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Insufficient sleep is common among high school students 
and has been associated with an increased risk for motor vehicle 
crashes (1), sports injuries (2), and occupational injuries (3). 
To evaluate the association between self-reported sleep dura-
tion on an average school night and several injury-related risk 
behaviors (infrequent bicycle helmet use, infrequent seatbelt 
use, riding with a driver who had been drinking, drinking and 
driving, and texting while driving) among U.S. high school 
students, CDC analyzed data from 50,370 high school students 
(grades 9–12) who participated in the national Youth Risk 
Behavior Surveys (YRBSs) in 2007, 2009, 2011, or 2013. 
The likelihood of each of the five risk behaviors was signifi-
cantly higher for students who reported sleeping ≤7 hours on 
an average school night; infrequent seatbelt use, riding with 
a drinking driver, and drinking and driving were also more 
likely for students who reported sleeping ≥10 hours compared 
with 9 hours on an average school night. Although insufficient 
sleep directly contributes to injury risk, some of the increased 
risk associated with insufficient sleep might be caused by 
engaging in injury-related risk behaviors. Intervention efforts 
aimed at these behaviors might help reduce injuries resulting 
from sleepiness, as well as provide opportunities for increasing 
awareness of the importance of sleep.

The national YRBS monitors health-risk behaviors among 
students in public and private high schools and is conducted 
by CDC in the spring of odd-numbered years. Each national 
YRBS uses an independent, three-stage cluster sample design 
to obtain a nationally representative sample of students in 
grades 9–12. The overall response rates* were 68% in 2007, 
71% in 2009, 71% in 2011, and 68% in 2013, and sample 
sizes ranged from 13,583 (2013) to 16,410 (2009).† Students 

* Overall response rate = (number of participating schools/number of eligible sampled 
schools) × (number of usable questionnaires/number of eligible students sampled).

† Data users manuals (http://www.cdc.gov/healthyyouth/yrbs/data/index.htm).

completed the anonymous, self-administered questionnaires 
during a single class period.

The combined analytic sample was composed of 50,370 high 
school students who responded to questions about sleep dura-
tion on an average school night (≤4 hours, 5 hours, 6 hours, 
7 hours, 8 hours, 9 hours, ≥10 hours); demographic charac-
teristics (sex, grade, and race/ethnicity); and how frequently 
they used a bicycle helmet (among students who had ridden a 
bicycle during the past 12 months; responses = never or rarely 
versus sometimes, most of the time, or always); wore a seatbelt 
when riding in a car driven by someone else (never or rarely 
versus sometimes, most of the time, or always); rode in a car 
or other vehicle with a driver who had been drinking alcohol 
(i.e., rode with a drinking driver; at least one time during the 
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past 30 days versus 0 times); drove a car or other vehicle when 
they had been drinking alcohol§ (i.e., drinking and driving; 
at least one time during the past 30 days versus 0 times); or 
texted or e-mailed while driving a car or other vehicle¶ (i.e., 
texting while driving; at least 1 day during the past 30 days 
versus 0 days). The percentage reporting insufficient sleep 
duration (≤7 hours according to the Healthy People 2020 sleep 
objective for adolescents**) and distribution of hours of sleep 
were calculated by survey year, sex, grade, and race/ethnicity; 
pairwise t-tests and ANOVA (i.e., linear trend) were used to 
assess crude significant differences.

Because no differences were found in mean sleep duration 
or prevalence of insufficient sleep duration by survey year, 
data from all four survey years were aggregated for subsequent 
analyses. Aggregating the data from four survey years provided 
adequate sample size for the calculation of low prevalence risk 
behaviors among students reporting each category of sleep 
duration. Unadjusted prevalence of each risk behavior was 

 § In the 2013 survey, for the first time, the response options for this question 
included “I did not drive a car or other vehicle during the past 30 days.” For 
compatibility with the results for the drinking and driving question in the 
2007, 2009, and 2011 surveys, students who responded “I did not drive” on 
the 2013 survey were counted as 0 times and included in the denominators.

 ¶ This question was asked for the first time in the 2011 survey. In the 2013 
survey, the response options for this question included “I did not drive a car 
or other vehicle during the past 30 days.” For compatibility with the results 
for the texting or e-mailing and driving question in the 2011 survey, students 
who responded “I did not drive” on the 2013 survey were counted as 0 days 
and included in the denominators.

 ** https://www.healthypeople.gov/2020/topics-objectives/topic/sleep-health.

calculated by sleep duration. Pairwise t-tests were used to assess 
significant differences compared with 9 hours, the median of 
the sleep duration recommendation for teens by the National 
Sleep Foundation (4). Logistic regression analyses were used 
to calculate adjusted prevalence ratios (APRs) and 95% 
confidence intervals (CIs) for the likelihood of each injury-
related behavior with a referent sleep duration of 9 hours and 
were adjusted for sex, grade, and race/ethnicity. All analyses 
accounted for the sampling weights and complex survey design. 
P-values of <0.05 were defined to be statistically significant.

Reported sleep duration during an average school night 
was ≤4 hours for 6.3% of respondents, 5 hours (10.5%), 
6 hours (21.9%), 7 hours (30.1%), 8 hours (23.5%), 9 hours 
(5.8%), and ≥10 hours (1.8%). Sleep duration varied by sex, 
grade, and race/ethnicity (Table 1). Female students reported 
a higher prevalence of insufficient sleep (≤7 hours) than did 
male students (71.3% versus 66.4%, p<0.001). The percentage 
reporting insufficient sleep ranged from 59.7% of students in 
9th grade to 76.6% of students in 12th grade (p<0.001 for 
linear trend). Among racial/ethnic groups, the prevalence of 
insufficient sleep was lowest for American Indian/Alaska Native 
students (60.3%) and highest for Asian students (75.7%).

Overall, 86.1% of students reported infrequent bicycle 
helmet use and 8.7% reported infrequent seatbelt use. Twenty-
six percent of students reported riding with a drinking driver 
at least one time during the past 30 days; 8.9% of students 
reported drinking and driving; and 30.3% reported texting 
while driving during the past 30 days. Unadjusted prevalence 

https://www.healthypeople.gov/2020/topics-objectives/topic/sleep-health
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of all five injury-related risk behaviors varied by sleep duration 
(Table 2). The likelihood of each of the five risk behaviors 
was significantly higher (APR >1.0) among students with 
sleep durations ≤7 hours; infrequent seatbelt use, riding with 
drinking driver, and drinking and driving were also more likely 
among students reporting sleeping ≥10 hours compared with 
9 hours (Table 3). The likelihood of drinking and driving 
was also significantly higher among students sleeping 8 hours 
compared with 9 hours.

Discussion

Unintentional injuries are the leading cause of death for 
adolescents, with approximately two thirds of these fatalities 
related to road traffic crashes (5). Excessive sleepiness, which 
is most often a result of not getting adequate sleep, has been 
shown to increase the risk for motor vehicle crashes and other 
unintentional injury among adolescents (1–3). Although 
insufficient sleep contributes to injury risk directly by slowing 
reaction time, impairing ability to pay attention, or causing 
a driver to fall asleep (6), this study provides evidence that 
some of the increased risk associated with insufficient sleep 
might be caused by engaging in injury-related risk behaviors. 

In addition to a higher likelihood of engaging in injury-related 
risk behaviors among students who reported typically sleeping 
≤7 hours on school nights, infrequent seatbelt use, riding with 
a drinking driver, and drinking and driving were also more 
likely for students sleeping ≥10 hours compared with 9 hours. 
Although short and long sleep might simply be associated with 
other adolescent risk behaviors, insufficient sleep might cause 
persons to take more risks and disregard the possibility of nega-
tive consequences (7). However, depression might contribute to 
both sleep problems and participation in risk behaviors. Sleep 
problems, including both not sleeping enough and sleeping too 
much, are common symptoms of depression; one study found 
that adolescents who reported more depressive symptoms were 
more likely to engage in several injury-related risk behaviors, 
including infrequent seatbelt use, infrequent bicycle helmet 
use, and drinking and driving (8).

The findings in this report are subject to at least two limita-
tions. First, the data were self-reported and the extent of any 
underreporting or overreporting cannot be determined. However, 
the survey questions demonstrate good test-retest reliability.†† 
Second, the survey is not representative of school-aged youths 

TABLE 1. Duration of sleep on an average school night, by selected characteristics—Youth Risk Behavior Surveys, United States, 2007, 2009, 
2011, and 2013.

