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KEYWORDS Summary Objectives: To assess the incidence of Herpes Zoster (HZ) and its complications in
Herpes Zoster; the Israeli general population and specifically in immune-compromised individuals, and to
Neuralgia; identify risk factors for developing HZ and post-herpetic neuralgia (PHN).

Postherpetic; Methods: A retrospective database search for newly diagnosed cases of HZ and of PHN during
Incidence; 2006—2010 was conducted using the comprehensive longitudinal database of Maccabi Health
Risk factors Services. Cox-proportional hazards models were used to assess associations between risk fac-

tors and HZ and PHN.

Results: During 2006—2010 there were 28,977 newly diagnosed cases of HZ and 1508 newly
diagnosed cases of PHN. Incidence density rate of HZ was 3.46 per 1000 person-years in the
total population and 12.8 per 1000 person-years in immune-compromised patients. HZ and
PHN incidence increased sharply with age. 12.4% and 3.1% of elderly HZ patients (>65 years)
developed PHN or ophthalmic complications, respectively. In multivariable analyses, HZ and
PHN were associated with female sex, higher socioeconomic status, diabetes mellitus, cancer
history, and HIV treatment.

Conclusions: Extrapolating to the entire Israeli population, we estimate over 24,000 new cases
of HZ and 1250 new cases of PHN each year. Cost-effectiveness analysis should be performed to
determine the threshold age for vaccination against HZ.
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Introduction

Herpes Zoster (shingles) is caused by varicella-zoster virus
(VZV) reactivation, often several decades after the initial
infection, and is characterized by painful dermatological
symptoms. According to previous studies from the UK,
Canada, and the USA the lifetime risk of developing HZ is
20%—30%."? Incidence increases markedly with age and is
higher among patients with neoplastic diseases (especially
lymphoproliferative cancers), organ-transplant recipients,
and in those receiving immunosuppressive drugs, due to
impaired cell-mediated immunity in these patients. The
most common complication of HZ is post-herpetic neuralgia
(PHN), a persistent pain that negatively affects the pa-
tient’s quality of life and ability to function.? Precise defi-
nitions of PHN vary, but most authors use persistent pain
for 1—3 months after the outbreak of the HZ rash.*~’

HZ vaccine has been shown to substantially reduce the
risk of HZ and subsequent PHN in immune-competent
elderly subjects.® The vaccine is licensed for use in the
USA since 2006 and recommended in persons aged 60 years
or above with no contraindications, such as primary or ac-
quired immunodeficiency.’ Despite lack of updated local
data regarding the epidemiology of HZ, an advisory commit-
tee to the Israeli Ministry of Health has recently recommen-
ded immunization for elderly citizens. We undertook the
present study to evaluate the incidence of HZ and its com-
plications in the Israeli general population and among spe-
cific high-risk groups, as well as to assess the proportion of
under-diagnosed HZ cases in the community. In recent
years, use of biological immune-suppressants in Israel has
increased due to inclusion of several new indications in
the Israeli basket of health services.'®'" Therefore we
divided the analyses into two different time-periods: Inci-
dence rates of HZ and PHN in the general population
were derived for the years 2006—2010, whereas high-risk
populations and complications other than PHN were studied
during 2010.

Patients and methods

Data source and case definition

The present retrospective cohort analysis was conducted
using the comprehensive longitudinal database of Maccabi
Healthcare Services (MHS), the second largest health
maintenance organization (HMO) in Israel, covering approx-
imately 2 million individuals, or 25% of the total Israeli
population. Since 1995, all Israeli citizens are universally
covered under the 1994 National Healthcare Insurance Act
that provides a comprehensive basket of services through
four national HMOs. The age and sex distribution of MHS
enrollees is comparable to the Israeli population distribu-
tion.'> MHS’ computerized database has been described
previously.'® Briefly, this database is a central data reposi-
tory, retaining historical records of patient demographic
data and clinical data, as well as laboratory results, hospi-
talizations, visits to specialists, dispensed medications, im-
aging tests, nursing, physiotherapy and other treatments.
All MHS caregivers use a central computerized medical
record.Using the individual’s unique national identity

number, these data can be identified to the level of the in-
dividual member. The study protocol was approved by the
institutional review board of MHS.

