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Introduction: Herpes zoster (HZ) has been reported as a potential post-viral
complication in individuals recovering from COVID-19, possibly due to virus-
induced immune dysregulation. We aimed to investigate whether post-COVID
HZ is associated with an elevated risk of hematologic or infectious complications.
Methods: We conducted a retrospective cohort study using the TriNetX global
research network, which aggregates de-identified electronic health records from
more than 140 healthcare institutions. Adults diagnosed with COVID-19 between
January 2020 and January 2022 were stratified by the presence or absence of
HZ within one year of infection and matched 1:1 by age, sex, and comorbidities.
Outcomes including leukopenia, urinary tract infection, multiple myeloma, and
acute leukemia were evaluated over a three-year follow-up using time-to-event
and multivariable Cox regression analyses.

Results: Individuals with post-COVID HZ had significantly higher risks of
developing hematologic and infectious complications. Subgroup analyses
identified older age, impaired kidney function, elevated inflammatory markers,
and metabolic abnormalities as factors associated with greater risk.

Discussion: These findings suggest that HZ following COVID-19 may serve as
a clinical indicator of immune vulnerability and heightened susceptibility to
hematologic and infectious disorders. Long-term monitoring may be warranted
in high-risk populations.

KEYWORDS

acute leukemia, COVID-19 survivors, herpes zoster, leukopenia, multiple myeloma

1 Introduction

Herpes zoster (HZ), commonly known as shingles, results from the reactivation of latent
varicella-zoster virus (VZV) in individuals who have previously contracted varicella. It is
particularly prevalent among older adults and immunocompromised patients, whose cellular
immunity is weakened by aging or underlying diseases (1). Since the emergence of the
coronavirus disease 2019 (COVID-19) pandemic, growing evidence has suggested that
individuals recovering from COVID-19 may be at elevated risk of HZ (2). This has been
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attributed to SARS-CoV-2-induced immune dysregulation, including
lymphopenia, functional exhaustion of CD8 + T cells, and impaired
interferon responses—all of which may compromise host control over
latent viral infections (3). Several observational studies and case series
have documented a temporal association between COVID-19 and
increased HZ incidence (4, 5), further highlighting the need to
understand the clinical implications of post-COVID HZ.

Beyond its acute dermatomal manifestations, HZ may serve as a
clinical marker of underlying immune vulnerability and has been
implicated in a range of systemic complications (6, 7). Prior studies
have linked HZ to cardiovascular events, stroke, and long-term
mortality, particularly in older or frail populations (8, 9). More
recently, concerns have been raised regarding potential associations
between HZ and hematologic malignancies such as multiple myeloma
and acute leukemia (10, 11), as well as infectious complications
including urinary tract infection (UTT) and leukopenia (12, 13). These
associations are hypothesized to reflect chronic immune activation,
bone marrow stress, or shared underlying risk factors.

In parallel, SARS-CoV-2 infection itself has been shown to induce
persistent immune abnormalities long after the resolution of acute
illness. These include prolonged T-cell dysfunction, altered cytokine
profiles, dysregulated hematopoiesis, and changes in white blood cell
lineages (14-16). Such disturbances may create a permissive
environment for opportunistic infections and potentially promote
malignant transformation. The interplay between COVID-19 and
subsequent HZ may therefore signify compounded immunologic
stress, amplifying vulnerability to downstream complications.

Despite these mechanistic insights, prior studies evaluating
HZ-related outcomes have been limited by small sample sizes, single-
center designs, or short follow-up periods (10, 11, 17). No large-scale,
population-based study has yet comprehensively assessed whether
individuals who develop HZ following COVID-19 are at increased
risk for hematologic or infectious complications. In particular, the
long-term risks of leukopenia, UTI, multiple myeloma, and acute
leukemia in this population remain poorly defined.

To address this critical gap, we conducted a global cohort study
using a large federated electronic health record platform to evaluate
the risk of hematologic malignancies and immunologic complications
among COVID-19 survivors with and without subsequent
HZ. Leveraging robust propensity score matching (PSM) and three-
year follow-up data, we aimed to determine whether HZ after
COVID-19 serves as a benign reactivation event or a sentinel marker
of deeper immune vulnerability. Our findings may provide important
insights into risk stratification and guide post-COVID surveillance
strategies for patients at heightened immunologic risk.

