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Background: To build a diagnostic nomogram for differentiating between renal tuberculosis (RTB) and nontuberculous renal
infection.

Methods: Eligible patients were randomly categorized into derivation and validation cohorts (7:3). Univariate and multivariate
regression analyses were conducted to filter variables and select predictors. Multivariate logistic regression was employed for model
construction and nomogram were used for visualization. The nomogram was evaluated by Concordance index (C-index), calibration
curves and decision curve analysis (DCA).

Results: Overall, 194 patients were included. The derivation and validation cohorts included 75 and 61 patients and 32 and 26 patients
with RTB and nontuberculous renal infection, respectively. We included previous TB history, CRP levels, fever, chronic infection and
hydronephrosis in the construction of the nomogram. A nomogram was developed and validated. This nomogram exhibited good
discrimination and calibration. The C-indices of this nomogram in the derivation and validation cohorts was 0.99 and 0.98 (95%
confidence intervals, 0.97-1.00 and 0.96-1.01), respectively. DCA revealed that the proposed nomogram was useful for the
differentiation.

Conclusion: The nomogram can differentiate between RTB and nontuberculous renal infection.
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Introduction

Tuberculosis (TB) is an infectious disease caused by Mycobacterium tuberculosis (MTB). Presently, TB constitutes one
of the top 10 causes of death globally.' In 2021, the mortality rate associated with TB increased for the first time in 9
years.”> TB remains a serious threat to public health. Although it typically affects the lungs (pulmonary tuberculosis
[PTB]), it can also affect other organs (extrapulmonary tuberculosis [EPTB]).? Urogenital tuberculosis (UGTB) is
the second most common form of EPTB, representing ~27% of EPTBs.* In developed countries, UGTB accounts for
2-10% of PTB cases, whereas the figure is 15-20% in developing countries.’ ® Renal tuberculosis (RTB) constitutes the
most common form of UGTB.? The clinical symptoms of RTB are non-specific, which is one of the most important
reasons for delaying its diagnosis. For a long period, RTB diagnosis depended on the determination of acid-fast bacilli
(AFB) in smears and urine MTB cultures. These bacteriological methods are either slow or have low sensitivity,
especially while using clinical specimens such as urine that contain only a small number of microorganisms.'’
Therefore, effectively improving the probability of early RTB diagnosis remains challenging. Owing to the lack of
sufficient clinical experience and specific detection methods, the misdiagnosis rate of RTB in primary hospitals is
particularly high. Therefore, a predictive model to distinguish between RTB and nontuberculous renal infection need to
be developed to help clinicians make judgments.
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This retrospective study aimed to establish a diagnostic prediction model visualized via a nomogram to improve the
accuracy and practicality of the differential diagnosis of RTB and nontuberculous renal infection.

Materials and Methods
Study Design and Patients

This study included consecutive patients with RTB and nontuberculous renal infection treated in Hangzhou Red Cross
Hospital from January 2014 to December 2023. All patients were >18 years. Diagnosis of RTB was established when one
of the following criteria was met: effective anti-TB treatment, positive MTB culture, or histopathological diagnosis.
Diagnosis of nontuberculous renal infection was based on when one of the following criteria was met: effective antibiotic
treatment, positive bacterial culture, or histopathological diagnosis of nontuberculous renal infection. This study included
the epidemiological characteristics, clinical symptoms, laboratory test results and Imaging examination results
(Ultrasound examination or CT scan) of patients. Demographic characteristics included: sex, age, diagnosis of diabetes,
body mass index (BMI), immigrant status, previous TB history, smoking status, alcohol use. Clinical symptoms included:
flank pain, lower urinary tract symptoms (LUTS), fever, gross hematuria, chronic infection. Laboratory test results
included: positive urine leukocyte, positive urine nitrite, C-reactive protein (CRP) levels. Imaging examination results
included: urinary tract stone and hydronephrosis. If patients have missing case data as mentioned above, they will be
excluded from this study. This study was approved by the Human Research Ethics Committee of Hangzhou Red Cross
Hospital.

