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Cigarette smoking is the leading cause of chronic obstructive 
pulmonary disease (COPD) in the United States; however, 
an estimated one fourth of adults with COPD have never 
smoked (1). CDC analyzed state-specific Behavioral Risk 
Factor Surveillance System (BRFSS) data from 2017, which 
indicated that, overall among U.S. adults, 6.2% (age-adjusted) 
reported having been told by a health care professional that 
they had COPD. The age-adjusted prevalence of COPD was 
15.2% among current cigarette smokers, 7.6% among former 
smokers, and 2.8% among adults who had never smoked. 
Higher prevalences of COPD were observed in southeastern 
and Appalachian states, regardless of smoking status of respon-
dents. Whereas the strong positive correlation between state 
prevalence of COPD and state prevalence of current smoking 
was expected among current and former smokers, a similar 
relationship among adults who had never smoked suggests 
secondhand smoke exposure as a potential risk factor for 
COPD. Continued promotion of smoke-free environments 
might reduce COPD among both those who smoke and those 
who do not.

Data from 418,378 adult respondents to the 2017 BRFSS 
survey in the 50 states and the District of Columbia (DC) were 
analyzed. BRFSS is an annual state-based, random-digit–dialed 
cellular and landline telephone survey of the noninstitutional-
ized U.S. population aged ≥18 years and is conducted by state 
health departments in collaboration with CDC.* Response 
rates for BRFSS are calculated using standards set by the 
American Association for Public Opinion Research (AAPOR) 
Response Rate Formula #4.† The response rate is the number 
of respondents who completed the survey as a proportion 

* https://www.cdc.gov/brfss/about/index.htm.
† http://www.aapor.org/AAPOR_Main/media/publications/Standard-

Definitions20169theditionfinal.pdf.

of all eligible and likely eligible persons. The median survey 
response rate for all states and DC in 2017 was 45.9% and 
ranged from 30.6% to 64.1%.§ COPD was defined by an 
affirmative response to the question “Has a doctor, nurse, or 
other health professional ever told you that you had chronic 
obstructive pulmonary disease or COPD, emphysema, or 
chronic bronchitis?” Persons were considered to have never 
smoked if they reported never smoking or smoked less than 100 
cigarettes during their lifetime. Former smokers had smoked 
at least 100 cigarettes in their life, but were not current smok-
ers. Current smokers had smoked at least 100 cigarettes and 
currently smoked some days or every day.

§ https://www.cdc.gov/brfss/annual_data/2017/pdf/2017-sdqr-508.pdf.

https://www.cdc.gov/mmwr/cme/conted_info.html#weekly
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Age-specific and age-adjusted¶ percentages and 95% confi-
dence intervals (CIs) of adults with diagnosed COPD for all 
respondents and by smoking status were calculated for groups 
defined by selected sociodemographic characteristics, health 
characteristics, and state. Comparisons were made between these 
groups using t-tests with statistical significance set at p<0.05. 
State-specific age-adjusted current smoking prevalence was com-
pared with state-specific age-adjusted COPD prevalence using 
Pearson correlation for all respondents and groups defined by 
smoking status. All analyses were conducted using SAS-callable 
SUDAAN (version 11.0.1; RTI International) to account for 
the stratified, complex cluster sampling design of the survey.

Overall age-adjusted prevalence of COPD was 6.2% in 2017 
and was higher among women, older adults, and American 
Indians/Alaska Natives. Prevalence was also higher among those 
with less education, those who lived in more rural counties, 
those with a history of asthma, those who were underweight 
or obese, those who reported no leisure-time physical activity 
in the past 30 days, and those with additional chronic condi-
tions (Table 1). Similar patterns were observed irrespective 
of smoking status. Among all adults, age-adjusted prevalence 
of COPD ranged from 3.4% in Hawaii to 13.8% in West 
Virginia (Table 2) (Figure). Among current smokers, overall 
age-adjusted COPD prevalence was 15.2% and ranged from 
7.8% in Hawaii to 25.9% in West Virginia. Among former 
smokers, age-adjusted COPD prevalence was 7.6% and ranged 

¶ Age-adjusted to the 2000 U.S. standard population aged ≥18 years.

from 4.7% in Hawaii to 15.1% in West Virginia. Among 
adults who never smoked, age-adjusted COPD prevalence was 
2.8% and ranged from 1.6% in Minnesota to 6.0% in West 
Virginia. Among current smokers, COPD prevalence was high-
est in states in the Southeast and the Midwest. Among adults 
who never smoked, states with the highest COPD prevalence 
were concentrated in the Southeast. State-level prevalence of 
COPD among current smokers was strongly correlated with 
state-level current smoking prevalence (Pearson correlation 
coefficient = 0.69, p<0.001). State-level COPD prevalence 
among former smokers (Pearson correlation coefficient = 0.71, 
p<0.001) and among adults who had never smoked (Pearson 
correlation coefficient = 0.64, p<0.001) also were strongly 
correlated with state-level current smoking prevalence.

Discussion

The higher COPD prevalences observed among women, 
older adults, American Indians/Alaska Natives, adults with 
less education, those with a history of asthma, and those resid-
ing in rural areas were consistent with results from previous 
studies (1–3). The geographic distribution also was consistent 
(1). These patterns were similar among adults who had never 
smoked. Although smoking tobacco is the main contributor 
to COPD in the United States, other factors might play a role 
in the development of COPD among nonsmokers, including 
secondhand smoke exposure, occupational and environmental 
exposures, and chronic asthma (4,5). Secondhand smoke expo-
sure, in either childhood or as an adult, has been associated with 
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TABLE 1. Age-specific and age-adjusted* percentage of adults aged ≥18 years with COPD, by smoking status and selected characteristics — 
Behavioral Risk Factor Surveillance System, 2017

Characteristic

All adults Current smokers Former smokers Never smokers

% (95% CI) % (95% CI) % (95% CI) % (95% CI)

Overall 6.2 (6.0–6.3) 15.2 (14.7–15.7) 7.6 (7.3–8.0) 2.8 (2.7–2.9)

Sex
Men 5.5 (5.4–5.7) 12.4 (11.8–13.1) 6.6 (6.2–7.1) 2.3 (2.1–2.5)
Women 6.8 (6.6–7.0) 18.5 (17.8–19.3) 8.9 (8.4–9.5) 3.2 (3.0–3.4)

Age group (yrs)
18–44 2.7 (2.5–2.8) 6.8 (6.2–7.3) 2.9 (2.5–3.4) 1.4 (1.3–1.6)
45–54 6.3 (6.0–6.7) 17.7 (16.4–19.1) 7.1 (6.4–8.0) 2.5 (2.2–2.9)
55–64 10.6 (10.2–11.0) 25.8 (24.4–27.3) 12.6 (11.9–13.5) 4.1 (3.7–4.5)
≥65 12.8 (12.5–13.2) 30.1 (28.5–31.8) 17.5 (16.8–18.3) 6.1 (5.7–6.5)

Race/Ethnicity
White† 6.7 (6.5–6.8) 16.9 (16.3–17.5) 7.8 (7.5–8.2) 2.7 (2.5–2.8)
Black† 6.6 (6.1–7.1) 11.2 (10.0–12.6) 8.8 (7.3–10.5) 4.1 (3.6–4.7)
Hispanic 3.6 (3.2–3.9) 8.0 (6.5–9.8) 5.2 (4.2–6.3) 2.3 (1.9–2.6)
American Indian/Alaska Native† 11.9 (10.3–13.7) 21.6 (18.0–25.8) 10.9 (8.5–14.0) 5.7 (4.1–7.8)
Asian† 1.7 (1.2–2.5) 8.3 (4.3–15.3)§ 1.5 (0.9–2.6) 1.2 (0.7–2.1)
Native Hawaiian/Pacific Islander† 3.3 (1.8–6.0)§ 14.9 (7.3–27.9)§ 4.3 (2.2–8.2)§ 0.9 (0.4–2.1)§

Other/Multiracial† 9.3 (8.3–10.5) 19.4 (16.9–22.2) 10.3 (8.8–12.1) 3.9 (2.8–5.6)

Education level
Less than high school diploma 10.4 (9.9–11.0) 20.0 (18.7–21.4) 12.5 (11.1–14.0) 4.0 (3.5–4.5)
High school diploma 7.4 (7.1–7.7) 14.9 (14.1–15.7) 8.8 (8.2–9.4) 3.5 (3.1–3.9)
Some college 6.5 (6.2–6.7) 14.6 (13.7–15.5) 7.3 (6.9–7.9) 3.3 (3.0–3.6)
College graduate 2.7 (2.6–2.9) 8.6 (7.8–9.6) 4.4 (3.9–4.9) 1.6 (1.4–1.7)

Urban-rural status¶

Large metropolitan center 4.8 (4.5–5.1) 11.8 (10.8–12.9) 6.0 (5.4–6.7) 2.6 (2.3–2.9)
Large fringe metropolitan 5.7 (5.4–6.0) 14.7 (13.6–15.9) 7.1 (6.4–7.8) 2.6 (2.4–2.9)
Medium metropolitan 6.5 (6.3–6.8) 16.1 (15.1–17.1) 8.0 (7.3–8.6) 2.9 (2.6–3.1)
Small metropolitan 7.3 (7.0–7.7) 17.0 (15.8–18.3) 9.1 (8.2–10.0) 3.0 (2.7–3.3)
Micropolitan 8.3 (7.9–8.8) 18.2 (17.0–19.4) 10.2 (9.2–11.2) 3.2 (2.8–3.5)
Noncore 8.5 (8.0–9.0) 18.8 (17.3–20.3) 9.7 (8.7–10.8) 3.6 (3.2–4.1)

Ever had asthma
Yes 19.5 (19.0–20.1) 37.3 (35.9–38.9) 21.3 (20.2–22.5) 11.2 (10.6–11.9)
No 4.1 (4.0–4.2) 10.9 (10.4–11.4) 5.3 (5.0–5.6) 1.6 (1.5–1.8)

Body mass index (BMI, kg/m2)
Underweight (BMI<18.5) 13.6 (11.8–15.5) 25.7 (22.3–29.5) 18.8 (13.5–25.6) 3.4 (2.1–5.5)
Normal weight (BMI = 18.5–24.9) 5.7 (5.5–6.0) 14.9 (14.1–15.8) 6.9 (6.3–7.5) 2.1 (1.8–2.4)
Overweight (BMI = 25.0–29.9) 4.9 (4.7–5.1) 12.6 (11.8–13.4) 6.5 (5.9–7.2) 2.0 (1.9–2.2)
Obesity (BMI≥30.0) 8.1 (7.8–8.4) 17.9 (16.9–19.0) 9.4 (8.8–10.0) 4.5 (4.2–4.8)

Leisure-time physical activity**
Yes 4.8 (4.7–5.0) 12.7 (12.1–13.3) 6.0 (5.7–6.3) 2.3 (2.2–2.5)
No 9.6 (9.3–9.9) 19.2 (18.3–20.2) 11.9 (11.0–12.9) 4.1 (3.8–4.4)

Number of chronic conditions††

None 2.5 (2.4–2.7) 6.5 (5.8–7.1) 3.7 (3.3–4.1) 1.2 (1.1–1.3)
1 5.8 (5.5–6.1) 13.4 (12.5–14.2) 6.5 (5.9–7.0) 2.7 (2.5–3.0)
2 12.6 (11.9–13.4) 24.5 (22.9–26.2) 13.5 (11.1–16.3) 6.4 (5.5–7.4)
3 20.2 (18.1–22.5) 32.1 (28.5–36.0) 22.6 (17.4–28.8) 11.7 (9.1–15.0)
≥4 34.4 (30.3–38.8) 45.7 (39.9–51.6) 42.6 (37.5–47.8) 25.3 (19.3–32.3)

Abbreviations: CI = confidence interval; COPD = chronic obstructive pulmonary disease.
 * Percentages for all characteristics except age group were age-adjusted to the 2000 U.S. standard population aged ≥18 years.
 † Non-Hispanic.
 § Unreliable estimate because relative standard error >0.3.
 ¶ Classification based on the National Center for Health Statistics (NCHS) 2013 Urban-Rural Classification Scheme for Counties, which uses 2010 U.S. Census population 

data and the February 2013 Office of Management and Budget designations of metropolitan statistical area, micropolitan statistical area, or noncore area. https://
www.cdc.gov/nchs/data/series/sr_02/sr02_166.pdf.