2 Materials and methods
2.1 Study design and data source

This retrospective, multicenter cohort study utilized the TriNetX
Analytics Network, a federated global health research platform
aggregating anonymized electronic health records (EHRs) from over
140 healthcare organizations worldwide. The platform captures
structured data elements including demographics, diagnoses,
medications, procedures, laboratory values, and vital status. Only
deidentified analysis summaries of patient data can be accessed by
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users, ensuring that TriNetX operates in accordance with the Health
Insurance Portability and Accountability Act (HIPAA) and General
Data Protection Regulation (GDPR). Given the retrospective and
anonymized nature of the data, the Institutional Review Board of
Taipei Tzu Chi Hospital approved the study protocol with a waiver of
informed consent (IRB No. 14-IRB043). The study was conducted in
accordance with the Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) guidelines.
optimization, the final round of data analysis was performed on 18th
May 2025.

Following

2.2 Patient cohort and exposure
classification

This study included adult patients (aged >18 years) with a
confirmed diagnosis of COVID-19 recorded between January 1, 2020,
and January 31, 2022. COVID-19 cases were identified through either
a positive SARS-CoV-2 nucleic acid amplification test (TriNetX code:
TNX: 9088) or a documented diagnosis using the ICD-10-CM code
U07.1. Patients were subsequently classified into two exposure groups
based on the occurrence of HZ following their COVID-19 diagnosis.
The HZ cohort included individuals who received an HZ diagnosis
within one year of their initial COVID-19 event, identified using
ICD-10-CM codes B02 and its subcategories (B02.1-B02.9). Patients
with any prior HZ diagnosis before COVID-19 or beyond the
one-year window were excluded to ensure appropriate
temporal sequencing.

After initial screening, 29,397 patients with post-COVID-19 HZ
were identified. These were compared against a pool of 10,765,247
COVID-19 patients who had no HZ diagnosis during the observation
period. Propensity score matching was later applied to generate two
demographically and clinically comparable groups, each comprising
29,270 individuals. A detailed overview of the cohort selection process

and outcome definitions is provided in Figure 1.

2.3 Index date and follow-up duration

The index date for each patient was defined as the date of the first
COVID-19 diagnosis or the earliest positive SARS-CoV-2 test result,
whichever occurred first. Follow-up began on the day after the index
date and continued for a maximum of 1,095 days (equivalent to 3
years), until death, or until the last recorded clinical encounter,
depending on which came first. Events that occurred on or prior to
the index date were excluded from subsequent risk and time-to-event
analyses to ensure that only new, post-COVID outcomes
were captured.

2.4 Propensity score matching

To reduce baseline heterogeneity and minimize confounding, 1:1
PSM was performed using a greedy nearest-neighbor algorithm
without replacement. The matching procedure incorporated a
comprehensive set of covariates, including patient demographics,
comorbid conditions, medication use, and key laboratory parameters.
While our primary analyses of clinical outcomes—including
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2020, and January 31, 2022.

10,842,697 patients with documented COVID-19 diagnosis (ICD10:
U07.1) or positive SARS-CoV-2 laboratory results (TNX: 9088) from
the TriNetX cohort, age = 18 years at diagnosis, between January 1,

Exclude any instance of Herpes Zoster
that occurred within 1 year on or before
the first instance of COVID-19

10,801,296 COVID-19 patients
without prior herpes zoster
(B02, B02.X)

Include patients with any
instance of herpes zoster that
occurred within 1 year before

or on the date of the first
recorded COVID-19 instance.

29,397 COVID-19 patients
with Herpes Zoster (B02, B02.X)

Exclude patients with any
instance of herpes zoster that
occurred within 1 year before

or on the date of the first
recorded COVID-19 instance.

10,765,247 COVID-19 patients
without Herpes Zoster (B02, B02.X)

Propensity Score Matching (1:1) based on age, sex, race/ethnicity, laboratory
results, and comorbidities.

29,270 COVID-19 patients
with Herpes Zoster

29,270 COVID-19 patients
without Herpes Zoster

3-year Outcomes Analysis

1. Leukopenia (WBC < 4000/pu): TNX9015

2. UTI, ICD 10: N10, N30.0, N30.9, N34.1, N39.0

3. Multiple myeloma, ICD 10: €90.0, C90.00, C90.01, C90.02
4. Acute leukemia, ICD 10: €91.0, C92.0, €93.0, C94.0, C95.0

FIGURE 1

Cohort selection flowchart and outcome definitions. Flowchart illustrating the selection and matching of adult COVID-19 patients with and without HZ
from the TriNetX network. A total of 29,270 patients with HZ following COVID-19 were matched 1:1 to controls without HZ. Four clinical outcomes
were assessed over a 3-year follow-up: leukopenia, UTI, multiple myeloma, and acute leukemia. Abbreviations: COVID-19, Coronavirus Disease 2019;
HZ, Herpes Zoster; ICD, International Classification of Diseases; UTI, urinary tract infection; WBC, white blood cell count

