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Abstract

Background: Urinary tract infection (UTI) is one of the most common bacterial infections among
women, yet distinguishing true bacterial infection from culture-negative symptomatic cases remains
challenging. This study evaluated the diagnostic performance of urinalysis, microscopy, and systemic
inflammatory biomarkers in women with suspected UTI.

Methods: A cross-sectional study was conducted at Maysan General Hospital, Irag, from September
2024 to June 2025. One hundred twenty adult female patients were enrolled: 80 with culture-confirmed
UTI and 40 with negative cultures. Urinalysis (leukocyte esterase, nitrite, blood), urine microscopy, and
serum biomarkers (routine C-reactive protein [CRP], CRP-ELISA, and Serum Amyloid A [SAA]) were
assessed. ESBL production in Escherichia coli isolates was determined using the combined disk
synergy test.

Results: Nitrite and leukocyte esterase were significantly higher in culture-positive cases (p < 0.05).
Mean urinary WBC and bacterial density differed markedly between groups (p < 0.001). Serum CRP,
CRP-ELISA, and SAA were all significantly elevated in culture-positive patients (p < 0.0001). ESBL-
producing E. coli accounted for 32.5% of isolates.

Conclusion: Combining dipstick and microscopy with inflammatory biomarkers enhances diagnostic
accuracy for UTI in symptomatic women. The high prevalence of ESBL-producing E. coli highlights
the need for rapid diagnostics and antibiotic stewardship in Iraqi healthcare settings.

Keywords: Urinary tract infection, C-reactive protein, serum amyloid A, urinalysis, ESBL,
Escherichia coli

Introduction

Urinary tract infections (UTIs) are one of the most, if not the most, commonly observed
bacterial infections in the world and women are affected by this more than men due to
inherent anatomical and physiological risk factors (shorter urethra, close proximity to
colonized perineal flora)l. UTI is still a major health issue in Irag, with various community
and hospital-based studies providing prevalence rates that reflect both the disease burden and
the difficulties of diagnosis and treatment2.

Uropathogenic Escherichia coli (UPEC) is the most common cause of urinary tract infections
(UTIs), and its virulence factors facilitate colonization, biofilm formation and immune
evasion3. More recently, a study conducted in Zakho, Iraq, 969624 confirmed the
predominance of E. coli among uropathogens isolated from outpatientsl5 confirming its
central role in both community-4 and hospital-acquired UTIs.

Patients with urinary tract infection (UTI) typically see a range of symptoms from dysuria,
frequency, urgency, suprapubic pain, but when it progresses to become pyelonephritis, may
very commonly present with fever and/or flank pain if the infection has ascended to the
upper urinary tract.1 But a diagnosis based on symptoms is limited: urine cultures are
negative for many patients with symptoms suggestive of urinary tract infection  from
previously used antibiotics, unrecoverable organisms, or sterile pyuria5. Due to this,
clinicalpathways for UTI diagnosis often resort to urinalysis (dipstick testing, microscopy)
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and serum biomarkers of inflammation, however, the
?;agnostic accuracy of these tools is under further evaluation
6

Dipstick parameters like leukocyte esterase and nitrite have
a clear role in fast screening: a positive nitrite reflects
bacterial nitrate conversion (commonly observed with Gram
negative pathogens), and leukocyte esterase reflects
neutrophil activity in the urine 7. Nevertheless, these tests
have low sensitivity and specificity, notably the culture-
negative symptomatic cases. At a microscopic level, pyuria
(increased white blood cells), hematuria, and bacteria on
urine sediment are suggestive of infection but may again not
accurately correlate with culture findings [ 1.

Moreover, by means of acute-phase proteins, systemic
inflammatory responses induced by bacterial invasion can
be measured. The best-known are C-reactive protein (CRP)
and Serum Amyloid A (SAA) [, C-reactive protein (CRP)
is an acute-phase reactant produced by hepatocytes in
response to interleukin-6 and it has been clnicallly used for
decades for the surveillance of infection and
inflammation11. The other well-known acute-phase protein
is serum amyloid A (SAA), which is frequently elevated
more quickly and might be more sensitive in acute
infections than CRP12. In fact, SAA levels have been
studied in various infectious and inflammatory settings aside
from UTIs, and it has been shown to have a high correlation
to CRP in systemic inflammatory states (rho = 0.755, p <
0.001)13.

