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Background. Data on the epidemiology of herpes zoster (HZ), particularly in the unvaccinated immunocompetent population,
are needed to assess disease burden and the potential impact of vaccination.

Methods. The study at a large health care organization comprised: (1) incidence estimated from immunocompetent adults aged
>50 years unvaccinated with zoster vaccine live who had incident HZ in 2011-2015; (2) proportion of HZ-related nonpain com-
plications assessed by double abstraction of electronic health records (EHRs) of 600 incident patients 2011-2015; (3) HZ-related
hospitalizations among HZ patients diagnosed in 2015; (4) HZ-related death determined from automated data and EHRs; and (5)

recurrent HZ identified from a cohort initially diagnosed with HZ in 2007-2008 and followed through 2016.

Results.

HZ incidence rate was 9.92/1000 person-years (95% confidence interval [CI], 9.82-10.01). Proportions of cutaneous,

neurologic, and other complications were 6.40% (95% CI,1.73%-11.07%), 0.77% (95% CI, .00%-2.36%), and 1.01% (95% CI, .00%-
2.93%), respectively. Only 0.86% of patients had an HZ-related hospitalization. The case-fatality rate was 0.04%. Recurrence rate was
10.96/1000 person-years (95% CI, 10.18-11.79) with 10-year recurrence risk of 10.26% (95% CI, 9.36%-11.23%).

Conclusions.
disease burden.

These recent HZ epidemiology data among an immunocompetent, unvaccinated population measure real-world
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Before the licensure and broad uptake of a live varicella vac-
cine, most of the US population experienced primary infection
with varicella zoster virus (VZV) [1]. As the primary infection
resolves, the virus establishes latency in dorsal root ganglia and
can reactivate to cause herpes zoster (HZ). Zoster vaccine live
(ZVL) has been recommended since 2006 for immunocom-
petent adults aged >60 years [1]. Prior to the availability of
ZVL, HZ affected nearly 1 million people in the United States
annually [2]. A new recombinant zoster vaccine (RZV) con-
taining VZV glycoprotein-E and the ASO1, adjuvant showed
high efficacy and acceptable safety in phase 3 clinical trials
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and was licensed in 2017 [3, 4]. The Advisory Committee on
Immunization Practices recommended to preferentially admin-
ister RZV to individuals aged >50 years, regardless of history of
HZ or prior vaccination with ZVL [5].

Population-based data on the epidemiology of HZ in adults,
especially those who are immunocompetent and who have not
received zoster vaccination, are needed in order to better under-
stand the present burden of disease, as well as to critically eval-
uate the potential impact of an RZV vaccination program [6].
We have previously reported on the incidence of postherpetic
neuralgia (PHN) and herpes zoster ophthalmicus (HZO) in an
integrated health care organization [7-9]. Therefore, the ob-
jectives of this study were to estimate the incidence of HZ, the
proportion of HZ-related complications, the proportion of HZ
patients that require hospitalization, HZ case-fatality rate, and
HZ recurrence rate, among an immunocompetent and ZVL-
unvaccinated population aged >50 years.

METHODS

Setting
This study (GSK study identifier, HO-17-18378) was conducted
using electronic health records (EHRs) at Kaiser Permanente
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Southern California (KPSC), an integrated health care organ-
ization that provides prepaid comprehensive health care to
more than 4.6 million members. EHRs included information
on sociodemographics, health care utilization (outpatient,
emergency department, and inpatient encounters), diagnoses,
laboratory tests, pharmacy utilization, vaccination records,
membership history, and death. The demographic composition
at KPSC is representative of the Southern California popula-
tion [10, 11]. Compared to the racial/ethnic distribution in the
United States, KPSC membership is composed of twice as many
Asian and 3 times as many Hispanic individuals. The study
was approved by the institutional review board of KPSC with a
waiver for the requirement of informed consent.

