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Associations of Acute Phase Reactants with Disease Activity and
Radiological Involvement in Pulmonary Tuberculosis

Akciger Tuberkiilozunda Akut Faz Reaktanlarinin Hastalik Yayginligi ile Iliskisi
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ABSTRACT

Background: Smear microscopy is widely used in diagnosing tuberculosis (TB), but its sensitivity may be limited in cases with low
bacillary load or extrapulmonary involvement. This has led to growing interest in laboratory biomarkers that reflect disease activity.
The immune response to Mycobacterium tuberculosis stimulates the release of inflammatory cytokines, triggering an acute-phase
reaction. This study aimed to evaluate the associations of acute-phase reactants-including C-reactive protein (CRP), erythrocyte
sedimentation rate (ESR), and mean platelet volume (MPV)-with bacillary load, radiological involvement, and hospital stay in
pulmonary TB patients.

Materials and Methods: This retrospective study included 137 patients diagnosed with pulmonary TB. They were grouped as smear-
positive or smear-negative, and culture-positive. Data on demographics, laboratory results (CRP, ESR, MPV), chest radiography,
bacillary load, culture results, and length of hospital stay were analyzed. Radiological involvement was categorized as minimal,
moderate, or extensive

Results: The cohort was 69% male with a median age of 42 years. Smear positivity was found in 71% and culture positivity in 74%
of cases. Radiological assessments showed minimal (47%), moderate (41%), and extensive (12%) involvement. CRP levels were
significantly higher in smear-positive patients (p<0.001) and increased with more extensive radiological involvement (p=0.02).
These patients also had longer hospital stays (p=0.001). No significant associations were found between MPV or ESR and bacillary
load or radiological extent (p>0.05).

Conclusion: CRP is a sensitive marker of inflammatory activity in pulmonary TB, correlating with both bacillary burden and
radiological spread. It may be useful for evaluating disease severity and treatment response. MPV and ESR, however, appear to have
limited clinical relevance in this context.

Keywords: C-reactive protein, erythrocyte sedimentation rate, pulmonary tuberculosis, mean platelet volume, inflammation

Amag: Tuberkiloz (TB) tanisinda kullanilan yayma mikroskopisi, basil yogunlugunun dusiik oldugu veya ekstrapulmoner tutulumun
bulundugu olgularda yetersiz kalabilmektedir. Bu nedenle hastalik aktivitesini degerlendirmeye yonelik laboratuvar belirteclerine
olan ilgi artmistir. Bu calismada, akciger TB’li hastalarda akut faz reaktanlarindan C-reaktif protein (CRP), eritrosit sedimantasyon
hizi (ESH) ve ortalama trombosit hacmi (MPV) dizeylerinin; basil yogunlugu, radyolojik tutulum ve hastanede yatis siresi ile olan
iliskileri arastirilmistir.

Gereg ve Yontemler: Retrospektif olarak tasarlanan bu calismaya, akciger TB'si tanisi almis 137 hasta dahil edilmistir. Olgular yayma
pozitif (ARB pozitif) ve yayma negatif-kultlr pozitif olmak Gzere iki gruba ayrilmistir. CRP, ESH, MPV duizeyleri, radyolojik tutulum
(minimal, orta, ileri), basil yogunlugu ve hastanede yatis siireleri degerlendirilmistir.
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Bulgular: Katilimcilarin %69'u erkek, yas ortancasi 42 (25-56) yildir. Yayma pozitiflik orani %71, kultur pozitiflik orani %74 olarak
bulunmustur. Radyolojik olarak %47 minimal, %41 orta, %12 ileri dlizey tutulum mevcuttur. Yayma pozitif hastalarda CRP duzeyleri
anlamli sekilde daha yuksektir (p<0,001) ve bu hastalarda hastanede yatis slresi de daha uzundur (p=0,001). Radyolojik tutulum

arttikca CRP dizeylerinde de anlamli artig saptanmistir (p=0,02). MPV ve ESH duzeyleri ile basil yogunlugu veya radyolojik tutulum

arasinda anlamli iliski gézlenmemistir.

Sonug: CRP diizeyi, TB hastalarinda hastalik yayginligini ve enflamatuvar aktiviteyi yansitan duyarli bir biyobelirte¢ olarak 6ne
¢ikmaktadir. Buna karsilik MPV ve ESHnin sinirli prediktif degeri oldugu gortlmustur.