Cases of HZ and of PHN were identified through a search
of the database for International Classification of Diseases,
9th revision code of HZ (ICD 9 code, 053) and for relevant
internal MHS codes from all general hospitals in Israel and
from the community. We previously described the validity
of a similar case finding method in 73 randomly selected
HZ patients of whom 61 had supporting clinical evidence
(including free text) in their medical records giving a pre-
dictive value of 84% (95% Cl: 78%—93%)."3

Epidemiology of HZ and PHN during 2006—2010

Cases of HZ were identified for the period of January 1,
2006 through September 30, 2010. To prevent capture of
follow-up visits of previous HZ episodes, at least one year of
enrollment in MHS was required before entry to the study.
Recurrent cases were counted if they occurred one year or
more after a previous visit accounted for HZ. Incident cases
of PHN were identified for the period of January 1, 2006
through December 31, 2010 (to ensure capture of PHN up to
3 months after HZ). Annual age-specific incidence density
rates (IDRs) of HZ and the proportion of patients subse-
quently developing PHN were calculated for the period of
2006—2010.

Assessment of under-diagnosed HZ

Diagnoses of PHN appeared in some medical records with no
previous diagnosis of HZ, indicating that these patients did
not seek medical care for their HZ episode. The proportion
of such PHN cases out of all cases of PHN was used to
estimate the proportion of undiagnosed HZ cases. Assuming
that undiagnosed HZ cases had the same rate of PHN as
diagnosed HZ patients for each age group, we then
estimated the true IDRs of HZ.

Complications and high-risk patients during 2010

Clinical data on complications other than PHN were
abstracted for HZ patients diagnosed between January
and September 2010 using ICD9 codes. These complications
included encephalitis, nerve palsies, myelitis, pneumonitis,
otitis externa, ophthalmic complications, delayed contra-
lateral hemiparesis, and hepatitis, and were considered
complications of HZ if they were coded as HZ complications
(sub hierarchy of ICD code 053), or if diagnosed 7 days
before or up to 45 days after diagnosis of HZ. Delayed
contralateral hemiparesis was followed for 180 days after
diagnosis of an ophthalmic complication.

Analysis of HZ epidemiology among immunocompro-
mised patients included identification of new cases of HZ
between January and September 2010 and follow-up for
PHN from January to December 31 2010. The immunocom-
promised patient group included: 1) patients who pur-
chased at least two prescriptions of immunosuppressants
or three prescriptions of corticosteroids in the half year of
July—December 2009, 2) cancer patients receiving chemo-
therapy or radiotherapy who began their last treatment
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during this period, 3) patients receiving anti-HIV drugs in
2009, and 4) patients who underwent a solid organ trans-
plantation at any time, or who underwent a bone-marrow
transplantation during 2009.

Finally, risk factors for HZ and for PHN were assessed.
Data obtained for MHS members aged 25 or up included
date of birth, sex, and history of cancer, diabetes mellitus
(DM), and transplantations, as well as therapy for acquired
immune deficiency syndrome (AIDS) or treatment with TNF-
o blockers (i.e. at least one prescription in 2010). Data also
included socioeconomic status (SES), categorized into
tertiles according to the poverty index of the member’s
enumeration area, as defined by 1995 national census. The
poverty index is based on several parameters including
household income, educational qualifications, crowding,
material conditions and car ownership.' DM patients were
identified by using the MHS computerized diabetes mellitus
patient registry.” Information on cancer history was pro-
vided by the Israel National Cancer Registry (INCR), which
has collected information of diagnosed cancer cases from
all medical institutions in Israel since 1960.

Hazard ratios and 95% confidence intervals were derived
using Cox-proportional hazards (PH) regression for the
association of baseline risk factors and study outcomes,
namely incident HZ and PHN cases. PH assumptions were
assessed visually by examining the log—log survival plots for
each variable adjusted for the other covariates. Due to
violation of the PH assumption for age, the final model was
carried out separately for persons aged 25—84 and for those
aged >85 years. SPSS version 19 was used in all analyses.

