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ABSTRACT

C-reactive protein as an independent predictor of multidrug-resistant
bacterial infections in hospitalized patients with community-acquired
pneumonia: A retrospective study

Introduction: The increasing prevalence of antibiotic-resistant bacteria in
communities makes empirical antibiotic therapy in community-acquired
pneumonia (CAP) treatment more difficult than ever. C-reactive protein (CRP)
is an acute-phase protein, primarily synthesized by the liver in response to
the stimulation of pro-inflammatory cytokines, including interleukin 6 (I-6),
interleukin 1 (IL-1), and tumor necrosis factor-alpha (TNF-a). Recent studies
have shown that CRP levels may be higher in patients with antibiotic-resis-
tant infections than in those with susceptible infections. This study aimed to
demonstrate that CRP is a reliable biomarker for identifying CAP patients with
MDR infections at admission.

Materials and Methods: The retrospective observational cohort study ana-
lyzed data on hospitalized patients diagnosed with CAP, obtained from elec-
tronic medical records. Univariate and multivariate logistic regression were
used to assess the association between surveyed factors and MDR infection.
The diagnostic accuracy of CRP was evaluated using the area under the receiv-
er operating characteristic (ROC) curve (AUC).

Results: CRP was an independent predictor of a higher likelihood of MDR in-
fection in hospitalized patients with CAP [odds ratio = 1.52, 95% confidence
interval (Cl): 1.12 — 2.05, p= 0.007]. CRP levels provided modest discrimina-
tion between CAP patients with MDROs and non-MDROs infections (AUC=
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0.67,95% Cl: 0.57 - 0.76). The cut-off value of 42.59 mg/L produced a sensitivity of 76.06 % and a specificity of 53.23%. The multi-
variate model significantly improved diagnostic accuracy in distinguishing these two patient groups (AUC= 0.81, 95% Cl: 0.73-0.88).

Conclusion: CRP can be a practical adjunct to the initial assessment of CAP patients for early stratification of MDR infections. Notably,
given its limited diagnostic accuracy, it should be considered alongside other clinical parameters when making antibiotic decisions.

Key words: C-reactive protein; community-acquired pneumonia; MDR infections
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Toplum kokenli pnomoni nedeniyle hastaneye yatirilan hastalarda c¢oklu ilag¢ direncli bakteriyel enfeksiyonlarin bagimsiz bir
ongordiiriiciisii olarak C-reaktif protein: Retrospektif bir calisma

Giris: Toplumlarda antibiyotige direncli bakterilerin prevalansinin artmasi, toplum kékenli pnémoni (TKP) tedavisinde ampirik
antibiyotik tedavisini her zamankinden daha zor hale getirmektedir. C-reaktif protein (CRP), basta interlékin 6 (IL-6), interlkin 1 (IL-1)
ve tiimdor nekroz faktorii-alfa (TNF-a) olmak tizere proenflamatuvar sitokinlerin uyarisina yanit olarak karaciger tarafindan sentezlenen
bir akut faz proteinidir. Son ¢alismalar, antibiyotige direncli enfeksiyonu olan hastalarda CRP diizeylerinin duyarli etkenlerle gelisen
enfeksiyonu olan hastalara kiyasla daha yiiksek olabilecegini gostermistir. Bu ¢alismanin amaci, basvuru sirasinda ¢ok ilaca direncli
(MDR) enfeksiyonu olan TKP hastalarinin belirlenmesinde CRP’nin giivenilir bir biyobelirte¢ oldugunu géstermektir.

Materyal ve Metod: Retrospektif gbzlemsel kohort calismasinda, TKP tanistyla hastaneye yatirilan hastalara ait elektronik tibbi kayit-
lardan elde edilen veriler analiz edildi. incelenen faktorler ile MDR enfeksiyon arasindaki iliskiyi degerlendirmek icin tek degiskenli
ve cok degiskenli lojistik regresyon analizleri kullanildi. CRP’nin tanisal dogrulugu, ROC egrisi altinda kalan alan (AUC) kullanilarak
degerlendirildi.

Bulgular: CRE TKP nedeniyle hastaneye yatirilan hastalarda MDR enfeksiyon olasiliginin daha yiiksek olmasinin bagimsiz bir
ongordiiriiciistidiir (odds orani= 1,52, %95 giiven arahgi: 1,12-2,05, p= 0,007). CRP dtizeyleri, MDRO enfeksiyonu olan ve MDRO
enfeksiyonu olmayan TKP hastalarini ayirt etmede orta diizeyde bir ayirt edicilik saglamistir (AUC= 0,67, %95 GA: 0,57-0,76). 42,59
mg/L esik degeri, %76,06 duyarlilik ve %53,23 6zgilliik saglamistir. Cok degiskenli model, bu iki hasta grubunu ayirt etmede tanisal
dogrulugu anlamli élctide artirmistir (AUC= 0,81, %95 GA: 0,73-0,88).

Sonug: CRP, MDR enfeksiyonlarin erken siniflandiriimasi amaciyla TKP hastalarinin ilk degerlendirmesinde pratik bir yardimci belirteg
olabilir. Bununla birlikte, tanisal dogrulugunun sinirli olmasi nedeniyle antibiyotik tedavisine iliskin kararlar verilirken diger klinik para-
metrelerle birlikte degerlendirilmelidlir.

Anahtar kelimeler: C-reaktif protein, toplum kékenli pnémoni; MDR enfeksiyonlar

INTRODUCTION

Antimicrobial resistance (AMR) poses a significant
global health challenge in the 215 century. In 2021, it
is estimated that 4.71 million deaths were associated
with AMR bacteria (1). The burden of AMR is excep-
tionally severe in low and middle-income countries,
with the highest prevalence in South Asia (31.1%) (2).
In recent decades, antibiotic-resistant bacteria that
were once limited to the hospital environment have
increasingly emerged in the community. The rising
presence of multidrug-resistant organisms (MDROs)
in the community has changed empirical antibiotic
treatment strategies for community-acquired pneu-
monia (CAP). In clinical practice, physicians tend to
choose alternative regimens, which are often broad-
spectrum antibiotics, instead of first-line agents rec-
ommended for CAP, to optimize patient outcomes (2).
However, this practice accelerates the development
of antibiotic resistance, worsening the AMR situation.
The vicious cycle is ended only if there is a tool that
guides an appropriate antibiotic therapy initially, min-
imizing unnecessary antibiotic use while effectively
treating infected patients.