Incidence of HZ
The incidence of HZ was calculated among individuals who
had never been vaccinated with ZVL. Eligible individuals were
KPSC members aged >50 years at any time between 1 January
2011 and 31 December 2015 and had at least 1 year of mem-
bership before entering the cohort. Members with any his-
tory of ZVL vaccination or an HZ diagnostic code prior to
cohort entry were excluded from this analysis. Individuals
with HIV, leukemia, or lymphoma diagnoses, or individuals
who had immunosuppressing agents dispensed within the
year prior to entering the cohort were excluded. The list of
immunosuppressing agents was provided in our previous pub-
lication [12]. Therefore, only immunocompetent individuals
at the beginning of follow-up were included. Incident HZ pa-
tients were identified by international classification of diseases
(ICD)-9 codes 053.xx (or ICD-10 codes B02.xx beginning from
October 2015) from hospital, outpatient, and emergency depart-
ment settings during the follow-up period. A sensitivity anal-
ysis was performed, with incident HZ defined as HZ diagnostic
codes plus antiviral medications (acyclovir, valacyclovir, or
famciclovir) dispensed within +7 days of the HZ diagnosis date.
Each individual was followed until (1) incident HZ, (2) receipt
of ZVL, (3) end of membership with KPSC (including death),
or (4) 31 December 2015, whichever occurred first. The number
of incident HZ patients was described by age category (50-54,
55-59, 60-64, 65-69, 70-74, 75-79, and 280 years old). Person-
time accumulated from each individual during the interval was
summed as the denominator and counted for each age category.
The 95% confidence interval (CI) was calculated by assuming
the occurrence of HZ followed a Poisson distribution.

Proportion of HZ-Related Complications

To determine the proportion of unvaccinated HZ patients with cu-
taneous, neurologic, or other complications, 600 patients with an
HZ diagnosis who also had at least 2 additional HZ-related med-
ical encounters (occurring 2011-2015) within 6 months following
the initial HZ diagnosis date were sampled for further review.
Patients were randomly sampled from 4 age strata (50-59, 60-69,

70-79, and >80 years old), each containing 150 patients. Medical
charts within the 6-month period were independently reviewed
by 2 research associates for ascertainment of complications.

Complications were included only if they were confirmed
to be related to HZ or were possibly related to HZ. Confirmed
complications were those that were clearly noted by the care pro-
vider as HZ-related or were located at the site of the initial HZ
rash with no clear alternate cause specified. Possibly HZ-related
complications were those in which the cause of the condition
was unclear, the condition was noted as possibly HZ-related, or
it was unclear whether the location matched the HZ site. The 2
abstractors compared their results and resolved any discrepan-
cies, consulting the physician coinvestigator (B. A.) as needed.

Terms for conditions in the cutaneous complications category
included disseminated cutaneous zoster, bacterial superinfec-
tion, cellulitis, zoster gangrenosum, zoster hemorrhagicus, sep-
ticemia, hypo/hyperpigmentation, granulomatous skin lesions,
pseudolymphoma, manifestation of psoriasis (Kébner phenom-
enon), scar formation/atrophic scars/hypertrophic scars, per-
sisting zoster (HZ rash that did not resolve within 10 days of
incident HZ diagnosis date), and other skin complications (those
occurring at least 10 days after the incident HZ diagnosis date and
not including skin complications on the eye/eyelid).

Conditions in the neurologic complications category in-
cluded meningoencephalitis/encephalitis, aseptic meningitis/
meningitis, granulomatous arteritis, segmental pareses, cra-
nial nerve palsies, peripheral nerve palsies, Ramsay-Hunt
syndrome/HZ oticus, Guillain-Barré syndrome, transverse
myelitis/ascending myelitis/myelitis, motor neuropathy, auto-
nomic dysfunction, granulomatous cerebral angiitis, diaphrag-
matic paralysis, sensory loss, deafness, vestibular dysfunction,
Bell’s-like palsy/motor nerve palsies, otitis externa, and other
neurologic complications (nonpain or non-PHN related).

Conditions in the other complications category included
bronchitis, pleuritis, esophagitis, gastritis, enterocolitis, per-
itonitis, cystitis, myositis, pericarditis, visceral VZV dissem-
ination/disseminated HZ, pneumonia, hepatitis, abdominal
hernias, bladder dysfunction, pneumonitis, pancreatitis, myo-
carditis, arthritis, and other.

Proportions were weighted by the percentage of incident HZ
patients that had >2 visits for HZ within 6 months after initial
HZ diagnosis to reflect the distribution of complications among
all incident HZ patients. The overall proportion was calculated
by adjusting the sampling ratios using the age-specific distribu-
tion of the HZ patients. The 95% CIs were estimated assuming
the occurrence of HZ complications followed a binomial dis-
tribution. Partial sampling variance was also considered when
calculating the CI for the overall proportion.

