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Herpes zoster (HZ) results from reactivation of varicella zoster
virus (VZV) after a latency period following primary infection
[1]. HZ causes a painful, blistering rash and can lead to serious
complications, such as a long-lasting, painful postherpetic neuralgia and HZ ophthalmicus with eye involvement [2–5]. The
lifetime risk of HZ is estimated to be approximately 30% [3].
Risk of HZ increases with waning of cell-mediated immunity,
which occurs with aging or immunosuppressive medical conditions or therapies [2, 6].
Temporal increases in the incidence of HZ have been reported previously in the United States, Canada, the United
Kingdom, Spain, Japan, Taiwan, and Australia [7–18]. However, the majority of prior studies are limited to the last 2 decades
and relatively short study periods of 5–10 years. Most studies
relied on administrative claims data without medical records
review for conﬁrmation of the diagnosis [19]. Reasons for
the increase remain unclear, but hypotheses include introduction of antiviral therapy, which might increase patients’
willingness to come for HZ care; the widespread use of

Received 14 March 2016; accepted 26 April 2016.
Correspondence: K. Kawai, Boston Children’s Hospital, 300 Longwood Ave, Boston, MA
02115 (kosuke.kawai@childrens.harvard.edu).
®

Clinical Infectious Diseases
© The Author 2016. Published by Oxford University Press for the Infectious Diseases Society
of America. All rights reserved. For permissions, e-mail journals.permissions@oup.com.
DOI: 10.1093/cid/ciw296

childhood varicella vaccination, which might decrease the
boosting of immunity from wild-type VZV exposure; and
the increasing use of immunosuppressive therapies for multiple chronic conditions, which might increase susceptibility [8,
9, 12, 15]. The US Advisory Committee on Immunization
Practices recommended routine use of varicella vaccination
for children in 1996 and HZ vaccination for older adults in
2006.
The objective of our study is to examine the long-term temporal trend of incidence of HZ from 1945 to 2007 in a community population beginning prior to the introduction of antiviral
medications (mid-1980s) and extending beyond the introduction of childhood varicella vaccinations (1996). We built on
the original work of Ragozzino et al, who were among the
ﬁrst to identify an increase in the rate of HZ in adults using
Olmsted County data from 1945 to 1959 [20], and also the
work of Yawn et al from 1996 to 2001 [3]. The ability to use
medical records review also allowed assessment of the percentage of immunosuppression among patients with HZ. This study
should improve understanding of HZ trends to help direct the
search for etiologies of the increase.
METHODS
Setting

Olmsted County, Minnesota, provides an opportunity for a population-based study of HZ using the Rochester Epidemiology
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Background. Temporal increases in the incidence of herpes zoster (HZ) have been reported but studies have examined short
study periods, and the cause of the increase remains unknown. We examined the long-term trend of HZ.
Methods. A population-based cohort study was conducted in Olmsted County, Minnesota, using data from 1945–1960 and
1980–2007. Medical records review of possible cases was performed to conﬁrm incident cases of HZ, the patient’s immune status,
and prescribing of antivirals for HZ. We examined the relative change in the temporal trend in the incidence rates before and after the
introduction of the varicella vaccination program.
Results. Of the 8017 patients with HZ, 58.7% were females and 6.6% were immunocompromised. The age- and sex-adjusted
incidence rate of HZ increased from 0.76 per 1000 person-years (PY) (95% conﬁdence interval [CI], .63–.89) in 1945–1949 to
3.15 per 1000 PY (95% CI, 3.04–3.26) in 2000–2007. The rate of increase across the time period was 2.5% per year after adjusting
for age and sex (adjusted incidence rate ratio, 1.025 [95% CI, 1.023–1.026]; P < .001). The incidence of HZ signiﬁcantly increased
among all age groups and both sexes. We found no change in the rate of increase before vs after the introduction of the varicella
vaccination program.
Conclusions. The incidence of HZ has increased >4-fold over the last 6 decades. This increase is unlikely to be due to the introduction of varicella vaccination, antiviral therapy, or change in the prevalence of immunocompromised individuals.
Keywords. herpes zoster; shingles; epidemiology.