Characteristic No.†

Sleep duration %* (95% CI)
≤7 hrs 

(insufficient sleep) ≤4 hrs 5 hrs 6 hrs 7 hrs 8 hrs 9 hrs ≥10 hrs

Total 50,370 68.8 (68.0–69.6) 6.3 (5.9–6.7) 10.5 (10.1–11.0) 21.9 (21.3–22.4) 30.1 (29.5–30.7) 23.5 (22.9–24.2) 5.8 (5.5–6.2) 1.8 (1.7–2.0)
Survey year
2007 11,939 69.0 (67.0–70.9) 5.8 (5.3–6.5) 10.0 (9.2–10.9) 22.8 (21.6–24.1) 30.4 (29.4–31.3) 23.5 (21.9–25.3) 5.8 (5.2–6.5) 1.6 (1.3–2.1)
2009 14,477 69.1 (67.5–70.6) 5.5 (4.9–6.1) 10.1 (9.0–11.4) 21.9 (20.9–23.0) 31.6 (30.4–32.9) 23.4 (22.2–24.5) 5.8 (5.3–6.4) 1.7 (1.5–2.1)
2011 11,904 68.6 (67.2–69.9) 6.6 (6.0–7.2) 10.8 (10.0–11.6) 21.7 (20.6–22.7) 29.6 (28.4–30.9) 24.0 (22.9–25.1) 5.7 (5.1–6.4) 1.7 (1.4–2.0)
2013 12,050 68.4 (66.9–69.9) 7.4 (6.6–8.3) 11.3 (10.5–12.2) 21.2 (20.2–22.2) 28.5 (27.5–29.5) 23.2 (22.2–24.2) 6.0 (5.3–6.8) 2.4 (2.0–2.8)
Sex
Female 25,327 71.3 (70.4–72.1) 6.3 (5.9–6.8) 12.1 (11.5–12.8) 23.8 (23.0–24.6) 29.0 (28.3–29.8) 22.0 (21.3–22.8) 5.1 (4.7–5.5) 1.6 (1.4–1.8)
Male 25,043 66.4 (65.4–67.4) 6.3 (5.8–6.7) 9.0 (8.4–9.6) 20.0 (19.4–20.7) 31.1 (30.2–32.0) 25.0 (24.2–25.8) 6.6 (6.1–7.1) 2.1 (1.8–2.3)
Grade
9th 12,551 59.7 (58.6–60.8) 5.8 (5.2–6.4) 8.4 (7.7–9.0) 17.2 (16.4–18.0) 28.3 (27.3–29.3) 28.5 (27.5–29.5) 9.1 (8.4–9.9) 2.7 (2.3–3.2)
10th 12,083 67.4 (66.1–68.8) 5.9 (5.3–6.5) 9.7 (8.9–10.6) 20.6 (19.6–21.7) 31.2 (30.0–32.4) 24.7 (23.6–25.8) 5.8 (5.2–6.4) 2.1 (1.8–2.5)
11th 12,784 73.3 (72.0–74.5) 6.8 (6.1–7.4) 11.9 (11.1–12.7) 24.4 (23.4–25.4) 30.2 (29.2–31.3) 21.0 (19.9–22.1) 4.4 (4.0–4.9) 1.3 (1.1–1.6)
12th 12,952 76.6 (75.4–77.8) 6.9 (6.3–7.5) 12.7 (11.9–13.6) 26.3 (25.1–27.5) 30.7 (29.6–31.9) 18.9 (17.9–19.9) 3.4 (3.0–4.0) 1.1 (0.8–1.4)
Race/Ethnicity
White§ 22,330 68.3 (67.3–69.4) 5.1 (4.7–5.5) 9.5 (8.9–10.1) 21.6 (20.8–22.3) 32.2 (31.4–33.0) 24.7 (23.8–25.5) 5.6 (5.2–6.1) 1.3 (1.2–1.5)
Black§ 9,701 71.2 (69.9–72.5) 9.2 (8.5–10.0) 13.9 (12.8–15.2) 23.9 (22.9–24.8) 24.2 (23.1–25.3) 19.9 (18.9–20.9) 5.7 (5.1–6.3) 3.2 (2.8–3.8)
Hispanic 13,452 67.0 (65.5–68.5) 6.7 (6.1–7.4) 10.5 (9.7–11.4) 20.7 (19.8–21.7) 29.1 (28.1–30.1) 23.7 (22.7–24.9) 6.9 (6.3–7.6) 2.3 (2.0–2.7)
American Indian/

Alaska Native§
769 60.3 (52.4–67.6) 9.8 (6.7–14.1) 8.9 (6.6–12.0) 18.2 (15.1–21.9) 23.3 (20.1–26.9) 25.9 (21.7–30.7) 8.4 (5.4–12.9) 5.4 (3.8–7.5)

Asian§ 1,751 75.7 (72.7–78.5) 8.3 (6.4–10.6) 13.2 (11.1–15.6) 26.4 (23.9–29.1) 27.8 (25.2–30.5) 18.1 (15.7–20.7) 4.4 (3.1–6.3) 1.8 (1.1–2.9)
Native Hawaiian/

Pacific Islander§
399 68.3 (62.1–73.9) 12.8 (9.0–18.0) 10.8 (7.5–15.2) 20.4 (16.7–24.7) 24.3 (19.3–30.2) 24.2 (19.1–30.1) 5.1 (3.1–8.5) —¶

Multiracial§ 1,968 72.0 (69.2–74.7) 9.2 (7.6–11.1) 13.3 (11.4–15.5) 22.9 (20.4–25.6) 26.6 (24.1–29.2) 21.0 (18.5–23.6) 4.9 (3.8–6.3) 2.1 (1.4–3.2)

Abbreviation: CI = confidence interval.
* Weighted percentages.
† Unweighted n’s.
§ Non-Hispanic.
¶ Unreliable estimate. Relative standard error ≥0.3.

 †† http://www.ncbi.nlm.nih.gov/pubmed/12359379.

http://www.ncbi.nlm.nih.gov/pubmed/12359379
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who do not attend school. Nationwide, in 2012, approximately 
3% of persons aged 16–17 years were not enrolled in a high 
school program and had not completed high school.§§

The National Sleep Foundation recommends that ado-
lescents aged 14–17 years sleep 8–10 hours per night (4). 
To help ensure that adolescents get adequate sleep, they can 
practice good sleep hygiene (i.e., habits that promote good 
sleep). These habits include going to bed and getting up at 
the same time each day both during the school week and 
weekends, minimizing light exposure in the evenings, and 
keeping computers and other electronic devices, such as com-
puters, video games, and cell phones, out of the bedroom.¶¶ 
Parents can help by setting bedtimes and limiting when (only 
before a set time or “media curfew”) and where (not in their 
bedrooms) their teenagers can use electronic devices. Early 
school start times contribute to insufficient sleep among 
adolescents. Delaying school start times has been proposed 
as a means of allowing adolescents to get adequate sleep (9). 
Some students naturally need more sleep than their peers, 
but waking up and feeling unrested in spite of adequate sleep 
might be an indication of a problem such as poor sleep quality 
or an underlying health condition. Poor sleep quality might 
result from poor sleep hygiene, a bad sleep environment (e.g., 
too warm, too noisy, or cell phones in the bedroom), or a 
sleep disorder. In addition, long sleep durations might be a 
symptom of depression.

Various resources are available to address injury-related risk 
behaviors. Public health practitioners can refer to system-
atic reviews of interventions included in The Community 
Guide (http://www.thecommunityguide.org/mvoi/index.
html). Some evidence exists that health care providers, in 
collaboration with health educators, might be able to change 
adolescent injury-related behavior through screening and 
brief counseling, followed by a visit by a health educator 
(9,10). Information for parents of teen drivers on what they 
can do to encourage safe driving by their teens is available 
at http://www.cdc.gov/parentsarethekey/parents/index.html.

Summary
What is already known about this topic?

Insufficient sleep is common among high school students and is 
associated with an increased risk for unintentional injury from 
drowsy driving crashes and other causes.

What is added by this report?

Students who reported sleeping ≤7 hours on school nights were 
more likely to report several injury-related risk behaviors 
(infrequent bicycle helmet use, infrequent seatbelt use, riding 
with a driver who had been drinking, drinking and driving, and 
texting while driving) compared with students who sleep 9 hours.

What are the implications for public health practice?

High school faculty and administrators, as well as parents of 
high school students, should be made aware of the increased 
likelihood for risky behavioral choices among students who do 
not get enough sleep.

TABLE 2. Prevalences and 95% confidence intervals (CIs) of unintentional injury risk behaviors among high school students, by sleep duration 
— Youth Risk Behavior Surveys, United States, 2007, 2009, 2011, and 2013

Risk behavior

Sleep duration % (95% CI)

≤4 hrs 5 hrs 6 hrs 7 hrs 8 hrs 9 hrs ≥10 hrs

Infrequent bicycle helmet use 91.2 (89.2–92.9)* 90.6 (88.8–92.2)* 87.9 (86.3–89.4)* 85.7 (83.9–87.5)* 83.4 (81.2–85.4) 81.7 (79.2–84.0) 82.5 (78.0–86.2)
Infrequent seatbelt use 22.8 (20.6–25.2)* 12.5 (11.2–14.1)* 9.3 (8.3–10.5)* 6.5 (5.6–7.4) 5.9 (5.1–6.8) 5.5 (4.5–6.6) 13.1 (10.6–16.0)*
Rode with a drinking driver 36.8 (34.7–39.0)* 31.5 (29.8–33.3)* 28.2 (26.9–29.4)* 25.1 (23.8–26.3)* 21.4 (20.2–22.7) 19.8 (17.9–21.8) 24.0 (20.5–27.9)*
Drinking and driving 16.6 (14.9–18.4)* 11.2 (10.0–12.5)* 10.1 (9.2–11.1)* 8.3 (7.5–9.2)* 6.7 (6.1–7.4)* 4.7 (3.9–5.7) 9.9 (7.5–12.9)*
Texting while driving 32.7 (29.3–36.3)* 34.8 (31.6–38.1)* 33.4 (31.2–35.7)* 31.5 (28.7–34.5)* 26.1 (23.9–28.4)* 20.9 (17.7–24.4) 24.8 (20.5–29.7)

* Prevalence significantly different from 9 hours (p<0.05).

