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Abstract
Background: Previously, herpes zoster (HZ) was found to oetw higher rate in the HIV population
than the general population. There are, howevaitdd data about the incidence, risk factors, and

clinical outcomes of HZ in the current antiretr@litherapy (ART) era.

Methods: We identified HZ episodes in an urban HIV clinidoot between 2002-2009. Three controls
were matched to each case and conditional logesgieession was used to assess for risk factors
associated with incident HZ cases. Logistic regoestd assess for factors associated with comlecat

HZ.

Results: 183 new HZ cases were identified in 4,353 patieutis 19,752 person-years (PY) of follow-
up—an incidence rate 9.3/1000 PY. Cases were ityajoale (62%), and African-American (75%),
with a mean age of 39 (IQR 32-44). 50 patients (RB&6l complicated HZ with 12% developing post-
herpetic neuralgia. In multivariate regression,ihgstarted ART within 90 days of the episode
(Adjusted OR 4.02, 95% CI:[1.31,12.41]), havingimMoad of > 400 copies/mL (1.49, [1.00,2.24]),
and having a CD4 <350 cells/mif®2.46, [1.42,4.23]) or 350-500 (2.02, [1.14,3.533)compared to

CD4 > 500 were associated with increased risk of HZ

Conclusions: The incidence of HZ is lower than previously reapdrin HIV cohorts, but remains higher
than the general population. Over one-fourth ofgoés developed complicated HZ, which is
remarkable given the young age of our populatigrsk factors for HZ include markers of poor

immune function, suggesting that appropriate ARy mealuce the burden of HZ in this population.



Introduction

It is estimated that over one million cases of kerposter (HZ) occur in the United States each
year.(1) Most cases of HZ occur in adults over é@ry of age.(2) While over 90% of adults have
serologic evidence of varicella-zoster infection ane therefore at risk for developing HZ, HIV-
infected patients have been repeatedly found te hagher incidence rates than the general
population.(3-8) Even after the institution of aetroviral therapy (ART), the high rate of HZ psted
in persons living with HIV (PLWH).(3, 9)

Furthermore, studies suggested that PLWH wereqoigaitly susceptible to complicated HZ
particularly recurrence, multidermatomal involvememd systemic disease. Studies suggested that
early in the combination ART era, ART did not catrthe disparity between PLWH and the general
population.(3) Some studies suggest that ART initieand the resultant immune reconstitution
syndrome might even increase a patient’s risk gébgping HZ.

As advances in HIV therapy allow patients to lisader and the HIV infected population ages,
it would be plausible to think that the burden efges zoster would increase in the HIV-infected
population. Moreover, a new varicella vaccine totpct against zoster was FDA-approved in 2006 and
could greatly impact the epidemiology of this dsedn this study, we re-evaluated the inciderisk, r
factors and incidence of complicated HZ in our arbahort of HIV patients.

Methods
Population and data collection

The Johns Hopkins University AIDS Service provitesh primary and sub-specialty care for
PLWH in the Maryland region. The clinic maintains @servational database on patients. Trained
monitors use structured forms to extract extengitggmation including demographics, clinical and
laboratory data, pharmaceutics, and deaths. utistial electronic sources supplement the record

abstraction.(10) Maintenance of the database am@fuss contents for analysis is approved by the
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Institutional Review Board of the Johns Hopkins \émsity School of Medicine. All patients receiving
primary HIV care enrolled in this clinic were eligg for inclusion in this study.

For this study, we identified all cases of clinigaliagnosed HZ diagnosed between January 1,
2002 and December 31, 2009 in this cohort. Chaete wystematically reviewed for the clinical
characteristics, treatment and sequelae of allceses of HZ.

