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ABSTRACT

Human leukocyte antigen (HLA), the most highly polymorphic region of the 
human genome, is increasingly recognized as an important genetic contributor 
to dementia risk and resilience. HLA is involved in protection against foreign 
antigens including human herpes viruses (HHV), which have been widely 
implicated in dementia. Here we used an in silico approach1 to determine 
binding affinities of glycoproteins from 9 human herpes virus (HHV) strains 
to 113 HLA alleles, and to examine the association of a previously identified 
HLA-dementia risk profile2 to those affinities. We found a highly significant 
correlation between high binding affinities of HLA alleles to HHV 3 and 7 and 
the dementia risk scores of those alleles, such that the higher the estimated 
binding affinity, the lower the dementia risk score. These findings suggest that 
protection conferred by HLA alleles may be related to their ability to bind and 
eliminate HHV3 and HHV7 and point to the possibility that protection against 
these viruses may reduce dementia incidence. 
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Introduction
The human leukocyte antigen (HLA) region is increasingly 

recognized as an important genetic contributor to dementia risk 
and resilience2-10. HLA plays a central role in host protection against 
foreign antigens such as those derived from pathogens including 
viruses and bacteria. HLA protection against such pathogens is 
facilitated by two main classes of HLA genes that code for cell-
surface proteins that are instrumental in immune system responses 
to foreign antigens. Class I HLA molecules (HLA-A, B, and C genes) 
present intracellular antigen peptides to CD8+ cytotoxic T cells to 
signal destruction of infected cells whereas Class II HLA molecules 
(HLA-DR, DQ, and DP genes) present endocytosed extracellular 
antigen peptides to CD4+ T cells to promote B-cell mediated antibody 
production and immune memory. These two classes of HLA work in 
concert to facilitate pathogen elimination. 

The effectiveness of HLA in pathogen elimination, however, 
hinges in part on the binding affinity between HLA proteins with 
those derived from a given pathogen. The HLA region is the most 
highly polymorphic in the human genome and subtle variations in 
HLA proteins have been shown to affect binding affinity thereby 
influencing disease outcomes11,12. Indeed, HLA has been implicated 
in more diseases than any other region of the human genome13 
and is particularly implicated in autoimmune conditions14, and 
increasingly, in dementia2-10. With regard to dementia, we have 
used a population immunogenetic epidemiological approach in 14 
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Continental Western European countries to identify an 
HLA-dementia risk profile characterized by 127 HLA alleles 
that are either negatively correlated with the population 
prevalence of dementia and are therefore considered 
protective or HLA alleles that are positively correlated with 
the population prevalence of dementia and are presumed 
to promote susceptibility2. We hypothesized that HLA 
protection against dementia is related to superior binding 
affinity to harmful antigens and that, conversely, HLA 
susceptibility to dementia is related to persistent foreign 
antigens (due to poor binding affinity) that may directly 
damage cells and/or stimulate chronic inflammatory 
responses and autoimmunity2.

Numerous pathogens have been implicated in 
dementia15,16, perhaps none more so than human herpes 
viruses (HHV)17-22. Although HHV are nearly ubiquitous23-25, 
dementia is relatively rare; we have previously suggested 
that HLA variations may moderate the association of 
HHV infection and dementia such that some alleles may 
provide superior binding affinity to specific strains, thus 
exerting a protective role for dementia1. In an initial in silico 
investigation, we evaluated the binding affinity of three 
dementia-protective and three neutral Class II HLA alleles 
to HHV epitopes1. We found that the HLA alleles that were 
protective against dementia had significantly higher binding 
affinity to HHV epitopes than the neutral alleles, with the 
most significant differences found for HHV6 glycoproteins. 
Here we extend that line of research to evaluate the 
association between the dementia risk scores of a large 
number of HLA Class I and II alleles previously characterized 
in an HLA-dementia risk profile2 and the affinity of those 
alleles with glycoproteins from 9 HHV strains. 

Materials and Methods

HHV proteins
The amino acid sequences of surface glycoproteins 

from HHV 1-8 (1, 2, 3, 4, 5, 6A, 6B, 7, 8) were retrieved from 
the UniprotKB database26. Table 1 gives the details of these 

proteins and associated information regarding the number 
of n-mers used in the analyses of Class I and Class II alleles. 