Results

Epidemiology of HZ and PHN during 2006—2010

During the study period there were 28,977 newly diagnosed
cases of HZ and 1508 newly diagnosed cases of PHN among
MHS members (Table 1). The IDR of HZ was 3.46 per 1000
person-years with a sharp increase with age, ranging from
2 per 1000 person-years among children and young adults
to 10 per 1000 person-years among the elderly (>65 years
of age). There was little variation in the annual IDR of HZ
during the study period (Fig. 1). The mean age at diagnosis
increased linearly from 43.3 years in 2006 to 46.1 years in
2010 (p-for linear trend <0.001) whereas the entire cohort
aged by 14 months in this time interval. Recurrence rate of
HZ was 2.9% during the study period, with a median time of
23.1 months between episodes. Overall 5.2% of HZ patients
in 2006—2010 developed PHN, 2.0% in of the 25—44 age
group and 12.4% of the elderly HZ patients. The mean
time interval between the first reported diagnosis of HZ
and reported diagnosis of PHN was 33 days, with a median
of 17 days.

Assessment of under-diagnosed HZ

In 281 cases of PHN (18.9%) there was no documentation of
HZ prior to the diagnosis of PHN. Thus we estimated the
overall true IDR of HZ to be 4.65 per 1000 person-years and
among the elderly 12.11 per 1000 person-years (Table 1).

Age-specific incidence density rates of Herpes Zoster and proportion of patients developing post-herpetic neuralgia, Maccabi Healthcare Services, 2006—2010.

Table 1

Post-herpetic neuralgia

Herpes Zoster

Proportion of PHN
cases without HZ

visit % (n)

PHN

Proportion

Estimated true
IDR per 1000

Male-to-female

Follow-up Cases IDR per 1000
ratio

years,
mean

Age

male-to-female

ratio

with PHN %

person-years

years

person-years?®

1:0.63
1:0.96
1:0.82
1:0.96
1:0.75
1:1.10
1:1.09
1:1.25
1:0.77

1:1.13

0.1 (5)

2.39
3.98
3.03
3.88
5.79
9.14
11.77
13.25

10.51

1:1.12
1:1.03
1:0.97
1:1.00
1:1.45
1:1.37
1:1.20
1:1.06
1:0.89

1:1.21

1.91
2.00
2.35
2.62
4.44
7.48
10.23
11.45

4694
2223
2875

3.86 (1.41)
4.20 (1.11)

636,263

264,831

0—14

0.72 (16)

15—24
25—-34
35—44
45—54

1.81 (52)
2.24 (79)
4.95 (207)
6.75 (354)

11.56 (420)

13.24 (277)

15.43 (77)

4.21 (1.22)
4.35 (1.08)
4.41 (1.00)
4.39 (1.01)
4.25 (1.17)
4.02 (1.34)
3.39 (1.61)
4.15 (1.24)

291,314

3532
4182

309,827
213,483

— e~ o~~~

5247
3633

159,690

55—64
65—74
75—84

85+

83,511
45,380
16,410

2,020,709

2092

8.97
3.

499
28,977

1)

18.9 (28

5.20 (1508)

4.56

46

Total

2 See text for details.
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Figure 1  Annual age-specific incidence density rates of Herpes Zoster, Maccabi Health Services 2006—2010 (N = 2,020,709).

Complications and high-risk patients during 2010 23,420 immunocompromised patients followed during

2010, there were 207 cases of HZ (Table 3), yielding IDRs
In addition to PHN, other common complications of HZ ~ ©of 12.8 and 14.6 per 1000 person-years in patients aged
included ophthalmic disease and otitis externa, occurringin =25 and in the elderly, respectively. PHN was diagnosed
25.01 and 5.71 per 1000 HZ patients, respectively (Table 2).  in 11.6% and 17.0% in immunocompromised patients aged
There were no reported cases of pneumonitis. Among =25 and in the elderly, respectively.

Table 2 Cumulative incidence of selected HZ complications® per 1000 patients aged 25 years and up, Maccabi Healthcare Ser-
vices Jan—Sep 2010.

