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Abstract

Objective: The possible involvement of viruses, specifically Herpes simplex virus type 1 (HSV-1), in senile
dementia of the Alzheimer type has been investigated by numerous publications. Over 120 publications are
providing direct or indirect evidence of a potential relationship between Herpes simplex virus type 1 and
Alzheimer’s disease (AD) but a causal relation is still not established yet.

Methods: A systematic review and re-analysis of studies which investigated the relationship between HSV-1 and
AD by HSV-1 immunoglobulin G (IgG) serology and polymerase chain reaction (PCR) methods was conducted.
The method of the conditio sine qua non relationship (SINE) was used to proof the hypothesis: without HSV-1
infection of human brain no AD. The method of the conditio per quam relationship (IMP) was used to proof the
hypothesis: if HSV-1 infection of human brain then AD. The mathematical formula of the causal relationship k
was used to proof the hypotheses is, whether there is a cause-effect relationship between HSV-1 and AD.
Significance was indicated by a p-value of less than 0.05.

Results: The studies analyzed were able to provide strict evidence that HSV-1 is a necessary condition (a conditio
sine qua non), a sufficient condition and a necessary and sufficient condition of AD. Furthermore, the cause-effect
relationship between HSV-1 and AD was highly significant.

Conclusions: The data analyzed provide sufficient evidence to conclude that HSV-1 is the cause of AD.
Keywords: Herpes simplex virus type 1, Alzheimer s disease, causal relationship.

1. Introduction

Alzheimer's disease (Alzheimer, 1906, 1907) defined by Alois Alzheimer (1864-1915) at the “37. Versammlung
Siidwestdeutscher Irrendrzte* or 37th Meeting of South-West German Psychiatrists (Drouin & Drouin, 2017;
Hippius & Neundorfer, 2003) held in Tubingen on November 3, 1906 is by far one of the most devastating brain
disorders of elderly humans. Alzheimer’s disease is a neurodegenerative disorder characterized by a subtle clinical
presentation while the progressive decline in cognitive functions is leading to memory loss and dementia. In 2010,
about 35.5 million individuals were affected by dementia in the world (Piacentini et al., 2014). More than 20
different risk factors (Henderson, 1988) for Alzheimer's disease, including age, lifestyle, familial inheritance (Kim,
Basak, & Holtzman, 2009), exposure to aluminium, traumatic brain injury (TBI), associated vascular and other
co-morbidities and infection have been discussed in the literature (Armstrong, 2019) to determine to a high degree
the occurrence (Imtiaz, Tolppanen, Kivipelto, & Soininen, 2014) of dementia and Alzheimer's disease, the leading
cause of dementia. Especially Herpes simplex virus type 1, a highly neurotropic double-stranded DNA virus, is
repeatedly implicated in AD pathology by an increasing number of reports. The majority of the world-wide human
population is infected with herpes simplex virus type 1. The seroprevalence (Shen et al., 2015) of Herpes simplex
virus type 1 (HSV-1) was published as 63.2% and 7.7% for genital herpes, caused usually by Herpes simplex virus
type 2 (HSV-2). During a typical primary infection, HSV-1 spreads from the oral pharynx to the trigeminal ganglia,
where a latent HSV-1 infection for the entire life of the host is established followed by periodic reactivations. This
is not the only path (Burgos, Ramirez, Sastre, Alfaro, & Valdivieso, 2005) through which the reactivated HSV-1
virus may infect the brain (Jamieson, Maitland, Craske, Wilcock, & Itzhaki, 1991; Kastrukoff et al., 1982;
Lewandowski, Zimmerman, Denk, Porter, & Prince, 2002; Schmutzhard, 2001) without causing observable
neurologic signs. However, a rare but severe and most fatal viral encephalitis can occur too, the Herpes simplex
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encephalitis (Sekizawa & Openshaw, 1984; Steiner, 2011). Herpes simplex encephalitis (HSE) is one of the most
devastating disorders caused by Herpes simplex. The prognosis of HSE is dependent on early diagnosis and
effective therapy. Meanwhile, HSV-1 infection (Ball, 1982) has been linked to Alzheimer’s disease (De Chiara et
al., 2012; Ruth F. Itzhaki, 2017; Piacentini et al., 2014) too, even if the underlying molecular and functional
mechanisms have not been fully elucidated yet. HSV-1 DNA has been discovered to reside in a high proportion of
brains of elderly people in latent form (Jamieson, Maitland, Wilcock, Craske, & Itzhaki, 1991) while HSV-1 DNA
was present only in a very small proportion of brains of very young people and children (M. A. Wozniak, Mee, &
Itzhaki, 2009; Matthew A. Wozniak, Shipley, Combrinck, Wilcock, & Itzhaki, 2005). However, the increase in life
expectancy is still regarded as the main risk factor for AD. Neuropathologically, the brain of Alzheimer's disease
sufferer is characterized by the presence of extracellular amyloid plaques composed of amyloid-f3 protein (Af) and
intraneuronal neurofibrillary tangles composed of hyperphosphorylated Tau protein (Kosik, Joachim, & Selkoe,
1986). People surviving HSE showed clinical signs of AD (i.e., cognitive impairment and memory loss) which
provided some evidence suggesting (Ball, 1982) the involvement of HSV-1 in AD. Meanwhile, studies are
providing some solid support of the involvement of HSV-1 infection in AD pathogenesis. In Alzheimer's disease
brains, Wozniak et al. (M. A. Wozniak et al., 2009) reported that about 90% of the Alzheimer's disease plaques
contained the HSV-1 DNA (Matthew A. Wozniak, Frost, & Itzhaki, 2009). Other studies conducted demonstrated
the relationship between AD and HSV-1 infection by searching for antibodies (Kobayashi et al., 2013; Letenneur
et al., 2008; Mancuso, Baglio, Cabinio, et al., 2014) and other against HSV-1 in the blood of AD patients. Several
reviews and meta-analysis.(Harris & Harris, 2018; Ruth F. Itzhaki, 2018a; Steel & Eslick, 2015; Tzeng et al., 2018)
investigated whether research data are supporting the hypothesis that brain infections by herpes simplex virus type
1 are causally related with AD and published controversy results. Especially, the 57 studies review and meta-
analysis by Warren-Gash et al. (Warren-Gash et al., 2019) found for HSV-1 no evidence that DNA in the brain was
associated with dementia though quality across the 57 included studies was very low. Nevertheless, the potential
pathogenetic link between HSV1 infection AD remains unclear (Olsson et al., 2016; Pisa, Alonso, Fernandez-
Fernandez, Rébano, & Carrasco, 2017).

2. Material and methods

The studies meta-analyzed preferred to use its own terminology, its own Kits, its own primers et cetera to describe
scientific discoveries with respect to AD. The results of these studies are aggravated especially by missing a
uniform operational definition of HSV-1 positivity and standardization in general. Finally, besides of the use of
different methodological approaches and other factors which are a potential source of bias, the studies were able
to agree on certain points.

2.1. Material
2.1.1. Search Strategy

Google Scholar and the database PubMed was search for research articles pertaining to infection and AD using
some suitable key words like “Herpes simplex type 17, “Alzheimer’s disease”, PCR or IgG et cetera conducted
in any country which investigated the relationship between HSV-1 and AD by polymerase chain reaction (PCR)
technology or serum HSV-1 IgG. There was no financial support for this study. Therefore, only studies with data
publicly available were formally considered for a review.