TABLE 3. Adjusted prevalence ratios (APRs)* and 95% confidence intervals (CIs) for unintentional injury risk behaviors among high school 
students, by sleep duration — Youth Risk Behavior Surveys, United States, 2007, 2009, 2011, and 2013

Risk behavior

Sleep duration APR (95% CI)

≤4 hrs 5 hrs 6 hrs 7 hrs 8 hrs 9 hrs ≥10 hrs

Infrequent bicycle helmet use 1.12 (1.08–1.15) 1.11 (1.07–1.15) 1.08 (1.05–1.11) 1.06 (1.02–1.09) 1.02 (1.00–1.06) 1.00 (Ref ) 0.99 (0.94–1.05)
Infrequent seatbelt use 4.50 (3.66–5.54) 2.60 (2.10–3.22) 1.92 (1.60–2.31) 1.28 (1.06–1.54) 1.13 (0.95–1.36) 1.00 (Ref ) 2.38 (1.82–3.11)
Rode with a drinking driver 1.84 (1.64–2.06) 1.58 (1.41–1.77) 1.42 (1.27–1.58) 1.27 (1.15–1.40) 1.09 (0.98–1.20) 1.00 (Ref ) 1.20 (1.01–1.42)
Drinking and driving 3.14 (2.52–3.92) 2.10 (1.71–2.58) 1.84 (1.49–2.27) 1.51 (1.27–1.81) 1.32 (1.06–1.64) 1.00 (Ref ) 2.19 (1.60–3.00)
Texting while driving 1.26 (1.05–1.51) 1.29 (1.11–1.49) 1.22 (1.05–1.41) 1.19 (1.03–1.37) 1.10 (0.95–1.27) 1.00 (Ref ) 1.24 (1.00–1.55)

* Adjusted for sex, grade, and race/ethnicity.

 §§ http://nces.ed.gov/pubs2015/2015015.pdf.
 ¶¶ More tips for good sleep are available from the National Sleep Foundation 

(https://sleepfoundation.org/sleep-tools-tips/healthy-sleep-tips).

http://www.thecommunityguide.org/mvoi/index.html
http://www.thecommunityguide.org/mvoi/index.html
http://www.cdc.gov/parentsarethekey/parents/index.html
http://nces.ed.gov/pubs2015/2015015.pdf
https://sleepfoundation.org/sleep-tools-tips/healthy-sleep-tips
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Varying Estimates of Sepsis Mortality Using Death Certificates and 
Administrative Codes — United States, 1999–2014

Lauren Epstein, MD1; Ray Dantes, MD1; Shelley Magill, MD, PhD1; Anthony Fiore, MD1

the largest all-payer, publicly-available inpatient database in the 
United States, using various combinations of the International 
Classification of Diseases 9th Revision Clinical Modification 
(ICD-9-CM) administrative codes for primary or secondary 
infection and organ dysfunction to identify severe sepsis.

In a published report (2), investigators generated a range 
of sepsis mortality estimates using four previously established 
approaches to identifying adult patients (aged ≥18 years) with 
sepsis using administrative claims data. Two of these approaches 
(4,5) defined sepsis using explicit, sepsis-specific ICD-9-CM 
codes in addition to various codes for infection and organ 
dysfunction, whereas the other two approaches (6,7) defined 
sepsis on the basis of combinations of infection criteria and 
organ dysfunction as implicit markers for severe sepsis.

Multiple cause-of-death mortality files maintained in the 
CDC WONDER database were reviewed to analyze deaths 
(for all ages) from sepsis reported on death certificates during 
1999–2014, defined as deaths with diagnoses correspond-
ing to International Classification of Diseases 10th Revision 
(ICD-10) diagnosis codes A40 (streptococcal septicemia) and 
A41 (other septicemia) listed on the death certificate. The 
annual sepsis mortality estimates based on death certificates 
from the WONDER database were then compared with the 
previously published annual estimates generated based on the 
ICD-9-CM administrative codes data from the Nationwide 
Inpatient Sample.

Based on multiple cause-of-death data during 1999–2014, 
a total of 2,470,666 decedents (6% of all deaths) had sepsis 
listed among the causes of death (sepsis-related deaths); for 
22% of these decedents, sepsis was listed as the underlying 
cause of death. During this period, the annual number of all 
reported sepsis-related deaths increased 31%, from 139,086 in 
1999 to 182,242 in 2014 (Figure 1). Approximately 15% of all 
sepsis-related deaths during this period occurred in nonacute 
care settings (e.g., at home, long-term care facilities, hospice, 
and unknown setting). Among the 2,472,911 A40 and A41 
codes listed for the 2,470,666 decedents, the most common 
were unspecified septicemia (A41.9, 94%), septicemia caused 
by other gram-negative organisms (A41.5, 2%), and septi-
cemia caused by Staphylococcus aureus (A41.0, 2%). Among 
decedents, approximately 49% were aged 65–84 years, 26% 
were aged ≥85 years, and 25% were aged 25–64 years (4% aged 

Sepsis is a clinical syndrome caused by a dysregulated host 
response to infection (1). Because there is no confirmatory 
diagnostic test, the diagnosis of sepsis is based on evidence of 
infection and clinical judgement. Both death certificates and 
health services utilization data (administrative claims) have 
been used to assess sepsis incidence and mortality, but estimates 
vary depending on the surveillance definition and data source. 
To highlight the challenges and variability associated with 
estimating sepsis mortality, CDC compared national estimates 
of sepsis-related mortality based on death certificates using the 
CDC WONDER database with published sepsis mortality 
estimates generated using administrative claims data from hos-
pital discharges reported in the Nationwide Inpatient Sample, 
Healthcare Cost and Utilization Project, Agency for Healthcare 
Research and Quality (2). During 2004–2009, using data 
rounded to thousands, the annual range of published sepsis-
related mortality estimates based on administrative claims 
data was 15% to 140% higher (range = 168,000–381,000) 
than annual estimates generated using death certificate data 
(multiple causes) (range = 146,000–159,000). Differences in 
sepsis-related mortality reported using death certificates and 
administrative claims data might be explained by limitations 
inherent in each data source. These findings underscore the 
need for a reliable sepsis surveillance definition based on 
objective clinical data to more accurately track national sepsis 
trends and enable objective assessment of the impact of efforts 
to increase sepsis awareness and prevention.

Death certificate data were obtained from multiple cause-of-
death records of the National Vital Statistics System, using CDC’s 
WONDER database (http://wonder.cdc.gov/mcd.html). 
Multiple cause-of-death records include the immediate cause 
of death (i.e., the final disease or condition resulting in death), 
up to 20 contributing causes, a single underlying cause of death 
(i.e., the disease or injury that initiated the events resulting in 
death), and significant conditions that were present at the time 
of death but were not a direct link in the chain of events leading 
to death. All information on death certificates is documented 
by the certifier (e.g., a physician, medical examiner, or coroner) 
and subsequently coded by the National Center for Health 
Statistics in accordance with guidelines specified by the World 
Health Organization (3). National trends in sepsis-related 
mortality have been previously estimated from administrative 
claims data obtained from the Nationwide Inpatient Sample, 

http://wonder.cdc.gov/mcd.html
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25–44 years and 21% aged 45–64 years). Approximately 1% 
of decedents were aged <25 years. (Figure 2).

During 2004–2009, using data rounded to thousands, the 
annual range of published sepsis-related mortality estimates 
based on administrative codes (range  =  168,000–381,000) 
was 15% to 140% higher than annual estimates generated 
using death certificates (multiple causes) for those years 
(range = 146,000–159,000) (Figure 1).

Discussion

Death records and administrative claims data are important 
sources of public health information. However, they provide 
different estimates of sepsis mortality, and recognizing the limi-
tations of both methods for generating sepsis-related mortality 
estimates is important.

Death certificate certifiers are required to indicate as the 
underlying cause of the death a specific disease or injury that 
initiated the chain of events leading directly to death (3). 

