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In a cohort of 4,225 persons living with human immunodeficiency virus type 1 (HIV-1)  
infection (PLWH) enrolled at a southeastern US clinic, the overall rate of incident 
herpes zoster (HZ) was 101 per 10,000 person-years (PY) between January 1999 
and 2017, which nearly quadruples the rate reported for the general US population.  
In the same cohort, the median age of HZ diagnosis was 39.5 years [interquartile range 
(IQR) 31.5–49.2] in African American (AA) and 39.1 years (IQR 34.9–45.2) in European 
American (EA) PLWH, with the highest incidence seen in PLWH who were over 50 years 
old (144 and 93 per 10,000 PY in AA and EA, respectively, P = 0.18), showing no bias 
between men (100 per 10,000 PY) and women (101 per 10,000 PY). In multivariable 
models that were applicable to 245 HZ cases and 3,713 controls, age, nadir CD4+ T-cell 
(CD4) count, plasma viral load (VL), and duration of combination antiretroviral therapy 
were independent correlates of incident HZ (adjusted P ≤ 0.006 for all). Regardless of 
other factors, viremic PLWH (VL > 50 copies/mL) was at the highest risk of HZ [adjusted 
odds ratio (OR) > 3.0, P < 0.0001]. PLWH with a nadir CD4 count of ≥500 cells/μL 
showed a relatively low risk (adjusted OR = 0.48, P = 0.003). By contrast, similar risk 
estimates were observed with three advancing age groups (30–39, 40–49, and ≥50) 
when compared with age <30 (adjusted OR = 1.86–2.17, P ≤ 0.010). These findings 
indicate that efforts for HZ diagnosis and prophylaxis should target viremic PLWH who 
are over 30 years old and with CD4 count <500 cells/μL.

Keywords: herpes zoster, human immunodeficiency virus type 1, incident rate, epidemiology, correlation

inTrODUcTiOn

Herpes zoster (HZ) is a debilitating, but readily diagnosed disease that results from reactivated 
varicella-zoster virus (VZV) infection. An episode of HZ may last for weeks to months and occa-
sionally leads to complications like postherpetic neuralgia (PHN). According to estimates from 
the United States Centers for Disease Control and Prevention (CDC), about one million American 
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FigUre 1 | A flow chart for the selection of 245 incident herpes zoster (HZ) 
cases and 3,713 control subjects for this study. A total of 4,225 subjects are 
included in initial analyses.
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adults develop HZ each year, while one-third of Americans 
develop HZ in their lifetime (1). Notably, a vast majority of 
these HZ cases are seen in the elderly population, as HZ rates 
increase substantially after age 50 in the US general population 
(2). This age bias has prompted the CDC to recommend active 
HZ vaccination for all persons over 60 years without contrain-
dications (1).

Apart from advanced age, other known risk factors for HZ 
include gender, race, stress, statin use, and various states of 
immunosuppression seen in malignancy, transplantation, and 
human immunodeficiency virus type 1 (HIV-1) infection (2–6). 
In persons living with HIV-1 infection (PLWH), HZ has been 
well recognized as a common complication since early in the 
epidemic, particularly in individuals who are well below the 
age of onset typical in the general population. Several cohort 
studies in Africa, Europe, and North America have provided 
strong epidemiological evidence that combination antiretroviral 
therapy (cART) can reduce HZ, but its incidence, recurrence, 
and complications (particularly PHN) remain more common 
in PLWH than in the general population, which may reflect 
enduring problems with suboptimal adherence to cART, partial 
immune reconstitution (as measured by CD4+ T-cell counts), 
lingering stress, or accelerated/premature aging (5, 7–14).

To identify correlates and trends of HZ in the context of 
cART, we have examined a well-defined, southeastern US 
clinical cohort of PLWH who had longitudinal data between 
January 1999 and 2017. Our findings suggest that efforts for HZ 
prophylaxis may need to focus on PLWH who are over 30 years 
old and with CD4 count of <500 cells/μL. These PLWH, espe-
cially those who have detectable HIV-1 viral load (VL), should 
be of primary interest in follow-up studies that aim to uncover 
correlates of immune dysregulation or to assess the benefits of 
effective vaccination. Identifying these correlates and determin-
ing the underlying mechanisms for the risk of HZ may also be 
useful in understanding non-AIDS comorbidities in PLWH.