In general, /8 PCR based studies (Beffert, Bertrand, Champagne, Gauthier, & Poirier, 1998; Bertrand, 1993; Cheon,
Bajo, Gulesserian, Cairns, & Lubec, 2001; Deatly, Haase, Fewster, Lewis, & Ball, 1990; Hemling et al., 2003,
2003; Itabashi, Arai, Matsui, Higuchi, & Sasaki, 1997; R. F. Itzhaki et al., 1997; Jamieson, Maitland, & Itzhaki,
1992; Jamieson, Maitland, Wilcock, et al., 1991; Kittur et al., 1992; W. R. Lin, Graham, MacGowan, Wilcock, &
Itzhaki, 1998; W. R. Lin, Shang, & Itzhaki, 1996; W.-R. Lin, Wozniak, Wilcock, & Itzhaki, 2002; Mori et al., 2004;
Olsson et al., 2016; Roberts et al., 1986; M. A. Wozniak et al., 2009) were identified, while the study design of
almost all PCR based studies was very inappropriate. [gG seropositivity was studied by /5 studies, including the
studies of Barnes et al. and Wozniak et al. (Barnes et al., 2015; Matthew A. Wozniak et al., 2005).
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Table 1. The article selection process of the studies analyzed

1. Identification of records Size Total

Records identified by searching in the databases
PubMed 137
Google Scholar 958
Additional records identified from review articles
Harris and Harris, 2018 278

Warren-Gash et al., 2019 83 1456

2. Clean-up of search (Screening)

Records removed after verifying duplication, excluded by title, excluded due to other reasons 1423

3. Eligibility
Articles evaluated for eligibility 33

Atrticles excluded for various reasons

- Data were self-contradictory 6
- Data are not appropriate enough 4
- Data access barriers 13
4. Included
Articles included in the meta-analysis (Table 2, 4, 5, 6 ) 10

Adopted from PRISMA 2009 (Moher, Liberati, Tetzlaff, & Altman, 2009).
2.1.2. HSV-1 IgG-Studies considered for re-analysis
The following HSV-1 IgG sero-epidemiological studies (Agostini, Mancuso, Baglio, Cabinio, Hernis, Guerini, et
al., 2016, 2016; Letenneur et al., 2008; Lévheim, Gilthorpe, Adolfsson, Nilsson, & Elgh, 2015; Lovheim, Gilthorpe,

Johansson, et al., 2015; Mancuso, Baglio, Agostini, et al., 2014; Mancuso, Baglio, Cabinio, et al., 2014) as
presented by Table 2 were considered for meta-analysis.

Table 2. Without HSV-1 IgG sero-positivity no AD.

Study 1D Year N Case_P Case_ Con_P Con_T P(SINE) X*(SINE|Bt) X*(SINEJAt) k P value (k) 10U 101

T

(a) (atc) (b) (btd)

Letenneur et al. 2008 490 69 77 335 413 0,984 0,831 0,744 0,081 0,026 0,018 0,667
Lovheim et al. 2014 3432 213 227 2813 3205 0,996 0,863 0,483 0,047 0,001 0,052 0,816
Mancuso et al. 2014 134 81 83 50 51 0,985 0,048 1,333 -0,015 0,443 0,597 0,358
Mancuso et al. 2014 157 83 83 71 74 1,000 0,000 0,000 0,148 0,064 0,510 0,452
Lovheim et al. 2015 720 338 360 324 360 0,969 1,344 8,345 0,071 0,018 0,419 0,419
Agostini et al. 2016 120 57 59 60 61 0,983 0,068 1,333 -0,056 0,372 0,467 0,483
Total 5053 841 889 3653 4164 3,155 12,238 0,344 0,533

Alpha= 0,050

Degrees of freedom = 6

Chi square (critical) = 12,592

Chi square (calculated) = 3,155 12,238

Case_P: case, positive; Case_T: case total; Con_P: healthy control positive; Con_T: healthy control total.
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The studies of Manusco et al. (Mancuso, Baglio, Cabinio, et al., 2014) and Agostini et al. (Agostini, Mancuso,
Baglio, Cabinio, Hernis, Guerini, et al., 2016) were considered for meta-analysis in this context although the study
design of both studies was very problematic. Several HSV-1 IgG and other HSV IgG studies (Agostini, Mancuso,
Baglio, Cabinio, Hernis, Costa, et al., 2016; Agostini et al., 2018; Barnes et al., 2015; Bu et al., 2015; Féart et al.,
2011; Kobayashi et al., 2013; Ounanian, Guilbert, Renversez, Seigneurin, & Avrameas, 1990; Pandey et al., 2019;
Matthew A. Wozniak et al., 2005) were not considered for meta-analysis, while some of those studies are viewed
by Table 3. Several studies had data access barriers, provided inappropriate data or provided self-contradictory
data (I. Baruk¢i¢, 2019c¢).

Table 3. HSV-1 IgG studies not considered for re-analyses.

Study ID Year N Case P Case T Con P Con T
(a) (atc) (b) (b+d)
Buetal. 2015 263 0 128 0 135
Ounanian et al. 1990 40 0 19 0 21
Pandey et al. 2019 93 0 56 0 37
Agostini et al. 2016 0 0 0 0 0
Barnes et al. 2015 0 0 0 0 0
Féart et al. 2011 0 0 0 0 0
Kobayashi et al. 2013 0 0 0 0 0

2.1.3. PCR-Studies considered for meta-analysis

Studies which detected HSV-1 DNA in postmortem brain tissues from patients with AD and controls (non-
neurological cases) by polymerase chain reaction (PCR) methods used different primers (glycoprotein D protein;
thymidine kinase) for PCR. The quality of the source of amplification template was different. Rodriguez et al.
(Rodriguez, Royall, Daum, Kagan-Hallet, & Chambers, 2005) were able to provide evidence that DNA integrity
decreases significantly with increasing time of storage in formalin. Due to this and other factors, PCR studies had
very different HSV-1 detection rates. Hemling et al. (Hemling et al., 2003) and Marques et al. (Marques et al.,
2001) detected HSV-1 DNA in a very low proportion of brains due to unknown reasons while the access to the
data of the study of Marques et al. (Marques et al., 2001) was not possible. Besides of an inappropriate study
design, it was possible to calculate the conditio sine qua non relationship of the studies of Jamieson et al. (Jamieson,
Maitland, Craske, et al., 1991; Jamieson, Maitland, Wilcock, et al., 1991) and Cheon et al. (Cheon et al., 2001).
However, besides of the difficulties mentioned, to many studies were able to provide the impressive detection rates.
The PCR studies (Cheon et al., 2001; Jamieson et al., 1992; Jamieson, Maitland, Wilcock, et al., 1991; Mori et al.,
2004) which supported the conditio sine qua non relationship between HSV-1 and AD are listed by the following
table (Table 4).

Table 4. Without HSV-1 PCR DNA positivity no AD (according to PCR studies).

Study ID Year N Case_P Case T Con_P Con_T p(SINE) X?*(SINE|Bt) k 10U 101
(2) (atc) (b) (b+d)

Jamieson et al. 1992 36 14 21 9 15 0,806 2,333 +0,068 0,222 0,056

Mori et al. 2004 9 3 3 1 6 1,000 0,000 +0,791 0,222 0,111

Jamieson et al. 1991 14 8 8 6 6 1,000 0,000 - 0,571 0,429

Cheon et al. 2001 20 10 10 10 10 1,000 0,000 - 0,500 0,500

The PCR studies (Cheon et al., 2001; Jamieson et al., 1992; Jamieson, Maitland, Wilcock, et al., 1991; Mori et al.,
2004) which provided evidence of a conditio per quam relationship between HSV-1 and AD are listed by the
following table (Table 5).
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Table 5. If HSV-1 PCR DNA positivity then AD (according to PCR studies).

Study ID Year N Casc_P Casc T  Con P  ConT  pIMP)  X¥(IMPA) k 10U 101
(a) (atc) (b) (b+d)

ITtabashi et al. 1997 69 14 46 5 23 0,928 +0,092 0,058 0,391

Mori et al. 2004 9 3 1 6 0,889 0,250 +0,791 0,222 0,111

The study of Mori et. al., (2004)

The only PCR based study which provided evidence of a conditio sine qua non relationship, of conditio per quam
relationship, of a conditio sine qua non and conditio per quam relationship and of a significant cause effect
relationship was the study of Mori et al. (Mori et al., 2004). The sample size was n = 9 and the P value was
calculated according to Fisher's exact test (Table 6).

Table 6. The study of Mori et. al., (2004).