Cumulative incidence of HZ complications® per 1000 HZ patients

Age years No. of HZ patients Hepatitis Ophthalmic complications Otitis externa DCH Myelitis Nerve palsies Encephalitis

25—44 1045 0.96 24.88 4.78 0 0 0.96 0.96
45—64 1616 0.62 21.66 6.19 0 0.62 4.33 0
65—84 939 1.06 27.69 6.39 1.06 0.00 2.13 0
85+ 78 0 64.10 0 0 0 0 0
Total 3678 0.82 25.01 5.71 0.27 0.27 2.72 0.27

DCH: delayed contralateral hemiparesis.
2 Diagnosed 7 days before or up to 45 days after diagnosis of HZ. Delayed contralateral hemiparesis was followed for 180 days after
diagnosis of an ophthalmic complication.

Table 3  Age-specific incidence density rates of HZ and proportion developing post-herpetic neuralgia in immunocompromised
patients, Maccabi Healthcare Services, Jan—Sep 2010.

Age years n HZ incident cases IDR per 1000 PY Proportion developing PHN (n)
25—-34 1604 4 3.37 0

35—44 3348 21 8.53 0

45-54 4304 27 8.56 7.4% (2)

55—64 5744 67 16.06 10.5% (7)

65—74 4577 54 16.35 16.7% (9)

75—84 3006 27 12.63 18.5% (5)

85+ 837 7 12.04 14.3% (1)

Total 23,420 207 12.18 11.6% (24)
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In a multivariate Cox-regression analysis in the 25—84 age
range, in addition to age, HZ and PHN were associated with
female sex, higher SES, DM, history of cancer and receiving
treatment for HIV (Table 4). Notably, high HRs for PHN were
observed for ages 65 and up (HRs = 20.9—19.5) and for per-
sons treated for HIV (HR = 15.5). Use of anti-TNFalpha medi-
cation increased the risk of HZ and of PHN, but the latter
association was not statistically significant. History of trans-
plantation was not an independent risk factor for HZ or for
PHN, and therefore was not included in the model. Among
persons aged >85 up, history of cancer increased the risk
for HZ, with HR = 3.57 (95% Cl:0.87—14.66) for a history of
1 year and HR = 1.77 (95% Cl:0.98—3.19) for a history of 5
years or more.

Discussion

The results of this population based cohort indicate a
substantial annual risk of HZ of about 4.5 per 1000, with
one in twenty HZ patients further developing PHN. Similar
to previous studies, we found a strong association between
age and occurrence of HZZ* 714720 and of PHN.472° Qur
analysis provides further evidence of the importance of
well-known HZ risk factors such as female sex,®7:16:17:21,22
diabetes, 132023 and immunocompromised
conditions.

The overall IDRs of HZ in this current study are in the
higher range of those reported for other developed countries
which range between 1.2 and 5.5 per 1000 per year.'”"?2 Simi-
larly, our estimates of age-specific HZ risk among the elderly
(12.11 and 12.61 per 1000 among the aged 65 years and 75
years or more, respectively) are in the higher range of previ-
ously reported estimates.’>*7:16719 The relatively high HZ
risk calculated in this study can be explained by our

7,16,17,20,23-26

automated capturing of community cases and the universal
access to healthcare services in Israel. According to a Minis-
try of Health report, the average number of annual physician
visits among elderly Israelis is 15,2 one of the highest in the
world. This may explain the relatively low proportion of
underreported HZ cases in this age group. Due to the high
proportion of cases captured, we believe that our cohort
may have consisted of more mild HZ cases compared to pre-
vious similar studies. This, in turn, may explain the compar-
atively low proportion of HZ patients diagnosed with PHN in
this study (5.2% overall and 12.4% among the elderly), as
compared to 6—18% in adults and 14%—29% in
Netherlands,* ' the UK,® and the US.3 PHN has been shown
to occur more often among severe HZ cases.?® Another
possible explanation for the somewhat lower occurrence of
PHN in the current study is that since the coding was not spe-
cifically designated for research purposes, the physicians
may have attributed less importance to sub-types of diag-
nosis and may have used the more general HZ code for diag-
nosis. HZ ophthalmicus was also diagnosed less often than in
a previous report, * where screening of text-data within med-
ical records was used.

Some studies have shown a major increase in HZ rates
over time with?® or without?'-3° association to the introduc-
tion of childhood VZV immunization. Our time-trend anal-
ysis suggested only minor changes occurring before and
after 2008, the year when the VZV vaccine was introduced
to the universal childhood immunization program in Israel.