 ** Any leisure-time physical activity in the past 30 days.
 †† Chronic conditions include coronary heart disease (heart attack, angina, or coronary heart disease), stroke, diabetes, cancer, arthritis, kidney disease, and depressive disorder.

an increased risk for COPD-associated mortality (6). The 2006 
Surgeon General’s report on secondhand smoke concluded that 
although the evidence suggested a causal relationship between 

exposure to secondhand smoke and COPD risk, there was 
insufficient evidence to state definitively that the relationship 
is causal (7).

https://www.cdc.gov/nchs/data/series/sr_02/sr02_166.pdf
https://www.cdc.gov/nchs/data/series/sr_02/sr02_166.pdf
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TABLE 2. Age-adjusted* percentage of adults aged ≥18 years with diagnosed COPD, by smoking status and state — Behavioral Risk Factor 
Surveillance System, 2017

State

Total (N = 418,378) Current smokers (n = 61,855) Former smokers (n = 118,692) Never smoked (n = 237,831)

% with COPD  
(95% CI)

% of total  
(95% CI)

% with COPD  
(95% CI)

% of total  
(95% CI)

% with COPD  
(95% CI)

% of total  
(95% CI)

% with COPD  
(95% CI)

Total 6.2 (6.0–6.3) 16.9 (16.6–17.1) 15.2 (14.7–15.7) 23.0 (22.8–23.3) 7.6 (7.3–8.0) 60.1 (59.8–60.4) 2.8 (2.7–2.9)
Alabama 10.1 (9.2–11.2) 22.0 (20.5–23.6) 22.7 (19.7–25.9) 22.1 (20.8–23.5) 12.2 (10.2–14.5) 55.9 (54.2–57.6) 4.3 (3.6–5.1)
Alaska 6.3 (4.8–8.2) 20.8 (18.2–23.6) 14.0 (9.5–20.1) 26.4 (24.2–28.8) 5.1 (3.6–7.2) 52.8 (49.9–55.7) 3.2 (1.9–5.2)
Arizona 5.9 (5.5–6.4) 15.9 (15.1–16.8) 13.9 (12.4–15.6) 23.3 (22.5–24.2) 7.9 (6.7–9.3) 60.8 (59.7–61.9) 2.6 (2.3–3.1)
Arkansas 9.3 (8.1–10.8) 23.4 (21.1–26.0) 21.4 (17.7–25.6) 24.3 (22.2–26.6) 12.0 (7.6–18.4) 52.2 (49.5–54.9) 3.6 (2.7–4.7)
California 4.4 (3.9–4.9) 11.6 (10.6–12.7) 11.0 (8.7–13.9) 21.7 (20.6–22.8) 6.7 (5.4–8.3) 66.7 (65.3–68.0) 2.2 (1.8–2.7)
Colorado 4.2 (3.7–4.7) 14.7 (13.7–15.7) 12.1 (10.2–14.3) 25.4 (24.3–26.5) 4.9 (4.1–5.9) 59.9 (58.7–61.2) 1.7 (1.3–2.1)
Connecticut 5.3 (4.7–5.9) 13.4 (12.3–14.6) 14.7 (12.2–17.7) 24.4 (23.3–25.5) 7.2 (5.6–9.3) 62.2 (60.7–63.6) 2.6 (2.0–3.3)
DC 5.8 (5.0–6.7) 14.8 (13.5–16.2) 15.5 (11.6–20.4) 19.5 (18.1–21.0) 6.1 (4.7–8.0) 65.7 (63.9–67.5) 2.9 (2.3–3.7)
Delaware 7.3 (6.2–8.5) 18.0 (16.2–20.0) 19.2 (15.4–23.6) 23.7 (21.8–25.8) 8.8 (6.7–11.3) 58.2 (55.9–60.5) 2.5 (1.7–3.5)
Florida 7.1 (6.3–8.0) 16.8 (15.5–18.1) 15.7 (13.5–18.2) 22.4 (21.2–23.7) 8.2 (6.6–10.3) 60.8 (59.1–62.4) 3.9 (2.9–5.1)
Georgia 6.8 (6.1–7.6) 17.8 (16.4–19.2) 16.4 (13.6–19.6) 20.0 (18.8–21.3) 9.4 (6.8–12.9) 62.2 (60.6–63.9) 3.4 (2.8–4.1)
Hawaii 3.4 (3.0–3.9) 13.5 (12.4–14.8) 7.8 (5.8–10.5) 25.8 (24.3–27.2) 4.7 (3.7–5.9) 60.7 (59.1–62.3) 1.9 (1.5–2.4)
Idaho 4.7 (4.1–5.5) 14.8 (13.4–16.4) 13.1 (10.3–16.5) 23.0 (21.4–24.6) 5.6 (4.3–7.3) 62.2 (60.2–64.2) 2.1 (1.5–2.8)
Illinois 6.4 (5.7–7.3) 15.7 (14.4–17.2) 15.2 (12.5–18.4) 22.5 (21.1–23.9) 7.7 (6.1–9.7) 61.8 (60.1–63.5) 2.9 (2.3–3.7)
Indiana 8.0 (7.5–8.6) 22.5 (21.5–23.6) 18.3 (16.6–20.1) 23.9 (22.9–24.9) 8.5 (7.5–9.5) 53.6 (52.4–54.8) 3.3 (2.8–3.9)
Iowa 5.9 (5.3–6.5) 17.9 (16.8–19.1) 16.4 (14.1–19.0) 24.0 (22.9–25.2) 8.1 (5.8–11.3) 58.0 (56.7–59.4) 2.2 (1.8–2.8)
Kansas 6.2 (5.8–6.6) 18.0 (17.3–18.8) 16.3 (14.9–17.8) 23.8 (23.0–24.5) 7.9 (7.1–8.7) 58.2 (57.3–59.1) 2.4 (2.1–2.7)
Kentucky 11.3 (10.2–12.5) 25.5 (23.9–27.2) 23.7 (20.7–26.9) 24.6 (23.0–26.1) 11.3 (9.4–13.5) 49.9 (48.2–51.7) 4.3 (3.4–5.4)
Louisiana 8.4 (7.4–9.5) 23.8 (22.1–25.6) 16.4 (13.5–19.7) 22.0 (20.5–23.5) 11.2 (9.0–13.9) 54.2 (52.3–56.1) 3.5 (2.8–4.4)
Maine 6.5 (5.8–7.3) 18.7 (17.2–20.3) 16.4 (14.1–18.9) 29.0 (27.5–30.5) 8.9 (6.7–11.7) 52.3 (50.6–54.1) 1.9 (1.4–2.5)
Maryland 5.4 (4.8–6.0) 14.1 (13.1–15.2) 14.0 (11.7–16.7) 20.9 (19.9–21.9) 6.3 (5.3–7.5) 65.0 (63.7–66.3) 2.7 (2.2–3.3)
Massachusetts 5.0 (4.3–5.8) 14.1 (12.7–15.6) 15.2 (11.8–19.3) 23.5 (22.0–25.2) 5.7 (4.5–7.2) 62.4 (60.4–64.2) 1.8 (1.3–2.5)
Michigan 8.0 (7.3–8.6) 20.4 (19.3–21.5) 18.6 (16.5–20.9) 25.3 (24.2–26.4) 8.4 (7.3–9.6) 54.3 (53.0–55.6) 3.3 (2.8–4.0)
Minnesota 4.0 (3.7–4.4) 14.7 (14.0–15.5) 10.5 (9.1–12.1) 25.6 (24.7–26.4) 5.1 (4.4–5.9) 59.7 (58.7–60.7) 1.6 (1.3–2.0)
Mississippi 7.5 (6.6–8.5) 22.9 (21.0–24.9) 15.4 (12.5–18.8) 20.7 (19.1–22.3) 8.9 (6.9–11.3) 56.4 (54.3–58.6) 3.3 (2.5–4.2)
Missouri 7.9 (7.1–8.6) 21.6 (20.2–23.2) 19.1 (16.6–21.8) 24.8 (23.4–26.3) 8.6 (7.3–10.0) 53.6 (51.8–55.3) 3.1 (2.5–3.7)
Montana 5.7 (4.9–6.5) 18.4 (16.9–20.0) 12.9 (10.3–15.9) 25.8 (24.2–27.5) 7.1 (5.8–8.6) 55.8 (53.9–57.7) 2.3 (1.7–3.0)
Nebraska 5.3 (4.8–5.8) 15.9 (14.9–16.9) 14.6 (12.6–16.9) 24.0 (22.9–25.1) 6.4 (5.4–7.5) 60.1 (58.8–61.4) 2.2 (1.8–2.7)
Nevada 6.5 (5.5–7.6) 17.5 (15.6–19.6) 14.4 (10.9–18.8) 22.7 (20.8–24.8) 7.9 (5.9–10.5) 59.8 (57.4–62.2) 3.2 (2.3–4.4)
New Hampshire 6.0 (5.2–7.0) 17.0 (15.2–19.0) 16.4 (13.0–20.6) 28.3 (26.5–30.1) 7.2 (5.7–9.1) 54.7 (52.5–56.9) 2.5 (1.9–3.3)
New Jersey 5.8 (5.1–6.5) 14.1 (12.9–15.4) 12.8 (10.6–15.3) 23.9 (22.6–25.3) 6.3 (5.2–7.7) 62.0 (60.4–63.6) 3.6 (2.8–4.6)
New Mexico 5.6 (4.9–6.4) 17.9 (16.4–19.4) 13.2 (10.7–16.3) 22.9 (21.4–24.4) 7.0 (5.5–9.0) 59.3 (57.4–61.0) 2.5 (1.9–3.2)
New York 5.0 (4.5–5.5) 14.4 (13.5–15.4) 11.9 (10.2–13.8) 22.1 (21.1–23.2) 5.8 (5.0–6.8) 63.5 (62.2–64.7) 2.8 (2.3–3.3)
North Carolina 7.3 (6.4–8.2) 17.5 (16.0–19.1) 16.4 (13.4–20.0) 24.9 (23.3–26.5) 7.7 (6.3–9.4) 57.7 (55.8–59.6) 3.5 (2.8–4.5)
North Dakota 4.8 (4.2–5.4) 18.9 (17.6–20.3) 12.5 (10.4–15.1) 25.2 (23.9–26.6) 4.8 (3.9–5.9) 55.8 (54.2–57.5) 1.8 (1.4–2.4)
Ohio 7.6 (6.9–8.2) 22.1 (20.8–23.4) 16.7 (14.7–18.8) 23.4 (22.2–24.5) 9.5 (8.1–11.1) 54.6 (53.1–56.0) 2.9 (2.4–3.6)
Oklahoma 8.1 (7.3–8.9) 20.5 (19.1–22.0) 17.7 (15.3–20.4) 23.8 (22.5–25.2) 10.6 (9.0–12.5) 55.7 (54.0–57.4) 3.2 (2.6–3.9)
Oregon 4.9 (4.3–5.6) 16.7 (15.4–18.1) 12.6 (10.3–15.5) 24.5 (23.2–25.9) 6.2 (4.7–8.0) 58.8 (57.1–60.4) 2.0 (1.5–2.6)
Pennsylvania 5.9 (5.3–6.7) 19.7 (18.3–21.1) 11.6 (9.5–14.0) 25.6 (24.2–27.0) 8.8 (7.2–10.7) 54.8 (53.1–56.5) 2.2 (1.7–2.9)
Rhode Island 7.0 (6.1–8.1) 15.5 (13.9–17.3) 16.2 (13.0–20.0) 26.7 (25.0–28.4) 10.2 (7.8–13.2) 57.8 (55.7–59.8) 2.5 (1.9–3.4)
South Carolina 7.2 (6.6–7.9) 19.7 (18.5–20.9) 16.9 (14.9–19.2) 25.2 (24.1–26.4) 8.0 (6.5–9.8) 55.1 (53.7–56.5) 3.5 (2.9–4.2)
South Dakota 4.4 (3.6–5.4) 20.6 (18.5–22.8) 10.2 (7.3–14.2) 25.0 (23.0–27.1) 5.0 (3.8–6.7) 54.5 (52.1–56.8) 2.0 (1.3–2.9)
Tennessee 8.9 (8.0–9.8) 23.3 (21.6–25.1) 19.7 (17.2–22.5) 22.8 (21.3–24.3) 9.9 (8.2–11.9) 54.0 (52.0–55.9) 3.7 (2.8–4.8)
Texas 4.8 (4.1–5.7) 16.0 (14.5–17.5) 13.3 (10.3–17.1) 19.9 (18.5–21.4) 6.3 (4.7–8.4) 64.1 (62.2–65.9) 2.4 (1.8–3.2)
Utah 4.1 (3.6–4.6) 9.0 (8.3–9.8) 12.3 (9.9–15.3) 15.6 (14.7–16.5) 6.1 (5.0–7.4) 75.4 (74.3–76.4) 2.4 (2.0–2.9)
Vermont 5.7 (5.1–6.4) 17.3 (15.8–18.9) 17.3 (14.6–20.4) 27.5 (26.0–29.1) 6.2 (5.1–7.5) 55.2 (53.3–57.0) 1.9 (1.5–2.4)
Virginia 6.6 (5.9–7.4) 16.8 (15.7–18.0) 16.2 (13.8–19.0) 23.1 (21.9–24.3) 9.1 (6.8–11.9) 60.1 (58.7–61.6) 2.9 (2.4–3.6)
Washington 5.4 (5.0–6.0) 13.8 (13.0–14.7) 15.5 (13.3–17.9) 26.3 (25.4–27.3) 7.1 (6.0–8.3) 59.8 (58.7–61.0) 2.0 (1.7–2.4)
West Virginia 13.8 (12.7–15.0) 28.1 (26.4–29.9) 25.9 (23.3–28.8) 24.4 (22.9–25.9) 15.1 (12.6–18.0) 47.5 (45.7–49.4) 6.0 (5.0–7.3)
Wisconsin 4.7 (4.0–5.5) 16.7 (15.2–18.2) 14.0 (11.1–17.4) 25.0 (23.4–26.6) 4.9 (3.9–6.2) 58.4 (56.5–60.2) 1.9 (1.4–2.6)
Wyoming 6.1 (5.3–6.9) 19.2 (17.6–21.0) 12.9 (10.3–16.1) 25.1 (23.5–26.8) 8.7 (7.1–10.6) 55.7 (53.7–57.7) 2.3 (1.8–3.0)

