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Abstract. We examined the incidence of herpes zoster (HZ) before and after the initiation of antiretroviral therapy
(ART), and risk factors forHZamonghuman immunodeficiency virus (HIV)-infected individuals in Tanzania. A cohort study
was conducted among HIV-positive individuals enrolled in HIV care and treatment clinics in Dar es Salaam, Tanzania. A
Cox proportional hazard model was used to examine the effect of ART on the risk of HZ after adjusting for sociodemo-
graphics and time-varying clinical and nutritional factors. Among 72,670 HIV-positive individuals, 2,312 incident cases of
HZ (3.2%) occurred during the median follow-up of 15 months (interquartile range: 3–35). The incidence rate of HZ
significantly declined from48.9 (95%confidence interval [CI] = 46.7–51.0) per 1,000 person-years before ART to 3.7 (95%
CI = 3.3–4.1) per 1,000 person-years after the initiation of ART (P < 0.001). The risk of HZ declined with longer duration on
ART. Low CD4 cell count, older age, female sex, district of Dar es Salaam, and year of enrollment were independently
associated with the risk of HZ in themultivariate analysis. Low bodymass index and anemia were not associated with the
risk of HZ. The risk of HZ substantially declined after ART initiation in this large cohort of HIV-infected individuals. Earlier
initiation of ART could reduce the risk of HZ and other opportunistic infections among HIV-infected individuals in sub-
Saharan Africa.

INTRODUCTION

Herpes zoster (HZ), also known as shingles, is a human
immunodeficiency virus (HIV)-associated opportunistic in-
fection. HZ causes a painful, blistering rash and results from
reactivation of varicella-zoster virus (VZV).1–3 Because of im-
paired cell-mediated immunity, HIV-positive individuals
have 3 to ³ 10-fold higher risk of HZ than HIV-negative
individuals.4–7 HIV-positive individuals frequently suffer
from serious complications, including post-herpetic neuralgia,
disseminated zoster, bacterial superinfection, and HZ
ophthalmicus.8–11

Substantial efforts havebeenmade to increase access to the
treatment and care of people with HIV/acquired immunodefi-
ciency syndrome (AIDS) in sub-SaharanAfrica, the regionmost
heavily affected by the HIV epidemic.12 Prior studies found a
reduction in the risk of HZ from the initiation of antiretroviral
therapy (ART) in North America and Europe.6,13–17 Although
prior studies examined the risk of HZ in sub-Saharan Africa,
there are a few studies comparing the incidence of HZ before
and after the initiation of ART.18,19 The incidence of HIV-
associated opportunistic infections often varies widely by
geographic region.20Understanding the risk factors forHZmay
provide valuable information for health-care practitioners.
Previously identified risk factors for HZ include low CD4 cell
counts, female sex, and race/ethnicity14–17,21; however, other
potential risk factors, such as poor nutritional status have not
been well studied.
The objective of our study was to examine the incidence of

HZ before and after the initiation of ART in this large cohort of
HIV-infected individuals who enrolled in HIV/AIDS treatment
and care in Tanzania. We also investigated the risk factors

for HZ, including sociodemographic, clinical, and nutritional
factors.

METHODS

Study design and population. A prospective cohort study
was conducted at the Management and Development for
Health (MDH), the President’s Emergency Plan For AIDS
Relief–supported HIV care and treatment clinics in Dar es
Salaam, Tanzania.22,23 The MDH program was established in
2004 and has provided infrastructure, laboratory, and tech-
nical support to HIV care and treatment centers; integrated
prevention of mother to child transmission; and HIV and tu-
berculosis (TB) services. The present study was conducted
among HIV-infected adults who enrolled in 30 MDH-
supported HIV care and treatment clinics in three districts of
Dar es Salaam from November 2004 to September 2011. The
study was approved by institutional review boards at the
Harvard School of Public Health and Muhimbili University of
Health and Allied Sciences.
Criteria for the initiation of ART treatment were based on the

