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Adolescents who do not get enough sleep are more likely
to be overweight (1); not engage in daily physical activity (2);
suffer from depressive symptoms (2); engage in unhealthy risk
behaviors such as drinking, smoking tobacco, and using illicit
drugs (2); and perform poorly in school (3). However, insufficient sleep is common among high school students, with less
than one third of U.S. high school students sleeping at least
8 hours on school nights (4). In a policy statement published
in 2014, the American Academy of Pediatrics (AAP) urged
middle and high schools to modify start times as a means
to enable students to get adequate sleep and improve their
health, safety, academic performance, and quality of life (5).
AAP recommended that “middle and high schools should aim
for a starting time of no earlier than 8:30 a.m.” (5). To assess
state-specific distributions of public middle and high school
start times and establish a pre-recommendation baseline, CDC
and the U.S. Department of Education analyzed data from
the 2011–12 Schools and Staffing Survey (SASS). Among an
estimated 39,700 public middle, high, and combined schools*
in the United States, the average start time was 8:03 a.m.
Overall, only 17.7% of these public schools started school at
8:30 a.m. or later. The percentage of schools with 8:30 a.m.
or later start times varied greatly by state, ranging from 0% in
Hawaii, Mississippi, and Wyoming to more than three quarters
of schools in Alaska (76.8%) and North Dakota (78.5%). A
school system start time policy of 8:30 a.m. or later provides
teenage students the opportunity to achieve the 8.5–9.5 hours
of sleep recommended by AAP (5) and the 8–10 hours recommended by the National Sleep Foundation (6).
* Middle schools include any schools with no grade lower than 5 and no grade
higher than 8. High schools include any school with no grade lower than 7 and
at least one grade higher than 8. Combined schools include any schools with
at least one grade lower than 7 and at least one grade higher than 8, or with all
students in ungraded classrooms.

Every few years, the U.S. Department of Education conducts
SASS, which provides data on the condition of elementary
and secondary education in the United States. SASS consists
of several questionnaires, including those tailored to schools,
teachers, principals, school districts, and library media centers.
SASS is a mail-based survey, with telephone and field followup, and uses a stratified probability sample design.† For the
2011–12 school year, the sample included about 10,250 traditional public schools and 750 public charter schools, with
a unit response rate for public schools of 72.5%. As part of
the school questionnaire in the 2011–12 school year, respondents were asked, “At what time do most of the students in
† Additional

information available at http://nces.ed.gov/surveys/sass/overview.
asp and http://nces.ed.gov/statprog/handbook/sass_surveydesign.asp. Questions
about SASS can be directed to Chelsea Owens at chelsea.owens@ed.gov.
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this school begin the school day?” Because AAP recommends
school start times of 8:30 a.m. or later for both middle schools
and high schools, the analyses in this report include public
middle schools, high schools, and schools with combined
grades. Average start time (with standard error) and percentage distribution of start times were calculated by school level
and state. Results are weighted to reflect the complex sample
design and to account for nonresponse and other adjustments.
Among an estimated 39,700 U.S. public middle, high,
and combined schools (with an estimated total enrollment of
26.3 million students), the average start time was 8:03 a.m.
Forty-two states reported that 75%–100% of their public schools
had early start times (before 8:30 a.m.) (Figure). Overall, only
17.7% of public schools (with an estimated total enrollment of
4.2 million students), started school at 8:30 a.m. or later (Table).
The proportion was lowest for high schools (14.4%) and highest for combined schools (23.4%). The percentage of schools
that started at 8:30 a.m. or later varied greatly by state, ranging
from 0% in Hawaii, Mississippi, and Wyoming to 76.8% in
Alaska and 78.5% in North Dakota. North Dakota and Alaska
also reported the latest average school start times (8:31 a.m. and
8:33 a.m., respectively), whereas Louisiana reported the earliest
average school start time (7:40 a.m.) and the largest percentage
of schools starting before 7:30 a.m. (29.9%).

FIGURE. Percentage of public schools* with early school start times
(before 8:30 a.m.), by state — Schools and Staffing Survey, United
States, 2011–12 school year

DC

75%–100%
50%–74%
25%–49%
<25%
Response rate <50%
Source: U.S. Department of Education, National Center for Education Statistics,
Schools and Staffing Survey, public school data file, 2011–12. Additional
information available at http://nces.ed.gov/surveys/sass/overview.asp.
* Includes middle, high, and combined schools. Middle schools include any schools
with no grade lower than 5 and no grade higher than 8. High schools include
any school with no grade lower than 7 and at least one grade higher than 8.
Combined schools include any schools with at least one grade lower than 7 and
at least one grade higher than 8, or with all students in ungraded classrooms.
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TABLE. Average start time and percentage distribution of start times for public middle, high, and combined schools,* by school level and state
— Schools and Staffing Survey 2011–12 school year

School level
and state
Total
School level
Middle
High
Combined
State
Alabama
Alaska
Arizona
Arkansas
California
Colorado
Connecticut
Delaware
District of
Columbia
Florida
Georgia
Hawaii
Idaho
Illinois
Indiana
Iowa
Kansas
Kentucky
Louisiana
Maine
Maryland
Massachusetts
Michigan
Minnesota
Mississippi
Missouri
Montana

Estimated no. of
public middle,
high, and
combined schools
No.

(SE)

39,700

(390)

13,990
18,360
7,350

(169)
(434)
(571)

Estimated no. of
students in public
middle, high, and
combined schools

Percentage distribution† of public middle, high,
and combined school start times

Average start time
(a.m.)¶
Before
7:30 a.m.

7:30 a.m.
to 7:59 a.m.

8:00 a.m.
to 8:29 a.m.

8:30 a.m.
or later

8:30 a.m.
or later

Time

(SE)§

%

(SE)

%

(SE)

%

(SE)

%

(SE)

26,284,000 (613,100)

8:03

(1)

6.7

(0.4)

31.9

(0.8)

43.7

(0.8)

17.7

(0.7)

8,674,000 (135,800)
14,995,000 (413,600)
2,615,000 (300,600)

8:04
7:59
8:08

(1)
(1)
(3)

4.8
9.5
3.5

(0.7)
(0.6)
(0.7)

35.9
33.0
21.6

(1.3)
(1.1)
(2.2)

40.4
43.1
51.5

(1.1)
(1.1)
(2.6)

18.9
14.4
23.4

(1.0)
(0.9)
(2.7)

No.

(SE)

680
(39)
—**
—
860
(159)
450
(28)
3,880
(219)
730
(84)
380
(24)
090
(4)
—**
—

344,000
—**
506,000
292,000
3,303,000
527,000
260,000
63,000
—**

(31,100)
—
(53,100)
(30,300)
(146,300)
(51,700)
(23,900)
(4,900)
—

7:49
8:33
8:03
8:01
8:07
7:54
7:46
7:42
—**

(2)
(8)
(3)
(1)
(2)
(2)
(2)
(3)
—

6.4
0.0
8.1
—**
3.5
16.9
13.8
24.0
—**

(2.2)††
—§§
(2.9)††
—
(0.9)
(5.1)
(2.9)
(5.3)
—

57.8
11.6
23.3
29
27.7
31.3
57.4
51.9
—**

(4.4)
(3.8)††
(6.6)
(4.7)
(3.1)
(6.6)
(4.2)
(6.3)
—

34.0
11.6
47.3
63.0
47.6
40.9
24.0
16.6
—**

(5.3)
(4.8)††
(5.8)
(4.7)
(3.3)
(5.1)
(3.8)
(4.6)
—

—**
76.8
21.3
7.3
21.2
10.9
4.8
7.5
—**

—
(7.8)
(5.0)
(2.0)
(2.9)
(2.6)
(2.1)††
(3.0)††
—

1,570
(100)
1,030
(24)
—**
—
370
(182)
1,590
(48)
740
(27)
550
(35)
540
(20)
710
(32)
630
(32)
240
(5)
—**
—
700
(58)
1,540
(47)
1,100
(58)
570
(23)
900
(37)
220
(15)

1,406,000
955,000
—**
157,000
1,008,000
559,000
249,000
204,000
358,000
316,000
105,000
—**
527,000
891,000
522,000
272,000
530,000
78,000

(111,400)
(77,500)
—
(40,300)
(145,200)
(43,800)
(31,300)
(20,000)
(33,100)
(33,100)
(5,500)
—
(48,600)
(59,100)
(43,100)
(18,600)
(28,700)
(8,200)

8:17
8:09
8:03
8:13
8:13
7:58
8:23
8:00
8:03
7:40
7:53
—**
7:53
7:54
8:18
7:47
7:54
8:13

(3)
(2)
(3)
(28)
(3)
(2)
(6)
(1)
(4)
(2)
(3)
—
(4)
(2)
(3)
(2)
(1)
(2)

19.5
—**
0.0
0.0
—**
—**
0.0
—**
8.6
29.9
6.6
—**
8.0
9.5
0.9
12.4
6.7
0.0

(2.5)
—
—§§
—§§
—
—
—§§
—
(4.2)††
(4.8)
(1.9)
—
(3.6)††
(2.1)
(0.4)††
(3.7)††
(1.7)
—§§

18.6
(2.4)
28.7
(4.3)
42.5
(17.3)††
20.9
(7.5)††
19.7
(3.4)
41.8
(3.2)
6.3
(2.0)††
26.5
(3.5)
24.8
(4.0)
53.1
(4.9)
53.1
(5.1)
—**
—
53.3
(6.1)
43.6
(3.6)
18.8
(2.6)
58.3
(4.3)
39.0
(3.9)
5.8
(2.1)††

19.3
43.9
57.5
58.3
48.7
45.1
66.3
71.5
49.0
12.1
32.8
—**
27.2
39.0
46.7
29.3
51.0
80.9

(2.9)
(4.6)
(17.3)††
(14.5)
(5.5)
(4.0)
(7.2)
(3.7)
(5.8)
(3.5)
(4.8)
—
(5.1)
(3.5)
(3.7)
(4.3)
(3.9)
(6.1)

42.6
24.0
0.0
—**
28.4
10.2
27.4
—**
17.5
—**
7.5
—**
11.5
7.9
33.6
0.0
3.2
13.4

(3.8)
(3.4)
—§§
—
(6.0)
(2.7)
(7.6)
—
(4.0)
—
(3.6)††
—
(5.4)††
(2.2)
(3.5)
—§§
(1.4)††
(5.5)††

See table footnotes on next page.

Discussion

Obtaining adequate sleep is important for achieving optimal
health. Among adolescents, insufficient sleep has been associated
with adverse risk behaviors (2), poor health outcomes (1), and poor
academic performance (3). In view of these negative outcomes, the
high prevalence of insufficient sleep among high school students is
of substantial public health concern. Healthy People 2020 includes
a sleep objective for adolescents: to “increase the proportion of
students in grades 9 through 12 who get sufficient sleep (defined as
8 or more hours of sleep on an average school night).”§ However,
the proportion of students who get enough sleep has remained
approximately 31% since 2007 (4), the first year that the national
Youth Risk Behavior Survey included a question about sleep,
§ Information on Healthy People 2020 sleep objectives is available at http://www.

healthypeople.gov/2020/topics-objectives/topic/sleep-health.

meaning that more than two thirds of high school students do not
get enough sleep. Multiple contributors to insufficient sleep in this
population might exist. In puberty, biological rhythms commonly
shift so that adolescents become sleepy later at night and need to
sleep later in the morning (7). These biological changes are often
combined with poor sleep hygiene (including irregular bedtimes
and the presence of televisions, computers, or mobile phones in
the bedroom) (8). During the school week, the chief determinant
of wake times is school start time (9). The combination of delayed
bedtimes and early school start times results in inadequate sleep
for a large portion of the adolescent population.
Citing evidence of the benefits of delayed school start times
for adolescents, AAP released a policy statement in 2014 that
encouraged middle and high schools to modify start times to
enable students to get sufficient sleep and subsequently improve
their health, safety, academic performance, and quality of
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TABLE. (Continued) Average start time and percentage distribution of start times for public middle, high, and combined schools,* by school
level and state — Schools and Staffing Survey 2011–12 school year

School level
and state
Nebraska
Nevada
New Hampshire
New Jersey
New Mexico
New York
North Carolina
North Dakota
Ohio
Oklahoma
Oregon
Pennsylvania
Rhode Island
South Carolina
South Dakota
Tennessee
Texas
Utah
Vermont
Virginia
Washington
West Virginia
Wisconsin
Wyoming

Estimated no. of
public middle,
high, and
combined schools
No.

