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Introduction: Pain following herpes zoster (HZ) can persist for months and negatively impact quality of
life. To evaluate the effect of zoster vaccine live (ZVL) on progression of pain following HZ, we conducted
a prospective cohort study of HZ cases at Kaiser Permanente Southern California.
Methods: ZVL vaccinated and unvaccinated members aged >60 years with laboratory-confirmed HZ from
January 18, 2012 to February 26, 2015 were followed up within 5 days of HZ diagnosis, and at 30, 60, and
90 days after diagnosis. Pain was assessed with the Zoster Brief Pain Inventory (ZBPI) on a 0-10 scale,
using cut-points of >3, >5, and >7, with postherpetic neuralgia (PHN) defined as pain >3 at 90 days.
Log binomial regression was used to estimate adjusted risk ratios (aRRs) and 95% confidence intervals
(ClIs) associated with pain, comparing vaccinated versus unvaccinated HZ patients.
Results: We interviewed 509 vaccinated and 509 unvaccinated HZ patients. ZVL was associated with sig-
nificantly lower risks of HZ-related pain at all time-points. The risk of PHN in vaccinated and unvacci-
nated patients, respectively, was 9.2% and 15.4% (aRR = 0.594, 95% CI: 0.413, 0.854); 2.0% and 4.8% of
these patients reported pain >7 (aRR = 0.332, 95% CI: 0.153, 0.721). Irrespective of vaccination, the risk
of PHN was lower in adults aged <70 years versus those >70 years and was similar or lower in females
versus males.
Conclusion: We used laboratory confirmation of HZ cases and patient survey to show that aside from pre-
venting HZ, ZVL reduced HZ-related pain and prevented PHN among vaccine recipients who experienced
HZ. Observational studies will be needed to evaluate long-term effectiveness of the new recombinant
zoster vaccine and its benefits in protecting patients against PHN.

© 2019 Elsevier Ltd. All rights reserved.
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1. Introduction

Herpes zoster (HZ) is a common condition, affecting more than
1 million people per year in the U.S. prior to the availability of vac-
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confidence interval; EHR, electronic health records; HZ, herpes zoster; KPSC, Kaiser
Permanente Southern California; PCR, polymerase chain reaction; PHN, posther-
petic neuralgia; RR, risk ratio; RZV, recombinant zoster vaccine; SPS, Shingles
Prevention Study; VZV, varicella zoster virus; ZBPI, Zoster Brief Pain Inventory; ZVL,
zoster vaccine live.
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cines [1-3]. Elderly persons are most vulnerable to HZ and its con-
sequences. Postherpetic neuralgia (PHN), a debilitating sequela of
HZ, occurs in 5% to more than 30% of HZ cases [4]. PHN is widely
defined as HZ-related pain persisting 90 days after HZ, although
pain of other durations is often reported (e.g. 30-180 days after
HZ) [5,6]. The pain and discomfort of PHN can last for months to
years and can profoundly affect quality of life, interfering with
sleep and daily activities, and leading to weight loss, depression
and social withdrawal [7-10].

In 2006, live-attenuated herpes zoster vaccine, ZOSTAVAX®
(Merck & Co., Inc.,, Whitehouse Station, NJ; Zoster Vaccine Live;
ZVL) was recommended by the Advisory Committee for Immuniza-
tion Practices (ACIP) for prevention of HZ in adults aged >60 years
[11]. The Shingles Prevention Study (SPS) demonstrated that ZVL
reduced the risk of HZ by 51.3% and the incidence of PHN by
66.5% [12], with waning efficacy over time [13,14]. Similar results
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have been reported in post-licensure studies across diverse popu-
lations [15-19].

In the SPS, the reduced incidence of PHN in vaccinated partici-
pants ages 60-69 years was due mostly to the reduced risk of
HZ, as people who did not have HZ could not develop PHN. How-
ever, in persons ages >70 years, ZVL had an incremental benefit
in prevention of PHN in patients who developed HZ despite vacci-
nation [11,12,20]. Previously, we conducted a study of ZVL vacci-
nated and unvaccinated HZ patients using electronic health
records (EHR) to assess the risk of PHN. The study found that ZVL
was associated with a lower risk of PHN in female HZ patients
but not male HZ patients [21].