Alzheimer’s disease

Yes No
HSV-1 (PCR DNA) Yes ! N
No 0
6 9
Statistical analysis (Table 6).
Causal relationship k = +0,791 95 % CI (k): (0,045 - 1,000) 10U = -0,222
P value (k | Fisher’s test) =  0,04762 Chi Sq.(k) = 5,625 10l = 0,111
p(OU) + p(I0I)= 0,333
p (SINE) = 1,000  Chi Sq. I(SINE) = 0,000 Chi Sq. 2(SINE) = 0,000
p (IMP) = 0,889  Chi Sq. 1(IMP) = 0,167 Chi Sq. 2(IMP) = 0,250
p (SINE ~ IMP) = 0,889  Chi Sq. 1(SINE "IMP) = 0,167 Chi Sq. 2(SINE "IMP) = 0,250
p (EXCL) = 0,667  Chi Sq. I(EXCL) = 3,000 Chi Sq. 2(EXCL) = 2,250
2.2. Methods
2.2.1. Definitions

Definition 1. (The 2x2 Table)

Karl Pearson (K. Pearson, 1904) introduced in 1904 the notion of a contingency table (I. Baruk¢ié¢, 2019a, 2019d)
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 A: occur/exist et
cetera with the probability p(A:) at the Bernoulli trial (period of time) t. Furthermore, let another Bernoulli
distributed random variable Bt occur/exist et cetera with the probability p(B) at the same Bernoulli trial (period of
time) t. Let p(at)= p(A: N By) denote the joint probability distribution of At and Bt at the same Bernoulli trial (period
of time) t. The following table (Table 7) may show the relationships in more details.
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Table 7. The probabitlities of a contingency table

Conditioned
B
Yes=+1 No=+0 Total
Yes =+1 a b A
Condition A p(a) p(b) p(A1)
No =+0 p(Ct) p(dt) p( At)

Total p(By) p(By) 1

In this context, it is per definitionem

p(4:) = p(a; ) +p(b:) = 1-p(4)
p(B: ) = p(ac ) +p(e ) = 1-p(8:)
p(at ) = P(At N B, ) =1 _p(bt )_p(ct )_p(dt )
+1 = p(4: ) +p(4: ) = p(B: ) +p(B: )
+1 = p(a; ) +p(b; ) + p(c. ) +p(d,) (1)
p(Bt )+p(At) = p(At ) = 1_p(§t )+p(At)
pa.) = 1-(1-pB ) +p(n)) = p(B, ) -p(A)
p(At ) = P(At ) - p(Bt ) = p(bt ) - p(ct )

1 _P(at ) _p(dt )

p(be ) +p(c: )

(2 xp(c, )) +p(A)

while +1 may denote the normalized sample space of Ar and Br. Under circumstances were the probability of an
event is constant from trial to trial (i. e. Binomial distribution), the relationships above simplifies. It is per
definitionem

A = nxp(a )+nxp(b,) = nxp(4,)

B = nxp(a )+nxp(c) = nxp(B, )

a = nxp(a;) = nxp(4, NB;)

b nXp(bt) 2
c nxp(c )

d nXp(dt)

n = nxpla )+nxp(b,) + nxp(c )+nxp(d, )

n = nxp(4, )+nxp(4;) = nxp(B, )+nxp(B )

The meaning of the abbreviations a, b, ¢, d, n et cetera are explained by following 2 by 2-table (Table 8). The
relationships are valid even under conditions where n = 1.

Table 8. The sample space of a contingency table

Conditioned B
(Outcome)
Yes=+1 No=+0 Total
Condition A Yes=+1 | a b A
(risk factor) No=+0 | c d A
Total B B n
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Definition 2. (Index of unfairness)
The index of unfairness (IOU) is defined (I. Baruk¢i¢, 2019c) as

A +B
10U = <—>—1 3)

n

The range of A is 0 < A <n, while the range of B is 0 < B <n. A study design based on A=B=0 leads to an index
of unfairness of IOU = (((0+0)/n)-1) = -1. A study design which demands that A=B=n leads to an index of
unfairness of IOU = (((n+n)/n)-1) = +1. In particular, the range of the index of unfairness is [-1;+1].

Definition 3. (The probability of an index of unfairness)
The probability of an unfairness p(IOU) is defined as

A +B
p(I0U) = Absolute (—)—1 4
n

Definition 4. Index of independence (I101)
The index of independence (10]) is defined (I. Baruk¢i¢, 2019b) as

A +B
101 = <——>—1 (5)

n

Definition 5. (The probability of an index of independence)
The probability of an index of independence p(IO]) is defined (I. Baruk¢i¢, 2019b) as

A +B
p(I0I) = Absolute (—‘)—1 (6)
n

Definition 6. Sufficient Condition (Conditio per Quam)

The sufficient condition (I. Baruk¢i¢, 2018d, 1989, 1997, 2017, 2018a, 2018b, 2019d; K. Baruk¢i¢ & Baruk¢ic,
2016, 2016) relationship (conditio per quam) of a population is defined (I. Baruk¢i¢, 2019a, 2019d) as

(a )+ (e ) +(de)

N,

=1

p(At - B, )

p(at ) +p(ct )+p(dt )

()

p(B: ) +p(d: )

p(at ) + p(ét )

= +1.

and is used to prove the hypothesis: if At then Bt or is taken to express that the occurrence of an event A: is a
sufficient condition for existence or occurrence of an event B:. Sufficient and necessary conditions are converse
relations (I. Baruk¢i¢, 2019a, 2019d).

Definition 7. The X? Test of Goodness of Fit of a Sufficient Condition

Under certain circumstances, the X? 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. Baruk¢i¢, 2019a, 2019d).
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. Barukci¢, 2019a, 2019d) are widely
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discussed in literature. Especially, the need of incorporating Yate’s continuity correction into the calculation of
the X? 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. Baruk¢i¢, 2019a,
2019d) as

(CORC)

A

X2 ((a4 -8B )4) +0=0 (®)

or alternatively as

(CORC)

B

x*((a -8B )E ) +0=0 ©)

Definition 8. 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 B (I. Baruk¢i¢, 2019a, 2019d). In this respect, let an event At with its own probability
p(Av) at the (period of) time ¢ 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 B: without A:. In other words, without At no Bt or the absence of A«
must guarantee the absence of B:. The mathematical formula of the necessary condition (I. Baruk¢i¢, 2018d, 1989,
1997, 2017, 2018a, 2018b, 2019d; K. Baruk¢i¢ & Baruk¢i¢, 2016, 2016) relationship (conditio sine qua non) of a
population is defined (I. Baruk¢i¢, 2019a, 2019d) as

(at)+(bt)+(dt):

N,

1

p(At < B, )

p(a; ) +p(be ) +p(d:)
(10)

p(At ) + P(dt )

p(a)+p(B ) =pla ) +(1-p(B:))

+1.

Definition 9. The X? Test of Goodness of Fit of a Necessary Condition
The chi-square value of a conditio sine qua non distribution (I. Baruk¢i¢, 2019a, 2019d) before changes to
(e )=()

x*((4 «B)B ) = ~ +0=0 (11)

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

c)-(1 :
X*((4 «B)A) = ( )A(/Z)) +0=0 (12)
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Definition 10. (The Binomial distribution)

The binomial distribution was derived by the prominent Suisse mathematician Jacob Bernoulli (1655 - 1705) in
his work Ars Conjectandi (Bernoulli, 1713). Assume a binomial experiment while each experiment is called a
Bernoulli trial ¢ with repeated trials yielding only two possible outcomes: success, S = +1 or failure, F = +0 while
the values of m(x¢) and q(xt) = (1- m(xt)) may remain unchanged throughout each trial. The probability of success
in the population is 7 and the probability of failure in the population is q(xt) = (1- m(x¢)). Let the binomial random
variable X denote the number of successes in n such Bernoulli trials, where X =0, 1, 2, 3, ..., n. The expected
value of the binomial random variable X is

EX ) = E(y+-+x,) =E@x)++EXx,) = QA+--+D)xnulx) = nxmulx) (13)
n times
The variance of the binomial random variable X is o(X)? = nxn(x)x(1 — m(x1)).
Proof.
Since o(x:)? = n(x)x(1 — n(x0)), we get:
oX )2 = o ++x)% =0(x)?++0(x)? = nxo(x)? = nxm(x)X (1 - n(xt)) (14)

n times

Q. e d

The sample proportion or the relative frequency of an event p(xt) = (x / n) is the number x of times the event
occurred in an experiment or study of the sample size n while x = x1 + -+ + xn where all x; are independently
distributed Bernoulli random variables.

E() = Bpeo) = 22 = Ixaxat) = (o) (15)
and the sample variance is defined as
a(%)z _ a(p(xt))z _ g;xz)Z _ nXx H(Xt)nxx(rll_n(Xt)) _ (x;) X (i—ﬂ(xt)) (16)

Let p(X = x) denote the probability mass function of observing exactly x successes in # trials, with the probability
of success on a single trial denoted by n(x:) and q(xt) = 1- n(xt) is defined as

! n-—x
P =x) = () n()* x (1= 7(x) a7

x! X (n-— x)!