(SE)

370
260
180
870
310
2,070
1,120
220
1,640
700
480
1,280
100
500
230
760
3,940
410
100
850
930
300
860
130

(26)
(12)
(18)
(52)
(99)
(108)
(35)
(9)
(73)
(27)
(25)
(145)
(10)
(9)
(11)
(47)
(183)
(22)
(2)
(17)
(35)
(5)
(37)
(8)

Estimated no. of
students in public
middle, high, and
combined schools
No.

Percentage distribution† of public middle, high,
and combined school start times

Average start time
(a.m.)¶

(SE)

150,000 (19,200)
276,000 (20,900)
116,000
(7,800)
698,000 (45,200)
151,000 (47,000)
1,670,000 (149,100)
768,000 (88,900)
67,000
(5,000)
1,061,000 (60,800)
356,000 (29,000)
282,000 (21,100)
1,001,000 (189,700)
68,000
(6,200)
411,000 (26,400)
78,000
(5,200)
533,000 (31,000)
2,556,000 (254,700)
297,000 (45,200)
46,000
(2,600)
555,000 (37,700)
526,000 (42,300)
160,000
(7,000)
423,000 (44,200)
50,000
(4,300)

Before
7:30 a.m.
Time

(SE)§

8:07
7:51
7:46
8:00
8:10
7:59
8:03
8:31
7:52
8:10
8:14
7:48
7:50
8:03
8:13
7:57
8:05
8:05
8:05
8:04
8:08
7:54
7:59
7:59

(1)
(3)
(2)
(2)
(3)
(2)
(2)
(1)
(2)
(2)
(3)
(2)
(4)
(2)
(2)
(3)
(2)
(3)
(2)
(2)
(2)
(2)
(3)
(1)

7:30 a.m.
to 7:59 a.m.

8:00 a.m.
to 8:29 a.m.

%

%

0.0
18.0
11.6
6.7
1.6
7.7
—**
0.0
13.1
0.0
—**
13.0
24.8
—**
—**
13.3
3.1
0.0
—**
10.0
6.4
11.1
2.3
0.0

(SE)
—§§
(3.0)
(3.2)
(2.0)
(0.7)††
(3.1)††
—
—§§
(2.0)
—§§
—
(3.0)
(6.1)
—
—
(3.4)
(1.2)††
—§§
—
(2.6)
(1.9)††
(2.0)
(1.0)††
—§§

8.0
30.7
64.4
37.2
24.1
31.6
36.6
2.8
45.3
12.0
25.2
51.3
27.5
35.3
6.6
29.4
28.3
33.1
34.1
26.6
24.2
33.9
48.2
41.1

(SE)
(2.5)††
(5.5)
(5.7)
(4.5)
(5.8)
(2.9)
(5.0)
(1.2)††
(4.3)
(2.8)
(3.8)
(6.6)
(7.9)
(6.5)
(2.7)††
(4.7)
(3.4)
(5.3)
(5.1)
(4.4)
(3.8)
(3.3)
(5.4)
(5.2)

8:30 a.m.
or later
%

(SE)

88.9
38.2
19.7
41.2
53.9
49.6
45.3
18.7
29.3
77.6
45.0
32.6
40.3
50.9
77.7
40.0
46.3
49.6
48.0
42.6
50.2
47.9
39.1
58.9

(2.4)
(6.0)
(4.4)
(4.7)
(10.2)
(3.4)
(5.4)
(3.2)
(3.7)
(3.9)
(4.1)
(7.9)
(9.2)
(6.8)
(4.2)
(5.1)
(3.5)
(5.9)
(4.8)
(4.4)
(4.6)
(4.0)
(4.3)
(5.2)

8:30 a.m.
__or later
%
3.0
13.1
—**
14.9
20.4
11.0
15.2
78.5
12.3
10.4
28.9
3.1
—**
12.3
14.8
17.2
22.4
17.3
15.1
20.8
19.3
7.1
10.4
0.0

(SE)
(1.4)††
(3.6)
—
(3.6)
(5.9)
(2.5)
(4.2)
(3.4)
(3.0)
(2.8)
(4.2)
(1.3)††
—
(3.7)
(4.9)††
(3.5)
(2.7)
(5.9)††
(3.0)
(3.6)
(3.5)
(2.3)††
(4.4)††
—§§

Source: U.S. Department of Education, National Center for Education Statistics, Schools and Staffing Survey (SASS), “Public School Data File,” 2011–12.
Abbreviation: SE = standard error.
* Middle schools include any schools with no grade lower than 5 and no grade higher than 8. High schools include any school with no grade lower than 7 and at
least one grade higher than 8. Combined schools include any schools with at least one grade lower than 7 and at least one grade higher than 8, or with all students
in ungraded classrooms.
† Detail may not sum to totals because of rounding and because some data are not shown.
§ SE of average start time is expressed in minutes.
¶ Schools with afternoon start times were not included in analysis.
** Reporting standards not met. Relative standard error ≥0.5 or the response rate <50%.
†† Interpret data with caution. 0.3 ≤ relative standard error < 0.5.
§§ Rounds to zero. SE is not applicable.

life (5). AAP recommended that schools start at 8:30 a.m. or
later (5), but this was the case in only one in six U.S. public
middle and high schools, with substantial variation by state.
Because school start times are determined at the district or
even individual school level, local stakeholders have the most
influence on whether start times change in their communities.
Groups seeking to delay school start times in their district
often face resistance. Common barriers to delaying school
start times include concerns about increased transportation
costs because of changes in bus schedules; potential for traffic
congestion for students and faculty; difficulty in scheduling
after-school activities, especially athletic programs; and lack
of education in some communities about the importance of
sleep and school start times.¶ Advocates for delayed start times

might benefit from 1) becoming familiar with research about
the negative impact of insufficient sleep and early start times
on adolescents’ health, well-being, and academic performance;
2) identification of persons who might be impacted by the
decision to delay start times, including parties involved in
transportation and school athletic programs, as well as students, teachers, and school staff; and 3) preparing responses
to common arguments against delaying start times. Many
school systems have successfully overcome barriers to delay
start times.**
Among the possible public health interventions for increasing sufficient sleep among adolescents, delaying school start
times has the potential for the greatest population impact by
changing the environmental context for students in entire

¶A

** Several case studies that describe how this was done were compiled by the
National Sleep Foundation and are available at http://www.startschoollater.
net/case-studies.html.

discussion of common barriers faced by proponents of delayed
school start times is available at http://sleepfoundation.org/sleep-news/
eight-major-obstacles-delaying-school-start-times.
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Summary
What is already known on this topic?
The American Academy of Pediatrics (AAP) has urged middle
and high schools to modify school start times to enable
adolescent students to get sufficient sleep and improve their
health, safety, academic performance, and quality of life. AAP
recommends that schools aim to start no earlier than 8:30 a.m.
What is added by this report?
During the 2011–12 school year, before publication of the new
AAP recommendations, only 17.7% of public middle and high
schools in the United States started school at 8:30 a.m. or later.
The percentage varied greatly by state, ranging from 0% in
Hawaii, Mississippi, and Wyoming to more than three quarters
of schools in Alaska (76.8%) and North Dakota (78.5%).
What are the implications for public health practice?
School start time policies are established at the district and
individual school levels. Educating parents and school system
decision-makers about the impact of sleep deprivation on
adolescent health and academic performance might lead to
adoption of later start times.

school districts. However, a late school start time does not
preclude the need for other interventions that have the potential to improve the sleep of adolescents. Health care providers
who treat adolescents, both in and outside of school settings,
should educate patients and parents about the importance
of adequate sleep, as well as factors that contribute to insufficient sleep among adolescents. Parents can help their children
practice good sleep hygiene (i.e., habits that help promote
good sleep). A regular bedtime and rise time, including on
weekends, is recommended for everyone, whether they are
children, adolescents, or adults.†† In addition, adolescents with
parent-set bedtimes usually get more sleep than those whose
parents do not set bedtimes (8). Adolescents who are exposed
to more light (such as room lighting or from electronics) in
††

the evenings are less likely to get enough sleep (8). Technology
use (e.g., computers, video gaming, or mobile phones) might
also contribute to late bedtimes (8) and parents might consider
implementing a “media curfew” or removing these technologies
from the bedroom. Finally, parents might benefit themselves
and their children by setting a good example. Adolescent sleep
habits tend to reflect their parents’ sleep habits (10).
1Division of Population Health, National Center for Chronic Disease Prevention

and Health Promotion, CDC.
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Alcohol-Impaired Driving Among Adults — United States, 2012
Amy Jewett, MPH1; Ruth A. Shults, PhD1; Tanima Banerjee, MS2; Gwen Bergen, PhD1

Alcohol-impaired driving crashes account for approximately
one third of all crash fatalities in the United States (1). In 2013,
10,076 persons died in crashes in which at least one driver had
a blood alcohol concentration (BAC) ≥0.08 grams per deciliter
(g/dL), the legal limit for adult drivers in the United States (2).
To estimate the prevalence, number of episodes, and annual
rate of alcohol-impaired driving, CDC analyzed self-reported
data from the 2012 Behavioral Risk Factor Surveillance System
(BRFSS) survey. An estimated 4.2 million adults reported at
least one alcohol-impaired driving episode in the preceding
30 days, resulting in an estimated 121 million episodes and a
national rate of 505 episodes per 1,000 population annually.
Alcohol-impaired driving rates varied by more than fourfold
among states, and were highest in the Midwest U.S. Census
region. Men accounted for 80% of episodes, with young
men aged 21–34 years accounting for 32% of all episodes.
Additionally, 85% of alcohol-impaired driving episodes were
reported by persons who also reported binge drinking, and
the 4% of the adult population who reported binge drinking at least four times per month accounted for 61% of all
alcohol-impaired driving episodes. Effective strategies to reduce
alcohol-impaired driving include publicized sobriety checkpoints (3), enforcement of 0.08 g/dL BAC laws (3), requiring
alcohol ignition interlocks for everyone convicted of driving
while intoxicated (3), and increasing alcohol taxes (4).
BRFSS is an ongoing, state-based, random-digit–dialed
telephone survey that collects health risk data from noninstitutionalized adults aged ≥18 years (5). Data from the 2012
BRFSS survey were analyzed to estimate prevalence, number
of episodes, and rate of alcohol-impaired driving by selected
individual characteristics and rates by state and U.S. Census
region. Data from all 50 states and the District of Columbia
were included. In 2011, BRFSS began conducting interviews
of respondents with mobile phones in addition to landline
interviews (6). In 2012, approximately 78% of respondents
completed the survey using a landline phone; response rates
were 49% for landline and 35% for mobile phones (5), with
467,334 completed interviews. The 2012 BRFSS data were
weighted using the raking method, which reduces the potential for bias (6). Respondents who reported consuming any
alcoholic beverages within the past 30 days were then asked,
“During the past 30 days, how many times have you driven
when you’ve had perhaps too much to drink?”
Estimates of the annual number of alcohol-impaired driving
episodes per respondent were calculated by multiplying the
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reported episodes during the preceding 30 days by 12. These
numbers of episodes were summed to obtain state and national
estimates of alcohol-impaired driving episodes. Annual rates
of alcohol-impaired driving episodes were calculated by dividing the annual number of episodes by the respective weighted
population estimate from BRFSS for 2012. For the 13 respondents who reported more than one episode daily, annualized
alcohol-impaired driving episodes were truncated at 360. Rates
were suppressed for five states because the number of episodes
was <50 or the standard error was >30%.
Alcohol-impaired driving prevalence was stratified by sex and
reported by age, race/ethnicity, education level, marital status,
household income, number of binge drinking episodes, seat
belt use (always wear or less than always wear) and U.S. Census
region. Binge drinking was defined as women drinking four
or more alcoholic beverages per occasion and men drinking
five or more alcoholic beverages per occasion. Seat belt use
among alcohol-impaired drivers was examined separately by
type of state seat belt law. Primary enforcement seat belt laws
(primary laws) permit law enforcement to stop motorists solely
for being unbelted, whereas secondary laws permit ticketing
unbelted motorists only if they are stopped for another reason
(7). New Hampshire, the only state without a seatbelt law for
adults, was included with the secondary law states. Differences
between subgroups were analyzed using t-tests, with a p value
of ≤0.05 indicating statistical significance.
In 2012, 1.8% of respondents reported at least one alcoholimpaired driving episode during the preceding 30 days. This
represented 4.2 million adults who reported an estimated
121 million annual alcohol-impaired driving episodes, a rate
of 505 per 1,000 population (Table 1). Among those who
reported driving while impaired, 58% indicated one episode,
23% indicated two episodes, and 17% indicated 3–10 episodes
in the past 30 days; 0.8% of respondents reported they drove
while impaired at least daily. Men accounted for 80% of alcohol-impaired driving episodes. Young men aged 21–34 years,
who represented 11% of the U.S. adult population, reported
32% of all episodes.
Persons who reported binge drinking accounted for 85% of
alcohol-impaired driving episodes, and the 4% of the adult
population who reported binge drinking at least four times
per month accounted for 61% of all alcohol-impaired driving
episodes. Persons who wore a seat belt less than always had
an annual alcohol-impaired driving rate (1,321) three times
higher than those who always wore a seat belt (398). Among
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TABLE 1. Percentage of adults reporting alcohol-impaired driving episodes during the preceding 30 days and annual rate of episodes per 1,000
population, by sex and selected characteristics — Behavioral Risk Factor Surveillance System, United States, 2012
Overall
Characteristic