sUBJecTs anD MeThODs

study Population
From a well-established clinical cohort of PLWH enrolled at a 
local clinic in Birmingham, Alabama (The 1917 Clinic) (15), 
we selected 4,225 subjects (out of a total of 5,189) for the ini-
tial assessment of incident HZ between January 1999 and 2017 
(Figure  1). Excluded subjects included (i) 54 with unknown 
or ambiguous race (self-reported), (ii) one who was less than 
18 years old; (iii) 757 HZ-free subjects who has <12 months of 
follow-up after the first clinical visit (enrollment); (iv) 12 who 
had organ transplants (receiving immunosuppressive therapy); 
and (v) 140 who reported HZ before enrollment (prevalent HZ 
cases). For multivariable modeling, we further focused on 3,958 
PLWH, including 245 incident cases and 3,713 control subjects, 
who had multiple measurements of HIV-1 VL and CD4+ T-cell 
(CD4) counts to allow a full evaluation of virological and 
immunological correlates (267 PLWH were excluded because of 
missing data). All subjects provided written informed consent 
for participation in the prospective, multifaceted cohort study, 

and research protocols pertinent to this substudy were approved 
by an Institutional Review Board at the University of Alabama 
at Birmingham.

Patient Data for Various analyses
The following parameters from this southeastern US cohort of 
PLWH were retrieved from a central repository: (i) demograph-
ics (sex, baseline age, race/ethnicity); (ii) risk factors for HIV-1 
acquisition (sexual and injection drug use); (iii) the duration of 
cART-free infection and the duration of cART; (iv) virological 
failure after cART (detection of viral blips), (v) systemic coinfec-
tions (e.g., hepatitis C virus genotype and plasma HCV RNA), 
(vi) three comorbidities (asthma, diabetes, and psoriasis) that 
were relatively common in the cohort; (vii) nadir CD4 count 
before HZ diagnosis in the last 12 months of follow-up for the 
control subjects, (viii) absolute CD4 count and CD4 percent-
age in the two visits immediately before HZ diagnosis or the 
last two visits in control subjects, (ix) HIV-1 VL in the three 
visits immediately before HZ diagnosis or the last three visits 
in control subjects (to determine the highest VL during these 
intervals), and (x) calendar dates of enrollment and diagnosis 
of incident HZ. In addition, prescribed medication and medical 
charts were used to verify incident HZ diagnosis. The incidence 
rate of HZ was calculated as cases per 1,000 person-years (PY) of 
active follow-up (after enrollment). Cases per calendar year were 
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TaBle 1 | Overall characteristics of the study cohort stratified by the status of 
herpes zoster (HZ).

Baseline characteristics hZ-free 
subjectsa 

(N = 3,973)

incident 
hZ casesa 
(N = 252)

P-valueb

Age at enrollment (mean ± SD) 39.5 ± 11.1 40.0 ± 9.8 >0.40
Age category at enrollment 0.029

18–29 years 907 (22.8) 39 (15.5)
30–39 years 1,243 (31.3) 93 (36.9)
40–49 years 1,096 (27.6) 77 (30.6)
≥50 years 727 (18.3) 43 (17.1)

Sex >0.80
Women 923 (23.2) 60 (23.8)
Men 3,050 (76.8) 192 (76.2)

Race/ethnicity >0.80
African American (AA) 2,387 (60.1) 149 (59.1)
European American (EA) 1,510 (38.0) 99 (39.3)
Others 76 (1.9) 4 (1.6)

HIV-1 risk factor 0.105
Men having sex with men (MSM) 2,207 (55.6) 129 (51.2)
Heterosexual 1,644 (41.4) 119 (47.2)
Others (including injection drug use) 122 (3.1) 4 (1.6)

HCV infection status 0.201
No HCV infection 3,666 (92.3) 225 (89.3)
Infection with HCV genotypes 1a/1b 250 (6.3) 23 (9.1)
Infection with other HCV genotypes 57 (1.4) 4 (1.6)

Comorbidity 1: asthma 419 (10.6) 25 (9.9) >0.75
Comorbidity 2: diabetes  
(predominant type 2)

440 (11.1) 21 (8.3) 0.176

Comorbidity 3: psoriasis 69 (1.7) 3 (1.2) >0.50
Nadir CD4 countc  
(missing in 32 subjects)

<0.0001

<200 cells/μL 1,906 (48.4) 159 (63.1)
200–500 cells/μL 1,305 (33.1) 70 (27.8)
>500 cells/μL 730 (18.5) 23 (9.1)

Nadir CD4 percentagec  
(missing in 42 subjects)

<0.0001

<15% 1,643 (41.8) 142 (56.4)
15–29% 1,573 (40.0) 90 (35.7)
30–40% 559 (14.2) 17 (6.8)
>40% 156 (4.0) 3 (1.2)

Duration of cART (before  
the end of follow-up)

<0.0001

Untreated 98 (2.5) 13 (5.2)
Up to 24 months 616 (15.5) 84 (33.3)
>24 months 3,259 (82.0) 155 (61.5)

Plasma viral load (VL)c  
(missing in 235 subjects)

<0.0001

<50 copies/mL 2,288 (61.1) 56 (22.9)
50–4,245d copies/mL 595 (15.9) 54 (22.0)
>4,245d copies/mL 862 (23.0) 135 (55.1)

aNumbers are shown as N and column percentage (%), unless specified otherwise.
bStatistical significance is shown for reach parameter.
cAs measured in the last 12 months of follow-up (between January 1999 and 2017). 
Nadir CD4+ T-cell (CD4) count and highest viral load are analyzed.
dFor the study period, 4,245 copies/mL is the upper limit of the interquartile range.
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also evaluated for trends between January 2000 and December 
2016 (excluding two tail ends with sparse data).

