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ABSTRACT
We reported previously that the annual average mortality rate in the United States in 2008–2011 for
varicella listed as the underlying cause declined 87% compared with the prevaccine period (1990–1994).
Here, we update the analysis with five additional years of data. We used varicella death data from the
2012–2016 Mortality Multiple Cause-of Death records to calculate mortality rates during 2012–2016 and
trends since the prevaccine period and end of 1-dose vaccination program (2005–2007). The annual
average age-adjusted mortality rate for varicella as the underlying cause was 0.03 per million population
during 2012–2016, a 94% reduction from prevaccine years and a 47% reduction from 2005–2007. Varicella
deaths continue to decline due to the varicella vaccination program in the United States.
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Short Report

Monitoring varicella-related deaths is important for assessing
the impact of the varicella vaccination program on severe dis-
ease. The varicella vaccination program in the United States
was implemented in 1996 as a 1-dose program; since 2007, a
routine 2-dose program has been in place. Among children
19–35 months of age, �1-dose varicella vaccination coverage
was 90.6% in 20161 and has been maintained at 90–92% since
2007. Among teens aged 13–17 years without history of vari-
cella, �1 dose varicella vaccination has increased from 76% to
95% and �2 dose varicella vaccination from 19% to 86% dur-
ing 2007–2016.2 We previously summarized varicella deaths
from 1990–2011 using data from the Unites States national
vital statistics system.3 Through 2008–2011, there was an 87%
reduction in varicella deaths compared with the prevaccine
period (1990–1994). Availability of 5 years of additional data
provided an opportunity to describe characteristics of varicella
deaths during 2012–2016 and to assess trends in varicella
mortality after 2 decades of the varicella vaccination program
in the United States.

We obtained data on varicella deaths for 2012–2016 using
the Mortality Multiple Cause-of Death public use records
from the National Center for Health Statistics (NCHS). A
death from varicella was defined as one for which a varicella
diagnosis (ICD-10 code B01) was listed on the death certifi-
cate. Deaths are classified with varicella as the underlying or
a contributing cause of death by NCHS.3,4 The underlying
cause of death is considered to be the disease or injury that
initiated the events that directly led to death, whereas con-
tributing cause(s) of death are diseases/conditions that did
not directly cause death, but unfavorably influenced the
course of disease or injury.5 We used population estimates
from the Census Bureau6 to calculate mortality rates overall

to calculate mortality rates overall, adjusted for the 2000 cen-
sus population, and by age groups: <20, 20–49, and
�50 years.

We calculated percent declines through 2012–2016 com-
pared with the prevaccine period (1990–1994)7 and the end of
the 1-dose varicella vaccine period (2005–2007).4 Test for
trends were calculated assuming the deaths followed a Poisson
distribution and the Pearson Chi-square test was used to com-
pare age distribution of deaths by study period; two-sided P-
values <0.05 were considered statistically significant. Informa-
tion on characteristics of varicella deaths obtained from the
vital statistics system was supplemented, when available, with
data reported to the Centers for Disease Control and Preven-
tion (CDC) as part of national varicella death surveillance.8

Although there is under-reporting to CDC’s national varicella
death surveillance, the data that are reported contain additional
detailed patient information not available through the vital sta-
tistics system—such as vaccination status—that can be used to
enhance the description of characteristics of varicella deaths.

During 2012–2016, varicella was listed as the underlying
cause of death in 48 records (annual average: 9.6; range, 4–16)
and as a contributing cause of death in 50 records (annual aver-
age: 10.0; range, 3–19) (Table 1). During this period, the annual
average age-adjusted mortality rate attributed to varicella as the
underlying cause was 0.03 per million population. This repre-
sents a 94% reduction compared with the prevaccine years
1990–1994 (average annual age-adjusted rate of 0.41 per mil-
lion)7 (p<0.0001) and a 47% reduction from 2005–2007 (aver-
age annual age-adjusted rate of 0.05 per million)4 (pD0.002)
(Fig. 1). Age-specific mortality rates during 2012–2016 for
deaths with varicella listed as the underlying cause of death
were 0.0007, 0.01, and 0.07 per million population for persons
aged <20 years, 20–49 years, and �50 years, respectively; these
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rates represent a decline of 99%, 95%, and 80% from prevaccine
years, respectively (Fig. 2), and all declines were statistically sig-
nificant (p<0.0001). Overall, among persons aged <50 years of
age, the decline was 97.4% from prevaccine years (p<0.0001)
and 42.8% from the end of the 1-dose period (2005–2007)
(pD0.04) (Fig. 2).