%

No. of episodes

Total
1.8
120,840,680
Age group (yrs)
18–20
1.4
6,341,797
21–24
4.2
16,709,636
25–34
3.0
32,662,609
35–54
1.9
44,360,681
≥55
0.8
20,631,892
Race/Ethnicity
White, non–Hispanic 1.9
81,297,896
Black, non–Hispanic 1.8
12,262,181
Hispanic
1.8
18,638,930
Other, non–Hispanic 1.3
5,865,091
Multiracial,
1.8
1,250,064
non-Hispanic
Education
Less than high
1.2
15,863,682
school
High school
1.6
33,534,025
Some college
2.0
42,280,497
College
2.2
29,162,476
Marital status
Married
1.2
34,523,699
Unmarried couple
3.2
12,386,722
Previously married
1.6
24,538,321
Never married
3.0
48,329,111
Annual household income ($)
<20,000
1.4
19,675,457
20,000–34,999
1.9
23,173,002
35,000–49,999
2.1
14,735,381
50,000–74,999
2.1
18,848,567
≥75,000
2.3
34,301,686
Binge drinking
No binge drinking
0.8
14,753,474
1 time per month
4.7
11,359,118
2–3 times per month 8.2
19,039,754
≥4 times per month 14.8
73,285,148
Seatbelt use
Less than always
4.0
42,356,829
Always
1.5
81,376,707

Men

Women

Annual
rate

(95% CI)

%

No. of
episodes

Annual
rate

(95% CI)

%

No. of
episodes

Annual
rate

505

461–550

2.8

96,137,414

828

741–914

0.8

24,703,266

201

173–229

431
1,004
794
527
252

294–569
814–1,195
630–958
450–605
210–295

2.2
5.8
4.5
3.0
1.4

4,963,761
12,301,238
26,597,672
35,183,421
16,987,417

650
1,450
1,282
844
453

427–873
1,113–1,787
962–1,602
700–988
365–541

—*
2.6
1.5
0.9
0.3

—
4,408,397
6,064,937
9,177,260
3,644,475

—
540
297
216
82

—
373–708
240–355
158–274
56–108

524
440
518
398
355

472–575
349–531
363–673
217–580
246–463

3.0
2.7
2.9
2.1
2.7

63,627,635
8,901,599
16,579,282
4,597,655
966,111

846
698
917
626
567

747–945
528–869
611–1,223
290–962
361–772

0.9
1.0
0.6
0.5
0.9

17,670,261
3,360,582
2,059,648
1,267,436
283,953

221
222
115
172
156

184–258
137–308
78–152
32–311
74–239

446

306–586

2.0

14,421,682

786

517–1,054

0.3

1,442,000

84

46–122

486
578
474

422–551
472–684
426–522

2.6
3.3
3.2

27,365,716
33,526,025
20,823,990

792
1,012
691

676–907
788–1,237
607–775

0.6
1.0
1.3

6,168,309
8,754,472
8,338,485

179
219
266

120–239
162–275
219–313

289
1,052
521
798

260–318
697–1,408
422–619
670–927

1.9
4.7
3.0
4.2

27,665,693
10,903,950
18,620,065
37,973,371

467
1,790
1,051
1,155

412–521
1,107–2,473
811–1,291
930–1,379

0.6
1.6
0.7
1.6

6,858,006
1,482,771
5,918,256
10,355,740

114
261
201
374

91–137
177–345
138–265
284–465

436
539
501
592
584

345–527
440–639
406–596
414–770
512–656

2.4
3.0
3.0
3.2
3.3

15,497,797
18,655,935
11,177,179
15,351,294
26,883,422

776
902
747
943
853

581–970
707–1,097
578–917
612–1,274
730–977

0.7
0.8
1.2
0.9
1.2

4,177,660
4,517,067
3,558,202
3,497,274
7,418,264

166
203
246
225
272

112–220
139–267
163–329
110–339
209–336

181
840
1,611
5,637

158–204
690–989
1,388–1,834
4,875–6,398

1.2
5.5
9.7
16.2

10,177,543
8,213,096
13,917,849
61,905,024

253
1,027
1,832
6,520

211–296
791–1,263
1,566–2,097
5,519–7,522

0.5
3.6
5.5
11.0

4,575,932
3,146,022
5,121,905
11,380,124

111
569
1,213
3,244

91–131
440–698
812–1,614
2,453–4,035

1,321
398

1,101–1,541
357–439

5.3
2.4

36,527,500
62,180,982

1,843
656

1,497–2,190
574–738

2.0
0.8

5,829,329
19,195,724

477
177

344–609
148–205

(95% CI)

Abbreviation: CI = confidence interval.
* Sample size was <50 or relative standard error was >0.30.

alcohol-impaired drivers, those living in states with a secondary seat belt law were less likely to always wear their seat belt
(55%) compared with those in states with a primary law (74%).
Annual alcohol-impaired driving episode rates varied more
than fourfold among states, from 217 (Utah) to 995 (Hawaii)
per 1,000 population (Table 2, Figure). The Midwest U.S.
Census region had the highest annual alcohol-impaired driving
rate at 573 per 1,000 population.
Discussion

During 2012, an estimated 4.2 million U.S. adults reported
driving while impaired by alcohol at least once in the preceding

30 days, resulting in an estimated 121 million alcohol-impaired
driving episodes annually, and a national rate of 505 episodes
per 1,000 population. Alcohol-impaired driving rates varied
more than fourfold among states. Because BRFSS made
changes in the survey weighting methodology and added a
mobile telephone sampling frame since the alcohol-impaired
driving question was last asked, direct comparisons of the
2012 results with those from earlier years were not possible.
Nonetheless, the estimated number of alcohol-impaired driving
episodes reported by U.S. adults in 2012 fell within the range
of the 112 million to 161 million annual episodes reported
from 1993 to 2010 (8). Also, young men aged 21–34 years
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TABLE 2. Annual rate of self-reported alcohol-impaired driving
episodes per 1,000 population, among adults, by U.S. Census region
and state — Behavioral Risk Factor Surveillance System, United
States, 2012
U.S. Census region
National
Northeast

South

West

Midwest

State

Vermont
Pennsylvania
Connecticut
Rhode Island
Massachusetts
New York
New Jersey
Maine
New Hampshire
Louisiana
Delaware
Texas
South Carolina
Alabama
Florida
Maryland
Georgia
Oklahoma
District of
Columbia
North Carolina
Kentucky
Virginia
Arkansas
Mississippi
Tennessee
West Virginia
Hawaii
Montana
Wyoming
Washington
Nevada
Colorado
California
Idaho
Arizona
Oregon
New Mexico
Utah
Alaska
Nebraska
North Dakota
Wisconsin
South Dakota
Iowa
Minnesota
Missouri
Ohio
Michigan
Kansas
Illinois
Indiana

Rate

(95% CI)

505
481
881
701
558
522
510
372
360*
324
313*
525
811
729
703
663
539
539
527
491
467
409

(461–550)
(389–572)
(309–1,452)
(409–992)
(400–717)
(363–680)
(390–630)
(209–536)
(262–458)
(172–476)
(203–423)
(433–616)
(463–1,159)
(429–1,028)
(348–1,058)
(346–980)
(241–837)
(346–733)
(364–690)
(230–751)
(250–685)
(152–665)

389
388
308*
—†
—
—
—
422
995§
885§
807
706
489
477
375
362
300*
285*
273*
217*
—
573
955§
855
828
733
715
646
569
566
497
482
475
432

(253–525)
(251–525)
(206–409)
—
—
—
—
(351–493)
(641–1,349)
(655–1,116)
(342–1,272)
(265–1,147)
(292–686)
(305–650)
(273–477)
(122–602)
(192–408)
(168–402)
(180–367)
(98–337)
—
(498–649)
(689–1,221)
(473–1,238)
(536–1,121)
(519–946)
(547–882)
(457–835)
(294–843)
(415–716)
(326–667)
(335–629)
(223–727)
(224–639)

Abbreviation: CI = confidence interval.
* Significantly lower than the national rate.
† Sample size was <50 or relative standard error was >0.30.
§ Significantly higher than the national rate.
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FIGURE. Annual rate* of self-reported alcohol-impaired driving
episodes per 1,000 population, among adults — Behavioral Risk
Factor Surveillance System, United States, 2012

DC

601–1,000
401–600
200–400
Suppressed
Abbreviation: DC = District of Columbia.
* Rates were suppressed if sample size was <50 or relative standard error
was >30%.

and persons who binge drink have consistently reported the
highest rates of alcohol-impaired driving. Likewise, persons
living in the Midwest have consistently reported higher alcoholimpaired driving rates than those living in other regions.
Although reasons for the variation in alcohol-impaired
driving across the United States are not fully understood,
individual-level and state-level factors likely contribute. For
example, in 2013, the estimated proportion of adults who consumed alcohol varied from 31% in Utah to 65% in Wisconsin
(9). Additionally, effective prevention strategies have not been
adopted by all states; for example, as of February 2015, 12 states
prohibited the use of publicized sobriety checkpoints (10).
Seat belts are about 50% effective in preventing driver fatalities in crashes (1), and seat belt use is higher in states with
a primary seat belt law compared with use in states with a
secondary law (7). In this report, persons who did not always
wear a seat belt had alcohol-impaired driving rates three times
higher than those who were always belted. In addition, consistent seat belt use was especially low among alcohol-impaired
drivers living in states with a secondary seat belt law. Taken
together, these findings suggest that fatalities among alcoholimpaired drivers could be substantially reduced if every state
had a primary seat belt law.
The findings in this report are subject to at least four limitations. First, self-reported alcohol-impaired driving as defined
by the BRFSS survey cannot be equated to a specific BAC;
however, 85% of episodes were reported by persons who also
reported binge drinking. Second, because alcohol-impaired
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Summary
What is already known on this topic?
Alcohol-impaired driving crashes account for nearly one third of
all motor vehicle crash fatalities.
What is added by this report?
In 2012, an estimated 4.2 million U.S. adults reported at least
one episode of alcohol-impaired driving during the preceding
30 days, equating to an estimated 121 million annual alcoholimpaired driving episodes.
What are the implications for public health practice?
To reduce alcohol-impaired driving, states and communities
could consider increasing the use of effective interventions such
as publicized sobriety checkpoints, strictly enforcing 0.08 g/dL
blood alcohol content laws and minimum legal drinking age
laws, requiring ignition interlocks for all persons convicted of
alcohol-impaired driving, and increasing alcohol taxes. To reduce
alcohol-impaired driving fatalities, states and communities also
might consider enacting primary enforcement seat belt laws.