Abbreviations: CI = confidence interval; COPD = chronic obstructive pulmonary disease; DC = District of Columbia.
* Age-adjusted to the 2000 U.S. standard population aged ≥18 years.

In the current analysis, the geographic distribution of high 
COPD prevalence was similar for current smokers and adults 
who never smoked. There is also a strong correlation between 
state-level prevalences of COPD among adults who never 

smoked and state-level prevalence of current smoking. This 
could reflect that in certain regions adults who never smoked 
might be more likely to be exposed to secondhand smoke. 
Among the states in the highest quartile for COPD among 
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FIGURE. Age-adjusted* percentage of U.S. adults with chronic obstructive pulmonary disease (COPD), overall and by current or previous 
smoking status — Behavioral Risk Factor Surveillance System, 2017
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adults who never smoked, only New Jersey had laws ban-
ning smoking in private worksites, restaurants, and bars as of 
December 31, 2017; the remainder of states in that quartile 
either had no smoke-free laws or laws banning smoking in 
only one or two venues.**

The findings in this report are subject to at least seven limi-
tations. First, COPD status was based on self-report, not on 
medical records or diagnostic tests, and might be subject to 
recall and social desirability biases. Second, physicians might 
be more likely to diagnose COPD and other smoking-related 

 ** There were no changes from December 31, 2017, to March 31, 2019. https://
www.cdc.gov/statesystem/smokefreeindoorair.html. 

diseases in states with high smoking rates, whereas COPD 
might be more likely to remain undiagnosed in states with 
lower smoking rates. Third, smoking status also was based 
on self-report and might be subject to social desirability bias. 
Fourth, because the data were cross-sectional, causality could 
not be examined. Fifth, e-cigarette use was not examined in 
this report. There were no other measures of exposure to sec-
ondhand smoke or other indoor or outdoor air pollutants or 
history of respiratory infections, all of which might contribute 
to COPD risk. Sixth, BRFSS surveys noninstitutionalized 
adults and does not include adults who live in long-term care 
facilities, prisons, and other facilities; therefore, findings are 
not generalizable to those populations. Finally, state BRFSS 

https://www.cdc.gov/statesystem/smokefreeindoorair.html
https://www.cdc.gov/statesystem/smokefreeindoorair.html
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response rates were relatively low, which might lead to selec-
tion bias.

Population-based strategies for smoking prevention and con-
trol have the potential to decrease the prevalence of COPD in 
the United States. Such strategies include tobacco product price 
increases, mass media antismoking campaigns, comprehensive 
smoke-free laws, and barrier-free access to evidence-based cessa-
tion interventions.†† Comprehensive smoke-free laws not only 
help protect nonsmokers from secondhand smoke exposure, 
but they can also promote adoption of voluntary smoke-
free rules in private settings (e.g., homes and automobiles) 
and reduce smoking prevalence through increased cessation 
and decreased initiation.§§ Clinicians can play a key role in 
increasing access to and use of cessation therapies, including 
counseling and Food and Drug Administration-approved 
cessation medications.¶¶ Current clinical guidelines recom-
mend screening all patients for tobacco use at every visit (8); 
however, clinicians should be mindful that not all COPD is 
necessarily caused by smoking and should use spirometry for 
diagnosis in patients with COPD symptoms (9), regardless of 
their smoking history.
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Trends in the Laboratory Detection of Rotavirus Before and After 
Implementation of Routine Rotavirus Vaccination — United States, 2000–2018

Benjamin D. Hallowell, PhD1,2; Umesh D. Parashar, MD1; Aaron Curns, MPH1; Nicholas P. DeGroote, MPH1; Jacqueline E. Tate, PhD1

Before the introduction of rotavirus vaccine in the United 
States in 2006, rotavirus infection was the leading cause of 
severe gastroenteritis among U.S. children (1). To evaluate 
the long-term impact of rotavirus vaccination on disease 
prevalence and seasonality in the United States, CDC analyzed 
national laboratory testing data for rotavirus from laborato-
ries participating in CDC’s National Respiratory and Enteric 
Viruses Surveillance System (NREVSS) during the prevac-
cine (2000–2006) and postvaccine (2007–2018) periods. 
Nationally, the median annual percentage of tests positive for 
rotavirus declined from 25.6% (range = 25.2–29.4) in the 
prevaccine period to 6.1% (range = 2.6–11.1) in the postvac-
cine period. When compared with the prevaccine period, the 
postvaccine period saw declines in the annual peak in rotavirus 
positivity from a median of 43.1% (range = 43.8–56.3) to a 
median of 14.0% (range = 4.8–27.3) and in the season dura-
tion from a median of 26 weeks (range = 23–27) to a median 
of 9 weeks (range = 0–18). In the postvaccine period, a bien-
nial pattern emerged, with alternating years of low and high 
rotavirus activity. Implementation of the rotavirus vaccination 
program has substantially reduced prevalence of the disease 
and altered seasonal patterns of rotavirus in the United States; 
these changes have been sustained over 11 seasons after vac-
cine introduction. Ongoing efforts to improve coverage and 
on-time vaccination (2) can help maximize the public health 
impact of rotavirus vaccination.

NREVSS is a voluntary laboratory-based passive surveil-
lance system that collects data on eight respiratory viruses 
and three enteric viruses, including rotavirus (3). Each week, 
participating laboratories report to CDC the aggregate number 
of rotavirus tests performed and the number of those that had 
positive results. A reporting year begins in July (epidemiologic 
week 27) and ends in June (epidemiologic week 26) of the 
following year. Peak rotavirus activity is defined as the high-
est proportion of tests positive for rotavirus during a single 
week in a given reporting year. The beginning and end of the 
rotavirus season are defined as the first and last, respectively, 
of 2 consecutive weeks in which ≥10% of the tests are positive 
for rotavirus. Historically, rotavirus disease exhibited a winter-
spring seasonality, with the season beginning in December–
January and ending in April–May (4).