In urinary sepsis secondary to UTI, recent investigations
have evaluated the combined diagnostic performance of
procalcitonin, CRP, and SAA and collectively found that the
three may improve early diagnosis of systemic infection [4
%1, However, data on the comparative use of CRP (routine
and ELISA-based) and SAA in symptomatic UTI patients
stratified based on culture positivity versus negativity are
still scant, especially from our region, Irag.

Having this scenario, we conducted a study including
molecular and serological characterization of UTI isolates
(ordinary features, urinalysis, microbiology and CRP), in
addition to the study of demographic and clinical features
including serum inflammatory biomarkers (routine CRP,
CRP-ELISA, SAA) in woman presented with UTI
symptomatic to Maysan General Hospital, Iraq. We sought
to:
1. Evaluate which dipstick and microscopic parameters
best distinguish culture-positive from culture-negative
symptomatic cases.

Determine the discriminatory power of CRP and SAA
levels in differentiating true bacterial infection versus
symptoms alone.

Assess the prevalence of ESBL-producing E. coli
among culture-positive cases in our region.

By integrating laboratory markers at multiple levels, we
hope to provide a more refined diagnostic approach for
clinicians in resource-limited settings and to contribute local
epidemiological data on uropathogen resistance patterns.

Materials and Methods

Study Design and Setting

Methods: A cross-sectional study was done at the
Department of Clinical Laboratory Sciences, Maysan
General Hospital, Maysan Province, Iraq during the period
for nine months between September 10, 2024 to June 10,
2025. Objective to assess the diagnostic characteristics of
urinalysis, urine microscopy and systemic inflammatory
biomarkers among women with symptoms suggestive of
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urinary tract infection (UTI). The Maysan General Hospital
Ethics Committee approved the study, and written informed
consent was obtained from all participants prior to sample
collection.

Study Population

The study sample included 120 adult females aged 18 to 50
years attending the outpatient department for at least one
lower urinary tract symptom (dysuria, frequency, urgency or
suprapubic pain). On the basis of urine culture results,
participants were grouped into two groups (Group I, n = 80;
Included patients with significant bacteriuria (>10°
CFU/mL) and Group Il, n = 40; included patients with
sterile urine cultures. Patients were excluded if they were
pregnant, on their period, had chronic kidney disease or
diabetes mellitus, had undergone urological instrumentation
within 48 h, or had been taking antibiotics within the
previous 14 days to sampling. By this selection, study
participants were excluded from systemic confounders, and
that study samples reflected active infection status
accurately.

Specimen Collection and Processing

All participants were instructed to provide a midstream
clean-catch urine sample (10-15 mL) in a sterile, screw-
capped container following proper perineal cleaning with
antiseptic wipes. Samples were transported to the
microbiology laboratory within one hour of collection or
stored temporarily at 4°C for no longer than two hours
before processing to maintain specimen integrity. Each urine
sample was mixed gently and aliquoted for dipstick
analysis, microscopic examination, and culture.

Urine Culture and ldentification

For microbiological assessment, urine samples were
inoculated onto Cystine Lactose Electrolyte Deficient
(CLED) agar, MacConkey agar, and Blood agar (HiMedia
Laboratories, India) using a calibrated 0.001 mL loop. Plates
were incubated aerobically at 37°C for 18-24 hours, and
colony counts were recorded to determine bacterial load. A
growth of >10° CFU/mL was interpreted as significant
bacteriuria, while lower counts or mixed growths were
considered contaminated or insignificant. Bacterial isolates
were identified through standard biochemical tests,
including Indole, Citrate utilization, Urease, Motility, and
Triple Sugar lIron (TSI) reactions, following Clinical and
Laboratory Standards Institute (CLSI) recommendations.
All isolates that exhibited the biochemical profile
characteristic of Escherichia coli were further confirmed
through Gram staining and morphology.