driving carries a stigma, these self-reported estimates might
be underestimated because of social desirability bias. Third,
BRFSS survey respondents were aged ≥18 years; therefore,
alcohol-impaired driving episodes among younger drivers
were not included. Finally, the median response rate for the
2012 BRFSS survey was only 45% (5), which increased the
risk for response bias.
Alcohol-impaired driving crashes have accounted for about
one third of all U.S. crash fatalities in the past two decades
(1,2). To reduce alcohol-impaired driving, states and communities could consider effective interventions, such as expanding
the use of publicized sobriety checkpoints (10); enforcing 0.08
g/dL BAC laws and minimum legal drinking age laws (3);
requiring ignition interlocks (i.e., breath-test devices connected
to a vehicle’s ignition that require a driver to exhale into the
device, and that prevent the engine from being started if the
analyzed result exceeds a preprogrammed level) for all persons
convicted of alcohol-impaired driving (3); and increasing alcohol taxes (4). Additionally, all states might consider enacting
primary seat belt laws that cover all passengers to help reduce
fatalities in alcohol-impaired driving crashes (7).
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Prevention and Control of Influenza with Vaccines: Recommendations
of the Advisory Committee on Immunization Practices, United States,
2015–16 Influenza Season
Lisa A. Grohskopf, MD1; Leslie Z. Sokolow, MSc, MPH1,2; Sonja J. Olsen, PhD1; Joseph S. Bresee, MD1; Karen R. Broder, MD3; Ruth A. Karron, MD4

This report updates the 2014 recommendations of the
Advisory Committee on Immunization Practices (ACIP)
regarding the use of seasonal influenza vaccines (1). Updated
information for the 2015–16 season includes 1) antigenic
composition of U.S. seasonal influenza vaccines; 2) information on influenza vaccine products expected to be available for
the 2015–16 season; 3) an updated algorithm for determining
the appropriate number of doses for children aged 6 months
through 8 years; and 4) recommendations for the use of live
attenuated influenza vaccine (LAIV) and inactivated influenza
vaccine (IIV) when either is available, including removal of the
2014–15 preferential recommendation for LAIV for healthy
children aged 2 through 8 years. Information regarding topics related to influenza vaccination that are not addressed in
this report is available in the 2013 ACIP seasonal influenza
recommendations (2).

Recommendations for routine use of vaccines in children, adolescents, and adults are developed by the Advisory
Committee on Immunization Practices (ACIP). ACIP is
chartered as a federal advisory committee to provide expert
external advice and guidance to the Director of the Centers
for Disease Control and Prevention (CDC) on use of vaccines and related agents for the control of vaccine-preventable
diseases in the civilian population of the United States.
Recommendations for routine use of vaccines in children
and adolescents are harmonized to the greatest extent
possible with recommendations made by the American
Academy of Pediatrics (AAP), the American Academy of
Family Physicians (AAFP), and the American College of
Obstetricians and Gynecologists (ACOG). Recommendations
for routine use of vaccines in adults are harmonized with recommendations of AAFP, ACOG, and the American College
of Physicians (ACP). ACIP recommendations adopted by
the CDC Director become agency guidelines on the date
published in the Morbidity and Mortality Weekly Report
(MMWR). Additional information regarding ACIP is available at http://www.cdc.gov/vaccines/acip.
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Information in this report reflects discussions during public
meetings of ACIP held on February 26 and June 24, 2015.
Subsequent modifications were made during CDC clearance
review to update information and clarify wording. Meeting
minutes, information on ACIP membership, and information
on conflicts of interest are available at http://www.cdc.gov/
vaccines/acip/committee/members.html. Any updates will be
posted at http://www.cdc.gov/flu.

Groups Recommended for Vaccination and
Timing of Vaccination
Routine annual influenza vaccination is recommended for
all persons aged ≥6 months who do not have contraindications. Optimally, vaccination should occur before onset of
influenza activity in the community. Health care providers
should offer vaccination by October, if possible. Vaccination
should continue to be offered as long as influenza viruses are
circulating. Children aged 6 months through 8 years who
require 2 doses (see “Vaccine Dose Considerations for Children
Aged 6 Months through 8 Years”) should receive their first dose
as soon as possible after vaccine becomes available, and the
second dose ≥4 weeks later. To avoid missed opportunities for
vaccination, providers should offer vaccination to unvaccinated
persons aged ≥6 months during routine health care visits and
hospitalizations when vaccine is available.
Antibody levels induced by vaccine decline after vaccination (3–5). Although a 2008 literature review found no clear
evidence of more rapid decline among older adults (6), a 2010
study noted a statistically significant decline in antibody titers
6 months after vaccination among persons aged ≥65 years (5).
A case-control study conducted in Navarre, Spain, during the
2011–12 influenza season revealed a decline in vaccine effectiveness, primarily affecting persons aged ≥65 years (7). While
delaying vaccination might permit greater immunity later in
the season, deferral might result in missed opportunities to
vaccinate, as well as difficulties in vaccinating a population
within a more constrained time period. Vaccination programs
should balance maximizing the likelihood of persistence of
vaccine-induced protection through the season with avoiding
missed opportunities to vaccinate or vaccinating after influenza
virus circulation begins.
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Influenza Vaccine Composition for the
2015–16 Season
For 2015–16, U.S.-licensed trivalent influenza vaccines will contain hemagglutinin (HA) derived from an A/California/7/2009
(H1N1)-like virus, an A/Switzerland/9715293/2013 (H3N2)like virus, and a B/Phuket/3073/2013-like (Yamagata lineage)
virus. This represents changes in the influenza A (H3N2) virus
and the influenza B virus as compared with the 2014–15 season. Quadrivalent influenza vaccines will contain these vaccine
viruses, and a B/Brisbane/60/2008-like (Victoria lineage) virus,
which is the same Victoria lineage virus recommended for quadrivalent formulations in 2013–14 and 2014–15 (8).

Available Vaccine Products and Indications
Various influenza vaccine products are anticipated to be
available during the 2015–16 season (Table). These recommendations apply to all licensed influenza vaccines used within
Food and Drug Administration (FDA)-licensed indications.
Differences between ACIP recommendations and labeled
indications are noted in the Table. For persons for whom
more than one type of vaccine is appropriate and available,
ACIP does not express a preference for use of any particular
product over another.
New and updated influenza vaccine product approvals
include the following:
1. In August 2014, FDA approved Afluria (inactivated
influenza vaccine, bioCSL, Inc., King of Prussia,
Pennsylvania) for intramuscular administration via the
Stratis needle-free jet injector (PharmaJet, Inc., Golden,
Colorado), for persons aged 18 through 64 years (9).
Adults aged 18 through 64 years may receive Afluria
either by the Stratis injector or with a sterile needle and
syringe. All other inactivated influenza vaccines are
approved for administration by sterile needle and syringe
only. The Stratis injector is a reusable spring-powered
device which injects the vaccine through a single-use
sterile needle-free syringe into the deltoid muscle. In a
prelicensure study of 1,250 adults aged 18 through
64 years (10), local injection site symptoms were reported
more frequently by persons who received Afluria via the
Stratis Injector than those who were vaccinated with a
sterile needle and syringe; most resolved within 3 days.
Those who received Afluria via the Stratis injector had
antibody levels against influenza virus that were
noninferior to those who received Afluria by sterile needle
and syringe. Data comparing rates of influenza illness in
persons vaccinated with the Stratis injector versus needle
and syringe are not available.

2. In October 2014, FDA approved an expanded age
indication for the use of Flublok (Recombinant Influenza
Vaccine, Trivalent [RIV3], Protein Sciences, Meriden,
Connecticut), which was previously approved for persons
aged 18 through 49 years. Flublok is now indicated for
persons aged ≥18 years (11). Approval for persons aged
≥50 years is based upon studies of immunogenicity and
safety of the vaccine in three randomized trials (12–14);
data demonstrating a decrease in influenza disease in
persons aged ≥50 years after vaccination with Flublok
are not available.
3. In December 2014, FDA approved Fluzone Intradermal
Quadrivalent (Sanofi Pasteur, Inc., Swiftwater,
Pennsylvania), for persons aged 18 through 64 years (15).
It is anticipated that this formulation will replace the
previously available trivalent Fluzone Intradermal for the
2015–16 influenza season. In a randomized study of
3,355 adults aged 18 through 64 years comparing safety
and immunogenicity of Fluzone Intradermal Quadrivalent
with two different trivalent intradermal formulations of
Fluzone (each one containing one of the two influenza B
viruses contained in the quadrivalent vaccine), the
quadrivalent formulation was immunogenically
noninferior to the trivalent formulations for the
influenza A and matched B viruses, immunogenically
superior for the unmatched B viruses, and had a similar
adverse event profile (16). Efficacy data for Fluzone
Intradermal Quadrivalent are not available.

Vaccine Dose Considerations for Children Aged
6 Months Through 8 Years
Children aged 6 months through 8 years require 2 doses
of influenza vaccine (administered ≥4 weeks apart) during
their first season of vaccination to optimize response (17–19).
Since the emergence of influenza A(H1N1)pdm09 (the 2009
H1N1 pandemic virus), recommendations for determining
the number of doses needed have specified previous receipt
of vaccine containing influenza A(H1N1)pdm09. In light of
the continuing circulation of influenza A(H1N1)pdm09 as
the predominant influenza A(H1N1) virus since 2009, and
the inclusion of an A/California/7/2009(H1N1)-like virus in
U.S. seasonal influenza vaccines since the 2010–2011 season,
separate consideration of receipt of vaccine doses containing
this virus is no longer recommended.
Several studies have suggested that for viruses which are
the same in both doses of vaccine, longer intervals between
the 2 doses do not compromise immune response (20–22).
In a study conducted across two seasons during which the
influenza A(H1N1) vaccine virus did not change but the
B virus did change, children aged 10 through 24 months who
MMWR / August 7, 2015 / Vol. 64 / No. 30
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TABLE. Influenza vaccines — United States, 2015–16 influenza season*

Trade name

Manufacturer

Presentation

Mercury
(from
thimerosal)
µg/0.5 mL

Ovalbumin
µg/0.5 mL

Age indications

Latex Route

Inactivated influenza vaccine, quadrivalent (IIV4), standard dose
Contraindications*: Severe allergic reaction to any vaccine component, including egg protein, or after previous dose of any influenza vaccine.
Precautions*: Moderate to severe acute illness with or without fever; history of Guillain-Barré syndrome within 6 weeks of receipt of influenza vaccine.
Fluarix Quadrivalent
FluLaval Quadrivalent
Fluzone Quadrivalent

Fluzone Intradermal¶
Quadrivalent

GlaxoSmithKline
ID Biomedical Corp. of
Quebec (distributed
by GlaxoSmithKline)
Sanofi Pasteur

Sanofi Pasteur

0.5 mL single-dose prefilled syringe
5.0 mL multi-dose vial

—
<25

≤0.05
≤0.3

0.25 mL single-dose prefilled
syringe
0.5 mL single-dose prefilled syringe
0.5 mL single-dose vial
5.0 mL multi-dose vial
0.1 mL single-dose prefilled
microinjection system

—

§

—
—
25
—

§
§
§
§

≥3 yrs
≥3 yrs

No
No

IM†
IM†

6 through
35 mos
≥36 mos
≥36 mos
≥6 mos
18 through
64 yrs

No

IM†

No
No
No
No

IM†
IM†
IM†
ID**

No
No

IM†
IM†

Yes§§
No
No

IM†
IM†
IM†

Inactivated influenza vaccine, trivalent (IIV3), standard dose
Contraindications*: Severe allergic reaction to any vaccine component, including egg protein, or after previous dose of any influenza vaccine.
Precautions*: Moderate to severe acute illness with or without fever; history of Guillain-Barré syndrome within 6 weeks of receipt of influenza vaccine.
Afluria

bioCSL

0.5 mL single-dose prefilled syringe
5.0 mL multi-dose vial

—
24.5

<1
<1

Fluvirin

Novartis Vaccines and
Diagnostics
Sanofi Pasteur

0.5 mL single-dose prefilled syringe
5.0 mL multi-dose vial
5.0 mL multi-dose vial

