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Background: Brucellosis is a zoonotic and multisystemic disease that is widespread worldwide and can present with many different
clinical conditions, ranging from asymptomatic to serious and fatal conditions. Brucellosis may be linked to renal tubular and acute
kidney damage, nephrotic syndrome, and various types of nephropathies.

Objective: Our research was carried out prospectively to investigate the relationship between brucellosis and various biochemical
markers and particularly to investigate the role of renal tubular damage biomarkers.

Methods: Demographic and biochemical data from 60 controls and 60 brucellosis patients were included in the study. Kidney injury
molecule-1 (KIM-1) and Neutrophil gelatinase-associated lipocalin (NGAL) were analyzed by. The diagnostic accuracy of KIM-1 and
NGAL for brucellosis was assessed using receiver operating characteristic (ROC) curve analysis.

Results: According to our findings, significant differences of KIM-1 and NGAL were observed between brucellosis and healthy
patients. A high AUC (area under the curve) value of 0.742 (95% CI: 0.616—0.868) and 0.835 (95% CI: 0.729-0.941) was observed for
KIM-1 and NGAL, respectively.

Conclusion: Serum levels of KIM-1 and NGAL, which are renal tubular damage markers, where higher in Brucellosis than in healthy
patients. These biomarkers can contribute to the rapid and accurate diagnosis of brucellosis regarding the involvement of nephro-
pathies and to the standardization of comprehensive diagnostic warning indicators.

Keywords: brucellosis, diagnosis, renal tubular damage, KIM-1, NGAL, ROC analysis

Introduction

Brucellosis is a zoonotic and multisystemic disease that is common all over the world and can occur with specific organ
involvements of many systems.' The causative agent of the disease is Brucella, a facultatively aerobic, non-spore and
capsule-free, gram-negative, non-motile bacillus. There are three pathogenic species for humans: Brucella abortus,
Brucella melitensis, Brucella suis.® In the presence of risk factors such as unpasteurized dairy products, contact with
animals, and/or occupational exposure, fever, night sweats, malaise, and arthralgia are the most prevalent symptoms or
indicators of brucellosis.® The incubation period can be as short as three days or as long as several weeks or even months,
while symptoms usually appear 2 to 8 weeks after infection, with acute cases appearing on average 10 to 14 days later.>*
One of the most common forms of focal brucellosis is genitourinary involvement.> Renal abscess, glomerulonephritis,

epididymo-orchitis, pyelonephritis, interstitial nephritis, exudative cystitis, and prostatitis have been reported due to
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brucellosis. Brucellosis of the urinary tract often causes nonspecific symptoms and is therefore underdiagnosed and
underreported.” Brucellosis with renal involvement may present like chronic and acute interstitial nephritis or
glomerulonephritis.® Nephrotic syndrome cases have been reported during acute brucellosis.” Systemic brucellosis
may be linked to acute kidney damage; hemolytic-uremic syndrome; nephrotic syndrome or nephropathies, interstitial
nephritis mimicking renal tuberculosis, recurrent immunoglobulin A (IgA) nephropathy, and renal abscess; and various
other types of glomerulonephritis, such as chronic interstitial and mesangiocapillary glomerulonephritis, membranopro-
liferative glomerulonephritis. Other type of kidney disease caused by brucellosis include acute renal failure.®

NGAL is one of the most studied biomarker of acute kidney injuries.” KIM-1 has been reported as a sensitive
biomarker for chronic proximal-tubular damage.'® It has been reported that KIM-1 levels in acute kidney injury correlate
with chronic renal failure in children and adults.''™'* Tubular and glomerular functions have been shown to be impaired
in pediatric brucellosis patients."* In the literature, we did not encounter any study evaluating NGAL and KIM-1 markers
in the evaluation of renal damage in brucellosis patients and explaining the relationship in etiopathogenesis. Therefore, in
this study, the relationship between NGAL and KIM-1, which are important renal biomarkers for the renal functions
evaluation in brucellosis patients, and kidney functions was investigated.

Materials and Methods
Ethical Approval

Our prospective study was initiated by obtaining the necessary approval from the Mardin Artuklu University Non-
Interventional Clinical Research Ethics Committee with the number 2023/4-3. Our study complies with the Declaration
of Helsinki. And Informed Consent Form (signed) were obtained from all patients.