Results of all enzyme immunoassay (EIA) tests for rotavi-
rus conducted during July 2000–June 2018 were obtained 
from laboratories participating in NREVSS. Data from the 

first reporting year after vaccine introduction (July 2006–
June 2007), which is considered a transitional year with low 
vaccination coverage, were excluded from the analysis. To 
examine trends in rotavirus testing and detection during the 
prevaccine and postvaccine periods, analyses were restricted 
to the 23 laboratories that continuously reported rotavirus 
testing results for ≥26 weeks of each reporting year during 
July 2000–July 2018. Data were aggregated by week and are 
presented using a 3-week moving average for the total number 
of rotavirus tests performed and the number of positive test 
results. Trends in testing practices over time were evaluated 
using the Spearman rank order correlation for the annual 
number of tests conducted and the Cochran-Armitage test for 
trend for the annual proportions of tests that were positive for 
rotavirus. SAS software (version 9.4; SAS Institute) was used 
for all statistical analyses. To compare the rotavirus season, 
duration, and peak activity between the prevaccine and post-
vaccine periods, data from all reporting laboratories (annual 
range = 57–223) were analyzed. When analyzing the biennial 
trend in rotavirus seasonality, data from the first 2 reporting 
years after vaccine introduction (July 2006–June 2008) were 
excluded from the analysis.

Data from the 23 laboratories that continuously reported 
rotavirus testing results during 2000–2018 demonstrated 
a decline in both rotavirus testing and percent positivity 
in the postvaccine era compared with the prevaccine era 
(Figure 1) (Table). The number of rotavirus tests declined by 
approximately one third, from an annual median of 10,845 
(range = 9,105–13,257) in the prevaccine era to an annual 
median of 7,357 (range = 4,270–11,143; p<0.001) in the 
postvaccine era; the number of tests positive for rotavirus 
declined approximately 85%, from an annual median of 2,778 
(range = 2,385–3,479) in the prevaccine era to an annual 
median of 411 (range = 159–1,231) in the postvaccine era 
(p<0.001). Mirroring the trends in the number of positive tests, 
the median annual proportion of tests positive for rotavirus 
declined 76%, from 25.6% (range = 25.2%–29.4%) in the 
prevaccine era to 6.1% (range = 2.6%–11.1%; all p-values 
<0.001) in the postvaccine era.

Analysis of data from all reporting laboratories indicated 
that rotavirus test positivity during peak activity declined 
by approximately two thirds, from an annual median of 
43.1% (range = 43.8–56.3) in the prevaccine era to 14.0% 
(range = 4.8–27.3) in the postvaccine era (Table). In addition, 
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FIGURE 1. Total number of rotavirus tests and positive rotavirus tests (A) and percent positivity (B) among the 23 continuously reporting 
National Respiratory and Enteric Virus Surveillance System (NREVSS) laboratories* — NREVSS, United States, 2000–2018  
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TABLE. Rotavirus seasonality and testing results, by years — National Respiratory and Enteric Virus Surveillance System, United States, 
2000–2018.

Years

Season 
beginning,  

wk no.

Peak

Season end, 
wk no.

Season 
duration

(wks)
No. of rotavirus  

tests performed*

Positive  
rotavirus tests* 

No. (%)

% Change in 
rotavirus tests 
performed*,§

% Decline  
in positive  

rotavirus tests*Wk no.
% Positive 

tests

2000–2006† 50 9 43.1 24 26 10,845 2,778 (25.6) Referent Referent
2007–2008 9 17 17.3 21 12 11,143 1,034 (9.3) 2.7 62.8
2008–2009 4 11 25.3 21 17 11,078 1,231 (11.1) 2.1 55.7
2009–2010 —¶ 18 10.9 — — 8,345 411 (4.9) −23.1 85.2
2010–2011 3 11 23.4 21 18 8,152 734 (9.0) −24.8 73.6
2011–2012 — 22 12.2 — — 7,129 244 (3.4) −34.3 91.2
2012–2013 1 13 27.3 18 17 7,357 718 (9.8) −32.2 74.2
2013–2014 — 21 11.3 — — 6,687 352 (5.3) −38.3 87.3
2014–2015 3 11 25.1 16 13 7,448 724 (9.7) −31.3 73.9
2015–2016 — 20 4.8 — — 6,145 159 (2.6) −43.3 94.3
2016–2017 9 13 21.7 19 10 4,708 287 (6.1) −56.6 89.7
2017–2018 — 17 10.3 — — 4,270 235 (5.5) −60.6 91.5

* Testing data from the 23 laboratories that continuously reported rotavirus test results during 2000–2018.
† Median data are reported for the prevaccine seasons spanning 2000–2006.
§ Compared with number of tests performed during 2000–2006.
¶ Dashes indicate not applicable because seasonal start and end thresholds were not reached.

in the postvaccine era, the rotavirus season began later in the 
year, and the annual median season duration was reduced from 
26 weeks (range = 23–27) in the prevaccine era to 9 weeks 
(range = 0–18) in the postvaccine era.

In the postvaccine period, a biennial pattern emerged, with 
alternating years of low and high rotavirus activity (Figure 1). 
In low-activity years after vaccine introduction, the 10% 
test positivity threshold for the start of the season was never 
reached, peak activity occurred later in the year (weeks 17–22), 
and the median peak activity was 8.7% (range = 4.8–12.2) 
(Figure 2). In contrast, in the high-activity years after vac-
cine introduction, the median season duration was 17 weeks 
(range = 10–18), peak activity occurred earlier in the year 
(weeks 11–13), and the median peak test positivity was 25.1% 
(range = 21.7%–27.3%). Over time, rotavirus activity and 
seasonality have remained relatively consistent in the low- and 
high-activity years; however, the season duration during high-
activity years has slowly decreased.

The number of laboratories reporting EIA test results for 
rotavirus to NREVSS in the postvaccine era has gradually 
declined over time, from a high of 223 laboratories reporting 
29,198 EIA test results (2008–09 season) to 109 laboratories 
reporting 14,737 EIA test results (2017–18 season). However, 
in recent years, the number of laboratories reporting poly-
merase chain reaction (PCR) tests for rotavirus has increased, 
from 19 laboratories reporting 16,490 PCR test results 
(2014–15 season) to 80 laboratories reporting 87,775 PCR 
test results (2017–18 season).

Discussion

Implementation of the rotavirus vaccination program has 
markedly reduced the prevalence of rotavirus disease in the 

United States. In all postvaccine-era seasons from 2007–08 to 
2017–18, rotavirus activity consistently fell below the 2000–
2006 baseline, and seasons were shorter in duration compared 
with those during the prevaccine era, which further attests to 
the long-term benefits of the rotavirus vaccination program. 
Some of the observed changes in rotavirus activity that occurred 
after vaccine introduction could be due to concurrent changes 
in rotavirus testing practices as PCR-based multipathogen 
detection assays are increasingly used. Although this shift in 
testing practices might explain some of the declines observed in 
the total number of tests performed and the number of positive 
tests, the substantial reductions in the proportion of rotavirus 
tests that were positive (which is less affected by changes in 
testing practices alone), supports attribution of the declines to 
the effects of vaccination.

Introduction of rotavirus vaccine has also modified the 
seasonality of rotavirus disease in the United States, with a 
biennial trend emerging in the postvaccine era beginning in 
the 2008–09 rotavirus season. Since vaccine introduction, 
coverage has slowly increased and completed coverage has pla-
teaued at approximately 70%.  The lower coverage of rotavirus 
compared with other childhood vaccines might be explained 
in part by the fact that rotavirus vaccine does not offer the 
same opportunity for catch-up because the first dose must be 
given by age 15 weeks, and the series must be completed by 
age 8 months (2,5). The biennial trend observed in the United 
States could be attributed to this low vaccination coverage, 
with the number of susceptible children accumulating in low 
rotavirus activity years, resulting in a higher number of sus-
ceptible children and a subsequent rotavirus outbreak during 
the following season (6). Countries that rapidly achieved and 
maintained rotavirus vaccination coverage of 90%–95%, such 
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FIGURE 2. Rotavirus season duration and peak activity for prevaccine (2000–2006) and postvaccine years (2008–2018), stratified by even/odd 
year season,* by week of season — National Respiratory and Enteric Virus Surveillance System, United States 2000–2018
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as the United Kingdom, have experienced a sustained decline 
in rotavirus activity without the biennial trend observed in 
the United States (7). As vaccination coverage and on-time 
vaccination continue to improve in the United States, the 
seasonality of rotavirus disease can be monitored to see whether 
the biennial trend continues.

The findings in this report are subject to at least three limi-
tations. First, aggregate NREVSS data are reported, without 
demographic or clinical characteristics (including vaccina-
tion status), precluding examination of these characteristics. 
Second, these data were collected from a passive surveillance 
system composed of a convenience sample of laboratories 
and might not be representative of all those in the United 
States. Finally, because rotavirus testing does not affect clinical 
management (which focuses on rehydration and syndromic 
management), testing practices vary from site to site and year 
to year, which might affect data comparability (1,6). However, 

NREVSS data have advantages, including the ability to 
describe trends in rotavirus activity in the United States in a 
timely fashion. In addition, NREVSS data have consistently 
aligned with rotavirus-related U.S. hospital discharge data and 
active surveillance data (8–10).

Rotavirus vaccination has resulted in a significant and sus-
tained reduction of disease prevalence and has modified the 
seasonality of rotavirus disease in the United States. To maxi-
mize the public health impact of rotavirus vaccination, efforts 
to improve coverage and on-time vaccination should continue.
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Summary

What is already known about this topic?

Before the introduction of rotavirus vaccine in the United States 
in 2006, rotavirus infection was the leading cause of severe 
gastroenteritis among U.S. children.

What is added by this report?

Implementation of the U.S. rotavirus vaccination program 
reduced the annual proportion of positive rotavirus tests, 
reduced peak rotavirus activity, and shortened the duration of 
the rotavirus season. Biennial seasonal patterns that emerged 
after vaccine introduction have continued with alternating 
years of low and high rotavirus activity.

What are the implications for public health practice?

Ongoing efforts to improve coverage and on-time vaccination can 
help maximize the public health impact of rotavirus vaccination.
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Update: Influenza Activity in the United States During the 2018–19 Season 
and Composition of the 2019–20 Influenza Vaccine
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Influenza activity* in the United States during the 2018–19 
season (September 30, 2018–May 18, 2019) was of moderate 
severity (1). Nationally, influenza-like illness (ILI)† activity 
began increasing in November, peaked during mid-February, 
and returned to below baseline in mid-April; the season 
lasted 21 weeks,§ making it the longest season in 10 years. 
Illness attributed to influenza A viruses predominated, with 
very little influenza B activity. Two waves of influenza A were 
notable during this extended season: influenza A(H1N1)
pdm09 viruses from October 2018 to mid-February 2019 
and influenza A(H3N2) viruses from February through May 
2019. Compared with the 2017–18 influenza season, rates 
of hospitalization this season were lower for adults, but were 
similar for children. Although influenza activity is currently 
below surveillance baselines, testing for seasonal influenza 
viruses and monitoring for novel influenza A virus infections 
should continue year-round. Receiving a seasonal influenza 
vaccine each year remains the best way to protect against sea-
sonal influenza and its potentially severe consequences.