≤1
25
25

≤1
≤1

Fluzone

§

≥9 yrs††
≥9 yrs†† via
needle;18
through 64 yrs
via jet injector
≥4 yrs
≥4 yrs
≥6 mos

Inactivated influenza vaccine, cell-culture-based (ccIIV3), standard dose
Contraindications*: Severe allergic reaction to any vaccine component, including egg protein, or after previous dose of any influenza vaccine.
Precautions*: Moderate to severe acute illness with or without fever; history of Guillain-Barré syndrome within 6 weeks of receipt of influenza vaccine.
Flucelvax

Novartis Vaccines and
Diagnostics

0.5 mL single-dose prefilled syringe

—

¶¶

≥18 yrs

Yes§§

IM†

No

IM†

No

IM†

Inactivated influenza vaccine, trivalent (IIV3), high dose
Contraindications*: Severe allergic reaction to any vaccine component, including egg protein, or after previous dose of any influenza vaccine.
Precautions*: Moderate to severe acute illness with or without fever; history of Guillain-Barré syndrome within 6 weeks of receipt of influenza vaccine.
Fluzone High-Dose***

Sanofi Pasteur

0.5 mL single-dose prefilled syringe

—

§

≥65 yrs

Recombinant influenza vaccine, trivalent (RIV3), standard dose
Contraindications*: Severe allergic reaction to any vaccine component.
Precautions*: Moderate to severe acute illness with or without fever; history of Guillain-Barré syndrome within 6 weeks of receipt of influenza vaccine.
Flublok

Protein Sciences

0.5 mL single-dose vial

—

0

≥18 yrs

Live attenuated influenza vaccine, quadrivalent (LAIV4)
Contraindications*: Severe allergic reaction to any vaccine component, including egg protein, or after previous dose of any influenza vaccine. Concomitant use of aspirin or
aspirin-containing medications in children and adolescents.
In addition, ACIP recommends LAIV4 not be used for pregnant women, immunosuppressed persons, persons with egg allergy, and children aged 2 through 4 years who
have asthma or who have had a wheezing episode noted in the medical record within the past 12 months, or for whom parents report that a health care provider stated
that they had wheezing or asthma within the last 12 months.
LAIV4 should not be administered to persons who have taken influenza antiviral medications within the previous 48 hours.
Persons who care for severely immunosuppressed persons who require a protective environment should not receive LAIV4, or should avoid contact with such persons for 7
days after receipt.
Precautions*: Moderate to severe acute illness with or without fever; history of Guillain-Barré syndrome within 6 weeks of receipt of influenza vaccine; asthma in persons
aged 5 years and older; medical conditions which might predispose to higher risk for complications attributable to influenza.
FluMist Quadrivalent†††

MedImmune

0.2 mL single-dose prefilled
intranasal sprayer

See table footnotes on page next page.
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—

<0.24 (per 0.2 mL)

2 through 49 yrs

No

IN
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TABLE. (Continued) Influenza vaccines — United States, 2015–16 influenza season*
Abbreviations: ACIP = Advisory Committee on Immunization Practices; ID = intradermal; IM = intramuscular; IN = intranasal.
* Immunization providers should check Food and Drug Administration-approved prescribing information for 2015–16 influenza vaccines for the most complete
and updated information, including (but not limited to) indications, contraindications, warnings, and precautions. Package inserts for U.S.-licensed vaccines are
available at www.fda.gov/BiologicsBloodVaccines/Vaccines/ApprovedProducts/ucm093833.htm.
† For adults and older children, the recommended site for intramuscular influenza vaccination is the deltoid muscle. The preferred site for infants and young children
is the anterolateral aspect of the thigh. Specific guidance regarding site and needle length for intramuscular administration may be found in the ACIP General
Recommendations on Immunization, available at www.cdc.gov/mmwr/preview/mmwrhtml/rr6002a1.htm.
§ Available upon request from Sanofi Pasteur (1–800–822–2463 or MIS.Emails@sanofipasteur.com).
¶ Quadrivalent inactivated influenza vaccine, intradermal: a 0.1-mL dose contains 9 µg of each vaccine antigen (36 µg total).
** The preferred injection site is over the deltoid muscle. Fluzone Intradermal Quadrivalent is administered using the delivery system included with the vaccine.
†† Age indication per package insert is ≥5 years; however, ACIP recommends Afluria not be used in children aged 6 months through 8 years because of increased
risk of febrile reactions noted in this age group with bioCSL’s 2010 Southern Hemisphere IIV3. If no other age-appropriate, licensed inactivated seasonal influenza
vaccine is available for a child aged 5 through 8 years who has a medical condition that increases the child’s risk for influenza complications, Afluria can be used;
however, providers should discuss with the parents or caregivers the benefits and risks of influenza vaccination with Afluria before administering this vaccine.
Afluria may be used in persons aged ≥9 years.
§§ Syringe tip cap may contain natural rubber latex.
¶¶ Information not included in package insert. Estimated to contain <50 femtograms (5x10-8 µg) of total egg protein (of which ovalbumin is a fraction) per 0.5 mL
dose of Flucelvax.
*** Trivalent inactivated influenza vaccine, high-dose: a 0.5-mL dose contains 60 µg of each vaccine antigen (180 µg total).
††† FluMist is shipped refrigerated and stored in the refrigerator at 35°F–46°F (2°C–8°C) after arrival in the vaccination clinic. The dose is 0.2 mL divided equally between
each nostril. Health care providers should consult the medical record, when available, to identify children aged 2 through 4 years with asthma or recurrent wheezing
that might indicate asthma. In addition, to identify children who might be at greater risk for asthma and possibly at increased risk for wheezing after receiving
LAIV, parents or caregivers of children aged 2 through 4 years should be asked: “In the past 12 months, has a health care provider ever told you that your child
had wheezing or asthma?” Children whose parents or caregivers answer “yes” to this question and children who have asthma or who had a wheezing episode
noted in the medical record within the past 12 months should not receive FluMist.

received 1 dose of IIV during the fall of each season had similar
immune responses to the unchanged A(H1N1) virus antigen
and to the drifted A(H3N2) virus antigen, compared with
children aged 6 through 24 months who received 2 doses of
the same IIV during the latter season. However, the first group
had significantly lower antibody responses to the B antigen
(20). Since the 2010–11 season, guidance for determining
the appropriate number of doses has taken strain changes into
account. Because of the change in vaccine composition for
2015–16, children aged 6 months through 8 years will need
to have received ≥2 doses of influenza vaccine previously to
require only 1 dose for the 2015–16 season.
For 2015–16, ACIP recommends that children aged
6 months through 8 years who have previously received
≥2 total doses of trivalent or quadrivalent influenza vaccine
before July 1, 2015, require only 1 dose for 2015–16. The
two previous doses need not have been given during the same
season or consecutive seasons. Children in this age group who
have not previously received a total of ≥2 doses of trivalent
or quadrivalent influenza vaccine before July 1, 2015 require
2 doses for 2015–16. The interval between the 2 doses should
be at least 4 weeks (Figure 1).

Considerations for the Use of Live Attenuated
Influenza Vaccine and Inactivated Influenza
Vaccine When Either is Available
Both LAIV and IIV have been demonstrated to be effective in children and adults. Among adults, most comparative
studies have demonstrated that LAIV and IIV were of similar
efficacy or that IIV was more efficacious (23). Several studies

FIGURE 1. Influenza vaccine dosing algorithm for children aged
6 months through 8 years — Advisory Committee on Immunization
Practices, United States, 2015–16 influenza season
Has the child received ≥2
total doses of trivalent or
quadrivalent influenza
vaccine before July 1, 2015*

Yes

No or
don’t know

1 dose of 2015–16
influenza vaccine

2 doses† of 2015–16
influenza vaccine

* The two doses need not have been received during the same season or
consecutive seasons.
†
Doses should be administered ≥4 weeks apart.

conducted before the 2009 H1N1 pandemic demonstrated
superior efficacy of LAIV in children (24–26). A randomized
controlled trial conducted during the 2004–05 season among
7,852 children aged 6 through 59 months demonstrated a
55% reduction in culture-confirmed influenza among children who received trivalent LAIV (LAIV3) compared with
those who received trivalent IIV (IIV3). LAIV3 efficacy was
higher than that of IIV3 against both antigenically drifted and
well-matched influenza viruses (24). In a comparative study
conducted during the 2002–03 season, LAIV3 provided 53%
MMWR / August 7, 2015 / Vol. 64 / No. 30
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greater relative efficacy compared with IIV3 in children aged 6
through 71 months who had previously experienced recurrent
respiratory tract infections (25).
In June 2014, following review of evidence on the relative
efficacy of LAIV compared with IIV for healthy children,
ACIP recommended that when immediately available, LAIV
should be used for healthy children aged 2 through 8 years
who have no contraindications or precautions. However, data
from subsequent observational studies of LAIV and IIV vaccine
effectiveness indicated that LAIV did not perform as well as
expected based upon the observations in earlier randomized
trials (27,28). Analysis of data from three observational studies
of LAIV4 vaccine effectiveness for the 2013–14 season (the
first season in which LAIV4 was available) revealed poor effectiveness of LAIV4 against influenza A(H1N1)pdm09 among
children aged 2 through 17 years (27). During this season,
H1N1pdm09 virus predominated for the first time since
the 2009 pandemic. The reasons for the lack of effectiveness
of LAIV4 against influenza A(H1N1)pdm09 are still under
investigation. Moreover, although one large randomized trial
observed superior relative efficacy of LAIV3 compared with
IIV3 against antigenically drifted H3N2 influenza viruses
during the 2004–05 season (24), interim analysis of observational data from the U.S. Influenza Vaccine Effectiveness (U.S.
Flu VE) Network for the early 2014–15 season (in which antigenically drifted H3N2 viruses were predominant) indicated
that neither LAIV4 nor IIV provided significant protection in
children aged 2 through 17 years; LAIV did not offer greater
protection than IIV for these viruses (28).
In the absence of data demonstrating consistent greater relative effectiveness of the current quadrivalent formulation of
LAIV, preference for LAIV over IIV is no longer recommended.
ACIP will continue to review the effectiveness of influenza
vaccines in future seasons and update these recommendations
if warranted.
For children and adults with chronic medical conditions
conferring a higher risk for influenza complications, data on
the relative safety and efficacy of LAIV and IIV are limited.
In a study comparing LAIV3 and IIV3 among children
aged 6 through 17 years with asthma conducted during the
2002–03 season, LAIV conferred 32% increased protection
relative to IIV in preventing culture-confirmed influenza; no
significant difference in asthma exacerbation events was noted
(26). Available data are insufficient to determine the level of
severity of asthma for which administration of LAIV would
be appropriate.
For 2015–16, ACIP recommends the following:
1. All persons aged ≥6 months should receive influenza
vaccine annually. Influenza vaccination should not be
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delayed to procure a specific vaccine preparation if an
appropriate one is already available.
2. For healthy children aged 2 through 8 years who have
no contraindications or precautions, either LAIV or IIV
is an appropriate option. No preference is expressed for
LAIV or IIV for any person aged 2 through 49 years for
whom either vaccine is appropriate. An age-appropriate
formulation of vaccine should be used.
3. LAIV should not be used in the following populations:
–– Persons aged <2 years or >49 years;
–– Persons with contraindications listed in the package
insert:
ˏˏ Children aged 2 through 17 years who are
receiving aspirin or aspirin-containing products;
ˏˏ Persons who have experienced severe allergic
reactions to the vaccine or any of its components,
or to a previous dose of any influenza vaccine;
–– Pregnant women;
–– Immunocompromised persons (see also “Vaccine Selection
and Timing of Vaccination for Immunocompromised
Persons”);
–– Persons with a history of egg allergy;
–– Children aged 2 through 4 years who have asthma or
who have had a wheezing episode noted in the medical
record within the past 12 months, or for whom parents
report that a health care provider stated that they had
wheezing or asthma within the last 12 months (Table,
footnote). For persons aged ≥5 years with asthma,
recommendations are described in item 4 of this list;
–– Persons who have taken influenza antiviral medications
within the previous 48 hours.
4. In addition to the groups for whom LAIV is not
recommended above, the “Warnings and Precautions”
section of the LAIV package insert indicates that persons
of any age with asthma might be at increased risk for
wheezing after administration of LAIV (29). The package
insert also notes that the safety of LAIV in persons with
other underlying medical conditions that might
predispose them to complications after wild-type
influenza virus infection (e.g., chronic pulmonary,
cardiovascular [except isolated hypertension], renal,
hepatic, neurologic, hematologic, or metabolic disorders
[including diabetes mellitus]) (2), has not been
established. These conditions, in addition to asthma in
persons aged ≥5 years, should be considered precautions
for the use of LAIV.
5. Persons who care for severely immunosuppressed persons
who require a protective environment should not receive
LAIV, or should avoid contact with such persons for 7 days
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after receipt, given the theoretical risk for transmission of
the live attenuated vaccine virus to close contacts.

