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ABBREVIATIONS USED 

anti-PLA2R1 anti-phospholipase A2 receptor antibodies 

anti-THSD7A anti-thrombospondin type-1 domain containing 7A protein 
antibodies 

DЕ  diagnostic efficiency 

ELISA еnzyme-linked immunosorbent assay 

FN  false negative result 

FP  false positive result 

HK  healthy controls 

IFCC  International Federation of Clinical Chemistry 

IIF  indirect immunofluorescence assay 

MN  membranous nephropathy 

NPV  Negative predictive value 

ON  others nephropathy 

PLA2R1 M type phospholipase A2 receptor 

PMN  primary membranous nephropathy 

PPV  Positive predictive value 

SMN  secondary membranous nephropathy 

THSD7A  thrombospondin type-1 domain-containing 7A protein 

TN  true negative result 

TP  true positive result 

WB  Western blot 
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INTRODUCTION 

Membranous nephropathy (MN) is one of the most common causes of 
nephrotic syndrome in adults, which can occur at any age and in all ethnic 
groups. Its primary form occurs more often in men than in women and rarely in 
children. About 30 to 40% of MN patients develop end-stage renal disease 
within 5 to 15 years, with high mortality. 

Current concepts regarding the pathogenesis of MN are based on early 
studies conducted on the Heymann experimental model. For the first time in 
2002, H. Debiec presented data on the presence of transplacentally passing 
alloantibodies directed against neutral endopeptidase in humans. In 2009, Beck 
et al. reported more specific data on the presence of an antigen expressed on 
human kidney podocytes called the M-type phospholipase A2 receptor. It is 
believed to be involved in the pathogenesis of primary membranous 
nephropathy (PMN) in adults. It has now been established that antibodies 
against the phospholipase A2 receptor (аnti-PLA2R1) are detected in the 
majority of these patients  

According to a number of clinical studies, anti-PLA2R1 is not detected in 
all patients with PMN. In 2014, Thomas et al. identified a type 1 transmembrane 
protein called thrombospondin type 1 domain containing 7A protein. It has been 
suggested that, analogous to anti-PLA2R1, autoantibodies are also formed to 
thrombospondin type-1 domain containing 7A protein (anti-THSD7A). 

Qualitative and/or quantitative testing of the serum concentration of anti-
PLA2R1 and anti-THSD7A is currently not widely used in clinical laboratory 
practice in our country. In the scientific literature studies on the impact of gender 
and age on the concentrations of anti-PLA2R1 and anti-THSD7A in clinically 
healthy subjects were very few. Currently, no reference limits have been 
established for the anti-PLA2R1 antibody indicator in serum for bulgarian 
population.Their preparation will facilitate the interpretation of the obtained 
results in order to make a timely diagnosis, will support the differential 
diagnosis, will facilitate the assessment of the clinical course of the disease and 
will be useful in monitoring the effect of the treatment carried out. 
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PURPOSE AND TASKS 

 
PURPOSE: To assess the diagnostic reliability of anti-PLA2R1 and anti-

THSD7A results in patients with nephrological diseases. 
 
 
TASKS 

1. To select appropriate methods for the determination of anti-PLA2R1 and 
anti-THSD7A. 

2. To establish reference limits of anti-PLA2R1 in serum from venous blood 
in clinically healthy adults from the Bulgarian population. 

3. To investigate the influence of gender and age on the serum concentration 
of anti-PLA2R1 in clinically healthy individuals. 

4. To investigate the serum concentration of anti-PLA2R1 in patients with 
primary membranous nephropathy (PMN), secondary membranous 
nephropathy (SMN) and other nephropathies (ON) and to compare the 
values obtained with those of clinically healthy individuals. 

5. To determine the percentage of positive results for anti-THSD7A in patients 
with PMN, with SMN and with ON. 

6. To assess the diagnostic reliability of anti-PLA2R1 results. 

7. To assess the diagnostic reliability of anti-THSD7A results. 
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MATERIALS AND METHODS 

MATERIALS 

1. Clinical material, criteria for selection of participants in clinical studies 
A total of 233 persons aged from 20 to 67 years for the period of 2015–

2018 were included in the dissertation work. The persons from the study are 
divided into the following three groups: 

1. Clinically healthy subjects in adulthood (n = 120) 
2. Patients with kidney diseases (n = 113): 

• patients with PMN (n = 52) 
• patients with SMN (n = 12) 
• patients with ON (n = 49) 

3. Control group of healthy individuals (n = 50) 
The study was approved by the Committee on Scientific Ethics of the 

Plovdiv with Protocol No P-7659/09.10.2019. Written informed consent has 
been given by all persons to participate in the survey. 

1.1. Clinically healthy subjects in adulthood  
The criteria for the selection of clinically healthy individuals are in 

accordance with the generally accepted recommendations of the International 
Federation of Clinical Chemistry (IFCC) and the Clinical and Laboratory 
Standards Institute (CLSI). The selection of individuals was carried out using 
the following inclusion criteria: age over 18 years, voluntariness, clinical 
health, hematological, clinical chemistry and urine laboratory indicators in the 
relevant reference intervals. Exclusion criteria were: data on acute 
inflammatory diseases in the last 30 days, chronic diseases (lung, liver, kidney, 
cardiovascular diseases), obesity, malignant diseases, systemic diseases, surgical 
interventions in the last 3 months before blood collection, alcohol or drug abuse, 
heavy physical exertion or mental stress, pregnancy or lactation.  

1.2. Patients with nephrological diseases 
The selection of patients with nephrological diseases was carried out with 

the help of specialists from the Clinic of Nephrology, “KASPELA” UMHAT, 
Plovdiv. The diagnosis of nephrological disease is based on clinical, 
pathomorphological and immunological criteria. Kidney material for 
histological examination was obtained by renal puncture biopsy. According to 
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histological examination data, patients are divided into two groups – patients 
with MN and patients with ON. 

MN patients are subdivided into PMN patients and SMN patients using the 
following two sets of criteria: 

1. Generally accepted clinical criteria for establishing the diagnosis of SMN: 
• presence of paraneoplastic disease at diagnosis or up to 5 years after 
• presence of chronic hepatitis B virus or hepatitis C virus infection 
• data for systemic diseases (systemic lupus erythematosus, 

rheumatoid arthritis) 
2. Pathomorphological criteria for establishing the diagnosis of SMN: 

• presence of mesangial and/or subendothelial immune deposits during 
immunofluorescence analysis 

• predominance of Ig A deposits 
• presence of mesangial proliferation 

The ON group included patients with the following diseases: minimal 
change disease (n = 9); tubulointerstitial nephritis (n = 8); diabetic nephropathy 
(n = 17); hypertensive nephroangiosclerosis (n = 6); light-chain nephropathy 
(n =1); membranoproliferative GN (n = 2); focal and segmental glomerular 
hyalinosis and sclerosis (n = 3); amyloidosis (n = 1); antiphospholipid syndrome 
(n = 1); nonmembranous systemic lupus erythematosus (n = 1).  

1.3. Control group of healthy individuals – a control group of sex- and 
age-matched individuals (n = 50) was selected from the already studied 
reference group. 

METHODS 

1.  Clinical laboratory methods 

1.1. Immuno-enzymatic method for quantitative measurement of anti-
PLA2R1 antibodies in biological samples (serum, plasma) 

For quantitative measurement of anti-PLA2R1 antibodies, a test set for 
immuno-enzymatic determination of anti-PLA2R1 antibodies in serum or 
plasma of the company EUROIMMUN, Germany (cat. № EA 1254 -9601 G) 
was used. Principle: indirect immunoenzymatic analysis based on the ELISA 
technique. 
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Preliminary preparation of samples for analysis 
Patient samples are prediluted 1:101 with sample dilution buffer. 

Calibrators and controls are not diluted. For qualitative or semi-quantitative 
analysis, only calibrator 2, positive and negative controls, and the patient sample 
are incubated. Calibrators 1 to 5, positive and negative controls and patient 
sample are incubated for quantitative analysis. An undiluted patient sample that 
is not currently being tested can be stored at 2°C to 8°C for 14 days. 

1.2. Immunofluorescence method for qualitative and semi-quantitative 
determination of anti-THSD7A antibodies in biological samples (serum, 
plasma) 

For qualitative determination of anti-THSD7A antibodies, a test set for 
indirect immunofluorescence determination of anti-THSD7A antibodies in 
serum or plasma of the company EUROIMMUN, Germany (cat. № FA 1254-
1003-51) was used. Principle: indirect immunofluorescence assay. 
Concentrations of anti-THSD7A antibodies are reported on the epifluorescent 
microscope of OMAX, model: M837ZFLP-TP. 

Preliminary preparation of samples for analysis 
It is recommended to dilute the samples for semi-quantitative analysis, 

using for this purpose PBS-Tween 20. Example of 1:10 dilution: 11.1 μl of 
serum was mixed with 100 μl of PBS-Tween 20 solution, and mixed gently. 

