
377

ORIGINAL ARTICLE

Turkish Journal of Geriatrics
DOI: 10.29400/tjgeri.2023.365

CORRESPONDANCE

1	Demiroglu Bilim University Medical 
Faculty, Infectious Diseases and Clinical 
Microbiology, İstanbul, Turkey

2	 Istanbul University, Istanbul Medical 
Faculty, Biostatistics, Istanbul, Turkey

ARE C-REACTIVE PROTEIN AND 
PROCALCITONIN EFFECTIVE BIOMARKERS 
FOR URINARY TRACT INFECTION IN ELDERLY 
PATIENTS? WHAT SHOULD BE ADMINISTERED 
FOR EMPIRICIAL TREATMENT?

	� Nur EFE IRIS1. . . . . . . . . . . . . . . .
	� Mehmet Guven GUNVER2 . . . . .    

1Nur EFE IRIS

Phone	 : 	+905326525373
e-mail	 : 	nurefeiris@yahoo.com

Received	: 	Sep 26, 2023
Accepted	: 	Kas 26, 2023

ABSTRACT

377

2023; 26(4):377−385

Introduction: In the absence of typical overt symptoms, diagnosis of urinary 
tract infection is more difficult in elderly individuals. This study investigated the 
benefits of C-reactive protein, procalcitonin, and leukocyte levels in supporting 
the diagnosis of urinary tract infection in the elderly and causative factors.

Materials and Method: A retrospective examination of information from a 
hospital data system of patients > 65 years of age, who were diagnosed with 
urinary tract infection in a 4-year period, was performed. Bacterial identification 
and antibiotic susceptibility tests were performed.

Results: In the case group, procalcitonin and C-reactive protein  levels were 
higher than those in the control group, and a moderately positive correlation with 
urinary tract infection was found (p<0.001, r=0.454). Although procalcitonin was 
a better predictor than C-reactive protein , the risk criteria for C-reactive protein  
were also very close to those of procalcitonin. The cut-off values for C-reactive 
protein  and procalcitonin were 6.93 mg/L and 0.075 ng/ml, respectively, and 
C-reactive protein  levels were normal in 20% of cases. The most frequently 
isolated microorganisms were Escherichia coli (56%) and Klebsiella pneumoniae 
(16%). The extended-spectrum beta-lactamase  rate was 35% for E. coli and 43% 
for K. pneumoniae isolates. Fosfomycin and ertapenem were the most effective 
antibiotics.

Conclusion: Procalcitonin levels were high; however, the fact that C-reactive 
protein  was found to be normal in one-fifth of cases should serve as a warning 
that urinary system infection can be missed in elderly patients in cases in which 
only C-reactive protein  level is evaluated.
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INTRODUCTION
Aging of the immune system, comorbid chronic 
diseases, and the deterioration of organ function 
increase the frequency and severity of infections 
among elderly patients (1). Urinary system infections 
are the second most common infections in the elderly 
population (2). Urinary and fecal incontinence, 
dehydration, impaired consciousness, cystocele, 
rectocele, vaginal atrophy, estrogen deficiency, 
prostate diseases, and lack of physical activity 
are factors that increase susceptibility to these 
infections (2,3). Diagnosis is more difficult if typical 
symptoms, such as dysuria, pollakiuria, and urgency 
are absent, and atypical symptoms may further 
complicate diagnosis. Elderly patients with urinary 
system infections present with symptoms including 
confusion and general condition disorders. Clinician 
suspicion is of great importance in the diagnosis. It 
may not always be possible to obtain a urine sample 
due to consciousness problems among elderly 
patients; as such, it may be necessary to obtain a 
sample using a catheter. Therefore, there is a need 
for more practical biomarkers to be investigated 
in blood samples. For this purpose, we aimed to 
investigate the utility of C-reactive protein (CRP), 
procalcitonin, and blood leukocyte levels in the 
diagnosis of urinary system infection.

CRP is a protein secreted from the liver after 
stimulation of interleukin IL-1, IL-6 and TNF-alpha. 
It’s main biological functions are to bind to bacteria, 
activate the classical complement pathway, and 
facilitate phagocytosis. The release of CRP from 
hepatocytes is elicited by infection, inflammation, 
and tissue damage, and becomes detectable 
within 6 h, and peaks at 36–50 h. Because of these 
properties, CRP is the most commonly used acute-
phase reactant and the most widely used biomarker 
of inflammation (4,5).