National AIDS Control Program in Tanzania at the time of the
study. Patients were initiated on ART, if they had CD4 cell
count < 200 cells/mm3, clinical World Health Organization
(WHO) stage IV, or clinical WHO stage III with a CD4 cell count
of < 350 cells/mm3. At the time of this study, standard first-line
ART regimens included stavudine (d4T) or zidovudine (ZDV)
plus lamivudine (3TC) and efavirenz (EFV) or nevirapine (NVP).
Tenofovir plus either 3TC or emtricitabine was introduced
as an alternative nucleoside reverse transcriptase inhibitor
combination in 2009 to d4T and 3TC. The recommended
treatment of HZ includes analgesics and acyclovir five times
daily for 7–10 days.
After ART initiation, patients were evaluated monthly by a

physician and received adherence and nutrition counseling,
andART refills.Whenpatients didnotmeet initiation criteria for
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ART, clinic visits were scheduled every 4–6 months. Physi-
cians and nurses collected data on patient demographic,
clinical, and laboratory data using standard case report forms.
Cases of HZ were identified through physicians’ examination
and diagnosis. Nurses measured the patient’s height, weight,
and middle upper arm circumference (MUAC) using standard
techniques. Laboratory tests for CD4 cell counts and hemo-
globin (Hgb) concentrationswere performedat enrollment and
every 6 months thereafter. According to the WHO clinical
staging, the occurrence of HZ is regarded as clinical stage 2;
therefore, not all were eligible for ART initiation.
Data analysis. The incidence rate of HZ was calculated as

cases per 1,000 person-years. Follow-up time was defined as
enrollment until a diagnosis of HZ, death, loss to follow-up, or
the last visit date. We evaluated CD4 cell count (cells/mm3),
gender/pregnancy, age category, marital status, district of
residence (Kinondoni, Ilala, and Temeke), body mass index
(BMI), MUAC, anemia status, year of enrollment, and season
of clinical visits.
We used Cox proportional hazard modeling to examine the

impact of ART on the risk of HZ. The following time interval
categories were used: < 3months, 3–5months, 6–11months,
or ³ 12 months since the initiation of ART treatment. The
Andersen–Gill formulation of the Cox proportional hazards
model was used to model time-varying covariates. ART
treatment, recent CD4 cell count, BMI, MUAC, and anemia
status were evaluated as time-varying covariates. Missing
indicator was used for missing values. All factors associated
with the risk of HZ with P £ 0.20 in the univariate analysis were
introduced into themultivariatemodel.P values for trendwere
based on the median score for ordered categorical vari-
ables. All statistical analyses were conducted using the SAS
version 9.3 (SAS Institute, Cary, NC).

RESULTS

There were 80,199 HIV-infected individuals ³ 15 years of
age enrolled in the HIV care and treatment program between
November 2004 and September 2011 (Figure 1).We excluded
3,223 patients (4.0%) who had HZ at enrollment or within
2 years before enrollment. We further excluded 4,306 patients
without follow-up visits.
Among 72,670 HIV-positive individuals included in our

study, the median age was 35 years (interquartile range [IQR]:
29–41) at enrollment and 72% were women (Table 1). The
median CD4 cell count was 219 cells/mm3 (IQR: 88–394).
About 24% of the patients had low BMI (< 18.5 kg/mm2) and
54% had moderate to severe anemia (Hgb < 11.0 g/dL). The

median follow-up time was 15 months (IQR: 3–35; mean of
21months).During the studyperiod, 60%of thestudypatients
initiated ART. The median time from enrollment to initiation of
ART was 2.3 months (IQR: 1.5–4.2). Among patient on ART,
themedianCD4cell count at the timeof ART initiationwas 144
(IQR: 62–242) and the median BMI was 20.7 (IQR: 18.2–23.8).
A total of 2,312 incident cases of HZ (3.2%) occurred during