Because sepsis is the final common pathway for many different 
severe infections, certifiers might be more likely to consider 
sepsis an immediate, rather than the underlying, cause of 
death. This practice might result in an underestimation of the 
importance of sepsis as a cause of death and lower estimates of 
sepsis-related mortality that are based on the underlying causes 
of death only (8). Furthermore, because of misunderstandings 
regarding the process of completing death certificates, certifiers 
might omit sepsis entirely as a cause of death on the death 
certificate. For example, the New York City medical examiner’s 
policy of rejecting New York City death certificates with sepsis 
listed alone as the single underlying cause of death (without 
other contributing causes) has been misinterpreted by some 
clinicians to mean that the term “sepsis” was not permitted 
to be included anywhere on the death certificate, thus affect-
ing estimates of sepsis-related mortality (8). In addition, it is 
important to note that death certificates are often completed 
by physicians with varying levels of training in completing 

FIGURE 1. Comparison of sepsis-related mortality estimates based on death certificates* (1999–2014) with four estimates from administrative 
claims data† (2004–2009) — United States
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* Estimates based on multiple causes of death information include the immediate cause of death, antecedent causes, the underlying cause of death, and significant 
conditions that were present at the time of death but were not a direct link in the chain of events leading to death (all ages included). Additional information available 
in National Center for Health Statistics (NCHS). National Vital Statistics System: instructions for classifying the underlying cause of death. NCHS instruction manual; 
part 2a. US Department of Health and Human Services, CDC, National Center for Health Statistics, Hyattsville, MD. http://www.cdc.gov/nchs/nvss/instruction_manuals.htm.

† Four approaches for identifying severe sepsis among adults (aged ≥18 years) using different combinations of International Classification of Diseases 9th Revision 
Clinical Modification administrative codes for infection (either primary or secondary) and organ dysfunction were applied to the Nationwide Inpatient Sample to 
generate a range of sepsis-related mortality estimates for the period 2004–2009. Additional information available in the following: 
Gaieski DF, Edwards M, Kallan MJ, Carr BG. Benchmarking the incidence and mortality of severe sepsis in the United States. Crit Care Med 2013;41:1167–74. 
Wang HE, Shapiro NI, Angus DC, Yealy DM. National estimates of severe sepsis in United States emergency departments. Crit Care Med 2007;35:1928–36. 
Angus DC, Linde-Zwirble WT, Lidicker J, Clermont G, Carcillo J, Pinsky MR. Epidemiology of severe sepsis in the United States: analysis of incidence, outcome, and 
associated costs of care. Crit Care Med 2001;29:1303–10. 
Martin GS, Mannino DM, Eaton S, Moss M. The epidemiology of sepsis in the United States from 1979 through 2000. N Engl J Med 2003;348:1546–54. 
Dombrovskiy VY, Martin AA, Sunderram J, Paz HL. Rapid increase in hospitalization and mortality rates for severe sepsis in the United States: a trend analysis from 
1993 to 2003. Crit Care Med 2007;35:1244–50. 
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death certificates; data from a survey of resident physicians in 
New York City showed that only 40% reported receiving any 
training by their residency program regarding completion of 
death certificates (9). Finally, sepsis can be confused with other 
acute medical problems, such as myocardial infarction, that 
frequently cause mortality in the community setting.

Estimates based on administrative claims data also have 
limitations. Previous analyses of administrative claims data 
have shown that estimates of sepsis incidence have increased 
over time, whereas diseases and conditions that can cause sepsis 
(e.g., pneumonia or urinary tract infections) have decreased 
or remained stable (10). Increased reimbursement for sepsis 
(compared with other infectious disease diagnoses) encourages 
hospitals to be more careful about coding for sepsis. Improved 
recognition and awareness of sepsis have also likely contributed 
to increased documentation of sepsis over time (10). Finally, 
administrative data only capture sepsis-related deaths that 
occur within health care facilities. However, approximately 
15% of sepsis-related deaths recorded in death certificate data 
occurred outside of health care facilities, suggesting sepsis 
mortality estimates based on administrative data might not 
include these deaths. 

Sepsis is a complex clinical syndrome, representing a response 
to infection that can arise from many underlying causes. 
Differences in sepsis-related mortality estimates derived from 
death certificates and administrative claims data might be 
explained by limitations inherent in each data source. Current 
efforts focused on evaluating linkages of administrative claims 
data derived from inpatient medical records with death certifi-
cates will improve understanding of how mortality estimates 
from death certificates and administrative claims data should be 

interpreted. Strategies to prevent infections that lead to sepsis 
include vaccination for pathogens like pneumococcus, influ-
enza, and Neisseria meningitidis, smoking cessation programs 
to reduce the risk for community-acquired pneumonia, and 
facility-level interventions to reduce risk for health care–associ-
ated infections. A reliable sepsis surveillance definition based 
on objective clinical data is needed to more accurately track 
national sepsis trends and enable ongoing assessment of the 
impact of efforts to increase sepsis awareness and prevention.
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FIGURE 2. Percentage of sepsis-related deaths (N = 2,470,666) based 
on death certificate data, by age groups* — United States, 
1999–2014
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Summary
What is already known about this topic?

Sepsis is a clinical syndrome caused by response to infection. 
Because there is no confirmatory diagnostic test, the diagnosis 
of sepsis is based on clinical judgement of suspected infection. 
Data from both death certificate and administrative claims data 
have been used to assess sepsis incidence and mortality, but 
estimates vary depending on the surveillance definition and 
data source.

What is added by this report?

To highlight the challenges and variability associated with 
estimating sepsis mortality, CDC compared national estimates 
of sepsis-related mortality based on death certificates with 
previously published sepsis mortality estimates generated 
using administrative claims data. Using death certificate data for 
the period 1999–2014, CDC found that a total of 2,470,666 
decedents (6% of all deaths) had sepsis listed among the causes 
of death (sepsis-related deaths); for 22% of these decedents, 
sepsis was listed as the underlying cause of death. For the 
period 2004–2009, in a previously published report, investiga-
tors analyzed administrative claims data using four approaches 
for identifying adult patients (aged ≥18 years) with sepsis. In 
data rounded to thousands, the annual range of published 
sepsis-related mortality estimates based on administrative 
claims data was 15% to 140% higher (range = 168,000–381,000) 
than annual estimates generated using death certificate data 
(multiple causes) (range = 146,000–159,000).

What are the implications for public health practice?

Sepsis is a complex clinical syndrome, representing a response 
to infection that can arise from many different underlying 
causes. A reliable sepsis surveillance definition based on 
objective clinical data is needed to more accurately track 
national sepsis trends and enable ongoing assessment of the 
impact of efforts to increase sepsis awareness and prevention.
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Global efforts to eradicate polio began in 1988, and polio-
free certification has been achieved in four of the six World 
Health Organization (WHO) regions. Nigeria was removed 
from WHO’s list of countries with endemic polio in September 
2015, achieving an important milestone toward interruption of 
wild poliovirus (WPV) transmission in the African Region (1). 
Afghanistan and Pakistan, both in the Eastern Mediterranean 
Region, were the only countries to report WPV cases in 2015. 
Previously reported outbreaks caused by WPV importation 
during 2013–2014 have ended (2,3). The primary means 
for detecting poliovirus transmission is surveillance for acute 
flaccid paralysis (AFP) among children aged <15 years (4,5). 
Stool specimens collected from children with AFP are tested for 
both WPV and vaccine-derived poliovirus (VDPV) in WHO–
accredited laboratories within the Global Polio Laboratory 
Network (GPLN). In selected locations, AFP surveillance is 
supplemented with environmental surveillance (testing sewage 
for poliovirus) (6). Testing of stool and sewage samples includes 
genomic sequencing to characterize poliovirus isolates; results 
are used to map poliovirus transmission and identify gaps in 
AFP surveillance. This report presents poliovirus surveillance 
data from 2014 and 2015, focusing on the 20 countries in the 
African Region and six in the Eastern Mediterranean Region 
that reported a WPV or circulating VDPV (cVDPV) case 
during 2011–2015, including Guinea, Liberia, and Sierra 
Leone, which were most affected by the 2014–2015 Ebola 
virus disease (Ebola) outbreak.

During 2015, 10 (50%) of 20 African Region countries 
and all six Eastern Mediterranean Region countries met both 
national AFP surveillance quality indicators.* To complete 
and certify polio eradication, surveillance gaps must be 
identified and surveillance activities further strengthened, 
including supervision, monitoring, and specimen collection 
and handling.

Acute Flaccid Paralysis Surveillance
In the African Region, the number of reported AFP cases 

increased from 22,447 in 2014 to 26,238 in 2015. The number 
of WPV type 1 (WPV1) cases identified decreased from 17 in 
four countries in 2014 to zero in 2015. Date of onset of the 
last WPV1 case was July 24, 2014, in Nigeria. During 2014, 

a total of 34 cVDPV cases (33 cVDPV type 2 [cVDPV2] and 
one cVDPV type 1 [cVDPV1]) were identified in four coun-
tries. During 2015, a total of 18 cVDPV cases (eight cVDPV2 
and 10 cVDPV1) were identified in three countries (Table 1).

In the Eastern Mediterranean Region, 12,546 AFP cases 
were reported in 2014 and 13,171 in 2015. The number of 
WPV1 cases identified declined from 342 in five countries 
in 2014 to 74 in the two countries with endemic polio in 
2015 (20 in Afghanistan and 54 in Pakistan). During both 
2014 and 2015, most of the WPV1 cases (89% and 73%, 
respectively) and all cVDPV2 cases in the region were identi-
fied in Pakistan (Table 1).