leukopenia, UTI, multiple myeloma, and acute leukemia—were
conducted in the full cohort of patients aged >18 years (n = 29,397
for the HZ group), the TriNetX platform imposes computational
constraints that preclude full-scale matching across such a large
population. To address this, we generated an age-restricted matched
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cohort comprising patients aged 60-70 years, yielding two equally
sized groups (n = 7,404 each).

The age-restricted matched cohort demonstrated well-balanced
baseline characteristics, as evidenced by standardized mean differences
(SMDs) < 0.1 across nearly all variables (Supplementary Table S1).
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Although all outcomes were analyzed using the full cohort, the matched
subgroup served to validate the robustness and consistency of findings.
As shown in Table 1, hazard ratios (HRs) for key outcomes were largely
comparable between the full and matched populations.

Notably, the association between HZ and acute leukemia
reached statistical significance in the full cohort (HR = 2.713,
95% CI: 1.680-4.381; p < 0.001) but not in the age-restricted
matched cohort (HR = 1.322, 95% CI: 0.594-2.944; p = 0.492),
possibly due to the smaller number of incident cases and reduced
power in the latter group. These findings highlight the enhanced
sensitivity of the full-cohort analysis while underscoring the
internal validity supported by PSM.

2.5 Outcome definitions

The clinical endpoints analyzed in this study included
leukopenia, UTI, multiple myeloma, and acute leukemia. All
outcome definitions were based on standardized diagnostic or
laboratory codes available in the TriNetX platform. Patients with
a history of the respective outcomes prior to the index date were
excluded to ensure proper temporal sequencing between
exposure and outcome. Leukopenia was identified using the
Logical Observation Identifiers Names and Codes (LOINC)-
coded laboratory test TNX:9015, representing total leukocyte
count in peripheral blood. Patients whose most recent leukocyte
value fell below 4,000/pL were classified as having leukopenia.
UTI was defined using ICD-10-CM codes for UTI (N39.0), acute
pyelonephritis (N10), acute cystitis (N30.0), cystitis unspecified
(N30.9), and nonspecific urethritis (N34.1). Multiple myeloma

10.3389/fmed.2025.1651614

was defined using the ICD-10-CM C90.0 series, which includes
codes for active disease (C90.00), remission (C90.01), and relapse
(C90.02). Acute leukemia encompassed a range of subtypes
defined by ICD-10-CM codes, including acute lymphoblastic
leukemia (C91.0), acute myeloblastic leukemia (C92.0), acute
monoblastic or monocytic leukemia (C93.0), acute erythroid
leukemia (C94.0), and unspecified acute leukemia (C95.0).

2.6 Sensitivity analysis

To ensure the robustness of our findings and account for
potential confounding from pre-existing immunosuppressive
conditions, we conducted a sensitivity analysis by excluding
patients with documented immunosuppression within 1 year
prior to their COVID-19 diagnosis. Immunosuppression was
defined using ICD-10-CM codes indicative of long-term
immunosuppressive therapy or immune compromise, including:
779.62 (long-term use of immunosuppressants), 279.899 (other
long-term drug therapy), D84.821 (immunodeficiency due to
drugs), D89.8 (other specified immune mechanism disorders),
and D90 (immune compromise due to radiation or
chemotherapy). Patients meeting any of these criteria were
excluded from the sensitivity cohort. We then reanalyzed the
three-year risks of leukopenia, UTI, multiple myeloma, and acute
leukemia using the same analytical framework as the primary
analysis, including Kaplan-Meier survival estimates and Cox
proportional hazards modeling. This approach allowed us to
assess whether the observed associations persisted in a population

without baseline immune suppression.

TABLE 1 Three-year outcome risks in the full and age-restricted COVID-19 cohorts with or without herpes zoster.