Anahtar Kelimeler: C-reaktif protein, eritrosit sedimantasyon hizi, akciger tliberkilozu, ortalama trombosit hacmi, enflamasyon

Introduction

Tuberculosis (TB), caused by Mycobacterium tuberculosis,
remains a significant global public health concern,
particularly in developing countries. Early diagnosis and
effective monitoring are crucial for controlling the disease
and improving patient outcomes. Acute phase reactants
(APRs) such as C-reactive protein (CRP), erythrocyte
sedimentation rate (ESR), and mean platelet volume (MPV),
a hematological parameter, have been investigated as
potential biomarkers for the diagnosis and prognosis of TB
(1-3).

CRP is an acute phase protein whose levels increase
in response to various inflammatory conditions. Previous
studies have demonstrated significantly elevated CRP
levels in patients with active pulmonary TB compared to
healthy individuals. Furthermore, CRP levels have been
shown to correlate with disease severity and radiological
involvement, suggesting that CRP may serve as a valuable
marker for evaluating TB activity and monitoring treatment
response (1,4). Similarly, elevated ESR levels have been
observed in patients with active pulmonary TB, with
significant correlation to radiological extent. Therefore, ESR
may also be considered an indicator of disease severity and
a useful parameter for assessing treatment efficacy (1).

MPV reflects the average size of platelets and is
considered a marker of platelet activation and production
rate. Although inflammatory states may influence MPV
levels, findings on its association with TB are inconsistent.
Some studies have reported decreased MPV levels in active
TB, suggesting a reduction during systemic inflammation,
while others have found no significant difference between
TB patients and healthy controls (5). These discrepancies
may be attributed to differences in study populations,
disease severity,and methodological variations.

Evaluating APRs such as CRP, ESR, and MPV in TB
patients has important clinical implications. Increases
in CRP and ESR may support early detection of active TB,
especially in cases with non-specific or absent clinical
symptoms. Moreover, monitoring these biomarkers during

treatment can provide insight into disease progression and
therapeutic response. A decrease in CRP and ESR levels
may indicate effective treatment and disease regression,
whereas persistently elevated levels may suggest treatment
failure or the presence of complications (5,6).

In this study, we aimed to investigate the relationship
between the APRs CRP, ESR, and MPV and radiological
involvement, bacillary load, and length of hospital stay in
patients with pulmonary TB.

Materials and Methods

This retrospective cohort study included 137 patients
diagnosed with pulmonary TB who received inpatient
treatment in the TB ward. Patients were classified into
two groups: smear-positive (Group 1) and smear-negative
but culture-positive (Group 2). Patients with chronic
obstructive pulmonary disease, asthma, bronchiectasis,
human immunodeficiency virus (HIV) infection, or other
inflammatory conditions (e.g., connective tissue diseases,
inflammatory bowel diseases, acute or chronic infections,
endocrinological, hematological, hepatic, or renal disorders,
peripheral vascular disease, hypertension, or diabetes
mellitus) were excluded, as these conditions could
potentially influence MPV. In addition, patients who had
returned from treatment failure; had interrupted and later
resumed treatment, were referred from other centers; had
chronic forms of the disease; had received anti-TB treatment
for more than one week; or had missing data for complete
blood count, CRP, ESR, sputum and culture results, or chest
radiography, were also excluded from the study.

Data were obtained by reviewing electronic medical
records and patient files. Patients were included if they
were either smear-positive for acid-fast bacilli (AFB) or
smear-negative but culture-positive, and had received
anti-TB treatment. Demographic data (age and sex),
laboratory parameters (complete blood count, ESR), chest
X-ray findings, bacteriological test results, and duration of
hospitalization were recorded. All laboratory parameters,
including complete blood count, CRP, ESR, and MPV, were
measured at baseline, prior to the initiation of anti-TB
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therapy, to ensure that the recorded values reflected the
patients’ pretreatment status without the influence of anti-
TB medications. Smear-positive patients were compared
with those diagnosed based on culture positivity, despite a
negative smear.