1.3. Hematological, clinical-chemical and urine tests: complete blood 
count (BC-5380, China), clinical chemical analyses (Olympus AU 480, USA), 
urine indicators (Standard Diagnostics, Inc., Korea, South). 

Systematic internal quality control was carried out for the investigated 
indicators using company control materials. External evaluation of the quality of 
the results was carried out through participation in a national system for external 
quality evaluation and international external quality assessment program 
RIQAS. 

2. Statistical methods 
Statistical processing of the results was performed using a social science 

program IBM SPSS v. 25 (2017). For significance level of null hypothesis is 
accepted Р < 0.05. The following parametric methods were used: single-factor 
dispersion analysis (ANOVA), analysis of variance, Horn's algorithm, Levene's 
test. In non-normal distribution, an exponential transformation was used to 
normalize the data. The following non-parametric methods were also used: 
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Kolmogorov-Smirnov test, the Anderson-Darling and Kramer von Mises tests, 
skewness and kurtosis coefficients were calculated, Kruskal-Wallis test, Mann-
Whitney test, post hoc analysis. 

Anti-PLA2R1 reference limits and their 90% confidence intervals were 
determined with the program RefVAL v. 4.11 (Solberg, 2006). 

Data analysis to determine diagnostic reliability of anti-PLA2R1 results 
was performed using the program MedCalc v. 18.5, 2018 MedCalc Software. 
Calculated: area value under the curve (AUC), diagnostic sensitivity, diagnostic 
specificity, positive and negative predictive value (PPV, NPV), cut off value. 

For a visual representation of the results graphical methods are used – 
figures, tables, histograms and bar charts. 
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RESULTS 

Task 2. Establishment of reference limits of anti-PLA2R1 in serum 
from venous blood in clinically healthy individuals from the Bulgarian 
population 

Selection and characterization of individuals from the reference group 
To determine the reference limits of anti-PLA2R1 are used data from 120 

clinically healthy individuals, of whom 59 were men (49%) and 61 were women 
(51%) (fig. 1). 

 

Figure 1. Distribution of persons from the reference group by gender 

The average age (mean ± SD) of the study subjects was 47.08 ± 12.94 years 
with a range between 20 and 67 years. The mean age of men did not differ 
statistically significantly from that of the women (48.44 ± 12.29 years vs. 
45.77 ± 13.61 years, t = 1.131; P = 0.260). 

Algorithm for determining the reference limits of anti-PLA2R1 
The RefVAL program developed by H. Solberg was used to determine the 

anti-PLA2R1 reference limits. The algorithm includes: 
1. Examination of the type of distribution of anti-PLA2R1 values in the 

total group and separately in men and women. The data are presented 
graphically using histograms, the coefficients of asymmetry (skewness) 
and kurtosis (kurtosis) of the empirical distribution are calculated.  

2. Removal of sharply deviating values “outliers”.  
3. Selection of a statistical method for determining reference limits. A 

Kolmogorov-Smirnov, Anderson-Darling and Cramer von Mises’s tests 
are applied to compare the distribution of the studied samples. 

49%51% Men
Women
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4. In the case of a non-Gaussian distribution of the results, a 
transformation is performed to normalize the distribution (exponential 
transformation is used). 

5. The 0.025 and 0.975 fractiles and their 90% confidence intervals are 
determined.  

6. An inverse transformation is performed, and lower and upper reference 
limits are obtained. 

Checking the type of distribution of results for anti-PLA2R1 
We checked the type of statistical distribution of anti-PLA2R1 

concentrations in the general group and separately for both sexes using the 
Kolmogorov-Smirnov, Anderson-Darling, Kramer von Mises’s tests and 
coefficients of asymmetry (skewness) and kurtosis (kurtosis). Our data show 
that the distribution of anti-PLA2R1 values in the general group and in women 
does not meet the criterion of normality of distribution (Gaussian distribution). 

To detect and remove outliers, we used Horn's (2001) algorithm, according 
to which no outliers were found in the overall group and in the gender groups. 

The graphical presentation (histograms) of the distribution of anti-PLA2R1 
in the general group and separately in both sexes is presented in fig. 2. From the 
histograms, it can be seen that in the general group and in women there is a left 
positive asymmetry (positively skewed). 

 
 

Figure 2. Histograms of the distribution of anti-PLA2R1 in the total group and 
separately in men and women 
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Selection of a statistical method for the determination of anti-PLA2R1 
reference limits 

In the overall group and in women, an exponential transformation of the 
data was used to normalize the distribution of anti-PLA2R1 results. After the 
transformation, the normalization of the distribution of the data was established, 
and after a subsequent reverse transformation of the obtained values, the 
reference limits were determined by a parametric method. 

The resulting anti-PLA2R1 reference intervals with their 90% confidence 
intervals for the total group and separately for men and women are presented in 
Table 1. 

Table 1. Reference limits of anti-PLA2R1 (RU/ml) in the total group, in men and 
in women 

Indicators Total Men Women 
Number 120 59 61 
Lower reference limit 
(90% CI) 

0.83 
(0.39–1.33) 

0.48 
(0.44–1.34) 

0.60 
(0.16–1.28) 

Upper reference limit 
(90% CI) 

17.83 
(16.10–19.65) 

18.88 
(16.61–19.19) 

18.81 
(16.22–19.84) 

Task 3. Study of the influence of gender and age on the serum 
concentration of anti-PLA2R1 in clinically healthy individuals 

When comparing the results of anti-PLA2R1 at both sexes, the Mann-
Whitney U test was used, with the help of which we did not find a statistically 
significant gender difference in the concentration of anti-PLA2R1 (Table 2). 

Table 2. Data from the comparison of anti-PLA2R1 results by gender 

Gender Number 
(n) 

Average 
value (Mean) 

Standard 
deviation 

(SD) 

Median Mann-Whitney  
(U) 

P 

Men  59 8.13 (RU/ml) 4.89 (RU/ml) 7.39 (RU/ml) 
1532.00 0.160 

Women 61 6.87 (RU/ml) 4.41 (RU/ml) 6.15 (RU/ml) 

In fig. 3 the resulting anti-PLA2R1 medians with their quartiles in both 
sexes are presented. 
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Figure 3. Anti-PLA2R1 median values in men and women 

To analyze the influence of age on anti-PLA2R1 values, we divided 
clinically healthy individuals into five age groups: 20–30 years; 31–40 years; 
41–50 years, 51–60 years, 61–67 years. The resulting mean anti-PLA2R1 values 
by decade are presented in fig. 4. One-way ANOVA revealed a statistically 
significant difference in anti-PLA2R1 concentration by age group, F = 3.607, 
P = 0.008. 

 

Figure 4. Anti-PLA2R1 mean values with their 95% confidence intervals in 
individual age groups 
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Since five age groups were matched, single-factor dispersion analysis was 
followed by post hoc analysis to determine in which age groups anti-PLA2R1 
values were statistically significantly different. Tukey's test was used for this 
purpose. We found that the mean value of anti-PLA2R1 was highest among 
persons between the ages of 20 and 30 and gradually decreases among the other 
age groups. A statistically significant difference was found only when comparing 
the group 20–30 years old with three of the other groups: with 41–50 years old 
(Р = 0.047); with 51–60 years (P = 0.004) and with 61–67 years (P = 0.044). All 
other comparisons showed no statistically significant difference, P > 0.05. 

Task 4. Examination of the serum concentration of anti-PLA2R1 in 
patients with PMN, with SMN and with ON and comparison of the 
obtained values with those of clinically healthy individuals 

The present study includes data from the analysis of 52 patients with PMN, 
12 patients with SMN and 49 patients with ON. For the purposes of the 
comparative analysis was used the data of 50 HC. The average age of persons 
from the four groups did not differ statistically significantly (P = 0.055). The 
gender distribution in the groups was also without significant difference (P = 
0.872). In all groups, the relative share of men is greater than that of the women. 

Due to the non-Gaussian distribution of the data, with the Kruskal-Wallis 
test, we found that the four study groups differed statistically significant by 
mean anti-PLA2R1 concentration, P < 0.0001. 

Data from pairwise comparison of anti-PLA2R1 concentration of each of 
the pathological groups with that of the controls (Mann-Whitney U test) are 
presented in fig. 5. Statistically significant was the mean difference of anti-
PLA2R1 when comparing PMN with controls (U = 795.00, P = 0.001) and DN 
with controls (U = 788.50, P = 0.002). Anti-PLA2R1 was not statistically 
significantly different when comparing the BM group and controls (U = 227.00, 
P = 0.193). 
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Figure 5. Intergroup differences in pairwise comparison of anti-PLA2R1 
concentration (RU/ml) in patients with PMN, SMN, ON with that of HC 

To get a more complete picture of intergroup differences, we compared 
anti-PLA2R1 concentrations among the three pathological groups with the 
Kruskel-Wallis test and found that the difference between them was also 
statistically significant (P < 0.0001). Pairwise comparison data of anti-PLA2R1 
concentration between pathological groups (Mann-Whitney U test) are presented 
in fig. 6. We found a statistically significant difference of anti-PLA2R1 when 
comparing PMN and SMN (U = 170.00, P = 0.015) and between PMN and ON 
(U = 528.50, P = 0.001). No difference was found when comparing anti-
PLA2R1 between SMN and ON (U = 222.00, P = 0.191). 