Procalcitonin is a specific and sensitive 
parameter for the diagnosis and follow-up of 
systemic inflammation and bacterial infection. 
Bacterial endotoxins are the strongest stimulators 

of procalcitonin production. Procalcitonin 
measurements are used to differentiate nonbacterial 
diseases such as viral, autoimmune, and oncological 
diseases from bacterial infections. Procalcitonin 
synthesis occurs in nonthyroid tissues during the 
inflammatory response to bacterial infection, peaks 
rapidly then declines rapidly, providing useful 
information for decision-making regarding the 
initiation and reduction of antimicrobial therapy; 
however, it is costly (6,7,8).

Aging and fragility can lead to changes in the 
levels of serum inflammatory proteins; therefore, it 
is important to determine cut-off values for CRP and 
procalcitonin in the elderly. 

Antibiotics are often empirically administered 
to treat urinary tract infections (UTIs). However, 
the problem of resistance that develops owing to 
the inappropriate use of antibiotics leads to failure 
of empirical treatment. Therefore, it is necessary 
to determine the resistance rates in our country, 
and even in our region, when choosing empirical 
antibiotics. The present study investigated how 
CRP, procalcitonin, and leukocyte levels are affected 
by UTIs in patients > 65 years of age and their 
contribution to diagnosis as well as urinary system 
infectious agents, and antibiotic susceptibility, 
and antibiotics that can be selected for empirical 
treatment. 

MATERIALS AND METHOD
This study was conducted by retrospectively 
examining the past four years of laboratory data 
and records housed in the hospital data system of 
patients > 65 years of age, who were treated at a 
100-bed private hospital and diagnosed with UTI. 
Between March 2018 and March 2022, patients > 
65 years of age, who presented with symptoms 
such as fever, dysuria, pollakiuria, and incontinence 
suggestive of urinary system infection, as well 
as with atypical symptoms such as clouding 
of consciousness, general condition disorder, 
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confusion, and pyuria (> 10 leukocytes in urine 
sediment) and significant growth in urine culture 
were included in the study. The demographic 
characteristics of the patients, leukocyte count (/
mm3) , CRP and procalcitonin (PCT) levels, on the 
first day of admission and the identification and 
antibiogram results of bacteria isolated from urine 
as urinary infectious agents were recorded. This 
study was approved by the Clinical Research Ethics 
Committee of Demiroglu Bilim University (Approval 
date: 20.12.2022; decision number: 2022-25-03) 
in accordance with declaration of Helsinki. Due 
to the retrospective design of the study and the 
use of anonymized patient data, requirements for 
informed written consent were waived. Midstream 
urine samples were collected, if necessary, using a 
catheter, and inoculated onto 5% sheep blood agar 
and eosin methylene blue agar for microbiological 
analysis and culture. Plates were then incubated at 
37°C for 18–24 h; growth of > 100,000 colonies/
mL was considered to be significant. Samples 
from which > 1 microorganism was isolated were 
considered to be contaminated. Duplicate strains 
grown from the same patient were excluded from 
the evaluation. Bacteria isolated from growing 
specimens were identified using conventional 
methods (colony morphology and Gram staining) 
using an automated identification system (Vitek 
2, bioMerieux, Marcy-l’Étoile, France). Antibiotic 
susceptibilities were determined using Vitek 2 
Compact Cards in accordance with European 
Committee on Antimicrobial Susceptibility Testing 
(“EUCAST”) standards. Intermediate-susceptible 
strains were considered to be resistant. ESBL 
resistance was determined according to the results 
obtained from the automated identification and 
antibiogram systems; however, confirmatory tests 
were not performed, which may be considered 
a limitation of the present study. After applying 
the exclusion criteria for patients diagnosed 
with urinary system infection (no other infection 
detected, no malignancy and immunosuppression, 
no operation, and no thyroid disease), 202 

patients with available CRP, procalcitonin, and 
leukocyte data recorded simultaneously on the 
first day of admission were included. In addition, 
200 patients who visited other outpatient clinics 
for other reasons, between the same years, were 
> 65 years of age, had no infection, malignancy, 
or immunosuppression, and no history of recent 
surgery, were included as the control group. 

CRP levels were analyzed with a quantitative 
immunoturbidimetric method using a commercially 
available kit (Multigent CRP Vario) and a laboratory 
analyzer (Architect ci4000, Abbott Core Laboratory, 
Abbott Park, IL, USA). The measurement range of 
the test is 0.40–160 mg/L, and the normal value is 
≤ 5 mg/L.

 Procalcitonin levels were analyzed using an 
immunoassay method a commercially available kit 
and analyzer (Architect BRAHMS PCT, Abbott Core 
Laboratory, Abbott Park, IL, USA). The detection 
interval of the assay is 0.02–100 ng/mL, and the 
normal value is < 0.05 ng/mL.