Microbiological testing remains the gold standard for
detecting bacterial pathogens. However, traditional
cultures and drug susceptibility testing (DST) often
take a long time to yield results and have low sensitiv-
ity (3-5). Real-time polymerase chain reaction is a sig-
nificant invention, but it is costly and requires mod-
ern laboratories, making it difficult to use routinely,
particularly in developing countries. Existing MDR
prediction scores are not commonly implemented in
clinical practice due to their limited diagnostic per-
formance and reliance on clinical information that
may not always be readily available (6,7). As a result,
an affordable, simple, rapid, and easily accessible
biomarker will be a practical solution for early risk
stratification of MDRO infection in patients with CAP
at the time of admission.

C-reactive protein (CRP) is an acute-phase protein,
primarily synthesized by the liver in response to the
stimulation of pro-inflammatory cytokines, including
interleukin 6 (IL-6), interleukin 1 (IL-1), and tumor ne-
crosis factor-alpha (TNF-a). IL-6 is reported to be the
primary inducer of CRP gene expression in hepato-
cytes. CRP is an inflammatory biomarker widely used
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to diagnose and monitor infections. Following initial
inflammatory stimulation, CRP concentrations tend
to increase significantly within 6-8 hours, reaching
the peak at 24-48 hours (8). The normal range of plas-
ma CRP is generally lower than 5 mg/L (9). However,
in severe bacterial infections, CRP concentrations
can increase by up to 1000-fold. After the stimulus
is eliminated, CRP levels decrease rapidly over 18-
20 hours, consistent with a half-life of approximately
19 hours (8,9). Furthermore, CRP elevation is associ-
ated with several other conditions, including malig-
nancy, tissue necrosis, injury, autoimmune disorders,
and surgical procedures. CRP levels may rise from 10
mg/L to 5000 mg/L within 24 to 72 hours in cases
such as trauma or progressive cancer (2). In CAP,
CRP measurement is a critical marker for supporting
diagnosis, assessing disease severity, and monitor-
ing response to antibiotics. According to research by
Espana et al., hospitalized patients have higher CRP
levels than outpatients, and CRP levels correlate with
the CURB-65 pneumonia severity score (10). Studies
have shown that CRP above 100 mg/L is predictive
of complications and mortality in CAP cases (11,12).
Beyond its demonstrated clinical significance, recent
studies have shown that CRP levels may be higher
in patients with antibiotic-resistant infections than
in those with susceptible infections. Pathological hy-
potheses have proposed that drug-resistant bacterial
infections may induce a more intense and prolonged
cytokine cascade, possibly due to delayed pathogen
clearance or persistent tissue damage (13,14).

In Southeast Asian countries, particularly Vietnam,
implementing diagnostic tools to detect causative
pathogens remains a persistent challenge, especially
in resource-limited regions. Consequently, clinicians
are more likely to opt for broad-spectrum antibiotics
empirically to ensure bacterial coverage without rely-
ing on any objective evidence, thereby further exac-
erbating antibiotic resistance. Therefore, there is an
urgent need to develop a test that can assist appropri-
ate antibiotic selection at the early stage of treatment
in these areas. C-reactive protein is a promising tool
for distinguishing CAP caused by MDROs from non-
MDROs at admission. As a low-cost and accessible
biomarker, CRP could be highly valuable for predict-
ing MDR bacterial pneumonia if its performance is
validated.

The aim of the study was to evaluate whether CRP
levels are a reliable indicator for distinguishing CAP
patients with MDR infections at hospitalization.
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MATERIALS and METHODS
Study Design and Population

The retrospective observational cohort study was con-
ducted at Pham Ngoc Thach Hospital, a 960-bed hos-
pital in Ho Chi Minh City, Vietham. As a Tuberculosis
and Lung Diseases Center, the hospital serves around
300,000 patients with respiratory problems each year.
In the study, electronic medical records of patients di-
agnosed with CAP admitted to the hospital from Janu-
ary 2023 to May 2025 were retrospectively collected.
Adults (218 years) with CAP and a positive lower
respiratory tract culture collected within 48 hours of
admission were eligible for inclusion. The diagnosis
of CAP was based on the presence of 1) a new pul-
monary infiltrate on chest radiography or auscultatory
findings consistent with pneumonia (such as altered
breath sounds and/or localized rales); 2) at least one
acute symptom, including fever or hypothermia, dysp-
nea, sputum production, cough, pleuritic chest pain;
3) onset of symptoms before admission. All patients
with pneumonia occurring more than 48 hours after
admission were considered hospital-acquired pneu-
monia. Exclusion criteria were as follows: patients
with active malignancy, autoimmune diseases, any
inflammatory diseases unrelated to respiratory infec-
tion; liver dysfunction classified as Child-Pugh Grade
C; immunocompromised patients; sepsis shock (hypo-
tension requiring vasopressors); history of surgery one
month before admission; patient transferred from a re-
ferring facility. Cases with missing critical laboratory
data, such as plasma CRP and complete blood count
(CBC) measured at the same time point of admission,
were also excluded. Patients were considered immu-
nosuppressed if they had HIV infection, administration
of immunosuppressive agents, or corticosteroid treat-
ment (20 mg/day for 22 weeks or 1 mg/kg/day for =3
days prednisolone or equivalent). All adult inpatients
diagnosed with pneumonia during the study period
were identified, and then their respiratory specimen
culture results were extracted. Subsequently, only pa-
tients with positive cultures underwent a comprehen-
sive medical record review to verify the diagnosis of
community-acquired pneumonia and to ensure fulfill-
ment of all inclusion and exclusion criteria.

Sample Calculation

The sample size was calculated using Buderer’s for-
mula for diagnostic test evaluation based on expected
sensitivity and specificity. The three components of
the diagnostic evaluation are: the baseline serum
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CRP level at hospital admission (Index test), culture
results from lower respiratory tract specimens (Ref-
erence standard), and detection of MDR bacteria by
drug susceptibility testing (Diagnostic endpoint). We
assumed a sensitivity and specificity of 80% and pre-
specified an MDR bacterial CAP prevalence of 53%,
consistent with the findings reported by Le Tien Dung
at University Medical Center, Ho Chi Minh City (15).
A margin of error (precision) of 0.10 and a 95% con-
fidence level (Z= 1.96) were used for the calculation.
The required sample size to estimate sensitivity and
specificity was 116 and 131 participants, respec-
tively. The larger estimate was used as the minimum
required sample size. After incorporating a 10% al-
lowance for incomplete data, the final sample size
was 144 participants. Although the study included
all eligible patients, the sample size calculation was
performed to ensure that our final cumulative cohort
possessed adequate statistical power.