 
Figure 6. Between-group differences in pairwise comparison of anti-PLA2R1 
concentration (RU/ml) in patients with PMN, SMN and ON 
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Task 5. To determine the percentage of positive results for anti-
THSD7A in patients with PMN, with SMN and with ON 

A total of 113 patients were included in the study, of which 52 with PMN, 
12 with SMN and 49 with ON. The mean age of individuals from the PMN, 
SMN, and ON groups and their distribution by gender did not differ statistically 
significantly (P = 0.055 and P = 0.872, respectively). The ratio of men to women 
in all three groups is in favor of men.  

The amount of anti-PLA2R1 antibodies was determined in all patients. The 
inclusion criterion for patients in the present study was the test kit 
manufacturer's recommended concentration of anti-PLA2R1 antibodies in serum 
≥ 20 RU/ml. Any result above ≥ 20 RU/ml was considered positive. The 
algorithm for evaluating anti-THSD7A positive patients in the three groups is 
presented in fig. 7. 

 

Figure 7. Algorithm for evaluating positive results for antiTHSD7A in patients 
with PMN, SMN and ON 

We found that in the PMN group 23 of the patients (44%) were negative for 
anti-PLA2R1 antibodies, and 29 of the patients (56%) were positive. In the 
SMN and ON groups, all patients were anti-PLA2R1 antibody negative. Of the 
PMN patients negative for anti-PLA2R1 antibodies (n = 23), two (8.7%) were 
anti-THSD7A positive (fig. 8). In the PMN group overall (n = 52), the anti-
THSD7A positive rate was 3.9%. The patients with SMN and with ON were also 
tested for the presence of antibodies against THSD7A, but we did not get 
positive results. 

Total number of patients: n = 113 

PMN 
n = 52 

SMN 
n = 12 

ON 
n = 49 

anti-PLA2R1 

anti-PLA2R1 
(-) 

n = 23 

anti-PLA2R1 
(+) 

n = 29 

anti-PLA2R1 
(-) 

n = 12 

anti-PLA2R1 
(-) 

n = 49 

anti-THSD7A 

2 (+) 21 (-) 12 (-) 49 (-) 

anti-THSD7A anti-THSD7A 
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Figure 8. Positive results for anti-THSD7A (%) in patients negative for anti-
PLA2R1 antibodies 

We conducted a parallel study in which we used our defined reference 
limits as a criterion for the inclusion of patients in the study. In the total group, 
our upper reference limit for anti-PLA2R1 antibodies was 17.83 RU/ml, and 
results ≥ this value were considered positive. Using this criterion confirmed the 
data, obtained using the manufacturer's recommended cut-off value of 20 
RU/ml. 

Task 6. To determine the diagnostic reliability of anti-PLA2R1 results 

Statistical analysis of data related to this task was performed using the 
program MedCalc v. 18.5, 2018 MedCalc Software. It included a total of 233 
individuals, of which 52 patients with PMN, 12 with SMN, 49 with ON and 120 
clinically healthy individuals. The following sequence was observed when 
studying the diagnostic reliability of the anti-PLA2R1 indicator: 

• Specifying the two groups of individuals – one group includes the 
healthy individuals and the patients without the studied disease. They are 
coded as negative (0) for PMN. The other group includes patients with 
proven PMN. They are coded as positive (1). 

• Include the results obtained in a four-cell table that contains the number 
of true positives (TP), true negatives (TN), false positives (FP) and false 
negatives (FN). Thus, a result can be TP, TN, FP or FN. 

• Of the 233 results included in the study, there are 29 TP, 181 TN, FP are 
0 and FN are 23. The distribution of data in a four-cell table is presented 
in table. 3. 

Anti-PLA2R1 
(+)

56%

Anti-PLA2R1 
(-)

44%

Anti-THSD7A (+)
8.70%
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Table 3. Distribution of TP, TN, FP and FN survey results 

 Illness 

 + - 

+ 
New index 

- 

TP (n = 29) FP (n = 0) 

FN (n = 23) TN (n = 181) 
   

To determine the critical value of anti-PLA2R1, with the help of which the 
presence or absence of PMN is distinguished, we constructed a ROC (receiver-
operating characteristic) curve of the indicator anti-PLA2R1 antibodies and its 
95% confidence interval (fig. 9). 
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P 
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 Share of FN (not specificity) 

Figure 9. ROC curve of diagnostic reliability of anti-PLA2R1. The ROC curve is 
represented by the red solid line, and the blue dashed line represents the 95% 
confidence interval 

In the ROC curve analysis, the area under the curve (AUC) was calculated 
to be 0.714, and the cut off value for distinguishing PMN positive from PMN 
negative patients was 19.84 RU/ml. Summary data for diagnostic reliability 
measures: sensitivity, specificity, diagnostic efficiency (DE), positive predictive 
value (PPV), and negative predictive value (NPV) of results for anti-PLA2R1 
antibodies, as well as for the obtained cut off value are presented in the table. 4. 

Table 4. Data on diagnostic reliability of anti-PLA2R1 and on the cut off value 
Indicator Diagnostic 

sensitivity 
(95% CI) 

Diagnostic 
specificity 
(95% CI) 

DE 
(95% CI) 

PPV NPV Cut off 
(95% CI) 

Аnti-
PLA2R1 

56% 
(41.33–69.53) 

100% 
(97.98–100) 

90% 
(88.18–91.82) 

100% 88.73% 19.84 
(19.19–19.84) 
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Task 7. Evaluation of the diagnostic reliability of anti-THSD7A results 

The MedCalc v. program was used to assess the diagnostic reliability of 
antiTHSD7A results. 18.5, 2018 MedCalc Software. The serum titer of anti-
THSD7A was investigated by IIFT of EUROIMMUN. A total of 134 persons 
were examined, of which the patients with kidney diseases were 84, and the 
control group included 50 healthy individuals. The renal disease group included 
patients with PMN who were negative for anti-PLA2R1 (n = 23), with SMN 
(n = 12), and with ON (n = 49). The following sequence was observed when 
examining the diagnostic reliability of the anti-THSD7A indicator: 

• Specifying the two groups of individuals – one group includes the 
healthy individuals and the patients without the studied disease. They are 
coded as negative (0) for PMN. The other group includes patients with 
proven PMN. They are coded as positive (1). 

• Inclusion of the obtained results in a four-cell table, which contains the 
number of TP, TN, FP and FN, respectively. Thus, a result can be TP, 
TN, FP or FN. 

• Of the 134 results included in the study, TP are 2, TN are 111, FP are 0 
and FN are 21. The distribution of the data in a four-cell table is 
presented in table. 5. 

Table 5. Distribution of TP, TN, FP and FN survey results 

 Illness 

 + - 

+ 
New index 

- 

TP (n = 2) FP (n = 0) 

FN (n = 21) TN (n = 111) 
   

Summary data on the indicators of the diagnostic reliability of the results 
for anti-THSD7A antibodies are presented in the table. 6. 

Table 6. Anti-THSD7A diagnostic reliability data 

Indicator Diagnostic sensitivity 
(95% CI) 

Diagnoctic specificity 
(95% CI) 

DE 
(95% CI) 

PPV NPV 

Anti-
THSD7A 

8.69% 
(6.52–10.86) 

100% 
(97.98–100) 

84.33% 
(82.63–86.03) 

100% 84.09% 
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DISCUSSION 

1.  Selection of appropriate methods for determining anti-PLA2R1 and 
anti-THSD7A 
The aim of the clinical laboratory is to provide reliable laboratory results 

that help the diagnostic process, the therapy and monitoring the effect of the 
patient's treatment (Tzvetkova et al., 1998). Laboratory tests differ in the 
characteristics of their diagnostic reliability. This raises the question of which 
test should we choose – more sensitive or more specific? In the “ideal” case, the 
laboratory test has 100% sensitivity and specificity. In fact, the choice of an 
appropriate method depends on the set diagnostic goals. High-sensitivity tests 
are screening and used in asymptomatic patients. Confirmatory tests proving the 
presence of a disease require high specificity. 

1.1. Selection of suitable anti-PLA2R1 detection methods 
It is known that the diagnosis of MH is based on renal biopsy, which is 

considered the "gold standard". However, it is an invasive method that is often 
accompanied by complications, such as bleeding and pain (Dimitrios-Anestis et 
al., 2009), and less often by infections or puncture of non-renal tissue (Parrish, 
1992). In the last 10–15 years, the role of anti-PLA2R1 in the clinical 
management of MN has been emphasized, paying attention to the need to 
develop reliable and easily performed clinical laboratory methods for 
determining the indicator (Hoxha et al., 2013; Hosstra et al., 2012). 