Descriptive statistics
Baseline demographics and characteristics for the study cohort 
were captured in descriptive statistics (Tables 1 and 2), which 
included (i) counts (before and after stratifications) and percent-
ages/frequencies for various observations, (ii) mean and stand-
ard deviations (SD) of the mean for quantitative measures that 
conform to a normal distribution (e.g., age) and (iii) median and 
interquartile range (IQR) for quantitative measures that deviated 
from a normal distribution (e.g., age at HZ diagnosis and VL). 
The rates of HZ occurrence were expressed as mean and 95% 
confidence interval (CI) per 10,000 PY of follow-up. For consist-
ency with earlier reports, baseline age was categorized (mostly 
per decade), so were nadir CD4 count, CD4 percentages, and 
plasma VL (<50 copies/mL was considered as undetectable). 
For factors that were available for association analyses, their 
pairwise correlation (extent of collinearity) was evaluated using 
the Spearman method. Trend of HZ incidence over time was 
assessed using linear regression (for slope and P-value).

central hypothesis and analytical 
Procedures
To identify independent correlates of incident HZ, this study 
tested an overarching hypothesis that factors that are unequivo-
cally associated with HZ incidence could inform health-care 
decisions. The potential (either reported or hypothesized) predic-
tors were first screened in univariable models that evaluated one 
factor at a time through case–control comparisons. Individual 
parameters with a nominal P-value of <0.05 accompanied by a 
false discovery rate (q-value) of <0.05 were accepted as provi-
sional correlates and then further tested in multivariable models 
(omnibus tests). All factors with adjusted P < 0.05 were retained 
in a reduced multivariable model, and their relative impact on 
HZ incidence was gauged by adjusted odds ratio (OR) and 95% 
CI. For factors (demographics and HIV-risk groups) that did 
not change over time, Kaplan–Meier curves and Cox proportio-
nal hazard models were also applied to evaluate their potential  
impact on time from enrollment to HZ onset. These analytical 
procedures were conducted using software packages in SAS, ver-
sion 9.2 (The SAS Institute, Cary, NC, USA).

resUlTs

rates of hZ incidence in the study cohort
As of January 2017, 4,225 subjects from our study cohort met 
the criteria for initial analyses (Figure  1). These included 252 
incident HZ cases and 3,973 control subjects, with a total of 
25,106 PY of follow-up since January 1999. Overall, the rate of 
incident HZ was 101 per 10,000 PY (95% CI 88–113 per 10,000 
PY), which was almost identical to the rate (103 per 10,000 PY) 
previously reported for immunocompromised subjects (includ-
ing PLWH) seen in 2000 and 2001 (2). When stratified by sex and 
race, the HZ rates were equivalent for men (101 per 10,000 PY) 
and women (99 per 10,000 PY) (P > 0.50) but differed somewhat 

between AA (111 per 10,000 PY) and European American (EA) 
(88 per 10,000 PY) (P = 0.067).

age at hZ Occurrence
The median age of HZ diagnosis was similar for AA (39.5 years) 
and EA (39.1 years) (IQR 31.5–49.2 and 34.9–45.2, respectively), 
both substantially younger than reported in the general US 
population (2). The actual age distribution differed between the 
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FigUre 2 | The age of onset for incident herpes zoster (HZ) cases as 
observed in African American (AA) and European American (EA) persons 
living with HIV-1 infection. The median age at HZ diagnosis is 39.5 years  
in AA and 39.1 years in EA (P > 0.50).

TaBle 2 | Independent correlates of incident herpes zoster (HZ), as defined by a 
reduced multivariable models.