Ethics Approval

The study was approved by the Ho Chi Minh City Uni-
versity of Medicine and Pharmacy Ethics Committee
of (Decision no: 939/QD-DHYD, Date: 20.05.2021).

Data Collection

Patient information was obtained from the institutional
electronic medical record system. Collected variables
included demographic data (age and sex), clinical char-
acteristics (medical history, comorbidities, and final di-
agnosis, respiratory support, and admission ward), and
laboratory findings. Biochemical parameters included
CRP, glucose, urea, aspartate aminotransferase (AST),
alanine aminotransferase (ALT), total bilirubin, direct
bilirubin, and lactate. From the CBC panel, only leuko-
cyte-related variables (white blood cell count, neutro-
phil count and percentage, and immature granulocyte
count and percentage) were collected for analysis.
Microbiological data included lower respiratory tract
(LRT) cultures and drug-susceptibility testing. CRP
measurement, CBC, and microbiological testing were
mandatory for study inclusion.

Laboratory Testing

All laboratory results were extracted from the hos-
pital’s electronic medical record system. The testing
procedures adhered to the institution’s Standard Op-
erating Procedures.

Blood samples for biochemical and hematological
testing were drawn at hospital admission, prior to LRT
sample collection, and first antibiotic dose. Plasma

biochemical parameters, including CRP, glucose,
urea, creatinine, AST, ALT, total bilirubin, direct bili-
rubin, and lactate, were measured using the AU680
automated chemistry analyzer (Beckman Coulter,
Japan). CRP was measured by the immuno-turbidi-
metric method. CBC was analyzed by the Sysmex
XN-1000 automated hematology analyzer (Sysmex
Corporation, Japan).

Culture testing was conducted on one of three LRT
samples - sputum, tracheal fluid, bronchoalveolar
lavage (BAL) - collected within 48 hours of hospitali-
zation. Conventional cultures were processed using
a semi-quantitative four-quadrant streaking method,
and DST was performed on the BD Phoenix M50 au-
tomated system (Becton, Dickinson and Company,
USA). The quality of sputum samples was evaluated
using the Bartlett scoring system, based on the num-
ber of neutrophils and squamous epithelial cells per
low-power field, and the presence of mucous strands,
with samples scoring >0 considered acceptable for
culture (16). A bacterial isolate was considered a
presumptive causative pathogen if its concentration
reached >107 CFU/ml in sputum or >10° CFU/ml in
tracheal aspirates and BAL specimens. DST was car-
ried out following the Clinical and Laboratory Stand-
ards Institute 2025 guidelines. Isolates were classified
as MDR or non-MDR according to the Centers for
Disease Control and Prevention 2008 criteria. MDR
was defined as non-susceptibility to at least one agent
in three or more antimicrobial categories (17).

Statistical Analysis

Quantitative variables were reported as mean + SD
for normal distributions or as median [interquartile
range (IQR): 25th_75th percentile] for non-normal dis-
tributions, while categorical variables were presented
as counts and percentages. Baseline characteristics
were compared between MDR and non-MDR infec-
tion groups. Group differences were assessed using
the Chi-squared test or Fisher’s exact test for categori-
cal variables, depending on expected cell counts,
and using the independent sample t-test or the
Mann-Whitney U for quantitative variables accord-
ing to data distribution. Correlation analyses were
performed using Pearson’s or Spearman’s coefficients
based on distribution normality.

Univariate and multivariate logistic regression analy-
sis were used to examine the association between
factors (sex, age, comorbidity, laboratory parameters)
and MDR infection. Multivariable linear regression
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was used to demonstrate the independent associa-
tion between MDR infection and CRP levels, regard-
less of clinical severity. All skewed continuous vari-
ables underwent natural logarithmic transformation
(In) before being entered into the logistic regression
models. Linearity between each In-transformed vari-
able and the log-odds of the outcome was checked
using restricted cubic splines. A non-significant test
for non-linearity (p> 0.05) indicated that the In trans-
formation provided an adequate linear fit. Variables
with a p-value <0.20 in the univariate analysis were
entered into the multivariable model using backward
stepwise selection. The diagnostic accuracy of CRP
for distinguishing CAP caused by MDR bacteria was
assessed using the area under the ROC AUC. Sen-
sitivity, specificity, positive predictive value (PPV),
negative predictive value (NPV), and the optimal

CRP cut-off was identified by using Youden’s index.
The improvement in discrimination of the multivari-
ate model (including CRP and other variables) was
evaluated using DelLong’s test. The calibration of the
model was evaluated by the goodness-of-fit Hosmer-
Lemeshow x? statistic. All tests were two-sided, and a
p-value <0.05 was considered statistically significant.
Data analysis was performed using Stata statistical
software, version 17.0 (StataCorp LLC, College Sta-
tion, TX, USA).

RESULTS

A total of 133 patients with CAP were included in our
study, comprising 96 males (72.18%) and 37 females
(27.82%). Two-thirds of the participants were aged 65
years or older. A consort diagram describing the study
flow is presented in Figure 1.

Inpatients diagnosed with pneumonia (n = 6512)

Patients transferred from other healthcare

facilities (n = 2238)

A 4

Direct hospital admissions (n = 4274)

Excluded (n = 3487):

- Negative respiratory cultures

» No respiratory specimen collected within the

first 48 hours of admission

Culture-positive pneumonia patients (n = 787)

Excluded (n = 637):

= Non-CAP diagnoses (e.g., HAP, VAP)

- Did not meet eligibility criteria

= Met exclusion criteria

A 4

Eligible CAP patients (n = 150)

Excluded due to incomplete laboratory data

(e.g., IG, urea) (n = 17)

A

Patients included in the study (n = 133)

Figure 1. Study flow diagram.
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Microbiological Etiology

Most pathogens isolated were gram-negative bacte-
ria (96.2%). The four most frequently identified bac-
teria, in order, were Klebsiella pneumoniae (28.6%),
Acinetobacter baumannii (20.3%), Pseudomonas
aeruginosa (17.3%), and Escherichia coli (11.3%).
Gram-positive bacteria were isolated from only five
participants (5.0%), including Staphylococcus au-
reus (four cases) and Streptococcus pneumoniae (one
case). In addition to core pathogens, the study also
detected a variety of other gram-negative bacteria,
including Haemophilus spp., Enterobacter cloacae,
Citrobacter spp., Proteus mirabilis, Achromobacter
spp. and Klebsiella aerogenes demonstrating the mi-
crobiological diversity among causative pathogens
in CAP. Notably, H. influenzae, a common causative
agent of community-acquired pneumonia, was iso-
lated in only one case in this study (Table 1).