The review of more than 300 scientific publications on the topic of the 
dissertation showed that qualitative, semiquantitative or quantitative methods for 
the determination of antibodies against PLA2R1 exist in clinical laboratory 
practice. Qualitative methods include microscopy (polarization interferometry, 
fluorescence and electron microscopy) and separation techniques such as 
ultracentrifugation and Western blot analysis (WB). Semiquantitative methods 
include microscopic (fluorescence microscopy) and resolution techniques (WB). 
At present, ELISA methods and chemiluminescent immunoassay (CLIA) are 
used for quantitative evaluation of anti-PLA2R1 results. Introductions in 2013 in 
the laboratory practice ELISA method of the company EUROIMMUN AG 
allows quantitative determination of the serum concentration of human IgG class 
autoantibodies against PLA2R1. Dähnrich et al. (2020), used CLIA to determine 
the serum concentration of anti-PLA2R1 antibodies. In a clinical study 
conducted by these researchers, the diagnostic reliability characteristics of three 
methods were compared: CLIA, ELISA, and recombinant cell-based indirect 
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immunofluorescence assay (RC-IFA). From the obtained data on sensitivity and 
specificity, it can be seen that for the diagnosis of PMN, CLIA and RC-IFA have 
a higher sensitivity than ELISA, and the specificity of the three methods is 
almost the same. Disadvantages of CHIA are, for example, the high cost of 
analysis, the analytical techniques used are a closed system, etc. (Cinquanta et 
al., 2019). 

More commonly found in the scientific literature are comparative clinical 
studies comparing the diagnostic features of the three dominant anti-PLA2R1 
tests (Li et al., 2018): WB, indirect immunofluorescence (IIF) and ELISA. Data 
from comparative studies of the diagnostic reliability characteristics of anti-
PLA2R1 antibodies are conflicting. One group of studies reported close 
sensitivity and specificity between the methods studied (Li et al., 2018; Segarra-
Medrano et al., 2014; Sjoerd et al., 2014). According to other studies, sensitivity 
of IIF is higher compared to that of ELISA methods (Behnert et al., 2014). There 
is also a third group of studies, according to which ELISA and IIF methods have 
high specificity for the diagnosis of PMN (Ong et al., 2016), but the obtained 
sensitivity is lower than that reported in other studies (Segarra-Medrano et al., 
2014; Timmermans et al., 2014). 

In summary, it can be stated that when choosing the ELISA method for 
determining the concentration of anti-PLA2R1, the following advantages should 
be taken into account: 

• The ELISA method enables the quantification of serum anti-PLA2R1 
concentration (Li et al., 2018; Segarra-Medrano et al., 2014; Sjoerd et 
al., 2014). 

• The method is highly specific for distinguishing PMN from SMN (Li et 
al., 2018; Ong et al., 2016; Sjoerd et al., 2014), most sensitive in newly 
diagnosed patients without immunosuppressive therapy (Li et al., 2018 ) 
and useful in the routine investigation of patients with nephrotic 
syndrome (Sjoerd et al., 2014). 

• With the quantitative ELISA method, changes in the serum concentration 
of anti-PLA2R1 can be followed when applying immunosuppressive 
therapy (Li et al., 2018), when monitoring the progression of the disease 
(Li et al., 2018; Segarra-Medrano et al., 2014), in assessing treatment 
response and/or for disease prognosis (Segarra-Medrano et al., 2014). 

• The serum concentration of anti-PLA2R1, examined by the ELISA 
method, can be used in the assessment of the activity (Li et al., 2018) and 
the severity of PMN (Ong et al., 2016). 
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• The ELISA method has the potential for automation, which makes it 
attractive for application in clinical laboratory practice (Li et al., 2018). 

• Studies on the analytical characteristics of the ELISA method show that 
it is suitable for clinical laboratory practice (Anti-PLA2R ELISA (IgG), 
test instruction; Dähnrich et al., 2013; Li et al., 2016; Obrisca et al., 
2015). 

1.2. Selection of appropriate anti-THSD7A assay methods 
As a new marker, THSD7A was first reported in 2014 by Tomas et al. The 

review of the scientific literature showed that the existing methods for the 
determination of anti-THSD7A antibodies are qualitative or semiquantitative. 
Qualitative methods include fluorescence microscopy and separation techniques 
(WB and immunoprecipitation). Semiquantitative methods include fluorescence 
microscopy and immunoblot analysis. Until 2017, detection of anti-THSD7A 
was only possible using WB (Beck et al.), which is a very reliable and sensitive 
but cumbersome method to perform, usually applicable in specialized 
laboratories. RC-IFA for semiquantitative determination of anti-THSD7A 
concentration was introduced into clinical laboratory practice in 2019 (Anti-
THSD7A IIFT, test instruction). Clinical studies, conducted to evaluate the 
diagnostic reliability of RC-IFA and WB, have shown mixed results. According 
to some of them, the sensitivity and specificity of RC-IFA is better than that of 
WB (Hoxha et al., 2017; Kalantari et al., 2017). According to other studies, RC-
IFA shows a lower diagnostic sensitivity compared to WB (92% vs. 99.7%), 
(Wang et al., 2017). In our anti-THSD7A study, we used RC-IIFT 
(EUROIMMUN AG, Germany) (Anti-THSD7A IIFT, test instruction). The 
manufacturer of the test set has declared 93.2% sensitivity and 100% specificity. 
An ELISA method to determine the serum concentration of anti-THSD7A was 
also recently reported (Zaghrini et al., 2019). A similar sensitivity was found 
between ELISA and WB, as well as a significant correlation between anti-
THSD7A titers determined by IIFT and anti-THSD7A concentration measured 
by the new ELISA method. 

In summary, from the review of the data on the methodological possibilities 
for the determination of anti-PLA2R1 antibodies, it can be seen that the ELISA 
method has good characteristics of diagnostic reliability, enables the quantitative 
assessment of anti-PLA2R1 antibodies and is easy to perform. RC-IIFT for the 
determination of anti-THSD7A antibodies is a relatively new method that is easy 
to perform, with a short incubation period. Determining both indicators does not 
require expensive equipment. 
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2. Reference limits of serum anti-PLA2R1 in clinically healthy adults 
from the Bulgarian population 
At the 12th Congress of the Scandinavian Society of Clinical Chemistry 

and Clinical Physiology, held in 1969 in Helsinki, Dr. Gräsbeck and Saris 
(Professor of Medicinal Chemistry) first introduced the concept of “reference 
values”. This new concept was well received by the Scandinavian scientific 
community and even then a committee on reference values was formed, and 
soon after an expert council on “reference values” was formed at the 
International Federation of Clinical Chemistry (IFCC). More than four decades 
later, Siest et al. (2013) refer to the development of reference value theory as an 
“unfinished symphony”.  

Searching the Medline system using keywords “reference limits”, “healthy 
individuals”, “anti-PLA2R1” did not find any data on already established 
reference limits for this indicator. We also did not find data to define reference 
limits for anti-PLA2R1 autoantibodies in individuals from the Bulgarian 
population. 

In determining the anti-PLA2R1 reference limits in our thesis, we have 
strictly followed the recommendations of the IFCC expert groups (IFCC & 
CLSI EP28-A3c, 2010; PetitClere et al., 1984; Solbegr et al., 1983). The persons 
from the reference group are selected according to pre-determined, precisely 
described criteria. Due to the established non-Gaussian distribution of the anti-
PLA2R1 data, 120 clinically healthy individuals were included in our study 
(Tsachev et al., 2001; IFCC & CLSI EP28-A3c, 2010). 

Most often, in studies studying anti-PLA2R1 changes in PMN or SMN, 
control groups of healthy individuals are used for comparison, and the number 
of individuals in these groups varies widely and is often insufficient. For 
example, in a clinical study by Kim et al. (2015) the concentration of anti-
PLA2R1 antibodies was determined in the serum of 160 patients after renal 
biopsy and a control group of 12 healthy subjects was used for comparison. In 
another clinical study, a total of 119 patients were examined, and a control group 
of 22 healthy individuals was used for comparison (Liu et al., 2018). In a study 
by Behnert et al. (2014) examined serum samples from 249 patients as well as 
50 healthy controls. The same number of clinically healthy individuals (n = 50) 
was used by Kaga et al. (2019) Similar numbers of healthy comparators have 
been reported in the determination of anti-PLA2R1 antibodies in other clinical 
trials in MH patients (Cheng et al., 2018; Li et al., 2016). In all these studies, the 
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concentration of anti-PLA2R1 antibodies was determined with the ELISA test 
we also used (Euroimmun, Germany). 

