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Abstract

Background: Viral encephalitis increases later-life risk of Alzheimer’s disease (AD) by a factor 

of 31.

Methods: To further evaluate this finding, we examined the relationship of West Nile virus 

(WNV) to Alzheimer’s disease in 50 US states. In addition, we performed a genome wide 

association study (GWAS) of viral encephalitis cases in UK Biobank (UKBB) to see if 

encephalitis genes might be related to AD.

Results: WNV was significantly associated with deaths from Alzheimer’s disease in 50 US 

states (r = 0.806, p < 0.001). One gene, RORB-AS1, was most significantly related on GWAS to 

viral encephalitis. RORB-AS1 (RORB Antisense RNA 1) is an RNA gene. Diseases associated 

with RORB-AS1 include childhood epilepsy and idiopathic generalized epilepsy. The closely 

related RORB (Related Orphan Receptor B) is a marker of selectively AD vulnerable excitatory 

neurons in the entorhinal cortex; these neurons are depleted and susceptible to neurofibrillary 

inclusions during AD progression. RORB variants significantly decreased the risk of AD, 

independent of the significant effects of epilepsy, age, and years of education. The total effect 

size of variant RORB on AD prevalence is small, 0.19%, probably the reason RORB has not 

turned up on genome wide association studies of AD. But the decrease in effect size on AD, no 

variant versus varian is larger 0.20–0.16%. To produce the 31-fold increase in AD risk associated 

with viral encephalitis, non-variant RORB may need to interact with encephalitis virus.

Limitations: A weakness in our correlative analysis is possible confounding by the ecological 

fallacy (or ecological inference fallacy), a logical fallacy in the interpretation of statistical data 

where inferences about the nature of individuals are derived from inference for the group to which 

those individuals belong. In this case, inferences about individuals are being drawn from the 
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characteristics of U.S. states where they reside, rather than from the individuals themselves. A 

weakness in our GWAS is that UK Biobank had only 18 cases of viral encephalitis and none of 

these had AD.

Conclusion: data presented here confirm the association of viral encephalitis with AD and 

suggest that WNV infection is a significant AD risk factor. In addition, GWAS suggests that 

the gene RORB, an AD vulnerability factor, is significantly related to viral encephalitis. Future 

prospects: A human WNV vaccine could reduce Alzheimer’s disease morbidity and mortality.
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An increased chance of developing Alzheimer’s or Parkinson’s disease later in life has been 

linked to infections with the influenza virus and other common viruses, according to an 

examination of about 450,000 electronic health records. One of the strongest correlations 

was found between viral encephalitis, an uncommon brain inflammation that can be brought 

on by a variety of viruses, and Alzheimer’s disease (AD). In comparison to those who did 

not have encephalitis, those with encephalitis had a later-life risk of Alzheimer’s disease that 

was roughly 31 times higher [1,2].

West Nile virus (WNV) is the main mosquito-borne disease in the continental United States. 

The most typical way for WNV to spread to humans is by a mosquito bite. The mosquito 

season, which begins in the summer and lasts until the fall, is when WNV cases develop. 

The majority of WNV carriers have no symptoms. One in five infected individuals have 

fever and other symptoms. One in 150 infected individuals develop encephalitis [3].

Aims: To further evaluate these findings, we examined the relationship of West Nile virus 

(WNV) to Alzheimer’s disease in 50 US states. RORB (RAR Related Orphan Receptor B), 

linked to epilepsy [4], has been recently associated with AD [5], and AD is associated with 

epilepsy [6]. Therefore, we examined RORB variants and their relation to AD and epilepsy.

1. Methods

1.1. Correlative study

We used WNV incidence data from CDC, 2019 [7] and correlated it with CDC Alzheimer’s 

disease deaths by US state, 2019 [8].

1.2. Genome Wide Association Study (GWAS)

To examine RORB variants and their relation to AD and epilepsy we performed a GWAS 

with UK Biobank data. The UK Biobank (UKB) is a large prospective observational study 

comprising approximately 500,000 men and women (N = 229,134 men, N = 273,402 

women), more than 90% white, aged 40–69 years at enrollment. Our UK Biobank project: 

57245, Lehrer and Rheinstein.

Data processing was performed on Minerva, a Linux mainframe with Centos 7.6, at the 

Icahn School of Medicine at Mount Sinai. We used PLINK, a whole-genome association 
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analysis toolset, to analyze the UKB chromosome files [9] and the UK Biobank Data 

Parser (ukbb parser), a python-based package that allows easy interfacing with the large UK 

Biobank dataset [10]. We used LocusZoom for the Manhattan and q-q plots [11].