The quality of AFP surveillance is measured by two prin-
cipal indicators. The first is the nonpolio AFP rate, (i.e., the 
number of nonpolio AFP cases per 100,000 children aged 
<15 years per year). A nonpolio AFP rate ≥2 is considered 
sufficiently sensitive to identify WPV or cVDPV cases if 
poliovirus is circulating (5). The second indicator is the 
collection of adequate stool specimens from ≥80% of AFP 
cases, indicating surveillance can effectively identify WPV 
and VDPV among individuals with AFP (5). Adequacy is 
defined as the collection of two stool specimens ≥24 hours 
apart, within 14 days of paralysis onset, and arrival at a 
WHO–accredited laboratory in “good” condition.†

Among the 20 countries evaluated in the African region, 13 
(65%) and 10 (50%) met both national indicators in 2014 and 
2015, respectively. Among the three countries affected by the 
Ebola outbreak, Guinea and Liberia did not meet one of the 
national indicators and Sierra Leone did not meet either indi-
cator in 2015. All six Eastern Mediterranean Region countries 
examined met both indicators in 2014 and 2015 (Table 1). 
However, national-level surveillance indicators masked differ-
ences in surveillance performance at subnational levels (Figure).

Environmental Surveillance
Testing of sewage samples supplements AFP surveillance 

by identifying poliovirus transmission that might occur 
in the absence of detected AFP cases (6). Environmental 

* National nonpolio AFP rates of ≥2 per 100,000 persons aged <15 years per 
year and ≥80% of AFP cases with adequate stool specimens.

† Reverse cold chain maintained and received without leakage or desiccation at a 
WHO–accredited laboratory. Reverse cold chain is maintained when stool 
specimens are stored immediately after collection at 4–8°C (32–39°F), frozen at 
-20°C (-4°F) when received for processing, and shipped to a WHO–accredited 
laboratory in dry ice or cold packs. Freezing of specimens is unnecessary if specimens 
can be received at a WHO–accredited laboratory within 72 hours of collection.
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surveillance collection sites increased within Afghanistan, 
Nigeria, and Pakistan from 21 at the end of 2011 to 83 
as of March 2015. Overall, environmental surveillance 
is conducted in 34 countries without recent active WPV 
transmission, including nine on the African continent.

In Nigeria, sampling is currently conducted at 43 sites in 
10 states and the Federal Capital Territory. No WPV has 
been isolated since May 2014 when WPV1 was isolated 
from one sample in Kaduna. Continued transmission of 
cVDPV2 that emerged in Nigeria in 2005 and of cVDPV2 
imported from Chad in 2013 was documented from samples 
collected in six states in 2014 and only Kaduna in 2015. 
Environmental sampling in Afghanistan is conducted 
at 14 sites in five WPV high risk provinces. WPV1 was 
detected in samples collected in Helmand, Kandahar, and 
Nangarhar in 2014 and in all five provinces in 2015. In 
Pakistan, sampling is conducted at 40 sites in five provinces/
regions. The proportion of samples positive for WPV1 

decreased from 35% in 2014 to 20% in 2015. WPV1 was 
detected in all five provinces/regions in both years.

Global Polio Laboratory Network
The GPLN comprises 146 WHO–accredited poliovirus 

laboratories in all WHO regions. GPLN member laborato-
ries follow standardized protocols to 1) isolate and identify 
poliovirus, 2) conduct intratypic differentiation to identify 
WPV or screen for Sabin-like poliovirus (isolates that display 
≤1% nucleotide sequence difference from the parental vaccine 
strain [≤0.6% for type 2]) and VDPV (7), and 3) conduct 
genomic sequencing. Sequencing results are used to monitor 
pathways of poliovirus transmission by comparing the nucleo-
tide sequence of the coding region for one of the viral capsid 
proteins (VP1) of poliovirus isolates. Genomic sequencing 
of an isolate with ≥1.5% nucleotide divergence in the VP1-
coding region from previously identified poliovirus isolates 
(i.e., an “orphan” virus), indicates prolonged undetected 
circulation and gaps in AFP surveillance.

TABLE 1. National and subnational acute flaccid paralysis (AFP) surveillance indicators and number of confirmed wild poliovirus (WPV) and 
circulating vaccine-derived poliovirus (cVDPV) cases, by country, for all countries that had poliovirus transmission during 2011–2015 or were 
affected by the Ebola outbreak in West Africa within the World Health Organization (WHO) African Region and Eastern Mediterranean Region, 
2014 and 2015*

WHO region/country AFP cases

Regional/ 
national 

NPAFP rate†

Subnational 
areas with 

NPAFP rate ≥2§  
(%)

Regional/
national AFP 

cases with 
adequate 

specimens¶  
(%)

Subnational 
areas with 

≥80% adequate 
specimens  

(%)

Population 
in areas 

meeting both 
indicators**  

(%)
Confirmed 
WPV cases*

Confirmed 
cVDPV cases*,††

2014
AFR 22,447 5.4 NA 89 NA NA 17 34

Angola 321 3.0 100 93 94 97 — —
Cameroon 846 7.5 100 71 20 25 5 —
CAR§§ 89 4.3 71 76 57 37 — —
Chad 393 6.0 94 86 72 72 — —
Côte d’Ivoire 394 4.6 89 86 61 74 — —
DRC 1,831 5.4 100 82 82 76 — —
Equatorial Guinea 32 8.0 86 16 0 0 5 —
Ethiopia§§ 1,198 2.9 82 76 27 27 1 —
Gabon 42 4.9 70 29 10 0 — —
Guinea 146 2.9 75 88 88 53 — 1
Kenya 723 3.7 100 88 100 100 — —
Liberia 23 1.2 60 96 87 31 — —
Madagascar 421 4.2 82 85 55 63 — 1
Mali 236 3.2 89 89 67 91 — —
Mozambique 317 2.5 90 88 80 85 — —
Niger§§ 249 2.5 86 71 14 14 — —
Nigeria 10,506 13.1 100 97 100 100 6 30
Republic of the Congo 114 5.1 100 87 73 73 — —
Sierra Leone 72 2.8 75 96 100 79 — —
South Sudan 321 6.4 70 89 80 64 — 2

EMR 12,546 6.0 NA 91 NA NA 342 22
Afghanistan 2,421 16.7 100 92 97 99 28 —
Iraq 590 4.3 84 89 79 70 2 —
Pakistan 5,369 8.1 88 88 100 99 306 22
Somalia 420 8.1 100 97 95 99 5 —
Syrian Arab Republic¶¶ 306 4.0 93 82 71 58 1 —
Yemen 578 5.8 100 95 100 100 — —

See table footnotes on next page.
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To meet standard laboratory timeliness indicators for stool 
specimen processing, laboratories should report ≥80% of 
poliovirus isolation results within 14 days of specimen receipt, 
≥80% of intratypic differentiation results within 7 days of 
isolate receipt, and ≥80% of sequencing results within 7 days 
of identifying isolate intratype. The standard programmatic 
indicator combining field and laboratory performance is to 
report intratypic differentiation results for ≥80% of isolates 

within 60 days of paralysis onset for AFP cases. This indica-
tor takes into account the interval from paralysis onset to 
specimen testing (the Eastern Mediterranean Region uses a 
45-day time frame). The accuracy and quality of testing at 
GPLN laboratories is monitored through an annual accredita-
tion program of onsite reviews and proficiency testing.

GPLN laboratories met timeliness indicators for poliovirus 
isolation in all regions for both years except the Western Pacific 

TABLE 1. (Continued) National and subnational acute flaccid paralysis (AFP) surveillance indicators and number of confirmed wild poliovirus 
(WPV) and circulating vaccine-derived poliovirus (cVDPV) cases, by country, for all countries that had poliovirus transmission during 2011–2015 
or were affected by the Ebola outbreak in West Africa within the World Health Organization (WHO) African Region and Eastern Mediterranean 
Region, 2014 and 2015*

WHO region/country AFP cases

Regional/ 
national 

NPAFP rate†

Subnational 
areas with 

NPAFP rate ≥2§  
(%)

Regional/
national AFP 

cases with 
adequate 

specimens¶  
(%)

Subnational 
areas with 

≥80% adequate 
specimens  

(%)