As presented in Table 1, the proportion of MDROs
varied considerably among the pathogens: all £. coli
isolates (100%) were multidrug-resistant, represent-
ing the highest rate, whereas only 13.04% of P. aer-
uginosa isolates were multidrug-resistant. The rates
of multidrug resistance in the K. pneumoniae and
A. baumannii bacterial groups were also very high,
at 66.67% and 50.0%, respectively. Additionally,
75% of S. aureus isolates were methicillin-resistant
(MRSA). Remarkably, E. coli isolates exhibited com-
plete resistance (100%) to fluoroquinolones and
third- and fourth-generation cephalosporins; K. pneu-
moniae maintained a high rate of susceptibility to
Carbapenems, while high prevalences of resistance
to this antibiotic class were observed among A. bau-
mannii, P. aeruginosa, and E. coli.

As shown in Figure 2, MDR pathogens were isolated
from 53.38% of the respiratory specimens in hospi-
talized CAP patients, representing a higher propor-

Table 1. Distribution of bacterial pathogens in hospitalized community-acquired pneumonia based on conventional cultures

Total MDR Key resistance patterns
Bacterial pathogens n (%) n (%) (%)
K. pneumoniae 38 (28.6%) 19 (50.0%) Fluoroquinolone: 55%
Cephalosporin IlI-IV: 41%
Carbapenem: 16%
Aminoglycoside: 26%
A. baumannii 27 (20.3%) 18 (66.67%) Fluoroquinolone: 67%
Carbapenem: 67%
Cephalosporin IlI-IV: 78%
Aminoglycoside: 74%
P aeruginosa 23 (17.3%) 5 (13.04%) Fluoroquinolone: 48%
Carbapenem: 48%
Cephalosporin HI-1V: 17%
Aminoglycoside: 14%
E. coli 15 (11.3%) 15 (100%) Fluoroquinolone: 100%
Carbapenem: 47%
Cephalosporin IlI-1V: 100%
Aminoglycoside: 60%
Gram-negative bacilli (others) 25 (18.8%) 12
(48%)
Gram-positive bacteria 5 3
(3.8%) (60%)
S. aureus 4 3 Penicillin, Cephalosporin I-Il: T00%
(3.0%) (75%) Cephalosporin Hl-1V:75%
Macrolide: 75%
100% susceptible to Vancomycin and
Linezolid
S. pneumoniae 1 0 Resistant to Macrolide; Susceptible to
(0.8%) (0%) Fluoroquinolone

Data are presented as counts (percentage).
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Non-MDR
46.62 %

MDR

53.38 %

Figure 2. Distribution of non-MDR, MDR, and XDR pathogens isolated from respiratory samples.

tion compared to non-MDR isolates (46.62%). In ad-
dition, extensively drug-resistant bacteria were also
observed in the study, at a low rate of 5.26%.

Baseline Characteristics

Baseline demographic and clinical characteristics of
the study population are summarized in Table 2.

Sex distribution in the study population was skewed
towards males, with males approximately 2.5 times
as numerous as females. The proportions of patients
with MDR and non-MDR bacterial pneumonia were
relatively similar across the gender groups. Median
age of the study population was 69 years (IQR: 60-
77), with no significant differences between MDR and
non-MDR groups. The most common comorbidities
were obstructive respiratory diseases (asthma, chron-
ic obstructive pulmonary disease), with 51.88%. This
was followed by hypertension (39.85%), diabetes
mellitus (27.07%), history of pulmonary tuberculo-
sis (23.31%), and pulmonary tuberculosis (18.05%).
Heart failure and chronic kidney disease were infre-
quent, accounting for 5.26% and 3.01% of the study
population, respectively. Notably, among these co-
morbidities, only hypertension demonstrated a statis-
tically significant difference between the MDR and
non-MDR groups (p= 0.017).

In terms of laboratory findings, the significant differ-
ences between MDR and non-MDR groups were ob-
served in CRP, Urea, WBC, neutrophil count, neutro-
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phil percentage, immature granulocytes (IG) count,
and IG percentage (p< 0.05).

In our study, clinical severity was assessed based on
intensive care unit (ICU) admission and the require-
ment for respiratory support. Overall, 19.55% of the
patients were admitted to the ICU. Regarding res-
piratory interventions, 43.61% breathed room air,
45.11% required oxygen therapy, and 11.28% neces-
sitated mechanical ventilation. However, there were
no statistically significant differences in these severity
indicators between the MDR and non-MDR groups
(p> 0.05).

Independent association between MDR infection and
elevated CRP levels regardless of clinical severity

To assess the effect of disease severity on CRP con-
centration, a multivariable linear regression was ana-
lyzed, using the need for respiratory intervention as
an indicator of clinical severity. The model showed
that neither oxygen therapy nor mechanical ventila-
tion was significantly associated with CRP elevation.
In contrast, the model revealed that MDR infection
was significantly and independently associated with
higher CRP levels, even after adjusting for the require-
ment of respiratory interventions (= 46.6, 95% Cl:
15.85 — 77.36, p= 0.003) (Table 3). Consistent with
the initial comparative analysis, univariable logistic
regression demonstrated that ICU admission was not
significantly associated with MDR infection (OR=
0.84, 95% Cl: 0.35 - 1.99, p= 0.7) (Table 4).
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Table 2. Study population characteristics and the comparison between the non-MDR and MDR groups