We adhered to recommended quality control procedures [12] that consisted of the following:

1. Missingness of SNPS 0.05: This command excluded SNPs that are missing in a 

large proportion of the subjects. In this step, SNPs with low genotype calls were 

removed.

2. Missingness of individuals 0.05: This command excluded individuals who had 

high rates of genotype missingness. In this step, individuals with low genotype 

calls were removed.

3. Hardy Weinberg equilibrium 1e-6: This command excluded markers which 

deviate from Hardy–Weinberg equilibrium.

4. Minor allele frequency (MAF) threshold 0.01: This command included only 

SNPs above the set MAF threshold.

1.3. Statistical analyses

We examined a combination of high, medium, and low impact RORB variants and their 

relation to AD and epilepsy. A listing of these variants is in Table 1. High, moderate, and 

low impact were determined by assigning disease risk associated with variant impact to 

quintiles: low (quintile 1), intermediate (quintiles 2–4), or high (quintile 5) [13]. RORB was 

considered variant if any of these changes was present. Statistical analyses were done with R 

and SPSS 25.

1.4. Ethical considerations

Human subjects. Consent was obtained or waived by all participants in this study. 

UK Biobank has approval from the Northwest Multi-center Research Ethics Committee 

(MREC), which covers the UK. issued approval NA. UK Biobank has approval from the 

Northwest Multi-center Research Ethics Committee (MREC), which covers the UK. It also 

sought approval in England and Wales from the Patient Information Advisory Group (PIAG) 

for gaining access to information that would allow it to invite people to participate. PIAG 

has since been replaced by the National Information Governance Board for Health & Social 

Care (NIGB). In Scotland, UK Biobank has approval from the Community Health Index 

Advisory Group (CHIAG).

2. Results

To identify cases of viral encephalitis in UKBB, we used ICD9 code 323.0 for encephalitis, 

myelitis, and encephalomyelitis in viral diseases. 18 cases were identified, age 56 ± 8.1 

(mean ± SD), 8 men, 10 women, all white British. None of the 18 cases had AD.

Results of the WNV-AD analysis are in Fig. 1. WNV was significantly associated with 

deaths from Alzheimer’s disease in 50 US states (r = 0.806, p < 0.001).
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Logistic regression, AD dependent variable, epilepsy, RORB variant effects, age, and years 

of education, independent variables are in Table 2. Note that RORB variants significantly 

decreased the risk of AD, independent of the significant effects of epilepsy, age, and years 

education.

Table 3 shows RORB, no variant or variant versus AD, absent or present in 502,494 subjects. 

The result is significant (p = 0.008, two-sided Fisher exact test). The total effect size of the 

variant on AD is small, 0.19%. But the decrease in effect size on AD, no variant to variant, 

is larger, 0.20–0.16%. Since the US prevalence of AD is 6,700,000 cases over age 65, the 

decrease in effect size represents 2680 cases of AD [14].

Fig. 2 shows GWAS Summary (Manhattan) Plot of the meta-analysis association 

statistics highlighting multiple susceptibility loci with genome wide significance for viral 

encephalitis. The two loci with the highest significance, RORB-AS1 and OPCML, are also 

associated with Alzheimer’s disease.

Fig. 3 A shows a LocusZoom plot of RORB-AS1 association. Genomic position is depicted 

on the x-axis. The left y-axis shows the −log10 of the p-value. SNPs are colored based on 

their correlation (r2) with the labeled top SNP at position 9:77080735 (purple diamond), 

which has the smallest p value in the region. The fine-scale recombination rates estimated 

from 1000 Genomes (EUR) data (right y axis) are indicated by the fluctuating blue line. 

The position of RORB relative to position 9:77080735 is displayed. Fig. 3B shows a 

LocusZoom plot of OPCML association. The labeled top SNP at position 11:132741910 

(purple diamond) has the smallest p value in the region.

Fig. 4 shows the QQ plot of p values from GWAS data. Note that the leftmost p-values 

observed follow a uniform distribution (lower segment of line) but those that are in 

linkage disequilibrium with causal polymorphisms produce significant p-values (upper right 

segment of line). The genomic control inflation factor lambda, calculation based on the 

50th percentile (median), is 0.816. Values up to 1.1 are generally considered acceptable for 

GWAS and suggest no systematic biases.

3. Discussion

Viruses are suspected to play a role in the development of Alzheimer’s disease and 

vaccination may reduce the risk [15,16]. However, no vaccinations or treatments are 

available for WNV in humans. Four WNV vaccines for animals are currently approved, 

and six vaccines have advanced to human clinical trials. For a human vaccination to be 

cost-effective and protective in the most vulnerable elderly age group, the vaccine should 

be strongly immunogenic with only a single dose and without following annual boosters. 