Factors in the  
final model

N(%)b adjusted 
Orc

95% ci P-value

age at enrollmenta

18–29 years 876 (22.1) ref. –
30–39 years 1,237 (31.3) 2.03 1.35–3.06 <0.001
40–49 years 1,109 (28.0) 2.17 1.42–3.32 <0.001
≥50 years 736 (18.6) 1.86 1.16–2.97 0.010
nadir cD4+ T-cell counta

<200 cells/μL 1,943 (49.1) ref. –
200–500 cells/μL 1,291 (32.6) 0.73 0.53–1.00 0.050
>500 cells/μL 724 (18.3) 0.48 0.30–0.79 0.003
Duration of arTa

Untreated 88 (2.2) ref. –
Up to 24 months 647 (16.4) 1.06 0.52–2.13 >0.85
>24 months 3,223 (81.4) 0.42 0.21–0.84 0.014
Plasma viral loada <0.0001
<50 2,337 (59.0) ref. –
50–4,245 642 (16.2) 3.07 2.07–4.55 <0.0001
>4,245 979 (24.7) 4.99 3.55–7.02 <0.0001

aAs listed in Table 1; adjusted P ≤ 0.006 for each of these four parameters (the basis 
for further testing within each parameter).
bOverall N = 3,958, when 267 subjects are excluded because of missing data for HIV-1 
viral and/or CD4 count.
cThe referent group (ref.) under each parameter is not necessarily the largest  
(the norm).
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two primary races found in this cohort (P = 0.036 by likelihood 
ratio test) (Figure 2), but the numbers within each age stratum 
were too small to facilitate further evaluation.

Potential Predictors of hZ Occurrence
In a direct, step-by-step comparison, HZ cases and control 
subjects were highly comparable in terms of sex, race, and 
HIV-1-risk factors (P  >  0.10 for all) (Table  1). Comorbidities 
including asthma and diabetes (predominantly type 2) were 
found in about 10% of the cohort, while psoriasis was relatively 
rare (<2%) in both HZ cases and controls (P  >  0.15). On the 

other hand, the distribution of four age categories (18–29, 30–39, 
40–49, and ≥50 years) differed somewhat between HZ cases and 
the control subjects (P = 0.029, q = 0.072). In contrast, cases and 
controls showed stark differences in the distribution of all HIV-1-
related outcomes of interest, including three categories of a nadir 
CD4 count (<200, 200–500, and >500 cells/μL), four categories 
of nadir CD4 percentage (<15, 15–29, 30–40, and >40%), three 
categories of cART duration (untreated, up to 24  months of 
cART, and  >24  months of cART), as well as three plasma VL 
groups (<50, 50–4,245, and >4,245 copies/mL) (P < 0.0001 for 
all comparisons).

assessment of collinearity (spearman 
correlation) among Patient 
characteristics
For the majority of patient parameters that were included in 
the analyses, pairwise correlation analyses revealed weak or 
no collinearity (Spearman |ρ|  <  0.40) (data not shown). The 
only exceptions were (i) men versus men having sex with men 
(ρ = 0.61); (ii) nadir CD4 < 200 cells/μL versus CD4 percent-
age <15% (ρ = 0.63); (iii) nadir CD4 > 500 cells/μL versus nadir 
CD4 percentage 30–40% (ρ = 0.44). These pairwise relationships 
were statistically significant (P < 0.001 for all comparisons) but 
not strong enough to confound a joint assessment of their relative 
roles in a multivariable model.

independent Predictors of hZ Occurrence
In a reduced multivariable model applicable to 3,958 subjects 
with no missing data (245 HZ cases and 3,713 controls), age, 
nadir CD4 count, plasma VL, and duration of cART remained 
as independent correlates of HZ incidence (adjusted P ≤ 0.006 
for all) (Table 2). Viremic subjects (VL > 50 copies/mL) were 
at the highest risk of HZ (adjusted OR  >  3.0, P  <  0.0001), 
regardless of other factors. Subjects with a nadir CD4 count of 
≥500 cells/μL showed a relatively low risk (adjusted OR = 0.48, 
P = 0.003). Meanwhile, similar risk estimates were seen with 
three advancing age groups (30–39, 40–49, and  ≥50) when 
compared with age <30 (adjusted OR = 1.86–2.17, P ≤ 0.010). 
These associations were robust in alternative analyses that 
were restricted to 2,369 AA and 1,458 EA subjects (data not 
shown).

gradual Decline in hZ Occurrence
As few HZ cases (two each) were seen during 1999 and in January 
2017, a test for trend was applied to annual data between 2000 
and 2016 (Figure  3). A successive decrease in HZ frequency 
was apparent, with an estimated annual reduction of 4 cases per 
1,000 PLWH (P = 1.6 × 10−7 for a linear fit). The annual drop 
was more dramatic between 2000 and 2007 (8 per 1,000 PLWH) 
as compared to the later periods (3 per 1,000 PLWH) (P = 0.006 
between the two intervals).

low Frequency of recurrent hZ
A subset of 14 HZ cases reported a second episode of HZ that 
ranged from 23 months to 12 years after the first episode, while 
a single patient reported a third episode that was 24  months 
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FigUre 4 | Kaplan–Meier curves showing time from study enrollment 
(January 1999) to events of herpes zoster (HZ) in the study population 
(N = 4,225) stratified by sex (top panel) or race (bottom panel). No clear 
differences are seen between men and women or among three ethnic  
groups (AA, African American; EA, European American), being consistent 
with logistic regression models (Table 1).