Characteristics Total Non-MDR (n= 62) MDR (n=71) P value
Demographics
Male, n (%) 96 (72.18%) 41 (66.13%) 55 (77.46%) .
Female, n (%) 37 (27.82%) 21 (33.87%) 16 (22.54%) 0-146
Age (years), median (IQR) 69 68 71 0281t
(60-77) (55-74) (63 -78) ’
Clinical severity
ICU admission, n (%) 26 (19.55%) 13 (21.0%) 13 (18.3%) 0.149"
General Respiratory Ward, n (%) 107 (80.45%) 49 (79.0%) 58 (81.7%)
Respiratory support
Room air, n (%) 58 (43.61%) 26 (41.9%) 32 (45.1%)
Oxygen therapy, n (%) 60 (45.11%) 28 (45.2%) 32 (45.1%) 0.829"
Mechanical ventilation, n (%) 15 (11.28%) 8 (12.9%) 7 (9.8%)
Comorbidities
Obstructive airway diseases, n (%) 9 (51.88%) 35 (50.72%) 4 (49.28%) 0.324"
Pulmonary tuberculosis, n (%) 4 (18.05%) 11 (45.83%) 3 (54.17%) 0.932"
History of Pulmonary TB, n (%) 1(23.31%) 18 (58.06%) 13 (41.94%) 0.145"
Diabetes mellitus, n (%) 6 (27.07%) 3 (36.11%) 23 (63.89%) 0.139"
Hypertension, n (%) 3 (39.85%) 18 (33.96%) 5 (66.04%) 0.017"
Heart failure, n (%) 7 (5.26%) 1(14.29%) 6 (85.71%) 0.121%
Chronic kidney diseases, n (%) 4 (3.01%) 0 (0%) 4 (100%) 0.123%
Laboratory Findings
CRP (mg/L) 73.92 40.91 94.25 0.001"
(n=133) (17.32 -150.35) (5.27 - 103.45) (42.59 - 162.36) .
Glucose (mmol/L) 7.28 6.72 8.14 0,051t
(n=110) (5.8-10.51) (5.52 - 10.09) (6.3 -11.65) '
Urea (mmol/L) 5.78 5.01 6.09 0.047t
(n=133) (4.03 - 7.65) (3.91 - 6.75) (4.1-9.14) :
Creatinine (umol/L) 76.8 77.25 76.8 0.248"
(n=133) (60 -93.6) (59.3 — 85.6) (61 -103.5) ’
AST (U/L) 27.25 26.65 27.7 0.753%
(n=132) (18.55 - 36.5) (18.8 — 36.0) (18.4 - 37.5) ’
ALT (U/L) 23.95 229 24.95 0.314"
(n=132) (16.7 —34.1) (15.8 - 30.9) (17 - 40.9) ’
Bilirubin Total (pmol/L) 10.1 9.65 10.85 0.172t
(n=130) (8-14.6) (7.5-13.1) (8.2 -15.95) '
Bilirubin Direct (pmol/L) 2.2 2.00 2.3 0.119"
(n=130) (1.5-3.4) (1.4 -3.0) (1.6 —3.8) ’
Lactate (mmol/L) 3.6 4.85 2.94 0234t
(n=12) (1.71 -5.18) (3.35-5.37) (1.5 -4.8) ’
WBC (K/pl) 12.95 11.37 13.78 0.017"
(n=133) (9.72 - 16.87) (8.75-16.28) (11.53 -18.14) :
Neutrophil (K/pL) 10.75 9.40 11.12 0.0311
(n=133) (7.18 — 14.44) (6.15-13.39) (8.35-14.81) :
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Table 2. Study population characteristics and the comparison between the non-MDR and MDR groups (continue)

Characteristics Total Non-MDR (n= 62) MDR (n=71) P value
Neutrophil (%) 80.9 78.55 82.9 0.146"
(n=133) (71.5-87.8) (70.4 - 86.2) (74.2 - 88.9)

IG (K/pl) 0.15 0.085 0.23 0.002*
(n=133) (0.06-0.31) (0.05-0.21) (0.08 -0.38)

1G (%) 0.9 0.7 1.3 0.016"
(n=133) (0.6 -2.0) (0.5-1.3) (0.6 -2.4)

Data are presented as median (interquartile range) or counts (percentage).

* P-values were obtained by Chi-square test.

1 P-values were obtained by Mann-Whitney U test.

# P-values were obtained by Fisher’s exact test.

Table 3. Association between MDR infections and CRP levels, adjusted for respiratory support

Characteristics Coefficient (B) 95% ClI p value
MDR infection (Yes/No) 46.60 15.85 -77.36 0.003

Respiratory support

- Oxygen therapy 2.05 -30.49 - 34.59 0.901

- Mechanical ventilation 9.81 -41.44 -61.06 0.705

Data were analyzed by multivariable linear regression
Cl: Confidence Interval; CRP: C-reactive protein; MDR: Multi-drug resistant.

Table 4. Univariate and multivariate logistic regression analysis of factors and MDR infection

Univariate analysis Multivariate analysis
Parameters OR (95% CI) p value OR (95% CI) p value
CRP (mg/L) * 1.51 (1.17 - 1.93) 0.001 1.51 (1.12 - 2.04) 0.007
Urea (mmol/L) * 2.06 (1.07 - 3.95) 0.031
WBC K/pL) * 2.33 (1.03 - 5.27) 0.043
Neutrophil (K/pL) * 1.88 (0.97 — 3.65) 0.060
I1G (K/pL) * 1.68 (1.19 - 2.36) 0.003 1.44(0.99 -2.12) 0.058
ICU admission 0.84 (0.35-1.99) 0.700
Hypertension 2.38 (1.16 - 4.88) 0.018 3.10 (1.33-7.18) 0.008
Heart failure 5.63 (0.66 —48.13) 0.114 7.07 (0.73 — 67.96) 0.090
Diabetes mellitus 1.81(0.82 -3.97) 0.141
History of Pulmonary tuberculosis 0.55(0.24 - 1.24) 0.147 0.46 (0.17 — 1.26) 0.133
Pulmonary tuberculosis 1.04 (0.43 - 2.52) 0.932 0.31(0.10-1.03) 0.056
Obstructive airway diseases 0.71 (0.36 — 1.41) 0.325 0.45 (0.18-1.12) 0.086
Male 1.76 (0.82 - 3.79) 0.148 2.79 (1.04 - 7.46) 0.041
Age = 65 0.99 (0.48 - 2.06) 0.987
* Skewed continuous variables were transformed using the natural logarithm (In) prior to inclusion in the logistic regression analysis.
CRP: C- reactive protein; WBC: White blood cell; IG: Immature granulocyte, ICU: Intensive care unit.
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Diagnostic Performance of CRP for MDR Identifica-
tion

Several clinical and laboratory parameters are signifi-
cantly associated with MDRO-infected CAP, as pre-
sented in Table 4. Regarding laboratory parameters,
univariate logistic analysis using log-transformed
continuous variables showed that higher In(CRP)
(OR= 1.51, 95% 1.17 — 1.93, p= 0.001), In (WBC)
(OR=2.33,95% 1.03 = 5.27, p=0.043), In (IG) (OR=
1.68, 95% 1.19 - 2.36, p= 0.003), and In (Urea)
(OR=2.06, 95% 1.07 — 3.95, p= 0.031) were signifi-
cantly associated with MDR infections. These demo-
graphics and comorbidities, which include age, sex,
heart failure, diabetes mellitus, history of pulmonary
tuberculosis, and obstructive airway diseases, were
not significantly associated with MDR infections (p>
0.05) in either univariate or multivariate analysis. In
the multivariable logistic analysis, only In (CRP) (OR=
1.52, 95% CI: 1.12 — 2.05, p= 0.007) and hyperten-
sion (OR=3.140, 95% Cl: 1.35 - 7.29, p= 0.008) re-
mained immediately associated with MDR infection.

