
 

Ilija Barukčić, 2019  1793 

Volume: 5; Issue: 9; September-2019; pp 1793-1815. ISSN: 2454-5422 

 

Human cytomegalovirus is the cause of IgA Nephropathy 

 

Ilija Barukčić1 

 
1Internist, Horandstrasse, DE-26441 Jever, Germany 

Corresponding Author E-mail: Barukcic@t-online.de 

 

Abstract 
 
Objective: The present publication investigates the relationship between the presence of 

Human cytomegalovirus (HCMV) in renal tissue and IgA Nephropathy (IgAN). 

Methods: A systematic review and re-analysis of studies which investigated the relationship 

between HCMV and IgAN was conducted aimed to answer the following question. Is there a 

cause-effect relationship between HCMV and IgAN? The method of the conditio sine qua non 

relationship was used to proof the hypothesis whether the presence of HCMV guarantees the 

presence of IgAN. In other words, without HCMV no IgAN. The mathematical formula of the 

causal relationship k was used to proof the hypotheses is, whether there is a cause-effect 

relationship between HCMV and IgAN. Significance was indicated by a p-value of less than 

0.05.  

Results: The studies analyzed were able to provide strict evidence that HCMV is a necessary 

condition (a conditio sine qua non), a sufficient condition and a necessary and sufficient 

condition of IgAN. Furthermore, the cause-effect relationship between HCMV and IgAN was 

highly significant.  

Conclusions: On the basis of published data and ongoing research, sufficient evidence is given 

to conclude that HCMV is the cause of IgA Nephropathy. 

Keywords: Human cytomegalovirus, IgA Nephropathy, causal relationship. 
 
 

Introduction 

IgA Nephropathy (IgAN) or Berger's disease which presents itself with a wide variety of 

histologic patterns (Haas, 1997) on renal biopsy  is characterized by the presence of IgA-

dominant or co-dominant immune deposits within glomeruli (Roberts, 2014) and was first 

described by the renal pathologist Jean Berger (1930–2011) in the year 1968 (Berger & 
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Hinglais, 1968; Feehally & Cameron, 2011). Berger's disease is a chronically progressive 

disease and the most common (McGrogan, Franssen, & de Vries, 2011) form of primary 

glomerulonephritis in the world. The incidence of IgA nephropathy as the leading cause  

(Donadio & Grande, 2002)  of end-stage renal disease in patients with primary glomerulopathy 

is at least 2.5/100000/year in adults  (McGrogan et al., 2011).  At present, treatment options for 

Berger's disease are still very limited. Disease management mainly consists of reducing 

proteinuria by angiotensin-converting enzyme inhibitor (ACEI) or angiotensin receptor blocker 

(ARB), controlling blood pressure, lipid levels and other supportive treatment. Persistent 

proteinuria (>1 g/d and eGFR > 50 ml/min per 1.73 m2) in IgA Nephropathy patients (Palevsky 

et al., 2013) is treated with a 6-month course of corticosteroids therapy. Regarding treatment 

options for immunoglobulin A nephropathy there are encouraging results and increasing 

evidence of the efficacy and safety of CMV drugs (Avery et al., 2010; John, Manivannan, 

Chandy, Peter, & Jacob, 2004; Sudarsanam, Sahni, & John, 2006) like ganciclovir (Ortmanns 

et al., 1998) and leflunomide (Lou et al., 2006; Min et al., 2017; Rong & Liu, 2007; Wu et al., 

2016). Human cytomegalovirus (HCMV) infects more or less asymptomatically (Priel, Wohl, 

Teperberg, Nass, & Cohen, 2015) about 50% to 90% of the adult (Najafi, Ghane, 

Poortahmasebi, Jazayeri, & Yousefzadeh-Chabok, 2016; Yi et al., 2013) human population. To 

date, even if an increasing amount of literature suggests that HCMV is involved in the etiology 

of IgAN the pathogenesis of IgAN is still an unresolved issue. Gregory et al. (Gregory, 

Hammond, & Brewer, 1988) documented in 1988 the first description of mesangial staining of 

polyclonal antihuman cytomegalovirus (anti-HCMV) antibodies in IgAN patients. However, 

the presence of HCMV in the renal tissue of IgAN has been investigated with a variety of 

different techniques and conflicting results (Béné, Tang, & Faure, 1990; Dueymes, Mignon-

Conté, Dueymes, Vernier, & Conte, 1989; Lai, Tam, Lo, & Lai, 1990; Okamura, Kanayama, 

Negoro, Takeda, & Inoue, 1989; Tomino et al., 1989) have been reported. Hung et al. (Hung et 

al., 1996) in 1996 were not able to provide evidence of a higher frequency of positive antibody 

titers for several common viruses in IgAN patients while Nagy et al. (Nagy et al., 1995) found 

that the concentration of HCMV-IgA antibodies in IgAN patients is significantly higher than in 

controls. Whether other viruses (Kunimoto et al., 1993) or human cytomegalovirus is causally 

involved in the pathogenesis of IgA nephropathy is still not cleared beyond any reasonable 

doubt and remains controversial. 

 

Material and Methods 

Especially, the lack of a uniform operational definition of positivity in IgA Nephropathy and 

the use of different methodological approaches and other factors may have been a source of 
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bias. Finally, an impressive HCMV PCR DNA presence in a high percentage of IgA 

Nephropathy cases has been reported by view studies. 