the study period. The incidence rate of HZ declined from 48.9
(95% confidence interval [CI] = 46.7–51.0) per 1,000 person-
years before ART to 3.7 (95% CI = 3.3–4.1) per 1,000 person-
years after the initiation of ART. Compared with those who
were not on ART, the risk of HZ was significantly lower among
patients who were on ART (Table 2). The risk of HZ declined
with longer duration on ART in the multivariate model (ad-
justed hazard ratios [HRs] of 0.14 [95%CI = 0.12, 0.18] during
the first 3 months, 0.05 [95% CI = 0.04, 0.08] between 3 and
5 months, 0.06 [95% CI = 0.05, 0.09] between 6 and
11 months, and 0.04 [95% CI = 0.03, 0.05] after 12 months).
The risk of HZ did not differ by ART regimen. HR for patients
receiving d4T-containing regimen compared with ZDV-
containing regimen was 1.16 (95% CI = 0.82, 1.64). The risk
of HZ did not differ by NVP versus EFV-containing regimen
(HR = 1.25; 95% CI = 0.86, 1.81).
CD4 cell count, age, female sex, district, and year of en-

rollment were independently associated with the risk of HZ inFIGURE 1. Study population.

TABLE 1
Baseline characteristics of 72,670 human immunodeficiency

virus–positive individuals
Characteristics N (%)

Age (years), median (IQR) 35.0 (29–41)
Gender

Women 52,306 (72.0%)
Men 20,364 (28.0%)

Pregnancy among women 10,226 (19.6%)
Married 30,539 (42.0%)
Initiated ART 43,328 (59.6%)
ART regimens

ZDV, 3TC, and EFV 12,055 (34.7%)
ZDV, 3TC, and NVP 4,841 (13.9%)
d4T, 3TC, and EFV 11,696 (33.7%)
d4T, 3TC, and NVP 2,679 (7.7%)

District
Ilala 28,449 (39.4%)
Kinondoni 24,192 (33.5%)
Temeke 19,597 (27.1%)

CD4 cell counts (cells/mm3), median (IQR) 219 (88–394)
CD4 cell counts (cells/mm3)

< 100 15,442 (27.5%)
100–199 10,718 (19.1%)
200–349 12,872 (22.9%)
350–499 8,506 (15.2%)
³ 500 8,592 (15.3%)

BMI (kg/m2), median (IQR) 21.2 (18.6–24.6)
BMI (kg/m2)

< 18.5 16,836 (24.1%)
18.5–24.9 37,258 (53.4%)
25.0–29.9 11,186 (16.0%)
³ 30.0 4,535 (6.5%)

MUAC (cm), median (IQR) 25.0 (23.0–28.0)
Hgb (g/dL), median (IQR) 10.8 (9.3–12.1)
Year at enrollment

2004–2006 15,456 (21.3%)
2007–2009 39,022 (53.7%)
2010–2011 18,192 (25.0%)
3TC = lamivudine; ART = antiretroviral therapy; BMI = body mass index; d4T = stavudine;

EFV = efavirenz; Hgb = hemoglobin; IQR = interquartile range; MUAC = middle upper arm
circumference; NVP = nevirapine; ZDV = zidovudine.
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TABLE 2
Predictors of herpes zoster among human immunodeficiency virus–positive individuals

Unadjusted HR (95% CI) P Adjusted HR (95% CI) P

Antiretroviral therapy (ART) < 0.001 < 0.001
Before ART Reference – Reference –

0–3 months 0.19 (0.16, 0.23) 0.14 (0.12, 0.18)
3–6 months 0.07 (0.05, 0.10) 0.05 (0.04, 0.08)
6–12 months 0.08 (0.06, 0.11) 0.06 (0.05, 0.09)
³ 12 months 0.04 (0.04, 0.05) 0.04 (0.03, 0.05)

ART regimen
NRTI
ZDV Reference – – – – –

d4T 1.16 (0.82, 1.64) 0.40 – – –

TDF 0.91 (0.33, 2.50) 0.85 – – –

NNRTI
EFV Reference – – – – –

NVP 1.25 (0.86, 1.81) 0.25 – – –

Gender/pregnancy < 0.001 < 0.001
Nonpregnant women 1.43 (1.29, 1.59) 1.18 (1.05, 1.31)
Pregnant women 1.31 (1.05, 1.64) 0.86 (0.68, 1.09)
Men Reference – Reference –

Married 0.026 0.06
Yes 1.10 (1.01, 1.20) 0.92 (0.84, 1.00)
No Reference – Reference –

