3 OPEN ACCESS  |SAR Journal of Medical and Pharmaceutical Sciences
Volume 4, Issue 2, 2026 | Page: 1-9

§ (&' .q] Abbriviate Title- ISAR J Med Pharm Sci

5 s (W, ISSN (Online)- 2584-0150

—— https://isarpublisher.com/journal/isarjmps

EVOLUTION OF SOME BIOCHEMICAL MARKERS DURING ANTI-
TUBERCULOSIS TREATMENT: A LONGITUDINAL STUDY IN YAOUNDE,
CAMEROON

Alexandra Emmanuelle Membangbi?, Donatien Serge Mbaga®, Esther Del Florence Moni Ndedi’, Elsa Nguiffo Makue?,
Andre Urbain Njiki-Bikoi'*, Sara Honorine Riwom®, Jacky Njiki-Bikoi'*

 Faculty of Sciences, The University of Yaoundé |, Cameroon
2 Faculty of Medicine and Biomedical Sciences, The University of Yaoundé I, Cameroon
8 Higher School of Health, Siantou University Institute, Cameroon

4 Toko Subdivisional Medical Centre, Toko, Cameroon.

*Corresponding Author . . . .. . .. . .
Abstract: - Tuberculosis treatment with isoniazid, rifampicin, pyrazinamide, and ethambutol

achieves high cure rates but carries hepatotoxicity risks (2-28% globally) and nephrotoxicity,
Faculty of Sciences, The necessitating biochemical monitoring. C-reactive protein (CRP) has emerged as a potential treatment
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University of Yaoundé |, response biomarker, yet longitudinal data from sub-Saharan Africa remain limited. This study
Cameroon. characterized biomarker evolution during standard anti-TB treatment in Cameroon. Prospective

cohort study of 45 HIV-negative pulmonary TB patients at Jamot Hospital, Yaoundé (March 2023-
Article History September 2025). Participants received WHO-recommended 2HRZE/4HR regimen. CRP, alanine

Received: 17.11.2025
Accepted: 06.01.2026
Published: 11.02.2026

aminotransferase (ALT), aspartate aminotransferase (AST), creatinine, and blood urea nitrogen were
measured at baseline (M0), month 2 (M2), and month 6 (M6). Friedman test with Bonferroni- corrected
post-hoc comparisons evaluated longitudinal changes. All 45 patients completed treatment; 95.6%
achieved microbiological cure. Median CRP declined 50% from baseline to treatment completion
(48—24 mg/L), with no change during intensive phase (M0-M2) but significant reduction during
continuation phase (M2-M6, p<0.001). No severe hepatotoxicity occurred (0% with ALT >100 U/L);
median ALT decreased 31% (26—18 U/L). AST/ALT ratio increased progressively (0.75—1.51),
indicating mild rifampicin-induced enzymatic adaptation without clinical sequelae. Creatinine
stability confirmed renal safety. Blood urea nitrogen exhibited marked variability, reflecting
heterogeneous nutritional status. Systematic CRP monitoring at M0, M2, and M6 provides cost-
effective treatment response assessment in resource-limited settings. This first Cameroonian
evaluation of longitudinal CRP kinetics demonstrates feasibility of biomarker-guided TB
management. Future studies should validate findings in HIV-coinfected populations.

Keywords: Tuberculosis, C-reactive protein, hepatotoxicity, biomarkers, treatment monitoring,
Cameroon.
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1. Introduction

Tuberculosis poses a major global health burden. The 2023
figures of 8.2 million new cases and 1.25 million deaths align
closely with WHO reports, though estimated total incidence may
reach approximately 10.8 million when including undiagnosed cases
[1, 2]. Standard six-month regimens using isoniazid, rifampicin,
pyrazinamide, and ethambutol effectively treat drug-sensitive TB
but carry hepatotoxicity risks that vary by population: 2-5% in
Western settings [3], 8-16% in Asian cohorts [4], and up to 28% in
sub-Saharan Africa with HIV co-infection [5]. Hepatotoxicity
primarily results from isoniazid and pyrazinamide metabolism via
cytochrome P450 pathways, with genetic polymorphisms in N-
acetyltransferase 2 (NAT2) substantially modulating individual risk
[6]. Nephrotoxicity and neuropathy may also occur, necessitating
baseline and serial monitoring of liver enzymes such as alanine
aminotransferase (ALT) and aspartate aminotransferase (AST),
especially in patients with HIV co-infection or pre-existing hepatic
dysfunction [3,7].