Chest Radiograph Assessment

Chest X-rays were classified as minimal, moderate, or
advanced involvement based on radiological scoring (7).

e Minimal lesions included non-cavitated, mildly to
moderately dense lesions, limited to one lung or both lungs
but not exceeding one lung volume, and not extending
beyond the second chondrosternal junction and the level of
the fourth or fifth thoracic vertebra.

e Moderate lesions could be unilateral or bilateral,
involving an entire lung with mild-to-moderate density or
bilateral involvement of similar volume. If cavitation had
been present, its diameter did not exceed 4 cm.

e Advanced lesions indicated more extensive and
confluent involvement beyond the criteria for moderate
lesions.

Additionally, radiological findings such as infiltration,
consolidation, cavitation, nodules, lymphadenopathy, and
pleural effusion were recorded.

Bacteriological Examination

Sputum samples were examined using the Ziehl-
Neelsen staining method for direct smear microscopy and
reported as AFB positive or negative. Smear results were
semi-quantitatively graded based on bacillary count:

» Negative: No bacilli in 300 fields

e +:1-9 bacilli in 100 fields

e ++: 1-9 bacilli in 10 fields

e +++:1-9 bacilli in 1 field

e ++++: 210 bacilli in 1 field (8)

Sputum samples were also cultured and reported as
either positive or negative.

CRP levels were measured nephelometrically using
CardioPhase hsCRP (Siemens Healthcare Diagnostics Inc.,
Newark, DE, USA) on a Siemens BN Il analyzer. The reference
range was 0-5 mg/L, and the threshold for bacterial
infections was 40 mg/L. Complete blood counts were
analyzed using a Beckman Coulter analyzer (Tokyo, Japan),
and ESR was measured using the Alifax analyzer (ltaly).

The study was approved by the University of Health
Sciences Tirkiye, Sancaktepe Sehit Prof. Dr. ilhan Varank
Training and Research Hospital, Scientific Research Ethics
Committee (approval number: 2024/397,dated: 26.12.2024),
in accordance with the principles of the Declaration of
Helsinki. As this was a retrospective study, informed

consent was not obtained; however, patient confidentiality
was strictly maintained.

Statistical Analysis

Statistical analyses were performed using SPSS version
24. The distribution of variables was assessed using
analytical methods (Kolmogorov-Smirnov and Shapiro-Wilk
tests). Non-normally distributed variables were expressed
as medians and interquartile ranges (IQRs). Since the
duration of hospitalization and biochemical parameters
did not follow a normal distribution, they were compared
between groups using the Kruskal-Wallis test, and pairwise
comparisons were conducted with the Mann-Whitney U
test, applying Bonferroni correction. Spearman correlation
coefficients were used to assess relationships between
pairs of variables where at least one variable was non-
normally distributed or ordinal. A p-value of less than 0.05
was considered statistically significant.

Results

Atotal of 137 patients diagnosed with TB were included
in the study. Among them, 69% were male, and the median
age was 42 years. The proportion of patients with a history
of smoking was 54%. The median length of hospital stay
was 23 days (IQR: 8-30).

AFB smear positivity was observed in 71% of patients,
and culture positivity was observed in 74%. Based on chest
radiograph scoring, 47% of the patients had minimal, 41%
moderate, and 12% advanced pulmonary involvement. The
most common radiographic findings were infiltration (44 %),
cavitation (24%), and pleural effusion (21%). Demographic
and clinical characteristics of the study population are
summarized in Table 1.

Age, sex distribution, and smoking status were similar
between smear-positive and culture-positive groups
(p>0.05 for all comparisons; p=0.81 for smoking). The
median length of hospital stay was significantly longer in
the smear-positive group (21 days, IQR: 12-33) compared
to the culture-positive group (10 days, IQR: 5-19) (p=0.001).

Leukocyte count, platelet count, MPV, and ESR levels
were also similar between the two groups (p=0.25, p=0.91,
p=0.34,and p=0.06,respectively).In contrast, CRP levels were
significantly higher in smear-positive patients [median:
50 mg/L (IOR: 24-89)] than in culture-positive patients
[median: 16 mg/L (IQR: 5-52)] (p<0.001) (Table 2).