Data derived from health care settings, such as EHR, are likely to
sensitively capture episodes of HZ, since most adults seek care for
this acute condition [22]. On the other hand, such data may not
fully capture the progression of HZ to PHN: some patients may
not continue to seek care for pain over longer periods of time, par-
ticularly since treatments for HZ-related pain may cause side-
effects and are often ineffective. Care-seeking behavior for chronic
pain may vary between vaccinated and unvaccinated patients,
potentially confounding evaluation of vaccine effectiveness against
PHN using EHR. Pain assessment using patient survey is not depen-
dent on care-seeking and can capture the severity and duration of
HZ-related pain directly reported by the patients. In this study, we
interviewed a large cohort of ZVL vaccinated and unvaccinated
patients with laboratory-confirmed HZ to assess the progression
of HZ-related pain and to evaluate the effect of ZVL on PHN.

2. Methods
2.1. Study site

We conducted a prospective cohort study at Kaiser Permanente
Southern California (KPSC), an integrated health care organization
that serves approximately 4.4 million residents of Southern
California. Members of KPSC have diverse sociodemographic back-
grounds largely representative of the underlying population [23].
KPSC maintains comprehensive EHR, including sociodemographics,
diagnosis and procedure codes, vaccinations, medications, and lab-
oratory results. As KPSC is a pre-paid system and recommended
vaccines are provided free of charge, members have a strong incen-
tive to receive care within the system, and data captured in EHR
are reasonably complete. At the time of the study, ZVL was recom-
mended for prevention of HZ for adults aged >60 years. The study
was reviewed and approved by the KPSC Institutional Review
Board.

2.2. Study population

Incident HZ was defined as the first HZ between January 18,
2012 and February 26, 2015, with no HZ diagnosis in the prior year.
Patients with incident HZ diagnoses were identified prospectively
by International Classification of Diseases, 9th revision (ICD-9) codes
053.xx from outpatient and emergency department encounters
within 24 h of diagnosis. HZ patients aged >60 years with a record
of ZVL vaccination prior to their HZ diagnosis were defined as vac-
cinated HZ cases. Vaccinated HZ cases were matched by sex and
age (*2 years) to HZ cases with no record of ZVL vaccination (ZVL
unvaccinated cases).

2.3. Interviews

Upon identification of an incident HZ diagnosis, each HZ patient
was contacted via telephone by a trained Research Associate using
a standard script to determine eligibility and to set up a face-to-

face meeting. Patients were eligible if they could be reached within
10 phone call attempts, could be interviewed face-to-face for col-
lection of skin lesion samples within 5 days of diagnosis, lived
within a 3-h drive, and could competently answer interview ques-
tions in English or Spanish.

Informed consent was obtained in-person prior to the baseline
interview. Patients were remunerated for their participation. A
questionnaire was administered, including information on
sociodemographic factors, underlying medical conditions, and the
HZ clinical episode. The Zoster Brief Pain Inventory (ZBPI) was used
to measure the burden of pain and PHN. The ZBPI is a validated
instrument modified by Coplan et al. from the Brief Pain Inventory
to specifically measure HZ-related pain and discomfort in adults
aged >60years [24]. The ZBPI uses an 11-point Likert scale (0-
10) to rate pain in 4 ways (worst, least, average, now) and pain-
related interference in 7 functional categories (general activity,
mood, walking ability, work, relations with others, sleep, enjoy-
ment of life). As demonstrated by Coplan et al., a ZBPI worst pain
score of >3 at 90 days is a valid and reliable measure of PHN.
The ZBPI was administered at the face-to-face baseline interview,
and by telephone at 30 days, 60 days, and 90 days following HZ
diagnosis.

2.4. Laboratory confirmation of varicella zoster virus (VZV)

At the face-to-face baseline interview, trained RAs collected at
least two skin lesion samples according to the protocol prepared
by the National Varicella Zoster Virus (VZV) Laboratory at the
Centers for Disease Control and Prevention (CDC), which per-
formed the standard polymerase chain reaction (PCR) test to con-
firm the presence of VZV from the skin specimens [25]. Patients
with negative PCR results were excluded from the study.