District 0.004 < 0.001
Ilala 1.17 (1.06, 1.30) 1.16 (1.04, 1.28)
Kinondoni 1.04 (0.93, 1.17) 0.96 (0.85, 1.07)
Temeke Reference – Reference –

Number of children 0.43
None Reference – – – –

1–2 1.06 (0.97, 1.15) – – –

³ 3 0.99 (0.86, 1.14) – – –

Age (years) < 0.001 0.029
15–29 1.19 (1.08, 1.31) 0.91 (0.83, 1.00)
30–39 Reference – Reference –

40–49 0.89 (0.80, 1.00) 1.09 (0.97, 1.22)
³ 50 0.79 (0.67, 0.94) 1.01 (0.85, 1.19)

CD4 cell counts (cells/mm3) < 0.001 < 0.001
< 100 0.72 (0.61, 0.85) 2.11 (1.76, 2.53)
100–199 0.67 (0.57, 0.78) 2.19 (1.85, 2.58)
200–349 1.19 (1.06, 1.33) 1.95 (1.74, 2.18)
350–449 1.08 (0.96, 1.21) 1.27 (1.12, 1.43)
³ 500 Reference – Reference –

BMI (kg/m2) 0.011 0.11
< 18.5 0.88 (0.76, 1.02) 0.93 (0.80, 1.09)
18.5–24.9 Reference – Reference –

25.0–29.9 1.06 (0.95, 1.19) 0.94 (0.84, 1.05)
³ 30.0 1.12 (0.97, 1.29) 0.85 (0.74, 0.99)

MUAC (cm) 0.002 0.99
< 22 0.64 (0.44, 0.92) 1.00 (0.69, 1.45)
22–24.9 0.82 (0.62, 1.09) 1.26 (0.95, 1.69)
25–34.9 0.98 (0.76, 1.28) 1.35 (1.04, 1.76)
³ 35 Reference – Reference –

Anemia 0.014 0.90
Severe 1.16 (0.98, 1.38) 1.03 (0.87, 1.23)
Moderate 1.10 (0.99, 1.22) 1.05 (0.95, 1.16)
Mild 1.04 (0.93, 1.16) 1.03 (0.93, 1.16)
No Reference – Reference –

Year of enrollment < 0.001 < 0.001
2004–2006 Reference – Reference –

2007 1.42 (1.26, 1.61) 1.40 (1.24, 1.59)
2008 1.42 (1.24, 1.61) 1.49 (1.31, 1.71)
2009 1.80 (1.57, 2.06) 1.85 (1.61, 2.13)
2010 2.31 (1.99, 2.68) 2.58 (2.21, 3.02)
2011 2.41 (1.87, 3.10) 2.78 (2.15, 3.60)

Season < 0.001 0.012
Long dry (June to September) 1.02 (0.91, 1.15) 1.09 (0.97, 1.23)
Short rain (October to November) 0.82 (0.71, 0.95) 0.90 (0.78, 1.05)
Short dry (December to March) 0.95 (0.84, 1.07) 0.96 (0.85, 1.08)
Long rain (April to May) Reference – Reference –

BMI = body mass index; CI = confidence interval; d4T = stavudine; EFV = efavirenz; HR = hazard ratio; MUAC =middle upper arm circumference; NNRTI = non-nucleoside reverse transcriptase
inhibitor; NRTI = nucleoside reverse transcriptase inhibitor; NVP = nevirapine; TDF = tenofovir; ZDV = zidovudine. Based on a multivariate Cox model that includes ART, age, gender, pregnancy,
marital status, CD4 cell counts, district, BMI, anemia status, year, and season of clinical visits. In a separatemodel, BMI was replaced byMUAC and entered into themultivariatemodel.P values for
trend were based on themedian score for ordered categorical variables. P values for gender/pregnancy, district, and season were based on the likelihood ratio test. Following cutoffs were used to
define severe, moderate, or mild anemia, or normal: for men, hemoglobin < 8.0, 8.0–10.9, 11.0–12.9, and ³ 13.0 g/dL and for women, < 8.0, 8.0–10.9, 11.0–11.9, and ³ 12.0 g/dL.
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the multivariate analysis (Table 2). Compared with patients
withCD4 cell counts greater than 500 cells/mm3, patientswith
CD4 cell counts less than 100 and 100–199 cells/mm3 had
more than two times greater risk of HZ in the multivariate
model (adjusted HR = 2.11 [95% CI = 1.76, 2.53] and 2.19
[95%CI = 1.85, 2.58], respectively). Nonpregnant women had
1.18 times (95% CI = 1.05, 1.31) greater risk of HZ than men.
Patients < 15–29 years of age tend to have lower risk of HZ
than patients > 30 years of age, although the difference in the
risk of HZ across age group was marginal. Later year of en-
rollment was associated with greater incidence of HZ (P <
0.001). BMI, MUAC, and anemia status were not associated
with the risk of HZ in the multivariate model.