The persons included in our study in the reference group were selected by 
gender so that there was no statistically significant difference in the relative 
share of men and women. A number of studies that used a control group of 
healthy individuals for comparison lack data on the distribution of individuals 
by gender (Katsumata et al., 2020; Kim et al., 2015; Li et al., 2022; Liu et al., 
2018), in others groups males outnumber females (Li et al., 2018; Li et al., 
2016), and in the third groups ratio of men to women is in favour of women 
(Kaga et al., 2019).  

In our study, the age of the reference group was between 20 and 67 years. 
The mean age of men was not statistically significantly different from that of 
women (P = 0.260). And in other studies, the selection of individuals from the 
control group was made so that there was no statistically significant difference 
in the distribution of individuals by age (Kaga et al., 2019; Li et al., 2018; Li et 
al., 2016). However, there are studies that lack data on the age of controls 
(Katsumata et al., 2020; Kim et al., 2015; Li et al., 2022; Liu et al., 2018). 

The subjects in our study were previously instructed to remain in their 
usual lifestyle until the collection of biological material. When taking the 
biological material, we followed the standard requirements. 

When reviewing the scientific literature, we found that in a number of 
clinical studies, data on the lifestyle of healthy individuals, as well as on the 
standard requirements for obtaining the biological material, are missing (Kim et 
al., 2015; Li et al., 2016; Li et al., 2016) et al., 2022; Netti et al., 2019). Various 
approaches have been used to obtain the biological material. In some studies, 
blood was collected during the renal biopsy or before the start of 
immunosuppressive treatment (Kim et al., 2015), in others within one week of 
the date of renal biopsy (Li et al., 2016), in the third biological material was 
obtained at the first consultation with a nephrologist (Behnert et al., 2014) and 
was stored at -30°C (Kaga et al., 2019) or -80°C until the time of the study 
(Katsumata et al., 2020; Netti et al., 2019). All this makes it difficult to compare 
the results obtained for anti-PLA2R1 from different studies. 

For the quantitative measurement of serum anti-PLA2R1 antibodies in our 
study, we used the ELISA method of EUROIMMUN, Germany. The reference 
limits of anti-PLA2R1 determined by us in clinically healthy persons from the 
Bulgarian population are: in the general group: 0.83–17.83 RU/ml; in the male 
group: 0.48–18.88 RU/ml and in the female group: 0.60–18.82 RU/ml. It can be 
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seen that in the total group, the lower reference limit of anti-PLA2R1 is slightly 
higher compared to that of men and women, and the upper reference limit is 
almost the same as that of men and women. 

More often in research studies, when comparing data from patients with 
PMN, SMN or other ON to that of healthy controls, anti-PLA2R1 results are 
presented as “% negative” (Behnert et al., 2014; Kaga et al., 2019; Li et al., 
2016; Li et al., 2022). In a very small number of clinical studies, anti-PLA2R1 
values were quantified in RU/ml as mean values. For example, in a clinical 
study by Neto et al. (2020) in 19 healthy controls, the mean anti-PLA2R1 value 
was 0.615 RU/ml with a confidence interval (0.60–2.35 RU/ml). Another study 
in 30 healthy subjects reported a mean value of 2.0 RU/ml with a confidence 
interval of (2.0–2.3 RU/ml) (Dhaouadi et al., 2020). In a study by Li et al. 
(2018) used a control group of 53 healthy individuals and obtained a mean anti-
PLA2R1 value of 9.02 RU/ml with a confidence interval (5.67–14.1 RU/ml). 

In summary, we can say that the reference limits of anti-PLA2R1 refer to a 
newly introduced indicator in clinical laboratory practice, which necessitates the 
use of self-made limits. 

3.  The influence of gender and age on the serum concentration of anti-
PLA2R1 in clinically healthy subjects 
The reliability of clinical laboratory results is a function of the influence of 

a large number of factors, one of which is their biological variation. In the 
present study, we aimed to study the influence of gender and age on serum 
concentrations of anti-PLA2R1 in clinically healthy individuals from the 
Bulgarian population. Our selected reference group of clinically healthy 
individuals included 59 men (49%) and 61 women (51%), and no statistically 
significant difference was found in the relative proportion of both sexes, P = 
0.750. Data from the comparative analysis of serum anti-PLA2R1 concentration 
between the two sexes showed that it was slightly higher in men than in women, 
but the difference was not statistically significant (8.13 ± 4.89 RU/ml vs. 6.87 ± 
4.41 RU/ml , P = 0.160). 

The mean age of the individuals in the reference group as a whole was 
47.08 ± 12.94 years, and that of men did not differ statistically significantly 
from that of women (t = 1.131; P = 0.260). Clinically healthy individuals were 
divided into five age groups: 20–30 years, 31–40 years, 41–50 years, 51–60 
years, 61–67 years. The Kolmogorov-Smirnov test showed a normal distribution 
of anti-PLA2R1 data in all age groups (P > 0.05). We found that the mean anti-
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PLA2R1 concentration of the age group 20–30 years differed statistically 
significantly only when compared with three of the other groups: 41–50 years 
(P = 0.047); 51–60 years (P = 0.004) and 61–67 years (P = 0.044). When 
comparing the 20–30 year old group with the 31–40 year old group, no 
statistically significant difference was found (P = 0.315). Comparison of anti-
PLA2R1 between the other age groups showed no statistically significant 
difference (P > 0.05). Make an impression the higher mean concentration of 
anti-PLA2R1 in the youngest age group of our study (20–30 years), which 
decreases in the other age groups. 

A review of the literature on the influence of gender and age on serum anti-
PLA2R1 concentrations shows that the influence of both factors on a number of 
other clinical laboratory parameters, such as alkaline phosphatase, aspartate 
aminotransferase, creatinine, lactate dehydrogenase, uric acid (Bailey et al., 
2014); the aging-related secretory phenotype (Schafer et al., 2020); human 
immune cell counts (Patin et al., 2018); angiotensin-converting enzyme receptor 
2 (Gebhard et al., 2020); estrogen, testosterone (DuPont et al., 2019); ß-amyloid, 
tau protein (Ferretti et al., 2018); cortisol, aldosterone, dehydroepiandosterone 
sulfate (Yiallouris et al., 2019), etc. However, to date, we have not found 
targeted studies on the gender and age distribution of anti-PLA2R1 serum 
concentration in clinically healthy individuals from different populations. There 
are no data on the influence of gender on the concentration of anti-PLA2R1 in 
the Bulgarian population. It is noteworthy that the clinical comparison studies 
used control groups of healthy individuals that included men and women of 
different ages, without discussing the possible influence of gender and age on 
the results (Behnert et al., 2014; Dhaouadi et al., 2020; Kaga et al., 2019; Li et 
al., 2018; Li et al., 2016; Li et al., 2022; Liu et al., 2018; Netti et al., 2019). 

In summary, it can be stated that according to our results, gender is a factor 
that does not influence the serum concentration of anti-PLA2R1 in clinically 
healthy individuals. Age is a factor that affects the concentration of anti-
PLA2R1. For the Bulgarian population, the mean value of anti-PLA2R1 
antibodies is highest in the 20–30 age group and decreases in the other groups. 

4.  Serum concentration of anti-PLA2R1 in patients with PMN, with 
VMN and with DN and clinically healthy subjects 
Main place in diagnostics and the therapy of patients with MN takes the 

distinction of primary from secondary forms. In this connection, the data from 
various clinical, immunological and histological analyzes are used. According to 
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data from clinical studies, there is a significant relationship between serum anti-
PLA2R1 antibodies and MN, and positive expression of anti-PLA2R1 
antibodies is consistent with renal biopsy results (Xi et al., 2016; after Wu et al., 
2018).  

In the present study, we aimed to compare the serum concentrations of anti-
PLA2R1 in patients with PMN, SMN, ON, as well as those of HC. We 
hypothesized that the concentration of anti-PLA2R1 antibodies in the serum of 
patients with PMN is higher than that in other groups and may improve the 
differential diagnosis between them. The total number of patients in our study 
was 113, distributed by group as follows: PMN (n = 52); SMN (n = 12) and ON 
(n = 49). In all three groups, the relative share of men is greater than that of 
women. Each patient was consulted by a nephrologist, and the diagnosis of MH 
was confirmed by renal puncture biopsy. The number of healthy individuals 
included in the study was n = 50. The distribution of persons from this group by 
gender and age did not show a statistically significant difference (Р = 0.872 and 
Р = 0.055, respectively). The obtained results are presented as mean and median. 

We found that the groups PMN, SMN, ON and HC differed statistically 
significantly in the mean concentration of anti-PLA2R1, P < 0.0001. In our 
comparative analysis, due to the non-Gaussian distribution of the data, we 
compared the medians of anti-PLA2R1 antibodies. We found that, compared 
with HC, individuals with PMN had a statistically significantly higher median 
(4.82 RU/ml vs. 34.92 RU/ml, P = 0.001), and in patients with ON it was lower 
(4.82 RU/ml vs. 2.08 RU/ml, P = 0.002). The values of anti-PLA2R1 of the 
patients with SMN and HC did not differ statistically significantly (2.87 RU/ml 
vs. 4.82 RU/ml, P = 0.187). 