Subjects for Potential Inclusion

All Olmsted County children and adults who had a diagnostic
code of HZ or an HZ complication (International Classiﬁcation
of Diseases, Ninth Revision codes 053.xx and equivalent codes
from earlier coding systems) and have not refused research authorization (required by Minnesota statute after 1997) were included as potential HZ cases. To date, >95% of Olmsted County
residents have not refused that authorization [21, 25]. Patients of
all ages were identiﬁed during the periods between 1 January
1945 and 31 December 1960 and between 1 January 1980 and
31 December 2007. For the period 1945–1959, the original case
list of HZ patients was available from the Ragozzino et al study
[20] and was used as the basis for data from that period.
The medical records of each potential HZ patient, including
all subjects included in the initial Ragozzino et al study, were
abstracted or reabstracted using the same methodology and
case deﬁnition to assure comparability across the entire time period. All cases were based on the ﬁrst episode of HZ. The criteria
for conﬁrmation of the HZ diagnosis have been reported previously [3]. In brief, HZ conﬁrmation required 1 or more of the
following:

Medical Records Abstraction

Experienced nurse abstractors collected data directly from the
paper or electronic medical records associated with each visit
for HZ for each patient. For quality assurance, 5% reabstraction
was completed and reviewed. Intrarater agreement was >95%
for conﬁrmation of the diagnosis and month and year of diagnosis [25]. The information collected from each HZ diagnostic
visit included the visit site, the visit date, recorded diagnoses,
and prescription of antiviral medication. Patient demographic
data abstracted included birth date and sex.
Immunostatus of each patient at the time of the HZ episode
was assessed by the presence of any of a list of diseases and
drugs that are associated with immunosuppression including
human immunodeﬁciency virus, AIDS, actively treated malignancies (systemic chemotherapy only), all hematological malignancies, and any other type of immunosuppressive therapy such
as that given for rheumatoid arthritis or solid organ transplant
recipients [3]. Corticosteroid medications were considered immunosuppressive if they were given at levels equivalent to 10
mg of prednisone daily for >30 days in the period just prior
to the HZ diagnosis (Supplementary Material). If none of the
conditions or medication types listed above were documented
at the time of or during the year prior to the HZ diagnosis,
the patient was presumed to be immunocompetent.
Statistical Analysis

The temporal changes in the prevalence of patient’s immunostatus and use of antiviral therapy were examined by year. Incidence
rates were estimated by dividing the cases of HZ by person-years
(PY) at risk. We ﬁrst estimated the incidence rates of HZ by sex,
age (<50, 50–59, 60–69, 70–79, ≥80 years), and speciﬁc time period (1945–1949, 1950–1960, 1980–1989, 1990–1999, and 2000–
Table 1.

Characteristics of Patients With Herpes Zoster (N = 8017)

Characteristic

Cases of Herpes Zoster, No. (%)

Sex
Male

3313 (41.3)

Female

4704 (58.7)

Age category
<50 y

3432 (42.8)

50–59 y

1242 (15.5)

60–69 y

1245 (15.5)

70–79 y

1168 (14.6)

≥80 y

924 (11.5)

Location of rash

• Physician-conﬁrmed diagnosis of HZ with typical rash and
pain;
• Signs or symptoms consistent with HZ (acute onset of dermatomal pain and vesicular rash);
• Signs or symptoms consistent with HZ complication and
laboratory tests (viral culture, polymerase chain reaction, direct
ﬂuorescent antibody test, or other) consistent with VZV
infection.
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Head or neck

1755 (21.9)

Trunk, abdomen, or pelvis

4641 (57.9)

Arm or leg

2000 (25.0)

Year category
1945–1949

144 (1.8)

1950–1960

503 (6.3)

1980–1989

1701 (21.2)

1990–1999

2465 (30.7)

2000–2007

3204 (40.0)
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Project (REP). The REP is a unique resource that links and indexes the records of virtually all providers of medical care to
Olmsted County residents [21–24]. This linkage system provides investigators the ability to electronically search for all patients who received a speciﬁc diagnosis in a particular time
period. Once patients with a diagnosis code of interest have
been identiﬁed, investigators may then retrieve and review all
medical records for each identiﬁed patient. The diagnostic indexes are all updated and available to be searched electronically,
with reference to site where the medical records from each visit
are available. Medical records including details of every outpatient visit to ofﬁces, clinics, and emergency departments, as well
as hospitalizations and all correspondence concerning each patient, are available from all sources of medical care within the
county. Medical records data before 2004 are paper based and
either available in the original paper format or have been
scanned for electronic viewing. Previous studies have shown
that >98% of all care provided to Olmsted County residents is
provided within the county and therefore retrievable by REP
[21]. Thus, the REP provides community population–based
medical data.

Table 2.