Population 
in areas 

meeting both 
indicators**  

(%)
Confirmed 
WPV cases*

Confirmed 
cVDPV cases*,††

2015
AFR 26,238 6.2 NA 90 NA NA 0 18

Angola 458 4.3 100 96 100 100 — —
Cameroon 618 5.6 100 83 80 67 — —
CAR 81 3.9 71 80 43 34 — —
Chad 435 6.6 100 87 78 87 — —
Côte d’Ivoire 353 4.0 94 90 89 94 — —
DRC§§ 2,089 5.9 100 74 9 6 — —
Equatorial Guinea 11 3.6 43 36 0 0 — —
Ethiopia§§ 1,179 2.8 82 76 45 29 — —
Gabon§§ 61 8.9 100 33 0 0 — —
Guinea§§ 143 2.7 63 77 38 26 — 7
Kenya 624 3.2 100 85 75 83 — —
Liberia 22 1.2 60 95 60 44 — —
Madagascar 692 6.4 100 60 14 23 — 10
Mali 247 3.2 78 84 67 79 — —
Mozambique 323 2.6 100 80 60 57 — —
Niger§§ 222 2.3 71 59 0 0 — —
Nigeria 13,960 17.1 100 98 100 100 — 1
Republic of the Congo§§ 117 5.3 100 78 45 29 — —
Sierra Leone 38 1.4 25 79 25 23 — —
South Sudan 329 6.5 100 94 90 90 — —

EMR 13,171 6.4 NA 90 NA NA 74 2
Afghanistan 2,738 18.9 100 93 94 94 20 —
Iraq 520 3.7 84 82 58 49 — —
Pakistan 5,770 9.2 100 88 88 99 54 2
Somalia 281 5.4 100 96 100 100 — —
Syrian Arab Republic¶¶ 235 3.0 57 86 71 43 — —
Yemen 539 5.4 100 91 91 95 — —

Abbreviations: AFR = African Region; CAR = Central African Republic; DRC = Democratic Republic of the Congo; Ebola = Ebola virus disease; EMR = Eastern Mediterranean 
Region; NA = not available; NPAFP = nonpolio AFP.
 * Data as of February 22, 2016.
 † Per 100,000 persons aged <15 years per year.
 § For all subnational areas regardless of population size.
 ¶ Standard WHO target is adequate stool specimen collection from ≥80% of AFP cases, assessed by timeliness and condition. In this analysis, timeliness was defined 

as two specimens collected ≥24 hours apart (≥1 calendar day in this data set), and both within 14 days of paralysis onset. Condition was defined as specimens 
arriving in good condition (reverse cold chain maintained and received without leakage or desiccation) in a WHO–accredited laboratory.

 ** For all subnational areas regardless of population size. The two indicators are NPAFP rate of ≥2 per 100,000 persons aged <15 years per year and ≥80% of AFP cases 
with adequate stool specimens.

 †† cVDPV was associated with two or more cases of AFP with genetically linked VDPVs. Guidelines for classification of cVDPV changed in 2015 and can be found at 
http://www.polioeradication.org/Portals/0/Document/Resources/VDPV_ReportingClassification.pdf.

 §§ Stool specimen adequacy dropped to <80% when stool condition was included with timeliness. Timeliness was defined as two specimens collected ≥24 hours 
apart (≥1 calendar day in this dataset), and both within 14 days of paralysis onset. Condition was defined as specimens arriving in good condition (reverse cold 
chain maintained and received without leakage or desiccation) in a WHO-accredited laboratory.

 ¶¶ The NPAFP rate for Syria is artificially low because of displaced populations and the lack of official data from areas not under government control.

http://www.polioeradication.org/Portals/0/Document/Resources/VDPV_ReportingClassification.pdf
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Region in 2014 and the European Region in 2015 (Table 2). 
The overall timeliness indicator for onset to intratypic differ-
entiation results was met in all regions in both years except the 
European Region in 2015. As of March 5, 2016, the GPLN 
had tested 203,698 stool specimens in 2014 and 192,250 in 
2015. WPV1 was isolated from 412 AFP case samples in 2014 
and from 74 in 2015. In addition, cVDPV was detected from 
80 AFP case samples in 2014 and 32 in 2015.

For the first time since 2005, the majority of cVDPV cases 
detected globally in 2015 were caused by Type 1. Among the 
31 cVDPV cases identified, 19 (61%) occurred as part of type 1 
outbreaks in Laos (7), Madagascar (10) and Ukraine (2); the 
remaining cVDPV cases were type 2 (Guinea [7], Myanmar [2], 
Nigeria [1], and Pakistan [2]).

Genetic diversity declined among WPV1 isolates in 2015. 
In 2014, West Africa B1 (WEAF-B1) and South Asia (SOAS) 
were the only WPV1 genotypes circulating globally. Although 
WEAF-B1 genotype was detected in five countries in 2014, the 
only genotype detected in 2015 was SOAS from Afghanistan 
and Pakistan.

Sequence analysis continues to indicate that, as in 2014, 
WPV1 and cVDPV cases were likely missed by AFP surveil-
lance in 2015. Orphan WPV1 isolates were associated with six 
of 54 WPV1 cases reported from Pakistan and two of 20 WPV1 
cases reported in Afghanistan. Orphan cVDPV viruses were 
also isolated from stool specimens of AFP cases in Guinea, 
Laos, Madagascar, and Ukraine.

FIGURE. Combined performance indicators for the quality of acute flaccid paralysis (AFP) surveillance* in subnational areas (states and provinces) 
of 26 countries that had poliovirus transmission during 2011–2015 or were affected by the Ebola outbreak in West Africa during 2014–2015 
— World Health Organization African and Eastern Mediterranean Regions, 2015†
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Abbreviations: Ebola = Ebola virus disease; NPAFP = nonpolio acute flaccid paralysis.
* The Global Polio Eradication Initiative has set the following targets for countries with current or recent wild poliovirus transmission and their states/provinces: 

1) NPAFP rate of ≥2 cases per 100,000 persons aged <15 years per year, and 2) adequate stool specimen collection from ≥80% of AFP cases, with specimen adequacy 
assessed by timeliness and condition. Timeliness was defined as two specimens collected ≥24 hours apart (≥1 calendar day in this dataset) and both within 14 days 
of paralysis onset. Condition was defined as specimens arriving in good condition (reverse cold chain maintained and received without leakage or desiccation) at 
a World Health Organization–accredited laboratory.

† Data are for AFP cases with onset during 2015, reported as of February 22, 2016.
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Discussion

No WPV transmission was identified on the African con-
tinent in 2015. Certification of polio-free status requires at 
least 3 years of timely and sensitive surveillance (8). However, 
AFP surveillance indicators were not met in half of the 
20 African Region countries examined. Rapid strengthen-
ing of AFP surveillance is critical to ensure timely polio-free 
certification of the region. This includes improving timeliness 
for stool collection and ensuring appropriate transport of 
specimens. Specimen condition was a particular concern for 
the Democratic Republic of the Congo, Equatorial Guinea, 
Ethiopia, Gabon, Niger, and the Republic of the Congo and 
was a factor in six countries that did not attain ≥80% specimen 
adequacy in 2015. Urgent efforts are also needed to improve 
AFP surveillance in Guinea, Liberia, and Sierra Leone, where 
health systems were severely disrupted by the Ebola outbreak 
(9). During 2013–2015, nonpolio AFP rates and stool speci-
men adequacy (i.e., timeliness and condition) declined in all 
three countries (10). Furthermore, specimen shipping and 
testing was suspended during portions of 2014–2015. Efforts 
are also needed to improve immunization services in these three 
countries. Since 2014, eight cVDPV2 cases have been detected 
in Guinea; cVDPV emergence is the result of low population 
immunity to poliovirus. The WHO African Regional Office 

is collaborating with eight high-risk countries on an initiative 
to strengthen AFP surveillance.

The national AFP surveillance quality indicators continued 
to be met in all six Eastern Mediterranean Region countries, 
including Afghanistan and Pakistan in 2015, where 94% and 
99% of the population aged <15 years, respectively, lived 
in areas meeting both indicators. Nonetheless, detection of 
orphan viruses and environmental surveillance findings indi-
cate continued gaps in AFP surveillance in both countries.

The findings in this report are subject to at least two limi-
tations. First, the surveillance indicators do not fully reflect 
security-related issues, issues associated with mobile and dif-
ficult to access populations, or other factors that affect surveil-
lance performance. For example, in Iraq and the Syrian Arab 
Republic, population movements related to conflict make 
interpretation of AFP surveillance indicators difficult. Second, 
high nonpolio AFP rates do not necessarily imply sensitive 
surveillance, because a proportion of reported AFP cases might 
not be true AFP cases and not all true AFP cases might be 
reported. Because AFP cases in this report are considered true 
AFP cases, findings are presumed to accurately depict surveil-
lance activities in each country. Supervision and monitoring 
of AFP surveillance can help ensure that all true AFP cases are 
identified, reported, and investigated appropriately.