HZ-Related Hospitalizations
HZ-related hospitalizations within 6 months of incident HZ
diagnosis were identified from the inpatient care setting for
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all HZ patients diagnosed in 2015. Medical records were in-
dependently reviewed by 2 research associates to determine if
the hospitalization was attributable to HZ. The results of the
2 independent reviews were compared to resolve any discrep-
ancies, with consultation from the physician coinvestigator (B.
A.) as needed. Hospitalization attributable to HZ was defined
as meeting at least 1 of the following criteria: (1) HZ or an HZ
complication was listed as the reason for hospitalization; (2) HZ
or an HZ complication was the primary discharge diagnosis; (3)
HZ-related pain or treatment or procedure for HZ-related pain
was the reason for hospitalization; (4) HZ or an HZ compli-
cation was not the reason for admission but was recognized,
evaluated, or treated during hospitalization; (5) hospitalization
was for nursing home admission evaluation for a patient having
difficulties with self-care because of an HZ complication. The
age-specific proportion of HZ-related hospitalizations among
incident patients and hospitalization rate among the 2015 pop-
ulation were reported.

HZ Case Fatality and Mortality Rate

HZ-related death was determined from 2 sources among the
incident HZ patients identified during 2011-2015. First, au-
tomated data were used to identify patients in which HZ was
documented as the cause of death in the mortality record.
Second, because HZ was not commonly documented as the un-
derlying cause of death, the physician coinvestigator reviewed
hospitalized HZ patients who either died during hospitaliza-
tion or died within 6 months after discharge to determine if the
cause of death was related to HZ complications. Standard def-
initions for underlying cause of death and contributing cause of
death from death certificates were used [13]. The age-specific
proportion of HZ-related death among incident patients (case-
fatality rate) and mortality rate among the 2011-2015 popula-
tion were reported.

HZ Recurrence

We estimated the incidence rate of recurrent HZ among the
unvaccinated population who had an initial HZ episode be-
tween 1 January 2007 and 31 December 2008. To increase the
positive predictive value of HZ patient identification, inci-
dent patients of initial HZ and recurrent HZ were identified
using HZ diagnosis codes plus antiviral medications (acy-
clovir, valacyclovir, or famciclovir) dispensed within +7 days
of the HZ diagnosis date.

Recurrent HZ was defined as having HZ at >6 months after
the most recent diagnosis of HZ. Subjects with initial HZ were
followed until (1) recurrent HZ, (2) receipt of ZVL, (3) end of
membership with KPSC (including death), or (4) 31 December
2016, whichever occurred first. We extended the follow-up
period to 31 December 2016 to provide a better estimate of
overall incidence and long-term risk of HZ recurrence. Only
the first recurrence was included in the analysis.

Similar to the HZ incidence estimations, incidence of recur-
rent HZ was estimated by age category (50-54, 55-59, 60-64,
65-69, 70-74, 75-79, and >80 years old). We also used Kaplan-
Meier methods to calculate the cumulative incidence of HZ re-
currence and stratified the risk curve by decade of age.

RESULTS

The incidence rates of HZ are presented in Table 1. The inci-
dence rate measured using diagnostic codes was 9.92 (95% CI,
9.82-10.01) per 1000 person-years. It generally increased with
age, from 7.20/1000 person-years in the 50-54 years group to
13.99/1000 person-years in the >80 years group. There were
26 545 out of 1 360 248 (1.95%) cohort members who became
immunosuppressed during the follow-up period. Among the
26 545 members, 909 went on and developed HZ. Two of the
909 cases were HZ-related death. Accounting for censoring
when individuals became immunosuppressed during follow-up
resulted in minimal change in the incidence estimate (9.82 per
1000 person-years; 95% CI, 9.72-9.91). Overall, 85% of the in-
cident HZ diagnoses had antiviral medications. The incidence
rate of HZ defined by diagnostic codes plus antiviral medi-
cations was 8.40 (95% CI, 8.31-8.49) per 1000 person-years,
increasing from 6.21/1000 person-years in the 50-54 years
group to 11.61/1000 person-years in the >80 years group.