Studies in various immunocompromised patient popula-
tions have shown increased risk for HZ and PHN. For
example, SLE patients experienced an incidence of 6.4 HZ
events/1000 person-years, mostly due to concomitant use
of corticosteroids and immunosuppressants.?®> According to
one study, patients with Crohn’s disease who received

Table 4 Hazard ratios and 95% confidence intervals for the association of incident cases of HZ and of post-herpetic neuralgia,

Maccabi Healthcare Services 2010.

Herpes Zoster

Post-herpetic neuralgia

Risk factor Sub group No. of Incident Hazard ratios Incident Hazard ratios
persons cases (95% Cl) cases (95% Cl)
Age (years) 25-34 248,479 449 1 (ref.) 11 1 (ref.)
35—44 297,431 596 1.10 (0.98—1.25) 10 0.75 (0.32—1.78)
45-54 207,558 675 1.77 (1.57—1.99) 36 3.80 (1.93—7.47)
55—64 161,266 941 3.05 (2.72—-3.42) 66 8.38 (4.41—15.93)
65—74 77,838 613 3.95 (3.49—4.49) 84 20.90 (11.04—39.57)
75—84 39,841 326 4.02 (3.47—4.66) 41 19.51 (9.89—38.48)
Sex Female vs. males 539,670 2067 1.23 (1.15—1.31) 152 1.44 (1.12—1.86)
SES (tertiles) High vs. other 278,664 1080 1.11 (1.03—1.19) 89 1.39 (1.07—1.81)
Cancer history None 994,917 3284 1 (ref.) 214 1 (ref.)
<1 year 3479 38 2.13 (1.54—-2.93) 5 3.00 (1.23—7.30)
1-5 years 16,665 143 1.58 (1.33—1.87) 17 1.91 (1.16—3.14)
5+ years 17,352 135 1.37 (1.15—1.63) 12 1.17 (0.65—2.11)
Diabetes mellitus Yes. vs. no 82,064 533 1.17 (1.06—1.29) 58 1.35 (0.99—1.83)
HIV treatment Yes. vs. no 627 6 3.92 (1.76—8.73) 1 15.53 (2.17—111.21)
Anti-TNF-o Yes. vs. no 1316 13 2.73 (1.58—4.70) 1 2.95 (0.41—21.06)
Transplantation Yes. vs. no 409 2 1.03 (0.26—4.12) 0 NA

history?

2 Not included in final model.
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monotherapy with steroids, immunosuppressants, or anti-
TNF agents had a 70% higher risk for HZ. The relative risk
for HZ in patients receiving more than one of these medica-
tions was 3.7. Similarly, in the current study, elderly immu-
nocompromised patients were at 1.4-fold higher risk for
both HZ and PHN. In the multivariate analysis, an HR of
3.88 was found for the risk of HZ in patients receiving
anti-HIV therapy. Recent studies reported a 10-fold
increased risk for HZ in HIV-positive persons compared to
HIV-negative persons.2%:3"

DM, history of cancer and anti-TNF alpha treatments
were also independently associated with an elevated risk
for HZ as well as for subsequent PHN. DM patients have
been shown to be more susceptible to infections than DM-
free individuals,®? as we have shown using the MHS data-
base.'® While Schmader et al.*? did not detect an associa-
tion between lifetime history of cancer and risk for HZ in
the elderly, we have found that although the HZ risk
declined with time since cancer diagnosis, it was still signif-
icant at least 5 years afterward. This may be explained by
continuous immunosuppressive therapy in long-term cancer
patients.