Incidence Rates of Herpes Zoster (Cases per 1000 Person-Years), 1945–2007, Olmsted County, Minnesota
Incidence Rate (95% CI)

Variable

1980–1989

1990–1999

2000–2007

Incidence Rate Ratio (95% CI)a

P Value

0.83 (.76–.90)

1.76 (1.67–1.84)

2.18 (2.10–2.27)

3.03 (2.93–3.14)

1.027 (1.026–1.029)

<.0001

1.01 (.92–1.10)

2.04 (1.94–2.13)

2.39 (2.29–2.49)

3.15 (3.04–3.26)

. . .

1945–1949

1950–1960

Crude

0.64 (.54–.75)

Adjustedb

0.76 (.63–.89)

Total

Sex
Male

0.60 (.47–.77)

0.70 (.61–.81)

1.50 (1.39–1.62)

1.81 (1.70–1.92)

2.61 (2.48–2.76)

1.027 (1.024–1.029)

<.0001

Female

0.68 (.54–.84)

0.94 (.84–1.05)

1.99 (1.87–2.12)

2.53 (2.41–2.67)

3.44 (3.29–3.60)

1.028 (1.026–1.030)

<.0001

Age category
<50 y

0.38 (.30–.48)

0.44 (.38–.50)

0.92 (.86–1.00)

1.27 (1.19–1.34)

1.76 (1.67–1.85)

1.029 (1.027–1.032)

<.0001

50–59 y

1.29 (.90–1.86)

1.65 (1.35–2.02)

2.44 (2.13–2.80)

3.37 (3.04–3.74)

4.49 (4.13–4.88)

1.022 (1.018–1.026)

<.0001

1.89 (1.32–2.72)

2.61 (2.16–3.16)

4.62 (4.11–5.20)

4.76 (4.28–5.29)

6.52 (5.96–7.12)

1.019 (1.015–1.023)

<.0001

1.70 (1.01–2.87)

2.40 (1.85–3.12)

7.13 (6.36–7.99)

7.60 (6.87–8.39)

8.35 (7.59–9.19)

1.022 (1.018–1.026)

<.0001

≥80 y

1.64 (.68–3.95)

3.51 (2.47–4.98)

8.91 (7.82–10.15)

7.95 (7.06–8.95)

10.70 (9.69–11.82)

1.021 (1.015–1.026)

<.0001

Abbreviation: CI, confidence interval.
a

Incidence rate ratio, 95% CI, and P value based on the Poisson regression model including year as a continuous variable.

b

Age- and sex-standardized to the US population in 2007.

2007). Incidence rates were age- and sex-standardized to the US
population in 2007. Poisson regression modeling with a log-link
function was conducted to examine temporal trends in the incidence rates of HZ by entering calendar year as a continuous variable after adjusting for the patients’ age and sex. We estimated
incidence rate ratios (IRRs) and 95% conﬁdence intervals (CIs).
We also examined the relative change in the temporal trend in the
incidence rates of HZ before and after the introduction of the varicella vaccination program in 1996 by entering an interaction
term between calendar year and indicator for post–varicella vaccination era (before 1996 vs 1997 and beyond). Analyses were
conducted using SAS version 9.3 and R statistical software.
RESULTS

In total, 8017 cases of medical records–conﬁrmed HZ were
identiﬁed (Table 1). The mean age of patients with HZ was

51.8 (SD, 23.7) years, ranging from 0.3 to 101.7 years of age.
Overall, 58.7% of cases were female. The population in Olmsted
County grew from approximately 44 000 in 1945 to 140 000 in
2007 with only a modest increase in racial and ethnic mixture,
from <1% nonwhite in 1945 to 7.3% nonwhite in 2007 and <1%
Hispanic in 1945 to 3.8% in 2007. About 6.6% of patients with
HZ were immunocompromised and 35.4% received antiviral
therapy (Supplementary Table 1). The percentage of immunocompromised status in patients with HZ ranged between 1.4%
in 1945–1949 to 8.8% in 1990–1999 and 6.0% in 2000–2007.
The use of antiviral therapy increased from 11.8% in 1980–
1989 to 46.8% in 2000–2007.
The age- and sex-adjusted incidence rate of HZ increased
from 0.76 (95% CI, .63–.89) per 1000 PY in 1945–1949 to
3.15 (95% CI, 3.04–3.26) per 1000 PY in 2000–2007 (Table 2
and Figure 1). The incidence rate of HZ increased for both

Figure 1. Incidence of herpes zoster in Olmsted County, Minnesota, 1945–2007, showing the temporal trend beginning prior to the introduction of antiviral medications (mid1980s) and extending beyond the introduction of childhood varicella vaccinations (1996).
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60–69 y
70–79 y

Table 3.