Similar to our results of the comparative study of serum anti-PLA2R1 
antibody concentration between patients with different types of MN and HC 
were reported by Liu et al. (2018) in 119 patients with PMN (n = 57) and non-
PMN (n = 62). The group with non-PMN includes patients with SMN and ON. 
For comparison, a control group of 22 HC was used. The serum concentration of 
anti-PLA2R1 was also measured by ELISA method (EUROIMMUN). A 
statistically significantly higher median of anti-PLA2R1 was found in the PMN 
group compared to that of HC (36.6 RU/ml versus 1.7 RU/ml, P < 0.05), the ON 
group had a lower median than HC (P = 0.002), and patients with SMN and HC 
did not differ in median anti-PLA2R1 (P = 0.193). In a clinical study by Li et al. 
(2018) in patients with PMN (n = 113), SMN (n = 34) and HC (n = 53) found 
higher concentrations of anti-PLA2R1 in the PMN group (78.2 RU/ml) 
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compared to SMN (1.85 RU/ml) and with HC (9.02 RU/ml), P < 0.05. Huang et 
al. (2021) reported a higher anti-PLA2R1 serum titer in the PMN group (n = 
155) compared to ON (n = 183) and HC (n = 19): 68.80 RU/ml versus 
0.61 RU/ml and 68.80 RU/ml versus 0.615 RU/ml respectively. 

In our study, we compared the concentration of anti-PLA2R1 among the 
three pathological groups. Impressive received from We found the significantly 
higher median value of anti-PLA2P1 antibodies in PMN patients compared to 
SMN (34.92 RU/ml vs. 2.87 RU/ml, P = 0.015) and with ON (34.92 RU/ml vs. 
2.08 RU/ml, P = 0.001). We found no difference when comparing antibodies 
against PLA2P1 between SMN and ON (P = 0.191). We find similar results in a 
relatively small number of clinical studies using the same ELISA method. A 
clinical study conducted by Wu et al. (2018) included 164 patients, of which 64 
patients with PMN; 40 patients with SMN and 60 patients with ON. Serum anti-
PLA2R1 in PMN group was significantly higher compared to that of SMN and 
ON (P < 0.05). The authors conclude that the serum concentration of anti-
PLA2R1 antibodies accurately distinguishes MN from non-MN, which is 
important in view of the differential diagnosis between PMN and SMN. 

Porcelli et al. (2020) studied 459 biopsied patients: 126 with PMN and 369 
with non-PMN. The ratio of men to women in both groups is in favor of men. A 
significantly higher median was found in the PMN group than in the non-PMN 
group (42 RU/mL with a confidence interval of 4.50 RU/mL – 146.80 RU/mL 
versus 2 RU/mL with a confidence interval of 1.70 RU/mL – 2.00 RU/ mL; 
P < 0.0001). 

Very interesting is the study by Li et al., (2022), which included 
670 biopsied patients divided into two large groups: with PMN (n = 374) and 
with non-PMN (n = 296). The median of anti-PLA2R1 in the PMN group was 
statistically significantly higher than that of the non-PMN group, (P < 0.001). 
In order to investigate the distribution of anti-PLA2R1 in the non-PMN group, it 
was further divided into 7 subgroups. Compared with all seven subgroups, the 
median anti-PLA2R1 of the PMN group was found to be significantly higher, 
and the differences were statistically significant (P < 0.001). 

In summary, our data show that patients with PMN have a statistically 
significantly higher concentration of anti-PLA2R1 compared to patients with 
SMN, with ON and with HC. Patients with SMN did not differ from HC in the 
values of anti-PLA2R1, and in patients with ON they were lower. This is 
consistent with the understanding expressed in some scientific studies that the 
serum concentration of anti-PLA2R1 antibodies can be used to distinguish PMN 
from SMN and ON. 
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5.  Percentage of positive results for anti-THSD7A in patients with PMN, 
with VMN and with DN 
PMN is considered to be one of the most common causes of primary 

nephrotic syndrome in adult patients (Ren et al., 2018), which has shown an 
increasing incidence trend in recent years. It is assumed that the autoimmune 
mechanism of the disease is related to the formation of autoantibodies directed 
against the two antigens – PLA2R1 and THSD7A, the second antigen being 
identified in 2014 (Tomas et al.). When reviewing more than 300 scientific 
publications, we found that there are currently published data on the prevalence 
of anti-THSD7A antibodies among different populations, but there is no data on 
the prevalence of anti-THSD7A antibodies among the Bulgarian population. 

The aim of the present task was to determine the percentage of positive 
results for anti-THSD7A in patients with PMN, with SMN and with ON. The 
PMN group included 52 patients (32 men and 20 women; male to female ratio 
1.6:1). The mean age of men did not differ from that of women (P = 0.710). We 
found that in the PMN group, 29 of the patients (56%) were positive for anti-
PLA2R1 antibodies and 23 of them (44%) were negative. In the group of 
patients negative for anti-PLA2R1 antibodies, we determined the anti-THSD7A 
titer using an indirect immunofluorescence method (Anti-THSD7A IIFT, IgG, 
EUROIMMUN, Lübeck, Germany) and an epifluorescence microscope 
(OMAX, China). Analysis of the obtained results showed that of all patients 
with PMN (n = 52), positive for anti-THSD7A antibodies were 3.9%. In the 
group of patients with PMN negative for anti-PLA2R1 antibodies (n = 23), 8.7% 
were positive for anti-THSD7A antibodies. Patients with SMN and with ON 
were also tested for anti-THSD7A antibodies. We obtained negative results in all 
individuals from these groups. 

According to some clinical studies, the prevalence of anti-THSD7A 
antibodies ranges from 1 to 10% (Ren et al., 2018). In a clinical study by Wang 
et al. since 2017, a total of 776 patients have been examined, of which 578 have 
PMN, proven by kidney biopsy, 114 have SMN, 64 have ON and 20 people have 
HC. The titer of anti-THSD7A was assessed with the EUROIMMUN IIFT. In 
the PMN group, 394 (68%) of patients were found to be anti-PLA2R1 positive 
and 184 (32%) of patients were anti-PLA2R1 negative. Individuals negative for 
anti-PLA2R1 were tested for anti-THSD7A antibodies. A positive result was 
found in 8 (4.4%) of them or 1% of patients with PMN (n = 578). No patients 
positive for anti-PLA2R1 (n = 0) or anti-THSD7A (n = 0) were found in the ON 
and HC group. Compared with the data from this study, our positive results for 
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anti-THSD7A antibodies were higher both in the general group with PMN (1% 
vs. 3.9%) and in the group of anti-PLA2R1 negative patients (4.4% vs. 8.5%). 

In the same year, in a clinical trial, Hoxha et al. get results close to ours. It 
included three cohorts of patients totaling 1276: the retrospective Hamburg 
cohort (n = 345), the prospective Hamburg cohort (n = 689) and the 
retrospective Boston cohort (n = 242). All sera, both anti-PLA2R1 positive and 
anti-PLA2R1 negative from the three cohorts were tested for the presence of 
anti-THSD7A antibodies by IFT. According to the obtained results, in the 
prospective Hamburg cohort 2.6% of all patients or 10.5% of anti-PLA2R1 
negative were positive for anti-THSD7A antibodies; in a retrospective Hamburg 
cohort, 2.9% of all patients or 11.7% of anti-PLA2R1 negative were positive for 
anti-THSD7A antibodies. For the Boston cohort, slightly higher results were 
obtained – 4.5% of all patients or 12.4% of anti-PLA2R1 negatives were 
positive for anti-THSD7A antibodies. Our results are close to those obtained in 
the two Hamburg cohorts (3.9% vs. 2.6% and 3.9% vs. 2.9% in the total PMN 
group; 8.5% vs. 10.5% and 8.5% vs. 11.7% of anti-PLA2R1 negative). 
Compared to the Boston cohort, we obtained slightly lower results (3.9% vs. 
4.5% in the total PMN group; 8.5% vs. 12.4% of the anti-PLA2R1 negative). 