Additional independent HZ risk factors were female sex
and higher socioeconomic status. Other studies also re-
ported a higher incidence of HZ in females, with a relative
risk in the range of 1.2—1.4.%7"7 |n data from England,
Wales and Canada®* no association was found between so-
cioeconomic status and risk for HZ." A previous study in
Israel showed higher anti-VZV vaccination rates in Israeli
children with high versus low SES in the era prior to univer-
sal vaccination, i.e. before 2008.3% This raises a case for
further study to assess whether Israeli children of lower
SES indeed had a higher incidence of VZV and if their family
members experienced decreased rates of HZ, as suggested
by some studies>®*” but not all.>%:3®

To the best of our knowledge, the present study is one
of the largest studies on the incidence of HZ and its
complications in the general population as well as in
high-risk patients. Other study strengths include the
comprehensive and systematic data collection and high
accessibility to MHS’ healthcare services. Nevertheless,
some limitations of the study should be considered. Case
definition was based on physician consultations and hospi-
tal records, and thus data on undiagnosed or misdiagnosed
cases and complications were unavailable. Specifically,
ascertainment of PHN cases depended on physicians’
definition of PHN and was subject to the inability to
differentiate between the duration of PHN and degrees of
pain severity. The mean time interval between HZ and PHN
diagnoses suggests that physicians tended to use a 1-month
definition.

Extrapolating the incidence of HZ and PHN to the entire
Israeli population, we estimate over 24,000 new cases of HZ
and 1250 new cases of PHN each year. A cost-effectiveness
analysis, taking into account long-term effects on the
quality of life of PHN patients, should be carried out to
determine the threshold age for vaccination against HZ.
This analysis should take into account the increasing pro-
portion of the aging population both in the Western and the
non-Western world,® increasing use of immunosuppressive
therapies, and trends over time in the epidemiology of the
disease.

References

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

. Johnson RW,

. Brisson M, Edmunds WJ, Law B, Gay NJ, Walld R, Brownell M, et al.

Epidemiology of varicella zoster virus infection in Canada and the
United Kingdom. Epidemiol Infect 2001 Oct;127(2):305—14.

. Chapman RS, Cross KW, Fleming DM. The incidence of shingles

and its implications for vaccination policy. Vaccine 2003 Jun 2;
21(19-20):2541-7.

Bouhassira D, Kassianos G, Leplege A,
Schmader KE, Weinke T. The impact of herpes zoster and
post-herpetic neuralgia on quality-of-life. BMC Med 2010;8:37.

. Opstelten W, Mauritz JW, de Wit NJ, van Wijck AJ, Stalman WA,

van Essen GA. Herpes zoster and postherpetic neuralgia: inci-
dence and risk indicators using a general practice research
database. Fam Pract 2002 Oct;19(5):471-5.

. Yawn BP, Saddier P, Wollan PC, St Sauver JL, Kurland MJ, Sy LS.

A population-based study of the incidence and complication
rates of herpes zoster before zoster vaccine introduction.
Mayo Clin Proc 2007 Nov;82(11):1341—-9.

. Gauthier A, Breuer J, Carrington D, Martin M, Remy V. Epide-

miology and cost of herpes zoster and post-herpetic neural-
gia in the United Kingdom. Epidemiol Infect 2009 Jan;
137(1):38—47.

. Gialloreti LE, Merito M, Pezzotti P, Naldi L, Gatti A, Beillat M,

et al. Epidemiology and economic burden of herpes zoster
and post-herpetic neuralgia in Italy: a retrospective,
population-based study. BMC Infect Dis 2010;10:230.

. Oxman MN, Levin MJ, Johnson GR, Schmader KE, Straus SE,

Gelb LD, et al. A vaccine to prevent herpes zoster and posther-
petic neuralgia in older adults. N Engl J Med 2005 Jun 2;
352(22):2271-84.

. Harpaz R, Ortega-Sanchez IR, Seward JF. Prevention of herpes

zoster: recommendations of the Advisory Committee on Immu-
nization Practices (ACIP). MMWR Recomm Rep 2008 Jun 6;
57(RR-5):1—30 [quiz CE2-4].

Israeli A. Health ministry director-general circular no. 21/08:
expansion of health services basket for 2009. Jerusalem: Is-
raeli Ministry of Health; 2010.

Chai-Am E. Health ministry director-general circular no.
02/10: expansion of health services basket for 2010. Jerusa-
lem: Israeli Ministry of Health; 2010.

Bendelac J. Membership in sick funds 2010. Jerusalem: Na-
tional Insurance Institute; 2011.

Heymann AD, Chodick G, Karpati T, Kamer L, Kremer E,
Green MS, et al. Diabetes as a risk factor for herpes zoster
infection: results of a population-based study in Israel. Infec-
tion 2008 Jun;36(3):226—30.