2.5. Statistical analysis

We included all matched and unmatched HZ cases in the anal-
ysis to maximize the analytic sample. Descriptive analyses com-
pared patient-reported demographics, baseline comorbidities and
clinical characteristics by vaccinated and unvaccinated HZ cases.
Chi-square tests or Fisher’s exact tests (for categorical variables)
or Kruskal-Wallis tests (for continuous variables) were used to
assess the difference between groups. To examine the effect of
ZVL vaccination on severity and duration of pain, we present 3 dif-
ferent binary outcomes based on ZBPI scores of worst pain in the
past 24 h of >3, >5, and >7. Risk ratios (RRs) and 95% confidence
intervals (CIs) for each of these outcomes at baseline, 30 days,
60 days, and 90 days comparing ZVL vaccinated and unvaccinated
cases were estimated using log binomial regression adjusted for
age, sex, race/ethnicity; immunosuppression at time of HZ diagno-
sis; comorbidities in the six months prior to HZ diagnosis; outpa-
tient or emergency department visits in the 30 days prior to HZ
diagnosis; and prescription of antivirals at the time of HZ diagno-
sis. If log binomial regression failed to converge, a COPY method
was used to overcome the non-convergence issue [26]. Age- and
sex-specific RRs were also estimated, adjusted for the other vari-
ables. Analyses were performed using SAS 9.3 (SAS Institute, Inc,
Cary, North Carolina).

3. Results

Of 2332 eligible patients contacted, 1111 refused to participate
(approximately 45% of vaccinated and 56% of unvaccinated). Of the
1221 (52.4%) who were interviewed, 193 were excluded due to
negative PCR test results or inadequate skin lesion samples, 2 were
excluded because HZ vaccination could not be confirmed, and 8
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were excluded because they were only interviewed at baseline. The
final study population included a total of 1018 PCR-confirmed HZ
patients (509 ZVL vaccinated patients and 509 ZVL unvaccinated
patients, with 497 matched pairs and 12 unmatched patients in
each group).

Overall, 68.6% of patients were aged >70 years at HZ diagnosis
and two-thirds were female (Table 1). Compared to unvaccinated
patients, more vaccinated patients were white (68.6% vs. 45.6%),
while more unvaccinated patients were Hispanic (28.5% vs.
12.6%). More vaccinated patients than unvaccinated patients had
completed a Bachelor’s degree or above (43.0% vs. 32.2%).

The distribution of comorbidities in the 6 months prior to HZ
diagnosis was similar between vaccinated and unvaccinated
patients (Table 2), except for higher prevalence of musculoskeletal
conditions, depression and lung conditions in vaccinated patients,
and higher prevalence of autoimmune disorders and liver or gall-
bladder conditions in unvaccinated patients. There were no differ-
ences between groups in underlying chronic pain prior to HZ
symptom onset (32.6% overall) and immunosuppression at time
of HZ diagnosis (9.9% overall).

Among vaccinated patients, the median time between ZVL vac-
cination and rash onset was 4.4 years (interquartile range: 2.8, 5.6).
In the month prior to rash onset, there were no differences
between vaccinated and unvaccinated patients in prodromal pain
or discomfort (48.1% overall), other prodromal symptoms (27.4%),
or doctor or emergency department visits (12.2%) (Table 3). Most
patients were prescribed an antiviral at time of diagnosis.