By age group, during 2012–2016, persons aged <20 years
accounted for 6% (3/48) of the total deaths with varicella listed as
the underlying cause, compared with 46% (240/525) in the pre-
vaccine period (p<0.0001). Of the 3 deaths in this age group dur-
ing 2012–2016, 1 occurred in a child in the 1–4 years of age
group, and 2 in children in the 5–9 years of age group. Two chil-
dren had preexisting medical conditions that increased the risk

for severe varicella4 (leukemia and immunodeficiency, unspeci-
fied); for one child no underlying conditions were indicated.
These 3 deaths were also reported to CDC as part of national vari-
cella death surveillance; the additional information indicated that
1 of the deaths occurred in a 1-dose vaccinated child (with leuke-
mia)9 while the other 2 children who died were unvaccinated.

Adults aged 20–49 years accounted for 19% (9/48) of the
deaths with varicella listed as the underlying cause during
2012–2016 as compared with 34% (178/525) in the prevaccine
period (p D 0.03); preexisting medical conditions with high
risk for severe varicella were listed for 56% (5/9). Seven deaths
in this age group were reported to CDC, and 2/7 persons who
died were vaccinated with 1 dose within 1 month prior to

Table 1. Annual varicella-related deaths, according to underlying or contributing cause, United States, 1990–2016.

Varicella listed as underlying cause of death Varicella listed as contributing cause of death

1990–1994a 2005–2007b 2008–2011c 2012–2016d 1990–1994a 2005–2007b 2008–2011c 2012–2016

Total average no. of deaths per year 105 15 17 9.6 39.6 20.3 16.3 10.0
Average no. (%) of deaths per year
Age group (years)
<1 8.8 (8.4) 0 (0.0) 0.0 (0.0) 0.0 (0.0) 3 (7.6) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)
1–4 13.2 (12.6) 0.7 (4.4) 0.0 (0.0) 0.2 (2.1) 5.2 (13.4) 0.7 (3.3) 0.5 (3.1) 0.2 (2.0)
5–9 15.6 (14.9) 0.3 (2.2) 0.0 (0.0) 0.4 (4.2) 3.2 (8.1) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)
10–19 10.4 (9.9) 0.7 (4.4) 0.5 (2.9) 0 (0.0) 2.2 (5.6) 0.3 (1.6) 0.3 (1.5) 0.0 (0.0)
20–49 35.6 (33.9) 3.3 (22.2) 4.5 (26.1) 1.8 (18.8) 11.6 (29.3) 3.0 (14.8) 2.0 (12.3) 2.4 (24.0)
�50 21.4 (20.4) 10.0 (66.7) 12.3 (71.0) 7.2 (75.0) 14.4 (15.3) 15.3 (80.3) 13.5 (83.1) 7.4 (74.0)

Gender
Male 55.4 (52.8) 8.7 (57.8) 9.8 (56.5) 5.6 (58.3) 24.8 (62.6) 11.3 (55.7) 9.3 (56.9) 6.0 (60.0)
Female 49.6 (47.2) 6.3 (42.2) 7.5 (43.5) 4 (41.7) 14.8 (37.4) 9.0 (44.3) 7.0 (43.1) 4.0 (40.0)

Race
White 78.6 (74.9) 13.7 (91.1) 15.0 (87.0) 7.8 (81.3) 28.8 (72.7) 17.3 (85.3) 14.0 (86.2) 8.0 (80.0)
Black 19.2 (18.3) 0.7 (4.4) 0.8 (4.3) 1.2 (12.5) 8.8 (22.2) 2.0 (9.8) 1.0 (6.2) 1.2 (12.0)
Other 7.2 (6.9) 0.7 (4.4) 1.5 (8.7) 0.6 (6.3) 2.0 (5.1) 1.0 (4.9) 1.3 (7.7) 0.8 (8.0)