Definitions

We defined HZ as a rash that a healthcare provieliefied as HZ. HZ was considered a first
episode if there was no evidence in the medicalrceof a previous occurrence. Complicated HZ was
defined as the occurrence of one or more of tHeahg: disseminated zoster (zoster involving ére
or more dermatomes); ocular, visceral or neuroloegmplication consistent with HZ but not
attributable to an independent pathologic procesa;recurrence of HZ within 180 days of
presentation. Consistent with prior literature gostpetic neuralgia (PHN) was defined as painngsti
more than 120 days from the initial onset of thighs rash.(11)

ART was defined as a prescribed multiclass regioféhree or more antiretroviral agents, This
definition of ART was highly inclusive, and thusliely to exclude any preferred drug combinations.
Time on ART was defined as the time between the dBART initiation and the date of zoster
presentation. If ART was initiated within 90 daysop to HZ the patient was considered to have
“recently started.” Finally, AIDS was defined apravious CD4 count of < 200 cells/mior by a prior
AIDS-defining iliness based on Centers for Dise@eatrol and Prevention criteria.(12)

HIV risk factors were defined as past or presepbsxre to injection drug use (IDU), men who
have sex with men (MSM), or high-risk heterosexamitact. Substance use was categorized as current
if use was recorded in the medical record withie gear of the HZ episode.

Comorbidities were assessed through the patier®ical record. Depression was defined as a

diagnosis of depression previously made by a medigasychiatric provider. Hepatitis C was defined

4



as chronic hepatitis C infection, and hepatitissRlaronic, active hepatitis B infection.

The data we collected were entered and managed asRiEDCap (Research Electronic Data
Capture) electronic data capture tools hosted éyltthns Hopkins Biostatistics Center.(13)

Data analysis

For normally distributed variables, means andddash deviations were calculated. For non-
parametric data, medians and inter-quartile raageseported. Normally distributed, continuous
variables were compared using the Studi¢est, categorical variables with the Fisher exest, and
non-parametric data with the Wilcoxon rank-sum.test

Incidence rates were calculated using annual tofglerson-time in the cohort. We compared
herpes zoster incidence rates over time using &oiegression. Risk factors were identified using a
nested case-control analysis. Three controls vwaréamly selected for each case from the patients in
the cohort based on year of enroliment, baseliné,@dd duration of follow-up. Conditional
multivariate logistic regression was used to asgekdactors for zoster.

In order to determine predictors of complicated Mg,also used logistic regression methods.
Individual risk factors were first identified usimgpivariate analyses, withpavalue cut-off for
significance of 0.2. The variables that were idesdiin univariate analysis were then combined in a
multivariable logistic regression model. Potenitidéractions between variables were evaluated by
adding interaction terms to the multivariate modélse final model was selected using a modified
backwards stepwise selection method for non-sicanitip-values, and then choosing the model with
the lowest Akaike information criterion. All anabswere performed using STATA 11.0 (Stata Corp,
TX)

Results
Patient demographics, clinical characteristics, and incidence of zoster

Between January 1, 2002 and December 31, 200@, wexe 4,353 patients with 19,752
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person-years of follow-up time. During this pertbeére were 321 cases of HZ in 262 individuals. One
hundred and eighty-three cases (57%) were incicls#s. The remaining 138 cases were recurrences
that occurred during the study period. Incidentsasere less likely than recurrent cases to beRh A
at the time of the event (OR 0.42, p=0.004). Thogdience rate over the entire study period was 9.3
events per 1,000 person-years of follow-up, anteddrom 4.7 per 1,000 person-years in 2009 to 13.1
in 2003 (Figure 1). There was no statistically gigant difference between the annual incidencegat
and the overall rate for the study peripd>Q.1).

Among incident HZ, the majority of patients wereleng2%), African-American (75%), and
had heterosexual sex as their HIV risk factor (52Vaple 1). The median age was 39 years (range: 18-
68 years). Most patients actively used tobacco (6a¥%ohol (46%), or illicit drugs (27%).

The median CD4 count at HZ was 278 cellsh(l@R: 153-444; 18% with CD4 < 350
cells/mn?) and the median HIV-1 RNA was 2,581 copies/mL @400 to > 700,000 copies/mL;
37% undetectable).

Most patients (75%) were on ART at the time of tlzeister event. Of the 137 patients on ART,
10 (5.5%) had started ART within the past 90 d8fsst patients (86%) had at least one comorbid
condition. The most common conditions were hega@t(53%), depression (42%), and hepatitis B
(26%) (Table 1). Notably, none of the patientshiis study received the HZ vaccine in our clinicidgr
the study interval.

Thirty cases were seen by an outside provideredtitie of their diagnosis and had unknown
dermatomal involvement. Among the remaining 153cpés$, 67% had single dermatomal
involvement, with the most common location being thorax (involved in 60% of patients). Nineteen
patients (11%) had disseminated HZ (Table 2).