At baseline, the risks of worst pain in the past 24 h by the 3 ZBPI
worst pain score cut-points (>3, >5, and >7) were not significantly
different for vaccinated and unvaccinated patients; worst pain >3

Table 1

was reported by 75.4% of vaccinated patients and 78.7% of unvac-
cinated patients, while worst pain >7 was reported by 40.9% and
46.5%, respectively (Fig. 1 and Supplementary Table 1). By 30 days,
the percentages of vaccinated and unvaccinated patients reporting
pain had dropped sharply, and the risks of pain by all 3 ZBPI cut-
points were significantly lower in vaccinated versus unvaccinated
patients. The percentages reporting pain further declined by
60 days and 90 days and continued to be lower in vaccinated ver-
sus unvaccinated patients. The risk of worst pain >3 at 90 days
(PHN) was 9.2% in vaccinated patients and 15.4% in unvaccinated
patients (aRR = 0.594, 95% CI: 0.413, 0.854). The risk of worst pain
>7 at 90 days was 2.0% in vaccinated patients and 4.8% in unvacci-
nated patients (aRR = 0.332, 95% CI: 0.153, 0.721). The point esti-
mates of aRR for all 3 ZBPI worst pain score cut-points were
lower at 90 days than point estimates of aRR at 30 days or 60 days,
suggesting stronger associations of ZVL with more prolonged and
severe levels of pain.

Stratified analyses were conducted at 90 days to assess any
effect modification by age or sex (Table 4); denominator size,
and thus statistical power and precision, varied across different
cells, but the patterns were instructive. The risks of pain at 90 days
by ZBPI worst pain score cut-points of >3 and >5 were signifi-
cantly lower for vaccinated versus unvaccinated patients aged
>70 years, and in men. For severe pain (ZBPI > 7 cut-point), a sta-
tistically significant lower risk was observed in vaccinated versus
unvaccinated patients aged >70 years and in women. The risk of
worst pain >3 at 90 days (PHN) was 8.8% in vaccinated women,
14.1% in unvaccinated women, 9.8% in vaccinated men, and
17.6% in unvaccinated men. The risk of PHN increased with age
and was 4.6% in vaccinated patients aged <70 years, 11.1% in

Demographic characteristics of zoster vaccine live vaccinated and unvaccinated herpes zoster patients.

Vaccinated Unvaccinated Total p-value
N =509 (%) N =509 (%) N=1018 (%)
Age at HZ diagnosis 0.28
Less than 70 years® 152 (29.9) 168 (33.0) 320 (31.4)
70 years or more 357 (70.1) 341 (67.0) 698 (68.6)
Mean (standard deviation) 73.5 (6.7) 73.1 (6.8) 73.3 (6.7)
Sex 0.56
Female 324 (63.7) 315 (61.9) 639 (62.8)
Male 185 (36.3) 194 (38.1) 379 (37.2)
Race/ethnicity <0.0001
White 349 (68.6) 232 (45.6) 581 (57.1)
Hispanic 64 (12.6) 145 (28.5) 209 (20.5)
Asian 43 (8.4) 58 (11.4) 101 (9.9)
Black 26 (5.1) 49 (9.6) 75 (7.4)
Multi-Race 21 (4.1) 24 (4.7) 45 (4.4)
Other 6(1.2) 1(0.2) 7 (0.7)
Married status” 0.07
Married/Living with partner 358 (70.3) 326 (64.3) 684 (67.3)
Never married 8 (1.6) 18 (3.6) 26 (2.6)
Separated or divorced 61 (12.0) 76 (15.0) 137 (13.5)
Widowed 82 (16.1) 87 (17.2) 169 (16.6)
Education® <0.0001
Did not complete high school 32(6.3) 81 (15.9) 113 (11.1)
High school graduate or equivalent 78 (15.3) 109 (21.5) 187 (18.4)
Some college, vocational, or technical school 180 (35.4) 154 (30.3) 334 (32.8)
Bachelor’s degree or above 219 (43.0) 164 (32.2) 383 (37.7)
Employment 0.15
Currently employed 90 (17.7) 102 (20.1) 192 (18.9)
Not employed 12 (2.4) 21 (4.1) 33 (3.2)
Retired 407 (80.0) 385 (75.8) 792 (77.9)

HZ - herpes zoster.
@ Three patients were age <60 years (56, 56, and 58 years).
b Data were missing from 2 unvaccinated patients.
¢ Data were missing from 1 unvaccinated patient.
4 Data were missing from 1 unvaccinated patient.
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Table 2
Comorbidities in zoster vaccine live vaccinated and unvaccinated herpes zoster patients.
Vaccinated Unvaccinated Total p-value
N =509 (%) N =509 (%) N=1018 (%)