Material 

Search Strategy 

For the questions addressed in this paper, the database PubMed was search for serologically 

based studies conducted in any country which investigated the relationship between HCMV 

and IgAN by polymerase chain reaction (PCR) technology. Furthermore, only those articles 

which provided access to data without a significant data access barrier were formally 

considered for a review. 

The Data of the Studies Analyzed 

1. Identification of records Size Total 

 Records identified by searching in the databases   

  PubMed   

  Google Scholar  12  

  Web of Science 0  

 Additional records identified from other sources 1 13 

2. Clean-up of search (Screening)   

 Records removed after verifying duplication 0  

 Records excluded by title   

 Records excluded due to other reasons 

(Articles outside the inclusion criteria) 

   7  

3. Eligibility   

 Articles evaluated for eligibility 6  

 Articles excluded for various reasons   

 - Data were self-contradictory (Table 2) 2  

 - Data access barriers 0  

4. Included   

 Articles included in the meta-analysis (Table 1)  4 

Table 1: Diagram of the article selection process. Adopted from PRISMA 2009 (Moher, 

Liberati, Tetzlaff, & Altman, 2009). 

Studies considered for re-analysis 

 

The study of Müller et. al., (1991) 

Müller et. al. (Müller et al., 1991) investigated the presence of HCMV in human kidneys and 

its contribution to the pathogenesis of IgA nephropathy by PCR amplification of a HCMV 

DNA fragment of the immediate early gene as described by Einsele (Einsele et al., 1991).  

Müller et. al. (Müller et al., 1991) detected HCMV DNA in all renal biopsies from patients 

with IgA Nephropathy but only in 3 biopsies of 9 normal kidneys. 
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Table 2.  The study of Müller et. al., (1991). 

 

IgA Nephropathy 

 

Yes No 

HCMV (PCR DNA) 
Yes 10 3 13 

No 0 6 6 

 

10 9 19 

      Statistical analysis (Table 2). 

  Causal relationship k = +0,716 95 % CI (k): (0,203 - 1,000) IOU = 0,211 

P value (k | HGD) = 0,003 Chi Sq.(k) = 9,744 IOI = 0,158 

Odds ratio (OR) = #DIV/0! #DIV/0! #DIV/0! p(IOU) + p(IOI)= 0,368 

p (SINE) = 1,000 Chi Sq. 1(SINE) = 0,000 Chi Sq. 2(SINE) = 0,000 

p (IMP) = 0,842 Chi Sq. 1(IMP) = 1,000 Chi Sq. 2(IMP) = 0,692 

p (SINE ^ IMP) = 0,842 Chi Sq. 1(SINE ^IMP) = 1,000 Chi Sq. 2(SINE ^IMP) = 0,692 

p (EXCL) = 0,474 Chi Sq. 1(EXCL) = 10,000 Chi Sq. 2(EXCL) = 7,692 

 

The study of Müller et al. (1992) 

The presence of human cytomegalovirus in the renal tissue of IgAN has been investigated 

while using a variety of different techniques. As one of the consequences, conflicting results 

have been reported in literature. However, Müller et al. (Müller et al., 1992) detected in a 

second study HCMV-DNA in 14 of 19 analyzed frozen renal biopsies from patients with IgAN 

but only in 4 of 18 frozen normal kidneys. 

 
Table 3.  The study of Müller et al. (1992). 

 

IgA Nephropathy 

 

Yes No 

HCMV (PCR DNA) 
Yes 14 4 18 

No 5 14 19 

 

19 18 37 

      Statistical analysis (Table 3). 

  Causal relationship k = +0,515 95 % CI (k): (0,147- 0,882) IOU = 0,000 

P value (k | HGD) = 0,002 Chi Sq.(k) = 9,799 IOI = 0,027 

Odds ratio (OR) = 9,800 95 % CI (OR): (2,167 - 44,324) p(IOU) + p(IOI)= 0,027 

p (SINE) = 0,865 Chi Sq. 1(SINE) = 1,316 Chi Sq. 2(SINE) = 1,316 

p (IMP) = 0,892 Chi Sq. 1(IMP) = 0,889 Chi Sq. 2(IMP) = 0,889 

p (SINE ^ IMP) = 0,757 Chi Sq. 1(SINE ^IMP) = 2,205 Chi Sq. 2(SINE ^IMP) = 2,205 

p (EXCL) = 0,622 Chi Sq. 1(EXCL) = 10,316 Chi Sq. 2(EXCL) = 10,889 

The study of Gregory et al., (1988) 

In contrast to the study of Müller et al., the in situ hybridization technique used by Okamura et 

al. (Okamura et al., 1989) was not able to solve the problem of the cause of IgA Nephropathy. 

Gregory et al. investigated renal deposition of cytomegalovirus antigen in renal biopsy 
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specimens from patients with  immunoglobulin-A nephropathy and in renal biopsy specimens 

from patients with various other glomerular disorders “by indirect immunofluorescence 

microscopy with three different heterologous antibodies directed against cytomegalovirus” 

(Gregory et al., 1988). Gregory et al. detected mesangial staining with cytomegalovirus 

antiserum in all 31 IgA Nephropathy samples whereas no sample from 37 control group 

patients with other forms of glomerulonephritis was positive. 

 
Table 4.  The study of Gregory et. al., (1988). 

 

IgA Nephropathy 

 

Yes No 

HCMV (Antibodies) 
Yes 31 0 31 

No 0 37 37 

 

31 37 68 

      
Statistical analysis (Table 4). 