A sliding window approach1 was used to partition the 
sequence of each glycoprotein into subsequences of 9-mers 
(for HLA Class I analyses; Fig. 1) and 22-mers (for HLA 
Class II analyses; Fig. 2) that covered the entire length of 
the protein. These n-mers were chosen given that they are 
typically short for Class I molecules (8-10 amino acids, AA) 
and around 20 for Class II molecules27. For each n-mer, a set 
of subsequences was generated (number of subsequences 
= length of glycoprotein – n). For both kinds of n-mers 
(n=9, Class I, and n=22, Class II), subsequences were 
collected and queried in the IEDB database (www.iedb.
org) in order to identify potential epitope peptides that 
are recognized by and bind to HLA Class I and II surface 
receptor proteins. IEDB queries were performed for each 
of the sliding-window aggregated sequences against 113 
HLA alleles (55 Class I and 58 Class II; see below). Binding 
affinity predictions were obtained using the NetMHCIIpan 
method28. For each n-mer, a binding affinity score was 
predicted and reported as a percentile rank by comparing 
the peptide’s score against the scores of five million random 
n-mers selected from the SwissProt database26; smaller 
percentile ranks indicate higher binding affinity (“good 
binders”). For each HHV strain and HLA allele, the average 
percentile rank of n-mer ranks <1 (APR<1) was used as a 
high binding affinity measure for quantitative analyses.

 
Figure 1. The sliding-window testing method is illustrated for 9-mers, as applied to the envelope glycoprotein H amino acid sequence of 
HHV7 to investigate binding affinities to HLA Class I molecules. Capital case letters in the sequence denote a specific amino acid residue. 
Brown horizontal lines indicate four 9-mer subsequences obtained by shifting the sliding window by one amino acid residue at a time.

Virus Protein description UniprotKB ID Protein length (AA)
HHV-1 Envelope glycoprotein D Q69091 394
HHV-2 Envelope glycoprotein D P03172 393
HHV-3 Envelope glycoprotein E Q9J3M8 623
HHV-4 Envelope glycoprotein B P03188 857
HHV-5 Envelope glycoprotein B P06473 906
HHV-6A Glycoprotein Q2 P0DOE0 214
HHV-6B Glycoprotein Q1 Q9QJ11 516
HHV-7 Envelope glycoprotein H P52353 690
HHV-8 Envelope glycoprotein H F5HAK9 730

Table 1: HHV proteins used. See text for details.

http://www.iedb.org
http://www.iedb.org
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HLA alleles

We used 113 HLA alleles out of 127 alleles for which 
we had obtained a dementia-HLA profile2 using data from 
14 Continental Western European Countries (Austria, 
Belgium, Denmark, Finland, France, Germany, Greece, 
Italy, Netherlands, Portugal, Norway, Spain, Sweden, and 
Switzerland). Those 127 alleles comprised 69 Class I and 
58 Class II alleles2; of those, in the present study we used all 
58 Class II alleles (N = 15, 14, 29 for DPB1, DQB1 and DRB1 
genes, respectively) but only 55 Class I alleles (N = 17, 25, 
13 for A, B, and C genes, respectively) because 14 alleles 
could not be modeled by the NetMHCIIpan method. 

Dementia-HLA profile (dementia risk scores)

The dementia-HLA profile consisted of 113 Fisher 
z-transformed correlations r´ between each HLA allele 
frequency and log-transformed dementia prevalence2. 
These values can be regarded as continuous-varying 
HLA-related dementia-risk scores, such that (a) their sign 
indicates protection (negative) or susceptibility (positive) 
to dementia, and (b) their absolute value indicates the 
strength of their effect (protection or susceptibility). Of 
the 113 alleles here, 51 were dementia-protective alleles 
(negative scores) and 62 dementia-susceptibility alleles 
(positive scores).

Data analysis
The main objective of this study was to evaluate the 

association between specific HLA-HHV strain binding affinity 
and the HLA-dementia risk scores. For this purpose, we 
computed the Pearson correlation coefficient between the 
dementia risk scores and HHV-specific HLA affinity (APR<1) 
for each HHV strain. For the group of alleles with APR ≥ 1, i.e. 
alleles that were not used in the correlation analysis above, 
we tested the proportion of susceptibility alleles against the 
null hypothesis of the proportion = 0.5 using a one-sample 
binomial test of proportions. The IBM-SPSS statistical 
package (version 27) was used for these analyses.