Outcomes Cohorts Patients Patients Survival Hazard 95% CI Log-
in cohort with probability at ratio® Rank
outcome end of time testp
window value
With prior COVID-19 and HZ 6,122 671 88.37% (1.364,
Age 60-70 1.543 <0.001
With prior COVID-19 only 6,478 410 92.19% 1.745)
Leukopenia
With prior COVID-19 and HZ 24,632 2,366 89.67% (1.418,
Full cohort 1.515 <0.001
With prior COVID-19 only 26,413 1,436 92.92% 1.617)
With prior COVID-19 and HZ 5,855 668 87.53% (1.326,
Age 60-70 1.498 <0.001
With prior COVID-19 only 6,275 421 91.25% 1.692)
UTI
With prior COVID-19 and HZ 22,621 2,936 85.62% (1.444,
Full cohort 1.532 <0.001
With prior COVID-19 only 24,716 1,764 90.09% 1.625)
With prior COVID-19 and HZ 7,330 33 99.50% (1.408,
Age 60-70 2.856 0.002
Multiple With prior COVID-19 only 7,369 10 99.50% 5.795)
myeloma With prior COVID-19 and HZ 29,003 120 99.54% (2.139,
Full cohort 3.159 <0.001
With prior COVID-19 only 29,176 32 99.85% 4.666)
With prior COVID-19 and HZ 7,358 15 99.78% (0.59,
Age 60-70 1.322 0.492
With prior COVID-19 only 7,380 10 99.84% 2.944)
Acute leukemia
With prior COVID-19 and HZ 29,071 70 99.74% (1.680,
Full cohort 2.713 <0.001
With prior COVID-19 only 29,200 22 99.91% 4.381)

CI, Confidence Interval; COVID, Coronavirus Disease 2019; HZ, Herpes Zoster; HR, Hazard Ratio; UTI, Urinary Tract Infection.

“Hazard ratio was adjusted using age at index, sex, race.
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2.7 Statistical analyses

Outcome comparisons were conducted using both risk-based and
time-to-event analytic approaches. Risk metrics including absolute
risk, risk differences, risk ratios (RR), and odds ratios (ORs) were
estimated using the TriNetX risk analysis module, excluding patients
with a prior diagnosis of the outcome. Kaplan-Meier survival analyses
were performed for time-to-event endpoints, and intergroup
differences were assessed using log-rank tests. Cox proportional
hazards models were used to compute HRs with 95% confidence
intervals (CIs). All statistical procedures were performed within the
TriNetX cloud-based environment. A two-tailed p-value <0.05 was
considered statistically significant.

3 Results
3.1 Leukopenia (WBC < 4,000/pL)

HZ patients had a higher incidence of leukopenia (3.585% vs.
2.185%), corresponding to an absolute risk difference of 1.400% (95%

10.3389/fmed.2025.1651614

CI: 1.093-1.707%), a RR of 1.641, and an OR of 1.671 (95% CI: 1.497-
1.866; p < 0.001). Kaplan-Meier survival analysis further confirmed
significantly lower leukopenia-free survival in the HZ group (log-rank
p <0.001), with a HR of 1.515 (95% CI: 1.418-1.617), indicating a
51.5% increased hazard of developing leukopenia over the follow-up
period (Figure 2A).

Subgroup analysis (Figure 3A) revealed significantly elevated
leukopenia risk among patients with age >50 years (HR: 1.856),
impaired renal function (GFR < 60; HR: 1.508), male sex (HR: 1.230),
elevated C-reactive protein (CRP) > 10 mg/L (HR: 1.710), diabetes
mellitus (HR: 1.221), hypertension (HR: 1.164), and alcohol use (HR:
1.578). In contrast, smoking (HR: 0.682) and obesity (BMI > 30; HR:
0.671) were associated with significantly lower leukopenia risk. No
statistically significant difference was observed in the subgroup
defined by vitamin D status.

3.2 Urinary tract infection

Patients with HZ following COVID-19 exhibited a significantly
higher incidence of UTIs compared to COVID-19 survivors without

(A) Leukopenia (WBC<4000/puL)

= COVID-19 without Herpes Zoster
= COVID-19 with Herpes Zoster

—
(=4
ik

0.98
i Log-Rank Test

0.96- p < 0.0001

0.94
0.92-

Survival Probability

0.90

0.88 —
0 365

T
730

Days after index event

(C) Multiple myeloma

= COVID-19 without Herpes Zoster
—— COVID-19 with Herpes Zoster

Log-Rank Test
p < 0.0001

Survival Probability
(=]
<]
3

0.995 +—r——
0 365

—
730
Days after index event

FIGURE 2

UTI, urinary tract infection.