Definition of Variables

Diagnosis of diabetes was accorded with the World Health Organization (WHO) criteria.'' Patients whose registered
residence is not in Zhejiang were defined as immigrants. LUTS mainly referred to symptoms that included frequency,
urgency, and dysuria. Chronic infection was defined as disease duration exceeding 3 months. Positive urine leukocyte and
urine nitrite were identified via routine urine tests.

Data Analysis and Model Construction

R version 4.1.2 was used for statistical analysis. Categorical variables were expressed as frequencies and percentages
(%). Continuous variables were expressed as mean + standard deviation or median and range depending on the data
distribution.

The patients were randomly categorized in a ratio of 7:3 into the derivation and validation cohorts. The derivation
cohort was used to filter variables and construct the model, and the validation cohort was used to validate the model. The
prediction model was developed using a two-step approach. In step one, univariable and multivariable logistic regression
analysis was performed. Variables with P <0.05 in the univariable logistic regression analysis were included in multi-
variable logistic regression analysis. Following multivariable analysis, variables with P <0.05 were employed to further
construct the model. Step two involved multivariable logistic regression analysis to calculate the odds ratio (OR) of each
candidate variable and construct the predictive model, and evaluate multicollinearity through variance inflation factor
(VIF). The model was visualized by constructing nomograph. The model was validated in the derivation and validation
cohorts. The discrimination (C-index) and calibration (calibration curves and P value in the Hosmer—Lemeshow test) of
the model were evaluated using the derivation and validation cohorts, respectively, and the performance of the model was
comprehensively evaluated. Furthermore, decision curve analysis (DCA) of the model was performed.

Results

Finally, 194 patients were included in this study, of whom 107 had RTB and 87 had nontuberculous renal infection. The
baseline characteristics of the patients are provided in Table 1. Of the 107 RTB patients, 30 were diagnosed by MTB
culture, 17 by histopathology, and 60 by effective anti TB treatment. Of the 87 nontuberculous renal infection patients, 28
were diagnosed by bacterial culture, 1 by histopathology, and 58 by effective antibiotic treatment. The patients were
randomly categorized into the derivation and validation cohorts. The former included 75 and 61 patients with RTB and
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Table | Patient Characteristics

Characteristic Patients

RTB Nontuberculous renal infection
Age, years, median (interquartile range) 48 (32.5 to 58) 50 (33 to 62)
Sex, No. (%)
Female 50 (47%) 77 (89%)
Male 57 (53%) 10 (11%)
Diabetes, No. (%)
No 96 (90%) 73 (84%)
Yes 11 (10%) 14 (16%)
BMI, median (interquartile range) 21.42 (19.19 to 23.12) 23.12 (21.14 to 24.75)
Previous TB history, No. (%)
No 63 (59%) 85 (98%)
Yes 44 (41%) 2 (2%)
Immigrant, No. (%)
No 56 (52%) 64 (74%)
Yes 51 (48%) 23 (26%)
Smoking, No. (%)
No 85 (79%) 75 (86%)
Yes 22 (21%) 12 (14%)
Alcohol use, No. (%)
No 97 (91%) 79 (91%)
Yes 10 (9%) 8 (9%)
Flank pain, No. (%)
No 62 (58%) 16 (18%)
Yes 45 (42%) 71 (82%)
LUTS, No. (%)
No 36 (34%) 33 (38%)
Yes 71 (66%) 54 (62%)
Fever, No. (%)
No 86 (80%) 9 (10%)
Yes 21 (20%) 78 (90%)
Gross hematuria, No. (%)
No 90 (84%) 69 (79%)
Yes 17 (16%) 18 (21%)
Positive urine leukocyte, No. (%)
No 19 (18%) 9 (10%)
Yes 88 (82%) 78 (90%)
Positive urine nitrite, No. (%)
No 100 (93%) 71 (82%)
Yes 7 (7%) 16 (18%)
CRP (mg/L), median (interquartile range) 749 (2.26 to 21.42) 50 (25.88 to 98.68)
Chronic infection, No. (%)
No 46 (43%) 79 (91%)
Yes 61 (57%) 8 (9%)
Stone, No. (%) 87 (81%) 55 (63%)
No
Yes 20 (19%) 32 37%)
Hydronephrosis, No. (%)
No 39 (36%) 67 (77%)
Yes 68 (64%) 20 (23%)

Notes: This study included in 194 patients, there were 107 patients with renal tuberculosis and 87 patients with
nontuberculous renal infection.