Among 168 cases for whom we had treatment data(38%) were treated with antiviral

therapy for HZ. The most commonly prescribed ardivivas valacyclovir (77%). Thirty-six patients
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(20%) were hospitalized for their HZ. The hosp#adl patients had a mean CD4 count of 233
cells/mn?, 68% were already on ART at the time of the episaahd 26 patients (74%) were treated
with intravenous acyclovir.

In multivariate analysis, factors associated athinitial HZ outbreak included having initiated
ART within 90 days of the episode (Adjusted OddH#d&REAOR): 4.02, 95% CI: [1.31-12.41]), having
a detectable HIV-1 RNA at the time of the episofl®R 1.49, [1.00-2.24]), and having a CD4 count
between 350 and 500 cells/MAOR 2.02, [1.14-3.57]) or a CD4 count below 38lisfmn? (AOR
2.46, [1.42-4.23]) as compared to patients with @Ddnt above 500 cells/niniTable 3). Age, sex,
race, HIV risk factor, current ART use, and comdrtdepression, hepatitis B, or hepatitis C were not
associated with a zoster outbreak in univariat@oitivariate analyses.
Presenting symptoms, complications of zoster

Not all patients initially presented within the dgtHopkins system with their episode of HZ.
For patients whose available medical records iredutieir initial presentation (n=133), the majority
complained of pain (82.0%), rash (53.4%), and pauf83.8%). Over one quarter of patients (28.3%)
had complicated zoster. The most common complicatwere PHN (11.9%), disseminated zoster
(10.7%), bacterial superinfection (6.3%), ocularaivement (5.7%) and meningioencephalitis (2.8%).
In univariate logistic analysis, having a CD4 codr0 cells/mm (Odds Ratio 2.86, 95%Cl [1.01-
8.09]) was significantly associated with developaognplicated zoster (Table 4). However, this firgdin

was no longer statistically significant after adijog for age and viral load.

Discussion
In this study, the incidence of herpes zoster agr@nurban cohort of HIV-infected persons was
9.3 per 1,000 person-years. This rate has decragg@ticantly since a previous study conducted

earlier in the combination ART era using this samoleort (32 cases/ 1,000 PYs, between 1997 and
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2001), and now appears to be approaching thaeojeheral population—estimated at approximately
3.5 cases per 1,000 person-years.(3, 14) Thisnigndiin contrast to data from two other cohortse-th
Veterans Health database and Olmsted County, Mataesthat both showed small but significant
increases in HZ over time (2000-2007 and 1996-2&xpectively).(15, 16)

The observed decrease in incidence rate in auicalight be explained by improvements in
addressing the risk factors for HZ specific to PLYWMElonsistent with our earlier study and other
studies, we found that a lower CD4 count was aasettiwith increased risk of incident HZ. (3, 4, 8)
Indeed, immune suppression is consistently a dstof for herpes zoster outbreak in this population
with a CD4 count below 350 cells/miroonferred greater risk than a CD4 count betweénadfsl 500
cells/mn?. Given that the median CD4 count of our populatias steadily increased from 2000
through 2009 from 298 to 431 cells/mm3, this firgdimghlights the importance of restoring immune
function in protecting against HZ. The effectives®f contemporary ART in improving immune
function is likely to be the primary reason for thecline in HZ incidence.

Unlike our earlier study, we also found that theerg ART initiation was strongly associated
with incident disease, suggesting a possible rblsmune dysregulation during immune
reconstitution in producing HZ outbreaks. The aggmn between early immune reconstitution after
starting ART and HZ outbreaks has been previoulsbeored in smaller studies, and may be at least
partially mediated through an increase in CD8 gdlis 18)

Although the incidence rate has decreased in opulgation, it is still greater than the general
population, especially when age is considered vemdontinue to observe a significant complication
rate (28%) among cases. If one excludes PHN, teagatill 21%—far more than the 10-13% rate
observed in the general population.(16, 19, 20y data are consistent with previous reports of &igh
complication rates in PLWH; however, the complicatrate observed in this study was less than the