Study Population

60 adult brucellosis patients who were diagnosed with brucellosis with positive agglutination and clinical findings in
2023 from the Infectious Diseases Service and Polyclinic of Mardin Training and Research Hospital and 60 healthy
adults with similar demographic characteristics but not diagnosed with brucellosis in the same institution during the same
period were included in the study as a control group. The study was conducted with positive agglutination and clinical
findings, blood, collection materials, and material obtained during routine examination, testing, analysis and treatment
procedures. The obtained materials were kept in a deep freezer at —80 °C till the day of the study and KIM-1 and NGAL
levels were studied in serum samples.

Research Exclusion Criteria

The study excluded participants with acute and known history of chronic diseases, diabetes mellitus, rheumatological
disorders, anemia, thyroid and pre-existing chronic kidney disease, hypertension, antioxidant agent usage, trauma,
autoimmune illnesses, and local-systemic inflammation.

Diagnosis

Suitable bacteria were isolated from a blood sample with titers >1:160 and/or serum agglutination test, together with
clinical symptoms and signs identified by ELISA for the presence of specific IgM antibodies against brucella, the
diagnosis of acute brucella infection was made. '

Biochemical markers such as KIM-1, NGAL, urea, blood urea nitrogen (BUN), glucose, creatinine, albumin, alanine
aminotransferase (ALT), alkaline phosphatase (ALP), aspartate aminotransferase (AST), gamma-glutamyl transferase
(GGT), total protein (TP) were assessed in this study. Age and gender were recorded as demographic data.

Serum KIM-1 and NGAL levels were measured using commercially available enzyme-linked immunosorbent assay
kits (BTLAB, Shanghai Korain Biotech Co., Ltd). Absorbance was read at 450 nm and recorded using an absorbance
microtiter plate reader (ELx800TM; BioTek Instruments, USA). Serum urea, glucose, creatinine, albumin, BUN, ALT,
ALP, AST, GGT, and TP levels were determined by routine colorimetric methods on an autoanalyzer (Roche Modular
Autoanalyzer; Roche, Tokyo, Japan).
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Statistical Analysis

SPSS software (version 27) was used to conduct the statistical analysis of the data. Shapiro—Wilk tests and Kolmogorov
Smirnov were applied to all numerical variables to evaluate whether the data showed normal distribution. It was
determined that none of the variables KIM-1, NGAL, glucose, albumin, urea, BUN, creatinine, ALT, AST, TP, ALP
and GGT showed normal distribution (p<0.05). For the age variable, it was observed that the normal distribution
assumption was not provided according to the Shapiro—Wilk test, which is a more powerful test, especially considering
the small sample size (p<0.001). Therefore, these factors were compared between the brucellosis and healthy groups
using the nonparametric Mann—Whitney U-test. Since a normal distribution assumption about the data’s distribution is
not necessary for the Mann—Whitney U-test, it was accepted as a more appropriate analysis method in our research. To
assess how gender and brucellosis are related, the Pearson Chi-Square test, which is appropriate for testing the
significance of the relationship between two categorical variables, was used.

In this study, given the non-normal distribution of the data in our sample of 120 participants, the association between
biochemical markers and brucellosis was assessed using Spearman’s rank correlation analysis. This non-parametric test is
suitable for evaluating the monotonic relationship between a continuous marker and a dichotomous outcome like disease
status (Yes/No). The correlation analysis results are presented with coefficients (rho) and p-values, with p < 0.05
considered statistically significant. The diagnostic performance of NGAL and KIM-1 in diagnosing brucellosis was
assessed using receiver operating characteristic (ROC) curve analysis. The findings are presented visually using tables
and figures.

Results and Discussion

Demographic characteristics of the control and patient groups in our study are summarized in Table 1. The number of
male and female included in the study was equal in both groups (control: n=28 female, n=32 male; patients: n=28 female,
n=32 male). The mean age of the control group was 38.13 £ 7.099, while the mean age of the patient group was 37.83 £
7.715. These findings (Table 1) indicate that the distribution of age and gender does not differ statistically significantly
between the groups. Similar findings were observed in a research on brucellosis patients, which found no statistically
significant difference between gender and age."'® To determine if brucellosis and gender are related, the Pearson Chi-
square test was used. Our analysis results showed that there is no statistically significant relationship between brucellosis
and gender (x> = 0, df = 1, p = 1.000). Contrary to our data, a study conducted in Iran reported that the rate of brucellosis

