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Purpose: Coronavirus disease (COVID-19) may trigger the reactivation of the latent varicella-zoster virus and may be a risk factor
for herpes zoster (HZ). However, the causal relationship between COVID-19 and varicella-zoster infections remains controversial.
This study aimed to estimate the causal inferences between COVID-19 and HZ.

Methods: This study used a two-sample Mendelian randomization (MR) design. The inverse variance-weighted method was used as the
primary method and sensitivity analyses were conducted, including the MR-Egger regression, weighted median and weighted mode. We
searched at https://gwas.mrcieu.ac.uk/ using the keywords “COVID-19” for exposure data and “zoster” for outcome datasets.

Results: We got 26 COVID-19 datasets and five zoster datasets. We used 26 COVID-19 datasets as exposure data corresponding to
each zoster dataset for the MR analysis. There were nine datasets of COVID-19 where the number of SNPs was fewer than three in the
MR analysis of the risk of HZ, varicella zoster virus (VZV) glycoprotein E and I antibody levels, anti-VZV IgG seropositivity, and
post-zoster neuralgia. In addition, there were 10 datasets of COVID-19 where the number of SNPs was less than three in the MR

analysis of anti-VZV IgG levels. The results of the MR analysis showed that all p-values were greater than 0.05. Sensitivity analysis
revealed no evidence of horizontal pleiotropy in most two sample MR analyses.

Conclusion: Our results indicate that there is no causal relationship between COVID-19 and varicella-zoster infection, HZ
progression, and postherpetic neuralgia.
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Introduction
Herpes zoster (HZ) is induced by the reactivation of the latent varicella-zoster virus (VZV) and is characterised by
a unilateral vesicular rash on the face, head, or trunk.' Clinically significant reactivation of HZ occurs in 10-20% of the
naturally infected population, and with age, especially after the age of 50 years, the possibility of HZ increases
proportionally.” Postherpetic neuralgia (PHN) is the most serious complication of HZ* and decreases the quality of life.

During the COVID-19 pandemic, many researchers studied the association between COVID-19 and HZ. COVID-19
may the trigger reactivation of latent VZV and may be a risk factor for HZ.* However, the causal relationship between
COVID-19 and HZ remains unclear. In a review, Algaadi held the view that there is a causal relationship between
COVID-19 and HZ, according to the available data.” However, Diez-Domingo et al believed that the existing evidence is
insufficient to determine whether COVID-19 increases the risk of HZ.®

Mendelian randomization (MR) is an epidemiological method, that uses genetic variants for instrumental variable estimation
to replace the exposure variable of interest and study the impact of exposure on specific outcomes.” Owing to the random
allocation of single nucleotide polymorphisms (SNPs) during pregnancy, they are less likely to be influenced by confounding
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factors.® The MR design can reduce residual confusion and reverse causality, thus strengthening the causal inference of exposure
result correlation. There have been few articles on MR analysis of COVID-19 and HZ. In this study, we conducted a two-sample
MR analysis to study the relationship between COVID-19 and varicella-zoster infection, HZ progression and PHN.

Materials and Methods

Study Design

This study used a two-sample MR design to estimate causal inferences between COVID-19 and HZ. The MR study is
based on the following three assumptions: First, the genetic variants selected as instrumental variants (IVs) were strongly
associated with exposure (COVID-19). Second, the IVs were not associated with any confounders. Third, the IVs directly
affected the outcomes through exposure rather than other pathways. A flow chart of the analysis is shown in Figure 1.

Data Sources
We downloaded the summary data from open access genome-wide association studies data sets at https://gwas.mrcieu.ac.uk/.
We searched for “COVID-19” and “zoster”. There were 31 datasets for COVID-19 and five datasets for zoster.

Instrumental Variants (IVs) Selection
SNPs associated with COVID-19 were selected using the conventional genome-wide association significance threshold
(p < 5x10°®). Linkage disequilibrium (LD) clumping was used to identify and exclude SNPs in LD (R, > 0.001 or within
+ 10,000 kilobase (kb) distance 10,000 Genomes European-ancestry Reference Panel). The mean F-statistics were calculated
to test for weak instruments as previously described.

Statistical Analysis

The inverse variance-weighted (IVW) method was used as the primary method, and sensitivity analyses were conducted
including the MR-Egger regression, weighted median, and weighted mode. The MR analysis was performed with
R version 4.2.3 using the “TwoSampleMR” package.
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Figure | The flow chart of the Mendelian randomization analysis.
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Results
We conducted an MR analysis between COVID-19 (31 datasets) and HZ (five datasets). Five COVID-19 datasets were
eliminated because their populations were not the same as those of the outcome data. We used 26 COVID-19 datasets as
exposure data corresponding to each zoster dataset for the MR analysis. There were five datasets of HZ, including “Zoster
(herpes zoster)”, “Varicella zoster virus glycoproteins E and I antibody levels”, “anti-varicella zoster virus IgG levels”, “Anti-
varicella zoster virus IgG seropositivity”, and “postzoster neuralgia”. Detailed information on the exposures and outcomes is
provided in the Supplementary Materials (Tables S1 and S2). The results of the MR and sensitivity analyses for the five
outcome indicators are summarized in the Supplementary Materials (Tables S3-S7, Figures S1-S5).