Comorbidities in the 6 months prior to HZ diagnosis
Heart or circulatory 410 (80.6) 407 (80.0) 817 (80.3) 0.81
Musculoskeletal 305 (59.9) 270 (53.0) 575 (56.5) 0.03
Endocrine (thyroid disorders, diabetes) 177 (34.8) 185 (36.3) 362 (35.6) 0.60
Allergies or asthma 141 (27.7) 121 (23.8) 262 (25.7) 0.15
Depression 80 (15.7) 58 (11.4) 138 (13.6) 0.04
Kidney or bladder 62 (12.2) 61 (12.0) 123 (12.1) 0.92
Skin 59 (11.6) 50 (9.8) 109 (10.7) 0.36
Stomach or intestinal 52 (10.2) 53 (10.4) 105 (10.3) 1.0
Cancer 44 (8.6) 32 (6.3) 76 (7.5) 0.15
Lung 46 (9.0) 29 (5.7) 75 (7.4) 0.04
Neurological 29 (5.7) 27 (5.3) 56 (5.5) 0.78
Autoimmune (lupus, rheumatoid arthritis) 15 (2.9) 36 (7.1) 51 (5.0) <0.01
Liver or gallbladder 4 (0.8) 11 (2.2) 15 (1.5) 0.07
Chronic pain before onset of HZ symptoms* 173 (34.0) 159 (31.4%) 332 (32.6) 0.57
Immunosuppression at time of HZ diagnosis” 54 (10.6) 47 (9.2) 101 (9.9) 0.46

HZ - herpes zoster.
¢ Data were missing for 2 unvaccinated patients.

b patient reported having been told by a health care provider that their immune system was weak at the time of HZ diagnosis due to underlying condition, medical

treatment, or medication.

Table 3
Clinical characteristics of herpes zoster in zoster vaccine live vaccinated and unvaccinated patients.
Vaccinated Unvaccinated Total p-value
N =509 (%) N =509 (%) N=1018 (%)
Prodromal pain or discomfort in month prior to rash onset" 0.63
Yes 241 (47.3) 248 (48.8) 489 (48.1)
No 268 (52.7) 260 (51.2) 528 (51.9)
Other prodromal symptoms (fever, headache, body aches, fatigue, or confusion) in month prior 0.98
to rash onset”

Yes 137 (27.3) 139 (27.4) 276 (27.4)
No 364 (72.7) 368 (72.6) 732 (72.6)
Doctor or emergency department for pain or discomfort in month prior to rash onset® 0.10
Yes 53 (10.5) 70 (13.9) 123 (12.2)
No 451 (89.5) 434 (86.1) 885 (87.8)
Prescribed antiviral at time of diagnosis’ 0.23
Yes 474 (93.5) 478 (95.2) 952 (94.4)
No 33(6.5) 24 (4.8) 57 (5.6)
Days from rash onset to health care visit or beginning antiviral treatment® 0.12
Same day 65 (13.7) 76 (15.9) 141 (14.8)
1-3 days 220 (46.4) 246 (51.6) 466 (49.0)

4-6 days 117 (24.7) 99 (20.8) 216 (22.7)
>6 days 72 (15.2) 56 (11.7) 128 (13.5)

2 Data were missing for 1 unvaccinated patient.

b Data were missing for 8 vaccinated and 2 unvaccinated patients.

¢ Data were missing for 5 vaccinated and 5 unvaccinated patients.

9 Data were missing for 2 vaccinated and 7 unvaccinated patients.

e

Data were missing for 35 vaccinated and 32 unvaccinated patients.

unvaccinated patients aged <70 years, 11.2% in vaccinated patients
aged >70years, and 17.6% in unvaccinated patients aged
>70 years.

4. Discussion

This large, prospective cohort study of HZ patients used labora-
tory methods to confirm all cases, and used patient survey, which
is not biased by health-seeking behavior, to directly assess HZ-
related pain and PHN. Our study indicates that ZVL vaccination
reduces HZ-related pain duration and severity and provides incre-
mental benefits beyond protection against HZ. It also adds to our
understanding of the likelihood with which HZ progresses to
PHN, and how this progression is influenced by age and sex.