Influenza Vaccination of Persons With a History of
Egg Allergy
Severe allergic and anaphylactic reactions can occur in
response to various influenza vaccine components, but such
reactions are rare. With the exceptions of recombinant influenza vaccine (RIV3, Flublok) and cell-culture based inactivated
influenza vaccine (ccIIV3, Flucelvax, Novartis, Cambridge,
Massachusetts), currently available influenza vaccines are prepared by propagation of virus in embryonated eggs. A 2012
review of published data, including 4,172 egg-allergic patients
(513 reporting a history of severe allergic reaction) noted no
occurrences of anaphylaxis following administration of IIV3,
though some milder reactions did occur (30). This suggests
that severe allergic reactions to egg-based influenza vaccines are
unlikely. On this basis, some guidance recommends that no
additional measures are needed when administering influenza
vaccine to egg-allergic persons (31). However, occasional cases
of anaphylaxis in egg-allergic persons have been reported to
the Vaccine Adverse Event Reporting System (VAERS) after
administration of influenza vaccine (32,33). IIVs containing as
much as 0.7 µg/0.5 mL have reportedly been tolerated (34,35);
however, a threshold below which no reactions would be
expected is not known (34). Among IIVs for which ovalbumin
content was disclosed during the 2011–12 through 2014–15
seasons, reported maximum amounts were ≤1 µg/0.5 mL dose;
however, not all manufacturers disclose this information in
the package inserts. Ovalbumin is not directly measured for
Flucelvax, but it is estimated by calculation from the initial
content in the reference virus strains to contain less than
5x10-8 µg/0.5 mL dose of total egg protein, of which ovalbumin is a fraction (Novartis, unpublished data, 2013). Flublok
is considered egg-free. However, neither Flucelvax nor Flublok
is licensed for children aged <18 years.
Compared with IIV, fewer data are available concerning the
use of LAIV in the setting of egg allergy. In a prospective cohort
study of children aged 2 through 16 years (69 with egg allergy
and 55 without), all of whom received LAIV, none of the eggallergic subjects developed signs or symptoms of an allergic
reaction during the one hour of postvaccination observation,
and none reported adverse reactions that were suggestive of
allergic reaction or which required medical attention after
24 hours (36). In a larger study of 282 egg-allergic children
aged 2 through 17 years (115 of whom had experienced anaphylactic reactions to egg previously), no systemic allergic reactions were observed after LAIV administration. On the basis
of these data, the upper limit of the 95% confidence interval
for the incidence of a systemic allergic reaction (including

anaphylaxis) in children with egg allergy was estimated to be
1.3% (37). Eight children experienced milder, self-limited
symptoms which may have been caused by an IgE-mediated
reaction. ACIP will continue to review safety data for use of
LAIV in the setting of egg allergy.
For the 2015–16 influenza season, ACIP recommends
the following:
1. Persons with a history of egg allergy who have experienced
only hives after exposure to egg should receive influenza
vaccine. Because relatively few data are available for use
of LAIV in this setting, IIV or trivalent recombinant
influenza vaccine (RIV3) should be used. RIV3 may be
used for persons aged ≥18 years who have no other
contraindications. However, IIV (egg- or cell culturebased) may also be used, with the following additional
safety measures (Figure 2):
–– Vaccine should be administered by a health care
provider who is familiar with the potential manifestations
of egg allergy; and
–– Vaccine recipients should be observed for ≥30 minutes
for signs of a reaction after administration of each
vaccine dose.
2. Persons who report having had reactions to egg involving
such symptoms as angioedema, respiratory distress,
lightheadedness, or recurrent emesis; or who required
epinephrine or another emergency medical intervention,
may receive RIV3 if they are aged ≥18 years and there
are no other contraindications. If RIV3 is not available
or the recipient is not within the indicated age range,
IIV should be administered by a physician with
experience in the recognition and management of severe
allergic conditions (Figure 2).
3. Regardless of allergy history, all vaccines should be
administered in settings in which personnel and
equipment for rapid recognition and treatment of
anaphylaxis are available (38).
4. Persons who are able to eat lightly cooked egg (e.g.,
scrambled egg) without reaction are unlikely to be
allergic. Egg-allergic persons might tolerate egg in baked
products (e.g., bread or cake). Tolerance to eggcontaining foods does not exclude the possibility of egg
allergy. Egg allergy can be confirmed by a consistent
medical history of adverse reactions to eggs and eggcontaining foods, plus skin and/or blood testing for
immunoglobulin E directed against egg proteins (39).
5. For persons with no known history of exposure to egg,
but who are suspected of being egg-allergic on the basis
of previously performed allergy testing, consultation with
a physician with expertise in the management of allergic
conditions should be obtained before vaccination
MMWR / August 7, 2015 / Vol. 64 / No. 30
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(Figure 2). Alternatively, RIV3 may be administered if
the recipient is aged ≥18 years.
6. A previous severe allergic reaction to influenza vaccine,
regardless of the component suspected of being
responsible for the reaction, is a contraindication to
future receipt of the vaccine.

Vaccine Selection and Timing of Vaccination for
Immunocompromised Persons
Immunocompromised states are caused by a heterogeneous
range of conditions. In many instances, limited data are available regarding the use of influenza vaccines in the setting of
specific immunocompromised states. In general, live virus
vaccines, such as LAIV, should not be used for persons with
most forms of altered immunocompetence (38). The Infectious
Diseases Society of America (IDSA) has published detailed
guidance for the selection and timing of vaccines for persons
with specific immunocompromising conditions, including congenital immune disorders, stem cell and solid organ
transplant, anatomic and functional asplenia, and therapeutic
drug-induced immunosuppression, as well as for persons with
cochlear implants or other conditions leading to persistent
cerebrospinal fluid-oropharyngeal communication (40). ACIP
will continue to review accumulating data on use of influenza
vaccines in these contexts.
1Influenza Division, National Center for Immunization and Respiratory
Diseases, CDC; 2Battelle Memorial Institute, Atlanta, Georgia; 3Immunization
Safety Office, National Center for Emerging and Zoonotic Infectious Diseases,
CDC; 4Johns Hopkins University, Baltimore, Maryland.

FIGURE 2. Recommendations regarding influenza vaccination of
persons who report allergy to eggs*† — Advisory Committee on
Immunization Practices, United States, 2015–16 influenza season
Can the patient eat lightly
cooked egg (e.g., scrambled
egg) without reaction?

Yes

Administer vaccine per
usual protocol

No

After eating eggs or
egg-containing foods, does
the patient experience
ONLY hives?

Yes

Administer RIV3, if patient
aged ≥18 years
OR
Administer IIV; observe for
reaction for at least 30
minutes after vaccination.

No
After eating eggs or
egg-containing foods, does
the patient experience
symptoms such as
• cardiovascular changes
(e.g., hypotension)
• respiratory distress (e.g.,
wheezing)
• gastrointestinal
symptoms (e.g., nausea
or vomiting)
• reaction requiring
epinephrine
• reaction requiring
emergency medical
attention.

Yes

Administer RIV3, if
patient aged ≥18 years
OR
If RIV3 is not available,
or if patient is aged <18
years, IIV should be
administered by a
physician with
experience in the
recognition and
management of severe
allergic conditions.
Observe for reaction for
at least 30 minutes after
vaccination.
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Abbreviations: IIV = inactivated influenza vaccine, trivalent or quadrivalent;
RIV3 = recombinant influenza vaccine, trivalent.
* Persons with egg allergy may tolerate egg in baked products (e.g., bread or
cake). Tolerance to egg-containing foods does not exclude the possibility of egg
allergy (Erlewyn-Lajeunesse et al., Recommendations for the administration of
influenza vaccine in children allergic to egg. BMJ 2009;339:b3680).
† For persons who have no known history of exposure to egg, but who are
suspected of being egg-allergic on the basis of previously performed allergy
testing, consultation with a physician with expertise in the management of
allergic conditions should be obtained prior to vaccination. Alternatively, RIV3
may be administered if the recipient is aged ≥18 years.
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Abstract
Background: Treatments for health care–associated infections (HAIs) caused by antibiotic-resistant bacteria and
Clostridium difficile are limited, and some patients have developed untreatable infections. Evidence-supported interventions
are available, but coordinated approaches to interrupt the spread of HAIs could have a greater impact on reversing the
increasing incidence of these infections than independent facility-based program efforts.
Methods: Data from CDC’s National Healthcare Safety Network and Emerging Infections Program were analyzed
to project the number of health care–associated infections from antibiotic-resistant bacteria or C. difficile both with
and without a large scale national intervention that would include interrupting transmission and improved antibiotic
stewardship. As an example, the impact of reducing transmission of one antibiotic-resistant infection (carbapenem-resistant
Enterobacteriaceae [CRE]) on cumulative prevalence and number of HAI transmission events within interconnected groups
of health care facilities was modeled using two distinct approaches, a large scale and a smaller scale health care network.
Results: Immediate nationwide infection control and antibiotic stewardship interventions, over 5 years, could avert an
estimated 619,000 HAIs resulting from CRE, multidrug-resistant Pseudomonas aeruginosa, invasive methicillin-resistant
Staphylococcus aureus (MRSA), or C. difficile. Compared with independent efforts, a coordinated response to prevent CRE
spread across a group of inter-connected health care facilities resulted in a cumulative 74% reduction in acquisitions over
5 years in a 10-facility network model, and 55% reduction over 15 years in a 102-facility network model.
Conclusions: With effective action now, more than half a million antibiotic-resistant health care–associated infections
could be prevented over 5 years. Models representing both large and small groups of interconnected health care facilities
illustrate that a coordinated approach to interrupting transmission is more effective than historical independent facilitybased efforts.
Implications for Public Health: Public health–led coordinated prevention approaches have the potential to more
completely address the emergence and dissemination of these antibiotic-resistant organisms and C. difficile than independent
facility–based efforts.

Introduction
With the continuing emergence of antibiotic resistance,
treatments for bacterial infections are increasingly limited,
and in some patients, effective treatment options do not
exist. Antibiotics are a lifesaving medical tool, and antibiotic
resistance undermines the ability to fight infectious diseases.
CDC estimates that antibiotic-resistant bacteria cause 2 million illnesses and approximately 23,000 deaths each year in
the United States (1). Infections caused by resistant pathogens
have the potential to affect persons both in and out of health
care settings. In addition, almost 250,000 persons each year
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require hospital care for C. difficile infections (CDIs), which
are typically associated with antibiotic use (1). Despite success in preventing these infections at individual health care
facilities (2,3), the continued spread of antibiotic resistant
pathogens and C. difficile has outpaced the development of
new therapies (1).
Historically, infection control interventions designed to
prevent spread of C. difficile and antibiotic-resistant pathogens have been independently implemented by individual
health care facilities, without clear coordination among other
facilities in the community, which often care for the same
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patients. Although improvements within independent facilities
are necessary, they might not be sufficient to reduce spread.
These independent efforts do not account for the importance
of inter-facility spread through movement of patients who
are colonized or infected with these organisms, or the impact
that one institution’s practices might have on the antibiotic
resistance encountered by neighboring facilities (4–6). To date,
even when fully implemented, this independent facility–based
effort has not adequately controlled inter-facility spread of
antibiotic-resistant pathogens (7). In addition to optimizing
implementation of infection control in every facility, an interfacility coordinated approach to interrupt spread, facilitated
by local or state-based oversight, has the potential to more
effectively reduce the overall prevalence of antibiotic-resistant
infections across all health care facilities within a community.
The impact of such coordinated responses can be estimated
through mathematical modeling, and assessment of the
expected benefits can inform the development and implementation of these programs.