In a slightly different way, the definition of binomial distribution does not rule out another distribution derived
from the same. Facts taken together suggest the following form derived from the Bernoulli distribution as

n! X n-x
P =x) = ((x 1) x (n— (x + 1))!) (rG)) > (1 =mx) (1o

A binomial distribution with parameters n(xt) and n =1 is called the Bernoulli distribution too while x can take
the values either +0 or +1. It is

PX =x) = (1-qC() x(1-nC) (19)
Under conditions where X = 0, the binomial distributions changes to
n!
x! X (n—x)!

p(X=0) = ( ) (1-qCx) x (1 -m(x))"
(20)

! 0 n—-0 n
- (ﬁ) (1-q@x)) x(1-7n(x)) =1 -m(x))

CLAIM.
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The proportion or the probability r(x,) is given by the formula:
_<E (&))

n() = e @D
PROOF.
In general, it is
n(x) = m(x) (22)
or equally
n_ 1
n(x) = mO)Tw 23)
In particular, it is m(xt) = 1 — q(xt). Substituting, we obtain
_ g (24)
m(x) = (1 - q(xt))
or
1
nXxX—
nxqx n
n(x) = (1 - —Z( J) (25)
It is E(X) = nxq(xt). The equation before simplifies as
E(X ) i
n(x,) = (1 - —; ) (26)

Increasing the number of randomly generated variables (sample size n grows) enable us to take the limit. In point
of fact, taking the limit as the number of (Bernoulli) trials or the sample size n goes to positive infinity (n — +),
we obtain

n n

1- <M> = lim [|{1- (@) 27)

n n-+o n

According to the known elementary calculus (DeGroot, Schervish, Fang, Lu, & Li, 2005) it is

i 4@)” _ ) -

n-+oo n

as the sample size increases or as the number of trials n goes to positive infinity (n — +o) the equation above
simplifies as

_(Ex )
n(x) = e < n ) (29)
QUOD ERAT DEMONSTRANDUM.
Under some circumstances, the P Value (X < n-1) can be calculated as
_(Ex)
p(X<n-1) = 1 - e<”) (30)

10
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CLAIM.

The proportion of X=n events is given by the function:

p X=n) = 1" = +1 GD
PROOF.
The binomial distribution is defined as
n! x n-x
P =2 = (G =) () x (1= 7)) (2)

Under circumstances where X = n, we obtain

! n n-—n
PO =0 = (e =) (G)" x (1= 7)) (33)
or
pX=n) = (n(x))" (34)
or in other words
pX=n) = m(x)x.xn(x) = nl)" (35)

However, the probability of the conditio per quam relationship, of the exclusion relationship, of the necessary and
sufficient condition relationship, of the conditio sine qua non relationship et cetera is m(xt) =1. In general, we
obtain

pX=n) = wl)X..Xn(x) = wlx)" = 1" = 1 (36)

QUOD ERAT DEMONSTRANDUM.

Definition 11. (Left tailed one-sided P value)
CLAIM.
The left sided P value follows as

pX<n-1) 37)

1l
[EN
I
o

|
3

PROOF.
It is
pX<n-1) + pX>n-1) = 1 (38)

However, the only value where (X > n-1) is the value (X=n). Therefore, the probabilities are equal or it is p(X >
n-1) = p(X=n). The equation before changes to

pX<n-1 + pX=n) = 1 (39)
or
pX<n-1) = 1 — pX=n) (40)
As proofed before, it is
_(Ex )
p(X=n) = n(x) = e< ) 1)

Under these conditions, the left sided P value follows as

EX )
pX<n-1) = 1 — e n (42)

QUOD ERAT DEMONSTRANDUM.

11
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Definition 12. The approximate probability of the necessary condition in the population

Let x: denote a Bernoulli distributed random variable with its own boolean-valued outcome each asking a yes—no
question of either (success or yes or true or +1) with probability p(x:) or (failure or no or false or +0) with
probability q(xt) = 1 — p(xt). Let the probability or the proportion of an event within the population denoted as
n(xt). Let a single success/failure experiment call a Bernoulli trial ¢t or Bernoulli experiment and a sequence of
outcomes is a Bernoulli process and at the end the sample size ».

CLAIM.

The probability or the proportion of an event within the population denoted as m(x:) is determined by the number
of missed successes E(X)=n-E(X)=0,1,2,...,n inn trials and can be calculated by the formula

M) ) 3)

m(x,) = 1-— (E(X)

PROOF.

In general, we expect the probability or the population proportion of a binomial distributed random variable in the
population, mt(xt), is constant from trail to trial and independent of the number of trials performed or it is

n(x,) = m(x) (44)
Thus far it is equally valid that
n(x,) = m(x,) -1 +1 (45)
or at the end
m(x,) = 1 - (1 - n(xt)) (46)

Rearranging, we obtain

nxm(x,) X (1-m(x))
n x (x,)

() = 1 47)

or

n x (1 - n(xt))
= - — 48
With respect to the population, it is E(X) = nxn(xt) and E(X) = nx(1-n(xt))= nxq(x¢). The equation before changes
to

E(X
n(x,) = +1 - EE} 3 X w(x;) (49)
Mathematically, this equation is equivalent with
E(X nal
w(x,) = +1 — EE} 3 X (x,) T n (50)
In general, it is w(xt)= 1 — q(xt). Substituting, we obtain
E(X nl
m(x,) = +1 -— (EE} Dx((l—q(xt))l)(") (51)
or
E(X ) (x0) %
_ _ =3 LA IS
n(x,) = +1 (E(X )> X (1 - ) (52)
or

12
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n_ 1

() = 41 - (’5(K )>>< (1_£))TXH (53)

E(X ) n

Taking the limit as the sample size n or the number of (Bernoulli) trials goes to positive infinity (n — +0), we
obtain

n n

E(X E(X
1- ((;)> = lim ([1- ((;)> (54)

n n-+oo n

According to the known elementary calculus (DeGroot et al., 2005) it is
n
E(X -
lim ([ 1- ((;)> = &) (55)
n-+o n

Thus far, as the sample size increases or as the number of trials n goes to positive infinity (# — +0) the equation

above simplifies as
E(X ) _E(x )
m(x,) = +1 - (E(X )> X (e n ) (56)

QUOD ERAT DEMONSTRANDUM.

The probability density function (pdf) of an exponential distribution
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Figure 1. Example exponential distribution
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The cumulative distribution function of the exponential distribution

10F —
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Figure 2. Example cumulative distribution function of the exponential distribution

Definition 13. (Left tailed one-sided P value according to exponential distribution)

Increasing sample size, it is possible to detect small effects, even though they are not existent in population. The
chi square distribution finds its own limits if the sample size is to large or too small. Fisher's exact test (Agresti,
1992; R. A. Fisher, 1922; Ronald A. Fisher, 1925) is valid for all sample sizes although in practice it is used when
sample sizes are small. The Chi-square (Karl Pearson, 1900) itself is very sensitive (Bergh, 2015) to sample size
and an extremely large sample is one of the /imitations (McHugh, 2013) of a Chi-square test. Alternatives to the
Chi-Square Test for extremely large samples like the G-square test (Sokal & Rohlf, 1995) have been developed to
handle large samples in test of fit analysis. However, Chi-square is still reliable with sample size between roughly
100 to 2500 subjects. An exact binomial test can be used when an experiment has two possible outcomes (i.e.
success/failure) instead of the chi-square distribution to compare the observed distribution to the expected
distribution. The null hypothesis for the binomial test is that the results observed (p(sample proportion)) do not
differ significantly from what is expected to be in the population (t = 1). The (/eft tailed) one-sided null and
alternative hypotheses may be as follows:

H, : m(population) < p(sample proportion) (i.e. SINE relationship:NO)
(57)
H, : mn(population) > p(sample proportion) (i.e. SINE relationship:YES)

How likely is it that an observed difference from what is expected to be is only due to chance? Folowing the
Fisherian and Neyman-Pearsonian schools of hypothesis testing the calculation of the P value (Arbuthnott, 1710;
Ronald A. Fisher, 1925; Heyde & Seneta, 2001; LaPlace, Pierre Simon de, 1812; Karl Pearson, 1900) can answer
questions like these. Since Fisher's statement years ago, it has become ritualistic by medical researchers worldwide
to use 0.05 as cut-off for a P value. However, after the advent of computers and statistical software, calculating
exact P values is easy now and so the researcher can report exact P values and leave it to a reader to determine the
significance of the same. In point of fact, P value being a probability can take any value between 0 and 1. Thus far,
P values close to 1 suggests no difference between what is observed from what is expected to be due to chance
whereas P values close to 0 indicate that a difference observed is unlikely to be due to chance. However, like the
test of hypothesis, the P value itself is associated with several fallacies (Dahiru, 2008) and depends on several
factors, among other on the distribution used. P values alone can completely misrepresent (Bertolaccini, Viti, &
Terzi, 2016; Dixon, 2003) the evidence provided by sample data and an alternative analytical technique is

14
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necessary to be developed. In general, the P value is the probability of an outcome, when the null hypothesis is
true, which is at least as extreme as the observed.