In 2018, Ren et al. performed a systematic review and meta-analysis of 
data from scientific publications and abstracts reporting THSD7A positivity in 
PMN, using English and Chinese databases, using keywords “THSD7A” or 
“thrombospondin type-1 containing 7A protein”. The percentage of PMN 
patients positive for THSD7A was used for the purpose of the meta-analysis. 
The study included 4,121 participants from 10 studies. The pooled data show 
that the prevalence of anti-THSD7A is 3% (confidence interval: 3%–4%) in all 
PMN patients and 10% (confidence interval: 5%–16%) in anti-PLA2R1 
negative patients. The authors divided the studies into two subgroups, with the 
subgroup criterion being sample size < or > 100. Further subgroup analysis 
found that the frequency of anti-THSD7A positive samples was higher in the 
small volume studies (6%) compared to those with a larger volume (P < 0.05). 
The lowest results for anti-THSD7A prevalence were reported in Chinese: 0.7% 
of all PMN patients or 7.5% of anti-PLA2R1 negative were positive for anti-
THSD7A antibodies (Lin et al., 2016). The highest prevalence was reported in a 
Japanese study: 9.1% of all patients or 19.2% of anti-PLA2R1 negative were 
positive for anti-THSD7A antibodies (Tomas et al., 2016, Wang et al., 2017). 
Our data are comparable to data on the prevalence of the indicator in the 
European population (Hoxha et al., 2017, Ren et al., 2018).  
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Patients positive for both anti-PLA2R1 antibodies and anti-THSD7A 
antibodies were first reported in the scientific literature in 2016 (Lin et al., 
2016). One year later, Wang et al. reported two double-positive patients 
representing 0.3% of MH patients. In our study, we did not detect double 
positive results in all three patient groups. 

In summary, our study found that a proportion of anti-PLA2R1 negative 
patients were positive for anti-THSD7A. The use of both indicators as 
diagnostic biomarkers will contribute to a more detailed assessment of the 
clinical condition of PMN patients. 

6.  Diagnostic reliability of anti-PLA2R1 results 
The use of the ELISA method for the determination of serum anti-PLA2R 

antibodies provides a quantitative assessment of the obtained results. On the 
other hand, there is some subjectivity in the interpretation of IIF data. All this 
makes the ELISA method preferred in routine laboratory practice. When 
evaluating a new method, resp. indicator, its diagnostic reliability needs to be 
assessed. Thus, by calculating certain criteria, a conclusion is made about the 
ability of the method to faithfully reflect the true condition of the patient 
(presence or absence of pathology). 

In the present study, we aimed to evaluate the diagnostic reliability of anti-
PLA2R1 results. A total of 231 individuals were examined, of which HC (n = 
120), patients with PMN (n = 52), with SMN (n = 10) and with ON (n = 49). As 
a result of the calculations, we obtained the following values for the diagnostic 
reliability criteria for this indicator: sensitivity – 56%; specificity – 100%; 
diagnostic efficiency (DE) – 90%; PPV – 100%; NPV – 89%. A ROC curve was 
constructed and an area under the curve (AUC) of 0.714 was determined, as well 
as a cut off value of 19.84 RU/ml for distinguishing PMN positive from PMN 
negative patients. The cut off value obtained by us is very close to the one 
reported by the company Euroimmun (20 RU/ml). At this cut off value, our 
determined specificity of anti-PLA2R1 fully coincides with that reported by the 
manufacturer of the test set (specificity is 100%).  

Similar to our data on sensitivity and specificity obtained in a 
contemporary study by Porcelli et al. (2020) conducted in a large Italian 
multicenter cohort. Patients with renal biopsy-proven PMN and patients with 
other renal diseases were included. The main objective of this study is to 
determine the optimal cut off value for distinguishing PMN positive from PMN 
negative results. A total of 495 patients were included, of which PMN (n = 126) 
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and non-PMN (n = 369). All patients included in this study, as well as those in 
ours, were examined before administration of immunosuppressive therapy. They 
established the following values for the diagnostic reliability of the results: 
sensitivity – 61%, specificity – 100%, DE – 90%, PPV – 100% and NPV – 89%. 
A ROC curve was constructed and AUC was determined to be 0.938. Very close 
to ours are the values determined by these investigators for PPV and NPV, 100% 
versus 99% and 89% versus 88%, respectively. The sensitivity determined in 
this study was slightly higher than in our study – 61% versus 56%. The area 
under the curve determined in this study was larger compared to ours (0.938 vs. 
0.714). 

In the study by Porcelli et al. (2020) stated that the diagnostic reliability of 
the anti-PLA2R1 antibody indicator varies depending on the accepted cut off 
value. To clarify this important question, as well as to harmonize the results, 
they reviewed a number of other studies that used the same ELISA method and a 
cut off value of 20 RU/ml (Behnert et al., 2014; Dou et al., 2016; Hoxha et al., 
2014; Timmermans et al., 2014; Li et al., 2018; Katsumata et al., 2020). The data 
analysis showed that using this cut off value, the average sensitivity was 65.5% 
and the specificity was 98.4%. It can be seen that when comparing these 
summary data with ours, there is a very close specificity (98.4% and 100% 
respectively) as well as a close sensitivity (65.5% and 56% respectively). In the 
same study, in order to determine the DE of the method, an attempt was made to 
determine the optimal cut off value using other cut off values other than 
20 RU/ml (eg 2.0 RU/ml, 2.7 RU/ml, 14 RU/ml and 40 RU/ml). The highest 
specificity was achieved at a cut-off value of 14 RU/ml (99.7% RU/ml), and an 
optimal sensitivity at a cut-off value of 2.7 RU/ml (83.3% RU/ml). Thus, 
depending on clinical needs, nephrologists may use values ≥ 14 RU/ml to 
confirm a diagnosis of PMN, and values between 2.7 and 14 RU/ml, although 
not completely specific, as highly predictive of PMN. Quantification of anti-
PLA2R1 antibodies is considered a reliable serum biomarker for the diagnosis 
of PMN, but the data reported in the scientific literature on its diagnostic 
reliability are conflicting (Li et al., 2018; Porcelli et al., 2020). In order to 
determine the diagnostic reliability of anti-PLA2R1 antibody results, clinical 
trials were conducted in Europe among German (Behnert et al., 2014), Dutch 
(Timmermans et al., 2014), Greek (Provatopoulou et al., 2019) and Spanish 
(Segarra-Medrano et al., 2014) populations. It is noteworthy that in some of 
these studies a small number of patients were included (e.g. n = 33) 
(Provatopoulou et al., 2019) the reported data are incomplete, and when 
comparing the results both between them and with ours, there are differences.  
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In some studies, in order to improve the sensitivity of the ELISA method 
used without changing the specificity, a lower cut off value than recommended 
by the manufacturer of the test kit was used. For example, Timmermans et al. 
(2014) conducted a clinical study among 142 Dutch patients, of which with 
PMN (n = 109), with SMN (n = 16) and ON (n = 17). A cut off value of 
2 RU/mL was used, not the manufacturer's recommended (20 RU/mL). 
A sensitivity of 72%, specificity of 97%, PPV of 99% and NPV of 51% were 
obtained, with no data on DE and AUC. Compared to the results obtained by 
Porcelli et al., (2020), who used the same cut off value (2 RU/mL), Timmermans 
et al. (2014) obtained lower results for sensitivity – 72% compared to 100% and 
for NPV – 51% compared to 100%. Higher results were obtained for 
specificity – 97% versus 45% and for PPV – 99% versus 38%.  

A similar retrospective study was conducted by Provatopoulou et al. (2019) 
among a Greek population, which included a total of 59 patients, of which PMN 
(n = 33) and non-PMN group (n = 26). When using a cut-off value of 
20 RU/mL, the lower sensitivity was obtained compared to ours (48.5% versus 
56%). There are no data on specificity, DE, PPV, NPV and AUC. In order to 
investigate the change in sensitivity when using a lower cut off value (2 RU/mL) 
than recommended by the manufacturer, they found that this resulted in a higher 
sensitivity (58%).  

A clinical study by Behnert et al. (2014) in a German population included 
157 patients with PMN (diagnosis confirmed by biopsy), 92 patients with ON 
and 50 HC. At a cut-off value of 20 RU/mL, sensitivity is 82%, specificity – 
90% and AUC 0.940. No data on DE, PPV, NPV. Compared with our data, these 
investigators found a higher sensitivity, a larger AUC, and a lower specificity. 
Using a cut off value of 14 RU/mL yielded diagnostic reliability values close to 
those reported for a cut off of 20 RU/mL. In the study by Behnert et al. (2014) 
the number of patients with ON was almost twice that of our group (92 vs. 49). 
The nosological entities included in this group are fewer compared to those of 
ours (3 versus 10). Based on their observations, the authors came to the 
conclusion that sensitivity and specificity, as well as the correlation between the 
ELISA method and other immunoassays for the determination of anti-PLA2R1 
antibodies increases when applying a lower cut off value. 