Virus Surveillance
U.S. World Health Organization (WHO) collaborating 

laboratories and National Respiratory and Enteric Virus 
Surveillance System laboratories, which include both clinical 
and public health laboratories throughout the United States, 
contribute to virologic surveillance for influenza. During 
September 30, 2018–May 18, 2019, clinical laboratories tested 
1,145,555 specimens for influenza virus; among these, 177,039 
(15.5%) tested positive, including 167,529 (95.0%) for influ-
enza A and 9,510 (5.0%) for influenza B. The percentage of 

* The CDC influenza surveillance system collects five categories of information 
from eight data sources: 1) virus surveillance (U.S. World Health Organization 
collaborating laboratories, the National Respiratory and Enteric Virus 
Surveillance System, and novel influenza A virus case reporting); 2) outpatient 
illness surveillance (U.S. Outpatient Influenza-like Illness Surveillance 
Network); 3) mortality (the National Center for Health Statistics Mortality 
Surveillance System and influenza-associated pediatric mortality reports); 
4) hospitalizations (FluSurv-NET, which includes the Emerging Infections 
Program and surveillance in three additional states); and 5) summary of the 
geographic spread of influenza (state and territorial epidemiologist reports). 
https://www.cdc.gov/flu/weekly/fluactivitysurv.htm.

† Defined as a fever (temperature ≥100°F [≥37.8°C], oral or equivalent) and 
cough or sore throat, without a known cause other than influenza.

§ Data as of June 14, 2019.

specimens testing positive for influenza each week ranged from 
1.7% to 26.2%.

Nationally, the percentage of clinical laboratory–tested 
specimens positive for influenza virus peaked during the 
weeks ending February 9–March 16 (surveillance weeks 6–11) 
(range = 25.1%–26.2%). Regionally,¶ the week of peak clinical 
laboratory influenza positivity varied, ranging from the week 
ending December 15, 2018 (week 50) to the week ending 
March 16, 2019 (week 11).

Public health laboratories tested 80,993 specimens during 
September 30, 2018–May 18, 2019; among these specimens, 
42,303 (52.2%) were positive for influenza viruses, including 
40,624 (96.0%) that were positive for influenza A and 1,679 
(4.0%) for influenza B. Among the 38,995 seasonal influenza A 
viruses subtyped, 22,084 (56.6%) were influenza A(H1N1)
pdm09, and 16,991 (43.6%) were influenza A(H3N2). 
Influenza B lineage information was available for 1,105 (65.8%) 
influenza B viruses; 406 (36.7%) of those were B/Yamagata 
lineage, and 699 (63.3%) were B/Victoria lineage. Whereas 
influenza A(H1N1)pdm09 viruses accounted for the majority 
of circulating viruses nationwide from October 2018 to mid-
February 2019, influenza A(H3N2) viruses were detected more 
frequently than were A(H1N1)pdm09 viruses beginning in late 
February nationally (Figure 1) and in all 10 U.S. Health and 
Human Services (HHS) regions by the end of March 2019. For 
the season overall, influenza A(H3N2) viruses predominated 
in HHS Regions 4, 6, and 7, and influenza A(H1N1)pdm09 
viruses predominated in the remaining seven regions.

Among 38,564 (91.2%) patients whose test results were posi-
tive for seasonal influenza virus by public health laboratories 
and for whom age data were available, 4,844 (12.6%) were 

¶ The 10 regions include the following jurisdictions: Region 1: Connecticut, 
Maine, Massachusetts, New Hampshire, Rhode Island, and Vermont; Region 2: 
New Jersey, New York, Puerto Rico, and U.S. Virgin Islands; Region 3: Delaware, 
District of Columbia, Maryland, Pennsylvania, Virginia, and West Virginia; 
Region 4: Alabama, Florida, Georgia, Kentucky, Mississippi, North Carolina, 
South Carolina, and Tennessee; Region 5: Illinois, Indiana, Michigan, 
Minnesota, Ohio, and Wisconsin; Region 6: Arkansas, Louisiana, New Mexico, 
Oklahoma, and Texas; Region 7: Iowa, Kansas, Missouri, and Nebraska; Region 8: 
Colorado, Montana, North Dakota, South Dakota, Utah, and Wyoming; 
Region 9: Arizona, California, Hawaii, Nevada, American Samoa, Commonwealth 
of the Northern Mariana Islands, Federated States of Micronesia, Guam, 
Marshall Islands, and Palau; Region 10: Alaska, Idaho, Oregon, and Washington.

https://www.cdc.gov/flu/weekly/fluactivitysurv.htm
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FIGURE 1. Number* of respiratory specimens testing positive for influenza reported to CDC by public health laboratories, by influenza virus 
type, subtype,† and surveillance week — United States, September 30, 2018–May 18, 2019§
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aged 0–4 years; 12,508 (32.4%) were aged 5–24 years; 13,382 
(34.7%) were aged 25–64 years; and 7,830 (20.3%) were aged 
≥65 years. Influenza A(H1N1)pdm09 virus was the most fre-
quently reported virus among persons aged 0–4 years (57.1%) 
and 25–64 years (63.2%), whereas influenza A(H3N2) virus 
was the most commonly reported virus among persons aged 
5–24 years (48.8%) and ≥65 years (51.3%). The age group 
with the largest proportion of reported influenza B viruses 
(6.3%) was persons aged 5–24 years.

Antigenic and Genetic Characterization of 
Influenza Viruses

Genetic characterization was carried out using next-generation 
sequencing, and the genomic data were analyzed and submitted 
to public databases (GenBank: https://www.ncbi.nlm.nih.gov/
genbank or EpiFlu: https://www.gisaid.org/). Antigenic char-
acterizations were carried out by hemagglutination inhibition 

assays or virus neutralization–based focus reduction assays to 
evaluate whether genetic changes in circulating viruses affected 
antigenicity; substantial differences could affect vaccine effective-
ness. CDC genetically characterized 2,750 influenza viruses col-
lected and submitted** by U.S. laboratories since September 30, 
2018, including 1,251 influenza A(H1N1)pdm09 viruses, 
1,024 influenza A(H3N2) viruses, and 475 influenza B viruses. 
A subset of these viruses also was antigenically characterized. 
Phylogenetic analysis of the hemagglutinin (HA) gene seg-
ments from the 1,251 characterized A(H1N1)pdm09 viruses 
determined that all belonged to genetic subclade 6B.1A, which 
evolved from clade 6B.1. Among 331 antigenically character-
ized A(H1N1)pdm09 viruses, 318 (96.1%) were well inhibited 
(reacting at titers that were within fourfold of the homologous 

 ** Association of Public Health Laboratories. Influenza Virologic Surveillance 
Right Size Roadmap. https://www.aphl.org/AboutAPHL/publications/
Documents/ID_July2013_Influenza-Virologic-Surveillance-Right-Size-
Roadmap.pdf.

https://www.ncbi.nlm.nih.gov/genbank
https://www.ncbi.nlm.nih.gov/genbank
https://www.gisaid.org/
https://www.aphl.org/AboutAPHL/publications/Documents/ID_July2013_Influenza-Virologic-Surveillance-Right-Size-Roadmap.pdf
https://www.aphl.org/AboutAPHL/publications/Documents/ID_July2013_Influenza-Virologic-Surveillance-Right-Size-Roadmap.pdf
https://www.aphl.org/AboutAPHL/publications/Documents/ID_July2013_Influenza-Virologic-Surveillance-Right-Size-Roadmap.pdf
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virus titer) by ferret antisera raised against A/Michigan/45/2015 
(6B.1), the cell culture–propagated reference virus representing 
the A(H1N1)pdm09 component for the 2018–19 Northern 
Hemisphere influenza vaccines.

Phylogenetic analysis of the HA gene segments of 1,204 
sequenced influenza A(H3N2) viruses indicated cocirculation 
of multiple clades/subclades. Circulating viruses possessed HA 
gene segments that belonged to clade 3C.2a (66; 6.4%), subclade 
3C.2a1 (201; 19.6%), or clade 3C.3a (757; 73.9%). The fre-
quency of 3C.3a viruses increased from 12.7% of the A(H3N2) 
viruses collected and sequenced by November 2018 to 81.9% 
of those collected and sequenced during December 2018–May 
2019. Among the 505 A(H3N2) viruses antigenically character-
ized by focus reduction assays with ferret antisera, 191 (37.8%) 
were well inhibited by ferret antisera raised against A/Singapore/
INFIMH-16-0019/2016 (3C.2a1), a cell culture–propagated 
reference virus representing the A(H3N2) component of 2018–19 
Northern Hemisphere influenza vaccines. However, only 43 (11%) 
of the 388 viruses tested were well inhibited by antiserum raised 
against egg-propagated A/Singapore/INFIMH-16-0019/2016 
reference virus, likely because of egg-adaptive amino acid changes 
in the HA protein of the egg-propagated virus. Three hun-
dred fourteen (62.2%) viruses were poorly inhibited by ferret 
antiserum raised against cell culture–propagated A/Singapore/
INFIMH-16-0019/2016 reference virus (at titers that were 
reduced eightfold or more when compared with the homologous 
virus); among those viruses, 312 (99.4%) belonged to clade 3C.3a, 
the prevalence of which increased throughout the season.

Phylogenetic analysis of 203 influenza B/Yamagata lineage 
viruses determined that the HA gene segments belonged to clade 
Y3. All 178 B/Yamagata lineage viruses antigenically characterized 
were well inhibited by ferret antiserum raised against cell culture–
propagated B/Phuket/3073/2013, the reference virus representing 
the B/Yamagata lineage component of quadrivalent vaccines for 
the 2018–19 Northern Hemisphere influenza season.

Multiple genetically and antigenically distinct B/Victoria 
lineage viruses cocirculated during the 2018–19 season. Viruses 
with a two-amino acid deletion (162–163) in the HA protein 
belong to subclade V1A.1, and viruses with a three-amino 
acid deletion (162–164) in the HA protein belong to subclade 
V1A-3Del. Among the 272 influenza B/Victoria lineage viruses 
sequenced and phylogenetically analyzed, the HA gene segment 
belonged to genetic clade V1A (40; 14.7%), subclade V1A.1 
(137; 50.4%), or subclade V1A-3Del (95; 34.9%). Among 
191 B/Victoria lineage viruses antigenically characterized, 147 
(79.1%) were well inhibited by ferret antiserum raised against 
cell culture–propagated B/Colorado/06/2017-like V1A.1 
reference virus representing the B/Victoria lineage compo-
nent of the vaccines for the 2018–19 Northern Hemisphere 

influenza season. Among the 44 (20.9%) viruses that reacted 
poorly, 17 were antigenically related to the previous vaccine 
virus B/Brisbane/60/2008 and belonged to clade V1A, and 27 
belonged to subclade V1A-3Del.

Antiviral Susceptibility of Influenza Viruses
Testing of seasonal influenza A(H1N1)pdm09, influenza 

A(H3N2), and influenza B viruses for resistance to the neur-
aminidase inhibitors oseltamivir, zanamivir, and peramivir is 
performed at CDC using next-generation sequencing analysis, 
a functional assay (2), or both. Neuraminidase sequences of 
viruses are examined for the presence of amino acid substitutions 
previously associated with reduced or highly reduced inhibition 
by any of the three neuraminidase inhibitors.†† The amino acid 
substitution H275Y in A(H1N1)pdm09 viruses is considered 
clinically relevant because of the frequency of occurrence and 
the availability of clinical data demonstrating a reduced treat-
ment efficacy; however, other amino acid substitutions have 
been observed less frequently and caused reduced susceptibility 
in vitro, but with less clear clinical significance (2).