CLAIM.
The (left-tailed one-sided) P value can be calculated as

E(X E(X )

p(X<(n-1)) = (EE} 3) X (e‘T) (58)
PROOF.
In general, it is

+1 = p(X<@m-1)) + p(X=0-1) + p(X>m-1) (59)

or

+1 = pX<(m-1)) + p(X>m-1)) (60)
or

p(X<m-1)) = 1-p((X>®-D)) (61)

Mathematically, the only value where (X > (n-1)) is X = x = n. Under these conditions, the probabilities are
equal or it is p(X>(n-1))= p(X=n). The equation before changes to

p ((X <(n-— 1))) = 1-p ((X = (n))) (62)
As proofed before, in this case we obtain
E(X ) _E(x )
pX=n) = +1 - (E(X )>x<e n ) (63)

This formula derived before is valid even for random variables where X =n. Substituting this relationship into the
equation before, we obtain

p(xsm-1)) = 1 - [1- (ig{—( Dx(e—”% )> (64)

The P value can be calculated according to the equation before (for very large samples too) were 7 is expected to
be 1. A left tailed P value which is greater than or equal to o (P value > a) provides some evidence (Yamane,
1964) to accept the null hypothesis otherwise not. Simplifying equation, the left tailed P value follows as

p((r=m-1)) = (’,;Tﬁf; 3)><<6‘E% )) (65)

QUOD ERAT DEMONSTRANDUM.

15
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p=0,99. P value in relation to
sample size n.
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Figure 3. Distribution function

In other words, the (left tailed) one-sided null and alternative hypotheses are

H, : m(population) < p(sample proportion) (i.e. SINE relationship:NO)

(66)
H, : mn(population) > p(sample proportion) (i.e. SINE relationship:YES)
while the probability can be calculated as
pX<n-1 + pX>n-1) = 1 (67)
Mathematically, if X > n-1 then it is X = n. The equation before changes to
pX<n-1) + pX=n) = 1 (68)
and at the end to
n-1
p(X<n-1) = Zp(X=t) = 1 - p(X=n) (69)
t=+0

Thus far, we obtain

pX<n-1)

E)es) o

as the left-tailed P Value for likely events. A P value which is less than a chosen significance level a (P value <
a), suggests that the observed data are potentially inconsistent with the null hypothesis (n(population) < p(sample
proportion)) and implicate the conclusion that the null hypothesis should be rejected and we do accept the
alternative hypothesis which claims that m(population) > p(sample proportion). If the P value is greater than or
equal to the significance level a (P value > a), we fail to reject the null hypothesis. Under these circumstance it is

necessary to accept that the null-hypothesis: m(population) < p(sample proportion).

16
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Example.

To hypothesis test with the distribution before, we must calculate the probability, p, of the observed event and any
more extreme event happening. We compare this degree of evidence to the level of significance a. Thus far, if the
calculate p is p > o then we do accept the null hypothesis and reject the alternative hypothesis. Under circumstances
where p < a we do reject the null hypothesis and accept the alternative hypothesis. The (left tailed) one-sided null
and alternative hypotheses may be as follows:

Hy: m < p(sampleproportion) (i.e. SINE relationship: NO)
(71)
Hy: m > p(sampleproportion) (i.e. SINE relationship:YES)

Lovheim et al. (Lovheim, Gilthorpe, Adolfsson, et al., 2015) investigated the link between herpes simplex virus
(HSV-1) type 1 and the development of Alzheimer's disease (AD). The study of Lovheim et al. included n=3432
persons, the mean follow-up time was 11.3 years. Lovheim et al. analyzed serum samples for anti-HSV antibodies
while the incident AD cases were 245. The conditio sine qua non relationship was not found in E(X;)=14 out of
3432 cases while the conditio sine qua non relationship was given in E(X;) = 3418 cases. The study of Lovheim et
al. (Lovheim, Gilthorpe, Adolfsson, et al., 2015) provided a value of the sample proportion of the conditio sine
qua non relationship as psample(At <— Bt) = 0,995920746, The theoretical proportion of the conditio sine qua non

relationship in the population is m(x¢) = 1 and demands that X = n and can be calculated in general as
X=n) = )" = 1Ix1Ix.x1 = 1" = 1
pX=m) = mx) . -
n times

The same value can be calculated due to sample data as

E(X _E(x) 14 _ 14
pX=n) = nlx) = +1 - (EE;tg)x(e n ) :1—((3414>X(e 3432)) = +0,995920712 (73)

However, as proofed before, if the probability p(X = n) is equal to p(X =n) = 1- 0,995920712 then the left-tailed
P value follows as P value = p(X <n-1) = 1- p(X =n) = 1- 0,995920712 = 0,004079288. The null hypothesis must
be rejected (P Value = 0,004079288). According to the data of Lovheim et al. (Lovheim, Gilthorpe, Adolfsson, et
al., 2015) Herpes simplex type 1 is a necessary condition of Alzheimer’s disease (P Value = 0,004079288). In
other words, without a herpes simplex type 1 infection no Alzheimer’s disease. The conditio sine qua non
relationship between HSV-1 and AD is not given only in about 4 out of 1000 cases.

Under some assumptions, the equation above is just a special case of the exponential distribution. In this context
let us define the following. Let

= <25§ 3) and p= EO; ) (74)
while A is the parameter of the distribution, often called the rate parameter. From this follows that
E(X ) = AXEX) (75)
Substituting these relationships into the equation above it is
1-n(x) = (E(K )> X (e_E(% ) = AX (f%) (76)
EX )

The probability density function (pdf) of an exponential distribution follows as

1-n(x,) = (E(K )>x<e_5(% ) = Ax (e ) (77)

EX )

Definition 14. The critical value of the necessary condition

Under certain conditions (I. Baruk¢i¢, 2019¢), the critical P value i. e. of the conditio sine qua non relationship
Pcritical can be calculated as

pCritical(At ‘_Bt) = g APhe (78)
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where Alpha denotes the level of significance i. e. Alpha = 0,05 and e denotes Euler's number (Euler, 1736), the
base of the natural logarithm. The rule of three (Hanley, 1983; Jovanovic & Levy, 1997; Louis, 1981; Rumke,
1975), defined as

Peritical(4c <B.) = 1-(7) (79)

n
where n denotes the sample size is another way to calculate approximately the critical value for n > 50 (Sachs,

1992). In this context, interval estimation of binomial proportions is one of the most basic problems in statistics.
The Wald interval is more or less the standard interval for the binomial proportion. The Wald method itself is based
on the asymptotically normal approximation to the distribution of the observed sample proportion. However, the
standard Wald interval has a very poor performance (Agresti & Coull, 1998; DasGupta, Cai, & Brown, 2001),
even for a very large sample size. Even an ‘exact’ confidence interval for the binomial proportion as proposed by
Clopper & Pearson 1934 (Clopper & Pearson, 1934) are of a restricted (Blyth & Still, 1983) value due to the very
wide interval length. In the following we will demonstrate how the population proportion of the conditio sine qua
non relationship with some limits can be estimated through the usage of a confidence interval known as a one-
sample proportion in the Z-interval. Let Z denote the critical value of the standard normal distribution for a level
of confidence C = 0,95. Thus far, it is
1-C 1-0,95

Z (A, «B,) = 5— = 5 = 0,025 (80)

The value for Z of a standard normal bell curve gives an upper tail area of 0.0250 or an area of 1 - 0.0250 = 0.9750.
Thus far, for a = 0,05 the (1-(a/2)) quantile of a standard normal distribution is (1- (0,05/2)) or equal to Z =
1,959963985. Hence, based on the formula for the one-sample proportion in the Z-interval, the upper critical value
of a (1- o)) confidence interval of the sample proportion without continuity correction can be calculated according
to Wald’s method (Wald, 1943) as