The proportions of cutaneous, neurologic, and other com-
plications among incident HZ patients are presented in
Table 2. Cutaneous complications occurred in 6.40% (95%
CI, 1.73%-11.07%), neurologic complications in 0.77% (95%
CIL, .00%-2.36%), and other complications in 1.01% (95% CI,
.00%-2.93%), among all HZ patients. When including pos-
sibly HZ-related patients, the proportion became 7.02% (95%
CL, 2.17%-11.87%), 1.36% (95% CI, .00%-3.54%), and 1.70%
(95% CI, .00%-4.06%), respectively. Common cutaneous com-
plications included scar formation/atrophic scars/hypertrophic
scars (n = 17), persisting zoster (n = 16), hypo/hyperpigmenta-
tion or discoloration (n = 12), and cellulitis (n = 12, including
3 possibly HZ-related patients). Common neurologic compli-
cations included Bell’s-like palsy/motor nerve paralysis (n = 6,
including 1 possibly HZ-related patient), sensory loss (n =6,
including 5 possibly HZ-related patients), and cranial nerve
palsies (n = 5, including 3 possibly HZ-related patients). Other
common complications included other miscellaneous compli-
cations (n = 16, including 7 possibly HZ-related patients) and
visceral VZV dissemination (n = 1).

HZ-related hospitalizations and case-fatality rates are pre-
sented in Table 3. Among 8160 HZ incident patients diag-
nosed in 2015, only 70 (0.86%) were determined to have had
an HZ-related hospitalization. The hospitalization rate among
the population was 8.49/100 000 person-years (95% CI, 6.72-
10.73) and sharply increased with age. The case-fatality rate
of HZ was extremely low. Among 40 893 HZ patients diag-
nosed between 2011 and 2015, only 18 (0.04%) deaths were
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Abbreviations: Cl, confidence interval; HZ, herpes zoster.

®HZ related deaths were identified in 1 of the following ways: (1) HZ was documented as a cause of death in the mortality record, or (2) among hospitalized HZ patients who either died during hospitalization or died within 6 months after discharge, cause

of death was determined to be related to HZ complications via chart review.

Negative lower bounds were set to zero.

determined to be HZ-related. Ten out of the 18 patients (56%)
were aged >80 years. The mortality rate among the population
was 0.23 (95% CI, .14-0.37) per 100 000 person-years. HZ was
determined as an underlying cause of death for 3 (0.007% or
0.04 per 100 000 person-years among all HZ cases) of the 18
deaths (VZV meningoencephalitis/encephalopathy). For the
remaining 15 deaths, HZ was considered a contributing factor.
The incidence rate of recurrent HZ is presented in Table 4.
Overall, the incidence rate of recurrence was 10.96 (95% CI,
10.18-11.79) per 1000 person-years. The incidence rate of re-
current HZ decreased from 12.74 (95% CI, 10.90-14.90) per
1000 person-years in the 50-54 years group to 8.92 (95% CI,
6.85-11.61) per 1000 person-years in the >80 years group. The
cumulative incidence of HZ recurrence, stratified by age, is
shown in Figure 1. The 10-year cumulative incidence of recur-
rence was 11.11% (95% CI, 9.60%-12.84%), 10.37% (95% CI,
8.87%-12.11%), 9.23% (95% CI, 7.62%-11.15%), and 8.96%
(95% CI, 5.79%-13.74%) for individuals aged 50-59 years,
60-69 years, 70-79 years, and >80 years, respectively. Overall,
the 2-, 4-, 6-, 8-, and 10-year cumulative incidence of recur-
rence was 2.50% (95% CI, 2.21%-2.82%), 4.77% (95% CI,
4.36%-5.23%), 6.59% (95% CI, 6.08%—7.13%), 8.03% (95% CI,
7.45%-8.66%), and 10.26% (95% CI, 9.36%-11.23%), respec-
tively. The Kaplan-Meier curves were not statistically signifi-
cantly different by age group using the log-rank test (P = .12).

DISCUSSION

In this study, we provide estimates from a large integrated
health care network on the incidence of HZ, as well as data on
HZ-associated complications, hospital admissions, mortality,
and recurrence in unvaccinated, immunocompetent adults
>50 years old. Data included in this study were obtained prior
to RZV approval, and therefore provide timely updates to better
assess the potential impact of the uptake of RZV on HZ epi-
demiology. Our results also provide estimations for parameters
that are needed in cost-effectiveness and budget impact ana-
lyses to help inform policy decisions.