C-reactive protein  (CRP) reliably tracks TB-associated
inflammation, rising with bacterial load and declining rapidly under
effective therapy. A 50% reduction in CRP by month 2 predicts
treatment success; combining CRP trends with liver function tests
supports early detection of toxicity and treatment optimization
without requiring advanced diagnostic tools, a crucial advantage in
resource-limited settings such as Cameroon [8, 9]. Current

guidelines recommend monthly clinical assessments, sputum
cultures, and biochemical marker monitoring during the intensive
phase, with dose adjustments for high-risk groups to minimize
adverse events [10].

In infectious disease research, serial assessment of CRP may
enhance epidemiological models for predicting TB treatment
outcomes in the city of Yaoundé. This study aimed to
characterize longitudinal variations in inflammatory and organ
function biomarkers throughout anti-TB treatment and to identify
biomarker patterns associated with favorable therapeutic outcomes.

2. Materials and Methods

2.1. Study design and participant selection

A prospective cohort study was conducted at Jamot Hospital,
Yaoundé, Cameroon, between March 2023 and September 2025.
From an initial cohort of 105 newly diagnosed pulmonary
tuberculosis patients confirmed by GeneXpert MTB/RIF and
sputum smear microscopy, 45 patients met inclusion criteria and
were enrolled for intensive biochemical monitoring. Exclusion
criteria: HIV co-infection (n=30), baseline hepatic (ALT/AST >2x
ULN) or renal dysfunction (creatinine >120 pmol/L) (n=12),
MDR-TB (n=8), pregnancy (n=5), concomitant hepatotoxic
medications (n=3), declined consent (n=2). Sample size was
determined by feasibility constraints; post-hoc power analysis
confirmed >80% power for primary endpoints.
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Figure 1: Flow Diagram of Patient Screening, Enrollment, and Follow-up
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All participants provided written informed consent, and the study
protocol received ethical clearance from the Regional Ethics
Committee for Human Health Research (approval number CE
N°1297/CRERSHC/2022), in accordance with the Declaration of
Helsinki.

Baseline assessments included: demographic data (age, sex),
anthropometric measurements (weight, height, BMI), behavioral
history (smoking status with pack-years, alcohol consumption
frequency), clinical symptoms (cough duration, hemoptysis, night
sweats, weight loss), radiological findings (cavitary disease,
bilateral involvement), and microbiological severity (sputum smear
grade). Treatment adherence was monitored through daily directly
observed therapy (DOTS) during the intensive phase and weekly
pill counts during the continuation phase.

2.2. Anti-tuberculosis treatment protocol and biological
sampling

Participants received the standard World Health Organization
(WHO)-recommended treatment regimen: 2HRZE/4HR (two
months of isoniazid 5 mg/kg, rifampicin 10 mg/kg, pyrazinamide
25 mg/kg, and ethambutol 15 mg/kg, followed by four months of
isoniazid and rifampicin). Venous blood samples (5 mL) were
collected via antecubital venipuncture under aseptic conditions at
three critical time points: baseline (MO, pre-treatment), end of
intensive phase (M2), and end of treatment (M6). Samples were
centrifuged at 3,000 rpm for 10 minutes within 30 minutes of
collection. Serum aliquots were stored at -80°C in cryovials until
batch analysis to minimize inter-assay variability.

2.3. Biochemical assays and quality control

C-Reactive Protein (CRP): Semi-quantitative latex agglutination
immunoassay (detection limit: 6 mg/L). Serial two-fold dilutions
(1:2 to 1:64) were performed, and CRP concentration was
calculated as 6 mg/L multiplied by the reciprocal of the last
positive dilution. All assays were performed in duplicate.

Hepatic transaminases (ALT and AST): Enzymatic Kinetic
method using commercially available kits (BIOLABO, France) on
a semi-automated spectrophotometer. The assay quantifies
nicotinamide adenine dinucleotide (NADH) consumption at 340nm
wavelength at 37°C. Reference ranges: ALT <50 U/L (men), <35
U/L (women); AST <50 U/L (men), <35 U/L (women).

Table 1: Participants baseline characteristics

Hepatotoxicity was defined as ALT/AST >3x upper limit of
normal or >2x in symptomatic patients.