Antimicrobial and ESBL
Detection

Antimicrobial susceptibility testing was performed using the
Kirby-Bauer disk diffusion method on Mueller-Hinton agar
(HiMedia, India) according to CLSI 2023 guidelines. The
antibiotics  tested included ampicillin, cefotaxime,
ceftazidime, ciprofloxacin, trimethoprim-sulfamethoxazole,
nitrofurantoin, and imipenem. Detection of Extended-
Spectrum Beta-Lactamase (ESBL) production was carried
out by the Combined Disk Synergy Test (CDST) using
ceftazidime (30 pg) and ceftazidime-clavulanic acid (30/10
png) discs (Oxoid, UK). An increase of >5 mm in the
inhibition zone in the presence of clavulanic acid was
interpreted as a positive ESBL phenotype. Urinalysis
Dipstick Examination

Susceptibility  Testing
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Immediate screening of fresh urine specimens was
performed using URISCAN 10 SGL reagent strips (YD
Diagnostics, Korea), a diagnostic product widely used in
Irag. The strips were visually interpreted according to the
manufacturer’s color scale to detect leukocyte esterase,
nitrite, and blood. Results were recorded semiquantitatively
as negative, trace, +, ++, or +++. Daily quality control was
performed using standard control solutions provided by the
manufacturer to ensure accuracy and consistency of results.

Microscopic Examination of Urine

For microscopic analysis, 10 mL of well-mixed urine was
centrifuged at 3,000 rpm for 5 minutes. The supernatant was
discarded, and a drop of the sediment was placed on a clean
glass slide and covered with a coverslip. The sediment was
examined under an Olympus CX23 light microscope (Japan)
at 400x magnification. White blood cells (WBCs) and red
blood cells (RBCs) were counted in 10 high-power fields
(HPFs), and the mean number per HPF was calculated. The
presence of bacteria was graded semiquantitatively as 0
(none), 1 (few), 2 (moderate), or 3 (numerous). Findings
were recorded for correlation with culture results.

Serum Biochemical and Inflammatory Marker Analysis

Venous blood samples (5 mL) were collected from each
participant under aseptic conditions and allowed to clot at
room temperature. The samples were centrifuged at 3,000
rpm for 10 minutes to separate serum for analysis. Serum
creatinine and blood urea nitrogen (BUN) were determined
using enzymatic colorimetric methods on a Mindray BS-240
Chemistry Analyzer (Shenzhen Mindray Bio-Medical
Electronics, China) with reagent Kits supplied by Spinreact
(Spain). The estimated glomerular filtration rate (eGFR) was
calculated using the CKD-EPI 2021 equation.

Inflammatory markers were measured as follows: C-reactive
protein  (CRP) was determined by turbidimetric
immunoassay using Spinreact reagents on the same
analyzer; high-sensitivity CRP (CRP-ELISA) was
quantified with a commercial Bioassay Technology
Laboratory (BT Lab, Shanghai, China) kit (Cat. No.
E0806Hu); and Serum Amyloid A (SAA) was measured
using the Elabscience Human SAA ELISA Kit (E-EL-
H0176, Elabscience Biotechnology Inc., Wuhan, China).
Optical densities were read on a BioTek ELx800 microplate
reader (USA) at 450 nm, and concentrations were calculated
from standard curves derived by four-parameter logistic
regression.

Statistical Analysis

Data were analyzed using IBM SPSS Statistics version 26.0
(IBM Corp., Armonk, NY, USA). Continuous variables
were expressed as mean * standard deviation (SD), and
categorical data were summarized as frequencies and
percentages. The independent-samples t-test was applied to
compare means between two groups after testing for
normality using the Shapiro-Wilk test, while categorical
variables were compared using the Chi-square test or
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Fisher’s exact test where appropriate. A p-value < 0.05 was
considered statistically significant.