Estimations of age-specific incidence of HZ vary across
studies, mainly due to population compositions (eg, distribu-
tion of sex and race, inclusion of immunocompromised pa-
tients, or differences in vaccination coverage). In contrast to
active surveillance used in clinical trials [3, 4, 14], our study
depended on real-world care seeking, which is influenced by
many factors such as community, physician practice, patient
comorbidities, timing of presentation, and HZ severity.

We found that approximately 8%-10% of patients with HZ ex-
perienced complications in addition to pain, similar to that in
the >50-year-old population reported by Yawn et al in 2007 [2].
The proportion of HZ-related complications in our study needs
to be interpreted with caution. Medical record review was tar-
geted to identify patients with cutaneous, neurologic, or other
complications, excluding PHN and HZO. Patients with pain only
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Table 4. Herpes Zoster Recurrence Among an Inmunocompetent, Unvaccinated Population >50 Years Old From Kaiser Permanente Southern California, 2007-2016

Cumulative Incidence

Incidence of HZ Recurrence

10-y Risk,

Incidence/1000
Person-Years

Number of
Person-Years

Recurrent
Patients®, n

Incident

Diagnosis, y Patients?, n

Age at HZ

95% Cl  4-yRisk, % 95% CI  6-yRisk, % 95% Cl 8-y Risk, % 95% ClI % 95% ClI

2y Risk, %

95% ClI

9.60-12.84

.1

7.76-9.76

8.70

6.39-

4.81-6.32 722

2.33-3.38 5.52

2.81

4286

50-59

8.15

10.90-14.90

12.74

11.15

12 321
12 730

157
142

2029
2257
3604
2003
1601
2518

50-54
55-59
60-69
60-64
65-69
70-79
70-74
75-79
>80
Total

9.46-13.15

10.37 8.87-12.11

7.256-9.54

3.66-5.05 6.54 5.64-758 8.32

1.82-2.88 4.24

2.29

8.62-12.53
9.64-14.10

10.39
11.66

10 587

9094

110
106

7.62-11.15

9.23

6.23-8.73

3.73-56.57 6.07 5.07-7.25 738

1.78-3.06 4.56

2.33

7.64-11.91
8.51-13.83

6.85-11.61

9.564
10.85
8.92
10.96

8179
5991

78

65

1447
1071

5.79-13.74
9.36-11.23

8.96
10.26

4.32-759

4.12-724 5.73

5.47

2.94-5.41

1.68-3.42 3.99

2.32

55 6168

713

1308

7.45-8.66

2.21-2.82 4.77 4.36-5.23 6.59 6.08-7.13 8.03

10.18-11.79  2.50

65 070

11716

Abbreviations: Cl, confidence interval; HZ, herpes zoster.

“Incident HZ patients from 2007 to 2008 were identified from HZ diagnosis codes plus antiviral medications (acyclovir, valacyclovir, or famciclovir dispensed within +7 days of HZ diagnosis date).

Recurrent HZ was defined as having HZ diagnosis codes plus antiviral medications (acyclovir, valacyclovir, or famciclovir dispensed within +7 days of HZ diagnosis date) =6 months after the most recent diagnosis of HZ.

documented in the medical record were not included as having
complications. In addition, we used criteria to define complica-
tions that would more accurately reflect utilization and therefore
provide a better estimation of the costs associated with HZ. For
example, we defined persisting zoster as an HZ rash that did not
resolve within 10 days of the HZ diagnosis date, which is con-
siderably shorter than the definition used in other studies [15].
However, costs incurred from care sought for an HZ rash per-
sisting beyond 10 days could be an important factor to include
in economic projections. Nevertheless, we acknowledge that
health-seeking behavior and accessibility of care likely play a role
in our estimations. With a prepaid and highly accessible system
like KPSC, the proportion of complications may be higher than
those estimated from other health care systems.