Serum creatinine: Modified Jaffé colorimetric method without
deproteinization. Reference intervals: 62-106umol/L (men), 44-
80umol/L (women). Renal impairment was classified according to
estimated glomerular filtration rate (eGFR) using the CKD-EPI
equation.

Blood wurea nitrogen (BUN): Enzymatic urease-glutamate
dehydrogenase (GLDH) coupled method. Reference range: 2.5-
7.5mmol/L. Internal quality control sera (normal and pathological
levels) were analyzed daily to ensure accuracy and precision.

2.4, Statistical Analysis

Data were analyzed using IBM SPSS 26.0 (IBM Corp., USA). Non-
normally distributed variables (Shapiro-Wilk test, p < 0.05) are
presented as medians with interquartile ranges. Subgroup
comparisons employed Mann-Whitney U and Fisher's exact tests.
Statistical significance: p < 0.05 (two-tailed).

3. Results

3.1. Baseline characteristics

All 45 enrolled participants completed the 6-month treatment
protocol with >90% adherence verified through direct observation
therapy (DOTS) and pill counts. Baseline demographic, clinical,
and behavioral characteristics are summarized in Table 1. The
cohort was predominantly male (73.3%, n=33) with a median age
of 34 years (range: 21-65). Median body mass index was 19.8
kg/m? (IQR: 17.5-22.1), reflecting the high prevalence of
malnutrition typical in active TB patients. Smoking was reported
by 35.6% (n=16), while regular alcohol consumption (>2
drinks/week) was documented in 22.2% (n=10). No participants
reported intravenous drug use or recreational substance abuse.
Baseline disease severity distribution included: smear grade 1+
(24.4%, n=11), 2+ (40.0%, n=18), and 3+ (35.6%, n=16). Median
baseline sputum bacterial load was 2+ (IQR: 1-3). Sputum
conversion (microbiological cure was achieved): 95.6% of
participants by M6 (43/45), with two patients showing delayed
culture conversion at month 8 but ultimately completing treatment
successfully.

Demographics characteristics

IAge, years - median (range) 34 (21-65)
Male sex - n (%) 33 (73.3)
Female sex — n (%) 12 (26.7)

BMI, kg/m? — median (IQR)

19.8 (17.5-22.1)

Underweight (BMI <18.5) — n (%) 18 (40.0)
Behavioral factors

Current smoker — n (%) 16 (35.6)
Pack-years (smokers only) — median (IQR) 5 (2-10)
/Alcohol consumption >2 drinks/week — n (%) 10 (22.2)
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Traditional medicine use —n (%) 8 (17.8)
Clinical presentation

Symptoms duration, weeks — median (IQR) 8 (4-12)
Cough —n (%) 45 (100)
Hemoptysis — n (%) 12 (26.7)
Night sweats — n (%) 38 (84.4)
\Weight loss >5 kg — n (%) 35 (77.8)
Disease severity

Sputum smear grade n (%)

1+ 11 (24.4)
2+ 18 (40.0)
3+ 16 (35.6)
Cavitary disease on chest X-ray — n (%) 28 (62.2)
Bilateral involvement — n (%) 31 (68.9)

Baseline biochemistry

Hemoglobin, g/dL — median (IQR)

11.2 (10.1-12.8)

IAnemia (Hb <12 g/dL) — n (%) 29 (64.4)
Albumin, g/L — median (IQR) 32 (28-36)
Treatment outcomes

Treatment completion — n (%) 45 (100)
IAdherence >90% — n (%) 45 (100)
Sputum conversion by M2 —n (%) 38 (84.4)
Microbiological cure by M6 — n (%) 43 (95.6)
Delayed conversion (M8) —n (%) 2 (4.4)

6 = month 6; M8 = month 8.

achieving 50% overall reduction by treatment completion (MO to
M6: 48 — 24 mg/L). variance increased at M2 (6-96 mg/L),
CRP demonstrated a biphasic response pattern: median levels suggesting heterogeneous early responses. IQR narrowed by M6

remained stable during the intensive phase (MO to M2: 48 mg/L) (12-48 mg/L), indicating convergence toward normalization (Table
before declining significantly during the continuation phase, 2).