Ethical Considerations

The study protocol was approved by the Ethics Committee
of Maysan  General Hospital  (Approval  No.:
MGH/CL/2024/112). All research procedures complied with
the ethical principles outlined in the Declaration of Helsinki
(2013 revision). Written informed consent was obtained
from all participants prior to inclusion in the study.

Results

This table summarizes the baseline demographic and
clinical characteristics of the study participants, stratified
into Positive-Cases (culture-confirmed UTI, n=80) and
Negative-Cases (no growth on culture, n=40). The two
groups were well-matched in terms of age, sex distribution,
and Body Mass Index (BMI), with no statistically
significant differences. While common UTI symptoms such
as dysuria, frequency, and urgency were highly prevalent in
both groups, they were consistently more frequent in the
Positive-Cases group. Notably, systemic symptoms like
fever (>38°C) and flank pain were more common in the
Positive-Cases, suggesting a greater proportion of upper
UTIs or more severe infection in this cohort.

Table 1: Baseline Demographic and Clinical Characteristics of the

Study Cohort
Characteristic Poy(t:;ef;(():)ases Nega(tr:\ii-o)Cases p-value
Age (years
Mean + SD 32479 328+7.6 08
Range 18-50 18-52 )
Sex
Female | 80(100%) | 40 (100%) [ —
BMI (kg/m?)
Mean+SD | 259%42 | 256+39 | 09
Symptoms
Dysuria 77 (96.3%) 35 (87.5%)
Frequency 74 (92.5%) 32 (80.0%)
Urgency 69 (86.3%) 27 (67.5%)
Suprapubic pain 67 (83.8%) 26 (65.0%) 0.8
Hematuria 35 (43.8%) 10 (25.0%)
Fever >38°C 33 (41.3%) 9 (22.5%)
Flank pain 25 (31.3%) 9 (22.5%)

Independent samples t-test (presented as Mean + SD). Chi-square
test.

This table presents the results of the physical examination.
A statistically significant difference was observed in body
temperature, with the Positive-Cases group having a higher
mean temperature and a greater proportion of patients with
fever (>38°C). Heart rate was elevated in the Positive-Cases
but did not reach statistical significance, while blood
pressure was similar between groups. Physical tenderness,
particularly suprapubic and pyelonephritis signs (a
composite of fever or flank pain), was more frequently
documented in the Positive-Cases, aligning with their higher
symptom burden.
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Table 2: Comparative Analysis of Physical Examination Findings

Finding Positive-Cases Negative- Cases p-value
(n=80) (n=40)
Temperature (°C)
Mean + SD 37.8+05 37.1+05 <0.0001
>38°C 33 (41.3%) 9 (22.5%)
Heart Rate (bpm)
Mean + SD 96.1+12.8 | 88.5+12.1 0.12
Blood Pressure (mmHg)
SBP, mean + SD 112.1+11.8 114.2+12.7 0.62
DBP, mean + SD 73.6+8.2 745+89 0.71
Tenderness
Suprapubic 45 (56.3%) 12 (30.0%)
CVA 7 (8.8%) 1 (2.5%) 0.7
Pyelonephritis signs* 38 (47.5%) 9 (22.5%)

*Fever >38°C or flank pain

This table details the results of the urinalysis dipstick test.
The distribution of Leukocyte Esterase results was
significantly different between groups, with a higher
proportion of negative results in the Negative-Cases. The
most striking finding was for Nitrite, which was positive in

Table 3: Diagnostic Performance of Urinalysis Dipstick Parameters

65% of Positive-Cases compared to only 17.5% of
Negative-Cases, a highly significant difference. The
presence of blood on dipstick was more common in the
Positive-Cases, but this difference was not statistically

significant.