The risk of PHN in this study was similar to that in the SPS,
which also used survey of confirmed HZ patients to assess the pro-
gression of pain directly reported by patients as a function of ZVL
[12]. The SPS actively identified HZ cases among enrolled partici-
pants, whereas we started with medically-attended HZ, which
could be more clinically-relevant. In the SPS, the risk of PHN was
8.6% in vaccinated HZ patients and 12.5% in unvaccinated patients,
compared to 9.2% and 15.4%, respectively, in our study. In both our
study and the SPS, the risk of PHN was higher in male versus
female HZ patients and HZ patients aged >70 years versus younger
patients.

This study found higher risk of PHN by patient survey than our
previous study at KPSC of HZ patients followed through encounters
in the EHR, in which the risk of PHN was 4.9% in vaccinated
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Fig. 1. Patient-reported pain by Zoster Brief Pain Inventory (ZBPI) score cut-offs for worst pain in past 24 h of >3, >5, and >7 at herpes zoster (HZ) diagnosis (baseline) and

—8— Vaccinated

Unvaccinated

30 days, 60 days, and 90 days in zoster vaccine live (ZVL) vaccinated and unvaccinated patients.

Table 4
Zoster Brief Pain Inventory scores for worst pain in past 24 h at 90 days after herpes zoster diagnosis in zoster vaccine live vaccinated and unvaccinated cases, stratified by age and
sex.
Vaccinated Unvaccinated Unadjusted Risk Ratio (95% CI) Adjusted® Risk Ratio (95% CI)
N=501" N = 480"
n (%) n (%)
ZBPI >3
Age
Less than 70 years® 7 (4.6) 18 (11.1) 0.417 (0.179, 0.971) 0.466 (0.198, 1.098)
70 years or more 39 (11.2) 56 (17 0.629 (0.429, 0.922) 0.627 (0.419, 0.938)
Sex
Female 28 (8.8) 42 (14.1) 0.633 (0.403, 0.993) 0.751 (0.473, 1.192)
Male 18 (9.8) 32(17.6) 0.537 (0.310, 0.932) 0.466 (0.263, 0.827)
Total 46 (9.2) 74 (15.4) 0.591 (0.417, 0.837) 0.594 (0.413, 0.854)
ZBP1 > 5
Age
Less than 70 years® 5(3.3) 6(3.7) 0.894 (0.279, 2.869) 0.845 (0.240, 2.970)
70 years or more 22 (6.3) 38 (12.0) 0.537 (0.325, 0.887) 0.514 (0.303, 0.871)
Sex
Female 16 (5.0) 25(8.4) 0.607 (0.331, 1.115) 0.718 (0.383, 1.344)
Male 11 (6.0) 19 (10.4) 0.585 (0.287, 1.195) 0.450 (0.217, 0.930)
Total 27 (5.4) 44 (9.2) 0.596 (0.376, 0.947) 0.562 (0.347, 0.910)
ZBPI >7
Age
Less than 70 years 1(0.7) 3(1.9) 0.358 (0.038, 3.401) 0.156 (0.011, 2.280)
70 years or more 9 (2.6) 20 (6.3) 0.417 (0.193, 0.903) 0.328 (0.144, 0.750)
Sex
Female 5(1.6) 16 (5.4) 0.297 (0.110, 0.799) 0.299 (0.108, 0.828)
Male 5(2.7) 7 (3.9) 0.722 (0.234, 2.233) 0.440 (0.134, 1.451)
Total 10 (2.0) 23 (4.8) 0.422 (0.203, 0.878) 0.332 (0.153, 0.721)

HZ - herpes zoster.
CI - confidence interval.
ZBPI - Zoster Brief Pain Inventory.