(B) UTI (Urinary tract infection)

= COVID-19 without Herpes Zoster
1.00 — COVID-19 with Herpes Zoster
2
% Log-Rank Test
< 0.95 p < 0.0001
a ]
[
S 0.90
2
=
1) 4
0.854+——r—1———
0 365 730 1095

Days after index event

(D) Acute leukemia

= COVID-19 without Herpes Zoster
= COVID-19 with Herpes Zoster

1.000

Log-Rank Test
p < 0.0001

Survival Probability

T T T
0 365 730 1095

Days after index event

Kaplan—Meier survival curves comparing COVID-19 survivors with and without HZ over a three-year follow-up period for four outcomes:

(A) Leukopenia (WBC < 4,000/pL), (B) UTI, (C) Multiple myeloma, and (D) Acute leukemia. In each panel, the blue line represents patients with HZ and
the red line represents those without HZ. Log-rank tests were used to compare survival distributions between groups, with all panels demonstrating
statistically significant differences (p < 0.0001). Abbreviations: COVID-19, coronavirus disease 2019; HZ, herpes zoster; WBC, white blood cell count;
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FIGURE 3

Subgroup analyses of risk factors associated with post-COVID HZ-related complications. Forest plots display HRs and 95% confidence intervals (Cls)
for major co-variates across four outcomes: (A) Leukopenia (WBC < 4,000/pL), (B) UTI, (C) Multiple myeloma, and (D) Acute leukemia. Abbreviations:
BMI, body mass index; CRP, C-reactive protein; DM, diabetes mellitus; GFR, glomerular filtration rate; HT, hypertension; UTI, urinary tract infection.

HZ (13.0% vs. 7.1%), corresponding to an absolute risk difference of
5.8% (95% CI: 5.3-6.4%). The RR was 1.819, and the OR was 1.941
(95% CI: 1.824-2.065; p < 0.001). Kaplan-Meier survival analysis
demonstrated a significantly lower UTI-free survival probability in the
HZ group (log-rank p < 0.001), with a HR of 1.532 (95% CI: 1.444-
1.625), indicating a persistently elevated risk of UTT throughout the
follow-up period (Figure 2B).

Subgroup analysis (Figure 3B) showed that the risk of UTT was
significantly increased in patients aged >50 years (HR: 1.608), with
impaired renal function (GFR < 60; HR: 1.491), elevated CRP levels
(>10 mg/L; HR: 1.563), diabetes mellitus (HR: 1.613), hypertension
(HR: 1.476), and alcohol use (HR: 1.236). Conversely, male sex was
associated with a significantly reduced UTTI risk (HR: 0.485). No
significant association was observed in subgroups defined by smoking
status, vitamin D status, or BMI.

3.3 Multiple myeloma

In the matched cohort, individuals who developed HZ after
recovering from COVID-19 exhibited a significantly higher incidence
of multiple myeloma compared to those who had COVID-19 without
subsequent HZ (0.4% vs. 0.1%). The absolute risk difference was 0.3%
(95% CI: 0.2-0.4%), with a RR of 3.772 and an OR of 3.784 (95% CI:
2.561-5.590; p < 0.001). Kaplan-Meier survival analysis further
confirmed a significantly lower myeloma-free survival in the post-
COVID HZ group (log-rank p < 0.001), with a HR of 3.159 (95% CI:
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2.139-4.666), indicating a sustained and substantially elevated risk
over time (Figure 2C).

Subgroup analysis (Figure 3C) demonstrated significantly elevated
multiple myeloma risk in patients aged >50 years (HR: 3.313) and
those with impaired renal function (GFR < 60; HR: 3.269). No
statistically significant differences were observed across subgroups
defined by smoking status, sex, CRP levels, diabetes, vitamin D status,
hypertension, BMI, or alcohol use.

3.4 Acute leukemia

The risk of acute leukemia was significantly elevated among patients
who developed HZ after COVID-19, with an incidence of 0.24% (70
cases), compared to 0.08% (22 cases) in those without HZ. This
corresponded to an absolute risk difference of 0.2% (95% CI: 0.1-0.2%),
a RR of 3.196, and an OR of 3.201 (95% CI: 1.982-5.170; p < 0.001).
Kaplan—Meier survival analysis demonstrated a clear divergence in
leukemia-free survival curves between groups (log-rank p < 0.001), with
aHR of 2.713 (95% CI: 1.680-4.381), indicating a sustained increase in
instantaneous risk over the three-year follow-up period (Figure 2D).