  
Causal relationship k = +1,000 95 % CI (k): (0,729- 1,000) IOU = -0,088 

P value (k | HGD) = 0,000 Chi Sq.(k) = 68,000 IOI = 0,000 

Odds ratio (OR) = #DIV/0! #DIV/0! #DIV/0! p(IOU) + p(IOI)= 0,088 

p (SINE) = 1,000 Chi Sq. 1(SINE) = 0,000 Chi Sq. 2(SINE) = 0,000 

p (IMP) = 1,000 Chi Sq. 1(IMP) = 0,000 Chi Sq. 2(IMP) = 0,000 

p (SINE ^ IMP) = 1,000 Chi Sq. 1(SINE ^IMP) = 0,000 Chi Sq. 2(SINE ^IMP) = 0,000 

p (EXCL) = 0,544 Chi Sq. 1(EXCL) = 31,000 Chi Sq. 2(EXCL) = 31,000 

The study of Liu et al., (1992) 

Liu (Liu, 1992) analyzed the sera of patients with IgAN for the presence of CMV-DNA with 

polymerase chain reaction and detected serum CMV-DNA in 9/20 in IgAN patients and only in 

2/20 controls. 

 
 Table 5.  The study of Liu et al., (1992). 

 

IgA Nephropathy 

 

Yes No 

HCMV (SERUM PCR 

DNA) 

Yes 9 2 11 

No 11 18 29 

 

20 20 40 

      
Statistical analysis (Table 5). 

  
Causal relationship k = +0,392 95 % CI (k): (0,038 - 0,745) IOU = -0,225 

P value (k | HGD) = 0,014 Chi Sq.(k) = 6,144 IOI = 0,225 

Odds ratio (OR) = 7,364 95 % CI (OR): (1,337- 40,549) p(IOU) + p(IOI)= 0,450 

p (SINE) = 0,725 Chi Sq. 1(SINE) = 6,050 Chi Sq. 2(SINE) = 4,172 

p (IMP) = 0,950 Chi Sq. 1(IMP) = 0,200 Chi Sq. 2(IMP) = 0,364 

p (SINE ^ IMP) = 0,675 Chi Sq. 1(SINE ^IMP) = 6,250 Chi Sq. 2(SINE ^IMP) = 4,536 

p (EXCL) = 0,775 Chi Sq. 1(EXCL) = 4,050 Chi Sq. 2(EXCL) = 7,364 
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Studies not considered for re-analysis 

The study of Park et al. (1994) 

Park et al. (Park et al., 1994) investigated the presence of HCMV DNA in 10 IgAN and 14 

non-IgAN renal tissues by amplifying a fragment of the immediate early gene of HCMV and 

indirect immunofluorescence staining with anti-CMV antibody. Park et al. detected HCMV 

DNA in 6 of 10 IgAN tissues and 10 of 14 other GN by polymerase chain reaction. 

 

 Table 6.  The study of Park et al., (1994). 

 

IgA Nephropathy 

 

Yes No 

HCMV (PCR DNA) 
Yes 6 10 16 

No 4 4 8 

 

10 14 24 

      
Statistical analysis (Table 6). 

  
Causal relationship k = -0,120 95 % CI (k): (-0,576 - 0,337) IOU = 0,083 

P value (k | HGD) = 0,286 Chi Sq.(k) = 0,343 IOI = 0,250 

Odds ratio (OR) = 0,600 95 % CI (OR): (0,108 - 3,338) p(IOU) + p(IOI)= 0,333 

p (SINE) = 0,833 Chi Sq. 1(SINE) = 1,600 Chi Sq. 2(SINE) = 2,000 

p (IMP) = 0,583 Chi Sq. 1(IMP) = 7,143 Chi Sq. 2(IMP) = 6,250 

p (SINE ^ IMP) = 0,417 Chi Sq. 1(SINE ^IMP) = 8,743 Chi Sq. 2(SINE ^IMP) = 8,250 

p (EXCL) = 0,750 Chi Sq. 1(EXCL) = 3,600 Chi Sq. 2(EXCL) = 2,250 

 

The study design of the study of Park et al. was suitable for a re-analysis (IOU =0,083; IOI = 

+0,250; p(IOU) + p(IOI)=0,333). However, the data published by Park et al. were self-

contradictory. The causal relationship is k = - 0,12 and not significant (P value (k | HGD) = 

0,286). The exclusion relationship was significant (p (EXCL) = 0,750; Chi Sq. 1(EXCL) 

=3,600; Chi Sq. 2(EXCL) = 2,250). A low IOI or p(IOI) is necessary to test the data for an 

exclusion relationship. The study of Park et al. has an IOI = 0,25. Thus far, the study of Park 

et al. could be used to test the data for the existence of an exclusion relationship. Finally, the 

study of Park et al. demands us to accept that a HCMV infection excludes IgA Nephropathy 

and vice versa. However, the same data support the hypothesis, without HCMV infection 

of renal tissues no IgAN (p (SINE) =0,833; Chi Sq. 1(SINE) =1,600; Chi Sq. 2(SINE) = 

2,000), while IOU = 0,08 and is very appropriate to test the data for a conditio sine qua non 

relationship. At the end, this is a contradiction. Mathematically, it is necessary, that the causal 

relationship k is positive (k > + 0) if there is a significant conditio sine qua non relationship but 

this is not the case. Therefore, the data of Park et al. cannot be used for a re-analysis. 
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The study of Kadereit et al. (1992) 

Kadereit et al. (Kadereit et al., 1992) used the polymerase chain reaction to detect 

cytomegalovirus genome in renal biopsies. 

 

Table 7.  The study of Kadereit et al., (1992). 