FigUre 3 | Incidence of herpes zoster (HZ) as observed between 2000 and 
2016 in the study cohort. Solid line indicates the average HZ diagnoses (per 
1,000 subjects) over time (in yearly intervals), while dotted lines correspond to 
the 95% confidence intervals.
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after the second. These recurrent cases did not appear to 
cluster by HZ severity or any specific patient characteristics or 
demographics.

confirmatory Findings from Kaplan–Meier 
curves and cox Proportional hazard 
Models
Consistent with results from logistic regression models (Table 1), 
Kaplan–Meier curves and Cox proportional hazards models 
revealed that neither sex nor ethnicity influenced HZ occurrence 
in our study cohort (log-rank P  =  0.92 and 0.31, respectively) 
(Figure  4), suggesting again that key findings summarized in 
Table 2 should be generalizable (regardless of sex or ethnicity).

DiscUssiOn

Results from our observational study here clearly indicate that 
HZ occurrence remains relatively high for PLWH in the era of 
cART, regardless of race, sex, HIV-1 risk factor, HCV coinfection, 
or several comorbidities. In our relatively young, clinical cohort, 
access to cART already exceeds the goal (90%) set by the World 
Health Organization, with fewer than 2.6% of the subjects not 
on therapy. Yet, the overall rate of incident HZ (101 per 10,000 
PY) nearly quadruples the rate previously reported for the general  
US population (30 per 10,000 PY) (16) or approaches the rate (130 
per 10,000 PY) for elderly (≥60 years old) Americans who did 
not receive HZ vaccination (17). Efforts to dissect the underlying 
biology and to provide effective interventions are still relevant to 
the management of contemporary PLWH.

The median age (39 years old) at HZ occurrence in our cohort 
is younger than that of the uninfected population (over 50 years) 

(1, 2). PLWH over 30 years old are already at an elevated risk for 
HZ compared to uninfected, elderly individuals. This age bias 
was particularly evident in individuals with a nadir CD4 count 
below 200 cells/μL. Patients with CD4 nadir between 200 and 
500 cells/μL only had a slight advantage (adjusted OR = 0.73) as 
compared with CD4 nadir below 200 cells/μL, suggesting that any 
preventive interventions need to reach a broad base of the PLWH 
population in terms of age and immune reconstitution. This 
can be challenging when other comorbidities in aging PLWH 
compete for priorities and resources.

As two major risk factors for HZ occurrence in PLWH, nadir 
CD4 counts below 200 cells/μL and detectable viremia reflect 
three well-anticipated problems with (i) lack of early HIV-1 
diagnosis and linkage to care, (ii) partial immune reconstitution 
after cART initiation, and (iii) suboptimal cART adherence in 
some patients. At least one study has demonstrated that VZV-
specific, cell-mediated immunity is impaired in adult PLWH 
with a history of AIDS and low CD4 counts (18), which implies 
the importance of T-helper cells to maintaining VZV-specific, 
cytotoxic T-lymphocytes (19). The extent to which these subjects 
respond to new, subunit VZV vaccines (20, 21) remains a ques-
tion, but alleviation of contraindications associated with the 
current, live attenuated VZV vaccine should encourage clinical 
trials in high-risk PLWH groups with low CD4 counts.
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In previous studies of PLWH in the USA, one report based 
on data from January 1997 to December 2001 revealed that over 
one-third of HZ patients had complications (including PHN) 
despite relatively young age and that severely immunocompro-
mised patients may develop HZ shortly after cART initiation 
(7). A second study of PLWH noted a lower-than-expected HZ 
rate between 2002 and 2009 (8). By our assessment, the trend for 
an evolving HZ landscape is discernible, especially around 2007 
(Figure 3), but the number of HZ cases per calendar year is too 
small to allow a definitive conclusion. By contrast, the rates of 
incident HZ in the general US population appeared to be steady 
between 1992 and 2002 (22).

The majority of HZ incidence in our study population occurs 
within the first 2 years of cART, which is highly consistent with 
findings from the Women’s Interagency HIV Study (11). Immune 
recovery can be highly heterogeneous within this time window 
(23), but the relatively low rate of recurrent HZ is perhaps an 
encouraging sign that VZV-specific immunity is boosted even in 
the setting of HIV infection. A gradual and seemingly biphasic 
decline in HZ occurrence between 1999 and 2017 may further 
reflect the improved efficacy and various clinical advantages of 
new cART regimens.

A key advantage in our study cohort is the inclusion of diverse 
ethnic groups and HIV risk factors, as well as adequate represen-
tation of both sexes (Table  1). Both case–control comparisons 
and Kaplan–Meier curves firmly demonstrate that race and sex 
have no major role in HZ occurrence, indicating that findings 
derived from our study should be generalizable.