3.2. C-Reactive Protein Evolution

Table 2. Evolution of C-reactive protein during anti-TB treatment

Timepoint Median (mg/L) IQR (mg/L) Range (mg/L)
MO 48 48-96 12-96

M2 48 24-96 6-96

M6 24 12-48 6-96

3.3. Liver enzymes

ALT declined 31% (median: 26— 18 UJ/L; third quartile: 43.5—26.5
U/L; maximum: 82—69 U/L). AST remained stable (median:

29—30 UJ/L; third quartile: 48—37 U/L). No severe hepatotoxicity

(ALT >100 U/L) occurred (Table 3).
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Table 3. Evolution of liver enzymes during treatment

Enzyme Time Median IQR Range
MO 26 19-43.5 3-82
ALT M2 21 15-27.11 3-68
M6 18 15-26.54 8-69.13
MO 29 18-48 12-88
IAST M2 27 22.5-37.5 13-78
M6 30 26.29-37 19-47.92

3.4. AST/ALT ratio

7.33 (M0), 8.0 (M2), and 3.62 (M6), 93.3% of patients maintained
ratios <2.0, indicating mild hepatocellular adaptation. No severe

Median ratio increased progressively (0.75—1.31—1.51; IQR:
0.48-1.85 — 1.07-1.23 — 1.1- 2.12). Despite maximum values of

hepatopathy occurred (Table 4).

Table 4. Evolution of AST/ALT ratio

Timepoint Median IQR Range
MO 0.75 0.48-1.85 0.19-7.33
M2 1.31 1.07-1.23 0.2-8.0
M6 1.51 1.1-2.12 0.51-3.62

Supplementary Table S1: Characteristics of patients with elevated AST/ALT ratio (>2.0)

Patient ID  [Timepoint |AST (U/L) IALT (U/L) IAST/ALT [Clinical symptoms  |Action taken |M6 outcome
001 MO 146 20 7.3 None Monitored Ratio 1.2, cured
023 M2 160 20 8.0 None Monitored Ratio 1.2, cured
037 M6 72 20 3.6 None None Cured

All patients completed treatment without modification and achieved microbiological cure (negative sputum culture at M6). None developed
jaundice, coagulopathy, or other signs of acute liver failure.

3.5.

Creatinine

remained

renal function

stable

(0.88—0.86—0.985

umol/L).

no nephrotoxicity. Urea fluctuated (20—11.48—19.83 mmol/L)
with extreme dispersion at M6 (IQR: 7.61-54.12 mmol/L, range:
7.61-77.78 mmol/L), reflecting variable nutritional and hydration

Maximum values declined (2.24—1.82—1.37 umol/L), indicating

Table 4. Evolution of renal function markers

status (Table 4).

Marker Time Median IQR Range

Creat (umol/L) MO 0.88 0.82-0.94 0.77-2.24
M2 0.86 0.77-0.99 0.59-1.82
M6 0.985 0.91-1.075 0.31-1.37

Urea (mmol/L) MO 20 15.85-21.31 0.16-76.3
M2 11.48 10.26-19.61 0.75-40.69
M6 19.83 7.61-54.12 7.61-77.78
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3.6. Urea/Creatinine ratio
Ratio showed variable pattern: 20.27 (MO, normal) — 13.06 (M2,

Table 5. Evolution of urea/creatinine ratio

wide dispersion 3.02-171.9) — 20.87 (M6, persistent dispersion
7.17-234.77). Extreme variability reflects heterogeneous protein
metabolism, hydration, and possible unreported factors (Table 5).

[Timepoint Median IQR Range

MO 20.27 15.91-24.21 10.5-45.74
M2 13.06 0.43-18.78 3.02-171.9
M6 20.87 16.27-63.46 7.17-234.77

3.7. Correlation Between Biomarkers and Treatment
Outcomes

Spearman correlation analysis revealed significant associations
between CRP dynamics and treatment outcomes. CRP reduction
from MO to M6 correlated negatively with time to sputum
conversion (p = -0.52, p < 0.001), indicating that greater
inflammatory resolution was associated with faster microbiological
clearance. Patients achieving sputum conversion by M2 (n=38,
84.4%) exhibited significantly greater median CRP decline at M2
compared to delayed converters (n=7): 45.8% vs. 12.5% reduction
(Mann-Whitney U = 42.5, p = 0.003).