 

IgA Nephropathy 

 

Yes No 

HCMV (PCR DNA) 
Yes 3 8 11 

No 1 18 19 

 

4 26 30 

      
Statistical analysis (Table 7). 

  
Causal relationship k = +0,312 95 % CI (k): (-0,096- 0,720 IOU = -0,500 

P value (k | HGD) = 0,114 Chi Sq.(k) = 2,921 IOI = 0,233 

Odds ratio (OR) = 6,750 95 % CI (OR): (0,605 - 75,274 p(IOU) + p(IOI)= 0,733 

p (SINE) = 0,967 Chi Sq. 1(SINE) = 0,250 Chi Sq. 2(SINE) = 0,053 

p (IMP) = 0,733 Chi Sq. 1(IMP) = 2,462 Chi Sq. 2(IMP) = 5,818 

p (SINE ^ IMP) = 0,700 Chi Sq. 1(SINE ^IMP) = 2,712 Chi Sq. 2(SINE ^IMP) = 5,871 

p (EXCL) = 0,900 Chi Sq. 1(EXCL) = 2,250 Chi Sq. 2(EXCL) = 0,818 

 

The study design of the study of Kadereit et al. (Kadereit et al., 1992) was not really suitable 

for a re-analysis (IOU = -0,500; IOI = +0,233; p(IOU) + p(IOI)= 0,733) while the data 

published were self-contradictory too. The causal relationship is k = +0,312 and not significant 

(P value (k | HGD) = 0,114). However, the exclusion relationship was significant (p (EXCL) 

=0,900; Chi Sq.  1 (EXCL)= 2,250; Chi Sq. 2(EXCL) = 0,818). This is a contradiction. 

Mathematically, it is necessary, that the causal relationship k is negative (k < + 0) if a 

significant exclusion relationship is given which this is not the case. Therefore, the data of 

Kadereit et al. cannot be used for a re-analysis even if the conditio sine qua non relationship is 

significant ((p (SINE) =0,967; Chi Sq. 1(SINE) =0,250; Chi Sq. 2(SINE) =0,053)). 

 

 

Methods 

Definitions 

Definition 1. (The 2x2 Table) 

Karl Pearson (K. Pearson, 1904) introduced in 1904 the notion of a contingency table (I. 

Barukčić, 2019a, 2019c) or two by two table. Especially the relationships between Bernoulli (i. 

e. Binomial) distributed random variables can be examined by contingency tables. Thus far, let 

a Bernoulli distributed random variable At occur/exist et cetera with the probability p(At) at the 
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Bernoulli trial (period of time) t. Furthermore, let another Bernoulli distributed random 

variable Bt occur/exist et cetera with the probability p(Bt) at the same Bernoulli trial (period of 

time) t. Let p(at)= p(At  Bt) denote the joint probability distribution of At and Bt at the same 

Bernoulli trial (period of time) t.  The following table (Table 8) may show the relationships in 

more details. 

 

Table 8. The probabitlities of a contingency table 

  
Conditioned 

B 
 

  Yes = +1 No = +0 Total 

Condition A 
Yes =+1 p(at)  p(bt) p(At) 

No = +0 p(ct) p(dt) p(At) 

 Total p(Bt) p(Bt) 1 

 

In this context, it is per definitionem 

 𝑝(𝐴𝑡 ) ≡ 𝑝(𝑎𝑡 ) + 𝑝(𝑏𝑡 ) = 1 − 𝑝(𝐴𝑡 )

𝑝(𝐵𝑡 ) ≡ 𝑝(𝑎𝑡 ) + 𝑝(𝑐𝑡 ) = 1 − 𝑝(𝐵𝑡 )

𝑝(𝑎𝑡 ) ≡ 𝑝(𝐴𝑡 ∩ 𝐵𝑡 ) = 1 − 𝑝(𝑏𝑡 ) − 𝑝(𝑐𝑡 ) − 𝑝(𝑑𝑡 )

+1 ≡ 𝑝(𝐴𝑡 ) + 𝑝(𝐴𝑡 ) = 𝑝(𝐵𝑡 ) + 𝑝(𝐵𝑡 )

+1 ≡ 𝑝(𝑎𝑡 ) + 𝑝(𝑏𝑡 ) + 𝑝(𝑐𝑡 ) + 𝑝(𝑑𝑡 )

𝑝(𝐵𝑡 )+ 𝑝(Λ𝑡 ) ≡ 𝑝(𝐴𝑡 ) = 1 − 𝑝(𝐵𝑡 ) + 𝑝(Λ𝑡 )

𝑝(𝐴𝑡 ) = 1 − (1− 𝑝(𝐵𝑡 ) + 𝑝(Λ𝑡 )) = 𝑝(𝐵𝑡 )− 𝑝(Λ𝑡 )

𝑝(Λ𝑡 ) = 𝑝(𝐴𝑡 ) − 𝑝(𝐵𝑡 ) = 𝑝(𝑏𝑡 ) − 𝑝(𝑐𝑡 )

𝑝(𝑏𝑡 ) + 𝑝(𝑐𝑡 ) = (2× 𝑝(𝑐𝑡 )) + 𝑝(Λ𝑡 ) = 1 − 𝑝(𝑎𝑡 ) − 𝑝(𝑑𝑡 )

 (1) 

while +1 denotes the normalized sample space of At and Bt. Einstein’s field equation (A. 