Multivariable Analysis of Predictors for Risk of Herpes Zoster

Variable
Year as a continuous variable

Adjusted IRR

95% CI

P Value

1.025

(1.023–1.026)

<.0001

(1.16–1.27)

<.0001

Sex
Men

Reference

Women

1.21

Age category
<50 y

Reference

50–59 y

2.70

(2.53–2.88)

<.0001

60–69 y

4.12

(3.86–4.39)

<.0001

70–79 y

5.68

(5.31–6.07)

<.0001

≥80 y

6.64

(6.17–7.14)

<.0001

Based on the Poisson regression model that includes year, sex, and age category.
Abbreviations: CI, confidence interval; IRR, incidence rate ratio.

DISCUSSION

The incidence of HZ increased >4-fold over the 60-year period
in this population-based cohort study in Olmsted County, Minnesota. The incidence of HZ steadily increased among all age
groups and both sexes. We found no change in the rate of increase before vs after the introduction of varicella vaccination.
Furthermore, the increase of HZ is unlikely to be due to increased patient healthcare-seeking related to the availability of
antiviral therapies, as we observed a similar rate of increase before and after their introduction in the mid-1980s.
To our knowledge, our study has the longest study period
reported to date, signiﬁcantly extending available information
on HZ trends and demonstrating an increase in the age- and
sex-adjusted incidence rate from 0.76 per 1000 PY in 1945–
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sexes and for all age groups. Each subsequent year was associated with 1.025 (95% CI, 1.023–1.026; P < .0001) times greater
risk of HZ compared with the prior year after adjusting for age
and sex (Table 3). This yearly increase corresponds to a 4.5-fold
increase in the incidence rate of HZ between 1945 and 2007 (adjusted IRR, 4.51 [95% CI, 4.09–4.97]). The risk of HZ was signiﬁcantly higher in women than in men (adjusted IRR, 1.21
[95% CI, 1.16–1.27]) and increased with age.
We found no overall evidence of change in the rate of increase in HZ before vs after introduction of varicella vaccination
(P = .18 for relative change in IRR; IRR for annual increase during pre–varicella vaccination era, 1.026 [95% CI, 1.023–1.028];
IRR during postvaccination era, 1.020 [95% CI, 1.014–1.027]).
However, we observed a decline in HZ rates in children <10
years of age following the introduction of the varicella vaccination program (P < .0001 for relative change). The incidence rate
declined from 0.83 (95% CI, .66–1.04) per 1000 PY in 1990–
1994 to 0.35 (95% CI, .22–.53) per 1000 PY in 2005–2007
among children <10 years of age.
We found no evidence of seasonality of HZ when examining
the association between month and risk of HZ after adjusting
for sex, age, and year (P = .20; Supplementary Table 2).

1949 to 3.15 per 1000 PY in 2000–2007. Other studies also report increasing rates but over shorter periods. In the 14 years
from 1993 through 2006, the US MarketScan administrative
claims database reported an HZ incidence rate increase from
1.7 to 4.4 per 1000 PY among all ages [9]. Similarly, in Spain,
the incidence increased from 2.5 to 3.6 per 1000 PY in the 8
years between 1997 and 2004 in a study population of all ages
[11]. In Japan, the incidence increased from 3.8 to 4.5 per 1000
PY in the 10 years between 1997 and 2006 among all ages [12].
Most studies concluded that the incidence increased among all
age groups and both sexes [8, 9, 11–13, 15, 16].
We found no evidence of an impact of varicella vaccination
on the incidence of HZ. Our ﬁndings are consistent with other
shorter-term studies examining the trend during the pre- and
post-era of varicella vaccination in the United States, Canada,
and Taiwan [8, 9, 13, 16, 26]. In a recent study of older adults
(≥65 years) using Medicare claims data, age- and sex-standardized HZ incidence rates increased from 10.0 to 13.9 per 1000 PY
in the 19 years between 1992 and 2010 without any evidence of
change in the rate of increase after the introduction of the varicella vaccination program [8]. Additionally, prior studies have
found that the increase occurred before the introduction of a
national varicella vaccination program [7–9, 11–16]. However,
our study is the ﬁrst to provide a longer baseline and evidence
of a longer and more robust trajectory of increasing HZ, further
conﬁrming the unlikely impact of decreased childhood varicella
on a possible boosting immunity against VZV in adults [27, 28].
The introduction of the varicella vaccine did, however, appear to affect rates of HZ in preteen children. Consistent with
prior studies, we observed a decline in the incidence of HZ following the introduction of varicella vaccination among children
<10 years of age [26, 29]. Our reported decline among children
<10 years of age in the decade after widespread use of varicella
vaccine (from 0.83 to 0.35 per 1000 PY between 1990–1994 and
2005–2007) is similar to the decline from 0.75 to 0.33 per 1000
PY reported between 2000 and 2004 in another US study [29].
This decline is likely a result of the reported lower risk of HZ in
children vaccinated with the live attenuated varicella vaccine
(Oka strain) than in children with naturally acquired varicella
[30, 31]. The possible later risk of HZ in vaccinated children remains unknown; however, our data are reassuring.
The cause of the increase of HZ remains unknown. The increase is unlikely to be due to the introduction of antiviral therapies. Furthermore, the increase cannot be fully explained by
changes in the prevalence of immunocompromised individuals,
as the percentage of immunosuppression among patients with
HZ has not greatly changed over the time period. We cannot
rule out the possibility of changes in healthcare-seeking over
time. However, Leung et al used a national dataset to test this
explanation as a cause for increasing HZ rates and found that
it was unlikely in their setting [9]. In addition, studies within
the Olmsted County population provided evidence that acute