TABLE 2. Number of poliovirus (PV) isolates from stool specimens of persons with acute flaccid paralysis and timing of results, by World Health 
Organization (WHO) region, 2014* and 2015*

WHO Region No. of specimens

No. of poliovirus isolates (%) 
poliovirus isolation 

results on time¶

(%) 
ITD results 

within 7 days**

(%) 
ITD results 

within 60 days††Wild Sabin† cVDPV§

2014
African 45,856 83 4,038 37 92 86 92
Americas 1,675 — 39 — 83 100 94
Eastern Mediterranean 23,552 329 809 27 98 95 97
European 3,224 — 26 2 99 NA 82
South-East Asia 115,539 — 2,785 3 97 90 98
Western Pacific 13,852 — 352 11 78 96 81
Total§§ 203,698 412 8,049 80 91 93 91

2015
African 50,960 — 3,579 17 82 79 95
Americas 1,698 — 44 — 84 100 100
Eastern Mediterranean 25,827 74 951 2 93 99 95
European 3,655 — 106 4 63 93 70
South-East Asia 96,783 — 3,335 2 97 86 98
Western Pacific 13,327 — 194 7 96 98 86
Total§§ 192,250 74 8,209 32 86 92 91

Abbreviations: cVDPV = circulating vaccine-derived poliovirus; ITD = intratypic differentiation; NA = not available.
 * Data as of April 1, 2015 and March 5, 2016, respectively.
 † Either concordant Sabin-like results in ITD test and VDPV screening, or ≤1% VP1 nucleotide sequence difference compared with Sabin vaccine virus (≤0.6% for type 2).
 § For PV types 1 and 3, 10 or more VP1 nucleotide differences from the respective PV; for PV type 2, six or more VP1 nucleotide differences from Sabin type 2 PV.
 ¶ Results reported within 14 days for laboratories in the following WHO regions: African, Americas, Eastern Mediterranean, South-East Asia, and Western Pacific. 

Results reported within 28 days for the European Region.
 ** Results of ITD reported within 7 days of receipt of specimen. As EURO performance might be underestimated because of data entry issues, it has been excluded 

from analysis.
 †† Results reported within 60 days of paralysis onset for all WHO regions except Eastern Mediterranean Region, which reported within 45 days of paralysis onset.
 §§ For the last two indicators, total represents mean (in %) of regions’ performance.
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As the number of reported polio cases declines, sensitive AFP 
surveillance becomes increasingly critical, and environmental 
surveillance will continue to be an important supplement to 
AFP surveillance. The risk for WPV and cVDPV importation, 
and cVDPV emergence exists even in countries within polio-
free regions. To promptly identify and respond to all cases of 
polio, surveillance performance must be continuously assessed 
and quality must be maintained globally.
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On April 1, 2016, this report was posted as an MMWR Early 
Release on the MMWR website (http://www.cdc.gov/mmwr).

Widespread Zika virus transmission in the Region of the 
Americas since 2015 has heightened the urgency of preparing for 
the possibility of expansion of mosquito-borne transmission of 
Zika virus during the 2016 mosquito season (1). CDC and other 
U.S. government agencies have been working with state and local 
government partners on prevention and early detection of Zika 
virus infection and will increase these activities during April as part 
of their preparation for the anticipated emergence of mosquito-
borne transmission of Zika virus in the continental United States.

Zika virus is spread primarily through the bite of infected 
Aedes species mosquitoes, but it can also be transmitted during 
sex by a man to his partners and from a pregnant woman to her 
developing fetus (2). The most common signs and symptoms of 
Zika virus disease are fever, rash, joint pain, and conjunctivitis. 
The illness is usually mild, with symptoms lasting from several 
days to a week. There is increasing evidence that Zika virus 
infection during pregnancy is associated with early pregnancy 
loss, microcephaly, and other pregnancy problems (3). CDC 
therefore recommends special precautions for pregnant women. 
Pregnant women are advised not to travel to areas with active 
Zika virus transmission and to consistently and correctly use 
condoms during sex (i.e., vaginal intercourse, anal intercourse, 
or fellatio) or to abstain from sex for the duration of the preg-
nancy with male partners who reside in or have traveled to areas 
with active Zika virus transmission (http://www.cdc.gov/zika/
geo/index.html). Pregnant women who live in or must travel to 
one of these areas should talk to their health care provider and 
strictly follow steps to prevent Zika virus infection acquisition 
from mosquito bites (http://wwwnc.cdc.gov/travel/page/avoid-
bug-bites) and through sexual transmission (http://www.cdc.
gov/zika/transmission/sexual-transmission.html) (4,5).

On April 1, 2016, CDC is hosting a 1-day Zika Action 
Plan Summit, which focuses on awareness and planning for 
U.S. state and local jurisdictions most likely to face mosquito-
borne transmission of Zika virus in the coming months (6). 
The Commonwealth of Puerto Rico, U.S. Virgin Islands, and 
American Samoa are already experiencing active mosquito-
borne Zika virus transmission at varying levels (7). The U.S. 
government convened this summit to provide senior state and 
local government officials with information, plans, and tools 
to improve Zika preparedness, and an opportunity for them to 
develop effective response plans for their jurisdictions.

Persons who are planning travel should visit CDC’s Travelers’ 
Health site (http://wwwnc.cdc.gov/travel/page/zika-travel-
information) for the most up-to-date travel information. Areas 
with active Zika virus transmission are likely to change over time 
and might include locations not yet listed. CDC has published 
interim guidelines and additional updates on Zika virus dis-
ease and will continue sharing information as more is learned. 
Additional publications and resources are available (Box).
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BOX. Additional publications and resources regarding Zika virus 
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• CDC’s Zika website (http://www.cdc.gov/zika/)
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• Zika virus health information resource guide, National 

Institutes of Health (https://disasterinfo.nlm.nih.gov/
dimrc/zikavirus.html)

• CDC’s Vital Signs fact sheet on Zika virus (http://
www.cdc.gov/vitalsigns/)

Vital Signs: Preparing for Local Mosquito-Borne Transmission of Zika Virus — 
United States, 2016
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Notes from the Field

Thyrotoxicosis After Consumption of Dietary 
Supplements Purchased Through the Internet — 
Staten Island, New York, 2015

Angela Regina, DO1; Nima Majlesi, DO2

On June 18, 2015, a woman aged 30 years was brought to the 
Staten Island University Hospital Emergency Department (ED) 
in New York by her mother, who reported that the patient had 
become acutely confused at home, was repeating herself, and 
did not recognize her family members. She had a diagnosis of 
bipolar disorder for which she took lithium, and she had a history 
notable for polysubstance abuse (use of three or more addictive 
drugs in the past 12 months). Her other medications included 
risperidone (an antipsychotic), benztropine (an anticholinergic), 
and bupropion (an antidepressant). ED staff members learned 
from the patient’s mother that the patient had started taking 
“diet pills” that contained a thyroid hormone, which the patient 
had purchased through the Internet 2 weeks earlier. The patient 
volunteered that she had doubled the dosage 1 week earlier, in 
an attempt to lose more weight.

In the ED, the patient was awake but was unaware of her loca-
tion or the date. Her mother said that the patient had expressed 
no recent suicidal ideation. Her vital signs were within normal 
limits, with the exception of a heart rate of 130 beats per minute. 
She had a mild tremor at rest, but was not ataxic. While in the 
ED, her temperature increased to 101.5°F (38.6°C). Laboratory 
analyses indicated lithium concentration in the therapeutic 
range, and serum salicylates and acetaminophen concentrations 
were undetectable. A urine drug screen was negative for cocaine, 
tetrahydrocannabinol (the psychoactive component of cannabis), 
opioids, phencyclidine, and benzodiazepines. 

Thyroid function studies indicated thyroid stimulating hormone 
<0.01 mIU/mL (normal range = 0.27–4.20 mIU/ml), triiodo-
thyronine (T3) >32.5 pg/mL (normal range = 1.80–4.60 pg/mL), 
and thyroxine (T4) >7.8 ng/dL (normal range = 0.9–1.8 ng/dL). 
The active ingredient listed on the bottle of diet pills was “triio-
dothyronine hormone 25 mcg.” The mother counted the pills 
and reported that 25 were missing from the bottle. The patient 
was admitted to the hospital with a diagnosis of acute thyrotoxi-
cosis, secondary to exogenous thyroid hormone. She was initially 
treated with intravenous hydration and benzodiazepines. Her 
symptoms improved only minimally, and she remained deliri-
ous and tachycardic for >72 hours. On the third hospital day, 
the patient was evaluated by a toxicologist who recommended 
starting treatment with beta-blockers to ameliorate the symp-
toms of hyperthyroid-associated increased beta-adrenergic tone. 
Once treatment with propranolol was initiated, the patient’s 

vital signs and mental status stabilized. Her thyroid function 
tests normalized during her hospital stay after discontinuing the 
thyroid supplements, and she was discharged on the fourth day.

The patient had purchased the product, which contained 
triiodothyronine (a thyroid hormone), online. Although the 
company’s website claims that the capsules are for research 
purposes only, the comments on the company’s webpage 
indicate that consumers purchase the supplements for weight 
loss. Pharmaceutical thyroid supplementation for patients with 
hypothyroidism is available by prescription only. Patients who 
obtain thyroid supplementation on the internet or through other 
sources are at risk for thyrotoxicosis because of the unpredict-
ability of dosing and contents.