Einstein, 1916) with the cosmological “constant” (Albert Einstein, 1917) term can be 

expressed by the tools of probability (I. Barukčić, 2016c, 2016a) theory as p(Bt) + p(t) = 1 - 

p(Bt) + p(t) = p(At) at each point in space-time t while p(at), p(bt), p(ct) and p(dt) may 

denote the four basic fields of nature. There are circumstances were the probability of an event 

is constant from trial to trial (i. e. Binomial distribution), the relationships above simplifies. 

We obtain some of the following relationships per definitionem 
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 𝐴 ≡ 𝑛 × 𝑝(𝑎𝑡 ) + 𝑛 × 𝑝(𝑏𝑡 ) = 𝑛 × 𝑝(𝐴𝑡 )

𝐵 ≡ 𝑛 × 𝑝(𝑎𝑡 ) + 𝑛 × 𝑝(𝑐𝑡 ) = 𝑛 × 𝑝(𝐵𝑡 )

𝑎 ≡ 𝑛 × 𝑝(𝑎𝑡 ) = 𝑛 × 𝑝(𝐴𝑡 ∩ 𝐵𝑡 )

𝑏 𝑛 × 𝑝(𝑏𝑡 )

𝑐 𝑛 × 𝑝(𝑐𝑡 )

𝑑 𝑛 × 𝑝(𝑑𝑡 )

𝑛 ≡ 𝑛 × 𝑝(𝑎𝑡 ) + 𝑛 × 𝑝(𝑏𝑡 ) + 𝑛 × 𝑝(𝑐𝑡 ) + 𝑛 × 𝑝(𝑑𝑡 )

𝑛 ≡ 𝑛 × 𝑝(𝐴𝑡 ) + 𝑛 × 𝑝(𝐴𝑡 ) = 𝑛 × 𝑝(𝐵𝑡 ) + 𝑛 × 𝑝(𝐵𝑡 )

 (2) 

The meaning of the abbreviations a, b, c, d, n et cetera are explained by following 2 by 2-table 

(Table 9). The relationships are valid even under conditions where n = 1. 

Table 9. The sample space of a contingency table 

  
Conditioned B 

(Outcome) 
 

  Yes = +1 No = +0 Total 

Condition A 

(risk factor) 

Yes =+1 a  b A 

No = +0 c d A 

 Total B B n 

 

Definition 2. Index of unfairness 

The index of unfairness (IOU) is defined as 

 

𝐼𝑂𝑈 ≡ ((
𝐴 + 𝐵

𝑛
) − 1) (3) 

 

Definition 3. Index of independence (IOI) 

The index of independence (IOI) is defined as 

 

𝐼𝑂𝐼 ≡ ((
𝐴 + 𝐵

𝑛
) − 1) (4) 

 

 

Definition 4. Sufficient Condition (Conditio per Quam) 
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The sufficient condition (I. Barukčić, 2018d, 1989, 1997, 2017, 2018a, 2018b, 2019c; K. 

Barukčić & Barukčić, 2016, 2016) relationship (conditio per quam) of a population is defined 

(I. Barukčić, 2019a, 2019c) as 

 

 
𝑝(𝐴𝑡 → 𝐵𝑡 ) ≡

(𝑎𝑡 ) + (𝑐𝑡 ) + (𝑑𝑡 )

𝑁𝑡

= 1

≡ 𝑝(𝑎𝑡 ) + 𝑝(𝑐𝑡 ) + 𝑝(𝑑𝑡 )

≡ 𝑝(𝐵𝑡 ) + 𝑝(𝑑𝑡 )

≡ 𝑝(𝑎𝑡 ) + 𝑝(𝐴𝑡 )

≡ +1.

 (5) 

 

and is used to prove the hypothesis: if At then Bt or is taken to express that the occurrence of an 

event At is a sufficient condition for existence or occurrence of an event Bt. Sufficient and 

necessary conditions are converse relations (I. Barukčić, 2019a, 2019c). 

 

Definition 5. The X² Test of Goodness of Fit of a Sufficient Condition 

Under certain circumstances, the X² test of goodness-of-fit is an appropriate method for testing 

the null hypothesis that a random sample of observations comes from a specific distribution 

(i.e. the distribution of a sufficient condition) against the alternative hypothesis that the data 

have some other distribution (I. Barukčić, 2019a, 2019c). The additive property of X² 

distribution is of special importance in this context. The applicability of using the Pearson chi-

squared statistic including Yate’s continuity correction (I. Barukčić, 2019a, 2019c) are widely 

discussed in literature. Especially, the need of incorporating Yate’s continuity correction into 

the calculation of the X² value is very controversial. Thus far, only due to formal reasons, in the 

following, the use of the continuity correction is assured. The chi-square value of a conditio per 

quam relationship is derived (I. Barukčić, 2019a, 2019c) as 

 

𝑋2 ((𝐴 → 𝐵 )|𝐴 ) ≡
((𝑏 ) − (1 2⁄ ))

2

𝐴
+ 0 = 0 () 

or alternatively as 
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𝑋2 ((𝐴 → 𝐵 )|𝐵 ) ≡
((𝑏 ) − (1 2⁄ ))

2

𝐵
+ 0 = 0 (6) 

 

Definition 6. Necessary Condition (Conditio Sine Qua Non) 

The self-organization of matter is governed by view basic natural laws among those is the 

necessary condition (conditio sine qua non) too. An event At which is necessary (or an 

essential) for some other event Bt to occur must be satisfied in order to obtain Bt (I. Barukčić, 

2019a, 2019c). In this respect, let an event At with its own probability p(At) at the (period of) 

time t be a necessary condition for another event Bt with its own probability p(Bt). This is 

equivalent to say that it is impossible to have Bt without At. In other words, without At no Bt or 

the absence of At must guarantee the absence of Bt. The mathematical formula of the necessary 

condition (I. Barukčić, 2018d, 1989, 1997, 2017, 2018a, 2018b, 2019c; K. Barukčić & 

Barukčić, 2016, 2016) relationship (conditio sine qua non) of a population is defined (I. 