DISCUSSION

In this large cohort of HIV-positive individuals in Tanzania,
the incidence of HZ substantially declined from 48.9 per 1,000
person-years before ART to 3.7 per 1,000 person-years after
the initiation of ART. Our findings are consistent with prior
studies (Table 3). A study of the French National Hospital
database reported that the incidence of HZ declined from 30
per 1,000 person-years in 1992–1996 to 6 per 1,000 person-
years in 2009–2011, and this decline was primarily due to the
initiation of ART.6 The Veterans Affairs study in the United
States showed that the incidence rate of HZ significantly de-
clined from 63 to 10 per 1,000 person-years between 1987
and 2011.13 Prior studies in sub-Saharan Africa showed low
incidence of HZ among patients who initiated ART.18,19 In

South Africa, overall incidence of HZ among HIV-infected
patients who initiated ART was 7.4 per 1,000 person-years.18

A study inUganda reported that the prevalence of HZdeclined
from 13.4 to 3.3 per 1,000 persons between 2002 and 2013
from the rollout of ART program.19

Consistent with prior studies, low CD4 cell counts and fe-
male sex were associated with an increased risk of HZ.6,15,18

Women are heavily affected by HIV/AIDS in Tanzania and they
had a higher risk of HZ thanmen in our study. Increased risk of
HZ among women has been shown in both HIV-infected and
uninfected populations, most likely because of differences in
health-seeking behavior or biological response to VZV
infection.6,24 Contrary to what we hypothesized, BMI, MUAC,
and anemia status were not associated with the risk of HZ. A
study in South Africa also found that BMI and anemia status
were not associated with the risk of HZ.18 The higher rates of
HZ that we observed in patients enrolled in more recent years
may be due to shorter time being on ART or increased
reporting over time, although we were unable to assess this
possibility.
Our study found that the risk of HZ substantially declined

after ART initiation. Furthermore, ART was previously asso-
ciatedwith reduction in risks of TB,Pneumocystispneumonia,
Kaposi’s Sarcoma, and other opportunistic infections.20,25,26

WHO recently recommended initiating ART immediately for all
HIV-positive individuals regardless of WHO clinical stage or
CD4 cell count level.27 Further efforts based on the updated
WHO’s “test and treat” approach could reduce the risk of
HZ and other opportunistic infections among HIV-infected

TABLE 3
Prior studies on herpes zoster (HZ) during antiretroviral therapy (ART) era in HIV-positive patients

Reference Study design Study population Incidence rates of HZ Risk factors for HZ

Present study Individuals enrolled in HIV care
and treatment program in
Tanzania

2,312 cases of HZ among
72,670 individuals

Incidence declined from 48.9
per 1,000 person-years pre-
ART to 3.7 per 1,000 person-
years post-ART

Low CD4 cell counts, age,
female sex, district, and year
of enrollment

Grabar et al.6 French National Hospital
Database on HIV 1992–2011

7,167 cases of HZ among
91,044 patients

Incidence declined from 29.6
per 1,000 person-years in
1992–1996 to 6.3 per 1,000
person-years in 2009–2011

Low CD4 cell counts, high HIV
RNA levels, low CD4/CD8
ratios, age, female

Rubaihayo
et al.19

HIV care program in Uganda
2002–2013

5,972 individuals Incidencedeclined from13.4 to
3.3 per 1,000 persons
between 2002 and 2013