1995 census of population and housing. Jerusalem: Israel Cen-
tral Bureau of Statistics; 1998.

Chodick G, Heymann AD, Shalev V, Kookia E. The epidemiology
of diabetes in a large Israeli HMO. Eur J Epidemiol 2003;18(12):
1143—6.

Insinga RP, Itzler RF, Pellissier JM, Saddier P, Nikas AA. The
incidence of herpes zoster in a United States administrative
database. J Gen Intern Med 2005 Aug;20(8):748—53.

Thomas SL, Hall AJ. What does epidemiology tell us about risk
factors for herpes zoster? Lancet Infect Dis 2004 Jan;4(1):
26—33.

Donahue JG, Choo PW, Manson JE, Platt R. The incidence of
herpes zoster. Arch Intern Med 1995 Aug 7-21;155(15):
1605—9.

Pierik JG, Gumbs PD, Fortanier SA, Van Steenwijk PC,
Postma MJ. Epidemiological characteristics and societal
burden of varicella zoster virus in the Netherlands. BMC Infect
Dis 2012 May 10;12(1):110.

Jih JS, Chen YJ, Lin MW, Chen YC, Chen TJ, Huang YL, et al.
Epidemiological features and costs of herpes zoster in Taiwan:


http://refhub.elsevier.com/S0163-4453(13)00205-3/sref1
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref1
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref1
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref1
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref2
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref2
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref2
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref2
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref2
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref3
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref3
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref3
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref4
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref4
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref4
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref4
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref4
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref5
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref5
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref5
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref5
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref5
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref6
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref6
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref6
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref6
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref6
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref7
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref7
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref7
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref7
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref8
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref8
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref8
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref8
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref8
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref9
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref9
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref9
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref9
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref9
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref10
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref10
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref10
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref11
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref11
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref11
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref12
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref12
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref13
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref13
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref13
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref13
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref13
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref14
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref14
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref15
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref15
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref15
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref15
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref16
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref16
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref16
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref16
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref17
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref17
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref17
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref17
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref18
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref18
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref18
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref18
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref18
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref19
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref19
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref19
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref19
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref20
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref20

Epidemiology of Herpes Zoster in Israel

469

21.

22.

23.

24.

25.

26.

27.

28.

29.

a national study 2000 to 2006. Acta Derm Venereol 2009 Nov;
89(6):612—6.

Leung J, Harpaz R, Molinari NA, Jumaan A, Zhou F. Herpes zos-
ter incidence among insured persons in the United States,
1993—2006: evaluation of impact of varicella vaccination.
Clin Infect Dis 2011 Feb 1;52(3):332—40.

Pinchinat S, C-C A, Bricout H, Johnson RW. Similar herpes zos-
ter incidence across Europe: results from a systematic litera-
ture review. BMC Infect Dis 2013;13(1):170.

Hata A, Kuniyoshi M, Ohkusa Y. Risk of herpes zoster in patients
with underlying diseases: a retrospective hospital-based cohort
study. Infection 2011 Dec;39(6):537—44.

Gnann Jr JW, Whitley RJ. Clinical practice. Herpes zoster. N
Engl J Med 2002 Aug 1;347(5):340—6.

Borba EF, Ribeiro AC, Martin P, Costa LP, Guedes LK, Bonfa E.
Incidence, risk factors, and outcome of herpes zoster in sys-
temic lupus erythematosus. J Clin Rheumatol 2010 Apr;16(3):
119-22.

Gebo KA, Kalyani R, Moore RD, Polydefkis MJ. The incidence of,
risk factors for, and sequelae of herpes zoster among HIV pa-
tients in the highly active antiretroviral therapy era. J Acquir
Immune Defic Syndr 2005 Oct 1;40(2):169—74.

Health in Israel — selected data. Jerusalem: Israeli Ministry of
Health; 2010.

Jung BF, Johnson RW, Griffin DR, Dworkin RH. Risk factors for
postherpetic neuralgia in patients with herpes zoster.
Neurology 2004 May 11;62(9):1545—51.