Results
The frequency distributions of the HLA-dementia risk 

scores and APR<1 values (all HHV strains) are shown 
in Figures 3 and 4, respectively. For each HHV strain, the 
dementia risk scores of individual alleles are plotted against 
the APR<1 value of the corresponding allele in Figure 5. 
The correlation coefficients and associated statistics for 
each HHV strain are given in Table 3. Statistically significant 

 
Figure 2. The sliding-window testing method is illustrated for 22-mers, as applied to the envelope glycoprotein H amino acid sequence of 
HHV7 to investigate binding affinities to HLA Class II molecules. Capital case letters in the sequence denote a specific amino acid residue. 
Brown horizontal lines indicate four 22-mer subsequences obtained by shifting the sliding window by one amino acid residue at a time.

 
Figure 3. Frequency distribution of the dementia risk scores of the 
113 alleles used (Table 2).

Figure 4. Frequency distribution of APR<1 values (N = 752 of a total 
of 9 HHV strains x 113 HLA alleles = 107 values; the remainder had 
values of APR≥1).
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Figure 5. Scatter plots of dementia risk scores against APR<1 values for the each HHV strain. A statistically significant correlation was found 
only for HHV3 (r = 0.260, P = 0.013, N = 91) and HHV7 (r = 0.287, P = 0.008, N = 85). All correlations and associated statistics are given in 
Table 3.

Allele Dementia risk scores (r´)
1 A*01:01 −0.237
2 A*02:01 −0.593
3 A*02:05 0.853
4 A*03:01 −0.412
5 A*11:01 0.347
6 A*23:01 0.317
7 A*24:02 0.051
8 A*25:01 −0.031
9 A*26:01 0.478

10 A*29:02 0.131
13 A*31:01 0.357
14 A*32:01 0.580
15 A*33:01 −0.361
16 A*68:01 0.392
17 A*68:02 0.672
11 A*30:01 −0.220
12 A*30:02 −0.137
18 B*07:02 −0.941
19 B*08:01 −0.797
20 B*13:02 −0.240

Table 2: Dementia-risk scores ( )2 of the 113 HLA alleles used. See 
text for details. 

21 B*14:02 0.719
22 B*15:01 −0.611
23 B*18:01 0.597
24 B*27:02 0.060
25 B*27:05 −0.195
26 B*35:01 0.306
27 B*35:03 0.672
28 B*37:01 −0.412
29 B*38:01 1.026
30 B*39:01 0.284
31 B*40:01 −0.509
32 B*40:02 −0.010
33 B*44:02 −0.841
34 B*44:03 0.086
35 B*49:01 0.847
36 B*50:01 0.509
37 B*51:01 0.535
38 B*52:01 0.317
39 B*55:01 −0.479
40 B*56:01 −0.309
41 B*57:01 −0.166
42 B*58:01 0.721
43 C*01:02 −0.011
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correlations were found only for HHV3 (blue in Fig. 5) and 
HHV7 (red in Fig. 5). The pooled APR<1 values for these two 
HHV strains are plotted in Figure 6; the Pearson correlation 
coefficient was 0.270 (P = 0.00029, N = 176).

For HHV3 and HHV7, there were a total of 2 x 113 = 
226 alleles tested. Of those, 176 had values of APR < 1, and, 
hence were used for the correlation analysis above (Fig. 6). 
The remaining 50 alleles had values of APR ≥ 1 and were 