The admission level of CRP provided modest discrim-
ination between CAP patients with MDROs and non-
MDROs infections (AUC=0.67, 95% Cl: 0.57 - 0.76).
The optimal cut-off value of 42.59 mg/L (Youden in-
dex= 0.29) produced a sensitivity of 76.06% and a

specificity of 53.23%, a NPV of 66.0%, and a PPV
of 65.06%. In the multivariable logistic regression
model incorporating CRP 242.59 mg/L, IG count
>0.06 K/pL, male, obstructive airway diseases, hyper-
tension, heart failure, pulmonary tuberculosis, history
of pulmonary tuberculosis, CRP >42.59 mg/L (OR=
5.02, 95% CI: 2.01 - 12.52, p= 0.001), 1G 20.06 K/
pL (OR=2.97, 95% Cl: 1.24 — 7.15, p= 0.015), male
(OR=3.13, 95% Cl: 1.14 — 8.61, p= 0.026), obstruc-
tive airway diseases (OR= 0.33, 95% Cl: 0.13 - 0.85,
p= 0.022), hypertension (OR= 3.57, 95% Cl: 1.48 —
8.63, p= 0.005), pulmonary tuberculosis (OR= 0.23,
95% Cl: 0.07 - 0.82, p= 0.023) demonstrated as
the independent factor of predicting MDR infection
(Table 5). In addition, ICU admission showed no sta-
tistical significance in the univariate screening; the
backward stepwise selection algorithm automatical-
ly excluded this variable from the final multivariate
model as it failed to significantly improve the model
fit. This model remarkably improved diagnostic ac-
curacy for distinguishing two patient groups (AUC=
0.81, 95% ClI: 0.73 — 0.88, p-value for AUC com-
parison= 0.001). The multivariate model yielded a
sensitivity of 74.46% and a specificity of 74.19%, an
NPV of 74.19%, and a PPV of 77.46%. The Hosmer-
Lemeshow goodness-of-fit test indicated an adequate
fit for the model (x2(8)= 6.69, p= 0.57) (Figure 3).
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Figure 3. The ROC curves for CRP and multivariate model on differentiating CAP caused by MDROs

and non-MDROs.
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DISCUSSION

Laboratory parameters, including CRP, WBC, IG,
neutrophil count, and urea, show significant dif-
ferences between CAP inpatients with and without
MDRO infection (p< 0.05). The increases in these
parameters were also significantly associated with
MDRO infection in CAP patients in univariate analy-
sis. However, in multivariate analysis, only elevated
CRP levels remained an independent predictor of a
higher likelihood of MDR infection. The exclusion
of urea and WBC from the final multivariable model
was predictable and aligns with previous medical
knowledge. Specifically, blood urea, as a component
of the Pneumonia Severity Index (PSI), and the CURB-
65 Score is widely used in clinical practice to assess
disease severity and predict mortality in patients with
CAP. Elevated blood urea is recognized as a marker
of impaired kidney function, decreased renal perfu-
sion, and increased catabolism in severe infections or
sepsis (18,19). Therefore, blood urea is considered an
indicator of CAP severity, mortality risk, and compli-
cations rather than a specific marker for MDR infec-
tion. Similarly, leucocyte indices were not significant-
ly associated with MDR infections, possibly because
leukocyte elevation is strictly bound by the bone mar-
row’s production capacity. Leucocyte counts may be
low or in the normal range due to bone marrow sup-
pression in severe infections or immunosenescence
in older people. Moreover, circulating leukocyte
counts represent only a fraction of the total immune
response, as a substantial proportion of leukocytes
migrate to and settle at sites of tissue infection. Ad-
ditionally, bacterial toxins—particularly those pro-
duced by virulent MDR strains—may directly induce
leukocyte destruction (6,20). Some previous studies
have reported that, although both leucocytes and
CRP are commonly used to assess the severity of bac-
terial infections, only CRP demonstrated a significant
difference between patients with MDR and non-MDR
infections (6,20). These findings from our study and
previous studies highlight the superiority of CRP over
WBC in discriminating between the two groups.

The precise pathophysiological mechanisms underly-
ing higher CRP levels in the MDR group compared to
the non-MDR cohort have not yet been clearly estab-
lished. CRP is traditionally considered a non-specific
inflammatory marker, synthesized by hepatic cells
through a pro-inflammatory cytokine cascade (IL-6,
IL-1, and TNF-a) (10). Prior research has highlighted
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the clinical value of CRP in predicting pneumonia se-
verity and mortality, as well as the utility of monitoring
its kinetics to guide the escalation or de-escalation of
antibiotic treatment (12). However, at the molecular
level, the host immune response exhibits significant
heterogeneity across bacterial species (21). Specifi-
cally, cytokine upregulation in bacterial infections re-
sults from a combination of factors (such as bacterial
molecular structures, host immune response, and tis-
sue injury). The key mechanism explaining the higher
CRP elevation in MDR versus susceptible infections
may lie in biofilm formation, which triggers persistent
immune stimulation. The formation of a biofilm pro-
tects bacteria from attack by the host immune system
and from antimicrobial agents. The biofilm matrix
containing polysaccharides, proteins, and DNA from
resident bacteria prevents drug-resistant bacteria from
being eliminated, allowing them to multiply rapidly
within the host’s body and continuously stimulate im-
mune cells, leading to a massive cytokine response
(22). Bacterial resistant strains activate Toll-like recep-
tors on the surface of immune cells, initiating a pro-
inflammatory signaling pathway that results in a mas-
sive release of interleukin-6, which ultimately targets
hepatocytes to stimulate rapid gene transcription and
synthesis of CRP (9,23).