(Z(Za/z)) X (pSample) X (1 - pSample)
n

2
pUpper(At (_Bt) = pSample(At (_Bt) + \/ (81)

where n denotes the sample size, psample(At <— Bt) denotes the sample proportion of the conditio sine qua non
relationship determined by the number of successes in #n Bernoulli trials, Z is the (1—(0/2)) quantile of a standard
normal distribution and a is the level of significance. The lower confidence bound can be calculated as

Z(Zza )X Psam e(A <B ) X 1_pam e(A (_B)
pnger(At <—Bt) = pSample(At <—Bt) _ (\/ (a/2) (S ple\ At t ) ( Sample \“'t t ) (82)

n

In general, the maximum value is (psample(At <— Be)x(1- psampte(At <= Br))) < (1/4). Let Z2 = 4, and let psample(A¢ <—
B¢) = 1. A more simple and robust form of the equation before simplifies in contrast to Barukci¢ (I. Baruk¢ic,

2018c) as
1
21(4) x (= 2
pLower(At < B, ) = 1 - —‘I’l (4) = 1-

and provides an approximate value. The study of Lovheim et al. (Lévheim, Gilthorpe, Adolfsson, et al., 2015) has
an value of the sample proportion of the conditio sine qua non relationship psample(At <— Bt) = 0,995920746, while
the approximate lower bound can be calculated as prower = 0,982930281. A distribution of sample means even if
same is drawn from a non-normal distribution follows under some circumstances more or less the normal
distribution. In this context, the z-score is defined as

204, <5,) = (X(At (_GB(tA) _(_(Z(A)t < B, ))) (84)

S|

(83)

where E(A: < By) is the mean or the expected value of the population and o is the standard deviation of the
population. Under circumstances where the population mean and the population standard deviation are unknown,
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the standard score Z may be calculated while using the sample mean and sample standard deviation as estimates
of the population values.

CLAIM.

The value of the proportion of an event within the population denoted as m(xt) can be calculated approximately
from the number of missed successes in z trials E(Xy) =n - E(Xy) =0, 1, 2, ..., n by the function:

X

n(x,) = +1 Z(xt )2 . (85)
PROOF.
In general, it is
n(x) = m(x) (86)
or equally
n(x,) = mn(x,) + 0 (87)
or equally
n(x,) = mlx,) + 1-1 (88)
or equally
n(x) = +1 - (1-=n(x)) (89)
Rearranging equation, it is
rc) = 41 - (1 —m(xp)) X n x m(x,) 90)

n x w(x,)

A binomial random variable regarded; the variance is o(xi)? = nxn(x:)x(1- n(x:)) while the expectation value E(x:)
is defined as E(xt) = nxm(x:). The equation before simplifies as
o(x,)?

E(x;) Gl

m(x,) = +1 -

From the definition of the z score, we obtain

(X - (ECx )))2 (92)

o(A, < B,) G )2

The equation before can be rearranged as

(X ~ (B )))2 (93)

( t) = +1
i Z(x, )" X E(x)

Under conditions where the expectation value is E(xt) = nxm(xt) = nx1 = n, the equation before simplifies as
X -n)?
) = 4l - = (94)
Z (xt ) Xn

Let X =N-X denote the number of failures in » Bernoulli trials. The value of the proportion of an event within the
population denoted as n(x:) follows approximately for values X? < Z(x:)?xn as

x°

e) = +1 >
) Z(xt) Xn

95)

while Z(x:) is the known Z score.

QUOD ERAT DEMONSTRANDUM.
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Example.

Using the data of Lovheim et al. (L&vheim, Gilthorpe, Adolfsson, et al., 2015) it is to be considered that X = /4
cases. The population proportion for a z score z = 3,5 follows approximately as

&) = +1 14 x 14 —  0,99533800 (96)
X = 35x35x3432

The probability value associated with Z=3,5 is 0,000232629. The sample proportion calculated was 0,995920746.
CLAIM.

The proportion of an event within the population denoted as 1(xt) can be calculated approximately from the number
of missed successes in # trials E(Xt) =n - E(X:) =0, 1,2, ...,n by the function:

x*(xe)

T[(Xt) = 41 m

7

PROOF.

In general, we expect that the observed value of the probability or of the sample proportion p(x:) of a binomial
distributed random variable is not significantly different from the expected value of the probability or of the
population proportion of a binomial distributed random variable in the population, 7(x:). In other words, it is

n(x) = m(x) (98)

or equally
m(x,)) = mn(x) + 0 (99)

or equally
mw(x) = mlx) + 1-1 (100)

or equally
n(x) = +1 — (1-7n(x)) (101)

Rearranging equation, it is
(1-m(x))x(1—m(x)) Xxnxn

mx) =+l (1-m(x))xnxn

(102)

The sample proportion p(x:)=(Xt/n) is the number of successes Xt over the number of trials n. The expected value
E(p(x1)) of the sample proportion is an unbiased estimator of the population proportion n(x). The variance o(Xv/n)?
of the sample proportion p(x:) = X¢/n is equal to the variance of X: divided by n2, or o(Xv/n)* = (nxp(x¢)x(1-p(x:)))/n2
or o(Xy/n)? = (p(xe)x(1-p(xt)))/n. Thus far, while the size of the sample n increases, the variance of the sample
proportion o(Xi/n)* decreases. The value of the Chi-Square of goodness fit test is defined as

(nx(1- ﬂ(xt)))2 _ nx (1-E(p(x)) xnx (1 - E(p(x)) (103)

n n

() =

Substituting into the equation before, we obtain

_ _ X2 (x,)
m(x,) = +1 —(1 — n(xt)) n (104)

Let E(X) =nx(1-E(p(xv))), it is

) = +1 - ﬁ;xt; (105)
QUOD ERAT DEMONSTRANDUM.
Under these assumptions, the Chi-square follows as
x2(x) = (1-nm(x) x EX) (106)
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The critical value of the conditio sine qua non relationship can be estimated by the rule of three (Hanley, 1983;
Jovanovic & Levy, 1997; Louis, 1981; Rumke, 1975) too.

Example.

Using the data of Lovheim et al. (Lovheim, Gilthorpe, Adolfsson, et al., 2015) it is to be considered that E(x:) =
nxp(xt) = 3432-14 =3418 cases. The value of the chi square distribution at alpha = 0,045500264 is equal to X* =
4. The probability in the population can be estimated approximately (X? = 4) as

4
m(x) = +1 - 17 = 099882972 (107)

Definition 15. (The law of large numbers)

Performing the same experiment under the same conditions a large number of times should yield a sample
proportion p(x) very close to the population proportion or expected value m(x). As the number of identically
distributed, randomly generated variables increases (sample size n grows), sample proportion p(x) gets closer to
the proportion n(x) of the whole population. In the 16th century, Italian mathematician Gerolamo Cardano (1501—
1576) recognized (Cardano, 1545) the Law of Large Numbers but did not provide a mathematical method to prove
the same. The sample proportion will tend to become closer to the population proportion as more trials are
performed. Jacob Bernoulli (Bernoulli, 1713) provided in his book 4Ars Conjectandi in 1713 a mathematical proof
of the law of large numbers (LLN) for a binary random variables. Later, other mathematicians including
Chebyshev (Tschébychef, 1846) contributed a more general version of the law of large numbers for averages.
Pafnuty Lvovich Chebyshev (1821 — 1894) is known for an inequality (Tchébychef, 1867) too, primary (Bienaymé,
1853) published by Irénée-Jules Bienaymeé (1796-1878) in 1853, which states that

p(1—p@l2c) < 700 _ p@x(1-p@) (108)
c? n X c?
where p(x) denotes the sample proportion and # is the sample size while c is the difference assumed. The P value
can be calculated according to the Chebyshev inequality before. Another possible approach to the calculation of
the P value is the following. Let x: denote a Bernoulli distributed random variable with probability m(x:) while ©
(xt) = 1 — q(xt). Let E(X) = nx m(x¢) denote the number of successes in a sequence of » independent Bernoulli
experiments. Furthermore, let E(Xt) = nx(1- n(xt)) = nxq(xt) denote the number of failures or no or false or +0 et
cetera in a sequence of n independent Bernoulli experiments. Under these conditions it is valid that E(Xt) + E(Xt)
= n. However, as proofed before, a more precise method to calculate the proportion of an event is given by the

function:
(%) (109)

The formula before is valid even for the conditio sine qua non relationship where n(xt) is expected to be m(xt) = 1.
In this case, it is equally X = n. Thus far, the exact probability that a random variable X with mean p=n is less than
or equal to n-/ is given by the formula

_E(x ) _E(x )
pX<n-1) = 1—<e u ) = 1 - (e n) (110)

n(x,) = e

Example.