Abbreviations: RTB, renal tuberculosis; TB, tuberculosis; BMI, body mass index; LUTS, lower urinary tract symptoms;
CRP, C-reactive protein.
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nontuberculous renal infection (n = 136), and the latter included 32 and 26 patients with RTB and nontuberculous renal
infection (n = 58), respectively.

First, univariable analysis of the derivation cohort was performed. The following variables were included in the
subsequent multivariable analysis: BMI, previous TB history, chronic infection, fever, sex, immigrant status, flank pain,
CRP levels, urinary tract stone and hydronephrosis. Further multivariable regression analysis revealed that the final
variables included in the prediction model were previous TB history, CRP levels, fever, chronic infection and hydrone-
phrosis (Table 2). We included previous TB history, CRP levels, fever, chronic infection and hydronephrosis in the
construction of the nomogram (Figure 1). Each variable is assigned different points based on the results through the
nomogram. Different points can be assigned based on the different results of each variable. The total points were
obtained by adding up the points of each variable. The OR value of each variable is shown in Table 3. The discrimination
of the nomogram was validated in the derivation and validation cohorts. When the nomogram was used in the derivation
cohort, the C-index was 0.99 (95% CI = 0.97-1.00), whereas in the validation cohort, the C-index was 0.98 (95% CI =
0.96-1.01). And the Hosmer—Lemeshow test yielded nonsignificant P values of 0.816 and 0.818 in the derivation and
validation cohorts, respectively. This indicates that in both the derivation and validation cohorts, the calibration curve of
the model demonstrated high consistencies between the predicted and observed values. The proposed model was well-
calibrated (Figure 2).

Moreover, DCA was conducted to assess the clinical usefulness of the nomogram. The results revealed that using the
proposed nomogram to differentiate between RTB and nontuberculous renal infection would obtain a net benefit for
nearly all threshold probabilities in both the derivation and validation cohorts (Figure 3).

Discussion

UGTB is one of the most common EPTBs, accounting for approximately 30%-40% of all EPTB cases.'> UGTB is often
secondary to PTB or EPTB of other organs. The interval between secondary UGTB and initial PTB or EPTB diagnosis
can be as long as 30 years."> 2-20% of PTB patients develop UGTB through hematogenous spread to the kidneys,

Table 2 Results of the Univariable and Multivariable Regression Analysis of the Derivation

Cohort

Characteristic Univariable Analysis Multivariable Analysis
R value P value | R value P value

Age —0.01 0.14
Sex 1.62 <0.01 1.41 0.24
Diabetes —0.36 0.46
BMI —-0.21 <0.01 —0.01 0.94
Previous TB history 2.92 <0.01 3.8l 0.03
Immigrant 0.82 0.03 1.84 0.08
Smoking 0.04 0.92
Alcohol use 0.14 0.82
Flank pain —2.03 <0.01 0.49 0.66
LUTS 0.33 0.36
Fever -3.60 <0.01 -5.09 <0.01
Gross hematuria 0.04 0.92
Positive urine leukocyte | —1.03 0.06
Positive urine nitrite =1.12 0.07
CRP —0.04 <0.01 —0.04 <0.01
Chronic infection 2.95 <0.01 293 0.03
Stone —-1.06 0.0l -2.31 0.05
Hydronephrosis 1.51 <0.01 3.70 <0.01

Notes: There were 75 patients with renal tuberculosis and 61 patients with nontuberculous renal infection in the
derivation cohort. Significance is defined when the p-value < 0.05.
Abbreviations: BMI, body mass index; LUTS, lower urinary tract symptoms; CRP, C-reactive protein.