Methods
Estimating infection incidence and deaths. Projections of
infections and deaths in the United States during 2014–2019
were derived from data obtained through CDC’s National
Healthcare Safety Network (NHSN) and Emerging Infections
Program (EIP). Four particularly problematic health care–
associated infections (HAIs) were included: CRE, multidrugresistant Pseudomonas aeruginosa, invasive MRSA, and CDIs
(1). To estimate the percentage of antibiotic-resistant HAIs over
the next 5 years, logarithmic models for multidrug-resistant
P. aeruginosa and CRE were generated from the annual percentage of resistant isolates from device and procedure–associated
HAIs reported to NHSN during 2009–2013, and the percentage resistant by year was estimated through 2019. To obtain the
annual number of infections, the 2011 national estimates of
pathogen-specific HAIs were multiplied by the projected percentage resistant for each pathogen (8). Projections for invasive
MRSA and CDI were derived from EIP national surveillance
from 2005–2012 for MRSA and 2011 for CDI (3,9). Mortality
rates from EIP data or published literature were applied to the
projected number of infections to determine associated mortality (1). Estimated numbers of infections and deaths averted
with the implementation of an immediate national intervention were based on published reports of national interventions
in other countries, where interventions combining interrupting
transmission with improved inpatient antibiotic prescribing
resulted in roughly 30%–50% fewer infections over 5 years
(reductions varied by pathogen) (10–12).

Estimating effect of a coordinated approach in a network. Two independently developed and complementary
agent-based mathematical simulation models were used to
measure the impact of a coordinated approach to prevent
the spread of antibiotic-resistant organisms within a group of
health care facilities interconnected through patient sharing
(i.e., a network), using CRE as a test case. These agent-based
models are computer simulations that represent hospitalized
patients as “agents” and track their dynamic interactions with
other patients and CRE status throughout the health care
system. The first model assessed the impact of the coordinated
approach in a simulated network of 10 health care facilities
consisting of four acute care hospitals (including one longterm acute care hospital), and six free-standing nursing homes
serving adult patients. Transfer of patients between facilities
was calibrated based on actual transfer data from the U.S.
Department of Veterans Affairs, supplemented with state
inpatient database data (11). The period used to measure the
impact was 5 years. The second model assessed the impact of a
coordinated approach in a larger region and used the Regional
Healthcare Ecosystem Analyst (RHEA), a simulation based on
data from the network of all 28 acute care hospitals (including
five long-term acute care hospitals) and 74 free-standing nursing homes serving adult patients in Orange County, California.
The RHEA model, originally developed to simulate MRSA
transmission (13–16), was re-parameterized to simulate spread
of CRE within this larger health care network, and the period
used to measure impact was 15 years.
With each model, the spread of CRE was simulated under
three hypothetical scenarios (1): infection control activity currently in common use (common approach/status quo, or baseline activity with no augmented intervention) (2), augmented
efforts implemented independently at individual subsets of
facilities (independent efforts), and (3) coordinated augmented
approach across a health care network (coordinated approach).
Baseline activity simulations assumed that facilities applied
contact precautions only to colonized or infected patients identified through routine tests. The independent efforts allowed
for up to 15% of hospitals to begin active detection (i.e., CRE
surveillance cultures) and isolation of CRE-colonized patients
after a predetermined number of patients had been identified
through routine clinical tests at each individual hospital. The
coordinated approach allowed for all health care facilities to
share CRE test results with a central public health authority,
which used that information to strategically target prevention
activity across multiple facilities. Notification of patient status as
CRE-colonized or CRE-infected to facilities receiving a patient
upon inter-facility transfer varied by model, and increased in
frequency from independent efforts to coordinated approaches.
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* Additional information available at http://www.cdc.gov/drugresistance/
resources/publications.html.
† A video of the model simulations is available at http://www.cdc.gov/drugresistance/
resources/videos.html.
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FIGURE 2. Projected regional prevalence of carbapenem-resistant
Enterobacteriaceae (CRE) over a 5-year period under three different
intervention scenarios — 10-facility model, United States*
14

Regional CRE prevalence (%)

Projected national incidence of infections and deaths from
several resistant organisms. In 2011, an estimated 310,000
HAIs from CRE, multidrug-resistant P. aeruginosa, invasive
MRSA, or CDI occurred in the United States. Based on current trends, in 5 years the number of infections caused by these
pathogens is estimated to increase by approximately 10%, to
340,000 per year, unless additional interventions are implemented. With immediate implementation of national interventions combining infection control and antibiotic stewardship
and, assuming similar effectiveness to that reported in other
countries, an estimated 619,000 health care–associated infections and 37,000 deaths could be averted in 5 years (Figure 1).
Estimated effect of coordinated approach in a network for
reducing CRE spread. For the 10-facility model, after the first
introduction of CRE into the network, with baseline activity
alone (no augmented intervention), the prevalence of health
care–associated CRE infection or colonization after 5 years
could be 12.2% with 2,141 patients acquiring CRE (Figure 2).
With independent facility–augmented efforts, the prevalence
of CRE after 5 years could be 8.6% with 1,590 patient acquisitions of CRE. Simulating a coordinated augmented approach,
the model predicts a prevalence of 2.1% with 406 patient
acquisitions after 5 years; the coordinated response resulted in
a cumulative 81% reduction in CRE acquisitions, with 1,735
patient acquisitions prevented when compared with baseline
activity (Figure 2) and a 74% reduction when compared with
independent-facility efforts (Figure 2). On average, over this
5-year period, the coordinated approach resulted in 35 patients
protected from CRE acquisition per 1,000 screening tests
compared with 11 patients per 1,000 screening tests with the
independent-facility efforts.†
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FIGURE 1. Comparison between the projected number of annual
health care–associated infections from selected antibiotic-resistant
bacteria* and Clostridium difficile with no intervention and the
projected number with an aggressive national intervention —
United States, 2014–2019†

No. of Infections

Both models simulated the movement of patients within
and between different health care facilities and transmission
of CRE in a health care network based upon key parameter
estimates that included inter-facility patient movement, the
proportion of colonized patients recognized by routine clinical tests, and effectiveness of barrier precautions in preventing
transmission. Models were parameterized based on published
data or calibrated to published estimates of CRE incidence
and prevalence at acute care hospitals, long-term acute care
hospitals, and nursing homes in regions where CRE outbreaks
have occurred. Mean values for number of acquisitions and
cumulative prevalence were calculated from simulations.*
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* Additional information available at http://www.cdc.gov/drugresistance/
resources/publications.html. A video of the model simulations is available at
http://www.cdc.gov/drugresistance/resources/videos.html.

Using the 102-facility model of Orange County simulations
over 15 years, the model estimated that the average network
prevalence of CRE after 15 years would be 15% with 35,159
patients acquiring CRE (Figure 3). With independent facilityaugmented efforts, the average network prevalence of CRE
after 15 years could be 14% with 31,885 patient acquisitions
of CRE. Simulating a coordinated approach in a network, the
model predicted an average prevalence after 15 years of 8%
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FIGURE 3. Projected countywide prevalence of carbapenem-resistant
Enterobacteriaceae (CRE) over a 15-year period under three different
intervention scenarios — 102-facility model, Orange County, California*
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* Additional information available at http://www.cdc.gov/drugresistance/
resources/publications.html.

with 12,614 patient acquisitions. Over 15 years, the coordinated response resulted in a cumulative 55% reduction in
CRE prevalence with 19,271 patient acquisitions prevented,
compared with independent-facility efforts.

Key Points
• Antibiotic use can cause germs to become resistant to
antibiotics. Their use can also cause Clostridium difficile
infections, which are quite contagious, especially in
health care facilities.
• About 2 million illnesses and 23,000 deaths are caused
by antibiotic resistant infections in the United States
annually.
• About 250,000 people are hospitalized for C. difficile
infections annually, typically caused by antibiotic use.
• If best infection control practices and antibiotic
stewardship were nationally adopted, more than
600,000 infections and 37,000 deaths could be
prevented over 5 years.
• If health care sites coordinated their patient infection
information to guide interventions, an estimated 74%
fewer patients would be infected by highly-resistant
carbapenem-resistant Enterobacteriaceae over 5 years.
• Additional information is available at http://www.cdc.
gov/vitalsigns.

Conclusions and Comment
With effective action now, including nationwide antibiotic
stewardship efforts and interventions to prevent spread of
antibiotic-resistant infections, an estimated 619,000 infections
caused by three problematic antibiotic-resistant HAIs or CDIs,
and 37,000 deaths among infected patients might be averted
nationally over the next 5 years. When considering published
estimates of costs related to these four infections in the projections (17,18), an estimated $7.7 billion in direct medical
costs could be averted (not including costs of implementing
interventions). Optimizing implementation of basic infection
control practice within individual facilities will be of fundamental importance to this effort. Further, models representing
both large and small networks of interconnected health care
facilities illustrate that a coordinated approach to interrupting
transmission is more effective than traditional approaches that
have relied on individual hospital efforts to independently
identify and implement interventions. Incorporating such
coordinated approaches at a national level could help ensure
such actions are effective.
Several methods exist to coordinate prevention of antibiotic
resistant HAIs; however, public health departments, particularly large local or state health departments, are uniquely suited
to facilitate and accelerate this approach. Health departments
are able to work with facilities within their jurisdiction in
ways that amplify ongoing efforts of individual facilities or
health systems. Because health departments possess substantial