In addition, although MDR bacteria with a fitness
cost reduce acute virulence, the inflammatory re-
sponse does not necessarily decrease (23,24). This
may be explained by the fact that this adaptation ena-
bles them to survive and multiply, thereby sustaining
a cytokine cascade. Indeed, Lisboa et al. (2008) dem-
onstrated that CRP is positively correlated with bacte-
rial load at the site of inflammation (25). Moreover,
it is traditionally believed that MDR bacteria trade
virulence for the development and maintenance of
drug resistance genes (26). However, a biological fit-
ness cost is not an absolute occurrence. Many bacte-
rial strains, particularly those predominantly isolated
in our study such as A. baumannii, P. aeruginosa, K.
pneumoniae, and S. aureus, retain their virulence
even upon acquiring drug resistance (24,26). This
phenomenon occurs when bacteria acquire second-
ary compensatory mutations allowing them to restore
their original virulence and fitness while maintaining
their MDR phenotype. Alternatively, this retention of
virulence happens because antimicrobial resistance
genes and virulence factors are collocated on the
same mobile genetic elements (26).
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Another notable finding in our study is that MDR in-
fection emerged as an independent risk factor for ele-
vated CRP, even after adjusting for respiratory distress,
a representative marker of clinical pneumonia sever-
ity. This observation suggests that while respiratory
distress is one consequence of overreactive inflam-
matory responses, the presence of MDR pathogens
may primarily contribute to the strong inflammatory
stimulus. Interestingly, our study showed that while
CRP levels differed significantly between the MDR
and non-MDR groups, clinical outcomes, such as
respiratory distress severity and ICU admission rates,
were similar. It is the fact that more clinical severity is
often observed in MDR patients, yet the direct caus-
al mechanisms remain poorly defined (7,27). llknur
Kaya et al. (2026) also proposed that the frequently
observed association between clinical severity and
MDR pathogens may reflect confounding factors or
reverse causation rather than a direct causal relation-
ship (28). Similarly, ICU admission did not contribute
significantly to our multivariate logistic regression
model, further reinforcing the idea that, when true
risk factors for MDR infection (such as comorbidities)
are present, clinical severity may not be an independ-
ent risk factor for MDR infection. Furthermore, the
highest proportion of P aeruginosa (32.26%) in the
non-MDR group, a pathogen that frequently causes
severe clinical symptoms, may explain why overall
clinical severity did not differ between the MDR and
non-MDR cohorts.

Importantly, while K. pneumoniae is the leading
pathogen in our study, hypervirulent K. pneumoniae
(hvKp) was undetectable because this testing is not a
routine hospital practice. Since hvKp can drive an ex-
aggerated inflammatory response, the lack of this data
could potentially confound the difference in CRP lev-
els between the MDR and non-MDR groups. Howev-
er, whether the immune response and cytokine levels
are genuinely stronger in hvKp compared to classical
K. pneumoniae (cKp) remains controversial (29,30).
Although Vietnam has a recognized epidemiological
prevalence of hvKp, its presence might not be a sig-
nificant confounding factor in this study for two main
reasons. Firstly, considering the clinical presentation
of the study participants, the rate of hvKp infections is
likely low. Specifically, hvKp is classically described
as predominating in immunocompetent individuals
and is frequently associated with multiorgan infec-
tions such as endophthalmitis, meningitis, and septic
arthritis (31). Regarding isolated pulmonary infec-

tions, the rate of hvKp infection is much lower than
that of cKp (32). Meanwhile, our study population
predominantly consisted of elderly individuals with
comorbidities and excluded cases with extrapulmo-
nary infections, aligning with the high-risk demo-
graphic for cKp infection. Secondly, although the
incidence of multidrug-resistant hvKp is increasing,
it remains lower than that of cKp, especially in pneu-
monia cases (32,33). These combined epidemiologi-
cal and clinical factors suggest that the confounding
effect of hvKp on elevated CRP may be negligible.
Nevertheless, the inability to identify hypervirulent
strains and eliminate the confounding factor was a
limitation of our study. To clearly elucidate the rela-
tionship between CRP, MDR, and clinical severity,
further studies investigating the cytokine response
should be designed to account for microorganism-
specific inflammatory patterns and the true causal
relationships.

The study cohort did not fully represent the commu-
nity CAP population, as it focused on patients with
moderate or severe CAP who required hospitaliza-
tion. Most of the patients were aged over 65 years
(67.67%) and presented with comorbidities, predom-
inantly chronic respiratory diseases. This demograph-
ic profile aligns with global epidemiological trends,
which reflect an increasing CAP burden among older
adults with underlying diseases (e.g., COPD, asthma,
chronic cardiovascular disease, diabetes mellitus,
immunocompromised) (34,35). In clinical practice,
this subpopulation is considered the most vulnerable
patient group, carrying the highest risk of hospital
admission. Thus, a notable consideration to avoid
misunderstanding is that these findings may not be
fully representative of the overall CAP population
but specifically reflect the high-risk hospitalized de-
mographic that would most benefit from early MDR
stratification at admission.

In terms of pathogen distribution, most isolated path-
ogens were Gram-negative bacteria (96%), whereas
Gram-positive bacteria were found in only 4% of cas-
es. Remarkably, Acinetobacter baumannii and Kleb-
siella pneumoniae collectively constituted nearly half
of the total isolates. This distribution is not relevant
to the epidemiology of CAP pathogens, as shown by
studies using molecular methods (36,37). However,
our observation is consistent with other reports that
used conventional culture to detect causative agents.
Gram-positive bacteria such as S. pneumoniae and
H. influenzae — primary bacterial pathogens in CAP
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— were isolated at low rates, which is explained by
the inherently low positive culture rate with commu-
nity bacteria (4,37). Bacterial culture has low sensi-
tivity for detecting CAP pathogens, cannot identify
viral agents, and takes a long time to yield results.
The prevalence of MDR strains among these isolates
was alarmingly high, with 53.38% of the pathogens
isolated from cultures in hospitalized CAP patients,
which is equivalent to the rate from previous stud-
ies in Vietnam and other Asian countries, but higher
than in Western countries (15,38). Bacterial strain
distribution was generally comparable between the
MDR and non-MDR groups, except for P. aeruginosa
and E. coli. Only 13.04% of the P, aeruginosa isolates
were identified as MDR strains, whereas the entire
E. coli population was multidrug resistant. These fig-
ures reflect the local epidemiology of pathogens and
are highly consistent with data reported worldwide
(39). Despite the high infection rate associated with
Pseudomonas species, most community P. aeruginosa
strains retain antibiotic susceptibility. Conversely, the
E. coli isolates have already established profound re-
sistance levels even outside hospital environments.
The emergence of MDR bacteria traditionally associ-
ated with the hospital environment in the community
represents a concerning shift in bacterial epidemiol-
ogy. More importantly, the findings showed a high
rate of resistance to third-generation cephalosporins
and fluoroquinolones - the first-line empirical anti-
biotics. The rising burden of MDR infections in the
community poses a substantial challenge for health-
care systems.