There were nine datasets of COVID-19 in which the number of SNPs was fewer than three in the MR analysis of the
risk of HZ, varicella-zoster virus glycoproteins E and I antibody levels, anti-varicella zoster virus IgG seropositivity, and
the risk of post-zoster neuralgia. In addition, there were 10 COVID-19 datasets in which the number of SNPs was less

than three in the MR analysis with anti-varicella zoster virus IgG levels.

These results suggest a non-causal association between COVID-19 and varicella-zoster infection, HZ progression,
and PHN. COVID-19 was not genetically associated with varicella-zoster infection, HZ progression, and PHN. The
results of the MR-Egger, weighted median, and weighted mode methods are consistent with those from the IVW analysis.
The results of the MR analysis show that most p-values are greater than 0.05. No pleiotropy was identified in the
sensitivity test, and no SNPs independently drove the results in leave-one-out sensitivity in the majority of our analyses,
indicating the reliability of the causal effect estimates. Two scatter plots are shown (Figures 2 and 3) following.
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Figure 2 Scatterplot of single-nucleotide polymorphism (SNP) potential effects on COVID-19 to anti-varicella zoster virus IgG levels.
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Figure 3 Scatterplot of single-nucleotide polymorphism (SNP) potential effects on COVID-19 to postzoster neuralgia.

Discussion

To the best of our knowledge, no study has performed MR analysis of COVID-19 and HZ. In our analysis, the p-values in
the four MR methods were greater than 0.05, and we found that COVID-19 was not causally involved in varicella-zoster
infection, HZ progression, and PHN. These results demonstrate that COVID-19 itself has no causal effect on VZV
infection or the progression of HZ.

Although several researchers have studied the relationship between COVID-19 and HZ, no consensus has yet been
reached. It is widely believed that there is an association between COVID-19 and HZ. However, the exact nature of this
association remains to be elucidated.” Due to the intracellular pathogen transmission of VZV, cell-mediated immunity
plays a more important role than humoral immunity.'® COVID-19 has been shown to be associated with a persistent
decrease in lymphocytes during the disease,'” and it is thought that the lymphocyte reduction caused by COVID-19,
especially CD3+ CD8+ lymphocytes, may activate latent VZV.''"'* All 10 patients in one case series'* developed HZ
within 3 weeks of being diagnosed with COVID-19 infection, which suggested the important role of COVID-19 in the
occurrence of HZ. In one study, the results indicated that the risk of HZ is significantly increased in patients over 50 years
of age diagnosed with COVID-19, and COVID-19 infection may trigger VZV reactivation.* In another article, the
authors suggested that varicella-like disease and HZ may be cutaneous symptoms in patients with COVID-19."> Once

16-18 Tncreased psycho-

affected by COVID-19, cell-mediated immunity is suppressed, and a cytokine storm may occur.
logical stress may also put patients at risk of VZV reactivation.'”"'? Shingles in patients with COVID-19 are caused by

multiple factors.
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We also analysed COVID-19 and VZV antibodies (“varicella-zoster virus glycoprotein E and I antibody levels”, “anti-
varicella zoster virus IgG levels”, and “anti-varicella zoster virus IgG seropositivity”). In addition to cell-mediated immune
responses, VZV infection can induce strong humoral immunity.”> Antibodies can last for a lifetime and provide protection
against re-infection.”® VZV-specific IgG has a 50-year functional half-life without enhancement, and its presence indicates
a history of contact or immunity to re-infection.*' In cells infected with VZV, glycoprotein E (gE) is the most abundant
noncovalently linked glycoprotein I (gI).* VZV gE is the most immunogenic VZV glycoprotein and an essential target for the
host immune reaction.”® We can infer that IgG is probably induced by VZV gE because VZV gE has been proven to bind to the
Fc fragment of IgG.? In our study, there is no causal relationship between COVID-19 or VZV IgG levels and seropositivity.

Chronic pain may occur after shingles and seriously influence the quality of life. PHN is now difficult to distinguish from
acute herpetic pain and these two types of pain may coexist in certain clinical situation.>** Early relief of acute pain may
reduce the risk of chronic pain.*° In the present study, COVID-19 had no causal effect on the risk of developing PHN.
According to the existing literature, age is the most significant risk factor for chronic pain.*’ Although age was also
associated with COVID-19 infection, the occurrence of chronic pain was not directly associated with COVID-19.

Generally, the association between COVID-19 and HZ may occur via a response of the immune system. However, we
cannot demonstrate that COVID-19 leads to an increase of HZ infection and a poor prognosis.

Conclusion
These results suggested a non-causal association between COVID-19 and varicella-zoster infection, HZ progression, and PHN.
Our results indicate no causal relationship between COVID-19 and varicella-zoster infection, HZ progression, or chronic pain.
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