Barukčić, 2019a, 2019c) as 

 
𝑝(𝐴𝑡 ← 𝐵𝑡 ) ≡

(𝑎𝑡 ) + (𝑏𝑡 ) + (𝑑𝑡 )

𝑁𝑡

= 1

≡ 𝑝(𝑎𝑡 ) + 𝑝(𝑏𝑡 ) + 𝑝(𝑑𝑡 )

≡ 𝑝(𝐴𝑡 ) + 𝑝(𝑑𝑡 )

≡ 𝑝(𝑎𝑡 ) + 𝑝(𝐵𝑡 ) = 𝑝(𝑎𝑡 ) + (1 − 𝑝(𝐵𝑡 ))

≡ +1.

 (7) 

 

Definition 7. The X² Test of Goodness of Fit of a Necessary Condition 

The chi-square value of a conditio sine qua non distribution (I. Barukčić, 2019a, 2019c) before 

changes to 

 

𝑋2 ((𝐴 ← 𝐵 )|𝐵 ) ≡
((𝑐 ) − (1 2⁄ ))

2

𝐵
+ 0 = 0 (8) 

Depending upon the study design, another alternative and equivalent method to calculate the 

chi-square value of a conditio sine qua non distribution (while using the continuity correction) 

is defined as 
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𝑋2 ((𝐴 ← 𝐵 )|𝐴 ) ≡
((𝑐 ) − (1 2⁄ ))

2

𝐴
+ 0 = 0 (9) 

 

Definition 8. Exclusion (At Excludes Bt and Vice Versa Relationship) 

The mathematical formula of the exclusion (I. Barukčić, 2018d, 1989, 1997, 2017, 2018a, 

2018b, 2019c; K. Barukčić & Barukčić, 2016, 2016) relationship (At excludes Bt and vice 

versa) of a population is defined (I. Barukčić, 2019a, 2019c) as 

 
𝑝(𝐴𝑡 |𝐵𝑡 ) ≡

(𝑏𝑡 ) + (𝑐𝑡 ) + (𝑑𝑡 )

𝑁𝑡

= 1

≡ 𝑝(𝑏𝑡 ) + 𝑝(𝑐𝑡 ) + 𝑝(𝑑𝑡 )

≡ 𝑝(𝑏𝑡 ) + 𝑝(𝐴𝑡 ) = 𝑝(𝑏𝑡 ) + (1 − 𝑝(𝐴𝑡 ))

≡ 𝑝(𝑐𝑡 ) + 𝑝(𝐵𝑡 ) = 𝑝(𝑐𝑡 ) + (1 − 𝑝(𝐵𝑡 ))

≡ +1.

 (10) 

 

and used to prove the hypothesis: At excludes Bt and vice versa. Why should At exclude Bt and 

vice versa? Under which conditions can such a relationship be given? 

 

Definition 9. The X² Test of Goodness of Fit of the Exclusion Relationship 

The chi square value with degree of freedom 2-1=1of the exclusion relationship with a 

continuity correction can be calculated (I. Barukčić, 2019a, 2019c) as 

 

𝑋2 ((𝐴 |𝐵 )|𝐴 ) ≡
((𝑎 ) − (1 2⁄ ))

2

𝐴
+ 0 = 0 (11) 

Another equivalent method to calculate the chi-square value of a conditio sine qua non 

distribution is defined  (I. Barukčić, 2019a, 2019c) as 

 

𝑋2 ((𝐴 |𝐵 )|𝐵 ) ≡
((𝑎 ) − (1 2⁄ ))

2

𝐵
+ 0 = 0 (12) 

In particular, the chi square Goodness of Fit Test of the exclusion relationship provides 

evidence how well observed data compare with the expected theoretical distribution of an 

exclusion relationship (I. Barukčić, 2019a, 2019c). 
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Definition 10. Independence 

In the case of independence (Kolmogoroff, 1933; Moivre, 1718) of At and Bt it is generally 

valid that 

 𝑝(𝐴𝑡 ∩ 𝐵𝑡 ) ≡ 𝑝(𝐴𝑡 ) × 𝑝(𝐵𝑡 ) (13) 

 

Definition 11. The Mathematical Formula of the Causal Relationship k (I. Barukčić, 2016b, 

2018b, 2018a, 2019c; K. Barukčić & Barukčić, 2016; K. Barukčić, Barukčić, & Barukčić, 

2018) is defined at every single event, at every single Bernoulli trial t, as 

 

 

𝑘(𝐴𝑡 , 𝐵𝑡 ) ≡
𝑝(𝐴𝑡 𝐵𝑡 ) − (𝑝(𝐴𝑡 ) × 𝑝(𝐵𝑡 ))

√𝑝(𝐴𝑡 ) × (1 − 𝑝(𝐴𝑡 )) × 𝑝(𝐵𝑡 ) × (1 − 𝑝(𝐵𝑡 ))
2

 (14) 

where At denotes the cause and Bt denotes the effect. The significance of causal relationship k 

can be tested by several methods. Under some certain circumstances, the chi-square 

distribution can be applied too. However, it is necessary to point out again that the 

mathematical formula of the causal relationship k has nothing to do neither with Pearson’s 

concept of correlation nor with Pearson’s concept of . Pearson’s correlation methods are not 

identical with causation or correlation and causation must be distinguished, this has been 

proved (Sober, 2001) many times by different publications.  