Positive-Cases Negative- Cases
Parameter (n=80) 9 (n=40) p-value
Leukocyte Esterase
Negative 5 (6.3%) 10 (25.0%)
Trace 11 (13.8%) 6 (15.0%)
+ 16 (20.0%) 6 (15.0%) 0.041
++ 23 (28.8%) 7 (17.5%)
+++ 25 (31.3%) 11 (27.5%)
Nitrite
Positive 52 (65.0%) 7 (17.5%)
Negative 28 (35.0%) 33 (82.5%) <0.0001
Negative 46 (57.5%) 30 (75.0%)
+ 17 (21.3%) 6 (15.0%) 0.23
++ 9 (11.3%) 3 (7.5%) '
+++ 8 (10.0%) 1 (2.5%)

This table displays the findings from urine microscopy and
the reference standard culture. Microscopic analysis
revealed significantly higher mean white blood cell (WBC)
and red blood cell (RBC) counts in the Positive-Cases.
Furthermore, a markedly higher proportion of Positive-
Cases had pyuria (>20 WBC/HPF). The semiquantitative

grading of bacteria on microscopy also showed a significant
difference between the groups. As per the study design, all
Positive-Cases had a culture positive for E. coli, with a
substantial subset (32.5%) exhibiting an Extended-Spectrum
Beta-Lactamase (ESBL) phenotype.

Table 4: Urine Microscopy and Definitive Culture Results

Parameter [Positive-Cases (n=80)] Negative- Cases (n=40) | p-value
Microscopy WBC (cells/HPF)
Mean + SD 33.8+19.7 6.9+4.6 <0.0001
0-5 8 (10.0%) 17 (42.5%)
6-20 21 (26.3%) 12 (30.0%) <0.001
>20 51 (63.8%) 11 (27.5%)
Microscopy RBC (cells/HPF)
Mean + SD | 495+4.3 | 22+14 | <0.001
Bacteria Grade (0-3)
0 6 (7.5%) 11 (27.5%)
1 15 (18.8%) 9 (22.5%)
2 31 (38.8%) 9 (22.5%) 0.0162
3 28 (35.0%) 11 (27.5%)
Culture Result
E. coli positive 80 (100%) 00%) | -
Extended-Spectrum Beta-Lactamase Phenotype 26 (32.5%) 0 (0%)
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This table compares serum biomarkers of inflammation and
renal function. Renal function parameters (Serum
Creatinine, BUN) were similar between groups, though the
estimated Glomerular Filtration Rate (eGFR) was
statistically significantly lower in the Positive-Cases, albeit
still within a normal range. The most pronounced

https://www.biosciencejournal.net

differences were observed in inflammatory biomarkers.
Both routine CRP and the more sensitive CRP-ELISA, as
well as Serum Amyloid A (SAA), were significantly
elevated in the Positive-Cases group, indicating a systemic
inflammatory response associated with culture-confirmed
UTI.

Table 5: Comparison of Systemic Inflammatory and Renal Function Biomarkers

Positive-Cases

Negative- Cases

Biomarker (n=80) (n=40) p-value
Serum Creatinine (mg/dL)
Mean + SD | 0.91+0.20 0.84+0.19 | 0.14
BUN (mg/dL)
Mean + SD | 143+3.8 13.0 £4.0 | 0.29
eGFR (mL/min/1.73m?)

Mean + SD | 976218 102.5 + 23.4 | <0.0001
CRP Routine (mg/L)

Mean + SD | 335+ 26.3 11.9+14.1 [ <0.0001
CRP ELISA (mg/L)

Mean + SD | 38.7+335 | 146 +14.7 [ <0.0001
SAA ELISA (mg/L)

Mean + SD | 99.4 +96.7 | 372418 | <0.0001

Independent samples t-test.