–

Shearer
et al.18

Adult patients on ART in South
Africa 2004–2011

340 episodes of HZ among
15,025 patients

Incidence of 7.4 per 1,000
person-years

Low CD4 cell counts, and prior
episode of HZ

Moanna and
Rimland13

HIV Atlanta Veterans Affairs
cohort study 1982–2011

650 cases of HZ among 3,816
patients

Incidence declined from 63 to
10 per 1000 person-years
between 1987 and 2011

LowCD4cell counts, age, race,
and MSM

Jansen
et al.15

Nationwide HIV cohort in
Germany 1985–2010

362 episodes of HZ among
3,757 patients

Incidence of 17 per 1,000
person-years

Low CD4 cell counts

Liu et al.17 Women’s interagency HIV
study in the U.S. 1994–2009

389 matched pairs of
participants

Incidence of 25 per 1,000
person-years in ART group
vs. 35 per 1,000 person-
years in ART naive group

CD4 cell counts, quality of life,
and acyclovir use

Blank et al.16 A retrospective cohort study in
Maryland, U.S. 2002–2009

183 new and 138 recurrent
cases of HZ among 4,353
patients

Incidence of 9.3 per 1,000
person-years

HIV RNA, and low CD4 cell
counts

Gebo et al.21 A retrospective cohort study in
Maryland, U.S. 1997–2001

158 new and 124 recurrent
cases of HZ among 2,543
patients

Incidence of 32 per 1,000
person-years

Low CD4 cell counts

Hung et al.14 A prospective cohort study in
Taiwan, 1994–2003

103 episodes of HZ among 716
patients

Incidence declined from 172.1
per 1,000 person-years pre-
ART to 50.5 per 1,000
person-years post-ART

Low CD4 cell counts

HIV = human immunodeficiency virus; MSM = men who had sex with men.
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individuals in sub-Saharan Africa. Prevention of these infec-
tions through early initiation of ART could substantially im-
prove the quality of life among HIV-infected individuals.
The strength of our study is that it is one of the largest co-

horts fromsub-SaharanAfrica,with amedian follow-upperiod
of 15 months and an IQR of 3–35 months. More than 60% of
patients initiated ART during the follow-up, which allowed us
to evaluate the incidence rate of HZ before and after the initi-
ation of ART. However, our study has several limitations.
Cases of HZ were based on clinical diagnosis. Occasionally,
presentation ofHZmaybe atypical andmay require laboratory
confirmation,4 and this could have potentially led to under-
reporting of HZ. Our study did not evaluate the risk of com-
plications or recurrence. More than 28% of patients with HZ
developed complications among HIV-positive patients.16 We
excluded patients without follow-up visits and patients with a
prior history of HZ. Excluded patients may have had more
advanced HIV disease and may have been at a greater risk of
HZ than those included in our study cohort. Therefore, wemay
have underestimated the overall incidence of HZ, which may
have potentially biased our results. Several studies demon-
strated that patients with a prior episode of HZ have increased
risk of recurrent episode of HZ.18 Because we were unable to
determine whether cases identified during follow-up were
incident or prevalent cases, we could not evaluate the risk
of recurrence among patients who had HZ at or before
enrollment. Because this study included patients in an HIV
care and treatment program, there may be a potentially
differential ascertainment from differences in a frequency
of visits before and after ART. Our study was conducted in
an urban setting in Tanzania and our findings may not
necessarily be generalizable to rural or other setting in sub-
Saharan Africa.
In conclusion, we found that the risk of HZ substantially

declined after ART initiation in this large cohort of HIV-infected
individuals in Tanzania. Further efforts based on the WHO’s
“test and treat”approachcould reduce the riskofHZandother
opportunistic infections among HIV-infected individuals in
sub-Saharan Africa.

Received July 16, 2017. Accepted for publicationNovember 23, 2017.

Published online January 8, 2018.

Financial support: This work was supported by the U.S. President’s
Emergency Plan for AIDS relief (PEPFAR) through the Harvard
School of Public Health and by the Ministry of Health and Social
Welfare, Tanzania. K.K. was supported by Boston Children’s Hospital
Aerosmith HIV Endowment Fund.