All four veterinary vaccines require several initial doses and annual boosters. Two live 

attenuated vaccines were the only ones of the six human vaccine candidates to produce 

robust immunity after just one injection. Development of new candidate vaccines and 

advancement of vaccination techniques continue to be significant areas of study as none 

of these candidates have yet advanced past phase II clinical trials [17].
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RORB-AS1, was most significantly related on GWAS to viral encephalitis. RORB-AS1 

(RORB Antisense RNA 1) is an RNA gene. Diseases associated with RORB-AS1 include 

childhood epilepsy and idiopathic generalized epilepsy. The closely related RORB (Related 

Orphan Receptor B) is a marker of selectively AD vulnerable excitatory neurons in the 

entorhinal cortex; these neurons are depleted and susceptible to neurofibrillary inclusions 

during AD progression. A subset of reactive astrocytes is also involved [5]. Moreover, in 

viral encephalitis astrocytes have significant roles in inflammatory responses to viruses and 

relate to neurological impairments during recovery from viral infection [18].

In UKBB data Table 2, RORB variants significantly decreased the risk of AD, independent 

of the significant effects of epilepsy, age, and years education. This result corresponds to the 

report that RORB expression in neurons of the entorhinal cortex in AD is associated with tau 

tangles and neuronal death that occurs earlier than in neurons without RORB expression [5]. 

Presumably RORB variants could inhibit RORB expression or form a deranged protein that 

did not promote neuronal death. As mentioned above, the total effect size of variant RORB 

on AD prevalence is small, 0.19%, probably the reason RORB has not turned up on genome 

wide association studies of AD. But the decrease in effect size on AD, no variant versus 

variant, is larger, 0.20–0.16%. To produce the 31-fold increase in AD risk associated with 

viral encephalitis, non-variant RORB may need to interact with encephalitis virus.

A second gene, OPCML (opioid binding protein/cell adhesion molecule like), was related 

to viral encephalitis on GWAS. OPCML is a protein coding gene. Diseases associated with 

OPCML include Ovarian Cancer and Hypogonadotropic Hypogonadism 14 with or without 

anosmia. OPCML has been implicated in AD [19,20].

Five additional genes with GWAS significance for viral encephalitis have no known 

relationship to AD:

• RPS7P6 (Ribosomal Protein S7 Pseudogene 6) has no known function in 

humans.

• AC026433.1 has no known function in humans.

• AC107881 is related to TEAD1 (TEA domain transcription factor 1) that 

transactivates a wide variety of genes and, in placental cells, also acts as a 

transcriptional repressor. Mutations in this gene cause Sveinsson’s chorioretinal 

atrophy [21].

• GAREM1 (GRB2 associated regulator of MAPK1 subtype 1) encodes an adaptor 

protein which functions in the epidermal growth factor (EGF) receptor-mediated 

signaling pathway. In humans and mice GAREM1 affects control of body mass 

[22].

• CYCSP44 (CYCS pseudogene 44) has no known function in humans.

Only one gene, DBR1 (lariat debranching enzyme), has previously been associated with 

viral encephalitis. In the US, herpes simplex type 1 (HSV1) is the most common cause 

of viral encephalitis and is a risk factor for AD [23]. DBR1 mutations were found in 

five HSV1 encephalitis patients but not in any of their 29 healthy relatives. The presence 
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of DBR1 mutations was correlated with accumulation of lariats (discarded byproducts of 

RNA splicing) that spiked during HSV1 infection, and DBR1 was highly expressed in the 

brainstem and spinal cord [24]. DBR1 as HLA-DRB5-DBR1 is a risk factor for AD [25].

The anti-herpes drug valacyclovir is in trials to treat AD [26]. A related drug, acyclovir, is 

ineffective against West Nile virus infection or West Nile encephalitis-related AD [27]. But 

other drugs active against West Nile virus, such as calcium channel blocker cilnidipine (FDA 

approved), mycophenolate mofetil, nitazoxanide, and teriflunomide, might be effective in 

some cases of AD [28]. FDA approved manidipine and benidipine hydrochloride, active 

against Japanese encephalitis virus, could also be of value [29].

Mitochondrial dysfunction is another possible new avenue of treatment [30]. Novel 

cholinesterase inhibitors and amyloid plaque inhibitors are also being developed to treat 

AD [31–33].

3.1. Limitations in our study

• A weakness in our correlative analysis is possible confounding by the ecological 

fallacy (or ecological inference fallacy), a logical fallacy in the interpretation 

of statistical data where inferences about the nature of individuals are derived 

from inference for the group to which those individuals belong. The most 

common types of ecological fallacy are confusion between group averages and 

individuals, misunderstanding correlation as causation, and false cause-effect 

relationships. In our evaluation above, inferences about individuals are being 

drawn from the characteristics of U.S. states where they reside, rather than from 

the individuals themselves [34].