A potential limitation in our study is that the identification 
of HZ cases relies heavily on retrospective medical records. 
Clinical diagnosis and documentation can fluctuate over time, 
which may translate to under-reporting in the medical record 
and favor negative (null) findings. Another potential concern 
is uncertainty with vaccination history. To date, recommen-
dations on clinical implementation of the live HZ vaccine in 
PLWH have been ambivalent, although expert opinion sup-
ports vaccinating patients who have recovered CD4 counts 
(to avoid complications) (24–27). In our own cohort, HZ vac-
cination has a limited coverage (reducing uptake), but some 
patients do receive HZ vaccine outside of the clinic setting and 
choose to not file a report. These circumstances can be further 
complicated by the difficulty in mounting protective immune 

responses in viremic individuals with significant immune dys-
regulation. When new, safe vaccine strategies become available,  
a new focus should be to optimize the timing of vaccination 
for maximum benefit.

In summary, our work here demonstrates a high HZ incidence 
even in relatively young PLWH under broad implementation of 
cART. Elevation in HZ occurrence is undoubtedly magnified in 
viremic patients with abnormal CD4 count. Establishing a safe 
and effective protocol for the clinical management of these high-
risk PLWH may require some close attention to the timing of 
interventional strategies (28).

eThics sTaTeMenT

This study was carried out in accordance with the recommen-
dations of human experimentation guidelines set forth by the 
Department of Health and Human Services, United States of 
America, with written informed consent in accordance with the 
Declaration of Helsinki. The research protocol was approved by 
an Institutional Review Board at the University of Alabama at 
Birmingham.

aUThOr cOnTriBUTiOns

JT, NE, AB, and SS designed the study. GR supervised the data 
management team. HW and HP analyzed the data. NE and JT 
drafted the manuscript, while all coauthors edited various draft 
versions before approving the submission for publication.

acKnOWleDgMenTs

This work was supported in part by a grant (R21 AG051309) from 
the United States National Institute on Aging (NIA). Datasets 
from the 1917 Clinic Cohort were made possible through UAB 
Center for AIDS Research (P30 AI027767) and the CNICS 
Network (R24 AI067039), both of which are funded by the 
National Institute of Allergy and Infectious Diseases (NIAID) 
and the National Heart, Lung, and Blood Institute (NHLBI). 
Publication of this study does not necessarily reflect the views of 
NIA, CNICS, or the United States government. We are grateful to 
Anuj Kapil and Mohit Varshney for assistance with data manage-
ment, and to John Baddley for helpful discussions.

reFerences

1. Harpaz R, Ortega-Sanchez IR, Seward JF. Prevention of herpes zoster: recom-
mendations of the advisory committee on immunization practices (ACIP). 
MMWR Recomm Rep (2008) 57:1–30. 

2. 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) 20:748–53. doi:10.1111/j.1525-1497.2005.0150.x 

3. Chung SD, Tsai MC, Liu SP, Lin HC, Kang JH. Herpes zoster is associated 
with prior statin use: a population-based case–control study. PLoS One (2014) 
9:e111268. doi:10.1371/journal.pone.0111268 

4. Chen HH, Lin CL, Yeh CJ, Yeh SY, Kao CH. Statins can increase the risk of  
herpes zoster infection in Asia. Eur J Clin Microbiol Infect Dis (2015) 34: 
1451–8. doi:10.1007/s10096-015-2372-3 

5. Sinayobye J, Hoover DR, Shi Q, Mutimura E, Cohen HW, Anastos K. Prevalence 
of shingles and its association with PTSD among HIV-infected women in 
Rwanda. BMJ Open (2015) 5:e005506. doi:10.1136/bmjopen-2014-005506 

6. Matthews A, Turkson M, Forbes H, Langan SM, Smeeth L, Bhaskaran K. Statin 
use and the risk of herpes zoster: a nested case–control study using primary 
care data from the U.K. clinical research practice datalink. Br J Dermatol 
(2016) 175:1183–94. doi:10.1111/bjd.14815 

7. Gebo KA, Kalyani R, Moore RD, Polydefkis MJ. The incidence of, risk factors 
for, and sequelae of herpes zoster among HIV patients in the highly active 
antiretroviral therapy era. J Acquir Immune Defic Syndr (2005) 40:169–74. 
doi:10.1097/01.qai.0000178408.62675.b0 