Authors’ addresses: Kosuke Kawai, Clinical Research Center, Boston
Children’s Hospital, Harvard Medical School, Boston, MA, E-mail:
kosuke.kawai@childrens.harvard.edu.ClaudiaA.Hawkins,Department
of Medicine, Northwestern University Feinberg School of Medicine,
Chicago, IL, E-mail: c-hawkins@northwestern.edu. Ellen Hertzmark,
Department of Epidemiology, Harvard T.H. Chan School of Public
Health, Boston, MA, E-mail: stleh@channing.harvard.edu. Joel M.
Francis and David Sando, Department of Global Health and Pop-
ulation, Harvard T.H. Chan School of Public Health, Boston, MA, and
Management and Development for Health, Dar es Salaam, Tanzania,
E-mails: joelmf@hsph.harvard.edu and dsando.tz@gmail.com. Aisa
N. Muya, Management and Development for Health, Dar es Salaam,
Tanzania, E-mail: aisamuya@gmail.com. Nzovu Ulenga, Department
of Immunology and Infectious Diseases, Harvard T.H. Chan School of
Public Health, Boston, MA, and Management and Development for
Health, Dar es Salaam, Tanzania, E-mail: nulenga@mdh-tz.org.
Wafaie W. Fawzi, Department of Global Health and Population,
Harvard T.H. Chan School of Public Health, Boston, MA, Department

of Epidemiology, Harvard T.H. Chan School of Public Health, Boston,
MA, and Department of Nutrition, Harvard T.H. Chan School of Public
Health, Boston, MA, E-mail: mina@hsph.harvard.edu.

REFERENCES

1. CohenJI, 2013.Clinical practice: herpeszoster.NEngl JMed369:
255–263.

2. YawnBP, Saddier P,Wollan PC, St Sauver JL, KurlandMJ, Sy LS,
2007. A population-based study of the incidence and compli-
cation rates of herpes zoster before zoster vaccine in-
troduction.Mayo Clin Proc 82: 1341–1349.

3. KawaiK,GebremeskelBG,AcostaCJ, 2014.Systematic reviewof
incidence and complications of herpes zoster: towards a global
perspective. BMJ Open 4: e004833.

4. Dworkin RH et al., 2007. Recommendations for the management
of herpes zoster. Clin Infect Dis 44 (Suppl 1): S1–S26.

5. Esteban-VasalloMD,Domı́nguez-BerjónMF,Gil-PrietoR,Astray-
Mochales J, Gil de Miguel A, 2014. Sociodemographic char-
acteristics and chronic medical conditions as risk factors for
herpes zoster: a population-based study from primary care in
Madrid (Spain). Hum Vaccin Immunother 10: 1650–1660.

6. Grabar S et al.; French Hospital Database on HIV (FHDH-ANRS
CO4 Cohort), 2015. Incidence of herpes zoster in HIV-infected
adults in the combined antiretroviral therapy era: results from the
FHDH-ANRS CO4 cohort. Clin Infect Dis 60: 1269–1277.

7. Buchbinder SP, Katz MH, Hessol NA, Liu JY, O’Malley PM,
Underwood R, Holmberg SD, 1992. Herpes zoster and human
immunodeficiency virus infection. J Infect Dis 166: 1153–1156.

8. Onunu AN, Uhunmwangho A, 2004. Clinical spectrum of herpes
zoster inHIV-infectedversusnon-HIV infectedpatients inBenin
City, Nigeria.West Afr J Med 23: 300–304.

9. Richards JC, Maartens G, Davidse AJ, 2009. Course and com-
plications of varicella zoster ophthalmicus in a high HIV sero-
prevalence population (Cape Town, South Africa). Eye (Lond)
23: 376–381.

10. Glesby MJ, Moore RD, Chaisson RE, 1995. Clinical spectrum of
herpes zoster in adults infected with human immunodeficiency
virus. Clin Infect Dis 21: 370–375.

11. Johnson RW, Bouhassira D, Kassianos G, Leplège A, Schmader
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