childhood varicella vaccination program has substantially
reduced the risk of varicella morbidity and mortality in the
United States [37, 38], but is not widely used in many other
countries, in part due to the concerns that varicella vaccination
may increase the incidence of HZ in adults [39]. The present
and prior studies found no evidence of such effects and, therefore, support wider use of varicella vaccination [8, 9, 13, 16].
In conclusion, our population-based cohort study showed
that the incidence of HZ has signiﬁcantly increased in both
sexes and among all age groups over the past 6 decades. This
increase is unlikely to be due to the introduction of varicella
vaccination, antiviral therapies, or change in the prevalence of
immunocompromised individuals. The increasing incidence
of HZ is a public health concern, and more research is required
to elucidate the underlying cause of the 4-fold increase.
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conditions have not necessarily increased over time [32]. A study
of ocular herpes simplex virus (HSV) found no increase in incidence during 32 years of observation [32]. Primordial VZV
emerged about 70 million years ago and VZV is considered genetically stable, although a genetic recombination between different strains could occur [33]. To our knowledge, there is no
evidence of viral changes contributing to the increase.
Studies from Poland, Japan, Taiwan, and Australia reported
that incidence of HZ is higher in the summer [12, 14, 15, 34];
however, our study, along with other studies, reported no seasonal difference [6, 10]. It has been speculated that high exposure to ultraviolet (UV) radiation may suppress cell-mediated
immunity and possibly reactivate latent VZV during periods of
high sun exposure such as the summer [34, 35]. HSV, which belongs to the same member of the Herpesviridae family as VZV,
has been demonstrated to be reactivated by UV light [35]. We
observed no seasonal variations in HZ rates but cannot rule out
the possible role of other environmental factors in reactivation.
More research is warranted to understand potential environmental factors associated with risk of HZ.
Our study has several limitations as well as strengths. We did
not capture patients with HZ who did not seek medical care or
who sought care outside the county, but both groups are anticipated to be small. The increase in healthcare professionals may
contribute to the awareness about the disease; however, the percentage of adults employed in healthcare did not change sufﬁciently to explain the increase. The majority of Olmsted County
residents are white, which may limit the generalizability of our
ﬁndings. It is noteworthy that similar, shorter-term temporal
increases were also observed across 7 countries with more diverse racial and ethnic populations [7–18]. We were not able
to assess the incidence of HZ from 1961 to 1979 due to insufﬁcient funding. However, given the steady increase over our
study period, it is unlikely that a lack of data during those periods would have affected our ﬁndings. Major strengths of our
population-based study include medical records validation of
HZ cases and complete case ascertainment through a longstanding, well-established medical records linkage system [24].
The long-term racial homogeneity of the population is another
strength. Given the higher incidence of HZ in white vs black individuals [8], our population’s homogeneous racial composition mitigates the possibility that the observed temporal
increase is due to racial demographic shifts. Furthermore, our
study extends prior literature by demonstrating increasing
trends for more than half a century.
The increasing public health burden of HZ is concerning and
our study emphasizes the importance of preventing HZ and its
complications through vaccination in older adults, as recommended by the US Advisory Committee on Immunization
Practices [36]. Uptake has been low, and enhanced efforts are
needed to increase the uptake of this vaccine, including healthcare providers recommending vaccine to their patients. The
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