The P value of the conditio sine qua non relationship between HSV-1 and AD based on the data published by the
study of Letenneur et al., 2008 (Letenneur et al., 2008) can be calculated as

_E(Xt)

8
p(X<n-1) = 1—<e u) =1 - (e‘m) = 0,016193975 (111)

In general, it is p(n successes in n trials) = 1- p(X < n -1). Thus far, the observed data of Letenneur et al., 2008
(Letenneur et al., 2008) are more or less potentially inconsistent with the left tailed null hypothesis that
n(population proportion) < p(sample proportion) and implicate the conclusion that the null hypothesis should
be rejected because the P value = 0,016193975 and less than a chosen significance level o (P value < a). We do
accept the alternative hypothesis that m(population proportion) > p(sample proportion); P value 0,016193975.
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However, a P value which is greater than or equal then a significance level a (P value > a), would provide some
preliminary support for the null hypothesis. In point of fact, according to the data of Letenneur et al., 2008
(Letenneur et al., 2008), without Herpes simplex type 1 infection no Alzheimer’s disease (P value = 0,016193975).
Herpes simplex type 1 infection is a necessary condition of Alzheimer’s disease.

Definition 16. Exclusion (A: Excludes B: and Vice Versa Relationship)

The mathematical formula of the exclusion (I. Baruk¢i¢, 2018d, 1989, 1997, 2017, 2018a, 2018b, 2019d; K.
Baruk¢i¢ & Barukci¢, 2016, 2016) relationship (At excludes Bt and vice versa) of a population is defined (I.
Baruk¢i¢, 2019a, 2019d) as

(be )+ (e ) +(de) _

N,

p(At | B )

p(bt )+p(ct )+p(dt )
(112)

p(b. ) +p(4: ) =p(b ) +(1-p(4,))

p(ce ) +p(B: ) =p(c )+ (1-p(B.))

= +1.
and used to prove the hypothesis: A: excludes Bt and vice versa. Under which conditions does At exclude B: and
vice versa and what are the consequences? The relationship A: excludes Bt and vice versa is of outstanding
importance especially in human medicine because the same relationship allows researchers to identify among other
an antidote against a certain factor.

Definition 17. The X? Test of Goodness of Fit of the Exclusion Relationship

The chi square value with degree of freedom 2-1=10of the exclusion relationship with a continuity correction can
be calculated (I. Baruk¢i¢, 2019a, 2019d) as

a -1 ’
X2 ((a 1B )4 ) = ( )A(/Z)) +0=0 (113)

Another equivalent method to calculate the chi-square value of a conditio sine qua non distribution is defined (1.
Barukg¢i¢, 2019a, 2019d) as

a)-(1 :
X2 ((a 1B )B ) = ( )B(/Z)) +0=0 (114)

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. Baruk¢i¢, 2019a, 2019d).
Definition 18. Independence

In the case of independence (Kolmogoroff, 1933; Moivre, 1718) of A and B it is generally valid that

p(4; nB,) = p(4 )xp(B:) (115)
Definition 19. The Mathematical Formula of the Causal Relationship k (1. Baruk¢i¢, 2016a, 2018b, 2018a, 2019d;
K. Barukc¢i¢ & Baruk¢i¢, 2016; K. Baruk¢i¢, Barukci¢, & Barukci¢, 2018) is defined at every single event, at every
single Bernoulli trial t, as

k(A B, ) = pla o8 )= (pla ) xp(®: ) (116)

“Jp(ac Y x (1-p(a. ) xp(B ) (1-p(B: )
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where A: 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 20. The 95% Confidence Interval of the Causal Relationship k

The approximate 95% interval for the causal relationship k can be estimated by the formula

2|5 2[5
k(At,Bt)—\/; ; k(A; B, )+ - (117)

Definition 21. The Chi Square Distribution

The upper-tail critical values of chi-square distribution (Karl Pearson, 1900) with v degrees of freedom df =1 are
visualized by Table . The P value denotes the probability of exceeding the critical value.

Table 9. The upper-tail critical values of chi-square distribution

(degrees of freedom: 1)

P value Upper tail X?
0.1000000000 2.705543454
0,083264517 3
0.0500000000 3.841458821
0,045500264 4
0.0400000000 4.217884588
0.0300000000 4.709292247
0,025347319 5
0.0200000000 5411894431
The chi square distribution 0,014305878 6
0.0100000000 6.634896601
0,008150972 7
0.0010000000 10.82756617
0.0001000000 15.13670523
0.0000100000 19.51142096
0.0000010000 23.92812698
0.0000001000 28.37398736
0.0000000100 32.84125335
0.0000000010 37.32489311
0.0000000001 41.82145620
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Chi-square PDF with different degrees of freedom k
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Figure 4. Chi-Square distribution with different degrees of freedom k.

2.2.2. Data analysis

The causal relationship k (I. Baruk¢i¢, 1989, 1997, 2016a, 2016b, 2017, 2018a, 2019d; K. Barukéi¢ & Baruk¢ic,
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 (1. Baruk¢i¢, 2018d, 1989, 1997, 2017, 2018a, 2018b, 2019d; K. Baruk¢i¢ & Baruk¢ic¢, 2016, 2016)
relationship (SINE) was used to proof the hypothesis, without HSV-1 infection no AD. The conditio per quam (1.
Baruk¢i¢, 2018d, 1989, 1997, 2017, 2018a, 2018b, 2019d; K. Baruk¢i¢ & Baruk¢ic, 2016, 2016) relationship (IMP)
was used to proof the hypothesis, if HSV-1 infection then AD. The necessary and sufficient condition (1. Baruk¢ic,
2018d, 1989, 1997, 2017, 2018a, 2018b, 2019d; K. Baruk¢i¢ & Barukéic, 2016, 2016) relationship (SINE) was
used to proof the hypothesis, (without HSV-1 infection no AD) and (if HSV-1 infection then AD). The index of
unfairness (I. Baruk¢i¢, 2019c) 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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3. Results

THEOREM 1. WITHOUT HERPES SIMPLEX TYPE 1 IGG SERO-POSITIVITY NO ALZHEIMER’S DISEASE
CLAIM.

Null-Hypothesis: HSV-1 IgG sero-positivity is a necessary condition of AD.

Alternative Hypothesis: HSV-1 IgG sero-positivity is not a necessary condition of AD.

PROOF.

Several studies considered for meta-analysis (Table 2) provided convincing evidence of a conditio sine qua non
relationship between HSV-1 and AD. The study of Lovheim et al. (Lovheim, Gilthorpe, Adolfsson, et al., 2015)
with a sample size of n = 3432 was able to publish data with a sample proportion of p((HSV — 1) < (AD)) = 0,996
of the conditio sine qua non relationship (P Value = 0,004071). At the same time, it was possible to determine
the Chi-square values this study as Chi Sq. 1(SINE) = 0,004 and Chi Sq. 2(SINE) = 0,863. Altogether, the studies
re-analyzed had a sample size of n = 5053. The studies of Mancuso et al. 2014 with n=134 and of Agostini et al.
2016 with n=120 were considered for meta-analysis too. However, it cannot be excluded that the data of these
studies are self-contradictory. The critical Chi-Square value (degrees of freedom = 6, a = 0,05) of the 6 studies
was 12,592. The calculated Chi-Square value was 3,155. In toto, it was not possible to reject the null-hypothesis:
without a Herpes simplex type 1 IgG positivity noe Alzheimer’s disease. Herpes simplex type 1 IgG positivity is a
necessary condition of Alzheimer’s disease.

QUOD ERAT DEMONSTRANDUM.

THEOREM 2. IF HERPES SIMPLEX TYPE 1 PCR DNA POSTMORTEM POSITIVITY THEN ALZHEIMER’S DISEASE
CLAIM.

Null-Hypothesis: HSV-1 PCR DNA postmortem positivity is a sufficient condition of AD.

Alternative Hypothesis: HSV-1 PCR DNA postmortem positivity is not a sufficient condition of AD.

PROOF.