Discussion

Abstract Background This cross-sectional research assessed
the diagnostic value of urinalysis, urine microscopy, and
systemic inflammatory biomarkers in symptomatic women
with and without culture-proven urinary tract infections
(UTIs) at Maysan General Hospital. Using culture-positive
cases as the outcome, leukocyte esterase and nitrite
positivity on dipstick were significantly associated with the
former and hematuria lacked diagnostic specificity. These
findings are in line with previous studies that have shown
that among the 2 dipstick parameters that predict presence
of bacteriuria, nitrite and leukocyte esterase provide the
most clinically relevant information, though neither has
optimal accuracy 18 32 The specificity was very high for
nitrite (94.9%), but sensitivity was low (34.1%), according
to one study. On the other hand, the sensitivity of leukocyte
esterase was 87.8%, but the specificity was only 71.2%,
showing it is more effective for UTI detection 16. Mohanna,
et al. reported similar patterns. 17 that the dipstick results
should supplement not supplant urine culture.

This study also showed strong diagnostic discrimination by
the microscopy findings. Culture-positive participants had
significantly higher mean white blood cell (WBC) counts
and increased bacterial density compared to culture-negative
individuals. This is in agreement with former investigation
by Rishi, et al. 18, mentioning pyuria and bacteriuria as
some of the most reliable laboratory correlates of infection.
Nevertheless, some culture-negative symptomatic patients
still showed pyuria or bacteriuria, known as the condition of
sterile pyuria. It occurs due to incompletely treated
infections, fastidious organisms such as Chlamydia
trachomatis or Ureaplasma urealyticum, or inflammatory
processes such as interstitial cystitis19. Hence, urine
microscopy still serves as a useful but non-definitive method
of diagnostic adjunct that must be interpreted with culture
and clinical information.

One of the most relevant contributions of this study is the
direct comparison between "normal™ or "routine" CRP, CRP
measured by the gold standard method (the enzyme-linked
immunosorbent assay-ELISA), and Serum Amyloid A.
These results confirmed the presence of a systemic
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inflammatory response to bacterial infection with all three
biomarkers remaining significantly higher in culture-
positive cases. DCRP and D SAA were significantly higher
in infected patients than culture-negative patients (p <
0.0001), the mean values of CRP 168.65 = 50.91 versus
8.96 + 1.76 mg/l respectively, SAA 29.25 £ 6.76 versus 3.73
= 0.29 mg/l respectively. The afore-mentioned findings
offer further support to previous studies which revealed that
the two proteins CRP and SAA represent sensitive acute-
phase reactants which are produced by hepatocytes under
the influence of the cytokine interleukin-620 in the context
of infection and inflammation.

Similar to those described by Guan, et al, our findings are as
follows. 21 showed that combined use of CRP together with
SAA offers improved diagnostic sensitivity for bacterial
infections compared to that based on CRP measurement
alone. Likewise, increased concentrations of SAA have been
shown to precede CRP elevation in sepsis and severe UTI,
reflecting a more rapid hepatic response to cytokine
stimulation22. Previous studies in China and Europe have
also indicated that SAA could be of additional diagnostic
value in distinguishing bacterial from viral or inflammatory
noninfectious diseases 21. Thus, this finding in the present
study suggests that a combination of CRP and SAA could
help distinguish those with true bacterial infections, when
the results of urinalysis or cultures are equivocal or
borderline in patients undergoing urinary tract infections'
diagnosis as CRP may increase in a few inflammatory
conditions other than bacterial profusion.

By contrast, there were no significant differences in renal
function parameters such as serum creatinine and blood urea
nitrogen levels between the groups, suggesting that the
severity of infection was restricted in this cohort to the
lower or early upper urinary tract, without evidence of frank
renal impairment. Partial impairment of renal function was
observed, since aging eGFR (eGFR lowered) was lower in
culture-positive patients, all values remain within normal
limits as expected for a functional but reversible change.
Levinson et al described almost similar patterns. 23- this
reflects the transient reduction in eGFR during acute UTI
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which is primarily due to inflammatory and hemodynamic
effect and not structural kidney damage.