• Another intrinsic difficulty with correlational studies is that 2 variables might be 

associated, even if there is no causal link between them if each is associated with 

some other variable.

• A weakness in our GWAS is that UK Biobank had only 18 cases of viral 

encephalitis and none of these had AD. A larger number of cases would be 

desirable.

In conclusion, data presented here confirm the association of viral encephalitis with AD and 

suggest that WNV infection is a significant AD risk factor. In addition, the gene RORB is 

significantly related to viral encephalitis and an AD vulnerability factor.

Future prospects: A human WNV vaccine could reduce Alzheimer’s disease morbidity and 

mortality. Further studies would be worthwhile.
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Fig. 1. 
West Nile virus incidence data 2019 versus Alzheimer’s disease deaths 2019 in 50 US states. 

The association is significant (p < 0.001). We used WNV incidence data from CDC, 2019 

and correlated it with CDC Alzheimer’s disease deaths by US state, 2019.
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Fig. 2. 
GWAS Summary (Manhattan) Plot of the meta-analysis association statistics highlighting 

multiple susceptibility loci with genome wide significance for viral encephalitis. The 

dashed line indicates the genome wide significance threshold. The two loci with the 

highest significance, RORB-AS1 (circled) and OPCML (arrow), are also associated with 

Alzheimer’s disease.
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Fig. 3. 
A. LocusZoom plot of RORB-AS1 association. Each small circle represents a single 

nucleotide variant (SNV). Genomic position is depicted on the x-axis. The left y-axis 

shows the −log10 of the p-value. SNPs are colored based on their correlation (r2) with the 

labeled top SNP at position 9:77080735 (purple diamond), which has the smallest p value 

in the region. The fine-scale recombination rates estimated from 1000 Genomes (EUR) data 

(right y axis) are indicated by the fluctuating blue line. The position of RORB relative to 

9:77080735 is displayed. 3B. LocusZoom plot of OPCML association. The labeled top SNP 

at 11:132741910 (purple diamond) has the smallest p value in the region.

Lehrer and Rheinstein Page 11

Clin Neurol Neurosurg. Author manuscript; available in PMC 2023 October 23.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Fig. 4. 
QQ plot of p values from GWAS data. Note that the leftmost p-values observed follow a 

uniform distribution (lower segment of line) but those that are in linkage disequilibrium with 

causal polymorphisms produce significant p-values (right segment of line). The genomic 

control inflation factor lambda, calculation based on the 50th percentile (median), is 0.816. 

Values up to 1.1 are generally considered acceptable for GWAS and suggest no systematic 

biases.
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Table 1

High, moderate, and low impact variants of RORB in UK Biobank. We considered RORB variant if any of 

these changes was present. High, moderate, and low impact were determined by assigning disease risk 

associated with variant impact to quintiles: low (quintile 1), intermediate (quintiles 2–4), or high (quintile 5).

High Impact Moderate Impact Low Impact

chromosome number variation rare amino acid variant splice branch

exon loss variant missense variant variant splice

frameshift variant disruptive inframe insertion region variant

stop gained conservative inframe insertion stop

start lost disruptive inframe deletion retained variant

stop lost conservative inframe deletion initiator codon variant

splice acceptor variant 5 prime UTR truncation synonymous variant

splice donor variant 3 prime UTR truncation non canonical start codon

coding sequence variant
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Table 2

Logistic regression, AD dependent variable, epilepsy, RORB variant effects, age, and years education 

independent variables. L.B. lower bound, U.B. upper bound, O.R. odds ratio. Note that RORB variant effects 

significantly decreased the risk of AD, independent of the significant effects of epilepsy, age, and years of 

education. Age and years of education are standard AD risk factors.

95% L.B. O.R. 95% U.B. p value

epilepsy 6.267 7.745 9.570 < 0.001

variant effects 0.721 0.837 0.971 0.019

age 1.186 1.202 1.219 < 0.001

years education 0.950 0.963 0.976 < 0.001
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Table 3

RORB, no variant or variant versus AD, absent (no) or present (yes) in 502,494 subjects. The result is 

significant (p = 0.008, two-sided Fisher exact test). The total effect size of the variant on AD is small, 0.19%. 

But the decrease in effect size on AD, no variant to variant, is larger, 0.20–0.16%. Since the US prevalence of 

AD is 6,700,000 cases over age 65, the decrease in effect size represents 2680 cases of AD.

Alzheimer’s Disease

no yes total

RORB no variant 353,882 710 354,592

percent 99.80% 0.20% 100.00%

RORB variant 147,659 243 147,902

percent 99.80% 0.16% 100.00%

RORB total 501,541 953 502,494

percent 99.80% 0.19% 100.00%
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