8. Blank LJ, Polydefkis MJ, Moore RD, Gebo KA. Herpes zoster among persons 
living with HIV in the current antiretroviral therapy era. J Acquir Immune 
Defic Syndr (2012) 61:203–7. doi:10.1097/QAI.0b013e318266cd3c 

http://www.frontiersin.org/Public_Health
http://www.frontiersin.org
http://www.frontiersin.org/Public_Health/archive
https://doi.org/10.1111/j.1525-1497.2005.0150.x
https://doi.org/10.1371/journal.pone.0111268
https://doi.org/10.1007/s10096-015-2372-3
https://doi.org/10.1136/bmjopen-2014-005506
https://doi.org/10.1111/bjd.14815
https://doi.org/10.1097/01.qai.0000178408.62675.b0
https://doi.org/10.1097/QAI.0b013e318266cd3c


7

Erdmann et al. HZ in PLWH

Frontiers in Public Health | www.frontiersin.org March 2018 | Volume 6 | Article 70

9. High KP, Brennan-Ing M, Clifford DB, Cohen MH, Currier J, Deeks SG, et al. 
HIV and aging: state of knowledge and areas of critical need for research. 
A report to the NIH office of AIDS research by the HIV and aging working 
group. J Acquir Immune Defic Syndr (2012) 60(Suppl 1):S1–18. doi:10.1097/
QAI.0b013e31825a3668 

10. Jansen K, Haastert B, Michalik C, Guignard A, Esser S, Dupke S, et  al.  
Incidence and risk factors of herpes zoster among HIV-positive patients in 
the German competence network for HIV/AIDS (KompNet): a cohort study 
analysis. BMC Infect Dis (2013) 13:372. doi:10.1186/1471-2334-13-372 

11. Liu C, Wang C, Glesby MJ, D’souza G, French A, Minkoff H, et al. Effects of 
highly active antiretroviral therapy and its adherence on herpes zoster inci-
dence: a longitudinal cohort study. AIDS Res Ther (2013) 10:34. doi:10.1186/ 
1742-6405-10-34 

12. Pathai S, Bajillan H, Landay AL, High KP. Is HIV a model of accelerated 
or accentuated aging? J Gerontol A Biol Sci Med Sci (2014) 69:833–42. 
doi:10.1093/gerona/glt168 

13. Shearer K, Maskew M, Ajayi T, Berhanu R, Majuba P, Sanne I, et  al.  
Incidence and predictors of herpes zoster among antiretroviral therapy-naive 
patients initiating HIV treatment in Johannesburg, South Africa. Int J Infect 
Dis (2014) 23:56–62. doi:10.1016/j.ijid.2013.10.016 

14. Althoff KN, Mcginnis KA, Wyatt CM, Freiberg MS, Gilbert C, Oursler KK, 
et  al. Comparison of risk and age at diagnosis of myocardial infarction, 
end-stage renal disease, and non-AIDS-defining cancer in HIV-infected 
versus uninfected adults. Clin Infect Dis (2015) 60:627–38. doi:10.1093/
cid/ciu869 

15. Mugavero MJ, Lin HY, Allison JJ, Giordano TP, Willig JH, Raper JL, 
et  al. Racial disparities in HIV virologic failure: do missed visits mat-
ter? J Acquir Immune Defic Syndr (2009) 50:100–8. doi:10.1097/QAI. 
0b013e31818d5c37 

16. Insinga RP, Itzler RF, Pellissier JM. Acute/subacute herpes zoster: healthcare 
resource utilisation and costs in a group of US health plans. Pharmacoeco-
nomics (2007) 25:155–69. doi:10.2165/00019053-200725020-00007 

17. Tseng HF, Smith N, Harpaz R, Bialek SR, Sy LS, Jacobsen SJ. Herpes zoster 
vaccine in older adults and the risk of subsequent herpes zoster disease. JAMA 
(2011) 305:160–6. doi:10.1001/jama.2010.1983 

18. De Castro N, Carmagnat M, Kerneis S, Scieux C, Rabian C, Molina JM. 
Varicella-zoster virus-specific cell-mediated immune responses in HIV-
infec ted adults. AIDS Res Hum Retroviruses (2011) 27:1089–97. doi:10.1089/
AID.2010.0340 

19. Weinberg A, Huang S, Song LY, Fenton T, Williams P, Patterson J, et al. Immune 
correlates of herpes zoster in HIV-infected children and youth. J Virol (2012) 
86:2878–81. doi:10.1128/JVI.06623-11 

20. Lal H, Cunningham AL, Godeaux O, Chlibek R, Diez-Domingo J, Hwang SJ, 
et al. Efficacy of an adjuvanted herpes zoster subunit vaccine in older adults. 
N Engl J Med (2015) 372:2087–96. doi:10.1056/NEJMoa1501184 

21. Cunningham AL, Lal H, Kovac M, Chlibek R, Hwang SJ, Diez-Domingo J, 
et al. Efficacy of the herpes zoster subunit vaccine in adults 70 years of age or 
older. N Engl J Med (2016) 375:1019–32. doi:10.1056/NEJMoa1603800 