A review of scientific studies analyzing the diagnostic reliability criteria of 
serum anti-PLA2R1 results shows that a large number of them were conducted 
by Asian researchers (Dou et al., 2016; Li et al., 2018; Li et al., 2018). et al., 
2016; Liu et al., 2018; Li et al., 2020). It is noteworthy that the data reported in 
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them are also quite diverse. For example, a clinical study by Dou et al (2016) 
examined 229 Chinese patients, of which PMN (n = 118) and non-PMN (n = 
111). The data obtained for sensitivity and specificity using a cut-off value of 
20 RU/mL are close to our values (for sensitivity 60% vs. 56%; for specificity 
97% vs. 100%, respectively), and the AUC is greater compared to our (0.870 vs. 
0.714). Data on DE, PPV and NPV are missing. In addition, this study analyzed 
the data for PM and DS at a cut off value of 14 RU/mL and 40 RU/mL and 
obtained for sensitivity 65% and 46%, respectively, and for specificity 97% and 
97%, respectively. At a cut-off value of 14 RU/mL, the obtained sensitivity and 
specificity by Dou et al. (2016) are close to those of Porcelli et al. (2020), (65% 
vs. 63%; 97% vs. 100%), and compared to Behnert et al. (2014) for sensitivity 
obtained lower values (65% versus 86%), and for specificity higher (97% versus 
85%). The authors come to the conclusion that with an increase in the cut off 
value, the sensitivity of the method decreases, and the specificity does not 
change. 

Two clinical studies conducted among Japanese subjects showed similar 
results for sensitivity (50.00% and 52.17%) and specificity (100%), PPV (100%) 
and different for NPV (53% vs. 74%), (Hihara and et al., 2016; Katsumata et al., 
2020). Our specificity and PPV data are the same as those two studies, but we 
obtain a higher sensitivity (56% vs. 50.00% and 52.17%) and NPV (89% vs. 
53% and 74%). Data on DE and AUC are missing. 

In 2016, Hill et al. (2016) investigated the prevalence of anti-PLA2R1 
antibodies in Australian patients with PMN (n = 21) and with SMN (n = 19) and 
found sensitivity – 81% and specificity – 100%. Data on DE, PPV, NPV and 
AUC are missing. In the same year, Ong et al. (2016) in patients with PMN (n = 
61) and with SMN (n = 6) reported sensitivity – 25% and specificity – 100%. 
Data on DE, PPV, NPV and AUC are missing. Impressive is the large difference 
in the two studies regarding sensitivity (81% vs. 26%) and identical specificity 
(100%). According to our results, there is a match in the value for specificity 
(100%). When comparing the values for sensitivity, our result is lower compared 
to the first study (56% vs. 81%) and higher compared to the second (56% vs. 
26%).  

In summary, we can say that according to the data of the present study, the 
ELISA method for determining anti-PLA2R1 antibodies shows good 
characteristics of diagnostic reliability. Diagnostic specificity – 100% and PPV – 
100% were obtained, as well as very good DE – 90% and NPV – 89% of the 
results. The diagnostic sensitivity and DE data of the method obtained by us 
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show that the results for anti-PLA2R1 can be used in clinical practice to make 
the diagnosis of a severe and difficult to treat disease, the treatment of which is 
accompanied by serious side effects, such as PMN. 

7. Diagnostic reliability of anti-THSD7A results 
In recent years, there has been an increase in the clinical significance of the 

determination of serum anti-PLA2R1 concentrations. Recently, in patients with 
PMN, Tomas et al. (2014) described THSD7A as a novel target antigen for 
diagnosis. Initially, the WB method was used for the determination of anti-
THSD7A antibodies, which is reliable but very slow and was mainly applied for 
scientific purposes (Tomas et al., 2014). Later, IIFT (EUROIMMUN, Lübeck, 
Germany) was developed to determine the titer of anti-THSD7A antibodies. 

Determination of anti-THSD7A is a relatively new indicator, which is 
currently not widely used in clinical laboratory practice. A review of the 
scientific literature showed that clinical trials evaluating anti-THSD7A changes 
in MH are very few. Its role in the diagnosis, prognosis and treatment of PMN is 
still not fully understood (Tomas et al. (2016). 

In the present study, we aimed to evaluate the diagnostic reliability of anti-
THSD7A results obtained with IIFT. A total of 134 individuals were studied, of 
which HC (n = 50), patients negative for anti-PLA2R1 (n = 23), with SMN (n = 
12) and with ON (n = 49). The data obtained by us for the criteria of diagnostic 
reliability show sensitivity – 8.69%; specificity – 100%; DE – 84.33%; PPV – 
100%; NPV – 84.09%. The 100% specificity data obtained by us is consistent 
with the data of Lin et al. (2016) who conducted a prospective clinical trial in 
patients with renal biopsy-proven PMN (n = 195) and non-PMN (n = 70) and 50 
HC. In this study, a sensitivity of 1.47% was reported, which is lower than what 
we determined (8.69%). Data on DE, PPV and NPV are missing. 

The diagnostic reliability of anti-THSD7A antibody results obtained by the 
IIF method was evaluated in a study by Wang et al (2017). It included 776 
Chinese patients, of which 578 with PMN, 114 with SMN, 64 with ON and 20 
with HC. Very close to our results were obtained for specificity and PPV 
(99.49% and 88.89%, respectively), and for sensitivity, DE and NPV lower than 
our values were obtained (4.35%, 53, 66% and 52.81%, respectively) (Wang et 
al (2017). 

In a 2021 study, Battaini et al. (2021) investigated the diagnostic reliability 
of anti-THSD7A antibody results by IIFT (EUROIMMUN). A total of 59 
Brazilian patients were included, of which 29 with PMN and 30 with ON. Both 
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groups of patients tested negative for anti-THSD7A. Battaini et al. (2021) 
reported that, according to literature data, the specificity of the IIFT method is 
close to 100%, and the sensitivity is low, ranging from 3% (Europe and the 
United States) to 9% (Japan). According to the researchers, due to the small 
sample size and low PL of the method, positive results for anti-THSD7A were 
observed. 

In summary, our data of 100% diagnoctic specificity and 100% PPV as 
well as 84.33% DE and 84.09% NPV indicate the very good diagnostic 
reliability of anti-THSD7A antibody results obtained by the IIF method. 
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CONCLUSIONS 

1. Anti-PLA2R1 reference limits calculated according to the type of 
distribution of results can serve as a reliable means of comparison in the 
clinical evaluation of patients with suspected membranous nephropathy. 

2. Gender was not a factor that statistically significantly affected serum anti-
PLA2R1 concentration. Therefore, it is not necessary to form reference 
limits by gender. 

3. The identified age differences in serum concentration of anti-PLA2R1 were 
significant when comparing the results of 20–30- with those of 41 to 67-
year-olds. 

4. Patients with PMN have a significantly higher serum concentration of anti-
PLA2R1 than HC and patients with SMN and ON. The serum 
concentration of anti-PLA2R1 antibodies can be used in the diagnosis of 
PMN, allowing to distinguish PMN from SMN and ON. 

5. In our study, we did not find double positive results for anti-PLA2R1 and 
anti-THSD7A antibodies in the three patient groups (PMN, SMN and ON). 

6. The ELISA method for quantitative determination of anti-PLA2R1 
antibodies has good diagnostic characteristics – specificity, sensitivity, 
efficiency, positive predictive value and negative predictive value. This 
makes the method suitable for use in daily laboratory practice. 

7. The cut-off value of anti-PLA2R1 determined by us maximally reliably 
distinguishes patients with PMN from other forms of MN and can be used 
to establish the diagnosis of PMN. 

8. The IIF method for the determination of anti-THSD7A antibodies has good 
characteristics of the diagnostic reliability of the results and allows the 
specific determination of circulating anti-THSD7A antibodies in patients 
with PMN. 

9. We found that 8.7% of patients negative for anti-PLA2R1 antibodies were 
positive for anti-THSD7A. The simultaneous use of the ELISA method for 
the quantitative determination of anti-PLA2R1 antibodies and the IIF 
method for the determination of anti-THSD7A antibodies enables a more 
detailed evaluation of patients with PMN as a severe and difficult to treat 
disease. 
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CONTRIBUTIONS 

 
I. Contributions of a scientific and theoretical nature 

1. For the first time in Bulgaria, a complex and in-depth study is being 
conducted on the changes of anti-PLA2R1 and anti-THSD7A antibodies in 
patients with different forms of membranous nephropathy.  

2. Data on the influence of gender and age on serum concentrations of anti-
PLA2R1 in clinically healthy individuals from the Bulgarian population 
have been published for the first time in our country. 

3. For the first time in our country, the percentage of patients positive for anti-
THSD7A in persons from the Bulgarian population was studied. 

 
 

II. Contributions of an applied nature 

1. For the first time in Bulgaria, reference limits of anti-PLA2R1 in serum 
from clinically healthy individuals were determined. 

2. For the first time in our country, RC-IIFT was introduced in clinical 
laboratory practice for the determination of serum anti-THSD7A 
antibodies. 

3. For the first time in Bulgaria, the site was examined and the significance of 
anti-PLA2R1 and anti-THSD7A indicators for the diagnosis of PMN was 
determined. 

4. A cut-off value of serum anti-PLA2R1 was determined, which can be used 
to reliably distinguish patients with PMN from those with other 
nephropathies. 
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