3474 https: Infection and Drug Resistance 2025:18



Liu and Qin

0 10 20 30 40 50 60 70 80 90 100
POlntS L 1 1 1 1 1 1 1 1 1 1
Yes
History.of. TB r !
No
No
Fever T !
Yes
CRP T T T T T T T 1
350 300 250 200 150 100 50 0
Yes
Chronic.infection —
No
Yes
Hydronephrosis " !
No
Totalpoints rr-r-r~rrrr-rrrr-rrrr-rrrrrr-rrrrrrrrrrrrrrrr1r 1 11
0 20 40 60 80 100 120 140 160 180 200 220

Linear Predictor e e L s e e L B e e
-12 -10 -8 -6 -4 -2 0 2 4 6 8 10 12

Risk of RTB

r T T T T T T 1
0.001  0.01 0.1 0.30.50.7 0.9 0.99 0.999

Figure 1 Nomogram for differentiate between RTB and nontuberculous renal infection. Recommended probability threshold of liner predictor: 0.805.

prostate, and epididymis.® Diagnosis of EPTB is difficult due to the difficulty in obtaining test samples.'* Similarly, the
clinical diagnosis of RTB remains challenging. Delayed diagnosis of RTB seriously threatens the physical and mental
health of patients. MTB may spread to the ureter and bladder through urine.'> As shown in Table 1, RTB and
nontuberculous renal infection have similar clinical manifestations. Patients with renal tuberculosis have a higher
probability of developing hydronephrosis. The number of male and female patients with RTB is similar, while the
proportion of female patients with nontuberculous renal infection is higher. The clinical characteristics of RTB become
atypical because of various reasons such as the abuse of quinolone drugs, which increases the difficulty of early diagnosis
of RTB.” The diagnosis of RTB often depends on the determination of AFB in smears and MTB cultures. However, MTB
and nontuberculous Mycobacterium both produce positive AFB smears.'® Waiting for the results of MTB culture takes
a long time, which is not conducive to the rapid diagnosis of RTB. Recently, molecular biology technology has been
widely used for diagnosing TB. A study which used MTB culture as the gold standard found the sensitivity and
specificity of Xpert MTB/RIF assay in PTB diagnosis were 92.2% and 99.2%, respectively.!” Xpert MTB/RIF assay
and other molecular biological techniques have also been used for RTB diagnosis, thereby improved early diagnosis rate

Table 3 Predictors for the Nomogram

Intercept and Variable | Odds Ratios (95% CI) | P value | VIF
Intercept 1.58 0.02

Previous TB history 3.94 51.36 (1.40-1846.12) <0.01 1.55
Fever —4.26 0.014 (0.001-0.008) <0.01 1.64
CRP —0.04 0.96 (0.95-0.98) <0.01 1.93
Chronic infection 247 11.87 (1.79-146.36) 0.02 I.16
Hydronephrosis 3.05 21.07 (3.47-257.04) <0.01 1.70
C-index

Derivation cohort 0.99 (0.97-1.00)

Validation cohort 0.98 (0.96-1.01)

Notes: There were 75 patients with renal tuberculosis and 61 patients with nontuberculous renal infection in
the derivation cohort. There were 32 patients with renal tuberculosis and 26 patients with nontuberculous
renal infection in the validation cohort. Significance is defined when the p-value < 0.05.