Table 1 Demographic Characteristics of the Study
Participants
Variable | Group Category/Statistics | Frequency
Gender | Control Female 28 (46.7%)
Male 32 (53.3%)
Brucellosis | Female 28 (46.7%)
Male 32 (53.3%)
Age Control Mean * SD 38.13 + 7.099
Min. 22
Max. 51
Brucellosis | Mean * SD 3783 +7.715
Min. 21
Max. 52
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Table 2 Comparison of Biochemical Biomarkers of Controls and Brucellosis

Patients

Biomarkers Control (Mean £ SD) | Brucellosis (Mean * SD) p
KIM-1I (ng/mL) 1.90 + 0.85 3.67 £2.68 <0.001*
NGAL (ng/mL) 70.06 + 18.49 180.14 + 144.78 <0.001*
Glucose (mg/dL) 93.37 £ 9.56 129.00 + 77.38 <0.001*
Urea (mg/dL) 13.60 + 2.84 1543 + 3.01 0.034%*
BUN (mg/dL) 29.10 £ 6.07 33.03 £ 645 0.034*
Creatinine (mg/dL) 0.83 £ 0.18 0.85 £ 0.18 0.515
ALT (U/L) 11.33 £ 4.10 8.70 £ 2.95 0.008*
AST (U/L) 17.27 + 5.60 18.03 + 13.10 0.513
ALP (U/L) 61.67 +22.60 65.30 * 34.36 0.830
Albumin (g/dL) 3.92 +0.38 3.85 £ 03l 0.744
TP (g/dL) 5.99 + 0.46 5.82 + 0.49 0.189
GGT (U/L) 27.33 £ 13.80 40.03 + 57.67 0.382

Note: *p < 0.05.

in women is higher than in men.'” This result shows the difference in the incidence of brucellosis between genders
according to region and country.

Brucellosis can cause renal involvement at rates higher than known. Tubular and glomerular diseases are the most
common diseases encountered in nephrology practice, but in some cases, differentiation is difficult because what starts in
one can affect the other or the same disease can start in both. The results of descriptive statistics and intergroup
comparisons of biochemical markers in the control and brucella patient groups of our study are presented in Table 2.
NGAL, a member of the lipocalin family, and KIM-1, a type-1 transmembrane glycoprotein, are new and important
biomarkers for detecting the early onset of acute renal damage. According to our results, The brucellosis group’s KIM-1
and NGAL levels were found to be statistically substantially greater than those of the control group (p<0.05). Similarly,
The brucellosis group had statistically significant higher levels of urea and glucose (p<0.05).

Renal damage can also be diagnosed by the observed increases in BUN and creatinine levels. In our study, BUN
levels were found to be statistically significantly higher in the brucellosis group than in the control (p<0.05), while no
significant difference was observed in creatinine levels between the groups (Table 2). In a study, it was reported that the
increased BUN and creatinine values of a brucellosis patient improved significantly and almost returned to normal on the
5th day after 4 days of antibiotic treatment.'®

According to the results of our study, although AST, ALP, GGT, albumin, and TP indicators did not substantially
differ across the groups, ALT levels were shown to be statistically considerably higher (p<0.05) in the brucellosis group
than in the control (Table 2). One research indicated that patients with brucellosis had elevated levels of ALT, AST, and
GGT." Similarly, in another study conducted on 332 pediatric brucellosis patients, in comparison to the control group,
the brucellosis group’s AST, ALT, and GGT levels were shown to be considerably higher.?’ Transaminase elevations
have also been observed in other prospective studies of brucellosis cases.’’*? Other studies®* evaluating cases
diagnosed with brucellosis also found that ALT and AST levels of the patients were high.

The association between brucellosis and KIM-1 and NGAL was assessed using Spearman rank correlation analysis.
There was a strong positive connection between brucellosis and both KIM-1 and NGAL (rho = 0.420 and rho = 0.580,
p < 0.001, respectively) (Table 3). These findings suggest that KIM-1 and NGAL are associated with brucellosis and that
the levels of these markers may be elevated in the presence of the disease.
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Table 3 Spearman’s Rank Correlation Coefficients for KIM-1, NGAL and,

Brucellosis
KIM-1 | NGAL | Brucellosis
Spearman’s rho | KIM-1 | Correlation Coefficient | 1.000 | 0.720%* 0.420%*
P 0.000 0.001
N 120 120 120
NGAL | Correlation Coefficient | 0.720%* 1.000 0.580%*
p 0.000 0.000
N 120 120 120

Note: *p < 0.001.