expertise in surveillance and prevention, they are well equipped
to partner with multiple stakeholders, including hospitals,
corporate and academic institutions, hospital associations,
professional organizations, quality improvement organizations,
and federal partners. Such state-based HAI antibiotic-resistance
prevention programs can enable communities to locate the
threat by sharing antibiotic resistance data and promoting
accurate testing. Such programs also can respond quickly
to prevent spread by identifying and rapidly responding to
clusters, implementing a regionally coordinated response that
includes opening lines of communication between facilities,
helping individual hospitals improve infection prevention
practices, and strategically targeting resources to prevent spread
and maximize community impact.
Sharing the responsibilities to establish a coordinated
program among communities of health care institutions
with leadership by local health authorities will bring about
the collective, shared benefits of coordination. Shifting the
current culture to one of sharing information and sharing
responsibility in prevention will require local leadership and
commitment across various sectors. Developing a plan to
share facility-level information regarding the presence and
incidence of important antibiotic-resistant infections in ways
that acknowledge the importance of protecting personally
identifiable and other sensitive information, as occurred with
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facility-specific disclosure of HAI rates over the past decade,
will be essential. Several key steps need to be taken to begin
a coordinated approach. Health care facility leaders can take
action to accelerate efforts to improve infection control practices within their own facilities and assure accurate and timely
detection and reporting of antibiotic-resistant infections. In
addition to augmented efforts, facilities can alert one another
when enhanced infection control is needed for transferred
patients who are colonized or infected with resistant organisms. Facility leadership should work with their respective
health departments to determine best data sharing practices.
Such steps improve access by public health departments to an
established flow of HAI data, including those reported from
hospitals to CDC’s NHSN. CDC is working to better assist
health departments and health care facilities to collect, access,
and respond to their HAI-related data, thereby enabling more
efficient use of staff time and resources to implement effective
prevention efforts.
A number of states have begun to develop programmatic
capacity and experience in a coordinated approach for action
to prevent antibiotic-resistant infections in health care settings.
For example, the South Dakota Department of Health identified
CRE in a region of the state, and in response, implemented a
comprehensive program that included the introduction of mandatory reporting of CRE in 2013. The educational program was
developed to increase CRE prevention knowledge among health
care providers, and, with the two main hospital systems in the
state, develop and implement interventions to reduce transmission. The program determines extent of spread and has worked
with neighboring states to prevent cross-border transmission.
This coordinated approach in oversight and rapid and efficient
response resulted in a statewide decrease in CRE infections from
24 in 2012, to four in 2014. In Tennessee, the Department
of Health has begun accessing data reported to NHSN and
using analytic methods similar to The Targeted Assessment for
Prevention§ strategy developed by CDC to target health care
facilities with a disproportionate burden of CDI presenting to the
hospital from the community or other facilities such as nursing
homes. Such a strategy can identify gaps in infection prevention
and antibiotic stewardship outside of hospitals. The Tennessee
approach allows for prioritization of prevention efforts to the
places where they will have their greatest impact. In Illinois, the
Department of Public Health serves as a broker of data to all
facilities in the state, maintaining a registry of patients infected
or colonized with extensively drug-resistant bacteria. Currently,
this registry is being used to report and identify patients with a
history of CRE colonization or infection. Any registered facility
can use the state-based notifiable disease reporting system to
§ Additional information available at http://www.cdc.gov/hai/prevent/tap.html.
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access the registry and determine if an anticipated admission
involves a patient with a history of CRE. This allows appropriate
infection control precautions to be taken at the time of admission.
The findings in this report are subject to at least five limitations. First, estimates of the projected number of infections
and the impact of interventions are based on the assumption
that rates will rise yearly according to current trends and that
effective interventions will reduce annual rates of infections
by 30%–50%. Second, reductions in infections with these
four pathogens over the next 5 years might not translate into
fewer HAIs overall; however, even if the infections prevented
with these four pathogens are replaced by infections caused
by less resistant organisms, such infections would be easier to
treat. Third, the models were focused on interventions that
are designed for interrupting transmission within and between
health care facilities. Antibiotic resistant pathogens, such as
MRSA, can also be spread in community settings; parallel
efforts to prevent AR in the community are also of great
importance. Fourth, illustration of the impact of coordinated
approaches to preventing transmission as presented here is
based on current understanding of CRE transmission within
facilities and inter-facility transfer patterns, and some of the
simplifying assumptions used in the simulations might bias the
results. The use of Veterans Affairs data in the 10-facility model
made it feasible to represent dependencies between lengths of
stay, probabilities of readmission, and infection status. These
are relationships that, in their basic form, likely are generalizable across health systems, and other models using different
assumptions have suggested a similar advantage to regionally
coordinated interventions involving other pathogens (4,5).
Although the model assumptions incorporate active detection and isolation of CRE patients, the benefits illustrated
in the model would be the same for any intervention (e.g.,
augmented hand hygiene efforts or skin antisepsis) that reduces
transmission by the amount incorporated into the models.
The analysis assumes no more than 15% of hospitals would
implement augmented independent efforts. If a larger number
of facilities implemented augmented independent efforts, the
relative benefits of the coordinated approach would be lower,
although as illustrated in the analysis, the resource utilization is
much more efficient with coordination. Finally, the projected
impact of interventions nationally include data for only four
of the most problematic pathogens identified in the CDC
Threat Assessment (1). These were chosen because they are
propagated primarily in health care settings, are particularly
difficult to treat, and have great potential to spread. Of note,
the cost estimates assume the infections are not simply replaced
with more susceptible bacteria and do not take into account
the costs of implementing prevention programs, although a
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study on CDI prevention suggests such multifaceted prevention programs would be cost-saving (18).
The threat of antibiotic-resistant infections and CDI is not
limited to certain areas or types of health care facilities. The
current threat of antibiotic resistance in health care settings
suggests that historical independent institution-based efforts
to prevent transmission have been inadequate. Coordinated
prevention approaches led by public health agencies, when
coupled with intensified facility-based prevention programs,
have the potential to more completely address the emergence
and dissemination of these organisms.
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Notes from the Field
Lack of Measles Transmission to Susceptible
Contacts from a Health Care Worker with
Probable Secondary Vaccine Failure — Maricopa
County, Arizona, 2015
Jefferson Jones, MD1,2; Ron Klein2; Saskia Popescu, MPH3; Karen
Rose2; Melissa Kretschmer, MA2; Alice Carrigan, MS2; Felicia Trembath,
MPH2,4; Lia Koski, MPH2; Karen Zabel, MSN2; Scott Ostdiek, MD3;
Paula Rowell-Kinnard, MSN3; Esther Munoz3; Rebecca Sunenshine,
MD2,5; Tammy Sylvester, MSN2

The patient worked at a tertiary pediatric outpatient health
care facility during January 20–21, a period which coincided
with her infectious period. In cooperation with the health
care facility, an investigation was conducted to prevent further
transmission by identifying contacts, providing postexposure
prophylaxis, recommending quarantine for unvaccinated contacts, and providing education for rapid isolation and diagnosis
of symptomatic contacts (6). The health care facility identified 71 health care workers (HCWs) and 195 patients who
had been exposed to the nurse on the 2 days she had worked;
all 71 HCWs had documented receipt of ≥2 doses of MMR
vaccine or serologic proof of measles immunity.
During January 26–30, the health care facility, in consultation with MCDPH, attempted to reach families of exposed
patients by telephone; one to three telephone calls were made
to each household. A total of 144 (74%) of 195 potentially
exposed patients and their family members (total = 380 persons) were contacted (>72 hours after exposure). MMR vaccination status (receipt of ≥1 dose) and measles symptoms were
ascertained by telephone interview for exposed patients and
family members (Table). Fifty-one patients (among 47 families)
could not be contacted, and the Arizona State Immunization
Information System was accessed to verify their MMR vaccination status. The status of persons whose records listed no MMR
vaccination history was considered unknown. Assuming that
one adult (with unknown MMR vaccine status) accompanied
each family, a total of 478 patients and family members were
potentially exposed. Among the 478, 40 (8%) were considered
to be potentially susceptible: 10 were unvaccinated persons
without other evidence of measles immunity in non-high–risk

On January 23, 2015, the Maricopa County Department of
Public Health (MCDPH) was notified of a suspected measles
case in a nurse, a woman aged 48 years. On January 11, the
nurse had contact with a patient with laboratory-confirmed
measles associated with the Disneyland theme park–related
outbreak in California (1). On January 21, she developed
a fever (103°F [39.4°C]), on January 23 she experienced
cough and coryza, and on January 24, she developed a rash.
The patient was instructed to isolate herself at home. On
January 26, serum, a nasopharyngeal swab, and a urine specimen were collected. The following day, measles infection was
diagnosed by real time reverse transcription polymerase chain
reaction testing of the nasopharyngeal swab and urine specimen
and by detection of measles-specific immunoglobulin (Ig)M
and IgG in serum by enzyme-linked immunosorbent assay.
Because of her symptoms and laboratory results, the patient
was considered to be infectious.
The case patient had documentation of receipt of 2 doses of
measles-mumps-rubella (MMR) vaccine in 1991 and 1992. In
2006, the patient had received negative measles IgG serology test
results; however, according to recommendations of the Advisory
Committee on Immunization Practices, she
was presumed to be immune because she had TABLE. Number of contacts* exposed to an MMR-vaccinated health care worker† with
received two MMR doses (2).
measles, by age group and MMR vaccination status — Maricopa County, Arizona, 2015
The presence of measles IgG (index standard
History of
MMR vaccination status
measles
ratio = 8.2, with ≥1.1 considered seropositive)
Total Immunocompromised
disease
≥1 dose No doses Unknown
2 days after rash onset suggested secondary Age group
21
0
0
0
21
0
vaccine failure (waning of vaccine-induced 0–11 months
1–17 years§
210
9
0
166
8
27
immunity, rather than failure to develop an ≥18 years§
228
0
2
145
2
79¶
19
0
0
13
0
6
immune response to administered vaccine [i.e., Unknown
478
9
2
324
31
112
primary vaccine failure]). Symptoms in these Total
patients range from typical measles to a much Abbreviation: MMR = measles, mumps, and rubella.
* Includes only patients and their family members.
milder, modified illness (3). Secondary measles † Health care worker had documented receipt of two MMR doses, but history of negative measles IgG
serology test results.
vaccine failure is uncommon, and although
§ Includes 50 persons aged 1–17 years and one person aged ≥18 years using the Arizona State
measles transmission from such persons has
Immunization Information System (ASIIS) records for MMR history; any ASIIS records with no MMR
been documented (4), it is not believed to
vaccine history were considered unknown.
¶ Fifty-one patients (among 47 families) could not be contacted; assumed one adult accompanied
contribute significantly to spread (5).
each patient or family of patients for siblings (i.e., the parent or guardian).
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groups (eight children aged 1–11 years and two adults aged
26 and 38 years), and 30 were persons in high-risk groups
(21 infants aged <1 year, and therefore too young for routine
MMR vaccination, and nine immunocompromised persons).
Immune globulin was administered to 15 (71%) infants and
eight (89%) immunocompromised patients within 6 days of
their exposure.*
After 21 days had elapsed from the last measles exposure,
calls to families of the 195 patients were attempted; 106 (54%)
families responded and reported that no exposed family members had developed a febrile rash illness. No measles cases were
reported in Maricopa County. These findings are consistent
with previous reports demonstrating limited transmission from
persons with secondary measles vaccine failure. In addition, the
risk for transmission was reduced because all exposed HCWs
had been vaccinated for measles.
HCWs born after 1956 should have documentation of
receipt of 2 doses of MMR vaccine or laboratory evidence of
measles immunity (2). Secondary vaccine failure occurs rarely,
but transmission of measles to susceptible persons in these situations appears to be unlikely. If a patient is suspected of having
measles, HCWs should implement airborne precautions (6).
Case investigation and contact tracing should be conducted
for all U.S. measles cases, regardless of vaccination history or
occupation (6), and a history of travel should be solicited for
any patient with a febrile rash illness (7). 2 doses of MMR
vaccine, administered ≥28 days apart, are recommended for
children aged ≥12 months and adults born after 1956, for
prevention of measles.
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* Among seven persons who did not receive immune globulin, one had recently
received an immune globulin dose, one could not be reached, one was traveling
outside the country, two were contacted more than 6 days after exposure, and
two refused.
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QuickStats
FROM THE NATIONAL CENTER FOR HEALTH STATISTICS

Colorectal Cancer Screening* Among Adults Aged 50–75 Years,
by Race and Hispanic Origin† — National Health Interview
Survey,§ United States, 2000–2013
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* Includes reports of home fecal occult blood test (FOBT) in the past year, sigmoidoscopy procedure in the past
5 years with FOBT in the past 3 years, or colonoscopy in the past 10 years, based on the most recent guidelines
from the U.S. Preventive Services Task Force. Colorectal cancer tests and procedures are performed for
diagnostic and screening purposes.
† Categories of non-Hispanic persons are for respondents who selected one racial group; respondents had the
option to select more than one racial group. Hispanic origin refers to persons who are of Hispanic ethnicity
and might be of any race or combination of races. Non-Hispanic refers to all persons who are not of Hispanic
ethnicity, regardless of race.
§ Estimates are based on household interviews of a sample of the civilian noninstitutionalized population.
Questions about colorectal tests or procedures differed slightly on the National Health Interview Survey and
were asked on an intermittent schedule in 2000, 2003, 2005, 2008, 2010, and 2013. Additional information
available at http://www.cdc.gov/nchs/data/hus/hus14.pdf (page 404).

During 2000–2013, among adults aged 50–75 years, the use of colorectal cancer tests or procedures increased for all racial and
ethnic groups shown. Non-Hispanic Asian adults had the largest increase; the percentage more than doubled from 20.6% in 2000
to 51.2% in 2013. Although increases were observed among all groups, in 2013 the prevalence of colorectal cancer screening
remained higher among non-Hispanic white (60.4%) and non-Hispanic black (58.2%) adults and lower among non-Hispanic
Asian (51.2%) and Hispanic (41.5%) adults.
Source: Health, United States, 2014 (with special feature on adults aged 55–64, Table 78). Available at http://www.cdc.gov/nchs/data/hus/
hus14.pdf.
Reported by: Hashini Khajuria, MPA, hwq6@cdc.gov, 301-458-4253.
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