 

Definition 12. The 95% Confidence Interval of the Causal Relationship k 

The 95% interval for the causal relationship k was calculated by the formula 

 

{𝑘(𝐴𝑡 , 𝐵𝑡 ) − √
5

𝑛

2

; 𝑘(𝐴𝑡 , 𝐵𝑡 ) + √
5

𝑛

2
} (15) 

 

Definition 13. The Chi Square Distribution 

The upper-tail critical values of chi-square distribution (Karl Pearson, 1900) with ν degrees of 

freedom df = 1 are visualized by Table 10  . The P value denotes the probability of exceeding 

the critical value. 
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Table 10. The upper-tail critical values of chi-square distribution  

(degrees of freedom: 1) 

  P value Upper tail X² 

The chi square distribution  

0.1000000000 

0.0500000000 

0.0400000000 

0.0300000000 

0.0200000000 

0.0100000000 

0.0010000000 

0.0001000000 

0.0000100000 

0.0000010000 

0.0000001000 

0.0000000100 

0.0000000010 

0.0000000001 

2.705543454 

3.841458821 

4.217884588 

4.709292247 

5.411894431 

6.634896601 

10.82756617 

15.13670523 

19.51142096 

23.92812698 

28.37398736 

32.84125335 

37.32489311 

41.82145620 

 

Data analysis 

The causal relationship k (I. Barukčić, 1989, 1997, 2016b, 2016c, 2017, 2018a, 2019c; K. 

Barukčić & Barukčić, 2016; Hessen, 1928; Korch, 1965) was used to proof the data for a 

causal relationship while the significance was tested by the hypergeometric distribution (HGD) 

and the chi-square distribution (Karl Pearson, 1900). The conditio sine qua non (I. Barukčić, 

2018d, 1989, 1997, 2017, 2018a, 2018b, 2019c; K. Barukčić & Barukčić, 2016, 2016) 

relationship (SINE) was used to proof the hypothesis, without HCMV infection of renal tissues 

no IgAN. The conditio per quam (I. Barukčić, 2018d, 1989, 1997, 2017, 2018a, 2018b, 2019c; 

K. Barukčić & Barukčić, 2016, 2016) relationship (IMP) was used to proof the hypothesis, if 

HCMV infection of renal tissues then IgAN. The necessary and sufficient condition (I. 

Barukčić, 2018d, 1989, 1997, 2017, 2018a, 2018b, 2019c; K. Barukčić & Barukčić, 2016, 

2016) relationship (SINE) was used to proof the hypothesis, (without HCMV infection of renal 

tissues no IgAN) and (if HCMV infection of renal tissues then IgAN). The index of unfairness 

(I. Barukčić, 2019b) was used to control publication bias. All statistical analyses were 

performed with Microsoft® Excel® for Mac® version 16.2 (181208) software (© 2018, 

Microsoft GmbH, Munich, Germany). The level of significance was set to 0.05.  
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Results 

THEOREM 1. WITHOUT HCMV INFECTION OF RENAL TISSUES NO IGA NEPHROPATHY 

CLAIM. 

Null-Hypothesis: HCMV infection of renal tissues is a necessary condition of IgAN. 

Alternative Hypothesis: HCMV infection of renal tissues is not a necessary condition of IgAN. 

PROOF. 

Several studies considered for a re-analysis were able to provide a convincing evidence (Nahm, 

2017) of a necessary condition relationship between HCMV and IgAN. Among these studies 

are the studies of Müller et al. (Müller et al., 1991),  Müller et al. (Müller et al., 1992) and  

Gregory et al. (Gregory et al., 1988). The sample size was more or less small. The Chi square 

values were calculated too but the decision was based on the hypergeometric distribution. The 

P value of the studies analyzed (Table 2, Table 3, Table 4, Table 5) was less than P value < 

0.02. The conclusion is justified: the null-hypothesis cannot be rejected. Without a HCMV 

infection of renal tissues no IgAN (P value < 0.02). 

QUOD ERAT DEMONSTRANDUM. 

 

THEOREM 2. IF HCMV INFECTION OF RENAL TISSUES THEN IGA NEPHROPATHY 

CLAIM. 

Null-Hypothesis: HCMV infection is a sufficient condition of IgAN. 

Alternative Hypothesis: HCMV infection is not a sufficient condition of IgAN. 

PROOF. 

The studies re-analysis provided evidence of a sufficient condition relationship between 

HCMV and IgAN. Among these studies are the studies of Müller et al. (Müller et al., 1991),  

Müller et al. (Müller et al., 1992),  Gregory et al. (Gregory et al., 1988) and Liu et al. (Liu, 

1992). The sample size was, as already pointed out, more or less small. Even if the Chi square 

values were calculated, the decision again was based on the hypergeometric distribution. The P 

value of the studies analyzed (Table 2, Table 3, Table 4, Table 5) was again less than P value 

< 0.02. The conclusion is justified: the null-hypothesis cannot be rejected. If HCMV infection 

of renal tissues then IgAN (P value < 0.02). 

QUOD ERAT DEMONSTRANDUM. 

 

THEOREM 3. HCVM INFECTION OF RENAL TISSUES IS A NECESSARY AND SUFFICIENT 

CONDITION OF IGA NEPHROPATHY 

CLAIM. 
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Null-Hypothesis: HCMV infection of renal tissues is a necessary and sufficient condition of 

IgA Nephropathy. 