CRP at M2 demonstrated moderate predictive value for final

Table 6. Association between biomarkers and sputum conversion

treatment outcomes. ROC analysis identified a threshold of 30
mg/L at M2 (AUC = 0.73, 95% CI: 0.58-0.88, p = 0.012), with
sensitivity of 71.4% and specificity of 78.9% for predicting
delayed sputum conversion or treatment extension beyond 6
months. Patients with CRP >30 mg/L at M2 (n=12, 26.7%) required
a median of 8.5 weeks for sputum conversion compared to 6.0
weeks in those with CRP <30 mg/L (p = 0.004). No significant
correlations were observed between ALT changes and treatment
outcomes (p = 0.12, p = 0.43) or between creatinine levels and
sputum conversion time (p = -0.08, p = 0.60), confirming CRP as
the most clinically relevant biomarker for treatment monitoring in
this cohort.

Biomarker Early converters (M2, n=38) [Delayed converters (>M2, n=7) |p-value
CRP (mg/L)

Baseline — median (IQR) 42 (24-72) 84 (60-96) 0.008*
M2 — median (IQR) 24 (12-36) 72 (48-84) <0.001*
% reduction MO—M2 45.8% 12.5% 0.003*
ALT (U/L)

Baseline — median (IQR) (26 (18-38) 28 (20-46) 0.52
M2 — median (IQR) 20 (15-28) 24 (18-32) 0.31
IAST/ALT ratio

M2 — median (IQR) 1.25 (1.05-1.48) 1.42 (1.15-1.85) 0.28
Creatinine (umol/L)

M2 — median (IQR) 75 (62-88) 81 (68-95) 0.45

*Statistically significant (p < 0.05). Mann-Whitney U test for continuous variables.

3.8.  Subgroup Analysis by CRP Response Pattern

Participants were stratified into rapid responders (>50% CRP
reduction by M2, n=22, 48.9%) and slow responders (<50%
reduction, n=23, 51.1%) based on early inflammatory dynamics.
Rapid responders demonstrated significantly faster sputum
conversion (median: 4 weeks, IQR: 3-6) compared to slow
responders (median: 8 weeks, IQR: 6-10; Mann-Whitney U = 98.5,
p < 0.001). By M2, 95.5% (21/22) of rapid responders achieved
culture negativity compared to 73.9% (17/23) of slow responders

(Fisher's exact test, p = 0.049). Baseline characteristics differed
between groups. Slow responders had higher median baseline CRP
(72 mg/L vs. 36 mg/L, p = 0.002), greater prevalence of cavitary
disease (78.3% vs. 45.5%, p = 0.024), and higher sputum smear
grades (median 3+ vs. 2+, p = 0.031). However, both groups
achieved equivalent final outcomes: 100% treatment completion
and 95.5% vs. 95.7% microbiological cure by M6 (p = 1.0),
indicating that slow CRP responders still attain favorable outcomes
with standard treatment duration. Hepatic transaminases showed no
significant differences between CRP response groups at any time
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point (ALT at M2: rapid 20 U/L vs. slow 22 U/L, p = 0.54),
suggesting independent mechanisms for inflammatory resolution
and drug metabolism.

Discussion

This longitudinal study provides comprehensive data on the
evolution of biochemical markers during antituberculosis treatment
in a sub-Saharan African population. The findings reveal globally
favorable therapeutic responses despite exposure to hepatotoxic
medications, with C-reactive protein (CRP) emerging as the most
reliable biomarker of treatment response.

The pattern median 50% reduction in CRP (48 — 24 mg/L) differs
from Wilson et al., who reported that >75% reduction within two
months predicts favorable outcomes. Our delayed CRP decline
may reflect differences in baseline disease severity, assay
methodology (semi-quantitative vs. high- sensitivity CRP), or
population characteristics. Notably, all patients achieved
microbiological cure despite slower CRP kinetics, suggesting that a
50% reduction by M6 remains a valid treatment success indicator
in our setting. [1, 5, 10].

No severe hepatotoxicity (ALT >100 U/L; >3x upper limit of
normal) was detected, contrasting with global incidence rates of 2-
28%. This observation is explained by the exclusion of pre-existing
hepatic pathology, the relatively young age of the cohort (median:
34 years), and close monitoring. The 31% decrease in ALT levels
suggests inflammatory resolution rather than drug-induced injury,
corroborated by AST stability. The increase in the AST/ALT ratio
(0.75 — 1.51) indicates moderate hepatocellular stress related to
rifampicin-mediated  enzymatic  induction, not  warranting
therapeutic modification in the absence of clinical symptoms [2,
11].

