings and blood cultures as the gold
standard. Although pneumonia is a prevalent disease
worldwide, it can be difficult to diagnose the illness early
and accurately. Studies that have already been conducted
have shown conflicting results about the validity of CRP as
a stand-alone marker. Some of these studies have not
included a thorough comparison with gold-standard
diagnostics, or they have given inconsistent information
about the predictive usefulness of CRP. By carefully
measuring CRP levels in addition to using recognized
diagnostic techniques, this work fills up these gaps. In
doingso, ithopestoprovide light onwhether CRP canserve
as a trustworthy early indicator of pneumonia, facilitating
prompt clinical decision-making. In the end, the results
may contribute to a decrease in the overuse of antibiotics,
and enhance patient outcomes.

METHODS

A descriptive, cross-sectional study was carried out at the
Department of Pediatrics at Lady Reading Hospital,
Peshawar Pakistan from December 2022 to December
2023. The study was conducted after obtaining the
necessary approvals from the Department of Pediatrics at
Lady Reading Hospital, Peshawar (Reference No.
422/CBW/LRH). The sample size was 246 patients, using
95% sensitivity, 45% specificity, and 52% proportion of
pneumonia with a margin of error for sensitivity as 3.2%
and specificity as 8% using Raosoft software for diagnostic
accuracy. The sensitivity value of 95% was selected based
on existing literature indicating that CRP has a high
potential to correctly identify true positive cases of
pneumonia [11]. Specificity was set at 45% to account for
the possibility that CRP, while sensitive, may also be
elevated in other conditions, reflecting a moderate ability
to exclude non-pneumonia cases. The proportion of
pneumonia was estimated at 52% based on local
epidemiological data, providing a realistic reflection of the
prevalence of pneumonia in the pediatric population
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studied. A non-probability purposive sampling technique
was followed. All children from 2 to 14 years of age with high
suspicion of pneumonia were involved in the study.
Pneumonia was suspected when children had a fever of
more than 100°F at the time of presentation and tachypnea
upper limit according to age. Children with a history of
surgical intervention, renal insufficiency (serum urea level
of>50mg/dl and creatinine level of >1.Img/dl), and trauma
were excluded from the study. The exclusion criteria was
set to eliminate factors that could confound CRP levels and
affect the accuracy of the study. Patients with a history of
surgical intervention and trauma were excluded due to the
potential for surgery-induced or trauma-induced
inflammation, which could falsely elevate CRP levels.
Children with renal insufficiency were excluded because
renal dysfunction can alter CRP metabolism, leading to
inaccurate measurements. An explanation was provided to
the parents of the child regarding the purpose and benefits
of the study. They were reassured of the study's objectives
and advantages, informed of any associated risks, and
made aware that the study was solely conducted for
research and data publication. Once the parents agreed to
participate, written consent was obtained. A thorough
clinical examination was conducted on all children, and a
brief history was obtained from their parents. To detect
pneumonia, 5cc of blood was collected from each child
using strict aseptic techniques and sent to the hospital
laboratory for CRP testing. An immunoturbidimetric assay
was utilized to quantitatively measure CRP levels, with a
threshold of 5mg/dL. The same blood specimen was also
sent for complete blood culture analysis in the same
laboratory to confirm the presence of pneumonia.
Additionally, a chest X-ray was performed for the resultsin
the meantime. The laboratory investigations were
conducted under the supervision of a microbiologist who
had a minimum of five years of experience. A pre-designed
form was used to record all the relevant information. To
ensure control of confoundersand biasin the study results,
strict exclusion criteria were followed. The collected data
were analyzed using SPSS version 24.0, with numerical
variables such as age calculated for mean and standard
deviation. Categorical variables, including qualitative CRP
and blood culture results were presented as frequency and
percentages. Furthermore, sensitivity, specificity and
negative, and positive predictive values for CRP in
identifying children with blood culture and x-ray-proven
pneumoniawere also computed.

RESULTS

In this study, 246 patients with pneumonia were included.
The meanage of the childrenwas 9+2.73 years. There were
136 males(55%)and 110 females (45%), with male to female
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ratio of 1.24:1. Results were true positive in 207 (84.15%),
true negative in 7(2.85%), false positive in 9 (3.66%) and
false negativein 23(9.35%)(Table1).

Table1: Total Accuracy of CRPin Diagnosis of Pneumonia(n=246)

Blood Culture Sensitivity and X-Ray Diagnosis

False False
Positive (%) Negative (%)

CRP levels Positive  Negative Total

Positive 207 9 216 84.15% 2.85%
Negative 23 7 30 3.66% 9.35%
Total 230 16 246 87.81% 12.19%

Diagnostic accuracy was analyzed as CRP had a sensitivity
of 87.77%, specificity of 52.94%, Positive predictive value
of 96%, negative predictive value of 24.32% and overall
diagnostic accuracy was 85.36% (Table 2). To align with the
study objectives, theresultsdemonstrate ahigh diagnostic
accuracy of CRP in diagnosing pneumonia, keeping blood
culture and radiological findings as the gold standard.
Specifically, CRP exhibited a high sensitivity (87.77%) in
identifying true cases of pneumonia, which supports its
effectiveness as a diagnostic tool. However, the 9 false
positives and 23 false negatives observed in the study
indicate potential limitations in CRP diagnostic accuracy.
Moreover, the lower specificity (52.94%) indicates that
while CRP is useful in detecting pneumonia, it may not be
sufficientasastandalone marker.