The HSV-1 PCR DNA postmortem studies presented by Table 5 provided evidence of a sufficient condition
relationship between HSV-1 and AD. However, the sample size with n=78 is small. The study of Mori et al. 2004
was analyzed by Fisher’s exact test too. Following the post-mortem HSV-1 PCR DNA studies, HSV-1 PCR DNA
positivity is a sufficient condition for AD. In other words, if HSV-1 PCR DNA postmortem positivity then AD.

QUOD ERAT DEMONSTRANDUM.

THEOREM 3. HERPES SIMPLEX TYPE 1 PCR DNA POSTMORTEM POSITIVITY IS A NECESSARY AND SUFFICIENT
CONDITION OF AD

CLAIM.
Null-Hypothesis: HSV-1 PCR DNA postmortem positivity is a necessary and sufficient condition of AD.

Alternative-Hypothesis: HSV-1 PCR DNA postmortem positivity is not a necessary and sufficient condition of
AD.

PROOF.

The study of Mori et al. 2004 (Mori et al., 2004), analyzed by Fisher’s exact test too, provided evidence of a
necessary and sufficient condition relationship (Table 6) between HSV-1 and AD (n = 9; p(necessary and sufficient
condition between HSV-1 and AD)= 0,889; Chi Sq. 1(SINE ~"IMP) =0,167;Chi Sq. 2(SINE *"IMP) = 0,167). The
study design of the study of Mori et al. 2004 was very impressive (p(IOU) + p(I0I) = 0,090909091). Based on
HSV-1 PCR DNA postmortem study of Mori et al. 2004, HSV-1 PCR DNA postmortem positivity is a necessary
and sufficient condition of AD.

QUOD ERAT DEMONSTRANDUM.
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THEOREM 4. HSV-1 1S THE CAUSE OF AD

CLAIM.

Null-Hypothesis: HSV-1 is not the cause of AD (k = 0).
Alternative Hypothesis: HSV-1 is the cause of AD (k # 0).
PROOF.

The HSV-1 IgG based study of Lovheim et al., 2015 (Lovheim, Gilthorpe, Adolfsson, et al., 2015) provided
evidence of a significant cause-effect relationship (Causal relationship k = +0,047; P value (k | HGD) = 0,00139;
n = 3432; Chi Sq.(k) =7,472; d. f. = 1). The HSV-1 IgG based study of Letenneur et al., 2008 (Letenneur et al.,
2008) provided evidence of a significant cause-effect relationship (Causal relationship k = +0,081; P value (k |
HGD) = 0,02574; n =490) too. The second HSV-1 IgG based study of Lévheim et al., 2015 (Lévheim, Gilthorpe,
Johansson, et al., 2015) provided evidence of a significant cause-effect relationship (causal relationship k =-+0,071;
P value (k | HGD) = 0,01755). The HSV-1 PCR DNA postmortem based study of Mori et al., 2004 provided
evidence of a significant cause-effect relationship between HSV-1 and AD too (causal relationship k = +0,833; P
value (k | HGD) = 0,01299). In toto, studies with a sample size of n = 4642 provided evidence of a significant
cause-effect relationship between HSV-1 and AD. As demonstrated before, HSV-1 is a necessary condition of AD,
HSV-1 is a sufficient condition of AD and HSV-1 is a necessary and sufficient condition of AD. The evidence is
overwhelming. Herpes simplex type 1 is the cause of Alzheimer’s disease.

QUOD ERAT DEMONSTRANDUM.

4. Discussion

Meanwhile, Dementia is a major global health problem and nearly 35.6 million people live worldwide (WHO, n.d.)
with dementia. The prevalence has been reported up to 8% among those aged 65 or more (Tzeng et al., 2018)
and the incidence continues to rise (WHO, n.d.). Even if Dementia affects people in all countries, national
programmes to address this problem are rarely in place.

In toto, there are several limitations of this study. First of all, not all Patients with probable AD were diagnosed
according to the same criteria (McKhann et al., 2011). Furthermore, the laboratory kits used were different and
could have impact on quality of the study data. However, the results of HSV-1 IgG sero-epidemiological studies
which provided evidence of a significant association between HSV-1 and AD cannot be ignored. Even if HSV-1
IgG should not be regarded as the cause of AD, HSV-1 IgG provides an evidence of an HSV-1 infection and is
privileged by virtue of being less error prone compared to PCR based studies in this context. Although the study
design of the HSV-1 IgG sero-epidemiological studies analyzed was more than unfair and less than optimal, these
studies where able to document a significant relationship between HSV-1 and AD. In other words, according to
the HSV-1 IgG sero-epidemiological studies without HSV-1 infection no AD. Especially the HSV-1 IgG sero-
epidemiological study of Lovheim et al., 2015 (Lovheim, Gilthorpe, Adolfsson, et al., 2015) provided evidence of
a significant cause-effect relationship (causal relationship k = +0,047; P value (k| HGD) =0,00139; n =3432; Chi
Sq.(k) = 7,472; d. f. = 1) and cannot be ignored. It is worth to mention, that none of the HSV-1 IgG sero-
epidemiological studies analyzed were able to provide evidence of a sufficient condition relationship between
HSV-1 IgG and AD, which is logical too.

Several studies detected HSV-1 DNA in brain tissue from patients with AD and controls (non-neurological cases)
using PCR while the study design was far from acceptable. The PCR technology itself can be very faulty (Bacich,
Sobek, Cummings, Atwood, & O’Keefe, 2011) and the quality of the results of PCR based investigations depend
on several factors (Khot & Fredricks, 2009). Besides of the difficulties due to the PCR method itself, the skill of
the investigator, the potential contamination with previously amplified PCR products, the primers used, the quality
of the specimen et cetera, the PCR based studies reanalyzed provided striking evidence of the relationship between
HSV-1 and AD.

HSV-infected subjects had an almost 3-fold increased risk of developing dementia in comparison to the control
group (Tzeng et al., 2018). The usage of anti-herpetic medications in the treatment of HSV infections should
be able to reduce the risk of dementia. Tzeng et al. (Tzeng et al., 2018) documented a significant risk reduction of
dementia (Ruth F. Itzhaki, 2018b) development in patients affected by HSV infections upon treatment with
antiherpetic medications. Patients treated aggressively with antiherpetic medications (Tzeng et al., 2018) had the
relative risk of dementia reduced by a factor of 10 (Ruth F. Itzhaki & Lathe, 2018). HSV-1 IgG seropositive
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schizophrenia patients treated with valacyclovir 1.5 g twice daily orally for 18 weeks compared to HSV-1 IgG
seronegative control group improved in working memory, verbal memory, and visual object learning compared
with placebo group (Prasad et al., 2013). These and other studies which investigated antiviral drugs acting by
different mechanisms (restricting viral replication, blocking viral entry into cells et cetera) support the usage of
antiviral drugs for the treatment of AD (Ruth F. Itzhaki, 2016).

The potential usage of antiviral drugs like acyclovir (ACV) and valacyclovir, the bioactive form of ACV, to treat
AD patients, might be most effective especially if combined with other antiviral measures (intravenous
immunoglobulin (Matthew A. Wozniak & Itzhaki, 2013), zinc (Gordon, Asher, & Becker, 1975; Hirano et al.,
2008; Kiimel, Schrader, Zentgraf, Daus, & Brendel, 1990; Qiu et al., 2013; Shishkov, Varadinova, Panteva, &
Bontchev, 1997), vitamin C (Lerner et al., 2002; Lerner, Beqaj, Deeter, & Fitzgerald, 2007; Mikirova &
Hunninghake, 2014), lithium (Skinner, Hartley, Buchan, Harper, & Gallimore, 1980) et cetera). Much work lies
ahead for validating the relationship between HSV-1 and AD dementia. Thus far, further research and clinical trials
are already ongoing i. e. in Sweden (Lovheim, 2018) and are necessary to explore the underlying mechanism(s) in
more detail. In addition, improved hygiene and cleanliness could be useful to prevent the massive spread of
Alzheimer’s disease too. Viruses like HSV-1 and other too are not only pathogens (Moelling, 2013), destroyer of
human life’s and killers, viruses are creators of new species, intelligent designers, building genomes (Koonin,
2016) and major driver of human evolution (Darwin, 1859) too. Viral sequences can be found in the genomes of
various organisms to a very great extent. On the long run, an active vaccination against HSV-1 is necessary but
should consider several aspects.

5. Conclusion

In summary, the results of this study demand us to accept that a Herpes simplex type I infection is the cause of
Alzheimer s disease.
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