Abbreviation: VIF, variance inflation factor.
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Figure 2 Calibration curves of the nomogram. (A) derivation cohort; (B) validation cohort. The vertical axis represents the actual renal tuberculosis rate, and the
horizontal axis represents the predicted renal tuberculosis risk. The line Ideal represents the ideal situation where the predicted probability is always equal to the actual
probability, line Apparel represents the consistency between the calculated risk probability based on this model and the actual probability, bias-corrected refers to the result
of bootstrap-resampling of the data used to construct the model. The Hosmer—Lemeshow test, P>0.05, suggesting that it is of goodness-of-fit.
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Figure 3 Decision curves analysis of the nomogram. (A) derivation cohort; (B) validation cohort. The vertical axis represents the net benefit obtained by subtracting the
patient’s risk from the patient’s benefit; the horizontal axis represents the threshold probability. Line None represents the net benefit for all patients with nontuberculous
renal infection, line All represents the net benefit for all patients with renal tuberculosis, line Model | represents the overall net benefit of the prediction model within the
threshold range.

of RTB."®!” However, some primary hospitals may delay treatment owing to the lack of relevant experience and medical
equipment. In recent years, biosensors have been constructed through modern integrated technologies, such as the
combination of analytical chemistry, molecular biology, and nanotechnology. Integrated technology enhances the
detection of highly selective, specific, and sensitive signals for detecting Mycobacterium tuberculosis.*’

Nomograms are used widely in medicine.?! A useful nomogram will provide effective assistance to clinical doctors
due to its user-friendly interface and good predictive performance.”” In our previous work, we have constructed and
validated a diagnostic nomogram to differentiate between epididymal tuberculosis and bacterial epididymitis.> We have
found that early diagnosis of RTB is also difficult in clinical practice. Given the numerous similarities in the clinical
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manifestations between RTB and nontuberculous renal infection, better diagnostic tools to differentiate them must be
developed. Therefore, we constructed a nomogram to distinguish between RTB and nontuberculous renal infection to
help clinicians make judgments while diagnosing RTB.

The nomogram contained five variables: previous TB history, CRP levels, fever, chronic infection and hydro-
nephrosis. In this study, we screened these variables through univariate and multivariate regression analysis. The
nomogram was evaluated by C-index, calibration curves and DCA. In this study, the nomogram was used in the
derivation cohort, the C-index was 0.99 (95% CI = 0.97-1.00), whereas in the validation cohort, the C-index was
0.98 (95% CI = 0.96-1.01), previous studies have shown that a C-index > 0.75 indicates that the model has high
accuracy. The results confirmed the clinical feasibility of the model. Because our model was based on certain
common clinical characteristics, laboratory examination results and imaging examination results, it is particularly
suitable for application in primary hospitals and underdeveloped areas. Especially for medical institutions lacking
rapid detection technologies such as molecular biology testing, it will be beneficial for early screening of RTB.

There are some limitations in our study. This study was a retrospective study not a prospective study and this study lacked
validation of external data. Retrospective studies rely on existing clinical data, but such databases are not specifically
designed for clinical research, so in most cases, it is inevitable that some data will be missing; In addition, some variables that
may affect the outcome may not have been collected at all. The number of patients included was small, especially for patients
with nontuberculous renal infection. We used univariable and multivariable logistic regression analysis to evaluate the
variables. However, it may result in some clinically significant variables being excluded from the model. Thus, a prospective
study with a large sample size is warranted. The inclusion of more cases will help in constructing a more reasonable model
that can distinguish between RTB and nontuberculous renal infection.

Conclusions

In this retrospective study, we constructed and validated a diagnostic nomogram to differentiate between RTB and
nontuberculous renal infection. This nomogram incorporated common demographics, clinical characteristics, laboratory
examination parameters and imaging examination results of patients with epididymal TB. The results reveal that this
nomogram exhibit good discrimination and calibration. Furthermore, DCA showed that a net benefit is achieved when
the proposed nomogram is used to differentiate between RTB and nontuberculous renal infection. This nomogram may
be of great value for distinguishing between RTB and nontuberculous renal infection.

Abbreviations

MTB, Mycobacterium tuberculosis; RTB, renal tuberculosis; TB, tuberculosis; PTB, pulmonary tuberculosis; EPTB,
extrapulmonary tuberculosis; UGTB, urogenital tuberculosis; AFB, acid-fast bacilli; LUTS, lower urinary tract symp-
toms; DCA, decision curve analysis; ROC, receiver operating characteristic; AUC, area under the curve.
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