Given that the study included individuals who were im-
munocompetent at baseline, hospitalization associated with
HZ was low but increased substantially with age. Among
more than 8000 incident HZ patients in 2015, less than 1%
had an HZ-related hospitalization and mainly in the oldest
old. Similarly, in the ZOE-50 and ZOE-70 combined analysis,
Kovac et al reported 1.05% (5/477) of incident HZ patients in
the placebo group being hospitalized for HZ [16]. The hospi-
talization rate for adults >80 years was particularly high (about
40/100 000 person-years), but lower than in a previous study:
Jackson et al reported HZ-associated hospitalization rates (also
confirmed with medical records) ranging from 10/100 000
persons in adults 60-69 years of age to 65/100 000 persons
in adults >80 years of age in the United States [17]. Data on
HZ-related mortality in immunocompetent populations are
sparse in the literature. After detailed review of medical re-
cords, only 18 (0.04%) deaths were considered HZ-related in
our study. Patients aged >80 years are at a much higher risk of
HZ-related death, likely due to HZ aggravating comorbidities
that lead to functional decline and loss of independence. Our
finding of substantially higher rates of HZ-related hospitaliza-
tion and death in adults >80 years of age suggests the impor-
tance of preventing HZ in this older population.

Data on the incidence of HZ recurrence are critical for eco-
nomic analyses of vaccination programs [18]. However, limited
data are available. Previous estimations for the risk of recurrence
were based on studies with small sample sizes or short follow-up
durations [19, 20]. Population composition, case definitions, and
follow-up duration vary, making comparisons across studies dif-
ficult [21]. In our recurrence analysis, identification of the ini-
tial HZ episode and HZ recurrence required both a diagnostic
code and a dispense record of antiviral medications. This in-
creased the positive predictive value and excluded patients with
carry-forward diagnostic codes only. Our estimates were com-
parable to those estimated in a previous study that used medical
record review to identify recurrence [20]. Among 1131 patients
aged 250 years with incident HZ (about 8% immunocompro-
mised population), the incidence of recurrence was 9.2/1000
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Figure 1.
California, 2007-2016. Abbreviation: HZ, herpes zoster.

Cumulative incidence of herpes zoster recurrence among an immunocompetent, unvaccinated population >50 years old from Kaiser Permanente Southern

person-years in the 50-69 year olds and 9.0/1000 person-years
in the 270 year olds with an average 6.9 years of follow-up [20].
Our estimation is 10.96/1000 person-years with an average
5.6 years of follow-up. While the results are similar, our study has
more power with 6 times the number of person-years, and our
study excluded immunocompromised persons. These advan-
tages allow for clearer interpretation of the data than previous
studies [22, 23]. Our data suggest a linear increase of recurrence
over time instead of a delayed recurrence after a recent HZ epi-
sode. The 10-year cumulative incidence of recurrence estimated
by our study suggests that each year approximately 1% of the
immunocompetent patients with an initial HZ at >50 years will
experience a recurrence. Our data do not support the hypothesis
that an HZ episode prevents recurrence [24]. The role of endoge-
nous boosting in preventing HZ needs further examination.
Our study had some potential limitations. First, it was not
feasible to perform medical record review of all the incident
and recurrent HZ patients given the large sample size of our
study. Nevertheless, the incidence rate estimated in this study
was similar to those reported in the placebo group in clinical
trials that mainly included immunocompetent subjects. The
recurrence rates are also similar to those reported in the same
age group from a study with similar follow-up duration that
used medical record review to confirm recurrence. Secondly,
medical record review for complications was conducted for a
sample of 600 incident HZ patients from the outpatient, emer-
gency department, and inpatient settings. Rare complications
may have been missed; however, by reviewing and confirming
hospitalized patients and mortality patients, we were able to es-
timate the incidence of more severe HZ patients and HZ-related

fatality. Finally, to reduce the probability of including follow-up
visits of an initial episode when estimating HZ recurrence, we
specified that recurrent HZ had to occur at least 6 months after
the most recent visit with an HZ diagnostic code. Hence, we
may have missed patients with recurrence occurring soon after
the initial episode.

In conclusion, our study provides important estimations for
base case values in an immunocompetent population that are
needed for vaccine economic model analyses. Our data suggest
that HZ-related mortality is infrequent in immunocompetent
HZ patients. Mortality and hospitalization mainly occur in the
oldest old. The incidence rate and recurrence rate had different
trends with increased age. The linear increase of recurrence
over time does not support the hypothesis of HZ preventing re-
currence. Although utilization data may be affected by health-
seeking behavior or accessibility to care, they directly reflect the
real-world disease burden to health care systems.
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