Subgroup analysis (Figure 3D) revealed significantly increased
acute leukemia risk in patients aged >50 years (HR: 2.393), males
(HR: 1.961), and those with elevated CRP > 10 mg/L (HR: 2.582). No
statistically significant associations were observed across subgroups
defined by renal function, smoking status, diabetes mellitus, vitamin
D levels, hypertension, BMI, or alcohol use.
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3.5 Chronic leukemia and lymphoma

The incidence of chronic leukemia was higher in patients with
HZ (83 cases among 30,758 individuals) than in those without HZ
(46 cases among 30,903 individuals), yielding a HZ of 1.537 (95%
CI: 1.072-2.204; p = 0.018). Similarly, the risk of lymphoma was
elevated in the HZ group, with 215 cases among 30,323 individuals
versus 89 cases among 30,761 individuals in the non-HZ group
(HR: 2.079, 95% CI: 1.624-2.662; p <0.001)
(Supplementary Table S2).

3.6 Healthcare utilization following
COVID-19

To further characterize healthcare

we analyzed the distribution and frequency of outpatient and inpatient

utilization patterns,

encounters in both cohorts (Supplementary Table S3). Among patients
who developed HZ following COVID-19, 92.7% (28,770/31,015) had
outpatient visits, and 38.9% (12,066/31,015) had inpatient encounters.
In contrast, in the COVID-19 without HZ cohort, 78.8%
(24,439/31,015) had outpatient visits, and 28.6% (8,883/31,015) had
inpatient encounters. The mean number of outpatient visits was
significantly higher in the HZ group compared to the non-HZ group
(43.94 £ 52.52 vs. 23.96 + 38.60; p <0.001). Similarly, the mean
number of inpatient visits was also elevated in the HZ group
(2.21 £6.62 vs. 1.21 + 4.06; p < 0.001). These findings suggest a higher
burden of healthcare utilization among COVID-19 survivors who
subsequently developed HZ.

3.7 Sensitivity analysis

In the sensitivity analysis restricted to patients without
immunosuppression prior to COVID-19, the associations between
HZ and adverse clinical outcomes remained statistically significant
and directionally consistent with the main findings. Among
immunocompetent individuals, HZ following COVID-19 was
associated with significantly increased three-year risks of leukopenia
(HR =1.682,95% CI: 1.543-1.833), UTI (HR = 1.667, 95% CI: 1.545—
1.799), multiple myeloma (HR = 2.309, 95% CI: 1.476-3.613), and
acute leukemia (HR = 2.882, 95% CI: 1.554-5.343), with all log-rank
p-values < 0.001. These results suggest that the elevated risks observed
in the overall cohort were not driven by baseline immunosuppressive
conditions and underscore a robust independent association between
post-COVID HZ and subsequent hematologic and infectious
complications. Detailed results are presented in Table 2.

4 Discussion

In this large-scale, propensity score-matched, multinational
cohort study, we found that individuals who developed HZ after
recovering from COVID-19 faced significantly elevated risks of
leukopenia, UTL, multiple myeloma, and acute leukemia over a three-
year follow-up period, compared to matched controls without
HZ. Additionally, the risks of chronic leukemia and lymphoma were
also significantly increased in patients with HZ. However, our study
followed patients for a maximum of 3 years after the index date, which
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may not be sufficient to fully capture the long-term risk of chronic
hematological malignancies. Chronic leukemia and lymphoma often
have prolonged latency periods, and longer follow-up would
be necessary to more accurately assess their association with HZ (18-
22). These associations remained robust after adjustment for
demographic factors, comorbidities, medication use, and laboratory
parameters, suggesting that HZ may reflect not only viral reactivation
but also signal an underlying state of immunologic vulnerability.
Notably, most HZ diagnoses in our study were made in the ambulatory
care setting, consistent with the real-world observation that HZ is
typically managed without hospitalization. This supports the
generalizability of our findings to outpatient clinical practice.

Subgroup analyses further revealed that certain clinical
characteristics may amplify these risks. For both leukopenia and UTI,
higher risk was observed among individuals aged >50 years, those
with impaired renal function, elevated CRP levels, diabetes mellitus,
hypertension, and alcohol use. Interestingly, smoking and obesity were
associated with significantly lower leukopenia risk, while male sex
conferred a reduced risk of UTI, highlighting potential sex- and
metabolism-related differences in immune susceptibility. In contrast,
the heightened risks of multiple myeloma and acute leukemia were
most prominent among older adults, individuals with renal
impairment, and those with elevated inflammatory markers,
suggesting a possible link to hematopoietic fragility or subclinical
clonal evolution under post-viral immune pressure. Taken together,
these findings underscore the importance of recognizing HZ following
COVID-19 as a clinically meaningful signal of immunologic and
hematologic risk, warranting proactive surveillance and targeted
follow-up.