KIM-1 exhibited a moderate positive correlation (rho (Spearman rank correlation coefficient) = 0.420, p =
0.001) with brucellosis. This result suggests that the increase in KIM-1 levels may be associated with an increased

risk of brucellosis infection. More strikingly, a strong positive correlation (rho = 0.580, p < 0.001) was detected
between NGAL and brucellosis (Table 3). This finding supports the hypothesis that NGAL may be an important

biomarker reflecting the presence or severity of brucellosis infection. The strong association of KIM-1 and NGAL
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Table 4 ROC Curve Analysis Results for KIM-1

Test Variable

Area Under the Curve (AUC)

Standard Error

p-value

95% Confidence Interval

KIM-1

0.742

0.064

0.001

0.616-0.868

with brucellosis suggests that these markers could potentially be used in the diagnosis and follow-up of the
disease. However, more comprehensive, prospective studies are needed to confirm these preliminary findings and
to use them in clinical practice. These studies should investigate the role of KIM-1 and NGAL in the pathophy-
siology of Brucella infection in more detail and determine the diagnostic and prognostic value of these markers.
A study® reported that delays in diagnosis and treatment increase the likelihood of developing complications.
Therefore, lowering the risk of chronicity and recurrence requires early diagnosis and adequate therapy.

Our study also showed that there was a positive correlation between glucose and brucella (tho = 0.466, p < 0.001),
while a negative correlation between ALT and brucella (rho = —0.345, p = 0.007) (Table 2). However, demographic

factors such as age and gender were not found to have a significant relationship with brucella disease.
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Table 5 ROC Curve Analysis Results for NGAL

Test Variable | Area Under the Curve (AUC) | Standard Error | p-value | 95% Confidence Interval

NGAL 0.835 0.054 0.000 0.729-0.941

In our analyses, an excellent correlation (rho = 1.000, p < 0.001) was found between BUN and urea (Table 2),
indicating that the two parameters reflect clinically similar information. In future studies, it is recommended to use only
one of these two parameters to avoid multicollinearity.

Confirmation of brucellosis requires exposure history, clinical results and special laboratory tests, examination of
predictive biomarkers and examination of effective assays, so ROC analysis is important. ROC curve analysis was
carried out to assess the discriminatory power of KIM-1 for the diagnosis of brucellosis (Figure 1). The area under the
curve (AUC) for KIM-1 was found to be 0.742 (Table 4). This value is significantly higher than 0.5 (p = 0.001),
indicating that KIM-1 has moderate accuracy in distinguishing patients with Brucellosis from healthy individuals. The
95% confidence interval is between 0.616 and 0.868, supporting the reliability of these results.

Since brucellosis harms patients and their families and imposes a heavy economic burden on the whole society, it is very
important to investigate the definitive biomarkers as comprehensive diagnostic indicators for complicated brucellosis with
appropriate techniques. Therefore, ROC curve analysis was performed to evaluate the discriminatory power of NGAL for the
diagnosis of brucellosis (Figure 2). The AUC value for NGAL was found to be 0.835 (Table 5). This value is significantly
higher than 0.5 (p < 0.001), indicating that NGAL has good accuracy in distinguishing brucellosis patients from healthy
individuals. The 95% confidence interval is between 0.729 and 0.941, supporting the reliability of these results.

Conclusion

Delayed diagnosis is a common condition and can be seen in various brucellosis complications that will enter the
differential diagnosis of many diseases. Therefore, effective management and treatment of brucellosis depend
heavily on an early and precise diagnosis. Since complications are frequently seen in brucellosis patients, we can
conclude that monitoring parameters such as NGAL and KIM-1 in patients with delayed diagnosis and underlying
diseases at their first hospital admission can facilitate diagnosis and treatment. In our literature search, we did not
find any studies conducted with KIM-1 and NGAL biomarkers in brucellosis patients. In this respect, our study is
the first clinical study conducted, which made our study valuable. Our study showed that KIM-1 and NGAL
levels, markers of renal tubular damage, are higher in patients with brucellosis. In conclusion; the findings and
analysis results of our study will be important for clinicians to standardize comprehensive diagnostic warning
signs for complex brucellosis to aid in the diagnosis and treat the disease quickly and accurately.
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