A CRP cut-off of 42.59 mg/L shows modest diag-
nostic performance in distinguishing CAP caused
by MDROs from non-MDROs (AUC= 0.67, 95% Cl:
0.57 — 0.76). Despite its limited specificity, CRP is a
moderate screening indicator for CAP patients at high
risk of MDR infections at admission, with a sensitiv-
ity of 76.06%. Moreover, the multivariable model,
including CRP (242.59 mg/L), IG count (=0.06 K/uL),
and comorbidities, remarkably improved diagnostic
accuracy, yielding a sensitivity of 74.46% and a spec-
ificity of 74.19% (AUC= 0.81, 95% CI: 0.73 — 0.88).
According to Meifang Jiang et al. (2020), CRP shows
good discrimination between MDR and non-MDR in-
fections in COPD patients with pulmonary infections
with a specificity of 75.6%, a sensitivity of 81.8%
(AUC= 0.811, 95% Cl: 0.79 — 0.83) (20). Li Wang
et al. (2020) reported that CRP, in combination with
other clinical factors (male sex and higher Pitt bacte-
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remia scores), had moderate discrimination for MDR
infections in ICU patients (AUC= 0.77, 95% CI 0.70-
0.84) (40). Another study conducted in India (2023)
also indicated that CRP may serve as a useful adjunc-
tive biomarker for early risk stratification of blood-
stream MDR infections, particularly in settings where
blood culture results are pending or delayed (13). The
valuation of CRP in our study and others suggests that
although CRP alone is not an optimal marker for a de-
finitive diagnosis of MDR infections, it is a potential
biomarker for early identification of MDR infection
in CAP patients, enabling more timely and appropri-
ate antibiotic selection. In low- and middle-income
countries with high antimicrobial resistance, CRP
could help clinicians make more informed decisions
about empirical antibiotic therapy before culture re-
sults are available. However, an important limitation
of our model is the absence of data on hospitaliza-
tion in the preceding 90 days and prior oral antibiotic
use. We were unable to collect this information due
to the retrospective extraction of medical records,
which lacks the specific historical details. Although
we mitigated potential bias from prior intravenous
antibiotic therapy by excluding all patients trans-
ferred from other healthcare facilities, the absence of
comprehensive outpatient data inherently diminishes
the robustness of our model. Therefore, future studies
with more comprehensive data and rigorous control
of confounding factors are warranted to re-evaluate
the validity and reliability of this predictive model,
ultimately leading to a more optimized version.

The findings of our study offer a different perspec-
tive on the empirical management of hospitalized
patients with CAP. In the settings where resistance to
common antibiotics and even broad-spectrum agents
such as carbapenems is increasingly prevalent, iden-
tifying the risk of MDRO infection as early as possi-
ble is clinically relevant. While conventional practice
often associates the need for broad-spectrum therapy
primarily with clinical severity, our data suggest that
clinical markers—such as oxygen requirements or
ICU admission—may not always align directly with
the presence of MDR pathogens. However, our study
demonstrated that CRP was an independent predictor
for MDR infections in CAP-admitted patients, even
after adjusting for these clinical indicators. Conse-
quently, relying solely on clinical severity to guide
empirical antibiotics may be insufficient. Integrating
CRP as a moderate screening indicator could provide
clinicians with additional evidence to select appropri-
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ate initial antibiotics. It is important to acknowledge
that due to its limited discrimination ability, CRP can-
not be considered a diagnostic standard for MDR in-
fections. Specifically, using CRP levels alone to make
definitive decisions regarding antibiotic selection is
not recommended. Instead, CRP should be utilized as
a supplementary screening tool. In clinical practice,
an elevated CRP should serve as a ‘flag’ that alerts to
a more thorough review of the patient’s risk factors
and closer monitoring, rather than serving as a single
indicator for prescribing broad-spectrum antibiotics.
Our study suggests that CRP can be a practical ad-
junct for initial assessment of CAP patients upon hos-
pital admission, particularly in resource-limited set-
tings, due to its cost-effectiveness, rapid turnaround,
and widespread availability.

Our study has several limitations, limiting its imme-
diate applicability to clinical practice. Reliance on
conventional culture methods may have distorted the
true distribution of pathogens, while the exclusive
inclusion of hospitalized CAP patients with micro-
biologically confirmed positive cultures may intro-
duce selection and ascertainment bias. Furthermore,
conducting this study at a single tertiary respiratory
hospital likely enriched the cohort with severe cases,
despite our exclusion of patients referred from other
hospitals. Consequently, our final cohort likely rep-
resents a selected subgroup with more severe pneu-
monia, which may limit the external validity and
generalizability of our findings to the broader CAP
population. Moreover, because diagnostic verifica-
tion was restricted to the culture-positive group, our
study is also susceptible to verification bias. Another
limitation is that, as is inherent in a retrospective study,
we cannot be certain that all data on patients” medi-
cal history and symptoms were fully recorded. As a
result, our study lacked comprehensive data, such as
history of hospitalizations and prior antibiotic use,
to investigate the multivariate model. Finally, while
excluding patients with septic shock helped mitigate
the impact of systemic inflammatory response, our
results may still be limited by the lack of concurrent
blood culture data to definitively rule out underlying
bloodstream infections that could contribute to CRP
elevation. Given the potential of CRP, additional stud-
ies should be conducted to more accurately deter-
mine CRP’s value in classifying MDR infections and
to develop a robust CRP-based risk-stratification scor-
ing system for clinical application.

CONCLUSION

The development of rapid, cost-effective diagnostic
tools is essential for the early stratification of drug-re-
sistant infections among CAP patients, particularly in
resource-limited settings. Early identification of MDR
can help guide initial antibiotic selections and mini-
mize the unnecessary use of broad-spectrum agents.
While CRP may be a promising screening test to iden-
tify MDR infections at admission, it is a nonspecific
inflammatory biomarker influenced by multiple clini-
cal conditions and comorbidities. Therefore, in clini-
cal practice, it should be considered alongside other
clinical parameters in the antibiotic decision-making
process. Further studies are required to establish the
predictive value of CRP definitively and to evaluate
the direct causal relationship between this marker
and antimicrobial resistance.
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