22. Jumaan AO, Yu O, Jackson LA, Bohlke K, Galil K, Seward JF. Incidence of 
herpes zoster, before and after varicella-vaccination-associated decreases 
in the incidence of varicella, 1992-2002. J Infect Dis (2005) 191:2002–7. 
doi:10.1086/430325 

23. Le T, Wright EJ, Smith DM, He W, Catano G, Okulicz JF, et al. Enhanced CD4+ 
T-cell recovery with earlier HIV-1 antiretroviral therapy. N Engl J Med (2013) 
368:218–30. doi:10.1056/NEJMoa1110187 

24. Gershon AA. Prevention and treatment of VZV infections in patients with 
HIV. Herpes (2001) 8:32–6. 

25. Levin MJ, Gershon AA, Weinberg A, Song LY, Fentin T, Nowak B, et  al. 
Administration of live varicella vaccine to HIV-infected children with current 
or past significant depression of CD4+ T cells. J Infect Dis (2006) 194:247–55. 
doi:10.1086/505149 

26. Weinberg A, Levin MJ, Macgregor RR. Safety and immunogenicity of a live 
attenuated varicella vaccine in VZV-seropositive HIV-infected adults. Hum 
Vaccin (2010) 6:318–21. doi:10.4161/hv.6.4.10654 

27. Shafran SD. Live attenuated herpes zoster vaccine for HIV-infected adults. 
HIV Med (2016) 17:305–10. doi:10.1111/hiv.12311 

28. Barnabas RV, Baeten JM, Lingappa JR, Thomas KK, Hughes JP, Mugo NR, 
et  al. Acyclovir prophylaxis reduces the incidence of herpes zoster among 
HIV-infected individuals: results of a randomized clinical trial. J Infect Dis 
(2016) 213:551–5. doi:10.1093/infdis/jiv318 

Conflict of Interest Statement: The authors declare that the research was con-
ducted in the absence of any commercial or financial relationships that could be 
construed as a potential conflict of interest.

The reviewer LZ and the handling editor declared their shared affiliation.

Copyright © 2018 Erdmann, Prentice, Bansal, Wiener, Burkholder, Shrestha and 
Tang. This is an open-access article distributed under the terms of the Creative 
Commons Attribution License (CC BY). The use, distribution or reproduction in 
other forums is permitted, provided the original author(s) and the copyright owner 
are credited and that the original publication in this journal is cited, in accordance 
with accepted academic practice. No use, distribution or reproduction is permitted 
which does not comply with these terms.

http://www.frontiersin.org/Public_Health
http://www.frontiersin.org
http://www.frontiersin.org/Public_Health/archive
https://doi.org/10.1097/QAI.0b013e31825a3668
https://doi.org/10.1097/QAI.0b013e31825a3668
https://doi.org/10.1186/1471-2334-13-372
https://doi.org/10.1186/
1742-6405-10-34
https://doi.org/10.1186/
1742-6405-10-34
https://doi.org/10.1093/gerona/glt168
https://doi.org/10.1016/j.ijid.2013.10.016
https://doi.org/10.1093/cid/ciu869
https://doi.org/10.1093/cid/ciu869
https://doi.org/10.1097/QAI.
0b013e31818d5c37
https://doi.org/10.1097/QAI.
0b013e31818d5c37
https://doi.org/10.2165/00019053-200725020-00007
https://doi.org/10.1001/jama.2010.1983
https://doi.org/10.1089/AID.2010.0340
https://doi.org/10.1089/AID.2010.0340
https://doi.org/10.1128/JVI.06623-11
https://doi.org/10.1056/NEJMoa1501184
https://doi.org/10.1056/NEJMoa1603800
https://doi.org/10.1086/430325
https://doi.org/10.1056/NEJMoa1110187
https://doi.org/10.1086/505149
https://doi.org/10.4161/hv.6.4.10654
https://doi.org/10.1111/hiv.12311
https://doi.org/10.1093/infdis/jiv318
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	Herpes Zoster in Persons Living 
with HIV-1 Infection: Viremia 
and Immunological Defects Are Strong Risk Factors in the Era of Combination Antiretroviral Therapy
	Introduction
	Subjects and Methods
	Study Population
	Patient Data for Various Analyses
	Descriptive Statistics
	Central Hypothesis and Analytical Procedures

	Results
	Rates of HZ Incidence in the Study Cohort
	Age at HZ Occurrence
	Potential Predictors of HZ Occurrence
	Assessment of Collinearity (Spearman Correlation) among Patient Characteristics
	Independent Predictors of HZ Occurrence
	Gradual Decline in HZ Occurrence
	Low Frequency of Recurrent HZ
	Confirmatory Findings from Kaplan–Meier Curves and Cox Proportional Hazard Models

	Discussion
	Ethics Statement
	Author Contributions
	Acknowledgments
	References