A total of 2,699 influenza virus specimens, including 1,240 
influenza A(H1N1)pdm09, 1,016 influenza A(H3N2), 252 
influenza B/Victoria, and 191 influenza B/Yamagata viruses 
collected in the United States since October 1, 2018, were 
tested for resistance to oseltamivir, zanamivir, and peramivir. 
Five (0.3%) influenza A(H1N1)pdm09 viruses had the amino 
acid substitution H275Y and displayed highly reduced inhibi-
tion by oseltamivir and peramivir. In addition, four (0.3%) 
influenza A(H1N1)pdm09 viruses displayed some reduction in 
inhibition by oseltamivir, and two influenza B viruses (0.4%) 
from different lineages had the amino acid substitution H273Y 
and displayed highly reduced inhibition by peramivir.

During the 2018–19 influenza season, CDC began to test 
seasonal influenza viruses for resistance to the PA cap-depen-
dent endonuclease inhibitor baloxavir using next-generation 
sequencing analysis, a phenotypic assay (3), or both. PA pro-
tein sequences were examined for the presence of amino acid 
substitutions previously associated with decreased susceptibility 
or resistance to baloxavir (3).

Among 2,673 influenza virus specimens, including 1,213 
influenza A(H1N1)pdm09, 1,007 influenza A(H3N2), 255 
influenza B/Victoria, and 198 influenza B/Yamagata viruses 
collected in the United States since October 1, 2018, and tested 
genetically for resistance to baloxavir, none contained amino 
acid substitutions in the PA protein previously associated with 
decreased susceptibility to baloxavir. All 191 influenza viruses 
tested by a phenotypic assay were susceptible to baloxavir.

 †† https://www.who.int/influenza/gisrs_laboratory/antiviral_susceptibility/
NAI_Reduced_Susceptibility_Marker_Table_WHO.pdf?ua.

https://www.who.int/influenza/gisrs_laboratory/antiviral_susceptibility/NAI_Reduced_Susceptibility_Marker_Table_WHO.pdf?ua
https://www.who.int/influenza/gisrs_laboratory/antiviral_susceptibility/NAI_Reduced_Susceptibility_Marker_Table_WHO.pdf?ua
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Composition of the 2019–20 Influenza Vaccines
Vaccine recommendations were made based on factors including 

data from global influenza virologic and epidemiologic surveil-
lance, genetic characterization, antigenic characterization, and the 
candidate vaccine viruses that are available for production. WHO 
recommended the Northern Hemisphere 2019–20 influenza vac-
cine composition (4), and the Food and Drug Administration’s 
Vaccines and Related Biologic Products Advisory Committee 
subsequently made the influenza vaccine composition recom-
mendation for the United States (5,6). Both agencies recommend 
that influenza trivalent vaccines contain an A/Brisbane/02/2018 
A(H1N1)pdm09-like virus, an A/Kansas/14/2017 A(H3N2)-like 
virus, and a B/Colorado/06/2017-like (B/Victoria lineage) virus. 
The quadrivalent vaccine recommendation included the trivalent 
vaccine viruses and a B/Phuket/3073/2013-like (B/Yamagata lin-
eage) virus. The A(H1N1)pdm09 and A(H3N2) recommendations 
are an update to the 2018–19 Northern Hemisphere vaccines. 
The decision to update the A(H1N1)pdm09 component was 
made because of genetic and antigenic characterization data using 
individual postvaccination human sera, which demonstrated signifi-
cantly reduced titers (eightfold or greater) to recent 6B.1A viruses, 
compared with the titers against the A/Michigan/45/2015 vaccine 
virus (5). The decision to update the A(H3N2) component was 
made to address antigenic drift of the virus with emergence and 
spread of A/Kansas/14/2017-like viruses (3C.3a) (6).

Outpatient Illness Surveillance
Nationally, the weekly percentage of outpatient visits for ILI 

to health care providers participating in the U.S. Outpatient 
Influenza-like Illness Surveillance Network (ILINet) was at or 
above the national baseline§§ level of 2.2% for 21 consecutive 
weeks (weeks 47–15) during the 2018–19 season (Figure 2). 
The percentage of outpatient ILI visits peaked at 5.1% during 
the week ending February 16, 2018 (week 7).

ILINet data are used to produce a weekly jurisdiction-level 
measure of ILI activity,¶¶ ranging from minimal to high. The 

 §§ The national and regional baselines are the mean percentages of visits for ILI 
during noninfluenza weeks for the previous three seasons plus two standard 
deviations. Noninfluenza weeks are defined as periods of ≥2 consecutive weeks 
during which each week accounted for <2% of the season’s total number of 
specimens that tested positive for influenza. National and regional percentages 
of patient visits for ILI are weighted according to state population. Use of the 
national baseline for regional data is not recommended.

 ¶¶ Activity levels are derived from the percentage of outpatient visits in a 
jurisdiction attributed to ILI and are compared with the average percentage 
of ILI visits that occur during weeks with little or no influenza virus circulation. 
Activity levels range from minimal, corresponding to ILI activity from 
outpatient clinics at or below the average, to high, corresponding to ILI activity 
from outpatient clinics much higher than the average. Because the clinical 
definition of ILI is nonspecific, not all ILI is caused by influenza; however, 
when combined with laboratory data, the information on ILI activity provides 
a clearer picture of influenza activity in the United States.

number of jurisdictions reporting high ILI activity peaked 
during the week ending February 23, 2019 (week 8) when 
33 (61%) of 54 jurisdictions (50 states, New York City, the 
District of Columbia, Puerto Rico, and U.S. Virgin Islands) 
experienced high ILI activity.

Geographic Spread of Influenza Activity
State and territorial epidemiologists report the geographic 

distribution of influenza in their jurisdictions through a weekly 
influenza activity code.*** During the 2018–19 season, the 
peak number of jurisdictions reporting widespread activity 
in a single week was 50 (93%); this occurred during week 8 
(week ending February 23, 2019).

Influenza-Associated Hospitalizations
CDC monitors hospitalizations associated with labora-

tory-confirmed influenza infections through the Influenza 
Hospitalization Surveillance Network (FluSurv-NET),††† 
which covers approximately 27 million persons (9% of the 
U.S. population). During October 1, 2018–April 30, 2019, 
a total of 18,847 laboratory-confirmed influenza-related 
hospitalizations were reported (cumulative incidence for all 
age groups = 65.3 per 100,000 population). The overall peak 

 *** Levels of activity are 1) no activity; 2) sporadic: isolated laboratory-confirmed 
influenza cases or a laboratory-confirmed outbreak in one institution, with 
no increase in activity; 3) local: increased ILI, or two or more institutional 
outbreaks (ILI or laboratory-confirmed influenza) in one region of the state, 
with recent laboratory evidence of influenza in that region; virus activity no 
greater than sporadic in other regions; 4) regional: increased ILI activity or 
institutional outbreaks (ILI or laboratory-confirmed influenza) in two or 
more outbreaks, but fewer than half of the regions in the state with recent 
laboratory evidence of influenza in those regions; and 5) widespread: 
increased ILI activity or institutional outbreaks (ILI or laboratory-confirmed 
influenza) in at least half of the regions in the state, with recent laboratory 
evidence of influenza in the state.

 ††† FluSurv-NET conducts population-based surveillance for laboratory-
confirmed, influenza-associated hospitalizations in children and adolescents 
aged <18 years (since the 2003–04 influenza season) and adults aged ≥18 years 
(since the 2005–06 influenza season). FluSurv-NET covers approximately 
70 counties in the 10 Emerging Infections Program states (California, 
Colorado, Connecticut, Georgia, Maryland, Minnesota, New Mexico, New 
York, Oregon, and Tennessee) and additional Influenza Hospitalization 
Surveillance Project (IHSP) states. IHSP began during the 2009–10 season 
to enhance surveillance during the 2009 H1N1 pandemic. IHSP sites 
included Idaho, Iowa, Michigan, Oklahoma, and South Dakota during the 
2009–10 season; Idaho, Michigan, Ohio, Oklahoma, Rhode Island, and 
Utah during the 2010–11 season; Michigan, Ohio, Rhode Island, and Utah 
during the 2011–12 season; Iowa, Michigan, Ohio, Rhode Island, and Utah 
during the 2012–13 season; and Michigan, Ohio, and Utah during the 
2013–14, 2014–15, 2015–16, and 2016–17 seasons. Cumulative unadjusted 
incidence rates are calculated using CDC’s National Center for Health 
Statistics population estimates for the counties included in the surveillance 
catchment area. Laboratory confirmation is dependent on clinician-ordered 
influenza testing, and testing for influenza often is underused because of the 
poor reliability of rapid test results and greater reliance on clinical diagnosis 
for influenza. Therefore, cases identified as part of influenza hospitalization 
surveillance likely are an underestimation of the actual number of persons 
hospitalized with influenza.
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FIGURE 2. Percentage of outpatient visits for influenza-like illness (ILI)* reported to CDC, by surveillance week — U.S. Outpatient Influenza-like 
Illness Surveillance Network, 2018–2019† influenza season and selected previous influenza seasons
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occurred during the week ending March 16, 2019 (week 11). 
The hospitalization rate was highest among persons aged 
≥65 years, who accounted for approximately 47% of reported 
influenza-associated hospitalizations. By age group, the 
cumulative hospitalization rate per 100,000 population was 
72.0 among children aged 0–4 years, 20.4 among children 
and adolescents aged 5–17 years, 25.8 among adults aged 
18–49 years, 80.7 among adults aged 50–64 years, and 221.7 
among adults aged ≥65 years. Among all influenza-associated 
hospitalizations, 17,993 (95.5%) were associated with influ-
enza A virus, 727 (3.9%) with influenza B virus, 41 (0.2%) 
with influenza A virus and influenza B virus coinfection, and 
86 (0.5%) with influenza virus for which the type was not 
determined. Among 6,360 (35.3%) with influenza A subtype 
information, 3,367 (52.9%) were influenza A(H1N1)pdm09 
viruses, and 2,993 (47.1%) were influenza A(H3N2) viruses.