The finding of Extended-Spectrum Beta-Lactamase (ESBL)
production in 32.5% of E. coli isolates in this study is
alarming; however, it is still in line of regional reports. High
prevalence of ESBL among uropathogenic E. coli in Iraq
and neighboring countries has been reported, suggesting a
widespread use of antibiotics with poor antimicrobial
stewardship in the region. For instance, Khaleel, et al.
Compared with the 28.4% prevalence of ESBL producers
for community-acquired UTIs, 24 evident reports showed a
much higher prevalence of ESBL-producing bacteria, as
confirmed the isolates of urinary tract infections in Al-Hilla,
Irag, and isolated they were confirmed by 100% ESBL
producers, Mohammed, et al. 25 high rates greater than 35%
in Basrah. When it comes to similar research from Duhok,
ESBL frequencies varied between 25% and 50%, depending
on the detection method and patient populations26.
Together, these findings demonstrate a concerning
antimicrobial resistance burden in Iraq and a clear need for
culture-guided therapy.

A high proportion of ESBL-producing E. coli isolates is
clinically relevant, as evidenced by this report. Furthermore,
it implies that empirical use of actually third generation
cephalosporins may be useless in many patients, reinforcing
the need for routine surveillance of resistance and
appropriate programs of antimicrobial stewardship. The
recognition of this high resistance burden in locations where
laboratory capacity is constrained should result in
consideration of alternative agents such as nitrofurantoin or
fosfomycin for uncomplicated infections, with carbapenems
reserved for complicated or systemic infections.

This study has several strengths. In addition to the in-depth
analytical perspective on dipstick testing, microscopy,
culture and serological biomarkers, it provides real-world
clinical context by applying the research findings in a
manner that is useful for front-line implementers of uTlI
diagnostics development U1, This study provides updated
local data regarding ESBL prevalence and is vital for fine-
tuning empirical antibiotic selection in southern Irag. Also,
the use of FDA-approved laboratory methods, international
assay Kits, and testing methods are beneficial for further
interpretation of the results.

Without doubt, though, there are some limitations that need
to be acknowledged. In addition, being cross-sectional
means that we cannot assess biomarker Kkinetics or
causation. Single centre so may not be generalisable to
regions with different microbial profiles. Furthermore,
culture-negative  symptomatic cases may represent
infections due to fastidious organisms that may not be
detectable using standard culture techniques, potentially
leading to misclassification. We lacked other specific
biomarkers such as procalcitonin or interleukin-6 that add
depth to the diagnosis. Finally, we did not perform ROC
curve analysis to formally identify diagnostic cutoffs for
CRP and SAA.

These current results highlight that, compared to any single
systemic biomarker or diagnostic method (urinalysis vs
microscopy), a multimodal systemic biomarker-urinalysis-
microscopy diagnostic assessment significantly (each p <
0.001) offers increased likelihood of a UTI. Dipstick testing
and microscopy provide quick bedside answers, whereas
CRP and SAA help to detect patients with evidence of
systemic infection or may aid therapeutic decisions while
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waiting for culture results. Incorporation of these parameters
into a diagnostic algorithm may enhance the guidance of
clinical decision making, decrease unnecessary antibiotic
prescribing and, ultimately, reduce antimicrobial resistance.
Future research utilizing larger multicenter cohorts to
confirm these results and ROC analysis to determine ideal
biomarker cut points is needed. Longitudinal designs may
help to address the temporality of SAA and CRP
relationship to UTI progression and resolution. At the public
health level, increasing access to reliable biomarker test-
based triage and embedding antibiotic stewardship and
resistance surveillance are key to addressing the paired
problems of diagnostic uncertainty and increasing resistance
in LMICs.

Conclusion

This study demonstrates that combining urinalysis,
microscopy, and inflammatory biomarkers significantly
enhances diagnostic accuracy in women presenting with
symptoms of UTI. Elevated CRP and SAA levels are
strongly associated with culture-confirmed infection,
providing valuable adjunctive tools for diagnosis,
particularly when culture results are delayed or negative.
The high prevalence of ESBL-producing E. coli in our
cohort underscores the urgent need for rational antibiotic use
and continuous resistance monitoring. Collectively, these
findings support the integration of biomarker testing into
UTI diagnostic workflows in resource-limited healthcare
settings such as Iraqg.
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