Alternative-Hypothesis:  HCMV infection of renal tissues is not a necessary and sufficient 

condition of IgA Nephropathy. 

PROOF. 

The studies of Müller et al. (Müller et al., 1991),  Müller et al. (Müller et al., 1992),  Gregory et 

al. (Gregory et al., 1988) were able to provide striking evidence of a necessary and sufficient 

condition relationship between HCMV and IgAN. The study Liu et al. (Liu, 1992) failed on 

this point. In point of fact, as the sample size was very small, the hypergeometric distribution 

was used to make the decision. The P value of the studies analyzed (Table 2, Table 3, Table 4) 

was less than P value < 0.02. The conclusion is justified: the null-hypothesis cannot be 

rejected. A HCMV infection of renal tissues is a necessary and sufficient condition of IgAN (P 

value < 0.02). 

QUOD ERAT DEMONSTRANDUM. 

 

THEOREM 4. HCMV IS THE CAUSE OF IGA NEPHROPATHY 

CLAIM. 

Null-Hypothesis: HCMV infection of renal tissues is not the cause of IgAN (k = 0). 

Alternative Hypothesis: HCMV infection of renal tissues is the cause of IgAN (k  0). 

PROOF. 

The studies (Table 2, Table 3, Table 4, Table 5) of Müller et al. (Müller et al., 1991),  Müller 

et al. (Müller et al., 1992),  Gregory et al. (Gregory et al., 1988) and Liu et al. (Liu, 1992) were 

able to provide evidence of statistically significant cause-effect relationship between HCMV 

and IgAN.  Especially the studies (Table 2, Table 3, Table 4)  of Müller et al. (Müller et al., 

1991),  Müller et al. (Müller et al., 1992),  Gregory et al. (Gregory et al., 1988) were very 

impressive on this point. Based on the studies analyzed, there is a (highly) significant causal 

relationship k between HCMV and IgAN.  In point of fact, the conclusion is inescapable: 

HCMV infection of renal tissues is the cause of IgAN.  

QUOD ERAT DEMONSTRANDUM. 

 

Discussion 

Many times, it is almost impossible to study the entire population (Nayak, 2010) to find a 

solution to a particular medical problem. Most investigations rely on studies which are 

performed on limited subjects drawn from a certain population known as “sample population”.  

Determining the optimal sample size for a study by appropriate sample size calculation (Kadam 
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& Bhalerao, 2010) methods is of great importance because the sample size of a study can have 

influence on the research outcomes. In general, the minimum power of a study required is 80% 

(Suresh & Chandrashekara, 2012) and it is known that the power of the study increases with an 

increase in sample size. However, very large samples may transform clinically insignificant 

small differences into statistically significant differences (Faber & Fonseca, 2014) which can 

imply a total waste of (taxpayer) money. A sample smaller than the ideal increases the chance 

of assuming as true a false premise. Thus far, a sample should not be excessive and, contrary to 

what one might think, should not be small. An adequate and optimal sample size is able to 

minimize the random error. The sample size of the studies re-analyzed is small and due to this 

fact, one might think that the studies are not able to answer the research question or are of 

questionable validity or provided only an imprecise answer. Furthermore, the polymerase-chain 

reaction (PCR) technology used was not standardized, the specificity of the primers used in 

PCR was different. Differences in the specimens and the degradation of small amounts of DNA 

by the fixation procedures may have influenced the results. However, and besides of some of 

the difficulties mentioned, the evidence (Table 2, Table 3, Table 4, Table 5) provided by the 

studies considered for re-analyses cannot be ignored. 

The role of cytomegalovirus in the pathogenesis of this case of IgA nephropathy is supported 

indirectly by several drug studies. Ortmanns et al. (Ortmanns et al., 1998) reported a case of 

IgA nephropathy associated with a cytomegalovirus infection. The renal function improved 

during immunosuppressive CMV therapy. Following discontinuation of antiviral CMV therapy 

a rapid deterioration of renal function reoccurred again. The antiviral CMV therapy was 

restarted and, again, serum creatinine fell quickly. IgA nephropathy patients treated by Lou et 

al. (Lou et al., 2006) with Leflunomide achieved a complete remission rate of about 62.1% 

while proteinuria significantly decreased. Rong and Liou (Rong & Liu, 2007) investigated the 

effects of Leflunomide therapy for refractory IgA nephropathy and provided evidence that 

Leflunomide therapy significantly improved proteinuria. IgAN is a slowly progressive disease 

with variable course. We et al. (Wu et al., 2016) provided evidence that  Leflunomide, a drug 

effective against HCMV (Avery et al., 2010; Gokarn et al., 2019; John et al., 2004; 

Sudarsanam et al., 2006) too, is decreasing proteinuria in certain IgAN patients. Min et al. (Min 

et al., 2017) investigated biopsy-proved primary IgA nephropathy patients treated with 

Leflunomide and documented a greater reduction of proteinuria during long-term follow-up in 

Leflunomide treated patients than in patients treated with corticosteroids. The results of this 

review and meta-analysis are encouraging. Due to the small sample size of the studies 

analyzed, the results should be treated as preliminary, as a pre-test or a kind of a pilot study 

which justifies a greater and major randomized study. 
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Conclusion 

In summary, the results of this study demand us to accept that a human cytomegalovirus 

infection of renal tissues is the cause of IgA Nephropathy. 
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