HZ is well established as a clinical indicator of impaired cell-
mediated  immunity,  particularly = among  aging or
immunocompromised individuals (1, 7, 23). In the context of prior
COVID-19, this immune vulnerability may be amplified through
mechanisms such as lymphopenia, CD8 + T-cell exhaustion, and
interferon pathway suppression (24-27). These combined immune
insults may impair both antiviral control and immunologic
surveillance of latent infections and malignant precursors. Our
observed associations with leukopenia and UTI further support this
hypothesis, suggesting that HZ may not simply reflect viral
reactivation, but may also represent a warning signal of systemic
immunologic fragility.

Leukopenia, which affected 3.6% of individuals in the HZ group
compared to 2.2% in the control group, along with a 1.5-fold increase
in UTI risk, may serve as actionable markers of compromised host
defenses. These complications likely reflect disturbances in
myelopoiesis, increased infection susceptibility, and dysregulated
innate immunity (28-30). The risks were notably heightened in
patients with renal impairment, elevated inflammatory markers, and
metabolic comorbidities—all of which are known to exacerbate
immune senescence and suppress hematopoietic resilience (31, 32).
These findings emphasize the utility of leukopenia and UTI as
indicators of broader immunocompromised among post-COVID
patients with HZ.

The associations observed between HZ and subsequent multiple
myeloma and acute leukemia suggest that ongoing immune
dysfunction may not only predispose individuals to infection but also
facilitate malignant transformation (11, 17). Chronic immune
unresolved

stimulation—whether due to viral reactivation,

inflammation, or apoptotic failure—can promote clonal hematopoiesis
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TABLE 2 Sensitivity analysis excluding patients with preexisting immunosuppression prior to COVID-19.

Hazard
ratio®

Survival
probability at
end of time
window

Patients
with
outcome

Exclude Outcomes Cohorts Patients
immuno- in
cohort

suppression’*

With prior COVID-19 and HZ 16,926 1,495 90.41% (1.543,
Yes 1.682 <0.001
With prior COVID-19 only 17,924 792 94.03% 1.833)
Leukopenia
With prior COVID-19 and HZ 24,632 2,366 89.67% (1.418,
No 1.515 <0.001
With prior COVID-19 only 26,413 1,436 92.92% 1.617)
With prior COVID-19 and HZ 15,633 1,891 86.52% (1.545,
Yes 1.667 <0.001
With prior COVID-19 only 16,925 1,016 91.46% 1.799)
UTI
With prior COVID-19 and HZ 22,621 2,936 85.62% (1.444,
No 1.532 <0.001
With prior COVID-19 only 24,716 1,764 90.09% 1.625)
With prior COVID-19 and HZ 19,317 73 99.58% (1.476,
Yes 2.309 <0.001
Multiple With prior COVID-19 only 19,387 26 99.80% 3.613)
myeloma With prior COVID-19 and HZ 29,003 120 99.54% (2.139,
No 3.159 <0.001
With prior COVID-19 only 29,176 32 99.85% 4.666)
With prior COVID-19 and HZ 19,343 45 99.74% (1.554,
Yes 2.882 <0.001
With prior COVID-19 only 19,411 13 99.91% 5.343)
Acute leukemia
With prior COVID-19 and HZ 29,071 70 99.74% (1.680,
No 2.713 <0.001
With prior COVID-19 only 29,200 22 99.91% 4.381)

CI, confidence interval; COVID-19, coronavirus disease 2019; HZ, herpes zoster; HR, hazard ratio; ICD-10-CM, International Classification of Diseases, 10th Revision, Clinical Modification;

UTI, urinary tract infection; WBC, white blood cell.
“Hazard ratio was adjusted using age at index, sex, race.

and genomic instability (33-36). In multiple myeloma, inflammatory
cytokines such as IL-6 and TNF-a have been shown to drive plasma
cell proliferation and survival (37-40). Our study demonstrated a
nearly threefold increase in multiple myeloma risk among HZ
patients, particularly in older adults, smokers, and those with chronic
kidney disease, all of whom are recognized as high-risk populations
for myeloma development.