RESULTS
A total of 684 bacteria were isolated from the 
urine cultures of our patients aged 65-104 in a 
4-year period as the causative agent of urinary 
system infection. The bacterial distribution is as 
follows: 381 E.coli (56% - 134 ESBL(+)35%), 107 
Klebsiella pneumoniae (15.6%) - 46 ESBL(+)  (43%), 
59 Enterococcus spp. (8.6%), 54 Pseudomonas spp. 
(7.8%), 24 Proteus spp. (3.5%), 19 Enterobacter spp. 
(2.6%), 10 Acinetobacter spp (1.5%), 9 Morganella 
spp (1.3%), 8 Streptococcus agalactiae (1.2%), 6 
MRSA (0.9%), 3 Salmonella spp (0.4%), 2 MRKNS 
(0.3%), 2 Citrobacter spp. (0.3%) 

Antibiotic susceptibilities  of  E.coli isolates 
were as follows, 99% to fosfomycin,  98% to 
nitrofurantoin, 90% to   amoxicillin - clavulanic 
acid, 90% to ceftriaxone, 89% to  cefuroxime,  
83% to ciprofloxacin, and 78% to  trimethoprim 
sulfomethoxazole. Antibiotic susceptibilities 
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of  ESBL (+) E.coli; 97% to fosfomycin, 95% 
to ertapenem, 85% to  nitrofurantoin, 55% to  
amoxicillin- clavulanic acid, 32% to ciprofloxacin, 
and 36% to  trimethoprim sulfomethoxazole; and 
antibiotic susceptibilities of Klebsiella pneumoniae 
isolates were, 85% to amoxicillin - clavulanic 
acid, 83% to ceftriaxone,  82% to cefuroxime, 
70% to ciprofloxacin, 68% to  trimethoprim 
sulfomethoxazole; for ESBL (+) Klebsiella 
susceptibility rates are as follows, ertapenem  
(92%), fosfomycin (82%), ciprofloxacin (58%), 
amoxicillin clavulanic acid (44%), trimethoprim 
sulfomethoxazole (34%). The most effective 
antibiotics against ESBL (+) bacteria were 
ertapenem and fosfomycin. Since nitrofurantoin 
is only recommended for E.coli strains in 

Enterobacteriaceae species, it was excluded from 
the evaluation in Klebsiella pneumoniae isolates. 
E.coli and Klebsiella pneumoniae are the two most 
frequently isolated microorganisms, with ESBL 
rates of 35% and 43%, respectively.

The mean age, CRP and procalcitonin levels of 
the patients and control group in the blood are 
given in table 1. There were no significance among 
gender (p=0.09) 

There was no age difference between the case 
and control groups. (p=0.055)

Case frequency is higher in the 75-84 age group

Procalcitonin and CRP were higher in the case 
group than in the control group (p values <0.001 
and <0.001, respectively)

Table 1. The mean age, CRP and Procalcitonin levels of the case  and control groups

Group Statistics

casecont N Median Mean Std. Deviation Std, Error Mean

CRP Control 200 2.2950 2.9790 2.00215 .14157

Case 202 18 40.0124 52.86034 3.71924

AGE Control 200 81.62 11.027 .780

Case 202 79.64 9.499 .668

PCT Control 200 0,04 . 0416 .01636 ,00116

Case 202 0,4 1.9688 4.08896 .28770

Table 2. Correlations between CRP, leukocytes and procalcitonin

Correlations
CRP LOKOSIT PCT

CRP
Pearson Correlation 1 .280** .454**

Sig. (2-tailed) .000 .000

N 402 202 402

LEUKOCYTE
Pearson Correlation .280** 1 .236**

Sig. (2-tailed) .000 .001

N 202 202 202

PCT
Pearson Correlation .454** .236** 1

Sig. (2-tailed) .000 .001

N 402 202 402
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There was a positive moderate correlation 
between Procalcitonin and CRP (p<0.001, r=0.454).

Correlations between CRP, Leukocytes and 
procalcitonin are shown in table 2.

There was a significant difference between 
CRP measurements before and after treatment. 
(p<0.001)

Although the leukocyte correlations were 
significant, the correlation coefficients were low.