44 C*03:03 −0.416
45 C*04:01 1.035
46 C*05:01 −0.174
47 C*06:02 −0.135
48 C*07:01 −0.362
49 C*07:02 −0.883
50 C*07:04 −0.238
51 C*12:02 0.636
52 C*12:03 1.007
53 C*14:02 0.681
54 C*15:02 0.660
55 C*16:01 0.275
56 DPB1*01:01 −0.941
57 DPB1*02:01 1.112
58 DPB1*02:02 0.405
59 DPB1*03:01 0.493
60 DPB1*04:01 −1.238
61 DPB1*04:02 −0.438
62 DPB1*05:01 −0.408
63 DPB1*06:01 0.199
64 DPB1*09:01 1.043
65 DPB1*10:01 0.809
66 DPB1*11:01 0.007
67 DPB1*13:01 0.291
68 DPB1*14:01 0.223
69 DPB1*17:01 0.429
70 DPB1*19:01 −0.241
71 DQB1*02:01 −0.413
72 DQB1*02:02 0.197
73 DQB1*03:01 0.569
74 DQB1*03:02 −0.280
75 DQB1*03:03 −0.282
76 DQB1*04:02 −0.091
77 DQB1*05:01 −0.275
78 DQB1*05:02 0.560
79 DQB1*05:03 0.428
80 DQB1*06:01 0.267
81 DQB1*06:02 −0.696
82 DQB1*06:03 −0.767
83 DQB1*06:04 −0.662
84 DQB1*06:09 0.001
85 DRB1*01:01 −0.722
86 DRB1*01:02 0.540
87 DRB1*01:03 0.067
88 DRB1*03:01 0.494
89 DRB1*04:01 −1.363
90 DRB1*04:02 0.758
91 DRB1*04:03 0.524
92 DRB1*04:04 −0.278
93 DRB1*04:05 1.020
94 DRB1*04:07 0.248
95 DRB1*04:08 −0.341
96 DRB1*07:01 −0.007
97 DRB1*08:01 −0.104

98 DRB1*08:03 −0.057
99 DRB1*09:01 −0.131

100 DRB1*10:01 0.288
101 DRB1*11:01 0.847
102 DRB1*11:02 0.564
103 DRB1*11:03 0.820
104 DRB1*11:04 0.726
105 DRB1*12:01 −0.180
106 DRB1*13:01 −0.509
107 DRB1*13:02 −0.589
108 DRB1*13:03 0.821
109 DRB1*13:05 0.324
110 DRB1*14:01 0.361
111 DRB1*15:01 −1.353
112 DRB1*15:02 0.416
113 DRB1*16:01 0.544

HHV Strain Correlation coefficient P value N
1 0.063 0.567 85
2 −0.131 0.248 79
3 0.260** 0.013 91
4 −0.172 0.120 83
5 0.031 0.780 83

6A 0.025 0.840 67
6B −0.007 0.951 89
7 0.287*** 0.008 85
8 −0.038 0.719 90

Table 3: Pearson correlation coefficients between dementia risk 
scores and APR<1 values for the 9 HHV strains.

Figure 6. Scatter plot of dementia risk scores against APR<1 values 
for the pooled data of HHV3 and HHV7 (r = 0.270, P = 0.00029, N 
= 176).
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not eligible for the correlation analysis. However, we were 
interested to find out whether that group was enriched with 
susceptibility (positive) dementia risk scores, a hypothesis 
in line with the correlation findings above. Indeed, the 
proportion of susceptibility scores in that group was 33/50 
= 66%, a proportion significantly higher than that of the 
null hypothesis of 50% (binomial one-sample proportions 
test, z = 2.263, two-sided P = 0.024). 

Discussion 
In this in silico study we evaluated estimated binding 

affinities of glycroproteins from 9 HHV strains and 113 
HLA alleles and examined the association of those affinities 
with a previously-identified HLA-dementia risk profile2. 
The findings indicated that for HHV3 and HHV7, but not 
for other HHV, the glycoprotein binding affinities were 
significantly associated with the dementia risk score such 
that higher binding affinity was associated with lower 
dementia risk. These findings suggest that protection 
conferred by dementia-protective HLA alleles is related, 
in part, to their ability to bind and eliminate HHV3 and 
HHV7. These findings add to the literature linking HHV to 
dementia and implicate HHV3 and HHV7, in particular, in 
dementia risk. 

HHV3, often referred to as varicella-zoster virus (VZV), 
is a highly transmissible disease that results in chicken pox 
(varicella) upon initial infection, typically in childhood, and 
after a period of latency may reactivate as shingles (herpes 
zoster) in later adulthood. Acute varicella infection is usually 
mild, however, reactivation as herpes zoster is associated 
with several neurological complications including stroke, 
postherpetic neuralgia, meningitis, myelopathy, and ocular 
disorders29-31. Moreover, VZV infection has been associated 
with cognitive decline32 and dementia33-36. Among those 
infected, antiviral treatment has been associated with 
reduced dementia risk33-36, providing further evidence 
supporting a role of HHV3 in dementia pathogenesis. HHV3 
is the only herpes virus for which effective vaccines exist 
– one to prevent varicella and another to prevent herpes 
zoster31. Introduction of vaccination programs has resulted 
in a rapid decrease in varicella37 and herpes zoster38 
incidence. Furthermore, preliminary evidence indicates 
that shingles vaccination is associated with reduced 
incidence of dementia39. 