Ethnicity
Non-Hispanic 87.6 (83.4) 12.3 (82.2) 14.8 (85.5) 8.4 (87.5) 34.2 (86.4) 19.7 (96.7) 14.0 (86.2) 8.2 (82.0)
Hispanic 14.8 (14.1) 2.7 (17.8) 2.3 (13.0) 1.2 (12.5) 4.4 (11.1) 0.7 (3.3) 2.3 (13.8) 1.6 (16.0)

aData are from Meyer et al.7
bData are from Marin et al.4
cData are from Leung et al.3
dDuring 2012–2016, the annual number of varicella deaths was 16, 8, 4, 14, and 6 in 2012, 2013, 2014, 2015, and 2016, respectively. During this period, there were 3
deaths among persons<20 years of age: 1 in a 1–4 year-old (2012) and 2 in 5–9 year-olds (2012 and 2016). Among 20–49 year-olds, the annual number of varicella
deaths was 2, 2, 2, 3, and 0 in 2012, 2013, 2014, 2015, and 2016, respectively.

Figure 1. Varicella-related mortality rates, according to underlying or contributing cause, United States, 1990–2016 (age adjusted to the 2000 US population).
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death; vaccination status was unknown for the remaining 5.
One of the vaccinated persons who died was confirmed to have
vaccine-strain varicella-zoster virus (VZV) and specimens were
unavailable for laboratory testing for the second. Both persons
had immunocompromising conditions (chronic renal failure
on immunosuppressive treatment and chronic automimmune
disease, respectively).

The annual average age-adjusted mortality rate attributed to
varicella as a contributing cause was 0.03 per million popula-
tion in 2012–2016, an 83% reduction from prevaccine years
1990–1994 (average annual age-adjusted rate of 0.16 per mil-
lion)7 (p<0.0001) and a 54% reduction from 2005–2007 (aver-
age annual age-adjusted rate of 0.06 per million)4 (p<0.0001)
(Table 1; Fig. 1).

Since its inception in 1996, the varicella vaccination program
has successfully controlled severe disease, including hospitaliza-
tions and deaths in the United States.4,7,10–14 These continued
declines in varicella deaths are due to increased control of vari-
cella in the United States,10,13 via achieving and sustaining high
1-dose varicella vaccination coverage and increasing 2-dose vac-
cination coverage. After 2 decades of program implementation,
we report a 94% decline overall in deaths with varicella coded as
the underlying cause compared with the prevaccine period, and
additional declines during the 2-dose period compared with the
end of the 1-dose varicella vaccination period. These continued
declines were also observed in deaths with varicella coded as a
contributing cause, and in all age groups. Among persons aged
<20 years, born primarily during the childhood varicella vacci-
nation program, three deaths were reported during 2012–2016
(all in children aged�9 years); during the 5 years before vaccine
implementation, 240 deaths were reported in this age group
(188 in children aged�9 years).7

With a vaccine highly efficacious against severe varicella,15

varicella deaths are preventable through vaccination. Addition-
ally, indirect community protection due to increased control of
the disease and subsequent decreased circulation of VZV protects
those too young to be vaccinated or who have contraindications
to vaccination. Data were not available to describe the varicella

vaccination status or medical history of all persons who died of
varicella. Nevertheless, varicella vaccination remains the best
method for preventing varicella and related severe outcomes as
seen in declines in disease, hospitalizations, and deaths as vaccina-
tion coverage increased. Varicella vaccine is contraindicated for
immunocompromised persons, but vaccination of their house-
hold contacts is recommended to decrease the likelihood that
wild-type VZVwill be introduced in the household.16

After 2 decades of varicella vaccination program in the United
States, we documented impressive declines in varicella deaths
compared with the pre-vaccination period: 94% overall and 97%
in persons younger than 50 years of age. Continued varicella sur-
veillance is important to understand characteristics of varicella
deaths that are still occurring and to monitor the impact of the
varicella vaccination program in the United States.
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Figure 2. Varicella-related mortality rates for varicella as underlying cause by age group, United States, 1990–2016.
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