2 Data from the ZBPI at 90 days were missing from 8 vaccinated and 29 unvaccinated cases.

b Risk ratios were adjusted for race/ethnicity, immunosuppression at the time of HZ diagnosis, comorbidities in the 6 months prior to HZ diagnosis (autoimmune disorders,
musculoskeletal conditions, lung conditions, liver/gallbladder conditions, depression), doctor or emergency department visits in the 30 days prior to HZ, and antiviral
prescription at the time of HZ diagnosis. Models stratified by age group also adjusted for sex, and models stratified by sex also adjusted for age group.

¢ The model was adjusted for the same covariates except liver/gallbladder conditions (the rarest condition among the adjusted covariates).

patients and 8.7% in unvaccinated patients. In the EHR study, the
risk of PHN was higher in female versus male unvaccinated HZ
patients (10.4% versus 5.8%), but not in vaccinated HZ patients
(4.1% in females and 6.0% in males). The association of ZVL with
a lower risk of PHN in sex-specific strata also differed between this
study using patient survey and the previous EHR study; the latter
observed a reduced risk of PHN in vaccinated versus unvaccinated
female HZ patients but not males, whereas the survey results
reported here suggest ZVL may offer some protection against the

progression and severity of HZ-related pain in both men and
women who develop HZ despite vaccination.

One explanation for the differences between patient survey and
EHR may be variations in care-seeking behavior. HZ patients expe-
riencing pain lasting weeks to months may tire of presenting for
health care without obtaining relief and may drop out of care.
Others may retain more hopefulness or gain therapeutic benefits
and continue to seek care. These individual characteristics and
behaviors vary widely in the population and are likely influenced
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by many measurable and unmeasurable factors. EHR capture HZ-
related pain from health care encounters, but exclusive reliance
on these data may underestimate the risk of progression of HZ to
PHN. This phenomenon, which has been inadequately considered
in the medical literature, may similarly affect assessments of other
types of pain conditions as they become chronic.

These data have implications for shingles vaccine uptake as pro-
viders and patients may be more likely to consider vaccination if
they know the vaccine will protect against severe pain even if
the protection against HZ is not perfect. The newly licensed zoster
vaccine, Shingrix® (GlaxoSmithKline, Research Triangle Park, NC;
recombinant zoster vaccine; RZV) is indicated for the prevention
of HZ in adults aged >50 years [27] and was preferentially recom-
mended over ZVL by the ACIP [28]. The high efficacy of RZV against
HZ and PHN in clinical trials precluded observation of an incre-
mental impact of RZV on PHN beyond prevention of HZ [29,30].
Long-term observational studies will be required to assess this
phenomenon and other unanswered questions on RZV long-term
effectiveness and safety.

This study had several potential limitations. Patients who
agreed to participate in the study might have differed from non-
participants. For example, participants could have greater severity
of HZ-related pain than non-participants, or greater interest in the
disease. However, this participation bias was likely similar
between ZVL vaccinated and unvaccinated patients. While our
analyses accounted for sociodemographic characteristics, comor-
bidities, and prior health care utilization, there may have been
other factors associated with receipt of ZVL that were unrecog-
nized and unaccounted for. In addition, a small portion of the
patients did not respond to attempts for one or more of the 30,
60, or 90-day interviews. It is possible that these patients had less
pain than those who did respond. To assess potential bias, sensitiv-
ity analyses for PHN were conducted by assuming missing patients
had ZBPI worst pain scores of 0O (no pain) in their subsequent
response or assuming their pain stayed the same as reported in
the most recently available interview. The aRR estimated from sen-
sitivity analyses did not vary significantly, suggesting bias due to
non-response was likely minimal. Finally, the sample size for some
subgroup analyses were low. Therefore, although the point esti-
mates of aRR were less than one for all age- or sex- subgroups,
the confidence intervals for some of them were wide.

In conclusion, this study describes follow up of laboratory-
confirmed HZ cases and provides evidence that ZVL protects against
PHN even when HZ occurs despite vaccination. Our study also pro-
vides insights on the natural history of HZ and demonstrates that
survey data relating to chronic pain can differ considerably from
EHR-encounter data, even in the same health care settings - a
methodological issue that can benefit from further analysis. As
RZV is increasingly used over ZVL, it will be imperative to evaluate
the incremental benefit of RZV in preventing HZ-related pain.
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