Acute Phase Reactants According to Radiological
Involvement
CRP levels were significantly higher in patients

with moderate and advanced radiological involvement
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Table 1. Demographic and clinical characteristics of the cases
(n=137)

Case group, n (%)

AFB positive 97 (71)
Culture positive 40 (29)
Sex, male, n (%) 94 (69)
Age, years, median (25-75) 42 (25-56)
Smoking status, n (%)

Non-smoker 63 (46)
Smoker 74 (54)
Length of stay, days, median (25-75) 23 (8-30)
Chest X-ray score, n (%)

Minimal 64 (47)
Moderate 56 (41)
Advanced 17 (12)
Chest X-ray lesion, n (%)

Infiltration 60 (44)
Consolidation 6 (4)
Cavity 33 (24)
Nodule 5 (4)
Lymphadenopathy 4 (3)
Pleural effusion 29 (21)
AFB, n (%)

Negative 73 (53)
+ 38 (28)
++ 12 (9)
+++ 8 (6)
++++ 6 (4)
Culture, n (%)

Negative 36 (26)
Positive 101 (74)
Resistance, n (%)

None 126 (92)
H 3(2.2)

E 1(0.7)

S 2 (1.5)
H+S 2 (1.5)
H+R+S 2 (1.5)
H+Z+S 1(0.7)
AFB: Acid-fast bacilli, H: Isoniazid, E: Ethambutol, S: Streptomycin, R:
Rifampicin, Z: Pyrazinamide

compared to those with minimal findings (p=0.02 for both
comparisons). MPV and ESR levels were similar across all
radiological groups (p>0.05) (Table 3).

Discussion

TB is a disease that requires both clinical and laboratory-
supported evaluations throughout the diagnostic and
therapeutic process. In recent years, the role of APRs in
assessing the presence and extent of active disease has
been increasingly explored. In our study, higher CRP levels
were observed in patients with positive smears and greater
radiological involvement, reflecting increased inflammatory
activity. Likewise, CRP levels showed a stepwise increase

Table 2. Comparison of clinical and laboratory parameters in
accordance to AFB and culture positivity

AFB positive, Culture value
n=97 positive, n=40 P
Sex, male, n (%) 67 (71) 27 (29) 0.85
Age, years, median ) _
(25-75) 40 (24-61) 36 (26-54) 0.82
Smoking status, n (%)
Non-smoker 44 (70) 19 (30) 081
Smoker 53(72) 21 (28) ’
Length of stay, age, ) :
median (25-75) 21 (12-33) 10 (5-19) 0.001
Chest X-ray score, n
(%)
wer e
Moderate 13 (76) 4024) 0.81
Advanced
Chest X-ray lesion,
n (%)
Infiltration 205 22 (G
Consolidation O () 20
Cavit 27 (82) 6 (18) 0.14
Y 2 (40) 3 (60)
Nodule
2 (50) 2 (50)
Lymphadenopathy 23 (79) 6 21)
Pleural effusion
Leukocyte, median 8.420 (7.000- 7.680 0.25
(25-75) 11.000) (6.500-9.900) ’
Platelet, median ) )
(25-75) 306 (240-384) | 287 (240-385) | 0.91
MPV, mean + SD 8.1+0.9 8.2+0.9 0.34
ESR, median (25-75) 80 (50-105) 50 (30-110) 0.06
CRP, median (25-75) 50 (24-89) 16 (5-52) <0.001
AFB: Acid-fast bacilli MPV: Mean platelet volume, ESR: Erythrocyte
sedimentation rate, CRP: C-reactive protein, SD: Standard deviation

in accordance with the progression of radiological severity
from minimal to advanced disease.

The observed parallel between increased radiological
extent and elevated CRP levels supports the potential role
of CRP as an indirect marker of disease activity. Kagujje et al.
(4) similarly reported that CRP demonstrated high sensitivity
in TB diagnosis and had 100% negative predictive value for
ruling out active TB among HIV-positive individuals with
CD4 counts 2350.

Regarding MPV levels, no significant differences were
observed across groups in terms of radiological extent or
bacillary burden. This is consistent with previous reports
suggesting that MPV has limited value as a negative APR in
TB. For example, Gunluoglu et al. (6) concluded that MPV is
not a reliable marker of inflammation in active pulmonary
TB and does not reflect disease severity. Similarly, Yildiz et
al. (9) emphasized the limited utility of MPV as a marker
of inflammatory activity in Mycobacterium tuberculosis
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Table 3. Relationship between chest X-ray severity and CRP, MPV, ESR