Complete medical chart abstraction data in FluSurv-NET 
will not be finalized until later in 2019; however, as of June 13, 
2019, data were available for 7,531 (40.0%) hospitalized adults 
and children with laboratory-confirmed influenza. Among 6,399 

hospitalized adults with information on underlying medical 
conditions, 92.6% had at least one reported underlying medical 
condition that placed them at high risk§§§ for influenza-associ-
ated complications. The most commonly reported underlying 
medical conditions among adults were cardiovascular disease 
(45.0%), metabolic disorders (42.9%), obesity (39.4%), and 
chronic lung disease (29.9%). Among 1,132 hospitalized chil-
dren with such information, 55.0% had at least one underlying 

 §§§ Persons at higher risk include 1) children aged <2 years; 2) adults aged 
≥65 years; 3) persons with chronic pulmonary conditions (including asthma), 
cardiovascular disease (except hypertension alone), renal, hepatic, 
hematologic (including sickle cell) disease, metabolic disorders (including 
diabetes mellitus), or neurologic and neurodevelopmental conditions 
(including disorders of the brain, spinal cord, peripheral nerves, and muscles, 
such as cerebral palsy, epilepsy [seizure disorders], stroke, intellectual disability 
[mental retardation], moderate to severe developmental delay, muscular 
dystrophy, or spinal cord injury); 4) persons with immunosuppression, 
including that caused by medications or by human immunodeficiency virus 
infection; 5) women who are pregnant or postpartum (within 2 weeks after 
delivery); 6) persons aged ≤18 years who are receiving long-term aspirin 
therapy; 7) American Indians/Alaska Natives; 8) persons with extreme obesity 
(i.e., body mass index ≥40); and 9) residents of nursing homes and other 
chronic care facilities.
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medical condition; those most commonly reported were asthma 
(27.1%) and neurologic disorder (14.7%). Among 759 hospital-
ized females aged 15–44 years with information on pregnancy 
status, 152 (28.7%) were pregnant.

Pneumonia and Influenza-Associated Mortality
CDC tracks pneumonia and influenza (P&I)–attributed 

deaths through CDC’s National Center for Health Statistics 
(NCHS) Mortality Surveillance System data. The percentages 
of deaths attributed to P&I are released 2 weeks after the week 
of death to allow for collection of sufficient data to produce a 
stable P&I mortality percentage. During the 2018–19 season, 
according to NCHS data, the proportion of deaths attributed 
to P&I was at or above the epidemic threshold¶¶¶ for 10 weeks 
during the weeks ending January 5–26, 2019 (weeks 1–4), 
the weeks ending February 16–March 2, 2019 (weeks 7–9), 
and the weeks ending March 16–30, 2019 (weeks 11–13). 
Nationally, mortality attributed to P&I peaked two times 
at 7.7% during the weeks ending February 23 (week 8) and 
March 16, 2019 (week 11).

Influenza-Associated Pediatric Mortality
During September 30, 2018–May 18, 2019, 116 laboratory-

confirmed influenza-associated pediatric deaths were reported 
to CDC from Chicago, New York City, and 41 states. Two 
deaths occurred in non-U.S. residents. Twenty-five (22%) of 
the deaths were associated with influenza A(H3N2) infection, 
43 (37%) with influenza A(H1N1)pdm09, 39 (34%) with an 
influenza A virus for which no subtyping was performed, eight 
(7%) with an influenza B virus, and one (1%) with an influ-
enza virus for which the type was not determined. The mean 
age of the pediatric deaths reported this season was 6.1 years 
(range = 2 months–17 years); 75 (66%) children died after 
admission to the hospital. Among the 104 children with a 
known medical history, 53 (51%) had at least one underlying 
medical condition recognized by the Advisory Committee on 
Immunization Practices (ACIP) as placing them at high risk 
for influenza-related complications. Among the 89 children 
who were eligible for influenza vaccination (age ≥6 months at 
date of onset) and for whom vaccination status was known, 
30 (34%) had received at least 1 dose of influenza vaccine 
before illness onset (25 were fully vaccinated according to 
2018 ACIP recommendations, and five had received 1 of 2 
recommended doses).

 ¶¶¶ The seasonal baseline proportion of P&I deaths is projected using a robust 
regression procedure, in which a periodic regression model is applied to the 
observed percentage of deaths from P&I that were reported by the National 
Center for Health Statistics Mortality Surveillance System during the 
preceding 5 years. The epidemic threshold is set at 1.645 standard deviations 
above the seasonal baseline.

Severity Assessment
In 2017, CDC implemented a new methodology to clas-

sify influenza season severity using three indicators: 1) the 
percentage of visits to outpatient clinics for ILI (from ILINet); 
2) the rates of influenza-associated hospitalizations (from 
FluSurv-Net); and 3) the percentage of deaths resulting from 
pneumonia or influenza (from NCHS) (1). This approach uses 
data from past influenza seasons to calculate three intensity 
thresholds (https://www.cdc.gov/flu/professionals/classifies-
flu-severity.htm). These intensity thresholds represent the 
historic chance that surveillance system data exceeded a cer-
tain threshold. CDC then classifies the severity of the current 
influenza season by determining which intensity threshold was 
exceeded by at least two of the peak values from these indica-
tors. The severity of the 2018–19 season was thus classified 
as moderate overall, as well as by age group (for children and 
adolescents, adults, and older adults).

Preliminary Estimates of Influenza Burden
CDC uses the cumulative rates of influenza-associated hospi-

talizations reported through FluSurv-NET and a mathematical 
model**** to estimate the number of persons who have been 
symptomatically ill with influenza who had a medical visit, 
were hospitalized, or died related to influenza. Using data avail-
able from October 1, 2018, to May 4, 2019, CDC estimates 
that influenza virus infection has caused 37.4 million–42.9 mil-
lion symptomatic illnesses; 17.3 million–20.1 million medical 
visits; 531,000–647,000 hospitalizations; and 36,400–61,200 
deaths in the United States.

Discussion

The 2018–19 U.S. influenza season differed from recent 
seasons in that there were two waves of influenza A activity 
of similar magnitude during the season. Influenza A(H1N1)
pdm09 viruses predominated overall and represented the most 
frequently detected influenza A virus from October 2018 to 
mid-February 2019; influenza A(H3N2) viruses were reported 
more frequently than were A(H1N1)pdm09 viruses from late 
February through mid-May 2019. The predominant influenza 
A virus also differed by geographic region and age group. In 
contrast to the number of influenza A viruses reported, the 
number of influenza B viruses reported was low, compared 
with previous seasons, accounting for 4% of influenza viruses 
reported by public health laboratories.

The 2018–19 influenza season was longer than recent 
influenza seasons, and ILI activity was at or above baseline 
for 21 consecutive weeks. Compared with hospitalization 

 **** https://www.cdc.gov/flu/about/burden/preliminary-in-season-estimates.htm.

https://www.cdc.gov/flu/professionals/classifies-flu-severity.htm
https://www.cdc.gov/flu/professionals/classifies-flu-severity.htm
https://www.cdc.gov/flu/about/burden/preliminary-in-season-estimates.htm
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rates during the previous five influenza seasons, the 2018–19 
cumulative influenza-associated hospitalization rate (65.3 
per 100,000 population) was most similar to rates observed 
during 2014–15 (64.1) and 2016–17 (62.0) and well below 
those observed during 2017–18 (102.9). Hospitalization 
rates for children aged <17 years exceeded those during the 
2013–14 through 2016–17 seasons and were similar to those 
during the 2017–18 season, whereas hospitalization rates for 
adults aged 18–64 years exceeded those in 2013–14 through 
2016–17 but were less than those during the 2017–18 season. 
For persons aged ≥65 years, this season’s hospitalization rates 
were below those observed during the three most recent H3N2-
predominant seasons (2014–15, 2016–17, and 2017–18) but 
higher than the two H1N1-predominant seasons (2013–14 
and 2015–16). Compared with P&I-attributed mortality 
during the previous five seasons, 2018–19 P&I-attributed 
mortality was most similar to the 2015–16 season and was 
lower than that during the other four seasons.

Most of the influenza A(H1N1)pdm09 viruses characterized 
(using hemagglutination inhibition tests with ferret antisera) 
were antigenically similar to the cell culture–propagated refer-
ence virus representing the 2018–19 Northern Hemisphere 
influenza vaccine virus, but considerable genetic diversity 
among currently circulating influenza A(H1N1)pdm09 viruses 
belonging to clade 6B.1A was observed. The increased circula-
tion of clade 3C.3a viruses strongly contributed to the increas-
ing proportion of A(H3N2) viruses that were antigenically 
distinct from the reference virus representing the A(H3N2) 
vaccine component of the 2018–19 Northern Hemisphere 
vaccines. Viruses from clade 3C.3a were well inhibited by fer-
ret antisera raised against recent 3C.3a cell culture–propagated 
reference viruses, including A/Kansas/14/2017, the reference 
virus representing the A(H3N2) component for the 2019–20 
Northern Hemisphere influenza vaccines (4). All B/Yamagata 
lineage viruses and the majority of B/Victoria lineage viruses 
tested were antigenically similar to the reference viruses repre-
senting the components of vaccines for the 2018–19 Northern 
Hemisphere influenza season. However, B/Victoria lineage 
subclade V1A-3Del viruses, which were antigenically distinct 
from the B/Victoria lineage vaccine virus, were more frequently 
reported in the United States toward the end of the season. 
The majority (>99%) of influenza viruses collected and tested 
since October 1, 2018, were susceptible to oseltamivir and 
peramivir, and all tested viruses were susceptible to zanamivir 
and baloxavir.

Since the 2010–11 season, CDC estimates that during each 
influenza season, influenza virus infection has caused 9.3 mil-
lion–49 million symptomatic illnesses, 4.3 million–23 million 
medical visits, 140,000–960,000 hospitalizations, and 

Summary

What is already known about this topic?

CDC collects, compiles, and analyzes data on influenza activity 
and viruses in the United States.

What is added by this report?

The 2018–19 influenza season was a moderate severity season 
with two waves of influenza A activity of similar magnitude 
during the season: A(H1N1)pdm09 predominated from October 
2018 to mid-February 2019, and A(H3N2) activity increased 
from mid-February through mid-May.

What are the implications for public health practice?

Receiving a seasonal influenza vaccine each year remains the 
best way to protect against seasonal influenza and its poten-
tially severe consequences. Testing for seasonal influenza 
viruses and monitoring for emergence of antigenic drift variant 
viruses should continue year-round.

12,000–79,000 deaths.†††† Preliminary estimates for the 
2018–19 season fall within these ranges.

Receiving a seasonal influenza vaccine each year remains 
the best way to protect against seasonal influenza and its 
potentially severe consequences. Although seasonal influenza 
activity is currently below baseline, influenza illnesses are often 
reported during the summer. Influenza should be suspected in 
ill travelers returning from countries with ongoing influenza 
activity. Variant influenza infections associated with exposure 
to swine during animal exhibitions are reported each summer 
(7). Suspected variant influenza infections should be referred 
to state public health departments for testing. Treatment 
as soon as possible with influenza antiviral medications is 
recommended for patients with confirmed or suspected 
influenza who have severe, complicated, or progressive ill-
ness; who require hospitalization; or who are at high risk for 
influenza-associated complications (8). Providers should not 
rely on less sensitive assays such as rapid antigen detection 
influenza diagnostic tests to inform treatment decisions. Four 
influenza antiviral drugs are approved by the Food and Drug 
Administration for treatment of acute uncomplicated influenza 
within 2 days of illness onset and are recommended for use 
in the United States during the 2018–19 season: oseltamivir, 
zanamivir, peramivir, and baloxavir.

Influenza surveillance reports for the United States are posted 
online weekly (https://www.cdc.gov/flu/weekly). Additional 
information regarding influenza viruses, influenza surveillance, 
influenza vaccine, influenza antiviral medications, and novel 
influenza A infections in humans is available online (https://
www.cdc.gov/flu).