Table 2: Validity and Predicted Outcomes of CRP

Diagnostic Test (%)
Sensitivity 87.77%
Specificity 52.94%

Positive Predictive Value 96%
Negative Predictive Value 24.36%
Accuracy 85.36%

DISCUSSION

Pneumonia remains a significant cause of morbidity and
mortality, particularly in the developing world where its
incidence was significantly higher. The delay in diagnosis
and initiating therapy were the main reasons for high
mortality. Diagnostic tests for pneumonia may include
chest X-rays, blood tests, sputum analysis, and sometimes
a CT scan. Starting from the early 1990s, the World Health
Organization (WHO) has suggested using quantitative
tachypnea to identify children who may need antibiotic
treatment for potential Pneumonia [12]. However, this
technique relies on subjective assessment. Blood culture
and chest x-ray were still considered as a gold standard for
diagnosis. Among the different tests used to diagnose
pneumonia, the role of CRP in the diagnosis of pneumonia
has been vastly considered. Based on the results, there
were 246 total children, of which 84.15% (207 children)were
classified as true positive for pneumonia based on CRP
results, and 9.35% (23 children) were classified as false
negative. This means that the CRP test correctly identified
the majority of cases of pneumonia, but missed a small
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number of cases. The efficacy of CRP in identifying
pneumonia in children was also reported by previous
studies [9, 13, 14]. Studies should also explore its
effectiveness in diverse clinical settings, especially where
advanceddiagnostics were limited. Additionally, examining
CRP role in monitoring treatment response and disease
progression could be beneficial for clinical practice. A
similar study was conducted by Barek-CorrenY et alin 2021
[15]. In that study, 835 children with CSP were examined,
out of which 87 had viral pneumonia and 89 had invasive
bacterial pneumonia. According to the study, the viral
pneumonia group exhibited lower levels of PCT and CRP in
the absence of malaria parasites compared to the invasive
bacterial pneumonia group. PCT and CRP cut-offs were
determined at 0.72 ng/ml (with a sensitivity of 94.6% and
specificity of 74.2%)and 20.9 mg/l(with a sensitivity of 95%
and specificity of 54.2%), respectively. Wrotek A et al., also
compared prolactin and CRP and showed similar results
[16]. Another study by Dudognon D et al., which included
586 children under 5 years of age with severe clinical
pneumonia, also yielded similar results [17]. The positive
bacterial culture (BC+) group comprised all children with
bacteremia, while arandom selection of other children was
placed in the negative bacterial culture (BC-) group. The
resultsindicated that at a sensitivity of 95%, the specificity
of CRP was 45%, similarly, at a sensitivity of 85%, the
specificity of CRP was 57%. The Area under the curve for
evaluating BC+ was 0.79 for CRP, slightly lower than the
AUC of 0.80 for Procalcitonin. However, the difference
between the two markers was not statistically significant
(P=0.617). The meta-analysis by Gunaratnam LC et al., Tsou
PY et al., and Gentilotti E et al., also comply with these
results[10, 18, 19]. Gunaratnam LC et al., aimed to evaluate
the effectiveness of various biomarkers in diagnosing
bacterial pneumonia in children, particularly in resource-
poor settings. The study analyzed 31 observational studies
and found that CRP and procalcitonin were the most
effective in distinguishing bacterial from viral pneumonia.
Their results demonstrated moderate accuracy with the
though theiraccuracy was moderate, with sensivities from
60% to 85% and specificities from 76 % to 83%. CRP slightly
outperformed procalcitonin. The study concluded that
while CRP and PCT were useful diagnostic tools [10].
Another study by Tarhani F et al., evaluated the diagnostic
accuracy of CRP level for pneumoniain children presenting
at an emergency department[20]. Of the 687 children, 286
went through CRP measurement and chest radiography
and 148 had pneumonia. The study found that higher CRP
levelswererelatedtoahigherproportion of pneumoniaand
that CRP level was independently associated with
pneumonia, even after adjusting baseline characteristics.
However, low CRP levels did not exclude pneumonia. The
study suggests that CRP could have a diagnostic
significance for pneumoniain childrenand prompts further
evaluationinprimary care settings.
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CONCLUSIONS

The study'sradiological findings suggested that CRP canbe
a useful tool for clinicians to accurately diagnose
pneumonia and avoid unnecessary antibiotic use with an
accuracy of 85.36%, as they have difficulty in making an
accurateandtimely diagnosis of pneumonia. However, CRP
alone cannot be relied upon to definitively diagnose
pneumonia, as it has limitations. It should be used in
conjunction with other diagnostic tests and clinical
assessmentsto make anaccurate diagnosis.
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