Although procalcitonin is a better predictor than 
CRP, risk measures of CRP were also found to be very 
close to procalcitonin.  Cut off values and predictive 
values of CRP and procalcitonin are shown in table 
3. Specificity and sensitivity values are visible on 
ROC curve (figure 1)

Table 3. Cut off values of CRP and Procalcitonin

Cut-off AUC Sensitivity Specificity Positive Predictive 
Value

Negative 
Predictive Value

CRP 6.930 0.899 0.787 0.960 0.952 0.817

PCT 0.075 0.943 0.856 0.970 0.966 0.870

Figure 1. ROC curve
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DISCUSSION
Because urinary system infections can cause serious 
morbidity and mortality in elderly patients, early 
diagnosis and appropriate empirical treatment 
are important. Urine culture is the gold standard; 
however, obtaining results takes 48–72 h, and the 
difficulties in obtaining appropriate urine samples 
in elderly patients highlight the convenience of 
markers such as CRP, procalcitonin, and high 
blood leukocyte levels. In this study, we aimed to 
draw the attention of clinicians to the sensitivity 
of CRP as a biomarker, especially because it is a 
parameter that is frequently used in practice. In 
addition, a comparison of procalcitonin and CRP, 
which is a significantly more sensitive and specific 
indicator of infection but is not routinely used 
owing to its high cost, was also made. In our study, 
although procalcitonin was a better predictor than 
CRP, CRP risk measures were also found to be very 
similar to procalcitonin. The cut-off values were 
determined to be 6.93 mg/L for CRP and 0.075 
ng/ml for procalcitonin. However, in our study, 
CRP level was found to be normal in 20% of the 
patients who were diagnosed with UTI with clinical 
complaints, pyuria, and significant growth in urine 
culture. This warns that normal CRP can sometimes 
be misleading and may be missed, even if the 
patient has a UTI. In our study, a moderate positive 
correlation was observed between procalcitonin 
and CRP levels.

In a study evaluating urinary system infections 
in elderly patients, the median CRP value was 7.5 
mg/dL and >0.5 mg/dL in 93.7% of patients (9). The 
median CRP level in our study was 18 mg/L and > 5 
mg/L in 80% of cases. This difference may be due 
to the fact that our cases were not differentiated as 
upper and lower UTIs. In a study by Xu et al., who 
evaluated renal involvement using technetium-99m 
dimercaptosuccinic acid (Tc-DMSA) scintigraphy in 
children, the diagnostic reference values for CRP, 
procalcitonin, and leukocytes in patients with acute 
pyelonephritis were 20 mg/L, 1 ng/ml, and 15,000/

mm3, repectively, which were higher than those 
obtained in our study (10). It is expected that CRP and, 
especially, procalcitonin values will be higher in cases 
with parenchymal involvement who are diagnosed 
with pyelonephritis, as in this study. A study by Kuil 
et al., which included 302 elderly nursing home 
patients, investigated CRP and procalcitonin at point 
of care and determined cut-off values of 6.5 mg/L 
and 0.025 ng/mL, respectively, with the diagnosis 
of both asymptomatic bacteriuria and UTIs (11). 
The authors concluded that CRP and procalcitonin 
were unsuitable biomarkers for differentiation. They 
attributed this to the fact that the patients had 
mild cases, with the majority experiencing lower 
UTIs without parenchymal involvement or systemic 
inflammation. The cut-off values in that study were 
lower than those in ours. Invasive bacterial infection 
was detected in 39 of 172 patients who attended 
the geriatric unit with acute complaints, and it was 
determined that a procalcitonin level <0.08 ng/
ml ruled out infection in 97% of cases (12). This 
procalcitonin value is very close to our results. In a 
single-center, retrospective study involving adults 
with a mean age of 77 years and lower UTIs, Levine 
et al. found procalcitonin sensitivity to be 67% when 
the cut-off level of procalcitonin was 0.25 ng/mL (13). 
The reason why it was found to be higher than the 
value in our study may be due to the fact that the case 
group consisted of patients who presented to the 
emergency department with a more severe clinical 
conditions. This was a prospective study involving 
61 hospitalized patients with a mean age of 82 
years. The median procalcitonin level was 0.08 ng/
ml, and the cut-off value was 0.18 ng/ml. (14).These 
inflammatory markers are expected to be higher 
because hospitalized patients have a more severe 
clinical condition, and most have pyelonephritis with 
parenchymal involvement. In our study, the cut-off 
values for CRP and procalcitonin were higher and 
lower than those in other studies. The reason why 
it was lower can be attributed to the fact that our 
control cases were selected from among those 
without signs of infection, fever, or malignancy, and 
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that most of our cases with UTIs were outpatients. 
In addition, pediatric patients and young adults 
have been evaluated in most studies, and changes 
in serum inflammatory proteins may occur in the 
elderly due to the aging of the immune system and 
decreased inflammatory response (15). In our study, 
the median CRP value in the patient group with UTI 
was 18 mg/L, the median value of procalcitonin was 
0.400 ng/ml, and the mean and median CRP and 
procalcitonin levels were significantly higher in the 
urinary system infection patient group than in the 
control group.