 †††† https://www.cdc.gov/flu/about/burden/past-seasons.html.

https://www.cdc.gov/flu/weekly
https://www.cdc.gov/flu
https://www.cdc.gov/flu
https://www.cdc.gov/flu/about/burden/past-seasons.html
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Nationwide Shortage of Tuberculin Skin Test Antigens: CDC Recommendations 
for Patient Care and Public Health Practice

CDC is expecting a 3–10 month nationwide shortage 
of Aplisol, a product of Par Pharmaceuticals, and one of 
two purified-protein derivative (PPD) tuberculin antigens 
licensed by the Food and Drug Administration (FDA) for 
use in performing tuberculin skin tests. This time frame is the 
manufacturer’s current estimate and is subject to change. The 
manufacturer notified CDC that they anticipate an interrup-
tion of supply of Aplisol 5 mL (50 multidose vials) beginning in 
June 2019, followed by an interruption of the supply of Aplisol 
1 mL (10 multidose vials) in November 2019. The expected 
shortage of Aplisol 1 mL could occur before November 2019 
if demand increases before then. Information on the status 
of this supply interruption will be updated at FDA’s Center 
for Biologics Evaluation and Research–Regulated Products: 
Current Shortages website (https://www.fda.gov/vaccines-
blood-biologics/safety-availability-biologics/cber-regulated-
products-current-shortages). This report includes CDC 
recommendations for mitigating a reduction in tuberculosis 
(TB) testing capability resulting from the anticipated Aplisol 
shortage (1).

Two types of immunological methods (tuberculin skin tests 
[TSTs] and interferon-gamma release assay [IGRA] blood tests) 
are used for detecting Mycobacterium tuberculosis infection. 
TSTs and IGRAs are used for the diagnosis of latent TB infec-
tion and can aid in the diagnosis of TB disease, but additional 
evaluation and testing is necessary to distinguish between latent 
TB infection and TB disease to determine the appropriate 
treatment (2). When findings such as chest radiography and 
mycobacterial cultures are sufficient for confirming or exclud-
ing a TB diagnosis, the results from a TST or an IGRA blood 
test might not be needed (2). However, most TB cases in the 
United States are diagnosed through a combination of findings, 
including results from one of these tests. When TB disease 
is strongly suspected, specific treatment should be initiated, 
regardless of results from TST or an IGRA blood test (3,4).

Two FDA-approved PPD tuberculin antigen products are 
available in the United States for use in performing TSTs: 
Tubersol (Sanofi-Pasteur) and Aplisol. In controlled studies, 
the concordance between the two products is high (5).

Recommendations
CDC recommends the following three general approaches 

to mitigate a reduction in TB testing capability resulting from 
the expected shortage of Aplisol:

• Substitute IGRA blood tests for TSTs. Clinicians who use 
the IGRA blood tests should be aware that the criteria for 
test interpretation are different from the criteria for 
interpreting TSTs (3).

• Substitute Tubersol for Aplisol for skin testing. In studies, 
the two skin test products give similar results for most 
patients (5).

• Prioritize allocation of TSTs, in consultation with state 
and local public health authorities. Prioritization might 
require the deferment of testing some persons. CDC 
recommends testing only for persons who are at risk for 
TB (6–8). Groups at high risk for TB infection include 
1) persons who are recent contacts exposed to persons with 
TB disease; 2) those born in or who frequently travel to 
countries where TB disease is common; 3) those who 
currently or previously lived in large group settings (such 
as homeless shelters or correctional facilities); 4) persons 
with compromised immune systems, including those with 
health conditions or taking medications that might alter 
immunity; and 5) children, especially those aged <5 years, 
if they are in one of the risk groups noted above.

Although overall test concordance is high, switching between 
PPD skin test products or TSTs and blood tests in serial test-
ing might result in apparent conversions from negative to 
positive or reversions from positive to negative that might be 
attributable to inherent interproduct or intermethod discor-
dance rather than change in M. tuberculosis infection status 
(3,9). Clinicians should assess test results based on the person’s 
likelihood of infection and risk for progression to TB disease, 
if infected (2).

In settings with a low likelihood of TB exposure, the 
deferment of routine serial testing should be considered in 
consultation with public health and occupational health 
authorities. Annual TB testing of health care personnel is not 
recommended unless there is a known exposure or ongoing 
transmission (9).

https://www.fda.gov/vaccines-blood-biologics/safety-availability-biologics/cber-regulated-products-current-shortages
https://www.fda.gov/vaccines-blood-biologics/safety-availability-biologics/cber-regulated-products-current-shortages
https://www.fda.gov/vaccines-blood-biologics/safety-availability-biologics/cber-regulated-products-current-shortages
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Notes from the Field 

Meningeal and Pulmonary Tuberculosis on a 
Commercial Fishing Vessel — Hawaii, 2017

Erin K. Imada, MPH1; Emily K. Roberson, PhD2;  
Neela D. Goswami, MD3; Richard J. Brostrom3,4;  

Kathleen Moser, MD1; Kara Tardivel, MD1

In December 2016, U.S. Customs and Border Protection 
notified the CDC Honolulu Quarantine Station of a crew-
man on a commercial fishing vessel who was hospitalized with 
suspected tuberculosis (TB); the crewman, in his mid-30s, was 
unconsciousness, intubated, and dependent upon mechanical 
ventilation to maintain his respiratory status. He was a native 
of a high TB-burden country (one with TB incidence exceed-
ing 10 cases per 100,000 population per year)* in the Pacific 
region. Nine days earlier, he had been hospitalized in Hawaii 
following a 1-month history of headache, fever, night sweats, 
chills, fatigue, weight loss, breathing difficulties, and cough 
and recent onset of abdominal pain, vomiting, dizziness, and 
blurred vision. Brain computerized tomography (CT) and 
magnetic resonance imaging scans showed lesions in the left 
basal ganglia and left temporal lobe; chest CT showed mul-
tiple bilateral lung opacities with central cavitation. Pathology 
results from a lung biopsy demonstrated acid-fast bacilli with 
molecular and culture tests positive for Mycobacterium tubercu-
losis complex, susceptible to all first-line drugs. Cerebrospinal 
fluid demonstrated low glucose (23 mg/dL), elevated protein 
(247 mg/dL), and elevated white blood cell count (298 cells/uL) 
with a relative lymphocytic predominance (50%), consistent 
with TB meningitis. Testing for human immunodeficiency 
virus infection was negative, and the patient had no medical 
comorbidities. The Hawaii Department of Health (Hawaii 
DOH) was contacted to assist with the investigation.

Upon confirmation of infectious TB, U.S. Customs and 
Border Protection, accompanied by the Hawaii Harbor Police 
called the vessel to port for contact interviews and TB screening 
by the CDC Honolulu Quarantine Station and Hawaii DOH. 
The vessel’s crew members included the captain, who was a 
U.S. citizen, and five crew members from the same country as 
the patient. A fisheries observer with the National Oceanic and 
Atmospheric Administration, who was a U.S. citizen, was identi-
fied as an additional contact. All seven contacts were evaluated by 
Hawaii DOH; none reported symptoms or signs of active TB. 
Four crew members had positive tuberculin skin test readings. 
These four persons were evaluated by Hawaii DOH and had 

* Countries with the highest number of incident TB cases and that account for 
the highest global percentage of new TB cases. https://www.tbfacts.org/
countries-tb/.

normal chest x-rays, indicating that they had latent TB infection 
(LTBI). All four were offered LTBI treatment by Hawaii DOH, 
but all declined. The patient received standard four-drug treat-
ment while hospitalized, regained consciousness and survived 
respirator-weaning but remained neurologically incapacitated. 
He completed 12 months of TB treatment. After 426 days, he 
was repatriated to his country of origin. 

Meningeal TB is the most severe form of TB and is associ-
ated with high morbidity (5%–24%) (e.g., stroke, seizure, 
hydrocephalus, vision impairment, and hearing impairment) 
and mortality (10%–20%), even in high-resource countries 
(1). Infection of the central nervous system occurs by hema-
togenous dissemination of Mycobacterium tuberculosis from the 
lungs (2). Neurologic complications are most common when 
diagnosis and treatment are delayed (2,3).

This case highlights the clinical importance of considering 
TB in persons from high TB-burden countries. Meningeal TB 
should be suspected in patients who have signs and symptoms 
of TB disease (e.g., fever, chills, night sweats) as well as neuro-
logic disease (e.g., headache, blurred vision, dizziness) without 
a plausible alternative diagnosis by history, physical exam, and 
basic laboratory or radiographic studies. Once extrapulmo-
nary TB is confirmed, an evaluation for pulmonary disease 
should proceed (4). This patient’s delay of >1 month before 
being evaluated by a health care provider and his resultant 
neurologic incapacitation highlight the importance of early 
diagnosis and the challenges associated with accessing health 
care among mobile populations. Commercial, noncruise mari-
time crew members might be particularly vulnerable because 
of their remote locations, lack of onboard medical resources, 
and possible inadmissibility to the nearest port of entry. Crew 
members on commercial vessels are also at high risk for infec-
tion if exposed to communicable disease on board because of 
their close living and working conditions.  

A number of factors affect initiation of LTBI therapy in 
mobile populations, including provider communication about 
treatment for LTBI versus active disease, barriers to access LTBI 
therapy, duration of treatment, financial and medical risk of 
medications, patient willingness to accept therapy, and provider 
willingness to prescribe treatment given the risk for loss to 
follow-up. Approximately 4%–6% of persons with untreated 
LTBI will develop infectious TB (4). Although the four con-
tacts with LTBI declined treatment, this contact investiga-
tion demonstrates the feasibility of successful evaluation and 
management of TB close contacts even in challenging settings.

https://www.tbfacts.org/countries-tb/
https://www.tbfacts.org/countries-tb/
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QuickStats

FROM THE NATIONAL CENTER FOR HEALTH STATISTICS

Age-Adjusted Death Rates* from Diabetes Mellitus† as Underlying or 
Contributing Cause Among Adults Aged ≥65 Years, by Race/Ethnicity — 

National Vital Statistics System, United States, 2004–2017
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* Deaths per 100,000 population, age-adjusted to the 2000 U.S. standard population.
† Diabetes mellitus deaths are identified with the International Classification of Diseases, Tenth Revision codes 

E10–E14.

During 2004–2017, the death rate from diabetes mellitus as underlying or contributing cause among adults aged ≥65 years 
decreased from 477.5 per 100,000 in 2004 to 418.1 in 2017. Throughout this period, the death rate was highest among 
non-Hispanic black adults and lowest among non-Hispanic white adults. During 2004–2017, the death rate decreased from 
438.3 per 100,000 to 391.1 among non-Hispanic white adults, from 602.0 to 485.7 among Hispanic adults, and from 804.3 to 
607.0 among non-Hispanic black adults.

Source: National Vital Statistics System, 2004–2017. https://www.cdc.gov/nchs/nvss/deaths.htm.

Reported by: Yelena Gorina, MS, MPH, yag9@cdc.gov, 301-458-4241.  
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