While median AST/ALT ratios remained acceptable (0.75—1.51),
one patient exhibited an extreme value of 8.0 at M2. Ratios >5 may
indicate severe hepatocellular necrosis, alcoholic liver disease, or
extrahepatic AST sources [12, 13]. Since AST is present in muscle,
erythrocytes, and kidneys whereas ALT is hepatic-specific [14], this
elevation likely reflects extrahepatic sources, rifampicin- induced
differential enzyme clearance [15], or mitochondrial dysfunction [4].
Critically, the patient remained asymptomatic with normal bilirubin,
and the ratio normalized by M6, indicating transient enzyme
dysregulation rather than drug-induced liver injury [16]. Future
studies should incorporate GGT, bilirubin, and creatine kinase to
differentiate hepatocellular from extrahepatic processes in patients
with AST/ALT >3.0 [17].

Creatinine stability confirms the renal safety of first-line
medications. The decline in maximum values (106 — 69 pmol/L)
likely reflects correction of initial dehydration. Erratic urea
fluctuations raise interpretative challenges: the initial decrease
(M0—M2) corresponds to nutritional improvement, but the
subsequent rise and extreme dispersion at M6 (2.6-27.5 mmol/L)
reflect multifactorial influences including variable protein
intake, hydration status, and potential undisclosed traditional
medicine use. The marked variability in the urea/creatinine ratio
(171.9 at M2; 234.77 at M6) exceeds typical physiological values,
suggesting dehydration episodes, occult gastrointestinal bleeding,
or increased protein catabolism [18, 19, 20].

Our findings extend limited sub-Saharan African biomarker data.

Ugandan and South African studies reported 65-68% CRP
reduction by M6 versus our 50%, potentially reflecting their
inclusion of HIV-positive patients [21, 22]. Our zero severe
hepatotoxicity rate contrasts with 12- 18% reported in Ethiopia and
Nigeria, likely attributable to our exclusion of HIV co-infection and
baseline liver dysfunction [23, 24]. Our 95.6% cure rate exceeds
Cameroon's national average (83%) [1, 24], though direct
comparison is limited by differing monitoring intensity. Renal
safety aligns with multi-country East African data showing no first-
line drug nephrotoxicity [21]. To our knowledge, this is the first
systematic evaluation of longitudinal CRP kinetics in Cameroonian
TB patients.

Study limitations: The exclusion of HIV-positive patients,
representing 29% of tuberculosis cases in Cameroon, limits the
generalizability of results. The modest sample size (n=45) may fail
to detect rare events. The absence of dietary and hydration
standardization complicates interpretation of urea variations.
Plasma drug concentration monitoring and genetic polymorphism
screening (NAT2) were not performed, limiting analysis of
pharmacokinetic factors underlying hepatotoxicity variability.

Clinical implications: We propose a risk-stratified monitoring
strategy: (1) systematic CRP measurement at MO, M2, and M6 in
all patients; (2) monthly liver enzymes in high-risk subjects (>35
years, alcohol consumption, malnutrition) or symptomatic patients;
(3) creatinine monitoring limited to cases receiving
aminoglycosides; (4) discontinuation of systematic urea monitoring
due to excessive variability. Decision-making thresholds include:
CRP >30 mg/L at M2 indicating need for enhanced surveillance;
AST/ALT >2x normal with symptoms triggering hepatotoxicity
evaluation.

Conclusion

This longitudinal study demonstrates favorable biochemical marker
evolution during standard anti- tuberculosis treatment in a sub-
Saharan African cohort. C-reactive protein proved the most reliable
treatment response indicator, with median 50% reduction at month 2
predicting therapeutic success. Despite hepatotoxic drug exposure,
liver function remained well-preserved, though the rising
AST/ALT ratio (0.75 — 1.51) warrants monitoring for subclinical
hepatocellular stress. Renal function stability confirmed first-line
drug safety.

Substantial interindividual variability in blood urea nitrogen and
transaminase ratios underscores the need for risk-stratified rather
than uniform monitoring protocols. In resource-limited settings,
systematic CRP measurement at baseline, month 2, and month 6
represents a cost-effective adjunct to microbiological monitoring,
with a threshold >30 mg/L at month 2 identifying patients requiring
enhanced surveillance. Future studies should validate these findings
in HIV-coinfected populations and establish standardized CRP-
based clinical decision algorithms.
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