53% complication rate previously described in duric population.(3, 7) Importantly, since the
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earlier analysis, the definition of PHN has becaon@e conservative now only including pain 120
days after the onset of rash, as compared to thequs definition which included pain that persiste
28 days after the disappearance of the rash. Hlisge in definition might also account for the &arg
decrease in the proportion of patients experienBiHYl (from 28% to 12% in this study). We
identified a CD4 count <50 cells/niras a factor associated with complications on uidteanalysis,
but no factors were statistically significant onltivariate regression. Past studies have identifed
CD4 count, older age, and particular HIV risk fastto be associated with complications.(3, 19) yOnl
50 of our patients experienced complications, whiels perhaps not a sufficient number to detect risk
factors with only a small effect size. Our resalte nevertheless consistent with the literature
suggesting a higher complication rate in PLWH. &eticcess to improved HIV-related care may
reduce the gap in complication rates between PL\WiHthe general population. Age was not a risk
factor for either an HZ episode or an HZ compligatin this study. Age is a known risk factor for HZ
in the general population, but our population ik &latively young.

There are several potential limitations to thiglgt Our results are derived from patients
followed at a single, urban institution with a telaly high proportion of injection drugs users and
minority ethnicity and may not generalize to otbimical settings. We were unable to assess the
impact of the two varicella vaccines. Although yguaur population is still old enough to have had
very low rates of varicella vaccination in childlibdoth the varicella and zoster vaccines are live
attenuated vaccines and as such could potentialjabgerous in an immunosuppressed population.
Data on the use of the vaccine in HIV-infected &gl limited, though suggest that the vaccinelmn
immunogenic in HIV infected patients. (21) Basedeapert opinion, vaccination of HIV-infected
persons >8 years of age who are in CDC clinicalschaor B and have CD4 counts > 200 cellsfmm
may be considered.(22) Though not currently licdrfee this use, the zoster vaccine can be given to

those who do not have AIDS or clinical manifestasiof HIV, and a CD4 > 200 cells/mmar >15% of
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total lymphocytes.(23) No patient in our clinicalhort had received a dose of zoster vaccine during
the study period. Finally, our results rely on doemtation in the medical record although we have no
reason to believe that the clinical documentatibevents and complications has decreased during our
or the previous study periods. In addition, ourhods of abstracting these data have not changed ove
time.

In summary, this study offers several importandifings. First, incidence rates of HZ have
decreased significantly since earlier in the coratbam ART era, moving closer to the general
population rate, but still remain elevated. Secaotyplication rates of HZ remain high in PLWH
despite this group’s much younger median age. Deefipe high complication rate, and the high
incidence rate in PLWH, not a single patient in study population had been vaccinated against HZ.
Finally, and perhaps most importantly, there axess# modifiable risk factors for incident HZ,
including having a detectable HIV-1 RNA level antb&w CD4 count. However, HZ does appear to be
associated with immune reconstitution, so thatthecian should be aware of the higher risk of HZ
shortly after ART is started. Although age was aoisk factor for HZ in this study, it is a knowisk
factor for HZ in the general populations, and asHHhV-infected population continues to age on

effective ART, we may see a greater burden of HZ.

Figure L egend:
Figure 1. Annual incidencerates of herpes zoster between 2002 and 2009

Orange lines mark the point estimate (dotted) &% 8onfidence intervals (solid) for the overall
2002-2009 herpes zoster incidence rate.
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Table 1. Patient demographic and clinical characteristicedse status

Casesof HZ | Controls
(n=183) (n=549) P-
value*

Gender- N (%) 0.448
Male 114 (62.3) 359 (65.4)

Race- N (%) 0.619
African American 137 (75.3) 403 (73.4)

Age- yrs 0.579
Mean 38.6 39.0
Standard deviation 9.2 9.1

HIV risk factor- N(%)
Injection drug use (IDU) 64 (35.0) 214 (39.0) 0.333
Men who have sex with men (MSM%9 (26.8) 160 (29.1) 0.539
High risk heterosexual sex 95 (51.9) 284 (51.7) 0.966

ART use at HZ onset-N (%) 0.843
On ART 137 (74.9) 415 (75.6)

CD4 count at HZ onset-N (%) 0.001
CD4 < 350/mm3 112 (61.2) 268 (48.8)
CD4 350-500/mm3 38 (20.8) 107 (19.5)
CD4 >500/mm3 33 (18.0) 174 (31.7)