In our study, the median leukocyte count in the 
patient group was 9470/mm3, with no significant 
difference from the control group. In other studies, 
it was reported that leukocytosis, which is an 
important indicator of bacterial infection, was 
detected in less than one-half of UTI cases. Our 
data and results from other studies suggest that 
the absence of leukocytosis in elderly patients is 
insufficient to exclude the diagnosis of UTI (9,16 ).

When the incidence of UTI in the cases was 
evaluated according to age group, it was observed 
that the frequency of the cases was higher in the 
75–84 age group. Similar to our study, other studies 
reported that most cases were observed in the 75–
84 age group (17 ).

In our study, E. coli (56%) and K. pneumoniae 
(16%) were the most frequently isolated pathogens, 
and were also the most common microorganisms in 
other studies (9,16,17 ). In a study involving an elderly 
patient group, Alpay et al. reported a prevalence 
of 66% and 15% for E. coli and K. pneumoniae, 
respectively, and ESBL rates of 49% for E. coli and 
66% for K pneumoniae (17 ). In our study, ESBL rates 
were 35% for E. coli and 43% for K pneumoniae 
isolates, similar to other studies; the ESBL rate was 
higher in K. pneumoniae. Ayhan et al. reported the 
rate of ESBL in Gram-negative bacteria, which are 
the cause of urinary infection in geriatric patients, 
to be 56% for E. coli and 40% for K. pneumoniae 
(18 ).When other studies investigating urine cultures 

in our country were examined, the ESBL rates were 
between 17% and 56% for E.coli and 21% and 61% 
for K. pneumoniae (16,17,18,19,20,21,22). ESBL 
rates can vary not only according to country and 
region but also to different services at the same 
hospital.

 Nitrofurantoin should be considered the first-
line treatment, especially for simple cystitis. In our 
study, nitrofurantoin was one of the most effective 
antibiotics with a high sensitivity rate. 

Fosfomycin is rapidly metabolized and excreted 
unchanged in the urine following oral ingestion, 
and single-dose convenience is also an important 
advantage. In various studies from our country, 
susceptibility rates for fosfomycin in Gram-negative 
bacteria were reported to be 91–100% and, in our 
study, susceptibility rates were found to be 99% 
in E. coli strains and 93% in ESBL-positive strains. 
Fosfomycin is one of the antibiotics of choice for 
the treatment of uncomplicated lower UTIs owing 
to its high sensitivity (19,20,21,22,23 ).

Ertapenem is a broad-spectrum, once-daily drug 
that is effective against ESBL-secreting bacteria. 
The susceptibility of urine isolates to ertapenem was 
high in both our study and others (18,19,20,22,23). 
It can be safely used as an empirical treatment, 
particularly in cases involving pyelonephritis.

In our study and others, fluoroquinolones were 
antibiotics with increased resistance rates owing to 
their frequent preference and unconscious use. It 
has been reported that amoxicillin-clavulanic acid 
resistance rates are gradually increasing in urinary 
isolates, and it has been reported that, in cases in 
which resistance to an antibiotic exceeds 20%, it 
would be more appropriate to not use this drug for 
empirical treatment (24).

The main limitations of our study were that 
UTIs were not classified as hospital- or community-
acquired, nor were upper and lower UTIs 
distinguished. Because patient records and data 
were evaluated retrospectively using electronic 
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media, this information was not included in the 
study because reliable results could not be obtained 
in this regard.

It is important to emphasize that UTIs  may be 
present in elderly patients presenting with faint 
symptoms even if CRP level is normal, and this should 
not be overlooked. Moreover, procalcitonin is a 
more useful marker for the diagnosis of UTI if there is 
difficulty in collecting urine samples. If the diagnosis 
is not pyelonephritis, the patient can be treated with 
empirically initiated fosfomycin or nitrofurantoin. 
Because pyelonephritis may cause bacteremia and 
urosepsis in the elderly, a more judicious approach 
would be to start with a broad-spectrum antibiotics 
and narrow the spectrum according to antibiogram 
results in empirical treatment; as such, ertapenem 
is a reliable option. When using cephalosporins 
in the empirical treatment of pyelonephritis, it is 
necessary to consider high ESBL rates; therefore, 
they should not be preferred in elderly individuals 
with risk factors.
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