HHV7 is an extremely common virus that affects 
most humans primarily during childhood with HHV7 
seroprevalence reaching 76% in children aged 3-640 and 
98% in adults41. HHV7, which is commonly referred to 
as Roseolovirus along with genetically and biologically 
similar HHV6 variants42,43, is predominantly transmitted in 
saliva and is continuously shed in saliva of healthy adults44. 
Infection with HHV7 has been shown to result in cytopathic 
effects43 44, down regulation of CD4+ cells45,46, and altered 

trafficking of Class I MHC molecules47. Like other 
herpesviruses, HHV7 persists after the primary infection 
as a lytic or latent infection that can be reactivated, or 
can reactivate other HHV48, contributing to disease42-44. 
HHV7 has most widely been associated with exanthem 
subitum and pityriasis rosea44. In addition, HHV7 has 
been associated with neurological signs and symptoms49 
and with demyelinating diseases50, and recently, with 
dementia51. Specifically, increased HHV7 was found in 
post-mortem brain tissue of patients with AD relative 
to controls, and HHV7 corresponded with hallmark AD-
related neuropathological findings including amyloid 
beta deposition51. Notably, recent evidence suggests 
amyloid beta may be involved in innate immunity, exerting 
antimicrobial properties to HHV52. 

The findings of the present in silico study provide 
novel and compelling evidence linking HHV3 and HHV7 
to dementia. Considering the present findings in light of 
the discordant rates of HHV3 and HHV7 infection with 
dementia prevalence, we suggest that HHV3 and HHV7 may 
contribute to dementia and associated neuropathology 
in those lacking HLA alleles that are able to bind with 
sufficient affinity and immunogenicity to eliminate the 
virus. In the absence of immunogenetic protection against 
these viruses, prevention of HHV infection via vaccination 
may be of paramount importance for reducing dementia 
incidence. Indeed, previous studies have reported reduced 
dementia incidence following vaccination for influenza53,54 
and tetanus, diphtheria, pertussis (Tdap)55. Preliminary 
evidence suggests a protective role of shingles vaccination 
against dementia39 though additional studies are needed to 
verify those initial intriguing findings. Approved vaccines 
do not yet exist for other HHV though several are under 
development, particularly for herpes simplex virus56. 
The present findings point to a potential benefit of HHV7 
vaccine development in reducing dementia risk. 

These novel findings, however, must also be considered 
in terms of several qualifications. First, the HLA-dementia 
profile at the center of these analyses were derived from 
Continental Western European countries and may not 
generalize to other regions given ethnic and geographic 
variation in HLA57-59. Future studies evaluating the 
associations of HLA-HHV affinity with HLA-dementia 
profiles in other populations will be important for 
corroborating and/or extending the present findings to 
other HHV strains and populations. Second, the present 
study only focused on HHV. Numerous microbes and 
viruses have been implicated in risk for dementia15,16. The 
same in silico approach used here can readily be applied 
to other infectious agents to evaluate their binding affinity 
with HLA alleles associated with dementia susceptibility 
and protection. Third, while this study identified HHV3 and 
HHV7 as playing a central role in HLA-mediated dementia, 
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other non-HLA mechanisms that were not investigated here 
may influence the association of other HHV with dementia. 
Finally, we exclusively evaluated HLA-HHV glycoprotein 
binding affinity; binding affinity is one of many factors that 
contributes to disease outcomes. Additional in vitro and in 
vivo studies are warranted to further validate the findings 
of this in silico study and determine the relative influence of 
HLA-HHV binding affinity on dementia.

In summary, findings of the present study suggest 
that dementia risk scores, which are characterized by 
the sign and strength of the correlation between the 
population frequency of HLA alleles and the population 
prevalence of dementia, are significantly associated with 
HLA binding affinity to glycoproteins for HHV3 and HHV7. 
HLA alleles that bind with strong affinity to HHV3 and 
HHV7 presumably promote virus elimination, reducing 
deleterious downstream effects that may lead to dementia. 
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