Yih WK, Brooks DR, Lett SM, Jumaan AO, Zhang Z, Clements KM,
et al. The incidence of varicella and herpes zoster in Massachu-
setts as measured by the Behavioral Risk Factor Surveillance Sys-
tem (BRFSS) during a period of increasing varicella vaccine
coverage, 1998—2003. BMC Public Health 2005;5:68.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Chao DY, Chien YZ, Yeh YP, Hsu PS, Lian IB. The incidence of
varicella and herpes zoster in Taiwan during a period of
increasing varicella vaccine coverage, 2000—2008. Epidemiol
Infect 2011 Sep 12:1-10.

Glesby MJ, Hoover DR, Tan T, Shi Q, Gao W, French AL, et al.
Herpes zoster in women with and at risk for HIV: data from
the Women’s Interagency HIV Study. J Acquir Immune Defic
Syndr 2004 Dec 15;37(5):1604—9.

Geerlings SE, Hoepelman Al. Immune dysfunction in patients
with diabetes mellitus (DM). FEMS Immunol Med Microbiol
1999 Dec;26(3—4):259—65.

Schmader K, George LK, Burchett BM, Hamilton JD, Pieper CF.
Race and stress in the incidence of herpes zoster in older
adults. J Am Geriatr Soc 1998 Aug;46(8):973—7.

Russell ML, Schopflocher DP, Svenson LW. Health disparities in
chickenpox or shingles in Alberta? Can J Public Health 2008
Jan-Feb;99(1):41-5.

Gavrielov-Yusim N, Battat E, Neumann L, Friger M, Balicer RD.
Birth order and private voluntary immunization—a study of
110,902 children. Vaccine 2012 Jan 5;30(2):442—7.

Thomas SL, Wheeler JG, Hall AJ. Contacts with varicella or
with children and protection against herpes zoster in
adults: a case-control study. Lancet 2002 Aug 31;
360(9334):678—82.

Brisson M, Gay NJ, Edmunds WJ, Andrews NJ. Exposure to varicella
boosts immunity to herpes-zoster: implications for mass vaccina-
tion against chickenpox. Vaccine 2002 Jun 7;20(19—20):2500—7.
Marin M, Meissner HC, Seward JF. Varicella prevention in the
United States: a review of successes and challenges. Pediatrics
2008 Sep;122(3):e744-51.

World population ageing 2009. New York: United Nations, Divi-
sion DESA/Population Division; 2009.


http://refhub.elsevier.com/S0163-4453(13)00205-3/sref20
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref20
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref20
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref21
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref21
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref21
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref21
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref21
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref21
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref22
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref22
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref22
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref23
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref23
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref23
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref23
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref24
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref24
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref24
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref25
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref25
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref25
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref25
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref25
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref26
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref26
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref26
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref26
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref26
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref27
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref27
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref27
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref28
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref28
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref28
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref28
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref29
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref29
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref29
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref29
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref29
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref29
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref30
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref30
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref30
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref30
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref30
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref30
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref31
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref31
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref31
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref31
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref31
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref32
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref32
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref32
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref32
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref32
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref33
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref33
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref33
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref33
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref34
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref34
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref34
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref34
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref35
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref35
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref35
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref35
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref35
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref36
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref36
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref36
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref36
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref36
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref37
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref37
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref37
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref37
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref37
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref38
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref38
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref38
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref38
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref39
http://refhub.elsevier.com/S0163-4453(13)00205-3/sref39

	A population based study of the epidemiology of Herpes Zoster and its complications
	Introduction
	Patients and methods
	Data source and case definition
	Epidemiology of HZ and PHN during 2006–2010
	Assessment of under-diagnosed HZ
	Complications and high-risk patients during 2010

	Results
	Epidemiology of HZ and PHN during 2006–2010
	Assessment of under-diagnosed HZ
	Complications and high-risk patients during 2010

	Discussion
	References