Thyrotoxicosis has previously been reported related to use 
of dietary supplements (1,2). During 2013, dietary supple-
ments were among the top 25 substances most frequently 
involved in human toxic exposures (3). Dietary supplements 
are easily obtained, especially through the Internet, but they 
are not subject to the same regulatory safeguards as are drugs. 
Manufacturers must register their facilities with the Food 
and Drug Administration (FDA), but they are not required 
to obtain FDA approval before the development of or sale of 
dietary supplements (4,5). Manufacturers and distributors also 
are required to make certain that all claims and information 
on the product label and in other labeling are truthful and not 
misleading. FDA’s authority related to supplements, however, is 
generally limited to postmarketing surveillance, such as adverse 
event monitoring and facility inspections (6). This adverse 
reaction and product was reported to MedWatch, FDA’s Safety 
Information and Adverse Event Reporting Program.

Commercially available thyroid supplements can contain 
clinically relevant amounts of triiodothyronine, and consump-
tion has the potential to cause profound metabolic derange-
ments (7). The fact that these products are readily available 
on the Internet market, often without online disclosure of 
the active ingredients, poses a substantial health risk. Health 
care providers evaluating patients with signs and symptoms of 
thyrotoxicosis should inquire about the use of dietary supple-
ments and examine product labels to ascertain the contents. In 
addition to supportive therapy, the use of beta-blockers should 
be considered after consultation with a medical toxicologist. 
Consumers are encouraged to exercise caution when purchas-
ing products labeled as containing thyroid hormones, and 
health care providers are strongly encouraged to report adverse 
events associated with the use of dietary supplement products 
to MedWatch (http://www.fda.gov/medwatch).

http://www.fda.gov/medwatch
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Notes from the Field

Mycobacterium abscessus Infections Among 
Patients of a Pediatric Dentistry Practice — 
Georgia, 2015

Gianna Peralta, MPH1,2; Melissa Tobin-D’Angelo, MD1; 
Angie Parham, DVM1,3; Laura Edison, DVM1,4; 

Lauren Lorentzson, MPH1; Carol Smith, MSHA1; 
Cherie Drenzek, DVM1

On September 13, 2015, the Georgia Department of Public 
Health (DPH) was notified by hospital A of a cluster of pediatric 
Mycobacterium abscessus odontogenic infections. Hospital A had 
provided care for nine children who developed presumptive or 
confirmed M. abscessus infection after having a pulpotomy at 
pediatric dentistry practice A (dates of onset: July 23, 2014–
September 4, 2015). During a pulpotomy procedure, decay and 
the diseased pulp are removed to preserve a deciduous tooth. 
DPH initiated an investigation to identify the outbreak source 
and recommend prevention and control measures.

M. abscessus, a rapidly growing, nontuberculous mycobac-
terium (NTM), is found ubiquitously in the environment in 
water, soil, and dust. It commonly causes skin and soft tissue 
infection and can cause disease in multiple organs (1). NTM 
species display tolerance to commonly used disinfectants and 
are frequently found in the plumbing of health care facilities 
and water distribution systems (2). Improperly maintained 
dental unit water lines can permit growth and amplification of 
microorganisms, including NTM, which can form a biofilm 
and replicate within waterline tubing (3). Outbreaks have been 
reported in different clinic settings, including acupuncture 
clinics, a cosmetic surgery clinic, and a general medical clinic, 
although not dental clinics (4–7).

Probable cases were defined as occurrence of facial or neck 
swelling and biopsy-confirmed granulomatous inflammation 
among children with an illness onset date on or after January 1, 
2014. Confirmed cases were those in which M. abscessus was 
isolated by laboratory culture. Active case finding included 
contacting all patients who had a pulpotomy since January 1, 
2015, notifying area pediatricians and dentists of the outbreak, 
and reviewing hospital A pathology reports and M. abscessus 
positive cultures since January 1, 2014. DPH staff visited 
practice A on September 22, 2015, to evaluate infection control 
and prevention practices, and to view a mock pulpotomy dem-
onstration. Practice A used tap water for pulpotomies without 
water quality monitoring or bleaching of waterlines at the end 
of each day, as recommended in the manufacturer guidelines.* 

No other infection control deficiencies were noted. Water 
samples were collected for microbiologic analysis, and patient 
and water sample isolates were sent to CDC for molecular 
characterization by pulsed-field gel electrophoresis (PFGE).

Practice A had performed 1,386 pulpotomies since 
January 1, 2014. As of January 1, 2016, a total of 20 patients 
with confirmed (n = 11) or probable (n = 9) M. abscessus 
infections were identified, resulting in an attack rate of 1%; 
case finding is ongoing. Median patient age was 7 years 
(range  =  3–11 years), and median incubation period was 
65 days (range = 18–164 days). All patients were severely ill, 
requiring hospitalization at least once for a median of 7 days 
(range = 1–17 days); 17 patients required surgical excision and 
10 received outpatient intravenous antibiotics (Table). As of 
April 5, 2016, no deaths have resulted from infection.

* http://www.midmark.com/docs/librariesprovider6/pdfs/003-1261-00.pdf?sfvrsn=2.

TABLE. Demographic characteristics, symptoms, diagnostic 
evaluations, and treatment of 20 patients with confirmed or 
probable Mycobacterium abscessus infections — Georgia, March 12, 
2014–November 12, 2015

Characteristic
No. patients

(N = 20) (%)

Median age, yrs* (range) 7 (3–11) NA
Male 11 55
Asthma 3 15
Immunocompromised 0 0
Signs and symptoms
Pain 17 85
Osteomyelitis 14 70
Facial swelling 12 60
Lymphadenopathy 10 50
Pulmonary nodules 7 35
Fever 1 5
Diagnostic evaluation
Neck CT 17 85
Chest radiograph 11 55
Dental radiograph 8 40
Ultrasound 5 25
Maxillofacial CT 2 10
MRI 1 5
Treatment
Excision 17 85
Outpatient IV antibiotics by PICC† 10 50
Incision or drainage 7 35
Laboratory result
AFB stain negative 13 65
AFB stain positive 7 35
AFB culture positive 11 55
AFB culture negative§ 9 45

Abbreviations: AFB  =  acid-fast bacteria; CT  =  computed tomography; 
IV  =  intravenous; MRI  =  magnetic resonance imaging; NA  =  not available; 
PICC = peripherally inserted central catheter.
* Age at illness onset.
† Amikacin or amikacin and cefoxitin by PICC.
§ Two (11%) AFB cultures are pending.

http://www.midmark.com/docs/librariesprovider6/pdfs/003-1261-00.pdf?sfvrsn=2
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All water samples from the seven dental stations had bacte-
rial counts above the American Dental Association recom-
mended ≤500 colony-forming units (CFU)/mL (average = 
91,333 CFU/mL); M. abscessus was isolated from all water 
samples. All water and patient isolates were indistinguishable 
by PFGE, indicating a common source.

This outbreak was caused by contaminated water used during 
pulpotomies, which introduced M. abcessus into the chamber 
of the tooth during irrigation and drilling. M. abscessus can 
cause severe infection among immunocompetent children, 
and because M. abscessus is ubiquitous in the environment, it 
poses a contamination risk. To prevent infections associated 
with waterlines, dental practices should follow manufacturer 
guidelines to disinfect waterlines, monitor water quality to 
ensure recommended bacterial counts, use point-of-use water 
filters, and eliminate dead ends in plumbing where stagnant 
water can enable biofilm formation (3,8). Health care provid-
ers should promptly report suspected outbreaks of infectious 
diseases to public health authorities so that an investigation can 
be initiated and appropriate control measures implemented.
 1Georgia Department of Public Health; 2CDC/CSTE Applied Epidemiology 

Fellowship Program; 3Epidemic Intelligence Service Program, CDC; 4Division 
of State and Local Readiness, Office of Public Health Preparedness and 
Response, CDC.
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QuickStats

FROM THE NATIONAL CENTER FOR HEALTH STATISTICS

Percentage Distribution of Deaths,* by Place of Death†,§ — 
United States, 2000–2014
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* Percentage was calculated as (deaths occurred in a place/all deaths) x 100.
† Excluding all deaths from external causes defined by International Classification of Diseases, Tenth Revision 

(ICD-10) codes V01-Y89 and cause-of-death codes U01–U03.
§ Deaths in hospice and all other places include those in a hospice facility; all other places other than hospital, 

nursing home, and home; and unknown place of death. The category “hospice” was introduced with the 
revised death certificate in 2003. The number of states using the revised death certificate grew from four 
states in 2003 to 46 states and the District of Columbia in 2014.

The percentage of deaths that occurred in a hospital decreased 25.7%, from approximately half (50.2%) in 2000 to 37.3% in 
2014. During 2000–2005, the percentage of deaths that occurred in a nursing home or long-term care facility remained relatively 
stable, and then decreased 10.1% during 2005–2014. The percentage of deaths that occurred at a decedent’s home increased 
29.5% during 2000–2014. The percentage of deaths that occurred in hospice and all other places increased 242.9%, from 3.5% 
in 2000 to 12.0% in 2014.

Source: National Vital Statistics System. Underlying cause of death data, 2000–2014. http://wonder.cdc.gov/ucd-icd10.html. 

Reported by: Jiaquan Xu, MD, jax4@cdc.gov, 301-458-4086.  
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