These results are consistent with prior literature showing that
multiple myeloma patients during the COVID-19 pandemic
experienced higher infection rates, disrupted care, and reduced
survival (41-43). Additionally, HZ has previously been linked to
increased hematologic malignancy risk, possibly via sustained
immunologic perturbation (10, 11, 44). A notable case even described
spontaneous multiple myeloma remission following SARS-CoV-2
infection, suggesting that COVID-19-induced immune alterations
may exert paradoxical effects on malignant clones (45).

For acute leukemia, our data revealed a 2.7-fold higher incidence
following HZ in COVID-19 survivors. Historical and modern studies
have suggested that HZ may act as a prodrome or unmasking event in
the pathogenesis of leukemia, particularly in immunologically
vulnerable individuals (46). The inflammatory and hematopoietic
stress induced by SARS-CoV-2 infection could further exacerbate
these risks. Prior research has identified post-COVID perturbations
in leukocyte populations, including monocytosis and thrombocytosis,
potentially representing early signs of dysregulated hematopoiesis (47,
48). These immune shifts, compounded by HZ-related immune stress,
may unmask subclinical clonal evolution in susceptible individuals.

In clinical practice, the development of herpes zoster following
COVID-19 should raise concern for possible underlying hematologic
disorders. If patients present with persistent low blood cell counts,
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unusual patterns of zoster rash, or unexplained systemic inflammatory
symptoms, further hematologic evaluation may be warranted—such
as complete blood counts, bone marrow biopsy, or molecular genetic
testing to investigate potential clonal hematopoiesis or early-
stage malignancy.

Several limitations should be acknowledged in interpreting our
findings. First, this was a retrospective cohort study based on
electronic health records from the TriNetX global network, which,
although extensive, relies on the accuracy and completeness of
coding practices across diverse healthcare settings. Misclassification
of herpes zoster or outcome diagnoses cannot be entirely excluded.
Second, while we performed rigorous PSM and sensitivity analyses,
residual confounding may still be present due to unmeasured
variables such as socioeconomic status, over-the-counter medication
use, vaccination history (e.g., zoster or COVID-19 vaccines), and
genetic predispositions. Third, the temporal association between HZ
and subsequent complications suggests a potential risk signal but
does not establish causality. It remains possible that HZ acts as a
clinical marker of latent immunologic or malignant processes already
underway, rather than a direct contributor to disease pathogenesis.
Fourth, although our large unmatched cohort enhanced statistical
power, the age-restricted matched cohort (60-70 years) may have
limited generalizability to younger or older populations, especially
for rarer outcomes like acute leukemia. Fifth, the time-to-event
analyses used in this study censor patients whose last clinical fact was
recorded during the observation period. Given that our outcome
period ends in January 2025 at the latest, a considerable number of
patients may have been excluded from the time-to-event analyses,
potentially skewing the results if censoring was not evenly distributed
between cohorts. This limitation was particularly evident in the
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prevalence differences for leukopenia between the risk-based and
time-to-event analyses. Nonetheless, outcome prevalence remained
consistent across methods for all other measured outcomes. Sixth,
due to platform constraints, leukopenia could only be identified
through a single laboratory value—specifically, the most recent WBC
count during the outcome window. This definition may miss patients
whose leukopenia resolved through clinical intervention prior to
their most recent test, leading to an underestimation of true
prevalence. However, since this limitation applies equally to both
cohorts, it is unlikely to introduce significant bias into the estimated
risk ratios. Lastly, although our findings were robust across multiple
analytic approaches and sensitivity tests, future studies incorporating
longitudinal laboratory trajectories, detailed vaccination records,
and functional immune profiling are warranted to clarify the
mechanistic pathways linking post-COVID HZ to hematologic and
infectious complications.

Despite these constraints, our study provides compelling
evidence that HZ following COVID-19 may represent a high-risk
immunologic phenotype with implications for infection susceptibility
and malignant transformation. Future mechanistic investigations into
post-viral immune remodeling, clonal hematopoiesis, and epigenetic
alterations may offer insights into the pathways linking HZ to
hematologic complications.

5 Conclusion

HZ following COVID-19 is associated with elevated risks of both
immunologic (leukopenia and UTI) and hematologic (multiple
myeloma and acute leukemia) complications. Rather than being a
benign post-viral occurrence, HZ may indicate deeper immunologic
instability. Further mechanistic studies are warranted to explore how
viral reactivation, immune exhaustion, and clonal evolution intersect
in the post-COVID setting. Improved longitudinal monitoring,
including immune profiling and genomic surveillance, may facilitate
early detection and intervention in patients at highest risk.
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