HIV-1 RNA at HZ onset- N(%) (n=183) (n=542) 0.007
Undetectable < 400 copies/mL | 67 (36.6) 261 (48.2)
Detectable 400 copies/mL 116 (63.4) 281 (51.9)

Recent ART use- N (%) 0.009
Started ART <90 days before eventlO (5.5) 10 (1.8)

Comorbidities- N (%)
Hepatitis B 48 (26.2) 131 (23.9) 0.519
Hepatitis C 96 (52.5) 286 (52.1) 0.932
Diabetes 19 (10.4) 68 (12.4) 0.468
Cancer 60 (32.8) 138 (25.1) 0.044

* P-value calculated using Pearsox’stest unless otherwise indicated.

H P-value calculated using a two sample t-test.

Copyright © Lippincott Williams & Wilkins. All rights reserved.




Table 2. Clinical characteristics of patients with afirst episode of herpes zoster.

N (%)
Substance use at HZ onset
Tobacco (n=139) 88 (63.3)
Alcohol (n=142) 65 (45.8)
[licit drugs (n=135) 37 (27.4)
Location of dermatomes involved (n=153)
Cranid 33(21.6)
Cervical 31 (20.3)
Thoracic 91 (59.5)
Lumbar and/or sacral 15(9.8)
Number of dermatomes involved (n=151)
1 101 (66.9)
2 31 (20.5)
3+ 19 (12.6)
Any complication (n=177) 50 (28.3)
Post-herpetic neuralgia 21 (11.9)
Disseminated zoster 19(10.7)
Bacterial superinfection 11 (6.3
Ocular involvement 10(5.7)
M eningioencephalitis 5(2.8)
Confusion 1(0.6)
Antiviral used for treatment (n=168)
IV acyclovir 26 (15.5)
Oral acyclovir 23 (13.7)
Vaacyclovir 129 (76.8)
Famciclovir 10 (6.0)
Steroids prescribed (n=168) 9(5.4)
Hospitalized for herpes zoster (n=181) 36 (19.9)

Abbreviations: number of patients (N), total number of patients (n)



Table 3. Conditional logistic regression analysis of factors associated with first herpes zoster
outbreak

Characteristic Unadjusted Odds Ratio (OR) Adjusted OR (95% ClI)

(95% Confidence Interval (Cl))

Recent ART initiation

>50 years

1.00 (0.57-1.75)

No 1.0 (Ref) 1.0 (Ref)

Yes 4.67 (1.54-14.16) 4.02 (1.31-12.41)
Detectable HIV-1 RNA

No (<400 copies/mL) 1.0 (Ref) 1.0 (Ref)

Yes (>400 copies/mL) 1.75 (1.20-2.56) 1.49 (1.00-2.24)
CD4 count

>500 cellymm?® 1.0 (Ref) 1.0 (Ref)

350-500 cellsmm?® 2.08 (1.18-3.65) 2.02 (1.14-3.57)

<350 cellymm?® 3.01 (1.79-5.08) 2.46 (1.42-4.23)
Age

<40 years 1.0 (Ref) 1.0 (Ref)

40-49 years 1.03 (0.70-1.52) 1.06 (0.71-1.58)

1.11 (0.62-1.98)




Table 4. Factor s associated with complicated zoster

Characteristic Unadjusted OR (95% CI)  [Adjusted OR (95% CI)
Detectable HIV-1 RNA
No <400 copies/mL 1.0 (Ref) 1.0 (Ref)
Yes >400 copies/mL 1.70 (0.84-3.47) 1.50 (0.66-3.40)
CD4 count
>50 cells/mm® 1.0 (Ref) 1.0 (Ref)
<50 cells/mm? 2.86 (1.01-8.09) 2.47 (0.75-8.20)
Presented with headache
No 1.0 (Ref) 1.0 (Ref)
Yes 3.87 (0.88-17.06) 3.14 (0.69-14.41)
Age
<30 years 1.0 (Ref) 1.0 (Ref)
30-49 years 1.21 (0.50-2.95) 0.96 (0.33-2.82)
>50 years 0.85(0.23-3.04) 1.01 (0.24-4.29)
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