Minimal, Moderate, Advanced, Minimal- Minimal- Moderate-
n=64 n=56 n=17 moderate, p advanced, p advanced, p
CRP,ma/L, L - -
median (25-75) 14 (7-52) 48 (22-79) 54 (35-82) 0.02 0.02 0.43
MPV, fl, _ - =
median (25-75) 7.95 (7.6-8.7) 7.8 (7.6-7.9) 7.9 (7.6-7.9) 0.32 0.38 0.50
=S5 80 (30-120) 75 (50-110) 90 (40-125) | 0.88 0.90 0.90
median (25-75) ’ ’ ’
Comparisons were performed using the Kruskal-Wallis test and Bonferroni-adjusted Mann-Whitney U tests for pairwise comparisons. CRP: C-reactive protein, ESR:
Erythrocyte sedimentation rate, MPV: Mean platelet volume

infection. These findings collectively suggest that MPV
may not be suitable as a standalone marker for diagnosis
or assessment of disease activity in chronic infections such
as TB. Gunluoglu et al. (6) reported that although MPV
levels were lower in TB patients than in healthy controls,
the difference was limited, and MPV did not correlate with
disease extent.Additionally, no significant correlations were
observed between MPV and inflammatory markers such as
CRP or ESR in their study. These findings are in line with our
results, indicating that MPV does not serve as a determinant
of TB activity.

Although ESR levels were higher in smear-positive
patients (80 mm/h vs.50 mm/h), the difference did not reach
statistical significance (p=0.06). This may be attributed to
the non-specific nature of ESR and its susceptibility to
various confounding factors. Nevertheless, the trend toward
increased ESR in patients with advanced lesions suggests
that it may still have clinical relevance during follow-up.

No significant relationship was found between
hospitalization duration and APRs. This supports the notion
that length of hospital stay is influenced not only by clinical
severity but also by various factors such as socioeconomic
status, access to healthcare, and comorbidities. In addition,
our analysis focused on hospitalization length rather than
the total duration of anti-TB therapy. The study was not
designed to assess treatment completion time beyond
discharge. Further studies specifically addressing this issue
are warranted to clarify whether elevated baseline CRP
levels are associated with prolonged treatment courses in
pulmonary TB.

A significant increase in CRP levels was observed with
increasing radiological involvement. While CRP Llevels were
notably lower in patients with minimal disease, they were
significantly higher in those with moderate or advanced
disease. This finding further supports the role of CRP
as a surrogate indicator of inflammatory activity and, by
extension, disease burden. Radiological involvement in our
study was classified according to the system proposed by
Falk et al. (7), which divides pulmonary TB into minimal,

moderate, and advanced disease. This classification has
long been used in clinical practice and research, providing
consistency and comparability with earlier studies. However,
more contemporary scoring systems have been proposed in
recent years, which allow a more quantitative and detailed
assessment of pulmonary involvement (7,8). While we
used the Falk classification to maintain methodological
consistency, future studies may benefit from incorporating
these newer approaches to further refine radiological
evaluation in TB.

In contrast,MPV and ESR levels did not differ significantly
across radiological subgroups. This aligns with previous
findings highlighting the limited ability of MPV to reflect
inflammatory status in TB (10,11). The lack of association
between ESR and radiological extent may be explained by
its non-specific nature and its susceptibility to systemic and
chronic influences. Although several studies have reported
elevated ESR values in TB patients; one study found high
ESR levels in 98% of TB cases (12)-its non-specific profile
limits its utility as a sole indicator of disease extent.

Overall, our findings suggest that among the evaluated
APRs, CRP stands out as the most informative and reliable
biomarker in pulmonary TB. Its association with both
bacillary burden and radiological extent highlights its
potential role not only in reflecting inflammatory activity
but also in evaluating disease progression and treatment
response. In contrast, MPV and ESR appeared to have
limited value in this setting, showing no clear relationship
with disease severity or extent. Therefore, CRP may be
considered a useful tool for monitoring inflammatory status
and guiding clinical follow-up in patients with pulmonary
TB.

Conclusion

In conclusion, CRP was the only APR that consistently
reflected disease severity in pulmonary TB, showing clear
associations with both bacillary burden and radiological
extent. MPV and ESR did not demonstrate meaningful
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clinical value. Overall, CRP appears to be the most useful
biomarker for assessing inflammation and supporting
clinical follow-up in pulmonary TB.
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